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Information on NFPA Codes and Standards Development

I. Applicable Regulations. The primary rules governing the processing of NFPA documents (codes, standards, recommended practices, 
and guides) are the NFPA Regulations Governing Committee Projects (Regs). Other applicable rules include NFPA Bylaws, NFPA 
Technical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in the NFPA Standards Development Process, and 
the NFPA Regulations Governing Petitions to the Board of Directors from Decisions of the Standards Council. Most of these rules and 
regulations are contained in the NFPA Directory. For copies of the Directory, contact Codes and Standards Administration at NFPA 
Headquarters; all these documents are also available on the NFPA website at “www.nfpa.org.” 

The following is general information on the NFPA process. All participants, however, should refer to the actual rules and regulations for a 
full understanding of this process and for the criteria that govern participation. 

II. Technical Committee Report. The Technical Committee Report is defined as “the Report of the Technical Committee and Technical 
Correlating Committee (if any) on a document. A Technical Committee Report consists of the Report on Proposals (ROP), as modified by 
the Report on Comments (ROC), published by the Association.” 

III. Step 1: Report on Proposals (ROP). The ROP is defined as “a report to the Association on the actions taken by Technical Committees 
and/or Technical Correlating Committees, accompanied by a ballot statement and one or more proposals on text for a new document or 
to amend an existing document.” Any objection to an action in the ROP must be raised through the filing of an appropriate Comment for 
consideration in the ROC or the objection will be considered resolved. 

IV. Step 2: Report on Comments (ROC). The ROC is defined as “a report to the Association on the actions taken by Technical Committees 
and/or Technical Correlating Committees accompanied by a ballot statement and one or more comments resulting from public review of 
the Report on Proposals (ROP).” The ROP and the ROC together constitute the Technical Committee Report. Any outstanding objection 
following the ROC must be raised through an appropriate Amending Motion at the Association Technical Meeting or the objection will be 
considered resolved. 

V. Step 3a: Action at Association Technical Meeting. Following the publication of the ROC, there is a period during which those wishing 
to make proper Amending Motions on the Technical Committee Reports must signal their intention by submitting a Notice of Intent to 
Make a Motion. Documents that receive notice of proper Amending Motions (Certified Amending Motions) will be presented for action at 
the annual June Association Technical Meeting. At the meeting, the NFPA membership can consider and act on these Certified Amending 
Motions as well as Follow-up Amending Motions, that is, motions that become necessary as a result of a previous successful Amending 
Motion. (See 4.6.2 through 4.6.9 of Regs for a summary of the available Amending Motions and who may make them.) Any outstanding 
objection following action at an Association Technical Meeting (and any further Technical Committee consideration following successful 
Amending Motions, see Regs at 4.7) must be raised through an appeal to the Standards Council or it will be considered to be resolved. 

VI. Step 3b: Documents Forwarded Directly to the Council. Where no Notice of Intent to Make a Motion (NITMAM) is received and 
certified in accordance with the Technical Meeting Convention Rules, the document is forwarded directly to the Standards Council for 
action on issuance. Objections are deemed to be resolved for these documents. 

VII. Step 4a: Council Appeals. Anyone can appeal to the Standards Council concerning procedural or substantive matters related to the 
development, content, or issuance of any document of the Association or on matters within the purview of the authority of the Council, as 
established by the Bylaws and as determined by the Board of Directors. Such appeals must be in written form and filed with the Secretary 
of the Standards Council (see 1.6 of Regs). Time constraints for filing an appeal must be in accordance with 1.6.2 of the Regs. Objections 
are deemed to be resolved if not pursued at this level. 

VIII. Step 4b: Document Issuance. The Standards Council is the issuer of all documents (see Article 8 of Bylaws). The Council acts on 
the issuance of a document presented for action at an Association Technical Meeting within 75 days from the date of the recommendation 
from the Association Technical Meeting, unless this period is extended by the Council (see 4.8 of Regs). For documents forwarded directly 
to the Standards Council, the Council acts on the issuance of the document at its next scheduled meeting, or at such other meeting as the 
Council may determine (see 4.5.6 and 4.8 of Regs). 

IX. Petitions to the Board of Directors. The Standards Council has been delegated the responsibility for the administration of the codes 
and standards development process and the issuance of documents. However, where extraordinary circumstances requiring the intervention 
of the Board of Directors exist, the Board of Directors may take any action necessary to fulfill its obligations to preserve the integrity of the 
codes and standards development process and to protect the interests of the Association. The rules for petitioning the Board of Directors 
can be found in the Regulations Governing Petitions to the Board of Directors from Decisions of the Standards Council and in 1.7 of the 
Regs. 

X. For More Information. The program for the Association Technical Meeting (as well as the NFPA website as information becomes 
available) should be consulted for the date on which each report scheduled for consideration at the meeting will be presented. For copies 
of the ROP and ROC as well as more information on NFPA rules and for up-to-date information on schedules and deadlines for processing 
NFPA documents, check the NFPA website (www.nfpa.org) or contact NFPA Codes & Standards Administration at (617-984-7246). 
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2010 Annual Revision Cycle ROP Contents 
 

by NFPA Numerical Designation 
 

Note:  Documents appear in numerical order. 
 

 
NFPA No. Type Action Title Page No. 

 
 

25 P Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems .............. 25-1 
 
30B P Code for the Manufacture and Storage of Aerosol Products ..................................................................... 30B-1 
 
33 P Standard for Spray Application Using Flammable or Combustible Materials............................................. 33-1 
 
34 P Standard for Dipping and Coating Processes Using Flammable or Combustible Liquids ........................... 34-1 
  To be retitled as Standard for Dipping, Coating, and Printing Processes Using Flammable or Combustible 

Liquids 
 
40 P Standard for the Storage and Handling of Cellulose Nitrate Film ............................................................... 40-1 
 
58 P Liquefied Petroleum Gas Code ................................................................................................................... 58-1 
 
73 P Electrical Inspection Code for Existing Dwellings ..................................................................................... 73-1 
  To be retitled as Standard for Electrical Inspections for Existing Dwellings 
 
86 P Standard for Ovens and Furnaces ............................................................................................................... 86-1 
 
87 N Recommended Practice for Fluid Heaters ................................................................................................... 87-1 
 
88A P Standard for Parking Structures ............................................................................................................... 88A-1 
 
96 P Standard for Ventilation Control and Fire Protection of Commercial Cooking Operations ........................ 96-1 
 
160 P Standard for the Use of Flame Effects Before an Audience ...................................................................... 160-1 
 
303 P Fire Protection Standard for Marinas and Boatyards ................................................................................ 303-1 
 
307 P Standard for the Construction and Fire Protection of Marine Terminals, Piers, and Wharves .................. 307-1 
 
312 P Standard for Fire Protection of Vessels During Construction, Conversion, Repair, and Lay-Up ............. 312 -1 
 
502 P Standard for Road Tunnels, Bridges, and Other Limited Access Highways ............................................. 502-1 
 
556 N Guide on Methods for Evaluating Fire Hazard to Occupants of Passenger Road Vehicles ....................... 556-1 
 
654 P Standard for the Prevention of Fire and Dust Explosions from the Manufacturing, Processing, 
  and Handling of Combustible Particulate Solids ....................................................................................... 654-1 
 
780 P Standard for the Installation of Lightning Protection Systems  ................................................................. 780-1 
 
1000 P Standard for Fire Service Professional Qualifications Accreditation and Certification Systems ............. 1000-1 
 
1071 C Standard for Emergency Vehicle Technician Professional Qualifications .............................................. 1071-1 
 
1126 P Standard for the Use of Pyrotechnics Before a Proximate Audience ...................................................... 1126-1 
 
1145 P Guide for the Use of Class A Foams in Manual Structural Fire Fighting ................................................ 1145-1 
 
 
 
 
 
 
 

TYPES OF ACTION 
 

P  Partial Revision C  Complete Revision N  New Document R  Reconfirmation W  Withdrawal 

 



ii 

2010 Annual Revision Cycle ROP 
Committees Reporting 

 Type Action Page No. 
Aerosol Products   
    30B Code for the Manufacture and Storage of Aerosol Products P 30B-1 
   
Finishing Processes   
     33 Standard for Spray Application Using Flammable or Combustible Materials P 33-1 
     34 Standard for Dipping and Coating Processes Using Flammable or Combustible Liquids P 34-1 
   
Forest  and Rural Fire Protection   
     1145 Guide for the Use of Class A Foams in Manual Structural Fire Fighting P 1145-1 
   
Garages and Parking Structures   
     88A Standard for Parking Structures P 88A-1 
 
Handling and Conveying of Dusts, Vapors, and Gases 

  

     654 Standard for the Prevention of Fire and Dust Explosions from the Manufacturing, Processing, and 
Handling of Combustible Particulate Solids 

 
P 

 
654-1 

   
Hazard and Risk of Contents and Furnishings   
     556 Guide on Methods for Evaluating Fire Hazard to Occupants of Passenger Road Vehicles N 556-1 
   
Hazardous Chemicals   
     40 Standard for the Storage and Handling of Cellulose Nitrate Film P 40-1 
 
Inspection, Testing, and Maintenance of Water-Based Systems 

  

     25 Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems P 25-1 
   
Lightning Protection   
     780 Standard for the Installation of Lightning Protection Systems P 780-1 
   
Liquefied Petroleum Gases   
     58 Liquefied Petroleum Gas Code P 58-1 
   
Marinas and Boatyards   
     303 Fire Protection Standard for Marinas and Boatyards P 303-1 
   
Marine Terminals   
     307 Standard for the Construction and Fire Protection of Marine Terminals, Piers, and Wharves P 307-1 
   
National Electrical Code   
  Electrical Systems Maintenance   
     73 Electrical Inspection Code for Existing Dwellings P 73-1 
   
Ovens and Furnaces   
     86 Standard for Ovens and Furnaces P 86-1 
     87 Recommended Practice for Fluid Heaters N 87-1 
   
Professional Qualifications   
  Accreditation and Certification to Fire Service Professional Qualifications    
     1000 Standard for Fire Service Professional Qualifications Accreditation and Certification Systems P 1000-1 
  Emergency Vehicle Mechanic Technicians Professional Qualifications   
     1071 Standard for Emergency Vehicle Technician Professional Qualifications C 1071-1 
   
Road Tunnel and Highway Fire Protection   
     502 Standard for Road Tunnels, Bridges, and Other Limited Access Highways P 502-1 
   
Shipbuilding, Repair, and Lay-Up   
    312 Standard for Fire Protection of Vessels During Construction, Conversion, Repair, and Lay-Up P 312-1 
   
Special Effects   
    160 Standard for the Use of Flame Effects Before an Audience P 160-1 
    1126 Standard for the Use of Pyrotechnics Before a Proximate Audience P 1126-1 
   
Venting Systems for Cooking Appliances   
     96 Standard for Ventilation Control and Fire Protection of Commercial Cooking Operations P 96-1 
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COMMITTEE MEMBER CLASSIFICATIONS1,2,3,4 

 
  The following classifications apply to Committee members and represent their principal interest in the activity of the 
Committee. 
 
1. M Manufacturer: A representative of a maker or marketer of a product, assembly, or system, or portion thereof, 

that is affected by the standard. 
 
2. U User: A representative of an entity that is subject to the provisions of the standard or that voluntarily uses the 

standard. 
 
3. IM Installer/Maintainer: A representative of an entity that is in the business of installing or maintaining a product, 

assembly, or system affected by the standard. 
 
4. L Labor: A labor representative or employee concerned with safety in the workplace. 
 
5. RT Applied Research/Testing Laboratory: A representative of an independent testing laboratory or independent 

applied research organization that promulgates and/or enforces standards. 
 
6. E Enforcing Authority: A representative of an agency or an organization that promulgates and/or enforces 

standards. 
 
7. I Insurance: A representative of an insurance company, broker, agent, bureau, or inspection agency. 
 
8. C Consumer: A person who is or represents the ultimate purchaser of a product, system, or service affected by the 

standard, but who is not included in (2). 
 
9. SE Special Expert: A person not representing (1) through (8) and who has special expertise in the scope of the 

standard or portion thereof. 
 
NOTE 1: “Standard” connotes code, standard, recommended practice, or guide. 
 
NOTE 2: A representative includes an employee. 
 
NOTE 3: While these classifications will be used by the Standards Council to achieve a balance for Technical Committees, 
the Standards Council may determine that new classifications of member or unique interests need representation in order to 
foster the best possible Committee deliberations on any project. In this connection, the Standards Council may make such 
appointments as it deems appropriate in the public interest, such as the classification of “Utilities” in the National Electrical 
Code Committee. 
 
NOTE 4: Representatives of subsidiaries of any group are generally considered to have the same classification as the parent 
organization. 
 



 

 

FORM FOR COMMENT ON NFPA REPORT ON PROPOSALS 
2010 ANNUAL REVISION CYCLE 

FINAL DATE FOR RECEIPT OF COMMENTS:  5:00 pm EDST, September 4, 2009 

For further information on the standards-making process, please contact the Codes 
and Standards Administration at 617-984-7249 or visit www.nfpa.org/codes. 

For technical assistance, please call NFPA at 1-800-344-3555. 

 FOR OFFICE USE ONLY 

Log #:       

Date Rec’d:       
 

Please indicate in which format you wish to receive your ROP/ROC   electronic   paper   download 
(Note:  If choosing the download option, you must view the ROP/ROC from our website; no copy will be sent to you.) 

Date 8/1/200X Name John B. Smith Tel. No. 253-555-1234 

Company   Email  

Street Address 9 Seattle St. City Tacoma State WA Zip 98402 

***If you wish to receive a hard copy, a street address MUST be provided.  Deliveries cannot be made to PO boxes.  

Please indicate organization represented (if any) Fire Marshals Assn. of North America 

1. (a) NFPA Document Title National Fire Alarm Code NFPA No. & Year NFPA 72, 200X ed. 

    (b) Section/Paragraph 4.4.1.1 

2.     Comment on Proposal No. (from ROP):  72-7 

3. Comment Recommends (check one):  new text  revised text  deleted text 

4. Comment (include proposed new or revised wording, or identification of wording to be deleted): [Note: Proposed text 
should be in legislative format; i.e., use underscore to denote wording to be inserted (inserted wording) and strike-through to denote 
wording to be deleted (deleted wording).] 

Delete exception. 

5. Statement of Problem and Substantiation for Comment: (Note: State the problem that would be resolved by your 
recommendation; give the specific reason for your Comment, including copies of tests, research papers, fire experience, etc. If more 
than 200 words, it may be abstracted for publication.)  

A properly installed and maintained system should be free of ground faults.  The occurrence of one or more ground faults should be 
required to cause a ‘trouble’ signal because it indicates a condition that could contribute to future malfunction of the system.  Ground 
fault protection has been widely available on these systems for years and its cost is negligible.  Requiring it on all systems will 
promote better installations, maintenance and reliability. 

6.  Copyright Assignment 

(a)   I am the author of the text or other material (such as illustrations, graphs) proposed in the Comment. 

(b)   Some or all of the text or other material proposed in this Comment was not authored by me.  Its source is as 
follows: (please identify which material and provide complete information on its source) 

      
 
I hereby grant and assign to the NFPA all and full rights in copyright in this Comment and understand that I acquire no rights in any publication of NFPA 
in which this Comment in this or another similar or analogous form is used.  Except to the extent that I do not have authority to make an assignment in 
materials that I have identified in (b) above, I hereby warrant that I am the author of this Comment and that I have full power and authority to enter into 
this assignment. 

Signature (Required)        
 

PLEASE USE SEPARATE FORM FOR EACH COMMENT 
 

Mail to:  Secretary, Standards Council · National Fire Protection Association 
1 Batterymarch Park · Quincy, MA 02169-7471  OR 

Fax to:  (617) 770-3500   OR   Email to:  proposals_comments@nfpa.org 
5/27/2009 

mailto:proposals_comments@nfpa.org�


 

FORM FOR COMMENT ON NFPA REPORT ON PROPOSALS 
2010 ANNUAL REVISION CYCLE 

FINAL DATE FOR RECEIPT OF COMMENTS:  5:00 pm EDST, September 4, 2009

For further information on the standards-making process, please contact the Codes 
and Standards Administration at 617-984-7249 or visit www.nfpa.org/codes. 

For technical assistance, please call NFPA at 1-800-344-3555. 

 FOR OFFICE USE ONLY 

Log #:       

Date Rec’d:       
 

Please indicate in which format you wish to receive your ROP/ROC   electronic   paper   download 
(Note:  If choosing the download option, you must view the ROP/ROC from our website; no copy will be sent to you.) 

Date       Name       Tel. No.       

Company        Email       

Street Address       City       State       Zip       

***If you wish to receive a hard copy, a street address MUST be provided.  Deliveries cannot be made to PO boxes.  

Please indicate organization represented (if any)       

1. (a) NFPA Document Title       NFPA No. & Year       

    (b) Section/Paragraph       

2.     Comment on Proposal No. (from ROP):        

3. Comment Recommends (check one):  new text  revised text  deleted text 

4. Comment (include proposed new or revised wording, or identification of wording to be deleted): [Note: Proposed text 
should be in legislative format; i.e., use underscore to denote wording to be inserted (inserted wording) and strike-through to denote 
wording to be deleted (deleted wording).]

  

5. Statement of Problem and Substantiation for Comment: (Note: State the problem that would be resolved by your 
recommendation; give the specific reason for your Comment, including copies of tests, research papers, fire experience, etc. If more 
than 200 words, it may be abstracted for publication.) 

  

6.  Copyright Assignment 

(a)   I am the author of the text or other material (such as illustrations, graphs) proposed in the Comment. 

(b)   Some or all of the text or other material proposed in this Comment was not authored by me.  Its source is as 
follows: (please identify which material and provide complete information on its source) 

      
 
I hereby grant and assign to the NFPA all and full rights in copyright in this Comment and understand that I acquire no rights in any publication of NFPA 
in which this Comment in this or another similar or analogous form is used.  Except to the extent that I do not have authority to make an assignment in 
materials that I have identified in (b) above, I hereby warrant that I am the author of this Comment and that I have full power and authority to enter into 
this assignment. 
 

Signature (Required)        
 

PLEASE USE SEPARATE FORM FOR EACH COMMENT 
 

Mail to:  Secretary, Standards Council · National Fire Protection Association 
1 Batterymarch Park · Quincy, MA 02169-7471  OR 

Fax to:  (617) 770-3500   OR   Email to:  proposals_comments@nfpa.org 
5/27/2009 

mailto:proposals_comments@nfpa.org�


 

 
  
   
  
  
   
   

Sequence of Events Leading to Issuance of an NFPA Committee Document  

Step 1   Call for Proposals 

▼            Proposed new document or new edition of an existing document is entered into one of two yearly revision 
cycles, and a Call for Proposals is published.  

Step 2    Report on Proposals (ROP) 

▼            Committee meets to act on Proposals, to develop its own Proposals, and to prepare its Report.  

▼            Committee votes by written ballot on Proposals. If two-thirds approve, Report goes forward. Lacking two-
thirds approval, Report returns to Committee.  

▼            Report on Proposals (ROP) is published for public review and comment.  

Step 3    Report on Comments (ROC) 

▼            Committee meets to act on Public Comments to develop its own Comments, and to prepare its report.  

▼            Committee votes by written ballot on Comments. If two-thirds approve, Report goes forward. Lacking two-
thirds approval, Report returns to Committee.  

▼            Report on Comments (ROC) is published for public review.  

Step 4    Association Technical Meeting 

▼            “Notices of intent to make a motion” are filed, are reviewed, and valid motions are certified for presentation 
at the Association Technical Meeting. (“Consent Documents” that have no certified motions bypass the Association 
Technical Meeting and proceed to the Standards Council for issuance.)  

▼            NFPA membership meets each June at the Association Technical Meeting and acts on Technical 
Committee Reports (ROP and ROC) for documents with “certified amending motions.”  

▼            Committee(s) vote on any amendments to Report approved at NFPA Annual Membership Meeting.  

Step 5    Standards Council Issuance 

▼            Notification of intent to file an appeal to the Standards Council on Association action must be filed within 20 
days of the NFPA Annual Membership Meeting.  

▼            Standards Council decides, based on all evidence, whether or not to issue document or to take other 
action, including hearing any appeals.  

  

  

 



 

 

   

The Association Technical Meeting 

The process of public input and review does not end with the publication of the ROP and ROC. Following the 
completion of the Proposal and Comment periods, there is yet a further opportunity for debate and discussion through 
the Association Technical Meeting that takes place at the NFPA Annual Meeting.  

The Association Technical Meeting provides an opportunity for the final Technical Committee Report (i.e., the ROP 
and ROC) on each proposed new or revised code or standard to be presented to the NFPA membership for the 
debate and consideration of motions to amend the Report. The specific rules for the types of motions that can be 
made and who can make them are set forth in NFPA’s rules, which should always be consulted by those wishing to 
bring an issue before the membership at an Association Technical Meeting. The following presents some of the main 
features of how a Report is handled.  

The Filing of a Notice of Intent to Make a Motion. Before making an allowable motion at an Association Technical 
Meeting, the intended maker of the motion must file, in advance of the session, and within the published deadline, a 
Notice of Intent to Make a Motion. A Motions Committee appointed by the Standards Council then reviews all notices 
and certifies all amending motions that are proper. The Motions Committee can also, in consultation with the makers 
of the motions, clarify the intent of the motions and, in certain circumstances, combine motions that are dependent on 
each other together so that they can be made in one single motion. A Motions Committee report is then made 
available in advance of the meeting listing all certified motions. Only these Certified Amending Motions, together with 
certain allowable Follow-Up Motions (that is, motions that have become necessary as a result of previous successful 
amending motions) will be allowed at the Association Technical Meeting.  

Consent Documents. Often there are codes and standards up for consideration by the membership that will be 
noncontroversial and no proper Notices of Intent to Make a Motion will be filed. These “Consent Documents” will 
bypass the Association Technical Meeting and head straight to the Standards Council for issuance. The remaining 
documents are then forwarded to the Association Technical Meeting for consideration of the NFPA membership. 

What Amending Motions Are Allowed. The Technical Committee Reports contain many Proposals and Comments 
that the Technical Committee has rejected or revised in whole or in part. Actions of the Technical Committee 
published in the ROP may also eventually be rejected or revised by the Technical Committee during the development 
of its ROC. The motions allowed by NFPA rules provide the opportunity to propose amendments to the text of a 
proposed code or standard based on these published Proposals, Comments, and Committee actions. Thus, the list of 
allowable motions include motions to accept Proposals and Comments in whole or in part as submitted or as modified 
by a Technical Committee action. Motions are also available to reject an accepted Comment in whole or part. In 
addition, Motions can be made to return an entire Technical Committee Report or a portion of the Report to the 
Technical Committee for further study.  

The NFPA Annual Meeting, also known as the NFPA Conference & Expo, takes place in June of each year. A second 
Fall membership meeting was discontinued in 2004, so the NFPA Technical Committee Report Session now runs 
once each year at the Annual Meeting in June.  

Who Can Make Amending Motions. NFPA rules also define those authorized to make amending motions. In many 
cases, the maker of the motion is limited by NFPA rules to the original submitter of the Proposal or Comment or his or 
her duly authorized representative. In other cases, such as a Motion to Reject an accepted Comment, or to Return a 
Technical Committee Report or a portion of a Technical Committee Report for Further Study, anyone can make these 
motions. For a complete explanation, the NFPA Regs should be consulted.  

 

 



 

 
Action on Motions at the Association Technical Meeting. In order to actually make a Certified Amending Motion at 
the Association Technical Meeting, the maker of the motion must sign in at least an hour before the session begins. In 
this way a final list of motions can be set in advance of the session. At the session, each proposed document up for 
consideration is presented by a motion to adopt the Technical Committee Report on the document. Following each such 
motion, the presiding officer in charge of the session opens the floor to motions on the document from the final list of 
Certified Amending Motions followed by any permissible Follow-Up Motions. Debate and voting on each motion 
proceeds in accordance with NFPA rules. NFPA membership is not required in order to make or speak to a motion, but 
voting is limited to NFPA members who have joined at least 180 days prior to the Association Technical Meeting and 
have registered for the meeting. At the close of debate on each motion, voting takes place, and the motion requires a 
majority vote to carry. In order to amend a Technical Committee Report, successful amending motions must be 
confirmed by the responsible Technical Committee, which conducts a written ballot on all successful amending motions 
following the meeting and prior to the document being forwarded to the Standards Council for issuance.  

Standards Council Issuance 

One of the primary responsibilities of the NFPA Standards Council, as the overseer of the NFPA codes and standards 
development process, is to act as the official issuer of all NFPA codes and standards. When it convenes to issue NFPA 
documents, it also hears any appeals related to the document. Appeals are an important part of assuring that all NFPA 
rules have been followed and that due process and fairness have been upheld throughout the codes and standards 
development process. The Council considers appeals both in writing and through the conduct of hearings at which all 
interested parties can participate. It decides appeals based on the entire record of the process as well as all 
submissions on the appeal. After deciding all appeals related to a document before it, the Council, if appropriate, 
proceeds to issue the document as an official NFPA code or standard. Subject only to limited review by the NFPA 
Board of Directors, the decision of the Standards Council is final, and the new NFPA code or standard becomes 
effective twenty days after Standards Council issuance.  
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Report on Proposals A2010 — Copyright, NFPA NFPA 86 

Committee Scope: This Committee shall have primary responsibility for 
documents on safeguarding against fire and explosion hazards associated 
with industrial ovens, furnaces, and related equipment that are used in the 
processing of combustible or non-combustible materials in the presence of 
air, vacuum, or other special atmospheres and are heated by electricity, fossil 
fuels, or other heating sources.

This list represents the membership at the time the Committee was balloted 
on the text of this edition. Since that time, changes in the membership may 
have occurred. A key to classifications is found at the front of this book.

  The Technical Committee on Ovens and Furnaces is presenting Two 
Reports for adoption, as follows:

Report I:  The Technical Committee proposes for adoption, amendments 
to NFPA 86, Standard for Ovens and Furnaces, 2007 edition.  NFPA 
86-2007 is published in Volume 6 of the 2009 National Fire Codes and in 
separate pamphlet form.

The report on NFPA 86 has been submitted to letter ballot of the 
Technical Committee on Ovens and Furnaces, which consists of 27 
voting members.  The results of the balloting, after circulation of any 
negative votes, can be found in the report.

Report II:  The Technical Committee proposes for adoption, a new 
document to NFPA 87, Recommended Practice for Fluid Heaters, 2011 
edition.

The report on NFPA 87 has been submitted to letter ballot of the Technical 
Committee on Ovens and Furnaces, which consists of 27 voting members.  
The results of the balloting, after circulation of any negative votes, can be 
found in the report.

 
Report of the Committee on

Ovens and Furnaces

Richard A. Gallagher, Chair
Zurich Services Corporation, DE  [I]

Richard J. Martin, Secretary
Exponent, Inc., CA  [SE]

Gary S. Andress, Liberty Mutual Property, MA [I]
Randy P. Bal, Delphi Corporation, MI [U]
John J. Barron, Solar Atmospheres Manufacturing, Inc., PA  [M]
David W. Collier, Eclipse, Inc., IL  [M]
John Dauer, Siemens Building Technologies, IL  [M]
James J. Garmaker, 3 M Company [U]
Thomas B. George, Visteonorporation [U]
David D. Herron, CMI EFCO, Inc., OH  [M]
John E. Higginbotham, Alcoa, Inc., TN  [U]
Ted Jablkowski, Fives North American Combustion, Inc., CT  [M]

Rep. Industrial Heating Equipment Association
Kai-Eric Jensen, Jensen Industries, Inc., MI  [M]
Gary D. Keil, Caterpillar Incorporated, IL  [U]
William M. Keough, AFC - Holcroft, MI [M] 
Peter B. Matthews, Hartford Steam Boiler Inspection & Insurance Company, 
CT  [I] 
Raymond Ostrowski, Consultant-Industrial Safety, AZ [SE] 
Michael C. Polagye, FM Global, MA  [I]
John R. Puskar, CEC Combustion Safety, Inc., OH  [SE] 
Jeffrey T. Rafter, Honeywell/Maxon Corporation, IN  [M] 
Raymond E. Serafini, Jr., BOC Gases, PA [IM]
J. William Sheppard, General Motors Corporation, MI [U]
  Rep. NFPA Industrial Fire Protection Section
Mark V. Stender, Surface Combustion, Inc., OH  [M] 
Franklin R. Switzer, Jr., S-afe, Inc., IN  [SE] 
Jay D. Tindall, Paragon Risk Engineering, PA  [I] 
Algirdas Underys, A. Finkl & Sons Inc., IL  [U] 

Rep. Forging Industry Association
Peter J. Willse, XL Global Asset Protection Services, CT  [I] 

Alternates
Bryan R. Baesel, CEC Combustion Safety, Inc., OH  [SE]
  (Alt. to John R. Puskar) 
Kevin J. Carlisle, Karl Dungs Inc., MN  [M]
 (Alt. to Ted Jablkowski) 
Erik W. Christiansen, Exponent, Inc., CA [SE]
  (Alt. to Richard J. Martin) 
Randall Conklen, Caterpillar Incorporated, IL  [U]
  (Alt. to Gary D. Keil)
Dan Curry, Eclipse, Inc., IL [M]
  (Alt. to David W. Collier)
Robert Daley, Solar Atmospheres Manufacturing, Inc., PA [M]
 (Alt. to John J. Barron)
Brent D. Hill, Liberty Mutual Property, TX  [I]
  (Alt. to Gary S. Andress)
Jeffrey M. Hunt, Alcoa, Inc., VA  [U]
  (Alt. to John E. Higginbotham) 
Jerry D. Jablonski, Delphi Corporation, MI  [U]
  (Alt. to Randy P. Bal) 
Glen R. Mortensen, Zurich Services Corporation, IL  [I]
  (Alt. to Richard A. Gallagher) 
David S. Neff, Honeywell/Maxon Corporation, IN  [M]
  (Alt. to Jeffrey T. Rafter)
Lee M. Rebodos, Paragon Risk Engineering, TX [I]
  (Alt. to Jay D. Tindall)
Glen N. Schwartz, General Motors Corporation, MI  [U]
 (Alt. to J. William Sheppard)
Dennis Szabo, XL Global Asset Protection Services, GA [I]

  (Alt. to Peter J. Willse)
Grant F. Tiefenbruck, 3M Company, MN [U] 

(Alt. to James J. Garmaker)

Staff Liaison: Theodore C. Lemoff
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_______________________________________________________________ 
86-1 Log #4  Final Action: Reject 
(Entire Document) 
_______________________________________________________________ 
Submitter: Patrick Trimble, Trimble Combustion Systems, Inc. 
Recommendation: Revise as follows:  
   Question: 
   Why is it that NFPA 86 does not specify that “gas safety shut-off valves are 
to be wired directly in series with the limits and directly to the flame safety 
control”? 
   Additional Comments: 
   I find welded contacts frequently. The example given removes the possibility 
of a single welded contact bypassing the entire limit string and the flame safety. 
Substantiation: [See Artwork labeled “NFPA 86-1 (Log #4) on Page 3.] 
Committee Meeting Action: Reject 
Committee Statement: No proposal is provided as required by the NFPA 
Regulations Governing Committee Projects. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-2 Log #CP2  Final Action: Reject 
(Entire Document) 
_______________________________________________________________ 
Submitter: Technical Committee on Ovens and Furnaces,  
Recommendation: Review entire document to: 1) Update any extracted 
material by preparing separate proposals to do so, and 2) review and update 
references to other organizations documents, by preparing proposal(s) as 
required. 
Substantiation: To conform to the NFPA Regulations Governing Committee 
Projects. 
Committee Meeting Action: Reject 
Committee Statement: The committee has concerns that the extracted text 
may be revised before the comment closing date. The committee intends to 
review and update any extracts that have changed as a comment. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-3 Log #8  Final Action: Accept 
(1.1 and 1.3.3) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   1.1* Scope. 
   1.1.1 This standard shall apply applies to Class A, Class B, Class C, and 
Class D ovens, dryers, and furnaces, thermal oxidizers, and any other heated 
enclosure used for processing of materials and related equipment. 
   1.1.1.1 The terms ovens, dryers, and furnaces are used interchangeably and 
shall also apply to other heated enclosures used for processing of materials. 
   1.1.2* Within the scope of this standard, a Class A, Class B, or Class C oven 
is any heated enclosure operating at approximately atmospheric pressure and 
used for commercial and industrial processing of materials.  
   1.1.3 A Class A oven shall be permitted to can utilize a low-oxygen 
atmosphere. 
   1.1.4 This standard shall apply applies to bakery ovens and Class A ovens, in 
all respects, and where reference is made to ANSI Z50.1, Bakery Equipment — 
Safety Requirements, those requirements shall apply to bakery oven 
construction and safety. 
   1.1.5 This standard shall apply applies to atmosphere generators and 
atmosphere supply systems serving Class C furnaces and to furnaces with 
integral quench tanks or molten salt baths. 
   1.1.6* This standard shall apply applies to Class D ovens and furnaces 
operating above ambient temperatures to over 5000°F (2760°C) and at 
pressures normally below atmospheric to 10-8 torr (1.33 × 10-6 Pa). 
   1.1.7 This standard shall does not apply to the following:  
   (1) Coal or other solid fuel-firing systems 
   (2) Listed equipment with a heating system(s) that supplies a total input not 
exceeding 150,000 Btu/hr (44 kW) 
   1.3.3 Sections 7.3 and 7.4 Chapter 7 shall apply to all operating furnaces. 
Substantiation: Scope statements appeared in both Chapter 1 and in 
subsequent Chapters and Subchapters. To comply with the MOS most scope 
statements were moved to Chapter 1. The remaining scope statements were 
rewritten to general statements. 
Committee Meeting Action: Accept 
Committee Statement: The proposed revisions to Chapter 9 have been made 
in Proposal 86-68. (Log # 78). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 

_______________________________________________________________ 
86-4 Log #3  Final Action: Accept in Principle 
(1.1.7) 
_______________________________________________________________ 
NOTE: This Proposal appeared as Comment 86-3 (Log #32) which was 
held from the A2006 ROC on Proposal 86-1. 
Submitter: Michael C. Polagye, FM Global 
Recommendation: Revise text to read as follows: 
   1.1.7 This standard does not apply to the following: 
   (1) Coal or other solid fuel-firing systems 
   (2) Listed equipment with a heating system(s) that supplies a total input not 
exceeding 150,000 Btu/hr (44 kW) 
   (3) Refinery heaters 
Substantiation: The application of NFPA 86 to refinery heaters is a recurring 
question. The consensus opinion as reiterated in the Committee Substantiation 
to action taken on Proposal No. 86-3 (Log #23) is that NFPA 86 does not apply 
to refinery heaters. User confusion on this matter will be eliminated by 
accepting this comment and adding the suggested text. The addition of this text 
at the ROC stage should be acceptable as it is non-controversial and does not 
change any technical requirements. 
Committee Meeting Action: Accept in Principle 
   Add a new 1.1.7 (3) and (4) to read: 
   (3) Fired heaters in petroleum refineries and petrochemical facilities that are 
designed and installed in accordance with API 560, API 556, and API RP2001. 
   (4) Fluid heaters where fluid is flowing under pressure and is indirectly 
heated by combustion of liquid or gas fuel or an electrical source. 
   2. Add a new A.1.1.7 (4) 
   (4) for information on fluid heaters refer to NFPA 87, Recommended Practice 
for Fluid Heaters. 
Committee Statement: The subject is covered in more detail to be specific, 
and annex text is added. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-5 Log #10  Final Action: Accept 
(1.1.7 and A.1.1.7) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   1.1.7 This standard does not apply to the following: 
   (1)* Coal or other solid fuel-firing systems 
   (2) Listed equipment with a heating system(s) that supplies a total input not 
exceeding 150,000 Btu/hr (44 kW) 
  A.1.1.7(1) 
  1.) Designing coal or other solid fuel-firing systems requires special 
knowledge and experience with such solid fuel systems. As an example, 
different types of coal (anthracite vs. sub-bituminous), and other solid fuels 
such as petroleum coke, wood chips, sawdust, other biomass, and combustible 
dusts such as medium density fiberboard dust can introduce significantly 
different hazards and require significantly different handling systems and fuel 
delivery systems.  
  2.) Solid fuels present unique burner control challenges. For example, there 
may be challenges selecting and arranging flame supervision devices, selecting 
the method of fuel preparation and delivery, actions to take in an emergency 
shutdown, etc. 
  3.) The best guidance within NFPA for coal fired systems (pulverized or 
aggregate) is contained in NFPA 85, Boiler and Combustions Systems Hazards 
Code. Another resource is the FM Global Property Loss Prevention Data Sheet 
6-17, Rotary Kilns and Dryers. Burning of other solid fuels is less 
standardized. An available resource is FM Global Data Sheet 6-13, Waste Fuel-
Fired Boilers. Coordinating this guidance into the design of an oven or furnace 
requires special knowledge and experience so that the solid fuel system is 
integrated into the overall oven or furnace system while maintaining the intent 
of NFPA 86 with regards to other interlock and control requirements. 
Substantiation: Although NFPA 86 does not apply to solid fuels, there are a 
number of applications governed by NFPA 86 that can be fired with either 
gaseous, liquid or solid fuels. Additionally, there is information available that 
may be useful to the designer and user of a furnace fired or supplementary 
fired with solid fuels. The proposed Annex material provides cautionary 
guidance and references to related information in the NFPA 85 Code and in 
other documents regarding the use of solid fuel. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-6 Log #37  Final Action: Accept in Principle 
(1.1.7 and A.1.1.7) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   1.1.7 This standard does not apply to the following:  
   (1) Coal or other solid fuel-firing systems 
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  8.16.8* The temperature-sensing element of the excess temperature limit 
controller interlock shall be located where recommended by the oven 
manufacturer or designer.   
  8.16.9* The excess temperature limit controller interlock shall indicate its set 
point in temperature units that is consistent with the primary temperature-
indicating controller. 
  8.16.10 The operating temperature controller and its temperature-sensing 
element shall not be used as the excess temperature limit controller interlock.   
  8.17 1400°F (760°C) Bypass Controller Interlock. 
  8.17.1 Where flame supervision is switched out of the combustion safety 
circuitry or unsupervised burners are brought on-line, as permitted by 8.9.1(1) 
or (3), a 1400°F (760°C) bypass controller interlock shall be used. 
  8.17.3* The 1400°F (760°C) bypass controller interlock shall be equipped 
with temperature indication. 
  8.17.4* The temperature-sensing components of the 1400°F (760°C) bypass 
controller interlock shall be rated for the temperature and atmosphere to which 
they are exposed. 
  8.17.5 The temperature-sensing element of the 1400°F (760°C) bypass 
controller interlock shall be located so that unsupervised burners will not be 
allowed to operate at temperatures below 1400°F (760°C).  
  8.17.6 The 1400°F (760°C) bypass controller interlock set point shall not be 
set below 1400°F (760°C) and shall indicate its set point in units of 
temperature (°F or °C) that are consistent with the primary temperature-
indicating controller. 
  8.17.7 Visual indication shall be provided to indicate when the 1400°F 
(760°C) bypass controller interlock is in the bypass mode. 
  8.17.8 The operating temperature controller and its temperature-sensing 
element shall not be used as the 1400°F (760°C) bypass controller interlock. 
  8.18.2* Excess Temperature Limit Controller Interlock. 
  8.18.2.1 Excess temperature limit controllers shall be installed in accordance 
with one of the following:  
   (1) An excess temperature limit controller interlock shall be installed and 
interlocked into the safety circuitry.   
   (2) Class B, Class C, or Class D furnaces shall not be required to have an 
excess temperature where it can be demonstrated that the maximum 
temperature limit specified by the furnace manufacturer cannot be exceeded. 
  8.18.2.2 Operation of the excess limit controller interlock shall shut off the 
heating system before the oven’s maximum temperature, as specified by the 
oven manufacturer, is exceeded. 
  8.18.2.3 Operation of the excess temperature limit controller interlock shall 
require manual reset before restart of the furnace or affected furnace zone. 
  8.18.2.4 Open circuit failure of the temperature-sensing components of the 
excess temperature limit controller interlock shall cause the same response as 
an excess temperature condition. 
  8.18.2.5* Excess temperature controller interlocks shall be equipped with 
temperature indication. 
  8.18.2.6* The temperature-sensing components of the excess temperature 
limit controller interlock shall be rated for the temperature and atmosphere to 
which they are exposed. 
  8.18.2.7* The temperature-sensing element of the excess temperature limit 
controller interlock shall be located where recommended by the oven 
manufacturer or designer. 
  8.18.2.8* The excess temperature limit controller interlock shall indicate its 
set point in temperature units that are consistent with the primary temperature 
indicating controller. 
  8.18.2.9 The operating temperature controller and its temperature-sensing  
element shall not be used as the excess temperature limit controller interlock. 
  8.19* Fluid-Heated Systems — Excess Temperature Limit Controller 
Interlock. 
  8.19.1 Excess temperature limit controllers shall be installed in accordance 
with one of the following:  
   (1) An excess temperature limit controller interlock shall be installed and 
interlocked into the safety circuitry.   
   (2) Class B, Class C, or Class D furnaces shall not be required to have an 
excess temperature where it can be demonstrated that the maximum 
temperature limit specified by the furnace manufacturer cannot be exceeded. 
  8.19.2* Interrupting the supply of heat transfer fluid shall not cause damage 
to the remainder of the heat transfer system. 
  8.19.3 Operation of the excess temperature limit controller interlock shall shut 
off the heating system before the oven’s maximum temperature, as specified by 
the oven manufacturer, is exceeded. 
  8.19.4 Operation of the excess temperature limit controller interlock shall 
require manual reset before re-establishing the flow of heat transfer fluid. 
  8.19.5 Open circuit failure of the temperature-sensing components of the 
excess temperature limit controller interlock shall cause the same response as 
an excess temperature condition. 
  8.19.6* Excess temperature controller interlocks shall be equipped with 
temperature indication. 
  8.19.7* The temperature-sensing components of the excess temperature limit 
controller interlock shall be rated for the temperature and atmosphere to which 
they are exposed. 
  8.19.8* The temperature-sensing element of the excess temperature limit 
controller interlock shall be located where recommended by the oven 
manufacturer or designer. 

   (2) Listed equipment with a heating system(s) that supplies a total input not 
exceeding 150,000 Btu/hr (44 kW)  
  (3) Fluid Heaters 
  A.1.1.7 See NFPA 87 – Recommended Practice for Fluid Heaters for 
safety information about thermal and process fluid heaters 
Substantiation: The NFPA 86 Task Group for NFPA 87 Fired Heaters was 
charged to develop a Recommended Practice because Fluid Heaters are not 
presently covered by any NFPA documents. The proposal clarifies that Fluid 
Heaters are not covered under NFPA 86 and provides an Annex reference to 
NFPA 87 Recommended Practice for Fluid Heaters. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action and statement on 86-4 (Log 
#3). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-7 Log #12  Final Action: Accept in Principle 
(Various Sections) 
________________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   3.3.11 Combustion Safety Circuitry. That portion of the oven control 
circuitry that contains the contacts, arranged in series ahead of the safety 
shutoff valve(s) holding medium, for the required safety interlocks and the 
excess temperature limit controller interlock(s).  
  3.3.12.3 3.3.33.3 Excess Temperature Limit Controller Interlock. A device 
designed to cut off the source of heat if the operating temperature exceeds a 
predetermined temperature set point. 
  3.3.33.4°F (760°C) Bypass Interlock. A device designed to permit specific 
permitted logic when the combustion chamber is proven to be above 1400°F 
(760°C). 
  7.5.13* The temperature indication of the excess temperature controller 
interlock shall be verified to be accurate. 
  8.3.3.2.1 General. 
(H) The following devices and logic shall be hardwired external to the 
programmable logic controller as follows:  
   (1)  Manual emergency switch 
   (2)  Combustion safeguards 
   (3) Safe start checks 
   (4) Ignition transformers 
   (5) Trial-for-ignition periods   
   (6) Excess temperature controllers  interlocks 
   (7) The 1400°F (760°C) bypass controllers interlocks required in Section 
8.17  
   (8) Continuous vapor concentration high limit controller  
   (9) Valve proving systems   
  8.9.1 Each burner flame shall have a combustion safeguard that has a 
maximum flame failure response time of 4 seconds or less, that performs a 
safe-start check, and that is interlocked into the combustion safety circuitry in 
accordance with the following:  
   (1) The flame supervision shall not be required in the combustion safety 
circuitry of a furnace zone when that zone temperature is greater than 1400°F 
(760°C), and the following criteria are met:   
   (a) When the zone temperature drops to less than 1400°F (760°C), the burner 
is interlocked to allow its operation only if flame supervision has been 
re-established. 
   (b) A 1400°F (760°C) bypass controller interlock is used to meet the 
requirement of 8.9.1(1)(a).  
   (2) Combustion safeguards on radiant tube–type heating systems are not 
required where a means of ignition is provided and the systems are arranged 
and designed such that either of the following conditions is satisfied:                                                                       
   (a) The tubes are of metal construction and open at one or both ends with 
heat recovery systems, if used, that are of explosion-resistant construction. 
   (b) The entire radiant tube heating system, including any associated heat 
recovery system, is of explosion-resistant construction. 
   (3)  Burners without flame supervision are interlocked to prevent their 
operation when the zone temperature is less than 1400°F (760°C) by using a 
1400°F (760°C) bypass controller interlock  
  8.16* Excess Temperature Limit Controller Interlock.  
  8.16.1 An excess temperature limit controller interlock shall be provided and 
interlocked into the combustion safety circuitry, unless permitted by 8.16.2.  
  8.16.3 Operation of the excess temperature limit controller interlock shall cut 
off the heating system before the oven’s maximum temperature, as specified by 
the oven manufacturer, is exceeded.   
  8.16.4 Operation of the excess temperature limit controller interlock shall 
require manual reset before restart of the furnace or affected furnace zone.   
  8.16.5 Open-circuit failure of the temperature-sensing components of the 
excess temperature limit controller interlock shall cause the same response as 
an excess temperature condition.   
  8.16.6* Excess temperature controllers interlocks shall be equipped with 
temperature indication.   
  8.16.7* The temperature-sensing element of the excess temperature limit 
controller interlock shall be selected for the temperature and atmosphere to 
which they are exposed. 
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   A.8.19 The excess temperature set point should be set no higher than the 
maximum temperature specified by the manufacturer. If flammable or 
combustible materials are being processed in an oven or dryer, the set point 
should be set at a temperature that will not allow the material to reach its 
autoignition temperature. Set point limits based on autoignition temperature do 
not apply to special atmosphere furnaces and fume incinerators. If, for process 
reasons, the work must be protected from reaching an elevated temperature that 
is lower than the oven excess temperature set point, an additional temperature 
limit controller interlock can be used or the operating temperature controller 
can be interlocked or alarmed as needed for this purpose. 
   For a constant speed exhaust fan, as the oven temperature increases, the oven 
exhaust flow in standard cubic feet per minute decreases. A high temperature 
excursion reduces safety ventilation and could cause a flammable vapor 
explosion in ovens and dryers provided with safety ventilation. 
   A.8.19.6 To detect other sensor failures, such as thermocouple short circuits, 
that will not result in the action required by 8.19.5, the operator or maintenance 
personnel can evaluate the excess temperature controller interlock’s 
temperature indication. 
   A.8.19.8 The sensing element should be positioned where the difference 
between the temperature control sensor and the excess temperature limit sensor 
is minimized. The temperature-sensing element of the excess temperature limit 
controller interlock should be located where it will sense the excess 
temperature condition that will cause the first damage to the furnace or work as 
temperatures within the furnace rise above the maximum operating set point 
most critical to safe operation. 
   A.8.19.9 The temperature-sensing element of the excess temperature limit 
controller may be monitored by other instrumentation, providing that accuracy 
of the excess temperature limit controller interlock temperature reading is not 
diminished. 
Substantiation: The term Controller is used in various places in NFPA 86. In 
NFPA 86 and in its general accepted use, Controller has a different meaning 
than Interlock. The proposed changes from Controller to Interlock are intended 
to clarify the use of a High Temperature Limit and 1400°F (760°C) Bypass 
instruments as safety device interlocks within NFPA 86. 
Committee Meeting Action: Accept in Principle 
  Accept the proposals with the following revisions: 
  7.5.13* The temperature indication of the excess temperature limit controller 
interlock shall be verified to be accurate. 
  8.3.3.2.1 General. 
  (H) The following devices and logic shall be hardwired external to the 
programmable logic controller as follows:  
  (6) Excess temperature controllers limit interlocks 
   8.16.6* Excess temperature controllers limit interlocks shall be equipped 
with temperature indication.   
  8.18.2.2 Operation of the excess temperature limit controller interlock shall 
shut off the heating system before the oven’s maximum temperature, as 
specified by the oven manufacturer, is exceeded. 
  8.18.2.5* Excess temperature controller limit interlocks shall be equipped 
with temperature indication. 
  8.19.1 Excess temperature limit interlocks controllers shall be installed in 
accordance with one of the following:  
   (1) An excess temperature limit controller interlock shall be installed and 
interlocked into the safety circuitry.   
   (2) Class B, Class C, or Class D furnaces shall not be required to have an 
excess temperature where it can be demonstrated that the maximum 
temperature limit specified by the furnace manufacturer cannot be exceeded. 
  8.19.6* Excess temperature controller limit interlocks shall be equipped with 
temperature indication. 
  A.8.16.6 To detect other sensor failures, such as thermocouple short circuits, 
that will not result in the action required by 8.16.5, the operator or maintenance 
personnel could evaluate the excess temperature controller limit interlock‘s 
temperature indication. 
  A.8.18.2.5 To detect other sensor failures, such as thermocouple short circuits, 
that will not result in the action required by 8.18.2.4, the operator or 
maintenance personnel could evaluate the excess temperature controller limit 
interlock’s temperature indication. 
  A.8.19.6 To detect other sensor failures, such as thermocouple short circuits, 
that will not result in the action required by 8.19.5, the operator or maintenance 
personnel can evaluate the excess temperature controller limit interlock’s 
temperature indication. 
Committee Statement: The proposal is accepted with changes to use the term 
“excess temperature limit interlock” consistently throughout the proposed text. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-8 Log #14  Final Action: Accept in Principle 
(Chapter 3 Equipment Isolation Valve, Emergency Shutoff Valve (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add the following two definitions under heading 3.3.73 
Valve. 
  3.3.73.3 Equipment isolation valve: A readily accessible manual shutoff 
valve for shutoff of the fuel to each piece of equipment. 

  8.19.9* The excess temperature limit controller interlock shall indicate its set 
point in temperature units that are consistent with the primary temperature 
indicating controller. 
  8.19.10 The operating temperature controller and its temperature-sensing 
element shall not be used as the excess temperature limit controller interlock. 
  9.3.2* An excess temperature limit controller interlock shall be installed to 
prevent the uncontrolled temperature rise in the fume incinerator, and its 
operation shall cause the following:  
   (1) Interruption of fuel to the fume incinerator burner 
   (2) Interruption of the source of fumes to the incinerator 
  9.5.2* An additional excess temperature limit controller interlock shall be 
located downstream from the discharge of the catalyst bed for thermal 
protection of the catalyst elements, and its operation shall cause the following:  
   (1) Interruption of fuel to the burner 
   (2) Interruption of the source of fumes 
   A.8.16 The excess temperature set point should be set no higher than the 
maximum temperature specified by the manufacturer. If flammable or 
combustible materials are being processed in an oven or dryer, the set point 
should be set at a temperature that will not allow the material to reach its 
autoignition temperature. Set point limits based on autoignition temperature do 
not apply to special atmosphere furnaces and fume incinerators. If, for process 
reasons, the work must be protected from reaching an elevated temperature that 
is lower than the oven excess temperature set point, an additional temperature 
limit controller interlock can be used or the operating temperature controller 
can be interlocked or alarmed as needed for this purpose. 
For a constant speed exhaust fan, as the oven temperature increases, the oven 
exhaust flow in standard cubic feet per minute decreases. A high temperature 
excursion reduces safety ventilation and could cause a flammable vapor 
explosion in ovens and dryers provided with safety ventilation. 
   A.8.16.6 To detect other sensor failures, such as thermocouple short circuits, 
that will not result in the action required by 8.16.5, the operator or maintenance 
personnel could evaluate the excess temperature controller interlock ‘s 
temperature indication. 
   A.8.16.8 The sensing element should be positioned where the difference 
between the temperature control sensor and the excess temperature limit sensor 
is minimized. The temperature-sensing element of the excess temperature limit 
controller interlock should be located where it will sense the excess 
temperature condition that will cause the first damage to the furnace or work as 
temperatures within the furnace rise above the maximum operating set point 
most critical to safe operation.  
   A.8.16.9 The temperature-sensing element of the excess temperature limit 
controller interlock may be monitored by other instrumentation providing that 
accuracy of the excess temperature limit controller temperature reading is not 
diminished. 
   A.8.17.3 Visual indication permits detection of sensor failures, such as 
thermocouple short circuits, that will not result in the action required by 8.17.2. 
Operator or maintenance personnel can evaluate the 1400°F (760°C) bypass 
controller interlock by observing the temperature indication. It is also 
acceptable to bring the 1400°F (760°C) bypass controller interlock 
thermocouple output into a PLC or another instrument in parallel with the 
1400°F (760°C) bypass controller interlock providing the accuracy of the 
1400°F (760°C) bypass controller is not diminished. The PLC or other 
instrument can be used to monitor, trend, and alarm the 1400°F (760°C) bypass 
controller interlock thermocouple output by comparing its output with that of 
an independent temperature measurement such as from the operating 
temperature controller. 
   A.8.18.2 The excess temperature set point should be set no higher than the 
maximum temperature specified by the manufacturer. If flammable or 
combustible materials are being processed in an oven or dryer, the set point 
should be set at a temperature that will not allow the material to reach its 
autoignition temperature. Set point limits based on autoignition temperature do 
not apply to special atmosphere furnaces and fume incinerators. If, for process 
reasons, the work must be protected from reaching an elevated temperature, 
which is lower than the oven excess temperature set point, an additional 
temperature limit controller interlock can be used or the operating temperature 
controller can be interlocked or alarmed as needed for this purpose. 
   For a constant speed exhaust fan, as the oven temperature increases, the oven 
exhaust flow in standard cubic feet per minute decreases. A high temperature 
excursion reduces safety ventilation and could cause a flammable vapor 
explosion in ovens and dryers provided with safety ventilation. 
   A.8.18.2.5 To detect other sensor failures, such as thermocouple short 
circuits, that will not result in the action required by 8.18.2.4, the operator or 
maintenance personnel could evaluate the excess temperature controller 
interlock’s temperature indication. 
   A.8.18.2.7 The sensing element should be positioned where the difference 
between the temperature control sensor and the excess temperature limit sensor 
is minimized. The temperature-sensing element of the excess temperature limit 
controller interlock should be located where it will sense the excess 
temperature condition that will cause the first damage to the furnace or work as 
temperatures within the furnace rise above the maximum operating set point 
most critical to safe operation. 
   A.8.18.2.8 The temperature sensing element of the excess temperature limit 
controller interlock may be monitored by other instrumentation, providing that 
accuracy of the excess temperature limit controller temperature reading is not 
diminished. 
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historically proven to provide a level of fail safe function commensurate with 
safety rated devices, relays and logic controllers implemented to the Fail Safe 
requirements in the definition.  
  In order to implement a solid state (plc) safety function that meets this level 
of reliability, a design based on the following standards are considered 
equivalent: 
  ·  A Safety Integrity Level (SIL) of 2 for the Safety Instrumented Function 
(SIF) (reference ANSI/ISA 84.00.01, Application of Safety Instrumented 
Systems for the Process Industries, IEC 61508, Functional Safety of Electrical/
Electronic/Programmable Electronic Safety-Related Systems and IEC 62061, 
Safety of machinery — Functional Safety of Safety–Related Electrical, 
Electronic and Programmable Electronic Control Systems 
  A Performance Level (PL) of ‘d’ for the SIF (reference EN/ISO 13849, Safety 
Of Machinery - Safety-Related Parts Of Control System 
  ANSI Control Category 3 for the SIF (reference EN 954-1, OSHA/ANSI B11 
and ANSI B151.1 
Substantiation: Proposed revisions to the section (8.3.3) for the use of 
programmable logic controllers in combustion systems required a new 
definition. 
Committee Meeting Action: Reject 
Committee Statement: The term is not used in the standard. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-11 Log #42  Final Action: Accept in Principle 
(3.3.x Pipe Burner (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add new text as follows: 
  Pipe Burner. A burner made in the form of a tube or pipe with ports or 
tips spaced over its length. 
Substantiation: Pipe Burner is used in NFPA 86 under section 8.9.2.2 but is 
not defined. The requirement in 8.9.2.2 is consistent for both Line and Pipe 
burners. A Pipe Burner is one type of Line Burner. The Option 2 definition is 
from the North American Combustion Handbook. 
Committee Meeting Action: Accept in Principle 
  Add a new definition of Pipe Burner to read: 
  Pipe Burner. A burner consisting of a tube or pipe with ports or tips spaced 
over its length. 
Committee Statement: The definition is accepted with editorial revisions. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-11a Log #14a  Final Action: Accept in Principle 
(3.3.x Readily Accessible (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add the following definition 
  Readily Accessible: having direct unimpeded access without the need of a 
portable ladder, portable stairs or manlift or removing or moving any panel, 
door, or similar covering of the item described. 
Substantiation: The present language is not clear concerning the requirement 
for equipment isolation valves to be ¼ turn valves. The present language 
concerning the emergency shutoff valve in 6.2.4.1 is not clear as to the 
requirements of this valve. Equipment isolation valve, emergency shutoff 
valve, and readily accessible are not defined in the present standard. During the 
last revision of the standard, editorial revisions moved terms to different 
sections of the standard and some of the changes were made incorrectly. 
Equipment isolation valves and emergency shutoff valves need to be easily 
accessible, maintained properly and be able to be operated without the use of 
tools so that the can be operated quickly and reliably in the event that the fuel 
to the furnace needs to be shutoff quickly for safety reasons. 
Committee Meeting Action: Accept in Principle 
   Add a new definition of Readily Accessible extracted from NFPA 302 to 
read: 
   Readily Accessible. Capable of being reached quickly and safely for effective 
use under emergency conditions without the aid of tools. 
Committee Statement: The recommendation of a definition of Readily 
accessible is accepted, and the existing definition in NFPA 302 is used. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-12 Log #72  Final Action: Reject 
(3.3.x Safety Interlock (New) ) 
_______________________________________________________________ 
Submitter: Mark V. Stender, Surface Combustion, Inc. 
Recommendation: Add new text to read as follows: 
   3.3.??* Safety Interlock. A control circuit implementation including a 
sensing device, relay or logic solver, and output function including 
interconnecting wiring, cables or buses. The safety interlock forces the control 

  3.3.73.4 Emergency shutoff valve*: A remotely located, readily accessible, 
manual shutoff valve to allow the fuel to be turned off in an emergency and 
located so that fire or explosion at a furnace does not prevent access to this 
valve. 
Substantiation: The present language is not clear concerning the requirement 
for equipment isolation valves to be ¼ turn valves. The present language 
concerning the emergency shutoff valve in 6.2.4.1 is not clear as to the 
requirements of this valve. Equipment isolation valve, emergency shutoff 
valve, and readily accessible are not defined in the present standard. During the 
last revision of the standard, editorial revisions moved terms to different 
sections of the standard and some of the changes were made incorrectly. 
Equipment isolation valves and emergency shutoff valves need to be easily 
accessible, maintained properly and be able to be operated without the use of 
tools so that the can be operated quickly and reliably in the event that the fuel 
to the furnace needs to be shutoff quickly for safety reasons. 
Committee Meeting Action: Accept in Principle 
  Add new definitions to read: 
  3.3.73.3 Equipment isolation valve: A manual shutoff valve for shutoff of 
the fuel to each piece of equipment. 
  3.3.73.4 Emergency shutoff valve*: A manual shutoff valve to allow the fuel 
to be turned off in an emergency. 
Committee Statement: The recommendation for new definitions are accepted 
and revised to delete accessibility and location, as there should not be part of 
the definition. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-9 Log #71  Final Action: Reject 
(3.3.x Fail Safe (New) ) 
_______________________________________________________________ 
Submitter: Mark V. Stender, Surface Combustion, Inc. 
Recommendation: Add new text to read as follows: 
  3.3.??* Fail Safe. A safety interlock that has been implemented with the 
following characteristics: 
  (A) Safety related parts of the control system are designed, constructed, 
selected, assembled and combined to withstand the environment to which they 
are subjected. 
  (B) A single fault in any of the safety related parts does not lead to the loss of 
the safety function; 
  (C) Whenever reasonably practicable A DETECTABLE FAULTS the single 
fault is detected and initiates a safe state. 
  A.3.3.??* Fail Safe. The traditional hardwired “one side hot and one side 
grounded” implementation of a safety interlock (reference 8.3.2) has 
historically proven to provide a level of fail safe function commensurate with 
safety rated devices, relays and logic controllers implemented to the Fail Safe 
requirements in the definition.  
  In order to implement a solid state (plc) safety function that meets this level 
of reliability, a design based on the following standards are considered 
equivalent: 
· A Safety Integrity Level (SIL) of 2 for the Safety Instrumented Function (SIF) 
(reference ANSI/ISA 84.00.01, Application of Safety Instrumented Systems for 
the Process Industries, IEC 61508, Functional Safety of Electrical/Electronic/
Programmable Electronic Safety-Related Systems and IEC 62061, Safety of 
machinery — Functional Safety of Safety–Related Electrical, Electronic and 
Programmable Electronic Control Systems 
·  A Performance Level (PL) of ‘d’ for the SIF (reference EN/ISO 13849, Safety 
Of Machinery - Safety-Related Parts Of Control System 
· ANSI Control Category 3 for the SIF (reference EN 954-1, OSHA/ANSI B11 
and ANSI B151.1 
Substantiation: Proposed revisions to the standard (8.3.3) for the use of 
programmable logic controllers in combustion systems required a new 
definition. 
Committee Meeting Action: Reject 
Committee Statement: The term is not used in the standard 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-10 Log #43  Final Action: Reject 
(3.3.x Fail Safe and A.3.3.x (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Insert after 3.1.17 and renumber. 
  3.3.XX* Fail Safe. A safety interlock that has been implemented with the 
following characteristics: 
  (A) Safety related parts of the control system are designed, constructed, 
selected, assembled and combined to withstand the environment to which they 
are subjected. 
  (B) A single fault in any of the safety related parts does not lead to the loss of 
the safety function; 
  (C) Any detectable fault initiates a safe state. 
  A.3.3.XX* Fail Safe. The traditional hardwired “one side hot and one side 
grounded” implementation of a safety interlock (reference 8.3.2) has 
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  (6)* Explosion relief shall not be required for the combustion chamber of an 

indirect fired oven that incorporates a single combustion airflow 
path through the heat exchanger and does not recirculate the 
products of combustion.

  6.2.7.3*  Regulators, relief valves, and switches shall be vented to an 
approved location, and the following criteria also shall be met: 

  (1)  Heavier-than-air flammable gases shall be vented outside the building to 
a location where the gas is diluted below its lower flammable limit 
(LEL LFL) before coming in contact with sources of ignition or 
re-entering the building. 

  (2)  Vents shall be designed to prevent the entry of water and insects without 
restricting the flow capacity of the vent.

  8.4.1.4 A furnace heating system shall be permitted to be purged into an 
operating incinerator if it can be demonstrated that the flammable vapor 
concentration entering the fume incinerator cannot exceed 50 percent of the 
LEL LFL. 

  8.4.1.7 Prior to the reignition of a burner after a burner shutdown or flame 
failure, a preignition purge shall be accomplished. 

  CAUTION:  Repeated ignition attempts can result in a combustible 
concentration greater than 25 percent of the LEL LFL. Liquid fuels can 
accumulate, causing additional fire hazards.

  8.4.1.8 Repeating the preignition purge shall not be required where any one of 
the following conditions is satisfied:

  (1)  The heating chamber temperature is proven above 1400°F (760°C).

  (2)  For any fuel-fired system, all of the following conditions are satisfied:

(a)  Each burner and pilot is supervised by a combustion safeguard in 
accordance with Section 8.9.

(b)  Each burner system is equipped with safety shutoff valves in 
accordance with Section 8.7.

(c)  At least one burner remains operating in the common combustion 
chamber of the burner to be reignited.

  (3)  All of the following conditions are satisfied (does not apply to fuel oil 
systems

(a)  Each burner and pilot is supervised by a combustion safeguard in 
accordance with Section 8.9.

(b)  Each burner system is equipped with gas safety shutoff valves in 
accordance with Section 8.7.

(c)  It can be demonstrated that the combustible concentration in the heating 
chamber and all other passages that handle the recirculation and 
exhaust of products of combustion cannot exceed 25 percent of the 
LEL LFL.

  8.4.2.2 The trial-for-ignition period of the main gas burner shall not exceed 15 
seconds, unless both of the following conditions are satisfied:

  (1)  A written request for an extension of trial for ignition is approved by the 
authority having jurisdiction. 

  (2)  It is determined that 25 percent of the LEL LFL cannot be exceeded in 
the extended time.

8.7.1.2 or shall shut off those burner(s) by closing a single safety shutoff valve, 
where the following conditions are satisfied:

  (1)  Individual burner safety shutoff valve meets one of the two following 
conditions:

(a)  It is demonstrated, based on available airflow, that failure of the valve 
to close will result in a fuel concentration not greater than 25 
percent of the LEL LFL. 

(b)  The safety shutoff valve has proof of closure acceptable to the authority 
having jurisdiction. 

  (2)  The safety shutoff valve upstream of the individual burner safety shutoff 
valves shall close when any of the following conditions occurs:

(a)  Upon activation of any operating control or interlocking safety device 
other than the combustion safeguard 

(b)  Where the individual burner valves do not have proof of closure as 
described in 8.7.1.3(1)(b) and the number of failed burners is 
capable of exceeding 25 percent of the LEL LFL if single burner 
safety shutoff valves fail in the open position 

system to initiate a change to a predetermined “safe state” upon detecting an 
out of bounds operating condition. 
Substantiation: Proposed revisions to the standard (8.3.3) for the use of 
programmable logic controllers in combustion systems required a new 
definition. 
Committee Meeting Action: Reject 
Committee Statement: The revised definition is not needed because the 
related revision in 86-51 (Log #73) to chapter 8 was not accepted. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-13 Log #23  Final Action: Accept 
(3.3.x Safety Shutdown (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add new text as follows: 
   Safety Shutdown. Stopping operations by means of a safety control or 
interlock that shuts off all fuel and ignition energy in a manner necessitating 
manual restart. 
Substantiation: In adding paragraph 8.3.1.2 in the 2007 edition, the definition 
of Safety Shutdown was not also added to the 2007 edition due to a clerical 
oversight on the part of the Technical Committee.  
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-14 Log #52  Final Action: Accept in Principle 
(3.3.17 Explosive Range, 3.3.17.1, 3.3.17.2, and 3.3.36) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows:
 
   3.3.17 Flammable Limits. The range of concentration of a flammable gas 
in air within which a flame can be propagated, with the lowest flammable 
concentration known as the lower flammable limit (LFL), and the highest 
flammable concentration known as the upper  flammable limit (UFL).
  

  3.3.17.1* Lower Flammable Limit (LFL). The lowest concentration of a flam-
mable gas in air that will propagate a flame, under defined test conditions.

  3.3.17.2 Upper Flammable Limit (UFL). The highest concentration of a flam-
mable gas in air  that will propagate a flame, under defined test conditions.

  3.3.36 Lower Explosive Limit (LEL). See 3.3.17.1 Lower Flammable Limit 
(LFL)

  A.3.3.17.1 Lower Flammable Limit (LFL). LFL is also known as Lower 
Explosive Limit (LEL). 

  Search and replace all instances of LEL with LFL in the NFPA 86 Standard.

  3.3.12.1 Continuous Vapor Concentration Controller. A device that 
measures, indicates, and directly or indirectly controls the concentration of a 
flammable vapor-air mixture as expressed in percentage of the lower explosive 
flammable limit (LEL LFL).

  5.3 Explosion Relief.

  5.3.1* Fuel-fired furnaces, and furnaces that contain flammable liquids, gases, 
or combustible dusts, shall be equipped with unobstructed explosion relief for 
freely relieving internal explosion pressures except in the following cases:

  (1) Explosion relief shall not be required on furnaces with shell construction 
having 3/16 in. (4.8 mm) or heavier steel plate shells reinforced 
with structural steel beams and buckstays that support and retain 
refractory or insulating materials that are required for temperature 
endurance, which makes them unsuitable for the installation of 
explosion relief.

  (2)  Explosion-relief panels shall not be required for low-oxygen atmosphere 
ovens designed and protected in accordance with Section 10.2.

  (3)  The requirements for explosion relief shall not apply to thermal oxidizers. 

  (4)  The requirements for explosion relief shall not apply to Class D furnaces. 

  (5)  Explosion-relief panels shall not be required in the work chamber of 
indirect fired ovens where it is demonstrated by calculation that the 
combustible concentration in the work chamber cannot exceed 25 
percent of the lower explosive flammable limit (LEL LFL) under 
any conditions. 
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(A)*In continuous process ovens, the rate of safety ventilation air shall 
be either calculated using 10.1.6.2(B) or 10.1.6.2(C) or estimated using 
10.1.6.2(D). The values determined shall be corrected for the exhaust stream 
temperature and altitude to determine the actual flow.

(B) Method A shall be calculated as follows:

  (1)  Determine the cubic feet of vapor per gallon of solvent using the follow-
ing equation:

ft  vapor
gal solvent

 = 
8.328
0.075

or

m  va

3

3












SpGr
VD
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L solvent

 = 
0 998
1 200
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where:

  1 gal water = 8.328 lb at 70°F, or 1 L water = 0.998 kg at 21°C 

  Dry air at 70°F = 0.075 lb/ft3 and 29.9 in. Hg, or  

  Dry air at 21°C = 1200 kg/m3 and 0.76 m Hg 

  SpGr = specific gravity of solvent (water = 1.0) 

  VD = vapor density of solvent vapor (air = 1.0) 

  (2)  Determine the cubic feet of barely explosive mixture per gallon of solvent 
using the following equation:

  (change LEL to LFL in the formula below)

ft  barely explosive mixture
gal solvent
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ft  mixture
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where:

  LEL LFL T = lower explosive flammable limit expressed in percent by volume 
in air, corrected for temperature 

  (3)  Determine the cubic feet of diluted mixture at 25 percent LEL LFL per 
gallon of solvent evaporated in the process using the following 
equation:

  (change LEL to LFL in the formula below)

ft  diluted mixture   
gal solvent evaporated

 = 
ft3 3@ %25
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(c)  Where individual burner valves have proof of closure as described 
in 8.7.1.3(1)(b) and verification that the individual burner safety 
shutoff valve has closed following loss of flame signal at the burner 
is not present 

(d)  Upon loss of flame signal at all burners in the burner system or at a 
number of burners in the burner system that will result in a fuel 
concentration greater than 25 percent of the LEL LFL 

(e)  When the heating chamber is proved at or above 1400°F (760°C) and 
both of the following conditions exist:

  10.5.1.2*  LEL LFL Correction Factor. 

  (A) The LEL LFL value for continuous process ovens shall be corrected for 
the oven operating temperature in accordance with the following formula or by 
using Table 10.1.5.2(A):

  (change LEL to LFL in the formula below)

LEL  = LEL  [1  0.000436 F  77 F ]  or

LEL  = LEL

77 F

25

t

t

t° − ° − °( )

°° − ° − °C  [1  0.000784 C  25 C ]t( )
 where: 
 t = oven temperature, °F or °C 

Table 10.1.5.2(A)  Oven Temperature Correction Factors 
Oven Temperature  
°F °C LEL LFL Correction Factor
77 25 1.00 
212 100 0.94 
300 149 0.90 
400 204 0.86 
500 260 0.81 

  10.1.6.1* Rate of Solvent Vapor Ventilation.

  (A) The safety ventilation rate of continuous process ovens shall be designed, 
maintained, and operated to do either of the following:

  (1)  Prevent the vapor concentration in the oven exhaust from exceeding 25 
percent of the LEL LFL    

  (2)  Operate at a safety ventilation rate  lower than that specified in 
10.1.6.1(A)(1) where a continuous solvent vapor concentration indi-
cator and controller meeting the criteria of 10.1.6.1(B) is provided 
in accordance with 10,2,8.

  (B) Where a continuous solvent vapor indicator and controller is provided, it 
shall be arranged to do either of the following:

  (1)  Alarm and shut down the oven heating systems 

  (2)  Operate additional exhaust fans at a predetermined vapor concentration 
not exceeding 50 percent of the LEL LFL 

10.1.6.2 Method for Determining Solvent Safety Ventilation Rate. 
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  (A) Piping and piping components shall be in accordance with ASME B31.3, 
Process Piping. 

  (B) Locations for tanks and cylinders containing flammable or toxic fluids 
shall comply with the applicable NFPA standards.

  (C) Storage tanks and their associated piping and controls shall comply with 
the following standards:

  (1)  Liquefied petroleum gas systems shall be in accordance with NFPA 58, 
Liquefied Petroleum Gas Code. 

  (2)  Fuel gas systems shall be in accordance with NFPA 54, National Fuel 
Gas Code.

  (3)  Hydrogen storage systems shall be in accordance with NFPA 55, 
Standard for the Storage, Use, and Handling of Compressed Gases 
and Cryogenic Fluids in Portable and Stationary Containers, 
Cylinders, and Tanks. 

  (4)* Flammable or combustible liquid systems shall be in accordance with 
NFPA 30, Flammable and Combustible Liquids Code. 

  (D) Where inert purge gas is required by this standard, the following shall 
apply: 

  (1)  It shall be available at all times and be sufficient for five volume changes 
of all connected atmosphere furnaces.  

  (2)  If the inert gas has a flammable gas component, it shall be analyzed on a 
continuous basis to verify that the oxygen content is less than 1 per-
cent and the combined combustible gas concentration remains less 
than 25 percent of the lower explosive flammable limit (LEL LFL).

12.3.2.3.1 Purge with an Inert Gas.

(A) In addition to the requirements of 12.3.2.3.1, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the fol-
lowing also shall apply:

  (1)  The supplier of the special atmosphere shall be consulted for process and 
safety instructions.

  (2)  Where required, the procedures of 12.3.2.3.1 shall be modified where 
improvements in the operation or safety of the furnace are required. 

  (3)  Modifications to 12.3.2.3.1 shall be approved. 

(B) The following purge procedure shall be performed in the given sequence: 

  (1)  The furnace shall not be automatically cycled during the purging proce-
dures. 

  (2)  The purge gas supply shall be provided in accordance with 12.1.5.1(D). 

  (3)  All inner and outer doors shall be closed. 

  (4)  The inert gas purge system shall be actuated to purge the furnace at a rate 
that maintains a positive pressure in all chambers. 

  (5)  All valves such as special atmosphere gas valves, process gas valves, and 
flame curtain valves shall be closed immediately. 

  (6)  Purging of the furnace atmosphere shall begin and shall continue until 
the purge is completed per the timed flow method of Section 12.7 
or until two consecutive analyses of all chambers indicate that the 
atmosphere is below 50 percent of its LEL LFL. 

12.4.2.3.1 Purge with an Inert Gas. 

(A) In addition to the requirements of 12.4.2.3.1, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the fol-
lowing also shall apply: 

  (1)  The supplier of the special atmosphere shall be consulted for process and 
safety instructions.  

  (2)  Where required, the procedures of 12.4.2.3.1shall be modified where 
improvements in the operation or safety of the furnace are required.  

  (3)  Modifications to 12.4.2.3.1 shall be approved. 

(B) The following purge procedure shall be performed in the given sequence: 

  (1)  The furnace shall not be automatically cycled during the purging proce-
dure. 

  (2)  The purge gas supply shall be provided in accordance with 12.1.5.1(D). 

  (3)  The inert purge gas system shall be actuated to purge the furnace at a rate 
that maintains a positive pressure in all chambers. 

  (4)  All valves such as special atmosphere gas valves, process gas valves, and 
flame curtain valves shall be closed.

(A)  Method B shall be calculated by determining the cubic feet of vapor per 
gallon of solvent using the following equation:

  (change LEL to LFL in the formula below)

ft  diluted mixture   

gal solvent evaporated
 = 4 

8.3 @ %25 LEL 3329

0.075




















SpGr

VD

LEL

LEL
T

T

100 −

m  diluted mixture @ 25% 

L solvent evaporated

3 LEL
= 4

0 998

1 2

.

. 000

100



















SpGr

VD

LEL

LEL
T

T

−

10.1.7.3 Method for Calculating Ventilation Rate. The minimum safety ventila-
tion rate shall be one of the following:

  (1)  440 scfm of air per gal (3.29 standard m3/min of air per L) of solvent

  (2)  Other than 440 scfm where ventilation is provided, with exhaust fans and 
other devices to prevent average concentration in the oven from 
exceeding 25 percent of the LEL LFL 

  (3)  A continuous vapor concentration high limit controller meeting one of the 
following criteria is provided:

(a)  The controller is arranged to alarm and shut down the oven heating 
system.

(b)  The controller is arranged to operate additional exhaust fans at a prede-
termined vapor concentration not exceeding 50 percent of the LEL 
LFL. The amount of ventilation air in standard cubic feet (standard 
cubic meters) that is rendered barely flammable by the vapor gener-
ated in gallons per hour (liters per hour) of solvent in use is deter-
mined, and the determined value then is multiplied by an empirical 
factor of 10 and divided by 60 minutes/hour to obtain the safety 
ventilation in standard cubic feet per minute (standard cubic meters 
per minute).

10.1.8.1 Where the safety ventilation rate in the oven has been designed to pro-
vide vapor concentrations between 25 percent and 50 percent of the LEL LFL, 
a continuous vapor concentration high limit controller shall be provided.

10.1.8.2*  The continuous vapor concentration high limit controller shall be 
capable of detecting and responding to process upset conditions to initiate 
reduction of the vapor concentration before the concentration exceeds 50 per-
cent of the LEL LFL .

10.1.8.3* Where an oven having multiple heating zones and at least one heat-
ing zone operating at or above 25 percent of the LEL LFL, all other heating 
zones shall be equipped with either of the following:

  (1)  A continuous vapor concentration high limit controller

  (2)  Without a continuous vapor concentration high limit controller where it 
can be demonstrated that a heating zone cannot exceed 25 percent 
of the LEL LFL in the case of an accidental increase in solvent 
input

10.1.8.4* Where a continuous vapor concentration controller is used to modu-
late the flow of fresh air or exhaust from an oven or zone, the following criteria 
shall apply: 

  (1)  A secondary protection system shall be required to prevent an analyzer 
failure from causing a hazardous condition.  

  (2)  The secondary protection system shall have a separate continuous vapor 
concentration high limit controller for each zone.  

  (3)  Limits on damper travel (set for 50 percent LEL LFL for the highest 
design solvent input) for each zone shall be permitted in lieu of the 
requirement of 10.1.8.3(2). 

10.2.5.6 The stored volume shall be permitted to be reduced, provided that both 
of the following conditions are met: 

  (1)  Mixing is adequate. 

  (2)  The stored volume is sufficient to reduce the concentration in the oven to 
the LEL LFL in air.

12.1.5.1 General. 
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  (4)  The inert gas purge system shall be actuated to purge the furnace at a rate 

that maintains a positive pressure in all chambers. 

  (5)  All valves such as special atmosphere gas valves, process gas valves, and 
flame curtain valves (if provided) shall be closed. 

  (6)  Purging of the furnace atmosphere shall begin and shall continue until 
the purge is completed per the timed flow method of Section 12.7 
or until two consecutive analyses of all chambers indicate that the 
atmosphere is less than 50 percent of its LEL LFL.

12.5.2.4 Removal of Special Atmosphere Gas from Type VII Furnace by Purge 
Procedure with an Inert Gas.

(A) In addition to the requirements of 12.5.2.4, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the fol-
lowing also shall apply:

  (1)  The supplier of the special atmosphere shall be consulted for process and 
safety instructions. 

 (2)  Where required, the procedures of 12.5.2.4 shall be modified where 
improvements in the operation or safety of the furnace are required.

  (3)  Modifications to 12.5.2.4 shall be approved.

(B) The following purge procedure shall be performed in the given sequence: 

  (1)  The furnace shall not be automatically cycled during the purging proce-
dure. 

  (2)  The purge gas supply shall be provided in accordance with 12.1.5.1(D). 

  (3)  All doors (if provided) shall be closed. 

  (4)  The inert gas purge shall be initiated, and a flow that maintains a positive 
pressure in the furnace by itself shall be ensured.

  (5)  All valves such as special atmosphere gas valves, process gas valves, and 
flame curtain valves (if provided) shall be closed.

  (6)  Purging of the furnace atmosphere shall begin and shall continue until 
the purge is completed per the timed flow method of Section 12.7 
or until two consecutive analyses of all chambers indicate that the 
atmosphere is less than 50 percent of its LEL LFL.

12.6.2.4 Removal of Flammable Special Atmosphere Gas from Type VIII 
Heating Cover Furnace by Purge Procedure.

(A) Combustible gases within the inner cover (retort) shall be purged before 
the inner cover is removed. 

(B) In addition to the requirements of 12.6.2.4, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the fol-
lowing also shall apply: 

  (1)  The supplier of the special atmosphere shall be consulted for process and 
safety instructions. 

  (2)  The manufacturer or user shall be permitted to modify the procedures 
of 12.6.2.4(B) if required to improve operational and emergency 
safety.  

  (3)  Where required, the procedures of 12.6.2.4(B) shall be modified where 
improvements in the operation or safety of the furnace are required.  

  (4)  Modifications to 12.6.2.4(B) shall be approved. 

(C)  The following purge procedure shall be performed in the given sequence:

  (1)  The purge gas supply shall be provided in accordance with 12.1.5.1(D). 

  (2)  The outer heating cover shall be removed from over the inner cover. 

  (3)  The flammable special atmosphere gas safety shutoff valve shall be 
closed, causing the inert gas to flow into the inner cover (see 
12.6.4.2), and the following criteria shall be met:

(a)  The inert gas flow shall maintain the manufacturer’s required minimum 
pressure, as indicated by the bubbler, vent manometer, or similar 
device.

(b)  The inert gas purge shall continue until the purge is completed per 
the timed flow method of Section 12.7 or until two consecutive 
analyses inside the inner cover indicate that the atmosphere is less 
than 50 percent of its LEL LFL. 

12.6.2.6 Removal of Flammable Special Atmosphere Gas from Type IX 
Heating Cover Furnace by Purge Procedure. 

  (5)  Purging of the furnace atmosphere shall begin and shall continue until 
the purge is completed per the timed flow method of Section 12.7 
or until two consecutive analyses of all chambers indicate that the 
atmosphere is below 50 percent of its LEL LFL. 

12.4.2.5.1 Purge with an Inert Gas.

(A) In addition to the requirements of 12.4.2.5.1, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the fol-
lowing also shall apply: 

  (1)  The supplier of the special atmosphere shall be consulted for process and 
safety instructions.

  (2)  Where required, the procedures of 12.4.2.5.1 shall be modified where 
improvements in the operation or safety of the furnace are required.  

  (3)  Modifications to 12.4.2.5.1 shall be approved. 

(B) The following purge procedure shall be performed in the given sequence: 

  (1)  The furnace shall not be automatically cycled during the purging proce-
dure. 

  (2)  The purge gas supply shall be provided in accordance with 12.1.5.1(D). 

  (3)  The inert gas purge system shall be actuated to purge the furnace at a rate 
that maintains a positive pressure in all chambers. 

  (4)  All valves such as special atmosphere gas valves, process gas valves, and 
flame curtain valves shall be closed immediately. 

  (5)  Purging of the furnace atmosphere shall begin. The inert gas purge shall 
continue until the purge is completed per the timed flow method of 
Section 12.7 or until two consecutive analyses of all chambers indi-
cate that the atmosphere is less than 50 percent of its LEL LFL. 

12.4.2.7.1 Purge with an Inert Gas. 

(A) In addition to the requirements of 12.4.2.7.1, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the fol-
lowing also shall apply: 

  (1)  The supplier of the special atmosphere shall be consulted for process and 
safety instructions. 

  (2)  Where required, the procedures of 12.4.2.7.1 shall be modified where 
improvements in the operation or safety of the furnace are required.  

  (3)  Modifications to 12.4.2.7.1 shall be approved.

(B) The following purge procedure shall be performed in the given sequence: 

  (1)  The furnace shall not be automatically cycled during the purging proce-
dure. 

  (2)  The purge gas supply shall be provided in accordance with 12.1.5.1(D). 

  (3)  All doors shall be closed. 

  (4)  The inert gas purge system shall be actuated to purge the furnace at a rate 
that maintains a positive pressure in all chambers. 

  (5)  All valves such as special atmosphere gas valves, process gas valves, and 
flame curtain valves shall be closed. 

  (6)  Purging of the furnace atmosphere shall begin and shall continue until 
the purge is completed per the timed flow method of Section 12.7 
or until two consecutive analyses of all chambers indicate that the 
atmosphere is less than 50 percent of its LEL LFL. 

12.5.2.2.1 Purge with an Inert Gas. 

(A) In addition to the requirements of 12.5.2.2.1, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the fol-
lowing also shall apply: 

  (1)  The supplier of the special atmosphere shall be consulted for process and 
safety instructions. 

  (2)  Where required, the procedures of 12.5.2.2.1 shall be modified where 
improvements in the operation or safety of the furnace are required.  

  (3)  Modifications to 12.5.2.2.1 shall be approved. 

(B) The following purge procedure shall be performed in the given sequence: 

  (1)  The furnace shall not be automatically cycled during the purging proce-
dure. 

  (2)  The purge gas supply shall be provided in accordance with 12.1.5.1(D). 

  (3)  All doors (if provided) shall be closed. 
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  (1)  Gas should not impinge on equipment, support, building, windows, or 

materials because the gas could ignite and create a fire hazard.

  (2)  Gas should not impinge on personnel at work in the area or in the vicinity 
of the exit of the vent pipe because the gas could ignite and create a 
fire hazard.

  (3)  Gas should not be vented in the vicinity of air intakes, compressor inlets, 
or other devices that utilize ambient air.

  The vent exit should be designed in accordance with the following:

  (1)  The pipe exit should not be subject to physical damage or foreign matter 
that could block the exit.

  (2)  The vent pipe should be sized to minimize the pressure drop associated 
with length, fitting, and elbows at the maximum vent flow rate.

  (3)  The vent piping should not have any shutoff valves in the line.

  If the gas is to be vented inside the building, the following additional 
guidance is offered:

  (1)  If the gas is flammable and lighter than air, the flammable gases should 
be vented to a location where the gas is diluted below its lower 
flammable limit (LEL LFL) before coming in contact with sources 
of ignition and the gas cannot re-enter the work area without 
extreme dilution. 

  (2)  If the gas is oxygen or air enriched with oxygen, the vent gas should be 
vented to a location where the gas will blend with atmospheric air to 
a point between 19 percent and 23 percent oxygen before coming in 
contact with combustibles or personnel.

A.9.5.3 Concentrations at 25 percent LEL LFL can produce a temperature rise 
near 600°F (316°C) that, where added to the required inlet temperature, results 
in temperatures generally considered to be within a range where thermal degra-
dation occurs. 

  In the event of a high-temperature shutdown of the system, the catalyst bed 
will need to be cooled to prevent further damage of the catalyst through ther-
mal or high-temperature breakdown. Most catalysts employ a high surface area 
substrate, such as alumina, that allows for the maximum amount of catalyst 
material exposed to the fumes per unit of catalyst (pellet, granule, or structured 
packing). The surface area of the catalyst can be diminished through failure of 
the pore structure of the substrate at elevated temperatures [typically greater 
than 1200°F (649°C)], which results in less exposed catalyst material per unit 
of catalyst and a lower activity. This rate of thermal poisoning is a function of 
temperature and duration, and the net effect can be minimized by quickly cool-
ing the catalyst to safe operating temperatures, from 450°F to 950°F (232°C to 
510°C). 

A.10.1.5.2 Most LEL LFL values are reported at 77°F (25°C), although several 
are given at 212°F (100°C). The LEL LFL value decreases at higher tempera-
tures, so it is necessary that the LEL value for the particular solvent be cor-
rected for the operating temperature of the oven. 

  The formula used in 10.1.5.2 was originally published in Bureau of Mines 
Bulletin 627, “Flammability of Combustible Gases and Vapors.” The tempera-
ture correction factor also can be expressed approximately as a 5 percent reduc-
tion in the LEL LFL value for each 100°F (37.8°C) rise in temperature above 
77°F (25°C). 

A.10.1.6.2(A) Chemical properties can be obtained from manufacturers or 
from published data. The data in Table A.10.1.6.2(A)(a) and Table 10.1.6.2(A)
(b) have been obtained from NFPA 325, Guide to Fire Hazard Properties of 
Flammable Liquids, Gases, and Volatile Solids, and material safety data sheets 
(MSDS) where available. Available figures from numerous sources vary over a 
wide range in many instances, depending on the purity or grade of samples and 
on the test conditions prescribed by different observers. 

  (Note: Although NFPA 325 has been officially withdrawn from the National 
Fire Codes, the information is still available in NFPA’s Fire Protection Guide 
to Hazardous Materials.) 

  The importance of obtaining precise data on the rate of evaporation by actual 
tests on particular paint formulations in use needs to be emphasized. Some of 
these multiple component preparations might contain several solvents with 
widely differing values of LEL LFL, specific gravity, and vapor density. Until 
such determinations are made, the operation should be on the side of safety. 
Therefore, the individual solvent whose data result in the largest required vol-
ume of air per gallon should be used as the basis for safe ventilation. 

(A) Combustible gases within the heating cover, and nonsealed inner cover if 
applicable, shall be purged before the heating cover is opened or removed. 

(B) In addition to the requirements of 12.6.2.6, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the fol-
lowing also shall apply: 

  (1)  The supplier of the special atmosphere shall be consulted for process and 
safety instructions. 

  (2)  Where required, the procedures of 12.6.2.6(B) shall be modified where 
improvements in the operation or safety of the furnace are required.  

  (3)  Modifications to 12.6.2.6(B) shall be approved by the authority having 
jurisdiction. 

(C) The following purge procedure shall be performed in the given sequence:

  (1)  The purge gas supply shall be provided in accordance with 12.1.5.1(D).

  (2)  The flammable special atmosphere gas safety shutoff valve shall be 
closed, causing the inert gas to flow into the work chamber (see 
12.6.4.2, and the following criteria shall be met:

(a)  The inert gas flow shall maintain the manufacturer’s required minimum 
pressure, as indicated by the bubbler, vent manometer, or similar 
device.  

(b)  The inert gas purge shall continue until the purge is completed per the 
timed flow method of Section12.7 or until two consecutive analyses 
inside the work chamber indicate that the atmosphere is less than 50 
percent of its LEL LFL.

12.6.3.1 In the event of electric power failure or loss of flammable special 
atmosphere flow, all of the following actions shall be initiated: 

  (1)  An inert gas safety purge system, as prescribed in 12.6.4.1(5), shall be 
actuated immediately.

  (2)  The flammable atmosphere safety shutoff valve shall be closed.

  (3)  All manual flammable atmosphere gas valves shall be closed.

  (4)  The inert gas safety purge shall be continued as long as necessary to 
purge the flammable gas from the work chamber.

  (5)  The flow of the inert gas safety purge shall be actuated at a rate that 
maintains a positive pressure in the work chamber for the duration 
of the purge.

  (6)  The inert gas purge shall continue until the purge is completed per the 
timed flow method of Section 12.7 or until two consecutive analy-
ses inside the work chamber indicate that the atmosphere is less 
than 50 percent of its LEL LFL.

12.7.2.6 Where a combustible atmosphere is being purged out of a furnace 
using an inert gas, verification testing shall be conducted at the typical purging 
temperature and shall be considered acceptable if, after five furnace volume 
changes of flow, two consecutive gas analyses of the effluent gas indicate that 
the atmosphere is less than 50 percent of the LEL LFL.

13.3.2.3 Venting of the vacuum pump shall be in accordance with 5.4.4, and 
one of the following actions shall be taken during flammable gas operation:

  (1) The pump discharge shall be diluted with inert gas to lower the 
combustible level of the mixture below the LEL LFL. 

  (2)  The pump discharge shall be passed through a burner.

13.3.3.1 Purging.

(A) When purge is initiated, the flammable gas valve(s) shall be closed.

(B) Purging shall be complete when any of the following is satisfied

  (1)  Two consecutive analyses of the vent gas from the furnace indicate that 
less than 50 percent of the LEL LFL has been reached. 

  (2)  Five furnace volume changes with inert gas have occurred.

  (3)  The furnace is pumped down to a minimum vacuum level of 1 10-1 torr 
(13.3 Pa) prior to inert gas backfill

  Table A.6.2.1  Properties of Typical Flammable Gases

    (Change LEL to LFL in table)

A.6.2.7.3 Paragraph 6.2.7.3 covers venting of flammable and oxidizing gases 
only. Gases that are asphyxiants, toxic, or corrosive are outside of the scope of 
this standard. In this regard, other standards should be consulted for appropriate 
venting. Flammable gases and oxidizers should be vented to a safe location to 
prevent fire or explosion hazards. When gases are vented, the vent pipe should 
be located in accordance with the following: 
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  Products of combustion must be added to this volume in accordance with 
10.1.6.3 and then corrections made for higher oven exhaust temperature and, 
if applicable, for elevations of 1000 ft (305 m) or greater. An example of how 
these additional factors are applied can be found in A.10.1.6.4. 

  SI Units. To determine the cubic meters (m3) of vapor per liter (L) of solvent, 
the following calculation is used: 
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  The LEL LFL T, being equivalent to 0.99 percent of the cubic meters of air 
rendered explosive by 1 L of toluene, is as follows: 
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  Products of combustion must be added to this volume in accordance with 
10.1.6.3 and then corrections made for higher oven exhaust temperature and, 
if applicable, for elevations of 1000 ft (305 m) or greater. An example of how 
these additional factors are applied can be found in A.10.1.6.4. 

  Another Method of Computation. For this example, xylene is to be used as the 
solvent, as follows:

  (1)  Specific gravity (SpGr) of xylene = 0.88 (water = 1.0). 

  (2)  Molecular weight of C6H4(CH3)2 = 106. 

  (3)  Lower explosive flammable limit (LEL LFL) of xylene in air = 
0.9 percent by volume [see Table A.10.1.6.2(A)(a) and Table 
A.10.1.6.2(A)(b)]. 

  (4)  Corrected LEL LFL (LEL LFL T ) for oven exhaust temperature is as 
follows: 

      (LEL LFL)( LEL LFL CF) = 0.9 [1 – 0.000784 (149°C – 25°C)] = 0.81  
(See 10.1.5.2.) 

  (5)  The molecular weight in pounds of any gas or vapor occupies 387 ft3 
at 70°F and 29.9 in. of mercury. The molecular weight in grams of 
any gas or vapor occupies 24.1 L at 21°C and 101 kPa.

  U.S. Customary Units. Weight of 1 gal xylene is as follows: 

0.88 
8.328 lb H O

gal
 = 7.33 lb xylene/gal2









  Volume of 1 gal xylene, when vaporized, is as follows: 

7.33 lb 387 ft

106 molecular weight

3( )( )
( )

  Table A.10.1.6.2(A)(a)  Properties of Commonly Used Flammable Liquids in 
U.S. Customary Units 

  (Change LEL to LFL in table)

  Table A.10.1.6.2(A)(b)  Properties of Commonly Used Flammable Liquids in 
Metric Units 

  (Change LEL to LFL in table)

   Theoretical Determination of Required Ventilation. Problem: For continuous 
oven: The volume of oven dilution air that would render vapor from a known 
volume of toluene barely flammable is determined as follows: 

  (1)  1 gal of water weighs 8.328 lb at 70°F; 1 L of water weighs 0.998 kg at 
21°C 

  (2)  Dry air at 70°F and 29.9 in. Hg weighs 0.075 lb/ft3; dry air at 21°C and 
0.76 m Hg weighs 1.200 kg/m3

  (3)  1 m3 = 1000 L = 1000 dm3 

  (4)  Specific gravity (SpGr) of toluene = 0.87 (water = 1.0) 

  (5)  Vapor density (VD) of toluene = 3.1 (air = 1.0) 

  (6)  Lower explosive flammable limit (LEL LFL) of toluene in air = 1.1 per-
cent by volume [see Table 10.1.6.2(A)(a) and Table 10.1.6.2(A)
(b)] and in the LEL LFL calculations is expressed as 1.1 (not 
0.011); this value for the LEL LFL is at standard ambient tempera-
ture of 70°F (21°C) 

  (7)  Measured oven exhaust temperature (t) = 300°F (149°C) 

  (8)  Corrected LEL LFL (LEL LFL T ) for oven exhaust temperature is as 
follows:

LEL LELCF( )( ) − ° − °( ) 
=
= 1 1 1 0 000784 149 25

0 99

. .

.

C C

  (Change LEL to LFL in formula)

  (See 10.1.5.2.) 

  U.S. Customary Units. To determine the cubic feet of vapor per gallon (gal) of 
solvent, the following calculation is used: 
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  The LELT , being equivalent to 0.99 percent of the cubic feet of air rendered 
explosive by 1 gal of toluene, is as follows: 
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_______________________________________________________________ 
86-15 Log #87  Final Action: Accept in Principle 
(3.3.18 Fail Safe and A.3.3.18 and 3.3.x Safety Control (New) and 8.3) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Revise text to read as follows: 
  3.3.18* Fail Safe. An implementation of machine control that has been 
implemented with the following characteristics: 
  (A) Safety related parts of the control system are designed, constructed, 
selected, assembled and combined to withstand the environment to which they 
are subjected. 
  (B) A single fault in any of the safety related parts parts does not lead to the 
loss of the safety function; 
  (C) Whenever reasonably practicable the single fault is detected and initiates 
a safe state. 
  A.3.3.18 Fail Safe. The traditional hardwired “one side hot and one side 
grounded” implementation of a safety interlock (reference 8.3.2) has 
historically proven to provide a level of fail safe function commensurate with 
safety rated devices, relays and logic controllers implemented to the Fail Safe 
requirements in the definition.  
   In order to implement a solid state (plc) safety function that meets this level 
of reliability, a design based on the following standards are considered 
equivalent: 
  · A Safety Integrity Level (SIL) of 2 for the Safety Instrumented Function 
(SIF) (reference ANSI/ISA 84.00.01, Application of Safety Instrumented 
Systems for the Process Industries, IEC 61508, Functional Safety of Electrical/
Electronic/Programmable Electronic Safety-Related Systems and IEC 62061, 
Safety of machinery — Functional Safety of Safety–Related Electrical, 
Electronic and Programmable Electronic Control Systems 
  · A Performance Level (PL) of ‘d’ for the SIF (reference EN/ISO 13849, 
Safety Of Machinery - Safety-Related Parts Of Control System 
  · ANSI Control Category 3 for the SIF (reference EN 954-1, OSHA/ANSI 
B11 and ANSI B151.1 
  3.3.??* Safety Control. A control circuit implementation including a sensing 
device, relay or logic solver, and output function including interconnecting 
wiring, cables or buses. The safety interlock forces the control system to 
initiate a change to a predermined “safe state” upon detecting an out of bounds 
operating condition. 
  8.3.3* Programmable Logic Controller Systems.   
  8.3.3.1 Programmable logic controller–based systems listed for combustion 
safety service shall be used in accordance with the listing requirements and the 
manufacturer’s instructions.  
  8.3.3.2* Safety programmable logic controllers, where used for combustion 
safety service, shall be Safety Certified to be SIL 3, Performance Level ‘d’ or 
Category 4 for control reliable service and comply with the following: 
  (A) Safety programmable logic controllers shall implement safety interlocks 
in a fail safe manner. 
  (B)* The combustion safeguards and logic shall be hardwired external to the 
safety programmable logic controller. 
  (C) Before the programmable logic controller is placed in operation, 
documentation confirming that all related safety devices and safety logic are 
functional shall be provided.  
  (D) All changes to hardware or software shall be documented and maintained 
in a file that is separate from the furnace programmable controller.  
  (E) System operation shall be tested and verified for compliance with the 
design criteria when the programmable logic controller is replaced, repaired, or 
updated.  
  (F) The control system shall have at least one manual emergency switch that 
initiates a safety shutdown.  
  A.8.3.3.2 Safety Certifications are provided by 3rd party testing laboratories 
such as TUV.  
   A Safety Integrity Level (SIL) certification can be a certification of a 
complete safety-related/safety instrumented system or a subsystem of the 
former. SIL certification can be granted at various levels - for example “SIL 1” 
through “SIL 4” per IEC 61508. 
  A Safety Category certification can be a certification of a complete safety-
related/safety instrumented system or a subsystem of the former. Safety 
Category certification can be granted at various levels - for example “Category 
B” through “Category 4” per EN954-1. 
  A Performance Level (PL) certification can be a certification of a complete 
safety-related/safety instrumented system or a subsystem of the former. PL 
certification can be granted at various levels - for example “a” through “e” per 
ISO 13849. 
A.8.3.3.2 (B) While the combustion safeguard (flame relay) hardware and logic 
must remain external to the safety PLC, the safety PLC may be used to 
implement start-up and running interlocks other than flame supervision. 
8.3.3.3 Standard programmable logic controllers, i.e. not safety certified for 
control reliable operation or not listed for Combustion Safety Service, shall 
comply with the following: 
   (1) The programmable logic controller shall not perform required safety 
functions.  
  (2) The programmable logic controller shall not interfere with or prevent the 
operation of the safety interlocks.  
  (3) Only isolated programmable logic controller contacts shall be used in the 
required safety circuits.  

  The LEL LFL T, being equivalent to 0.81 percent of the cubic feet of air ren-
dered explosive by 1 gal xylene, is as follows: 
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  Products of combustion must be added to this volume in accordance with 
10.1.6.3 and then corrections made for higher oven exhaust temperature and, 
if applicable, for elevations of 1000 ft (305 m) or greater. An example of how 
these additional factors are applied can be found in A.10.1.6.4. 

  SI Units. Weight of 1 L xylene, when vaporized, is as follows: 
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  Volume of 1 L xylene, when vaporized, is as follows: 

878 g 24.1 L

106 molecular weight

= 200 L xylene vapor 
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aat standard conditions

  The LEL LFL T , being equivalent to 0.81 percent of the cubic meters of air 
rendered explosive by 1 L xylene, is as follows: 
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  Products of combustion must be added to this volume in accordance with 
10.1.6.3 and then corrections made for higher exhaust temperature and, if 
applicable, for elevations of 1000 ft (305 m) or greater. An example of how 
these additional factors are applied can be found in Aa.10.1.6.4. 

  The submitter stopped his search of the NFPA 86 document here. There are 
more uses of Lower Explosive Limit (LEL) that needs to change to Lower 
Flammable Limit (LFL).

  In a similar way search and replace all instances of Upper Explosive Limit  
(UEL) with Upper Flammable Limit (UFL) in the NFPA 86 Standard.

Substantiation: Explosive Range is only used in A.3.3.17 which is annex 
material for the definition. The terms Flammable Limit, LFL, and UFL are 
consistent with other related NFPA standards. 
Committee Meeting Action: Accept in Principle 
  Accept the proposal with the following revisions. 
  1. Delete 3.3.17.1 and 3.3.17.2. 
  2. Revise A.3.3.17 to read: 
  A.3.3.17 Lower Flammable Limit (LFL). LFL is also known as Lower 
Explosive Limit (LEL). See ASTM E 681 (2004), Standard Test Method for 
Concentration Limits of Flammability of Chemicals (Vapors and Gases). 
  3. Revise 3.3.36 to read: 
  3.3.36 Lower Explosive Limit (LEL). See 3.3.17 Flammable Limits 
Committee Statement: 1. The definitions are not needed as they are addressed 
in 3.3.17. 
2. The annex text is also extracted from NFPA 68 with revised text. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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   (2) Upon transmitter failure the programmable logic controller shall detect 
the failure and initiate a safety shutdown.  
   (3) The transmitter shall be dedicated to safety service unless listed for 
simultaneous process and safety service.  
Substantiation: None given. 
Committee Meeting Action: Accept in Principle 
   1. Reject the proposed definitions. 
   2. Revise 8.3.3.2.1 (H) to read: 
   (H) Unless allowed by 8.3.3.5, the following devices and logic shall be 
hardwired external to the programmable logic controller as follows:  
   (1) Manual emergency switch  
   (2) Combustion safeguards  
   (3) Safe start checks  
   (4) Ignition transformers  
   (5) Trial-for-ignition periods  
   (6) Excess temperature controllers  
   (7) The 1400°F (760°C) bypass controllers required in Section 8.17  
   (8) Continuous vapor concentration high limit controller  
   (9) Valve proving systems  
   (I) Unless allowed by 8.3.3.5, a combustion safeguard shall directly control 
at least one safety shutoff valve between the fuel gas supply and the monitored 
burner.  
   (J) Unless allowed by 8.3.3.5, where two oxygen safety shutoff valves are 
required, combustion safeguards shall control at least one oxygen safety shutoff 
valve.  
   3. Add a new 8.3.3.5 to read: 
8.3.3.5 Safety programmable logic controllers. 
(A) Where used for combustion safety service, safety programmable logic 
controllers shall have the following characteristics: 
(1) Listed for control reliable service with a SIL rating of at least 2. 
(2) Access to programmable logic control dedicated to safety functions shall be 
restricted.  
(3) Non safety function implementations, where implemented, shall be 
independently accessible from safety functions. 
(4) All safety function sensors and final elements shall be independent of 
operating sensors and final elements. 
   (B) Safety programmable logic controllers shall not implement: 
   (1) Manual emergency switch  
   (2) Continuous vapor concentration high limit controller  
   (3) Combustion safeguard 
   (4) Excess temperature limit interlock 
Committee Statement: The definitinos are rejected because the changes they 
relate to were not accepted 
The committee retained the existing PLC text and added coverage of the use of 
safety PLC’s. The committee rejects elimination of the existing requirements 
for using general purpose PLC’s. 
The proposal establishes a Safety Integrity Level (SIL) rating of 2 for the 
safety PLC. The committee invites comment on this subject, especially if a SIL 
rating of 3 would be more appropriate. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-16 Log #18  Final Action: Accept in Principle 
(3.3.21 Fuel Gas, 3.3.23 Fuel Oil, 6.2.1, A.6.2.1, 6.3.1, and A.6.3.1) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   3.3.21 Fuel Gas. A gaseous fuel used as a fuel source, including but not 
limited to natural gas, manufactured gas, sludge gas, liquefied petroleum gas-
air mixtures, liquefied petroleum gas in the vapor phase, and mixtures of these 
gases. 
  3.3.23 Fuel Oil. A liquid fuel used as a fuel source including but not 
limited to Grades 2, 4, 5, or 6 fuel oils as defined in ASTM D 396, Standard 
Specifications for Fuel Oils.  
6.2 Fuel Gas–Fired Units.  
6.2.1* Scope General. Section 6.2 shall apply to the following:  
   (1) Furnace heating systems fired with commercially distributed fuel gases 
such as including but not limited to the following:    
   (a) Natural gas   
   (b) Mixed gas   
   (c) Manufactured gas   
   (d) Liquefied petroleum gas (LP-Gas) in the vapor phase   
   (e) LP-Gas/air systems   
   (2) Gas-burning portions of dual-fuel or combination burners  
   A.6.2.1 The recommendations of equipment manufacturers should be 
followed when using gaseous fuels which are not specifically listed in the 
product literature. 
The term ignition temperature means the lowest temperature at which a gas–air 
mixture will ignite and continue to burn. This condition is also referred to as 
the autoignition temperature. Where burners supplied with a gas–air mixture in 
the flammable range are heated above the autoignition temperature, flashbacks 
could occur. In general, such temperatures range from 870°F to 1300°F (465°C 
to 704°C). A much higher temperature is needed to ignite gas dependably. The 

8.3.3.2.1 General.  
(A) Before the programmable logic controller is placed in operation, 
documentation confirming that all related safety devices and safety logic are 
functional shall be provided.   
(B) All changes to hardware or software shall be documented and maintained 
in a file that is separate from the furnace programmable controller.  
(C) System operation shall be tested and verified for compliance with the 
design criteria when the programmable logic controller is replaced, repaired, or 
updated.  
(D) The control system shall have at least one manual emergency switch that 
initiates a safety shutdown.  
(E) The programmable logic controller shall detect the following conditions:  
   (1)  Failure to execute any program or task containing safety logic  
   (2)  Failure to communicate with any safety input or output  
   (3)  Changes in software set points of safety functions  
   (4)  Failure of outputs related to safety functions  
   (5)  Failure of timing related to safety functions  
(F) A safety shutdown shall occur within 3 seconds of detecting any condition 
listed in 8.3.3.2.1(E).   
(G) A dedicated programmable logic controller output shall initiate a safety 
shutdown for faults detected by the programmable logic controller.  
(H) The following devices and logic shall be hardwired external to the 
programmable logic controller as follows:  
   (1)  Manual emergency switch  
   (2)  Combustion safeguards  
   (3)  Safe start checks  
   (4)  Ignition transformers  
   (5)  Trial-for-ignition periods   
   (6)  Excess temperature controllers   
   (7)  The 1400°F (760°C) bypass controllers required in Section 8.17  
   (8)  Continuous vapor concentration high limit controller  
   (9)  Valve proving systems   
(I) A combustion safeguard shall directly control at least one safety shutoff 
valve between the fuel gas supply and the monitored burner.  
(J) Where two oxygen safety shutoff valves are required,  combustion 
safeguards shall control at least one oxygen safety shutoff valve.  
(K) Where airflow proving logic is performed in the programmable logic 
controller, the logic shall include the following:  
   (1)  Verification of a change of state in each airflow proving device during the 
startup of the related ventilation equipment  
   (2)  Initiation of a safety shutdown if a change of state in an airflow proving 
device is not detected   
8.3.3.2.2 Hardware.   
(A) Memory that retains information on loss of system power shall be provided 
for software.   
(B) The programmable logic controller shall have a minimum mean time 
between failure rating of 250,000 hours.   
(C) Only one safety device shall be connected to a programmable logic 
controller input or output.   
(D) Output checking shall be provided for programmable logic controller 
outputs controlling fuel safety shutoff valves and oxygen safety shutoff valves.   
8.3.3.2.3 Software.  
(A) Access to the programmable logic controller and its logic shall be restricted 
to authorized personnel.  
(B) The following power supplies shall be monitored:  
   (1) Power supplies used to power programmable logic controller inputs and 
outputs that control furnace safety functions  
   (2) Power supplies used to power pressure and flow transmitters required by 
8.3.3.4  
(C) When any power supply required by 8.3.3.2.3(B)(1) fails, the dedicated 
programmable logic controller output required in 8.3.3.2.1(G) shall be 
deactivated.  
(D) When the voltage of any power supply required by 8.3.3.2.3(B)(2) is 
detected outside the manufacturer’s recommended range, the dedicated 
programmable logic controller output required in 8.3.3.2.1(G) shall be 
deactivated.  
(E) Software shall be documented as follows:  
   (1)  Labeled to identify elements or group of elements containing safety 
software  
   (2)  Labeled to describe the function of each element containing safety 
software  
(F) A listing of the program with documentations shall be available.  
8.3.3.3 Programmable logic controllers that do not comply with 8.3.3.1 or 
8.3.3.2 shall comply with the following:  
   (1) The programmable logic controller shall not perform required safety 
functions.  
   (2) The programmable logic controller shall not interfere with or prevent the 
operation of the safety interlocks.  
   (3)  Only isolated programmable logic controller contacts shall be used in the 
required safety circuits.  
8.3.3.4 Where programmable logic controller–based systems use flow 
transmitters in place of flow switches and pressure transmitters in place of 
pressure switches for safety functions, the following shall apply:  
   (1) The transmitter shall be listed, possess a minimum mean time between 
failure rating of 250,000 hours, or possess a safety integrity level rating of 2.  
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Committee Statement: Refer to Proposal 86-61 (Log #CP4) where revisions 
address this subject, making the interpretation moot. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-18 Log #64  Final Action: Accept in Principle 
(3.3.64.6 Proof-of-Closure Switch ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
Industrial Heating Equipment Assn. (IHEA) 
Recommendation: Revise text to read as follows: 
   3.3.64.6 Proof of Closure-Switch. Non-field adjustable A switch installed 
in a safety shutoff valve by its manufacturer that activates only after the valve 
is fully closed. 
Substantiation: This proposal clarifies the conclusion of ballot Formal 
Interpretation No.: 86-07-1.  
Committee Meeting Action: Accept in Principle 
Revise to read: 
  3.3.64.6 Proof of Closure-Switch. Non-field adjustable A switch installed in 
a safety shutoff valve by its manufacturer that activates only after the valve is 
fully closed. 
Committee Statement: The revision to the definition is accepted and the 
definition is revised to eliminate a requirement. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-19 Log #7  Final Action: Accept in Principle 
(4.1.3.1.1) 
_______________________________________________________________ 
Submitter: Franklin R. Switzer, Jr., S-afe, Incorporated 
Recommendation: Add new text to read as follows: 
   4.1.3.1.1 Any Electrically actuated Gas Handling Equipment that does not 
have a built in vent connection between the Electrical housing and the Gas 
Containment area shall have a Conduit seal device installed between the 
component and the first electrical control panel. 
Substantiation: Over the last several years, I have personally witnessed 4 
situations where gas from a component has migrated up the conduit feed lines 
and into the electrical panel where ignition has occurred with varying degrees 
of destruction. I would suggest that as an alternative to an epoxy filled seal 
box, one could use a SO cable with Brad Harris like connectors which are 
typically sealed by the nature in which they are constructed. It is my 
understanding that UL may be the holdup of this approach. 
Committee Meeting Action: Accept in Principle 
  Revise 4.1.3.2 to read:  
  4.1.3.2 Where seal leakage or diaphragm failure in a device can result in 
flammable gas or flammable liquid flow through a conduit or cable to an 
electrical ignition source, a conduit seal or a cable type that is sealed shall be 
installed. 
Renumber subsequent paragraphs. 
Committee Statement: The concept is accepted and revised to be clearer. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-20 Log #24  Final Action: Accept in Principle 
(4.2.4, 4.2.4.1, 4.2.4.2, and A.4.2.4) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   4.2.4 x.x.x* Safety Design Data Form for Solvent Atmosphere Ovens. 
4.2.4.1 x.x.x.x The safety design data form or nameplate for solvent 
atmosphere ovens shall include all the following design data:  
   (1) Solvent used 
   (2) Number of gallons (liters) per batch or per hour of solvent and volatiles 
entering the oven 
   (3) Required purge time 
   (4) Oven operating temperature 
   (5) Exhaust blower rating for the number of gallons (liters) of solvent per 
hour or batch at the maximum operating temperature 

temperature necessary is slightly higher for natural gas than for manufactured 
gases, but for safety with manufactured gases, a temperature of about 1200°F 
(649°C) is needed, and for natural gas, a temperature of about 1400°F (760°C) 
is needed. Additional safety considerations should be given to dirt-laden gases, 
sulfur-laden gases, high-hydrogen gases, and low-Btu waste gases.  
The term rate of flame propagation means the speed at which a flame 
progresses through a combustible gas–air mixture under the pressure, 
temperature, and mixture conditions existing in the combustion space, burner, 
or piping under consideration. (See Table A.6.2.1 and Figure A.6.2.1.)  
6.3 Oil-Fired Units. 
6.3.1* Scope General. 
6.3.1.1 Section 6.3 shall apply to combustion systems for furnaces fired with 
liquid fuels including but not limited to No. 2, No. 4, No. 5, and No. 6 
industrial fuel oils as specified by ASTM D 396, Standard Specifications for 
Fuel Oils. 
A.6.3.1 In the design and use of oil-fired units, the following should be 
considered. 
   (1) Unlike fuel gases, data on many important physical/chemical 
characteristics are not available for fuel oil, which, being a complex mixture of 
hydrocarbons, is relatively unpredictable. 
   (2) Fuel oil has to be vaporized prior to combustion. Heat generated by the 
combustion commonly is utilized for this purpose, and oil remains in the vapor 
phase as long as sufficient temperature is present. Under these conditions, oil 
vapor can be treated as fuel gas. 
   (3) Unlike fuel gas, oil vapor condenses into liquid when the temperature 
falls too low and revaporizes whenever the temperature rises to an 
indeterminate point. Therefore, oil in a cold furnace can lead to a hazardous 
condition, because, unlike fuel gas, it cannot be purged. Oil can vaporize (to 
become a gas) when, or because, the furnace operating temperature is reached. 
   (4) Unlike water, for example, there is no known established relationship 
between temperature and vapor pressure for fuel oil. For purposes of 
comparison, a gallon of fuel oil is equivalent to 140 ft3 (4.0 m3) of natural gas; 
therefore, 1 oz (0.03 kg) equals approximately 1 ft3 (0.03 m3).                                                                      
   Additional considerations that are beyond the scope of this standard should be 
given to other combustible liquids not specified in 6.3.1. The 
recommendations of equipment manufacturers’ should be followed when 
using liquid fuels which are not specifically listed in the product literature. 
Substantiation: In consideration of the every expanding types of gaseous and 
liquid fuels being used in Ovens and Furnaces, the proposed revisions clarify 
that NFPA 86 applies to systems using all gaseous and liquid fuels. 
   Scope changed to General is consistent with MOS changes being made in 
another ICTG proposal. 
   Annex material clarifies that the recommendations of manufacturer should be 
followed when using fuels which are not specifically listed in the product 
literature. 
Committee Meeting Action: Accept in Principle 
  1. Do not accept the proposed revision to 3.3.21. 
  2. Revise 3.3.23 to read: 
  3.3.23 Fuel Oil. A liquid fuel used as a fuel source including Grades 2, 4, 5, 
or 6 fuel oils as defined in ASTM D 396, Standard Specifications for Fuel Oils.  
  3. Delete “but not limited to” throughout the proposal. 
Committee Statement: 1. The committee believes that the definition extracted 
from NFPA 820 should be retained for consistency with other NFPA 
documents. 
  2. The proposed revision is editorially revised. 
  3. The phrase is not needed 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-17 Log #CP1  Final Action: Accept 
(3.3.64.6 Proof-of-Closure Switch ) 
_______________________________________________________________ 
Submitter: Technical Committee on Ovens and Furnaces,  
Recommendation: Revise as follows:  
   Question 1: Is a listed safety shutoff valve with proof of closure switch 
compliant with NFPA 86, when the proof of closure switch is enclosed under a 
cover plate affixed with standard head screws? 
   Answer: Yes 
   Question 2: Is a listed safety shutoff valve with proof of closure switch 
compliant with NFPA 86 when its proof of closure switch is capable of being 
replaced in the field? 
Answer: Yes 
Substantiation: The Regulations Governing Committee Projects require that a 
proposal be processed to clarify the text of a document on which a Formal 
Interpretation has been issued. 
Committee Meeting Action: Accept 
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Relocation section numbers “x.x.x” should be assigned by the Chapter 10 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Refer to action on proposal log 79, where the proposed relocation is 
accomplished. 
Committee Statement: Refer to action on Proposal 86-75 (Log #79). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-21 Log #74  Final Action: Accept 
(Chapters 5 and 6) 
_______________________________________________________________ 
Submitter: John J. Barron, Solar Atmospheres Manufacturing, Inc. 
Recommendation: Revise text to read as follows: 
   13.1 Construction. 
   5.2.18 13.1.1 The following criteria shall apply where a vacuum chamber of a 
Class D furnace operates at a positive internal pressure greater than 15 psig 
(103.4 kPa): 
   (1) The vacuum chamber shall be designed and constructed in accordance 
with ASME Boiler and Pressure Vessel Code, Section VIII, Division 1. 
   (2) The additional pressure due to water in the cooling jacket shall be 
considered in calculating maximum pressure differentials. 
   5.7 13.1.2 Vacuum Gauges and Controls. 
   5.7.1* 13.1.2.1* Vacuum gauges and vacuum controls shall be selected for a 
particular system with consideration to vacuum level, sensitivity, and expected 
contamination. 
   5.7.2 13.1.2.2 Vacuum gauges shall be installed so that levels of vacuum can 
be ascertained in the furnace chamber and between vacuum pumps of 
multipump systems. 
   5.7.3 13.1.2.3 Vacuum gauge controls that operate in conjunction with 
sequential controls shall be interlocked to prevent damage to the furnace 
components or workload. 
   5.7.4 13.1.2.4 Hot wire filament gauges shall not be used at pressures above 
1x 10–1 torr (13.3 Pa) in the presence of explosive vapors or combustible 
atmospheres. 
   5.8 13.1.3 Vacuum Piping Systems. 
   5.8.1 13.1.3.1 Vacuum pipelines, valves, and manifolds shall meet the 
following criteria: 
   (1) They shall be designed to withstand differential pressures. 
   (2) They shall have a conductance for the application. 
   (3) They shall have a maximum leak rate as required by the process but not 
greater than the leak rate specified by the furnace manufacturer. 
   5.8.2 13.1.3.2 Isolation vacuum valves shall meet the following criteria: 
   (1) They shall be installed between the mechanical fore pumps and the 
remaining system, including the furnace chamber. 
   (2) If powered, they shall automatically close when there is a loss of power 
to the fore pump or when the control switch for the fore pump is in the off 
position. 
   5.8.3 13.1.3.3 Where applicable, a bypass shall be provided between the 
furnace and roughing and the fore pump so that the chamber can be rough-
pumped while the diffusion pump remains isolated. 
   5.8.4 13.1.3.4 Inlet gas quenching valves shall be designed to operate at 
applicable pressures on the gas side and on the vacuum side. 
   5.9 13.1.4 Water-Cooling Systems for Vacuum Furnaces. 
   5.9.1 13.1.4.1 For the purposes of Section 5.9, the term “water-cooling 
system of a vacuum furnace” shall include the apparatus, equipment, and 
method used to cool vacuum chamber walls, electrical terminals, seals, 
workload, and, where applicable, the interior of the furnace.  
   5.9.2* 13.1.4.2* Cold-wall vacuum furnaces shall be specifically designed to 
maintain the vacuum furnace vessel at the intended temperatures. 
   5.9.3 13.1.4.3 The furnace vessel walls shall be maintained below design 
temperature limits when the furnace operates at maximum temperatures. 
   5.9.4* 13.1.4.4* Closed cooling systems shall be equipped with interlocks to 
prevent the heating system from operating without flow of the cooling water at 
the return. 
   5.9.5 13.1.4.5 If heat from the electric power terminals can damage seals 
during processing cycles, the terminal shall be cooled. 
   5.10* 13.1.5* Gas Quenching Systems for Vacuum Furnaces. 
   5.10.1 13.1.5.1 The quench vessel, if separate from the heating vessel, shall 
be equipped with a pressure-relief valve that protects the quench vessel from 
gas pressure above the maximum allowable operating pressure during the 
backfilling, pressurizing, or cooling cycles. 
   5.10.2 13.1.5.2 Internal Heat Exchanger. Internal heat exchangers installed in 
the furnace chamber for the purpose of extracting heat from a recirculating 
cooling gas shall be protected from pressure above the maximum allowable 
operating pressure, heat damage, and mechanical damage while the furnace is 
being loaded or unloaded. 
   5.10.2.1 13.1.5.3 Heat exchangers, components, and connections shall be free 
from water and air leaks.  
   5.10.2.2 13.1.5.4 Heat exchangers shall be installed or located to prevent 
damage from vibration and thermal damage due to expansion and contraction. 
   5.6* 13.1.6* Vacuum Pumping Systems. 
   5.6.1* 13.1.6.1* For the purpose of Section 5.6 the term “pumping systems” 
shall include pumps, valves and associated piping and wiring, related protective 

4.2.4.2 x.x.x.x Low-Oxygen Ovens. The maximum allowable oxygen 
concentration shall be included in place of the exhaust blower ratings for low-
oxygen ovens. 
A.4.2.4 A.x.x.x Figure A.4.2.4 x.x.x (a) and Figure A.4.2.4 x.x.x (b) are two 
examples of manufacturers’ nameplates furnishing design data. 
 

 
Figure A.4.2.4 x.x.x(a) Recommended Manufacturer’s Nameplate D 

 
Figure A.4.2.4 x.x.x(b) Recommended Safety Design Data Form. 
 
 
Substantiation: The proposed section relocations are intended to located 
requirements specific to the Chapter 10 in Chapter 10 and bring control for the 
maintenance of Chapter 10 requirements to the Chapter 10 Task Group. 
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_______________________________________________________________ 
86-22 Log #35  Final Action: Accept in Principle 
(5.1.4.1 and 5.1.4.2) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   5.1.4.1 Furnaces shall be located with space above and on all sides for 
inspection and maintenance purposes. 
  5.1.4.2 In addition to the requirement of 5.1.4.1, provisions shall be included 
for the installation of automatic sprinklers and the functioning of explosion 
venting, if applicable. 
5.1.4.1 Space shall be provided above and on all sides for: 
(1) Inspection, maintenance and operation purposes. 
(2) Function of automatic sprinklers and explosion venting, where 
installed. 
Substantiation: Editorial changes for clarification. 
Committee Meeting Action: Accept in Principle 
  Revise 5.1.4.1 to read: 
  5.1.4.1 Space shall be provided above and on all sides for: 
   (1) Inspection, maintenance and operation purposes. 
   (2) Operation of explosion venting 
   (3) Operation and unobstructed discharge of sprinklers 
Committee Statement: Accepted with an editorial revision. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-23 Log #21  Final Action: Accept in Principle 
(5.2.18) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   5.2.18 x.x.x The following criteria shall apply where a vacuum chamber of a 
Class D furnace operates at a positive internal pressure greater than 15 psig 
(103.4 kPa): 
   (1) The vacuum chamber shall be designed and constructed in accordance 
with ASME Boiler and Pressure Vessel Code, Section VIII, Division 1.   
   (2) The additional pressure due to water in the cooling jacket shall be 
considered in calculating maximum pressure differentials. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-24 Log #88  Final Action: Reject 
(5.3.1(7) and A.5.3.1(7)) 
_______________________________________________________________ 
Submitter: Geoffrey A. Raifsnider, Global Finishing Solutions 
Recommendation: Add new text to read as follows: 
   (7)* Explosion relief shall not be required for work chamber of a spray booth 
or spray room used for batch-type spray application operations that is 
alternately used for drying, curing, or fusing where the products of combustion 
from the heating system are not recirculated and the spray booth or spray room 
is protected in accordance with Section 10.1. 
   A.5.3.1(7) Spray booths and spray rooms used for the application of 
flammable finishes are protected from fires and deflagrations by applying the 
methods in NFPA 33. However, when alternately using the booth or room for 
drying, curing, or fusing at temperatures above 77F (21C) the amount of 
ventilation prescribed by NFPA 33 must be corrected for temperature to ensure 
that the concentration of vapor in the exhaust airstream is maintained below 25 
percent of the lower flammable limit (LFL). See NFPA 86 Standard for Ovens 
and Furnaces 2007 Edition Annex E for an explanation of the effects of 
temperature on the lower limit of flammability. 
Substantiation: NFPA 33 directs users to NFPA 86 when using spray booth 
and spray rooms alternately for drying, curing, or fusing operations. 
   NFPA 33 prescribes the necessary safety measures to maintain the exhaust at 
less than 25% of the LFL. If the air is not recirculated, correcting the amount 
of safety ventilation calculated in NFPA 33 for temperature should be sufficient 
to maintain the same level of safety in the booth during curing. Paint spray 
booths operating at “ambient” conditions do not require deflagration venting. 
Committee Meeting Action: Reject 
Committee Statement: Insufficient substantiation is provided to demonstrate 
that safety would not be compromised by allowing the omission of explosion 
relief. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 

equipment, and measuring and control instrumentation that produce and control 
the level of vacuum in a vacuum furnace. (See Annex I for general pump 
information.) 
   5.6.2 13.1.6.2 Mechanical pumps utilizing hydrocarbon oils shall not be used 
for pumping gases with oxygen contents greater than 25 percent by volume. 
   5.6.3* 13.1.6.3* Diffusion pumps and other pumps employing a heating 
source shall include thermostats or other automatic temperature-controlling 
devices. 
   5.6.4 13.1.6.4 A fluid level gauge shall be installed on those diffusion pumps 
with a pump fluid capacity over 1 qt (0.95 L). 
   5.6.5 13.1.6.5 Where petroleum or other combustible fluids are used, the 
pumping system shall be designed to minimize the possibility of fluid release 
that might result in a fire or explosion. 
   5.6.6 13.1.6.6 Cooling shall be provided for diffusion pumps to prevent 
excess vapors from backstreaming into furnace chambers and for mechanical 
pumps to prevent overheating of the pump fluids. 
   5.4.4 13.1.7 Pump Vents. 
   5.4.4.1 13.1.7.1 Mechanical vacuum pumps with a capacity larger than 15 
ft3/min (7 × 10–3 m3/sec) shall be vented to an approved location in 
accordance with all applicable codes. 
   5.4.4.2 13.1.7.2 An oil drip leg in accordance with the vacuum pump 
manufacturer’s recommendation shall be designed into the vent piping system. 
   5.4.4.3 13.1.7.3 Vent piping shall be free from gas or oil leaks and shall be of 
noncombustible pipe construction. 
   5.4.4.4 13.1.7.4 An oil mist separator shall be provided where the discharge 
vapor accumulations create a hazard. 
   5.12 13.1.8 Heat Baffles and Reflectors for Vacuum Furnaces. 
   5.12.1 13.1.8.1 Baffles, reflectors, and hangers shall be designed to minimize 
warpage due to expansion and contraction to prevent furnace damage. 
   5.12.2 13.1.8.2 Baffles, reflectors, and hangers shall be of heat resistant 
material that minimizes sag, rupture, or cracking under normal operating limits 
specified by the manufacturer to prevent furnace damage. 
   5.12.3 13.1.8.3 Baffles and reflectors shall be accessible and removable for 
the purpose of cleaning and repairing. 
   6.8 13.1.9 Heating Elements for Vacuum Furnaces. 
   6.8.1* 13.1.9.1* The design of heating elements can take several forms, such 
as rods, bars, sheets, or cloth, but shall be limited to materials that do not 
vaporize under minimum vacuum and maximum temperature. 
   5.11 Heating Elements and Insulation for Vacuum Furnaces. 
   5.11.1 13.1.9.2 Material for heating elements shall have a vapor pressure 
lower than the lowest design pressure at the manufacturer’s specified maximum 
design temperature. 
   6.8.2 13.1.9.3 Electrical heating equipment in a vacuum furnace shall not be 
operable until a vacuum level established as part of the furnace design has been 
attained inside the furnace chamber to provide protection for the furnace 
elements, radiant shields, or insulation. 
   6.8.3* 13.1.9.4* Heating element support hangers and insulators shall be of 
compatible materials to provide electrical insulation and nonreacting materials 
at specified vacuum levels and temperatures. 
   6.8.4 13.1.9.5 Heating element connections shall be designed to minimize 
arcing and disassembly problems. 
   6.8.5 13.1.9.6 The heating element power terminal and vessel feedthrough 
shall be designed and installed for vacuum integrity and to withstand heating 
effects. 
   6.8.6 13.1.9.7 Power terminal connection points to power supply cables shall 
be covered or housed to prevent high-current electrical hazard to personnel. 
   6.9* 13.1.10 Furnace Thermal Insulation and Heat Shields for Vacuum 
Furnaces. 
   6.9.1* 13.1.10.1* Thermal iInsulation shall not break down at maximum 
specified vacuum levels and temperatures. 
   5.11.2 13.1.10.2 Internal electrical insulation material shall remain 
nonconductive through the full range of vacuum and temperature limits 
specified by the manufacturer. 
   6.9.2* 13.1.10.3 Heat shield material shall comply with temperature and 
vacuum requirements. 
   6.9.3* 13.1.10.4 Insulation shall be installed so as to prevent it from breaking 
up and becoming airborne. 
 
Substantiation: 1. Relocation of Class D related material from the introductory 
chapters to Chapter 13, had been recommended by the Introductory Chapters 
Task Group. 
   2. Relocation of vacuum furnace related material to Chapter 13, will better 
enable the Class D Task Group to maintain it. 
Committee Meeting Action: Accept 
Accept and make the following editorial corrections: 
1. Change “Section 5.6” to “Section 13.1.6” in 13.1.6.1. 
2. Change “Section 5.9” to “Section 13.1.4” in 13.1.4.1  
Committee Statement: Accepted with corrections. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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86-27 Log #66  Final Action: Accept 
(5.4.3.3 and 12.10.2.2) 
_______________________________________________________________ 
Submitter: Marcelo M. Hirschler, GBH International 
Recommendation: Revise text as follows: 
   5.4.3.3* Where ducts pass through noncombustible walls, floors, or 
partitions, the space around the duct shall be sealed with noncombustible 
material to maintain the fire resistance rating of the barrier. 
   12.10.2.2 Storage and Handling. 
   (A)* All salts shall be stored in covered containers that are designed to 
prevent the possible entrance of liquids or moisture. 
   (B) All storage and shipping containers shall be marked with identification of 
the salt (or salt mixture) they contain. 
   (C) Nitrate salts shall be stored in a separated, moisture-free room or area 
with walls, floor, and ceiling having a 2-hour fire resistance fire-resistive 
rating, located away from heat, liquids, and reactive chemicals. 
   (D) The nitrate salt storage room or area shall be secured to prevent entry by 
unauthorized personnel at all times. 
   (E) Only the amount of nitrate salt needed shall be removed from the storage 
room or area that is required for makeup or full-bath charges. 
   (F) Where nitrate salts have been transported to the equipment area, they 
shall be added to the salt bath immediately.  
   (G) Salt storage shall not be permitted in the equipment area. 
   (H) The salt bath area shall be kept clear of paper sacks or bags to avoid 
fires. 
   (I) All restrictions applying to nitrate/nitrite salts shall apply to cyanide salts.  
   (J) Operating procedures shall be implemented to ensure that mixing of 
cyanide and nitrate/nitrite salts cannot occur.  
   CAUTION: Mixing of cyanide and nitrate/nitrite salts can cause an 
explosion. 
Substantiation: The correct terminology is fire resistance rating. It is therefore 
recommended, in order to improve consistency within NFPA documents that 
the change gets made as shown. 
I am the chairman of the NFPA Advisory Committee on the Glossary on 
Terminology. The committee was created by NFPA Standards Council to 
provide consistency in terminology throughout the NFPA documents. The 
committee not had an opportunity to review this recommendation on terms. 
Therefore, this proposal is being submitted in my name and not in the name of 
the committee. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-28 Log #36  Final Action: Accept 
(5.4.3.6, 5.4.3.13, and A.5.4.3.13) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follow: 
   5.4.3.6 No portions of the building shall be used as an integral part of the 
duct leading to the approved point of discharge. 
  5.4.3.13* Exhaust ducts shall not discharge near openings or other air intakes 
where effluents can re-enter the building. be entrained and directed to 
locations creating a hazard. 
  A.5.4.3.13 In many cases, the point of discharge is outside of the building 
and care should be taken that the discharge is not near an intake or 
building opening. However, in some cases the building volume itself is a 
point of safe discharge; in which case the discharge should not be near 
areas in which volatiles can collect (unvented ceilings) or intakes 
(combustion/purge air intakes). Heavier than air effluents should not be 
discharged to inside a building. 
Substantiation: The existing language in paragraphs 5.4.3.6 and 5.4.3.13 can 
be construed to indicate that it is not permitted to discharge exhaust inside a 
building. In some cases, discharge into the interior of a building is standard 
practice, such as in heat treat departments. There is also a need to address other 
points of discharge such as vents to atmosphere and atmospheric vents. 
   The issue is actually ensuring that the discharge is to an appropriate and safe 
location and that discharge cannot be redirected or captured in a location where 
a hazard may result. The proposed changes are intended to address this issue. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-29 Log #20  Final Action: Accept in Principle 
(5.4.4) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  5.4.4 x.x.x Pump Vents.  
  5.4.4.1 x.x.x.x Mechanical vacuum pumps with a capacity larger than 15 ft3/
min (7 10-3 m3/sec) shall be vented to an approved location in accordance with 
all applicable codes.  

_______________________________________________________________ 
86-25 Log #51  Final Action: Accept 
(5.3.2, A.5.3.1, A.5.3.2, and M.1.1) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   5.3.2* Explosion relief shall be based upon one of the following: designed as 
a ratio of relief area to furnace volume. 
  (1) The amount of explosion relief area shall be at least 1 ft2 (0.093 m2) of 
relief area for each 15 ft3 (0.424 m3) of furnace volume. 
   (2) The amount of explosion relief shall be based upon the requirements of 
NFPA 68 Standard on Explosion Protection by Deflagration Venting.  
   5.3.2.1 The minimum design shall be at least 1 ft2 (0.093 m2) of relief area 
for each 15 ft3 (0.424 m3) of furnace volume.  
   5.3.2.2 5.3.3 Hinged panels, openings, or access doors equipped with 
approved explosion-relief hardware shall be permitted to be included in the 
ratio of 1:15 specified in 5.3.2.1. 
   (Renumber remaining subchapters) 
   A.5.3.1 For additional information regarding relief of equipment and 
buildings housing the equipment, see NFPA 68, Guide for Venting of 
Deflagrations Standard on Explosion Protection by Deflagration Venting. 
   A.5.3.2 The intent of providing explosion relief in furnaces is to limit damage 
to the furnace and to reduce the risk of personnel injury due to explosions.  
   The historic application of the 1 ft2 of relief area for each 15 ft3 of volume, 
which is based on industry experience, traditional construction methods, has 
provided an acceptable level of damage control and personnel protection. 
Furthermore, controls on fuel concentration (ex. safety shut off valves, safety 
ventilation interlocks) ensure that an upset condition should only result in a 
localized concentration of flammable vapors within the oven volume thus 
limiting the energy of the deflagration.  
However, the oven designer, manufacturer and end-user should review their 
specific application and consider the probability of abnormal or “upset” 
conditions which could lead to concentrations in excess of 25% LFL distributed 
throughout the oven volume. A “worst case” event involving an explosive 
mixture distributed throughout the oven volume is likely to require construction 
and venting design in accordance with NFPA 68 in order to avoid catastrophic 
failure of the oven and hazard to personnel and equipment in the vicinity. 
   Users of this standard are also encouraged to seek out innovative solutions 
for deflagration venting as a means of overcoming impracticalities associated 
with traditional venting solutions.  Such innovative solutions may include 
“weak seam” or “weak joint” construction, “damage-limiting construction”, 
“self-relieving enclosures”, “tethered panels”, “lifting enclosures”, etc.  As with 
any deflagration venting solution, personnel protection is to be considered 
foremost in the event of a vent relieving incident. 
M.1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch 
Park, Quincy, MA 02169-7471. 
NFPA 68, Guide for Venting of Deflagrations, 2002 edition Standard on 
Explosion Protection by Deflagration Venting. 
Substantiation: This proposal seeks to recognize the issue of NFPA 68 
becoming a Standard and acknowledge its possible application to the 
equipment within the scope of NFPA 86. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-26 Log #5  Final Action: Reject 
(5.3.2 and 5.3.2.1) 
_______________________________________________________________ 
Submitter: Richard J. Martin, Exponent, Inc. 
Recommendation: Revise text as follows: 
   5.3.2 Explosion relief shall be designed as a ratio of relief area to furnace 
volume according to the requirements given in NFPA 68 (2007) “Standard on 
Explosion Protection by Deflagration Venting”. 
5.3.2.1 The minimum design shall be at least 1 ft2 (0.093 m2) of relief area for 
each 15 ft3 (0.424 m3) of furnace volume. 
Substantiation: (See also published articles listed below) “Typically, oven 
manufacturers and operators have relied on the requirements of NFPA 86 for 
sizing explosion vents, even though its guidance differed substantially from the 
sizing formulas given in NFPA 68. Now that NFPA 68 has become a standard 
and contains mandatory language, oven makers and users are faced with a 
dilemma. For new or altered ovens in 2007 and beyond, users must now chose 
whether to comply with the formula given in NFPA 86, which is based on 
‘industry experience’ or the formulas given in NFPA 68, which are based on 
engineering application of scientific research and testing.” This proposer 
recommends that NFPA 86 be revised such that its explosion protection 
guidance is consistent with that given in NFPA 68. 
Committee Meeting Action: Reject 
Committee Statement: The proposal is rejected because only NFPA 68 would 
be allowed. The committee agrees that NFPA 68 is a valid method, but has 
taken separate action to allow NFPA 68 as an alternate to the current method. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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86-32 Log #27  Final Action: Accept in Principle 
(5.8) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  5.8 x.x Vacuum Piping Systems. 
  5.8.1 x.x.x Vacuum pipelines, valves, and manifolds shall meet the following 
criteria:  
   (1) They shall be designed to withstand differential pressures. 
   (2) They shall have conductance for the application. 
   (3) They shall have a maximum leak rate as required by the process but not 
greater than the leak rate specified by the furnace manufacturer. 
5.8.2 x.x.x Isolation vacuum valves shall meet the following criteria:  
   (1) They shall be installed between the mechanical fore pumps and the 
remaining system, including the furnace chamber.   
   (2) If powered, they shall automatically close when there is a loss of power 
to the fore pump or when the control switch for the fore pump is in the off 
position. 
  5.8.3 x.x.x Where applicable, a bypass shall be provided between the furnace 
and roughing and the fore pump so that the chamber can be rough-pumped 
while the diffusion pump remains isolated. 
  5.8.4 x.x.x Inlet gas quenching valves shall be designed to operate at 
applicable pressures on the gas side and on the vacuum side. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-33 Log #26  Final Action: Accept in Principle 
(5.9) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  5.9 x.x Water-Cooling Systems for Vacuum Furnaces. 
  5.9.1 x.x.x For the purposes of Section 5.9, the term water-cooling system of 
a vacuum furnace shall include the apparatus, equipment, and method used to 
cool vacuum chamber walls, electrical terminals, seals, workload, and, where 
applicable, the interior of the furnace. 
  5.9.2 x.x.x * Cold-wall vacuum furnaces shall be specifically designed to 
maintain the vacuum furnace vessel at the intended temperatures.   
  5.9.3 x.x.x The furnace vessel walls shall be maintained below design 
temperature limits when the furnace operates at maximum temperatures. 
  5.9.4 x.x.x * Closed cooling systems shall be equipped with interlocks to 
prevent the heating system from operating without flow of the cooling water at 
the return. 
  5.9.5 x.x.x If heat from the electric power terminals can damage seals during 
processing cycles, the terminal shall be cooled. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-34 Log #25  Final Action: Accept in Principle 
(5.10) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  5.10 x.x* Gas Quenching Systems for Vacuum Furnaces. 
  5.10.1 x.x.x The quench vessel, if separate from the heating vessel, shall be 
equipped with a pressure-relief valve that protects the quench vessel from gas 
pressure above the maximum allowable operating pressure during the 
backfilling, pressurizing, or cooling cycles. 
  5.10.2 x.x.x Internal Heat Exchanger. Internal heat exchangers installed in 
the furnace chamber for the purpose of extracting heat from a recirculating 
cooling gas shall be protected from pressure above the maximum allowable 
operating pressure, heat damage, and mechanical damage while the furnace is 
being loaded or unloaded. 

  5.4.4.2 x.x.x.x An oil drip leg in accordance with the vacuum pump 
manufacturer’s recommendation shall be designed into the vent piping system. 
  5.4.4.3 x.x.x.x Vent piping shall be free from gas or oil leaks and shall be of 
noncombustible pipe construction. 
  5.4.4.4 x.x.x.x An oil mist separator shall be provided where the discharge 
vapor accumulations create a hazard. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee statement on Proposal 86-21 (Log 
74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-30 Log #29  Final Action: Accept in Principle 
(5.6) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  5.6 x.x* Vacuum Pumping Systems. 
  5.6.1 x.x.x* For the purpose of Section 5.6 the term pumping systems shall 
include pumps, valves and associated piping and wiring, related protective 
equipment, and measuring and control instrumentation that produce and control 
the level of vacuum in a vacuum furnace. (See Annex I for general pump 
information.)  
  5.6.2 x.x.x Mechanical pumps utilizing hydrocarbon oils shall not be used for 
pumping gases with oxygen contents greater than 25 percent by volume. 
  5.6.3 x.x.x * Diffusion pumps and other pumps employing a heating source 
shall include thermostats or other automatic temperature-controlling devices. 
  5.6.4 x.x.x A fluid level gauge shall be installed on those diffusion pumps 
with a pump fluid capacity over 1 qt (0.95 L).  
  5.6.5 x.x.x Where petroleum or other combustible fluids are used, the 
pumping system shall be designed to minimize the possibility of fluid release 
that might result in a fire or explosion. 
  5.6.6 x.x.x Cooling shall be provided for diffusion pumps to prevent excess 
vapors from backstreaming into furnace chambers and for mechanical pumps to 
prevent overheating of the pump fluids. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-31 Log #28  Final Action: Accept in Principle 
(5.7) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  5.7 x.x Vacuum Gauges and Controls. 
  5.7.1 x.x.x * Vacuum gauges and vacuum controls shall be selected for a 
particular system with consideration to vacuum level, sensitivity, and expected 
contamination. 
  5.7.2 x.x.x Vacuum gauges shall be installed so that levels of vacuum can be 
ascertained in the furnace chamber and between vacuum pumps of multipump 
systems. 
  5.7.3 x.x.x Vacuum gauge controls that operate in conjunction with sequential 
controls shall be interlocked to prevent damage to the furnace components or 
workload. 
  5.7.4 x.x.x Hot wire filament gauges shall not be used at pressures above 1 × 
10-1 torr (13.3 Pa) in the presence of explosive vapors or combustible 
atmospheres. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-36a Log #8a  Final Action: Accept 
(6.2, 6.3, 6.4, 6.6, and 6.7) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text to read: 
   6.2* Fuel Gas–Fired Units. 
   6.2.1* Scope. 1.3.4 Section 6.2 shall apply to the following:  
   (1) Furnace heating systems fired with commercially distributed fuel gases 
such as the following:  
   (a)  Natural gas  
   (b)  Mixed gas  
   (c)  Manufactured gas  
   (d)  Liquefied petroleum gas (LP-Gas) in the vapor phase  
   (e)  LP-Gas/air systems  
   (2) Gas-burning portions of dual-fuel or combination burners  
   (Renumber remaining paragraphs) 
   (Change A.6.2.1 to A.6.2) 
   6.3* Oil-Fired Units. 
   6.3.1* Scope. 
   6.3.1.1 1.3.5 Section 6.3 shall apply to the following: 
   (1) cCombustion systems for furnaces fired with No. 2, No. 4, No. 5, and No. 
6 industrial fuel oils as specified by ASTM D 396, Standard Specifications for 
Fuel Oils. 
   6.3.1.2 (2) Section 6.3 shall apply to the oOil-burning portions of dual-fuel 
and combination burners. 
   (Renumber remaining paragraphs) 
   (Change A.6.3.1 to A.6.3) 
   6.4* Oxygen-Enhanced Fuel-Fired Units. 
   6.4.1* Scope. 
6.4.1.1 1.3.6 Section 6.4 shall apply to combustion systems using oxygen (oxy-
fuel) or oxygen-enriched air with gas or liquid fuels.  
   6.4.1.2 6.4.1 General 
   The requirements of Section 6.4 shall be in addition to those in Sections 6.2 
and 6.3 and Chapter 8. 
   (Renumber remaining paragraphs) 
(Change A.6.4.1 to A.6.4) 
   6.6 Electrically Heated Units. 
   6.6.1 Scope. 1.3.7 Section 6.6 shall apply to all types of heating systems 
where electrical energy is used as the source of heat. 
   (Renumber remaining paragraphs) 
   6.7* Fluid-Heated Systems. 
   6.7.1* Scope. 
   6.7.1.1 1.3.8 Section 6.7 shall apply to the following: 
   (1) aAll types of systems where water, steam, or other heat transfer fluids are 
the source of heat through the use of heat exchangers.  
   6.7.1.2 (2) Section 6.7 shall apply to the hHeat transfer fluid system between 
the oven supply and return isolation valves for the oven being served. 
   6.7.21 General. 
   (Renumber remaining paragraphs) 
(Change A.6.7.1 to A.6.7) 
Substantiation: Scope statements appeared in both Chapter 1 and in 
subsequent Chapters and Subchapters. To comply with the MOS most scope 
statements were moved to Chapter 1. The remaining scope statements were 
rewritten to general statements. 
Committee Meeting Action: Accept 
Committee Statement: Scope statements appeared in both Chapter 1 and in 
subsequent Chapters and Subchapters. To comply with the MOS most scope 
statements were moved to Chapter 1. The remaining scope statements were 
rewritten to general statements. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-37 Log #30  Final Action: Accept 
(6.2.3.5) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   6.2.3.5 x.x.x.x Exothermic generators shall stop the combustion air supply 
when the fuel supply is stopped. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 12 in Chapter 12 and bring control for the 
maintenance of Chapter 12 requirements to the Chapter 12 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 12 Task 
Group. 

  5.10.2.1 x.x.x.x Heat exchangers, components, and connections shall be free 
from water and air leaks. 
  5.10.2.2 x.x.x.x Heat exchangers shall be installed or located to prevent 
damage from vibration and thermal damage due to expansion and contraction. 
  5.10.2.3 x.x.x.x Heat exchanger components shall have the design strength to 
resist permanent deformation while exposed to the simultaneous maximum 
pressure of the coolant source and the maximum vacuum or pressure attained 
in the furnace. 
5.10.3 x.x.x External Heat Exchangers. External heat exchangers used for the 
purpose of extracting heat from a recirculating cooling gas shall be enclosed in 
a vacuumtight chamber that has a leak rate not exceeding the leak rate 
specified by the manufacturer for the furnace chamber. 
5.10.3.1 x.x.x.x Heat exchangers, components, and connections shall be free 
from water and air leaks. 
5.10.3.2 x.x.x.x Heat exchangers shall be installed or located to prevent 
damage from vibration and thermal damage due to expansion and contraction. 
5.10.3.3 x.x.x.x Heat exchanger components shall have the design strength to 
resist permanent deformation while exposed to the simultaneous maximum 
pressure of the coolant source and the maximum vacuum or pressure attained 
in the furnace. 
5.10.4 x.x.x Fans and Motors for Gas Quenching Systems. 
5.10.4.1 x.x.x.x Fans shall not be exposed to any temperature in excess of their 
design temperature rating. 
5.10.4.2 x.x.x.x Electric fan motors shall be interlocked to prevent operation at 
less than a chamber pressure of 7 psi (48 kPa) absolute in order to prevent 
motor failure. 
5.10.4.3 x.x.x.x Where motor windings are exposed to argon gas or other 
ionizing gases, the voltage on the motor shall be limited to 260 volts 
maximum. 
5.10.5 x.x.x Quenching Gas. The recirculating gas shall be one that is not 
harmful to the heating elements, furnace heat shields or insulation, or work 
when introduced at the quenching temperature. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-35 Log #34  Final Action: Accept in Principle 
(5.11) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   5.11 x.x Heating Elements and Insulation for Vacuum Furnaces. 
   5.11.1 x.x.x Material for heating elements shall have a vapor pressure lower 
than the lowest design pressure at the manufacturer’s specified maximum 
design temperature. 
  5.11.2 x.x.x Internal electrical insulation material shall remain nonconductive 
through the full range of vacuum and temperature limits specified by the 
manufacturer. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-36 Log #32  Final Action: Accept in Principle 
(5.12) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  5.12 x.x Heat Baffles and Reflectors for Vacuum Furnaces. 
  5.12.1 x.x.x Baffles, reflectors, and hangers shall be designed to minimize 
warpage due to expansion and contraction to prevent furnace damage. 
  5.12.2 x.x.x Baffles, reflectors, and hangers shall be of heat-resistant material 
that minimizes sag, rupture, or cracking under normal operating limits specified 
by the manufacturer to prevent furnace damage. 
  5.12.3 x.x.x Baffles and reflectors shall be accessible and removable for the 
purpose of cleaning and repairing. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
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Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-39 Log #6  Final Action: Accept in Principle 
(6.2.7.10) 
_______________________________________________________________ 
Submitter: Franklin R. Switzer, Jr., S-afe, Incorporated 
Recommendation: Add new text to read as follows: 
   6.2.7.10 When Component vents are manifolded together as allowed in 
paragraph 6.2.7.8, no other vents may be manifolded with the Vent valve of a 
Double Block and Bleed valve train. 
Substantiation: In evaluating systems over the last 5 years I have run into 
numerous occurrences where contractors have manifolded all vent lines 
together both on individual furnaces as well as multiple zone furnaces and the 
failure of a vent valve or multiple vent valves has created backpressure on the 
switches and regulators which in turn has had dramatic effects on the 
performance of the burners. Because of the lack of safety testing, these 
problems are usually corrected by readjusting the regulators and switches till 
such a time as the vent valve failures are discovered at which time the 
replacement of the faulty vent valve creates a volatile situation. While I know 
that NFPA 86 has a “Hands Off” approach to Vent valves, I feel in the interest 
of safety that we need to address at a minimum this venting issue. I would 
suggest that if we include this paragraph that a definition for Vent Valve be 
created also. 
Committee Meeting Action: Accept in Principle 
   Add new text to read as follows: 
  6.7.2.10* A vent between safety shutoff valves, where installed: 
  (A) Shall not be combined with other vents. 
  (B)* Shall terminate to an approved location. 
  A.6.7.2.10 NFPA 86 does not address vents between safety shutoff valves, but 
they are sometimes installed. 
 A.6.7.2.10 (B) See A.6.2.7.3 
Committee Statement: Accepted with editorial revisions. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-40 Log #69  Final Action: Accept in Principle 
(6.2.7.10) 
_______________________________________________________________ 
Submitter: Kevin J. Carlisle, Karl Dungs Inc. 
Recommendation: Add new text to read as follows: 
   6.2.7.10 Regulators and pressure switches shall be applied, installed and 
maintained in accordance with this standard and the manufacturer’s 
instructions. 
Substantiation: The proposal is similar to the language in paragraphs 8.2.2 
and 8.2.5. The intent is that components covered in this section also need to be 
applied, installed and maintained in accordance with this standard and the 
manufacturer’s instructions. 
Committee Meeting Action: Accept in Principle 
  Revise 6.2.2 to read: 
  6.2.2 General. Burners, along with associated mixing, valving, mixers, 
valves, and regulators, and safety controls and other auxiliary components, 
shall be selected for the intended application, type, and pressure of the fuel 
gases to be used and temperatures to which they are subjected. 
Committee Statement: Paragraph 6.2.2 is revised to accomplish the intent of 
the revision. Editorial changes are also made. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-41 Log #48  Final Action: Accept 
(6.2.10.3) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: CHANGE: 
   6.2.10.3 All pressures required for operation of the combustion system shall 
be maintained within the design range throughout the firing cycle. 
Substantiation: Editorial change for added clarity  
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-42 Log #13  Final Action: Accept in Part 
(6.2.10.3, 6.3.4.2(C), 6.3.5.2, and 6.3.5.2(C)) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: CHANGE: 
   6.2.10.3 All pressures required for operation of the combustion system shall 
be maintained within the design ranges throughout the firing cycle. 

Committee Meeting Action: Accept 
Committee Statement: Accept and number as 12.1.2.2 (E) 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-37a Log #14b  Final Action: Accept in Principle 
(6.2.4 and 6.2.5) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text to read: 
6.2.4 Fuel Gas Supply Piping 
   6.2.4.1* An A remotely located emergency shutoff valve shall be provided 
that meets the following requirements: to allow the fuel to be turned off in an 
emergency and shall be located so that fire or explosion at a furnace does not 
prevent access to this valve. 
   (A)  Shall be remotely located away from the furnace. 
   (B) Shall be readily accessible. 
   (C) Shall have permanently affixed visual indication of the valve position. 
   (D) A removable handle shall be permitted provided all the following 
requirements are satisfied: 
  (1) Valve position shall be clearly indicated whether the handle is attached or 
detached. 
  (2) The valve handle shall be tethered to the gas main no more than 3 ft from 
the valve in a manner that does not cause personnel safety issues and that 
allows trouble free reattachment of the handle and operation of the valve 
without untethering the handle. 
(E) Shall be able to be operated from full open to full close and return without 
the use of tools. 
6.2.4.4 An equipment isolation valve shall be provided. 
6.2.5 Equipment Fuel Gas Piping 
   6.2.5.1 Manual Shutoff Equipment Isolation Valves 
  (A) Individual manual shutoff valves for equipment isolation sShall be 
provided for shutoff of the fuel to each piece of equipment. 
  (B) Manual shutoff valves sShall have permanently affixed visual indication 
of the valve position. 
   (C) Shall be quarter turn with stops. Quarter turn valves with removable 
wrenches shall not allow the wrench handle to be installed perpendicular to the 
fuel gas line when the valve is open. 
   (D) Wrenches or handles shall remain affixed to valves, and shall be oriented 
with respect to the valve port to indicate the following: 
   (1) An open valve when the handle is parallel to the pipe. 
   (2) A closed valve when the handle is perpendicular to the pipe. 
   (E) Shall be readily accessible. 
   (F) Valves with removable wrenches shall not allow the wrench handle to be 
installed perpendicular to the fuel gas line when the valve is open. 
   (G) Shall be able to be operated from full open to full close and return 
without the use of tools. 
Substantiation: The present language is not clear concerning the requirement 
for equipment isolation valves to be ¼ turn valves. The present language 
concerning the emergency shutoff valve in 6.2.4.1 is not clear as to the 
requirements of this valve. Equipment isolation valve, emergency shutoff 
valve, and readily accessible are not defined in the present standard. During the 
last revision of the standard, editorial revisions moved terms to different 
sections of the standard and some of the changes were made incorrectly. 
Equipment isolation valves and emergency shutoff valves need to be easily 
accessible, maintained properly and be able to be operated without the use of 
tools so that the can be operated quickly and reliably in the event that the fuel 
to the furnace needs to be shutoff quickly for safety reasons. 
Committee Meeting Action: Accept in Principle 
Accept the proposed revisions to 6.2.4 and 6.2.5, with the following change: 
Revise the proposed 6.2.4.1 (A) to read: 
(A) Shall be remotely located away from the furnace so that fire or explosion at 
a furnace does not prevent access to this valve. 
Committee Statement: The proposed revisions are accepted, and 6.2.4.1 (A) is 
revised to be specific regarding the location of the emergency shutoff valve. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-38 Log #65  Final Action: Reject 
(6.2.6.2) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
Industrial Heating Equipment Assn. (IHEA) 
Recommendation: 6.2.6.2 6.2.6.1.1 Sediment traps shall have a vertical leg 
with a minimum length of three pipe diameters [minimum of 3 in. (80 mm)] of 
the same size as the supply pipe as shown in Figure 6.2.6.2.   
Substantiation: Manual of Style change. 6.2.6.2 is a subset of 6.2.6.1. 
Committee Meeting Action: Reject 
Committee Statement: The Manual of Style does not require the proposed 
change. Paragraph 6.2.6.2 established the requirement for a sediment trap 
where one is installed. 



86-22

Report on Proposals A2010 — Copyright, NFPA NFPA 86 
  6.3.5.1 Manual Shutoff Valves.  
  (A) Individual manual shutoff valves for equipment isolation shall be 
provided for shutoff of the fuel to each piece of equipment. 
  (B) Manual shutoff valves shall be installed to avoid oil spillage during 
servicing of supply piping and associated components. 
  (C) Manual shutoff valves shall display a visual indication of the valve 
position. 
  (D) Quarter-turn valves with removable wrenches shall not allow the wrench 
handle to be installed perpendicular to the fuel oil line when the valve is open. 
  (E) The user shall keep separate wrenches (handles) affixed to valves and 
keep the wrenches oriented with respect to the valve port to indicate the 
following: 
  (1) An open valve when the handle is parallel to the pipe. 
  (2) A closed valve when the handle is perpendicular to the pipe. 
  (F) *Valves shall be maintained in accordance with the manufacturer’s 
instructions. 
  (G) Lubricated valves shall be lubricated and subsequently leak tested for 
valve closure at least annually. 
  A. Manual shutoff valves shall be installed to avoid oil spillage during 
servicing of supply piping and associated components. 
  B. Equipment Isolation Valves shall comply with the following: 
  1) Shall be provided for each piece of equipment 
  2) Shall have permanently affixed visual indication of the valve position. 
  3) Shall be quarter turn valves with stops. 
  4) Wrenches or handles shall remain affixed to valves, and shall be oriented 
with respect to the valve port to indicate the following: 
  (a) An open valve when the handle is parallel to the pipe. 
  (b) A closed valve when the handle is perpendicular to the pipe. 
  5) Valves shall be readily accessible. 
  6) Valves with removable wrenches shall not allow the wrench handle to be 
installed perpendicular to the fuel gas line when the valve is open. 
  7) Shall be able to be operated from full open to full close and return without 
the use of tools. 
   7.5 Inspection, Testing, and Maintenance 
(Insert after 7.5.12 and renumber.) 
  7.5.XX* Equipment isolation valves and emergency shutoff valves shall be 
exercised at least annually. 
Substantiation: The present language is not clear concerning the requirement 
for equipment isolation valves to be ¼ turn valves. The present language 
concerning the emergency shutoff valve in 6.2.4.1 is not clear as to the 
requirements of this valve. Equipment isolation valve, emergency shutoff 
valve, and readily accessible are not defined in the present standard. During the 
last revision of the standard, editorial revisions moved terms to different 
sections of the standard and some of the changes were made incorrectly. 
Equipment isolation valves and emergency shutoff valves need to be easily 
accessible, maintained properly and be able to be operated without the use of 
tools so that the can be operated quickly and reliably in the event that the fuel 
to the furnace needs to be shutoff quickly for safety reasons. 
Committee Meeting Action: Accept in Principle 
  Accept the proposed revisions to 6.3.4 with the following change: 
  Revise the proposed 6.3.4.2 (1) (A) 
   (A) Shall be remotely located away from the furnace so that fire or explosion 
at a furnace does not prevent access to this valve. 
Committee Statement: The proposed revisions are accepted, and 6.2.4.1 (A) is 
revised to be specific regarding the location of the emergency shutoff valve. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-44 Log #31  Final Action: Accept in Principle 
(6.8) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  6.8 x.x Heating Elements for Vacuum Furnaces. 
  6.8.1 x.x.x * The design of heating elements can take several forms, such as 
rods, bars, sheets, or cloth, but shall be limited to materials that do not vaporize 
under minimum vacuum and maximum temperature. 
  6.8.2 x.x.x Electrical heating equipment in a vacuum furnace shall not be 
operable until a vacuum level established as part of the furnace design has been 
attained inside the furnace chamber to provide protection for the furnace 
elements, radiant shields, or insulation. 
  6.8.3 x.x.x * Heating element support hangers and insulators shall be of 
compatible materials to provide electrical insulation and nonreacting materials 
at specified vacuum levels and temperatures. 
  6.8.4 x.x.x Heating element connections shall be designed to minimize arcing 
and disassembly problems. 
  6.8.5 x.x.x The heating element power terminal and vessel feed-through shall 
be designed and installed for vacuum integrity and to withstand heating effects. 
 6.8.6 x.x.x Power terminal connection points to power supply cables shall be 
covered or housed to prevent high-current electrical hazard to personnel. 

  6.3.5.2 Piping and Fittings. 
  (A) Fuel oil piping materials shall be in accordance with NFPA 31, Standard 
for the Installation of Oil-Burning Equipment. 
(B) Fuel oil piping shall be sized to provide flow rates and pressure to maintain 
a stable flame over the burner operating range. 
ADD: 
  6.3.4.2 (C) Materials of construction for the fuel gas piping shall comply 
with ASME B31.1 Process Piping. 
  6.3.5.2 (C) Materials of construction for the fuel oil piping shall comply 
with ASME B31.1 Process Piping. 
Substantiation: 1) 6.2.10.3 Editorial change for clarity and to agree with 
comparable requirement for 6.3.8.2 for fuel oil. 
   2) 6.3.5.2 (B) revised to agree with comparable requirement in 6.2.5.2 (B). 
   3) 6.3.4.2 © and 6.3.5.2 (C) Guidance for piping materials is also provided in 
ASME B31.3. 
Committee Meeting Action: Accept in Part 
  1. Accept the proposed changes to 6.2.10.3  
  2. Revise 6.3.5.2 (B) to read: 
  (B) Fuel oil piping shall be sized to provide flow rates and pressure to 
maintain a stable flame over the burner operating range. 
Committee Statement: Paragraph 6.3.5.2 (B) is restated to correctly show the 
change. The proposed added paragraphs are not accepted as they would make 
the piping requirements more restrictive with no substantiation to justify such a 
change. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-43 Log #91  Final Action: Accept in Principle 
(6.2.10.6) 
_______________________________________________________________ 
Submitter: Gary D. Keil, Caterpillar Inc. 
Recommendation: Delete the following text: 
   6.2.10.6* Radiant tubes that are claimed to be explosion resistant within the 
use of this standard shall be validated by a test performed in accordance with 
the manufacturer’s instructions. 
Substantiation: Propose that this paragraph be deleted. This is not being done 
by most, if any, burner tube suppliers, nor would it be practical or affordable to 
do so. It is not possible to validate a given design, as tube designs are often 
unique to furnaces and even specific locations within a furnace. Burner tube 
manufacturer’s produce literally thousands of different designs each year. 
Language is not clear on who should perform validation, or when, or how 
often. It is not possible for user to validate, which is implied by the wording 
“in accordance with manufacturer’s instructions”.  
Committee Meeting Action: Accept in Principle 
  Revise 6.2.10.6 to read: 
  6.2.10.6* To meet the requirements of 8.4.1.6 (2), 8.7.2.1 (2) (b), or 8.9.1 (2)
(b), the explosion resistance of nonmetallic radiant tube designs shall be 
determined by test. 
Committee Statement: The submitter points out a real concern with the 
application of the requirement, and the requirement is revised to be applicable 
to non-metallic tubes only.  
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-43a Log #14c  Final Action: Accept in Principle 
(6.3.4 and 6.3.5) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text to read: 
6.3.4 Oil Supply Piping 
   6.3.4.1 The fuel oil supply to a furnace shall be capable of being shut off at a 
location remote from the furnace so that fire or explosion at the furnace does 
not prevent access to the fuel oil shutoff. 
   6.3.4.2 The fuel oil shutoff shall be by either of the following: 
   (1) A remotely located fuel oil An emergency shutoff valve that meets the 
following requirements:  
   (A) Shall be remotely located away from the furnace. 
   (B) Shall be readily accessible. 
   (C) Shall have permanently affixed visual indication of the valve position. 
   (D) A removable handle shall be permitted provided all the following 
requirements are satisfied: 
  (1) Valve position shall be clearly indicated whether the handle is attached or 
detached. 
  (2) The valve handle shall be tethered to the gas main no more than 3 ft from 
the valve in a manner that does not cause personnel safety issues and that 
allows trouble free reattachment of the handle and operation of the valve 
without untethering the handle. 
  (E) Shall be able to be operated from full open to full close and return without 
the use of tools. 
  (2) Means for removing power to the positive displacement fuel oil pump. 
  6.3.4.7 An equipment isolation valve shall be provided. 
  6.3.5 Equipment Oil Piping 
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  7.3.3 Operating, maintenance, and supervisory personnel Personnel who 
operate, maintain or supervise the furnace shall receive regularly scheduled 
refresher retraining and testing shall demonstrate understanding of the 
equipment, its operation, and practice of safe operating procedures in their 
respective job functions. 
Substantiation: The ICTG considered an early proposal submitted on this 
topic and developed language to address the submitters concerns and to provide 
additional clarity to the related requirements. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-47 Log #40  Final Action: Accept in Principle 
(7.2.6) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add new text as follows: 
   7.2.6* Prior to initial operation, all furnace piping that conveys natural gas, 
fuel oil, endothermic gas, rich exothermic gas, ammonia, quench oil, methanol, 
hydrogen, or any other flammable fluid, shall be inspected and leak tested. 
A.7.2.6 Typical inspection and leak test procedures are defined in Chapter 8 of 
NFPA 54, National Fuel Gas Code. 
Substantiation: Currently NFPA 86 does not address the integrity of 
flammable fluid piping systems. This requirement documents the current 
practice of original equipment manufacturers and references current NFPA 54. 
This change will assure that all flammable fluid piping will be leak free at 
initial start up. 
Committee Meeting Action: Accept in Principle 
  Add new text as follows: 
  7.2.6* During commissioning, all furnace piping that conveys flammable 
liquids or flammable gases shall be inspected for leaks.  
  A.7.2.6 Typical inspection and leak test at a minimum of their normal 
operating pressure. 
Committee Statement: A requirement is added that is less restrictive than 
proposed. The revised text is sufficient and recognizes current practice. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-47a Log #14d  Final Action: Accept in Principle 
(7.5) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text to read: 
   7.5 Inspection, Testing, and Maintenance 
(Insert after 7.5.12 and renumber.) 
   7.5.XX* Equipment isolation valves and emergency shutoff valves shall be 
exercised at least annually. 
Substantiation: The present language is not clear concerning the requirement 
for equipment isolation valves to be ¼ turn valves. The present language 
concerning the emergency shutoff valve in 6.2.4.1 is not clear as to the 
requirements of this valve. Equipment isolation valve, emergency shutoff 
valve, and readily accessible are not defined in the present standard. During the 
last revision of the standard, editorial revisions moved terms to different 
sections of the standard and some of the changes were made incorrectly. 
Equipment isolation valves and emergency shutoff valves need to be easily 
accessible, maintained properly and be able to be operated without the use of 
tools so that the can be operated quickly and reliably in the event that the fuel 
to the furnace needs to be shutoff quickly for safety reasons. 
Committee Meeting Action: Accept in Principle 
1. Add a new 7.1.12 as proposed. 
2. Add a new A.7.5.12 to read: 
A.7.5.12 Exercising the valve means that the valve is operated, but it is not 
necessary to operate through the full range. 
Committee Statement: The proposal is accepted and annex text is added for 
guidance. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-48 Log #11  Final Action: Accept 
(7.5.9) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   7.5.9* Valve seat leakage testing of safety shutoff valves and valve proving 
systems shall be performed in accordance with the manufacturer’s instructions. 
Testing frequency shall be at least annually.  
  7.5.9.1 Testing frequency shall be at least annually. 
  7.5.9.2 The installation of a valve proving system shall not replace the 
requirement for annual seat leakage testing of safety shutoff valves. 

Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-45 Log #33  Final Action: Accept in Principle 
(6.9) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
  6.9 x.x* Furnace Thermal Insulation and Heat Shields for Vacuum 
Furnaces. 
  6.9.1 x.x.x * Insulation shall not break down at maximum specified vacuum 
levels and temperatures. 
  6.9.2 x.x.x * Heat shield material shall comply with temperature and vacuum 
requirements. 
  6.9.3 x.x.x * Insulation shall be installed so as to prevent it from breaking up 
and becoming airborne. 
Substantiation: The proposed section relocation is intended to located 
requirements specific to the Chapter 13 in Chapter 13 and bring control for the 
maintenance of Chapter 13 requirements to the Chapter 13 Task Group. 
Relocation section numbers “x.x.x” should be assigned by the Chapter 13 Task 
Group. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-21 (Log 
#74). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-45a Log #8b  Final Action: Accept 
(7.1) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text to read: 
   Chapter 7 Commissioning, Operations, Maintenance, Inspection, and Testing 
   7.1 Scope. 
  7.1.1 Chapter 7 applies to safety systems and their application to ovens and 
furnaces. 
   (Renumber remaining paragraphs) 
Substantiation: Scope statements appeared in both Chapter 1 and in 
subsequent Chapters and Subchapters. To comply with the MOS most scope 
statements were moved to Chapter 1. The remaining scope statements were 
rewritten to general statements. 
Committee Meeting Action: Accept 
Committee Statement: Scope statements appeared in both Chapter 1 and in 
subsequent Chapters and Subchapters. To comply with the MOS most scope 
statements were moved to Chapter 1. The remaining scope statements were 
rewritten to general statements. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-46 Log #41  Final Action: Accept 
(7.2.2 through 7.2.5, 7.3.1 through 7.3.3) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   7.2.2 The party responsible shall ensure that All pertinent apparatus is shall 
be installed and connected in accordance with the system design. 
  7.2.3 The party responsible shall not release The furnace shall not be 
released for operation before the installation and checkout of the required 
safety systems have been successfully completed. 
  7.2.4 The party responsible shall ensure that Any changes to the original 
design made during commissioning are shall be reflected in the documentation. 
  7.2.5* The party responsible shall ensure that Set points of all safety interlock 
settings are shall be documented. 
  7.3.1* The personnel responsible for operating, maintaining, and supervising 
Personnel who operate, maintain or supervise the furnace shall be 
thoroughly instructed and trained in their respective job functions under the 
direction of a qualified person(s).  
  7.3.2 The personnel responsible for operating, maintaining, and supervising 
Personnel who operate, maintain or supervise the furnace shall be required 
to demonstrate understanding of the equipment, its operation, and practice of 
safe operating procedures in their respective job functions. 
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  (4) - Unchanged 
  8.3.2.2*  Unchanged
  8.3.3* 8.4* Programmable Logic Controller Systems. 
  8.3.3.1 8.4.1  Programmable logic controller–based systems listed for 
combustion safety service shall be used in accordance with the listing 
requirements and the manufacturer’s instructions.
  8.3.3.2 8.4.2  Programmable logic controllers except those listed for combus-
tion safety service shall be used in accordance with 8.3.3.2.1 8.4.2.1 through 
8.3.3.2.3 8.4.2.3. 
  8.3.3.2.1 8.4.2.1 General.
  (A)  Before the programmable logic controller is placed in operation, docu-
mentation confirming that all related safety devices and safety logic are func-
tional shall be provided. 
  (B)  All changes to hardware or software shall be documented and maintained 
in a file that is separate from the furnace programmable controller.
  (C)  System operation shall be tested and verified for compliance with the 
design criteria when the programmable logic controller is replaced, repaired, or 
updated.
  (D)  The control system shall have at least one manual emergency switch that 
initiates a safety shutdown.
  (E)  The programmable logic controller shall detect the following conditions: 
  (1)  Failure to execute any program or task containing safety logic
  (2)  Failure to communicate with any safety input or output
  (3)  Changes in software set points of safety functions
  (4)  Failure of outputs related to safety functions
  (5)  Failure of timing related to safety functions
  (F)  A safety shutdown shall occur within 3 seconds of detecting any condi-
tion listed in 8.3.3.2.1 8.4.2.1(E). 
  (G)  A dedicated programmable logic controller output shall initiate a safety 
shutdown for faults detected by the programmable logic controller.
  (H)  The following devices and logic shall be hardwired external to the pro-
grammable logic controller as follows: 
  (1)  Manual emergency switch
  (2)  Combustion safeguards
  (3)  Safe start checks
  (4)  Ignition transformers
  (5)  Trial-for-ignition periods 
  (6)  Excess temperature controllers 
  (7)  The 1400°F (760°C) bypass controllers required in Section 8.17
  (8)  Continuous vapor concentration high limit controller
  (9)  Valve proving systems 
   (I)  A combustion safeguard shall directly control at least one safety shutoff 
valve between the fuel gas supply and the monitored burner.
  (J)  Where two oxygen safety shutoff valves are required, combustion safe-
guards shall control at least one oxygen safety shutoff valve.
  (K)  Where airflow proving logic is performed in the programmable logic 
controller, the logic shall include the following:  
  (1)  Verification of a change of state in each airflow proving device during the 
startup of the related ventilation equipment
  (2)  Initiation of a safety shutdown if a change of state in an airflow proving 
device is not detected 
  8.3.3.2.2 8.4.3.2 Hardware. 
  (A)  Memory that retains information on loss of system power shall be pro-
vided for software. 
  (B)  The programmable logic controller shall have a minimum mean time 
between failure rating of 250,000 hours. 
  (C)  Only one safety device shall be connected to a programmable logic con-
troller input or output. 
  (D)  Output checking shall be provided for programmable logic controller 
outputs controlling fuel safety shutoff valves and oxygen safety shutoff valves. 
8.3.3.2.3 8.4.2.3 Software.
  (A)  Access to the programmable logic controller and its logic shall be 
restricted to authorized personnel.
  (B)  The following power supplies shall be monitored: 
  (1)  Power supplies used to power programmable logic controller inputs and 
outputs that control furnace safety functions
  (2)  Power supplies used to power pressure and flow transmitters required by 
8.3.3.4 8.4.4
  (C)  When any power supply required by 8.3.3.2.3 8.4.2.3(B)(1) fails, the 
dedicated programmable logic controller output required in 8.3.3.2.1 8.4.2.1(G) 
shall be deactivated.
  (D)  When the voltage of any power supply required by 8.3.3.2.3 8.4.2.3 (B)
(2) is detected outside the manufacturer’s recommended range, the dedicated 
programmable logic controller output required in 8.3.3.2.1 8.4.2.1(G) shall be 
deactivated.
  (E)  Software shall be documented as follows: 
  (1)  Labeled to identify elements or group of elements containing safety soft-
ware
  (2)  Labeled to describe the function of each element containing safety 
software
  (F)  A listing of the program with documentations shall be available.
8.3.3.3 8.4.3 Programmable logic controllers that do not comply with 8.3.3.1 
8.4.1 or 8.3.3.2 8.4.2 shall comply with the following:  
  (1)  The programmable logic controller shall not perform required safety 
functions.

Substantiation: 1. Clarification between the use of valve proving systems and 
required minimum valve seat leakage testing is required due to questions and 
confusion regarding the use and performance of valve proving systems.    
   2. The detectable leakage limits for valve proving systems exceed the valve 
leakage requirements of safety shutoff valves.  
   3. Valve seat leakage or malfunction not detected by valve proving systems 
can create hazardous conditions.  
   4. This proposal seeks to clarify the existing requirements for the need to test 
the fuel safety shut off valves seat leakage at least annually and that this 
requirement is not negated by the installation or use of valve proving systems. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-48a Log #8c  Final Action: Accept 
(8.1) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   Chapter 8 Safety Equipment and Application 
  8.1* Scope. General. 
  8.1.1 Chapter 8 shall apply to safety equipment and its application to furnace 
heating and ventilation systems. 
  8.1.2 Section 8.3 shall apply to all safety controls included in this standard. 
  8.1.3 * 8.1.1 For the purpose of this chapter, the term furnace heating system 
shall include the heating source, associated piping and wiring used to heat the 
furnace, auxiliary quenches, and the work therein. 
  (Renumber remaining paragraphs) 
  (Change A.8.1.3 to A.8.1) 
Substantiation: Scope statements appeared in both Chapter 1 and in 
subsequent Chapters and Subchapters. To comply with the MOS most scope 
statements were moved to Chapter 1. The remaining scope statements were 
rewritten to general statements. 
Committee Meeting Action: Accept 
Committee Statement: Scope statements appeared in both Chapter 1 and in 
subsequent Chapters and Subchapters. To comply with the MOS most scope 
statements were moved to Chapter 1. The remaining scope statements were 
rewritten to general statements. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-49 Log #22  Final Action: Accept 
(8.2.9 (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add new text as follows: 
   8.2.9 Shutdown of the heating system by any safety feature or safety device 
shall require manual intervention of an operator for re-establishment of the 
normal  
operation of the system. 
Substantiation: 1. The suggested text for addition is directly from NFPA 86 
-2003 paragraph 7.2.4. 
   2. In adding paragraph 8.3.1.2 in the 2007 edition, the definition of Safety 
Shutdown was not also added to the 2007 edition due to a clerical oversight on 
the part of the Technical Committee.  
   3. Without the definition of Safety Shutdown, the requirement for “manual 
intervention” was lost in the 2007 edition. This was not the intent of the 
Technical Committee. 
   4. Adding the definition of Safety Shutdown can be done in the 2010 edition. 
However, it is not appropriate to add a requirement like “manual intervention” 
only in a definition. The requirement should be in the mandatory text as 
proposed herein. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-50 Log #CP7  Final Action: Accept 
(8.3) 
_______________________________________________________________ 
Submitter: Technical Committee on Ovens and Furnaces,  
Recommendation: Revise Section 8.3 to read: 
  8.3* Logic Systems.
  8.3.1 General.  Unchanged
  8.3.2 Hardwired Logic Systems. 
  8.3.2.1  Safety interlocks shall be in accordance with one or more of the 
following:  
  (1)  Hardwired without relays in series ahead of the controlled device
  (2)  Connected to an input of a programmable controller logic system 
complying with 8.3.3 8.4
  (3)  Unchanged
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  (H) The following devices and logic shall be hardwired external to the 
programmable logic controller as follows:  
  (1)  Manual emergency switch  
  (2)   Combustion safeguards  
  (3)  Safe start checks  
  (4)  Ignition transformers  
  (5)  Trial-for-ignition periods   
  (6)  Excess temperature controllers   
  (7)   The 1400°F (760°C) bypass controllers required in Section 8.17  
  (8)  Continuous vapor concentration high limit controller  
  (9)  Valve proving systems   
  (I) A combustion safeguard shall directly control at least one safety shutoff 
valve between the fuel gas supply and the monitored burner.  
  (J) Where two oxygen safety shutoff valves are required,  combustion 
safeguards shall control at least one oxygen safety shutoff valve.  
  (K) Where airflow proving logic is performed in the programmable logic 
controller, the logic shall include the following:  
  (1)  Verification of a change of state in each airflow proving device during the 
startup of the related ventilation equipment  
  (2)  Initiation of a safety shutdown if a change of state in an airflow proving 
device is not detected   
  8.3.3.2.2 Hardware.   
  (A) Memory that retains information on loss of system power shall be 
provided for software.   
  (B) The programmable logic controller shall have a minimum mean time 
between failure rating of 250,000 hours.   
  (C) Only one safety device shall be connected to a programmable logic 
controller input or output.   
  (D) Output checking shall be provided for programmable logic controller 
outputs controlling fuel safety shutoff valves and oxygen safety shutoff valves.   
  8.3.3.2.3 Software.  
  (A) Access to the programmable logic controller and its logic shall be 
restricted to authorized personnel.  
  (B) The following power supplies shall be monitored:  
  (1) Power supplies used to power programmable logic controller inputs and 
outputs that control furnace safety functions  
  (2) Power supplies used to power pressure and flow transmitters required by 
8.3.3.4  
  (C) When any power supply required by 8.3.3.2.3(B)(1) fails, the dedicated 
programmable logic controller output required in 8.3.3.2.1(G) shall be 
deactivated.  
  (D) When the voltage of any power supply required by 8.3.3.2.3(B)(2) is 
detected outside the manufacturer’s recommended range, the dedicated 
programmable logic controller output required in 8.3.3.2.1(G) shall be 
deactivated.  
  (E) Software shall be documented as follows:  
  (1)  Labeled to identify elements or group of elements containing safety 
software  
  (2) Labeled to describe the function of each element containing safety 
software  
  (F) A listing of the program with documentations shall be available.  
  8.3.3.3 Programmable logic controllers that do not comply with 8.3.3.1 or  
8.3.3.2 shall comply with the following:  
  (1) The programmable logic controller shall not perform required safety 
functions.  
  (2) The programmable logic controller shall not interfere with or prevent the 
operation of the safety interlocks.  
  (3)  Only isolated programmable logic controller contacts shall be used in the 
required safety circuits.  
  8.3.3.4 Where programmable logic controller–based systems use flow 
transmitters in place of flow switches and pressure transmitters in place of 
pressure switches for safety functions, the following shall apply:  
  (1) The transmitter shall be listed, possess a minimum mean time between 
failure rating of 250,000 hours, or possess a safety integrity level rating of 2.  
  (2) Upon transmitter failure the programmable logic controller shall detect the 
failure and initiate a safety shutdown.  
  (3) The transmitter shall be dedicated to safety service unless listed for 
simultaneous process and safety service.  
Substantiation: The existing standard’s language originated before safety 
programmable controllers existed. Now that safety programmable controllers 
are in existence and their rapid acceptance by both OEMs end users for 
“safety” circuits it is time to revise the standard for the use of safety 
programmable logic controllers in combustion systems. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action and statement on Proposal 
86-15 (Log #87). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 

  (2)  The programmable logic controller shall not interfere with or prevent the 
operation of the safety interlocks.
  (3)  Only isolated programmable logic controller contacts shall be used in the 
required safety circuits.
  8.3.3.4 8.4.4 Where programmable logic controller–based systems use flow 
transmitters in place of flow switches and pressure transmitters in place of 
pressure switches for safety functions, the following shall apply: 
  (1)  The transmitter shall be listed, possess a minimum mean time between 
failure rating of 250,000 hours, or possess a safety integrity level rating of 2.
  (2)  Upon transmitter failure the programmable logic controller shall detect 
the failure and initiate a safety shutdown.
  (3)  The transmitter shall be dedicated to safety service unless listed for 
simultaneous process and safety service. 
Substantiation: The section is reorganized to give more prominence to PLCs, 
which are being more widely used. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
Comment on Affirmative:  
   WILLSE, P.: Committee Action should be Accept 
 
_______________________________________________________________ 
86-51 Log #73  Final Action: Accept in Principle 
(8.3.3) 
_______________________________________________________________ 
Submitter: Mark V. Stender, Surface Combustion, Inc. 
Recommendation: Revise text to read as follows: 
  8.3.3* Programmable Logic Controller Systems.   
  8.3.3.1 Programmable logic controller–based systems listed for combustion 
safety service shall be used in accordance with the listing requirements and the 
manufacturer’s instructions.  
  8.3.3.2 Programmable logic controllers except those listed for combustion 
safety service shall be used in accordance with 8.3.3.2.1 through 8.3.3.2.3. 
  8.3.3.2 Safety programmable logic controllers, where used for combustion 
safety service, shall be listed for control reliable service and comply with the 
following: 
  (A) Safety programmable logic controllers shall implement safety interlocks 
in a fail safe manner. 
  (B) * The combustion safeguards and logic shall be hardwired external to the 
safety programmable logic controller. 
  (C) Before the programmable logic controller is placed in operation, 
documentation confirming that all related safety devices and safety logic are 
functional shall be provided. 
  (D) All changes to hardware or software shall be documented and maintained 
in a file that is separate from the furnace programmable controller.  
  (E) System operation shall be tested and verified for compliance with the 
design criteria when the programmable logic controller is replaced, repaired, or 
updated.  
  (F) The control system shall have at least one manual emergency switch that 
initiates a safety shutdown. 
  A.8.3.3.2 (B)* While the combustion safeguard (flame relay) hardware and 
logic must remain external to the safety PLC, the safety PLC can monitor 
operating states and provide the input states to the combustion safeguard for 
start-up and running interlocks other than flame supervision. 
  8.3.3.3 Standard programmable logic controllers, i.e. not listed as Safety 
PLC’s or for Combustion Safety Service, shall comply with the following: 
  (1) The programmable logic controller shall not perform required safety 
functions.  
  (2) The programmable logic controller shall not interfere with or prevent the 
operation of the safety interlocks.  
  (3) Only isolated programmable logic controller output contacts shall be used 
in combustion system safety circuits.  
  8.3.3.2.1 General.  
  (A) Before the programmable logic controller is placed in operation, 
documentation confirming that all related safety devices and safety logic are 
functional shall be provided.   
  (B) All changes to hardware or software shall be documented and maintained 
in a file that is separate from the furnace programmable controller.  
  (C) System operation shall be tested and verified for compliance with the 
design criteria when the programmable logic controller is replaced, repaired, or 
updated.  
  (D) The control system shall have at least one manual emergency switch that 
initiates a safety shutdown.  
  (E) The programmable logic controller shall detect the following conditions:  
  (1)   Failure to execute any program or task containing safety logic  
  (2)   Failure to communicate with any safety input or output  
  (3)  Changes in software set points of safety functions  
  (4)   Failure of outputs related to safety functions  
  (5)  Failure of timing related to safety functions  
  (F) A safety shutdown shall occur within 3 seconds of detecting any condition 
listed in 8.3.3.2.1(E).   
  (G) A dedicated programmable logic controller output shall initiate a safety 
shutdown for faults detected by the programmable logic controller.  



86-26

Report on Proposals A2010 — Copyright, NFPA NFPA 86 
  (1) Pulse fired burners may be operated in on / off control mode where 
recommended by the manufacturer 
  (3) Pulse firing may be used for single or multiple burner installations 
  (4) For on/off pulse firing, the combustion safeguard and ignition components 
shall be certified by the manufacturer to be suitable for the repetitive duty 
cycling typical of pulse fired systems. 
  8.5.2 Preignition (Prepurge, Purging Cycle) for On/Off Pulse Fired 
Burner Systems. 
  8.5.2.1. The requirements in 8.4.1 shall apply to on/off pulse fired systems  
  8.5.2.2 Repeating the preignition purge shall not be required where all of the 
following condition are satisfied (does not apply to fuel oil systems): 
  (1) Each burner and pilot is supervised by a combustion safeguard in 
accordance with Section 8.9. 
  (2) Each burner is equipped with safety shutoff valves in accordance with 
Section 8.5.5.
  (3) And either of the following conditions are met: 
  (a) It can be demonstrated that the combustible concentration in the heating 
chamber and all other passages that handle the recirculation and exhaust of 
products of combustion cannot exceed 25 percent of the LEL during a the 
period when all burners are shut off for control purposes,  
or  
  (b) A main header safety shutoff valve is installed in compliance with 8.7.7.2 
and each burner is operated with a proven, constant flow air flow during the off 
cycles and is equipped with an individual burner safety shutoff valve in one of 
the following configurations: 
  (1) A proof of closure switch that proves the valve closed during off cycles 
and is wired to prove closure prior to any reignition 
  (2) A valve proving system which proves the individual burner shut off valve 
closed during off cycles and is wired to prove closure prior to any reignition .
  (3) A second redundant safety shutoff valve valve piped in series for 
individual burners that do not exceed 400,000 BTU / hr. 
  8.5.3 Trial-for-Ignition Period. Pulse fired trial-for-ignition period shall be 
in accordance with 8.4.2. In addition, the trial for ignition period for on/off 
pulse fired burners shall not exceed a period recommended by the burner or 
furnace manufacturer for safe ignition.  
  Annex material 
  A.8.5.3. Trial for ignition periods for pulse fired burners are commonly set to 
5 to 10 seconds. Use caution in selecting equipment that could allow for 
sizable accumulations of unburnt fuel during ignition periods. 
  8.5.4 Combustion Safeguards (Flame Supervision). The requirements for 
combustion safeguard and flame supervision in pulse fired burner systems shall 
comply with section 8.9 except that the combustion safeguard shall have a 
maximum flame failure response time of 1 second or less. 
  8.5.5 Fuel Gas Safety Shutoff Valves for On/Off Pulse Fired Burner 
Systems. 
  8.5.5.1 Each burner safety shutoff valve shall comply with 8.7. 
  8.5.5.2* When safety shutoff valves for pulse firing control are expected to 
cycle more than 10,000 times per year, all off the following requirements shall 
apply: 
  1. Valves shall be maintained and/or replaced as specified by the 
manufacturer, 
  2. Valves shall be certified by the manufacturer to be suitable for repetitive 
duty cycling 
  3. Either the combustion safeguard or system control shall record the number 
of valve cycles or the number of valve cycles shall be calculated based on time 
and expected cycle frequency, 
  4. The annual cycle counts in 8.5.5.2(3) shall be available to the user. 
  Annex material 
  A.8.5.5.2. Shut off valves commonly used in pulse firing systems 
experience average life cycles of 3-5 years and may required annual duties 
in excess of 1 million cycles. Use caution when servicing, selecting, or 
operating pulse firing shut off valves as the listing requirements of safety 
shut off valves do not typically require life cycle testing over 100,000 
cycles. Note that valve life cycle can also be negatively impacted by dirty 
fuels, installation orientation, ambient temperature, pipe line debris and 
moisture in the stream. 
  8.5.5.3 The burner safety shutoff valve(s) used on on/off pulse fired burner 
systems shall have a closing time of 1 second maximum and shall be resistant 
to typical back pressure surges in multi-burner manifolds. (Needs language 
work over on back pressure). 
Substantiation: Pulse firing control methods are growing in popularity as 
method to increase fuel efficiency and furnace performance. The NFPA 
86-2007 revision language lacks significant explanation of pulse firing and 
leaves several key requirements for hazard prevention unaddressed. Several 
committee members expressed the need for pulse firing clarification during the 
last technical committee meeting and additional inquiries have been made to 
the author from furnace users and designers. 
   Similar clarification can be found in EN746-2-2006 including the except 
below...”. 
   “c) When re-cycling a burner after shutdown for control purposes, pre-
purging is not required on recycling:  
   --- where the burner is fitted with an independently supervised permanent or 
alternating pilot or 

_______________________________________________________________ 
86-52 Log #16  Final Action: Accept 
(8.3.3.2.1) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   8.3.3.2.1 General. 
  (A) Before the programmable logic controller is placed in operation, 
documentation confirming that shall be provided that confirms all related 
safety devices and safety logic are functional shall be provided. 
Substantiation: Editorial change suggested by the NFPA 87 Task Group. 
Editorial change proposed clarifies the intent of the current requirement. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-53 Log #CP3  Final Action: Accept 
(8.4.1.2(C)) 
_______________________________________________________________ 
Submitter: Technical Committee on Ovens and Furnaces,  
Recommendation: Add anew A.8.4.1.2(C)(1) to read: 
  A.8.4.1.2 (C)(1) Equipment such as thermal oxidizers commonly process 
sources of contaminated air. Contaminated air is an indeterminate purge media. 
Design of the preignition airflow interlocks should incorporate a means to 
prove a source of fresh air and also prove the isolation of contaminated air 
sources during pre-ignition purge. In complex systems involving multiple 
sources where it is not always possible to shutdown all indeterminate sources, 
providing a fresh air source and positive isolation from all contaminated 
sources is necessary to ensure proper pre-ignition purging. 
Substantiation: Annex text is added to explain the requirement as it applies to 
thermal oxidizers. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-54 Log #46  Final Action: Accept 
(8.4.1.8(2)(c)) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add new annex as follows: 
  8.4.1.8 Repeating the pre-ignition purge shall not be required where anyone 
of the following conditions is satisfied: 
   (1) The heating chamber temperature is proven above 1400°F (760°C) 
   (2) For any fuel-fired system, all of the following conditions are satisfied: 
   (a) Each burner and pilot is supervised by a combustion safeguard in 
accordance with Section 8.9, 
   (b) Each burner system is equipped with safety shutoff valves in accordance 
with Section 8.7. 
   (c)* At least one burner remains operating in the common combustion 
chamber of the burner to be reignited. 
  A 8.4.1.8 (2) (c) Consideration should be given to the proximity of 
operating burners when the common combustion chamber exception to 
repeating purges is utilized. Accumulation of localized vapors or 
atmospheres is possible even with an operating burner in a chamber 
depending upon the size of the chamber, the number of burners and the 
proximity of operating burners to the accumulation. In addition to 
proximity, burner design and exposure of the flame may also impact the 
ability of the operating burner to mitigate vapor or gaseous accumulations. 
Substantiation: The language of 8.4.1.8 implies that having a single burner 
operating in a chamber common to other burners is adequate to prevent the 
accumulation of hazardous vapors or fuels which in turn negates the need for a 
re-ignition purge. However, the scale of multi-burner ovens and furnaces often 
places burners at such distances that a hazardous collection of unburned fuel, 
process vapor or other flammable materials is quite possible.  
   Appendix material is proposed to clarify additional consideration for 
proximity. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-55 Log #77  Final Action: Reject 
(8.5 (New) ) 
_______________________________________________________________ 
Submitter: Jeffrey T. Rafter, Honeywell/Maxon Corporation 
Recommendation: Add the following text numbered Section 8.5. Renumber 
sections thereafter: 
  8.5 Pulse fired burner systems 
  8.5.1 Conditions and Applications 
  (1) Pulse fired burners may be operated in high / low control mode where 
recommended by the manufacturer 
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_______________________________________________________________ 
86-57 Log #59  Final Action: Accept in Principle 
(8.7.1.3 and A.8.7.1.3) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
Industrial Heating Equipment Assn. (IHEA) 
Recommendation: Add and revise text to read as follows: 
   A.8.7.1.3 In the context of 8.7.1.3 “Loss of flame signal” may be the result 
of a flame failure or an intentional shutdown. 
  8.7.1.3 In fuel gas systems or oil systems only, where multiple burners or 
pilots operate as a burner system firing into a common heating chamber, the 
loss of flame signal at one or more burners shall either comply with 8.7.1.2 or 
shall shut off those burner(s) by closing a single safety shutoff valve, where the 
following conditions are satisfied: 
   (1) Individual burner safety shutoff valve meets one of the two following 
conditions: 
   (a) It is demonstrated, based on available airflow, that failure of the valve to 
close will result in a fuel concentration not greater than 25 percent of the LEL.  
   (b) The safety shutoff valve has proof of closure acceptable to the authority 
having jurisdiction. 
   (2) The safety shutoff valve upstream of the individual burner safety shutoff 
valves shall close when any of the following conditions occurs:  
   (a) Upon interruption activation of any Safety Interlock common to the 
burner system any operating control or interlocking safety device other than 
the combustion safeguard 
   (b) Where the individual burner safety shutoff valves do not have proof of 
closure as described in 8.7.1.3(1)(b) and the number 
of failed burners is capable of exceeding 25 percent of the LEL, assuming the 
if single burner safety shutoff valve(s) fail in the open position  
   (c) Where individual burner safety shutoff valves have proof of closure as 
described in 8.7.1.3(1)(b) and either the individual burner safety shutoff 
valve is not proven closed after loss of flame signal verification that the 
individual burner safety shutoff valve has closed following the loss of flame 
signal at the burner is not present or upon loss of flame signal at all burners 
in the burner system or at a number of burners in the burner system that 
will result in a fuel concentration greater than 25 percent of the LEL, 
assuming the single burner safety shutoff valve(s) fail in the open position. 
  (d) Upon loss of flame signal at all burners in the burner system or at a 
number of burners in the burner system that will result in a fuel concentration 
greater than 25 percent of the LEL. 
  (e) Where individual burner safety shutoff valves have proof of closure as 
described in 8.7.1.3(1)(b), and when the heating chamber is not proved at or 
above 1400°F (760°C) and both of the following conditions exist:  
 i. Individual burners are shut off by closing a single safety shutoff 
valve equipped with proof-of closure switch and proven closed.  
 ii. If when a burner is shut off by closing one safety shutoff valve 
and that safety shutoff valve is not proven closed. , a second safety shutoff 
valve upstream closes within 5 seconds 
Substantiation: A.8.7.1.3 is added to clarify the meaning on “loss of flame” 
as used in 8.7.1.3. 
   8.7.1.3 (a) revised to clarify the requirement when to de-energize the 
common SSOV using the defined Safety Interlock. 
   8.7.1.3 (b) revised to clarify that the “valve” mentioned is a “safety 
shutoff” valve. Balance of changes are editorial. 
   8.7.1.3 (c) & (d) are combined to reflect that either condition pertains to 
cases where “Where individual burner safety shutoff valves have proof of 
closure as described in 8.7.1.3(1)(b)”. 
   8.7.1.3 (e) was revised to reflect requirements for cases where “Where 
individual burner safety shutoff valves have proof of closure as described in 
8.7.1.3(1)(b)” and “when the heating chamber is proved at or above 1400°F 
(760°C)”. Editorial changes to drop duplication of requirements referring 
to “a second safety shutoff valve upstream closes within 5 seconds”. If the 
NFPA 86 TC wishes to impose the “within 5 seconds” limit, it seems that it 
should apply to (a) and (c). 
Committee Meeting Action: Accept in Principle 
  1. Accept the proposal, except for the revisions to (2) (a). 
  2. Revise (2) (a) to read 
  (2) The safety shutoff valve upstream of the individual burner safety shutoff 
valves shall close when any of the following conditions occurs:  
   (a) Upon activation of any Safety Interlock common to the burner system 
any operating control or interlocking safety device other than the combustion 
safeguard 
Committee Statement: The proposal is accepted and the term activation is 
preferred in (2) (a). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 

   --- where the burner is fitted with two valves complying with EN 161, class A 
closing simultaneously and a valve proving system. The valve proving system is 
not required for pulse fired burners or 
   --- with pulse fired burners if the burner shutoff valve is certified by the 
supplier to be suitable for the increased number of cycles typical of pulse firing 
or…” 
   Please see the attached Substantiation for Pulse Firing Inclusion provided 
by Fred Fuhrman, working group guest 
   Note: Supporting material is available for review at NFPA Headquarters. 
Committee Meeting Action: Reject 
Committee Statement: The proposed text is intended to allow the concept of 
pulse-firing without repeating purge; however, the described practice could be 
carried over to other forms of on-off burner operation which are not intended to 
be permitted without repeating purge, which could lead to fires or explosions.  
The committee accepts that the current standard does not adequately address 
pulse firing, which appears to be a safe practice. The committee will address 
the entire document to review restrictions that limit pulse firing, and intends to 
submit a comment on the subject. Input is requested in the form of comments 
from interested parties on the subject.  
This review will include conditions under which pre-ignition purge may or may 
not be required, closing one safety shut-off valve may or may not be 
acceptable, minimum burner on-time, maximum burner off-time, and 
maintenance and replacement requirements for high cycling issues. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-56 Log #17  Final Action: Accept 
(8.7.1.3) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   8.7.1.3 In fuel gas systems or oil systems only, where multiple burners or 
pilots operate as a burner system firing into a common heating chamber, the 
loss of flame signal at one or more burners shall either comply with 8.7.1.2 or 
shall shut off those burner(s) by closing a single safety shutoff valve, where the 
following conditions are satisfied:  
   (1)  Individual burner safety shutoff valve meets one of the two following 
conditions:                                                                        
   (a) It is demonstrated, based on available airflow, that failure of the valve to 
close will result in a fuel concentration not greater than 25 percent of the LEL.  
   (b) The safety shutoff valve has proof of closure acceptable to the authority 
having jurisdiction.   
   (2) The safety shutoff valve upstream of the individual burner safety shutoff 
valves shall close when any of the following conditions occurs:                                                                        
   (a) Upon activation of any operating control or interlocking safety device 
other than the combustion safeguard   
   (b) Where the individual burner valves do not have proof of closure as 
described in 8.7.1.3(1)(b) and the number of failed burners is capable of 
exceeding 25 percent of the LEL if single burner safety shutoff valves fail in 
the open position   
   (c) Where individual burner valves have proof of closure as described in 
8.7.1.3(1)(b) and verification that the individual burner safety shutoff valve has 
closed following loss of flame signal at the burner is not present   
   (d) Upon loss of flame signal at all burners in the burner system or at a 
number of burners in the burner system that will result in a fuel concentration 
greater than 25 percent of the LEL   
   (e) When the heating chamber is proved at or above 1400°F (760°C) and 
both of the following conditions exist:  
   i. Individual burners are shut off by closing a single safety shutoff valve 
equipped with proof-of-closure switch and proven closed. 
   ii. If a burner is shut off by closing one safety shutoff valve and that safety 
shutoff valve is not proven closed, a second safety shutoff valve upstream 
closes within 5 seconds. 
Substantiation: Editorial change. The word “only” does not add meaning to 
the requirement in 8.7.1.3 and may cause confusion. The 2007 text is a 
conversion from an Exception in the 2003 edition. The 2003 text did not 
contact the word “only”. See Excerpt from the 2003 edition below: 
  7.7.1.2* Each safety shutoff valve required in 7.7.2.1 and 7.7.3.1 shall 
automatically shut off the fuel to the burner system after interruption of the 
holding medium (such as electric current or fluid pressure) by any one of the 
interlocking safety devices, combustion safeguards, or operating controls. 
   Exception: For fuel gas systems or oil systems, where multiple burners or 
pilots operate as a burner system firing into a common heating chamber, the 
loss of flame signal at one or more burners shall be permitted to shut off those 
burner(s) by closing a single safety shutoff valve, provided that the conditions 
in both (1) and (2) are satisfied. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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_______________________________________________________________ 
86-61 Log #CP4  Final Action: Accept 
(8.7.2.2) 
_______________________________________________________________ 
Submitter: Technical Committee on Ovens and Furnaces,  
Recommendation: Revise 8.7.2.2 to read: 
   8.7.2.2* Where the main or pilot fuel gas burner system capacity exceeds 
400,000 Btu/hr (117 kW), at least one of the safety 
shutoff valves between each burner and the fuel supply shall be proved closed 
and interlocked with the preignition purge interval. 
   (A) A proved closed condition shall be accomplished by either of the 
following means: 
(1) A proof-of-closure switch incorporated in a listed safety shutoff valve 
assembly in accordance with the terms of the listing. 
   (2) A valve proving system 
   (B) Auxiliary and closed position indicator switches shall not satisfy the 
proved closed requirement of 8.7.2.2(A). 
Substantiation: Paragraph 8.7.2.2 is revised to cover field addition of proof of 
closure switches. This was the subject of Formal Interpretation 86-06-1. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 23 Negative: 1  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
Explanation of Negative:  
   DAUER, J.: I agree with the change in language in 8.7.2.2. I do not agree 
with Figure A.8.7.2.2. If each burner in Figure A.8.7.2.2 is greater than 400,000 
BTU/Hr, one of the two SOV’s for each burner requires a proof of closure 
switch.  
_______________________________________________________________ 
86-62 Log #70  Final Action: Reject 
(8.7.2.5) 
_______________________________________________________________ 
Submitter: Kevin J. Carlisle, Karl Dungs Inc. 
Recommendation: Add new text to read as follows: 
   8.7.2.5 A proved closed interlock shall not be wired to close a circuit that will 
directly power a safety shutoff valve without the command from the 
combustion flame safeguard. 
Substantiation: Wiring a proved closed interlock so that power can be directly 
applied to a safety shutoff valve or having the proved closed interlock close a 
circuit that will directly power another safety shutoff valve without the 
commend from the combustion flame safeguard can cause result in power 
being applied to the valve when power should not be applied, or could result in 
a safety valve remaining opened rather than closing. 
Committee Meeting Action: Reject 
Committee Statement: The proposal appears to address misunderstanding of 
the requirements by some readers. The committee believes that further 
explanation will only cause more confusion.  
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-63 Log #89  Final Action: Reject 
(8.8.4 (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86 Introductory Chapters Task Group 
Recommendation: Add new text to read as follows: 
  8.8.4 Fuel pressure switches shall not be required in pilot system. 
Substantiation: Section 8.8 is not clear about the requirements for pressure 
switches in pilot systems. Figure A.8.7.2 does not show pressure switches in 
the pilot system. Adding the proposed 8.8.4 is intended to clarify this matter. It 
would be acceptable to the submitter if the Technical Committee wishes to 
clarify when pressure switches are required in pilot system. 
Committee Meeting Action: Reject 
Committee Statement: The standard provides sufficient requirements for 
pressure switches.  
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-64 Log #61  Final Action: Accept in Principle 
(8.10.2 and 8.10.2.1 (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
Industrial Heating Equipment Assn. (IHEA) 
Recommendation: Add and revise text to read as follows: 
   8.10.2 The low pressure switch used to supervise the atomizing medium shall 
be located downstream from all valves and other obstructions that can shut 
off flow or cause pressure drop of atomization medium.  
  8.10.2.1 Atomizing media balancing orifices and/or balancing valves, 
which can be securely locked in position via pinning or other tamper 
resistant means, shall be permitted. 

_______________________________________________________________ 
86-58 Log #90  Final Action: Reject 
(8.7.1.3.1 (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86 Introductory Chapters Task Group 
Recommendation: Add new text to read as follows:  
   8.7.1.3.1 The requirements of 8.7.1.3 shall not prevent the opening of the 
single common safety shutoff valve for the initial Trial for Ignition.  
Substantiation: 8.7.1.3.1 is not clear in its requirements for the compliant 
operation of the single common safety shutoff valve for the initial Trial for 
Ignition interval. 
Committee Meeting Action: Reject 
Committee Statement: Paragraph 8.7.1.3 does not preclude operation of the 
single common safety shutoff valve for the initial trial for ignition interval. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-59 Log #60  Final Action: Accept in Principle 
(8.7.1.10) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
Industrial Heating Equipment Assn. (IHEA) 
Recommendation: Revise text to read as follows: 
   8.7.1.10 8.2.9* If the inlet pressure to a fuel pressure regulator exceeds the 
pressure rating of any downstream component, overpressure protection shall be 
provided.   
  A.8.7.1.10 A.8.2.9 Overpressure protection can be provided by using 
components with adequate rating, relief valve with adequate capacity, slam 
shut regulators, high pressure switch in combination with adequately rated 
upstream shut off valves, or other devices such as those referenced in 
NFPA 54. Also Ssee A.6.2.7.3.  
Substantiation: This requirement extends to the entire fuel system. It’s 
location under Safety Shutoff Valves can permit it to be interpreted to only 
apply to SSOV. This proposal is to move 8.7.1.10 to the General section of 
Chapter 8. Annex material added to provide examples of means of providing 
overpressure protection. 
Committee Meeting Action: Accept in Principle 
  1. Accept the relocation of 8.7.1.10 
Revise A.8.2.9 to read: 
  2. A.8.2.9 Overpressure protection can be provided by using components 
with adequate rating, relief valve with adequate capacity, slam shut 
regulators, high pressure switch in combination with adequately rated 
upstream shut off valves, or other devices such as those referenced in 
NFPA 54 and NFPA 31. Also Ssee A.6.2.7.3.  
Committee Statement: Accepted, and reference to NFPA 31 is added. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-60 Log #58  Final Action: Reject 
(8.7.2.1 and A.8.7.2.2) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
Industrial Heating Equipment Assn. (IHEA) 
Recommendation: Revise text to read as follows: 
   8.7.2.1* Each main and pilot fuel gas burner system shall be separately 
equipped with either of the following: 
   (1) At least tTwo safety shutoff valves piped in series 
   (2) For radiant tube–fired burner systems only, a single safety shutoff valve 
where either of the following conditions is satisfied: 
   (a) The tubes are of metal construction and open at one or both ends with 
heat recovery systems, if used, that are of explosion-resistant construction. 
   (b) The entire radiant tube heating system, including any associated heat 
recovery system, is of explosion resistant construction.

(See Figure A.8.7.2.2 on the following page.) 
Substantiation: The intent of 8.7.2.1 is not to require only two SSOV’s, but to 
require at least two SSOV’s. This proposal allows for variation in SSO Valving 
without sacrificing safety/compliance. One example is in a multi-burner system 
where the individual burners can be equipped with two SSOV’s along with a 
common SSOV with POC switch which is used to meet the requirement of 
8.7.2.2. New Annex material to 8.7.2.2 is proposed. 
Committee Meeting Action: Reject 
Committee Statement: The committee believes that the current text is 
adequate. The requirement for 2 valves does not prevent additional valves. 
There is no need to add additional illustrations of the standard in the annex. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-66 Log #49  Final Action: Accept 
(8.15) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   8.15 8.4.3 Ignition of Main Burners — Fuel Gas or Oil. 
Where a reduced firing rate is required for ignition of the burner, an interlock 
shall be provided to prove the control valve has moved to the design position 
prior to each attempt at ignition. 
Substantiation: Relocation of ignition of main burner to follow trial for 
ignition period. Proposed change keeps related requirements together. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-67 Log #55  Final Action: Accept in Principle 
(Chapter 9) 
_______________________________________________________________ 
Submitter: Rick Martin, Exponent Inc. 
Recommendation: Revise text to read as follows: 
   9.1 General. Reserved. 
   9.2 Location and Construction. Reserved. 
   9.3 Heating Systems. Reserved. 
   9.4 Commissioning, Operations, Maintenance, Inspection, and Testing. 
Reserved. 
   9.5 Safety Equipment. 
   9.5.1 Scope. This chapter shall apply to all thermal oxidizers, including the 
following: 
   9.5.2 General. 
   9.5.3* Direct-Fired Fume Incinerators. 
   9.5.4 Direct Heat Recovery Systems. 
   9.5.5 Catalytic Fume Incinerators. 
   9.6 Fire Protection. Reserved. 

Substantiation: In multi-burner systems, it is necessary to incorporate 
balancing devices in the atomizing air sub-system. These devices can be fixed 
orifices or adjustable/settable valves. The Standard is silent in with regard to 
balancing orifices used in the atomizing air sub-system and it is not clear if 
their use is restricted by the words “and other obstructions”. This proposal is 
intended to provide additional clarity for the existing atomizing media 
requirements. 
Committee Meeting Action: Accept in Principle 
  1. Accept the revision to paragraph 8.10.2. 
  2. Add a new A.8.10.2 to read: 
  A. 8.10.2 Atomizing media balancing orifices and/or balancing valves, which 
can be securely locked in position via pinning or other tamper resistant means, 
are allowed. 
Committee Statement: The proposed additional paragraph is added to Annex 
A as it is not a requirement. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-65 Log #9  Final Action: Accept 
(8.13.1 and 8.13.2) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   8.13 Air–Fuel Gas Mixing Machines.  
   8.13.1 A Safety shutoff valves shall be installed in the fuel gas supply 
connection of any mixing machine.  
  8.13.2 The safety shutoff valves shall be arranged to shut off the fuel gas 
supply automatically when the mixing machine is not in operation or in the 
event of an air or fuel gas supply failure. 
Substantiation: There is nothing unique about Mixing Machines that would 
exclude them from the basic requirements in NFPA 86 for safety shutoff valves 
and interlocks. The changes proposed are consistent with the requirements in 
Section 8.7. Also Section 6.2.9.3 (F) uses the plural of safety shutoff valves, 
which is consistent with Section 8.7 requirements.  
   Reference: 6.2.9.3 Mixing Machines.  
  (F) Where a mixing machine is used, safety shutoff valves shall be installed 
in the fuel gas supply and shall interrupt the fuel gas supply automatically 
when the mixing machine is not in operation or in the event of an air or fuel 
gas supply failure. 



86-30

Report on Proposals A2010 — Copyright, NFPA NFPA 86 
Committee Statement: The proposal is accepted, and changes made in other 
proposals further modify the action taken on this proposal. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
Comment on Affirmative:  
   WILLSE, P.: In Recommendation part that was accepted, in paragraph 9.2, 
the words “(Reserved)” needs to be eliminated since we have 2 requirement 
directly below, 9.2.1 and 9.2.2. 
 
_______________________________________________________________ 
86-68a Log #8d  Final Action: Reject 
(9.1) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   Chapter 9 Thermal Oxidizer 
   9.1 Scope General. 
   This chapter shall apply to all thermal oxidizers, including For the purposes 
of this chapter, the term thermal oxidizer shall include the following:  
   (1) Afterburners 
   (2) Direct thermal oxidizers 
   (3) Direct catalytic oxidizers 
   (4) Fume incinerators 
   (5) Recuperative thermal oxidizers 
   (6) Recuperative catalytic oxidizers 
   (7) Regenerative thermal oxidizers 
   (8) Regenerative catalytic oxidizers 
   (9) Flameless thermal oxidizers 
   (10) Other devices that can restrict ventilation of ovens. 
Substantiation: Scope statements appeared in both Chapter 1 and in 
subsequent Chapters and Subchapters. To comply with the MOS most scope 
statements were moved to Chapter 1. The remaining scope statements were 
rewritten to general statements. 
Committee Meeting Action: Reject 
Committee Statement: The action proposed is accomplished by acceptance of 
Proposal 86-68 (Log # 78). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-69 Log #86  Final Action: Reject 
(9.2.1.1 and A.9.2.1.1 (New) ) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Add new text to read as follows: 
   9.2.1.1* An interlock to prove that all sources of contaminated air are isolated 
from the oxidizer during purge shall be provided. 
  A.9.2.1.1 Oxidizers commonly have a source of contaminated air for 
processing. Design of the oxidizer should incorporate a means to prove not 
only a source of fresh air, but the elimination of contaminated air sources 
during pre-ignition purge. In complex systems involving multiple sources, it is 
not always possible to shutdown equipment generating the airstream to be 
oxidize prior to purge. Providing a fresh air source and isolating the oxidizer 
from all contaminated air sources is necessary to ensure proper pre-ignition 
purging. 
Substantiation: A query from an outside source highlighted that the current 
text does not explicitly prohibit the introduction of contaminated air during 
purge. It is clear that if such air is not isolated prior to purge, 4 complete air 
changes may not achieve sufficient dilution to render the atmosphere below 25 
percent LEL. 
Committee Meeting Action: Reject 
Committee Statement: The proposed requirement is already addressed in 
8.4.1. The proposed annex text is covered in proposal 86-53 (Log #CP3). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-70 Log #95  Final Action: Reject 
(9.2.1.9) 
_______________________________________________________________ 
Submitter: Clemens de Vroome, Goss International Americas (Contiweb) 
Recommendation: Add new text to read as follows: 
   9.2.1.9* A single fan shall not be used for both recirculation and exhaust. 
   Exception No. 2: When the exhaust gases of an incinerator which is 
integrated in the fumegenerating oven are recirculated then a single fan shall be 
permitted, provided that the internal incinerator complies to paragraph 8.4.2. 
Substantiation: Oven (dryers) used in the heat-set printing industry often have 
one or two thermal incinerators integrated in the oven construction. In these 
incinerators solvent fumes are oxidized to H2O and CO2, and portions of its 
exhaust are utilized as the heat source for one or more of the zones of the oven, 
as described in paragraph 8.4.2. This recirculation of exhaust gases is done by 
means of a valve using the static pressure inside the incinerator. Although a 
single fan is used for both recirculation and exhaust the system is still safe 
because special precautions have been taken to prevent recycling unburned 
solvent vapors. 

Substantiation: Restructure Chapter 9 to be consistent with other furnace class 
chapters. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to the action on proposal 86-68 (Log #78), 
where the proposed action is accomplished. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-68 Log #78  Final Action: Accept 
(Chapter 9) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Revise text to read as follows: 
   9.1 Scope General. 
   This chapter shall apply to all thermal oxidizers, including 9.1.1 For the 
purposes of this chapter, the term thermal oxidizer shall include the following:  
   (1)  Afterburners 
   (2)  Direct thermal oxidizers 
   (3) Direct catalytic oxidizers 
   (4) Fume incinerators 
   (5) Recuperative thermal oxidizers 
   (6) Recuperative catalytic oxidizers 
   (7) Regenerative thermal oxidizers 
   (8) Regenerative catalytic oxidizers 
   (9) Flameless thermal oxidizers 
   (10) Other devices that can restrict ventilation of ovens 
   9.2 General.  
   9.2 Location and Construction. (Reserved) 
   9.2.1 9.2.1* The design and construction of fume incinerators shall comply 
with all requirements for Class A ovens in this standard, except for the 
requirements for explosion relief.  
  9.2.2 9.2.2 Precautions shall be taken to reduce fire hazards where the relative 
location of equipment or the type of fumes generated are such that combustible 
liquids can condense or solids can be deposited between the generating process 
and the afterburner. 
   9.3 Heating Systems. (Reserved) 
  9.4 Commissioning, Operations, Maintenance, Inspection, and Testing. 
(Reserved) 
  9.5 Fire Protection. (Reserved) 
  9.6 Safety Equipment and Application 
  9.2.3 9.6.1* Thermal oxidizers shall not reduce the required safety ventilation 
specified in this standard. 
   9.3 9.6.2* Direct-Fired Fume Incinerators. 
   9.3.1 9.6.2.1* The design and operation of combustion systems and controls 
shall comply with all parts of this standard pertaining to direct-fired ovens. 
   9.3.2 9.6.2.2* An excess temperature limit controller shall be installed to 
prevent the uncontrolled temperature rise in the fume incinerator, and its 
operation shall cause the following:  
   (1) Interruption of fuel to the fume incinerator burner 
   (2) Interruption of the source of fumes to the incinerator 
   9.4 9.6.3 Direct Heat Recovery Systems. 
   9.4.1 9.6.3.1 Proved fresh air shall be introduced into the system to provide 
the oxygen necessary for combustion of hydrocarbons as well as primary 
burner fuel. 
   9.4.2 9.6.3.2 Fresh air shall be introduced through openings that supply air 
directly to each zone circulating system.  
   9.4.3 9.6.3.3 Where direct heat recovery systems are employed and portions 
of the incinerator exhaust gases are utilized as the heat source for one or more 
of the zones of the fume-generating oven, special precautions shall be taken to 
prevent recycling unburned solvent vapors. 
   9.5 9.6.4* Catalytic Fume Incinerators. 
   9.5.1 9.6.4.1 The requirements in Section 9.3.1 for direct-fired fume 
incinerators shall apply to catalytic fume incinerators. 
   9.5.2 9.6.4.2* An additional excess temperature limit controller shall be 
located downstream from the discharge of the catalyst bed for thermal 
protection of the catalyst elements, and its operation shall cause the following:  
   (1) Interruption of fuel to the burner 
   (2) Interruption of the source of fumes 
   9.5.3 9.6.4.3* Process exhaust ventilation shall be provided to maintain vapor 
concentrations that cannot generate temperatures at which thermal degradation 
of the catalyst can occur.  
   9.5.4 9.6.4.4* A differential pressure (P) high limit switch, measuring across 
the catalyst bed, shall be used to detect particulate contamination, and its 
operation shall cause the following:  
   (1) Interruption of fuel to the fume incinerator burner 
   (2) Interruption of the source of fumes to the incinerator 
   9.5.5 9.6.4.5* Where catalysts are utilized with direct heat recovery, a 
maintenance program shall be established, and frequent tests of catalyst 
performance shall be conducted so that unburned or partially burned vapors are 
not reintroduced into the process oven. 
Substantiation: Restructure Chapter 9 to be consistent with other furnace class 
chapters. 
Committee Meeting Action: Accept 
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  9.2.4.4 Means for testing all fuel safety shutoff valves for valve seat leakage 
shall be installed. 
  9.2.4.5 Local visual position indication shall be provided for each safety   
shutoff valve. 
  (A) The position indication shall directly indicate the physical position, closed 
and open, of the valve. 
  (B) Where lights are used for position indication, the absence of light shall 
not be used to indicate open or closed position.  
  (C) Indirect indication of valve position, such as by monitoring operator 
current voltage or pressure, shall not be permitted. 
  9.2.4.6 The safety shutoff valves in 9.2.4.1 shall shut off the injected fuel after 
interruption of the holding medium by any one of the interlocking safety 
devices or operating controls. 
  9.2.4.7* Where the main or pilot fuel gas burner system capacity exceeds 
400,000 Btu/hr (117 kW), at least one of the safety shutoff valves between each 
burner and the fuel supply shall be proved closed and interlocked with the 
preignition purge interval.  
  (A) A proved closed condition shall be accomplished by either of the 
following means:  
  (1)  A proof-of-closure switch 
  (2) A valve proving system 
  (B) Auxiliary and closed position indicator switches shall not satisfy the 
proved closed requirement of 8.7.2.2(A). 
  A.9.2.4 A regenerative thermal oxidizer design may maximize efficiency 
when a minimum volatile concentration is maintained in the air stream and the 
operating temperature is greater than 1,400oF (760oC). To achieve this 
efficiency even when the VOC source concentration varies, some designs inject 
a flammable vapor into the air stream immediately upstream of the oxidizer.  
The rate of injection may be controlled by temperature feedback or similar 
method. Care is needed to ensure that: 
  • The concentration of volatiles cannot exceed 25% LFL (50% LFL with 
flammable vapor concentration controller). 
  • The gas injection piping is isolated during purge (proved closed) 
  • Gas injection is interlocked with the burner management system (flame 
failure). 
  When operating temperatures are below 1400oF (760oC), a 1400oF (760oC) 
bypass controller cannot be implemented in accordance with Section 8.17.  
Injection of gas into the airstream immediately upstream of the oxidizer is 
becoming a common practice. The standard currently does not address the need 
for safety shutoff valves and their control for this fuel source, yet the hazard is 
equivalent to a leaking burner. 
Committee Statement: Section 9.2.4 has been revised to be more complete 
than the proposed text.  
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-73 Log #1  Final Action: Accept in Principle 
(9.2.6.2.3) 
_______________________________________________________________ 
Submitter: KWANG-HOON KO, POSCO E&C 
Recommendation: Revise text as follows:  
   7. Code 86 Oven and Furnace 
   9.2.6.2.3 Method for calculating solvent safety ventilation rate (Page 86-30), 
“ (1) (b) determine the cubic feet of barely explosive mixture per gallon ~ “ 
(ft^3 barely explosive vapor) / (gal solvent) = (ft^3 vapor / gal solvent) x 
(100LELt/VD) 
   Would you please check as follows? 
   (ft^3 barely explosive vapor) / (gal solvent) = (ft^3 vapor / gal solvent) x 
((100-LELt) / LELt) 
   (3) method C 
   (ft^3 diluted mixture @ 25% LEL) / (gal solvent evaporated) = 4 x (8.328 / 
0.075) x (SpGr / VD) x (100LELt / LELt ) 
   Would you please check as follows? 
   (ft^3 diluted mixture @ 25% LEL) / (gal solvent evaporated) = 4 x (8.328 / 
0.075) x (SpGr / VD) * ((100-LELt) / LELt) 
   Also, all metric unit formulas are same situation. 
Substantiation: Would you please check. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to the action taken on Proposal 86-18 (Log #64), 
which makes this formal interpretation moot. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
Comment on Affirmative:  
   WILLSE, P.: The reference to Proposal 86-18 (Log #64) is incorrect. It should 
reference Proposal 86-78 (Log #81). 
_______________________________________________________________ 
86-74 Log #56  Final Action: Accept in Principle 
(Chapter 10) 
_______________________________________________________________ 
Submitter: Rick Martin, Exponent Inc. 
Recommendation: Revise text to read as follows: 
   10.1 General. Reserved. 
   10.2 Location and Construction. Reserved. 

Committee Meeting Action: Reject 
Committee Statement: NFPA 86 is a minimum safety standard, and paragraph 
10.1.1.11 as written correctly addresses the minimum safety requirements for 
the well documented hazards. No substantiation is provided to demonstrate that 
the proposed exception to 10.1.1.11 would provide an equal level of safety. 
   The committee notes that the Equivalency requirement in 1.5 can be used. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-71 Log #2  Final Action: Accept in Principle 
(9.2.2.4) 
_______________________________________________________________ 
NOTE: This Proposal appeared as Comment 86-26 (Log #30) which was 
held from the A2006 ROC on Proposal 86-49. 
Submitter: Richard J. Martin, Exponent Inc. 
Recommendation: Add text to read as follows: 
  “9.2.2.4 Where combustible solids are continuously admitted to the oven on a 
conveyor, a speed switch on the belt or driven pulley shall be interlocked to 
shut down the heating system upon belt stoppage.” 
Substantiation: The proposed text would add a new, primary safeguard against 
fire or explosion resulting from failure of the product feed conveyor, which 
halts the introduction of new cooler material into the oven, and permits the 
stationary material inside the oven to become overheated. Currently, a 
conveyor failure is safeguarded only by the oven’s internal high temperature 
safety sensor and shutdown logic. Under the proposed new text, the high 
temperature safety logic would become a secondary safeguard against fire or 
explosion caused by conveyor failure. 
   Note: Supporting material is available for review at NFPA Headquarters. 
Committee Meeting Action: Accept in Principle 
  Add a new 10.1.2.4 to read: 
  10.1.2.4 Where combustible materials are continuously admitted to the oven, 
and stopping or reducing the material flow can result in a hazardous condition, 
interlocks shall be provided to shut down the heating system upon stoppage or 
reduction of material flow. 
Committee Statement: The paragraph is renumbers to be consistent with the 
revisions made in the 2007 edition. The concept of the proposal is accepted and 
revised to be more widely applicable. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
______________________________________________________________ 
86-72 Log #85  Final Action: Accept in Principle 
(9.2.4 and A.9.2.4 (New) ) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Add new text to read as follows: 
  9.2.4* Where liquid or gaseous fuel is introduced into an oxidizer other than 
through a burner, the supply shall be equipped with two safety shutoff valves 
installed and arranged to meet the operational requirements of 8.7. 
  A.9.2.4 An oxidizer design may maximize efficiency when a minimum 
volatile concentration is maintained in the air stream and the operating 
temperature is at or near 1,100oF (600oC). To achieve this efficiency even when 
the VOC source concentration varies, some designs inject a flammable vapor 
into the air stream immediately upstream of the oxidizer. The rate of injection 
may be controlled by temperature feedback or similar method. Care is needed 
to ensure that: 
  · The concentration of volatiles cannot exceed 25% LEL (50% LEL with 
flammable vapor concentration controller). 
  · The gas injection piping is isolated during purge (proved closed)  
  · Gas injection is interlocked with the burner management system (flame  
failure).  
  Note: When operating temperatures are below 1400oF (760oC), a 1400oF 
(760oC) bypass controller cannot be implemented in accordance with Section 
8.17. 
Substantiation: Injection of gas into the airstream immediately upstream of 
the oxidizer is becoming a common practice. The standard currently does not 
address the need for safety shutoff valves and their control for this fuel source, 
yet the hazard is equivalent to a leaking burner. 
Committee Meeting Action: Accept in Principle 
  Add a new 9.2.4 to read: 
  9.2.4 Direct fuel injection systems. 
  9.2.4.1 Two safety shutoff valves in series shall be provided in the fuel 
injection supply line. 
  9.2.4.2 A filter or fine-mesh strainer shall precede the upstream safety shutoff 
valve. 
  9.2.4.3 Safety shutoff valves shall not be used as modulating control valves 
unless they are designed as both safety shutoff and modulation valves and 
tested for concurrent use. 
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  10.6.1.1 General Safety Ventilation Requirements. 
  10.6.1.1.1  Air circulation shall be used to minimize the volume of flammable 
concentration regions that are present at the point of evaporation within the 
oven. 
  10.6.1.1.2  Combustible solids or substrate material shall not require safety 
ventilation unless flammable constituents are evolved in the process of heating. 
  10.6.1.1.3  The determination of safety ventilation shall be based on all of the 
following: 
  (1)  Volume of products of combustion entering the oven heating chamber
  (2)  Weight or volume of flammable or combustible constituents released 
during the heating process, based on maximum loading
  (3)  Solvent that requires the greatest amount of ventilation air per gallon 
(liter) when a combination of solvents is used
  (4)  Design of the oven heating and ventilation system with regard to all of 
the following: 
     (a)  Materials to be processed
     (b)  Temperature to which processed materials are raised
     (c)  Method of heating with regard to direct or indirect venting of 
combustion products vs. alternate use of steam or electrical energy
     (d)  General design of the oven with regard to continuous or batch-type 
operation
     (e)  Type of fuel and chemicals to be used and any by-products generated in 
the heating chamber 
  10.6.1.1.6  Safety ventilation shall be maintained until all flammable vapors 
are removed or have been released from the oven and other associated 
equipment. 
  10.6.1.1.7  Class A ovens shall be mechanically ventilated.
  10.6.1.1.8*  If reduction of safety ventilation by accumulation of deposits is 
possible for the oven’s intended use, the fan design shall be selected to prevent 
this accumulation. 
  10.6.1.1.9  Class A ovens shall be ventilated directly to outdoor atmosphere 
or indirectly to outdoor atmosphere through a fume incinerator in accordance 
with Chapter 9 or through other approved volatile organic compound (VOC) or 
particulate pollution control devices. 
  10.6.1.1.10  Exhaust duct openings shall be located in the areas of greatest 
concentration of vapors within the oven enclosure. 
  10.6.1.1.11*  A single fan shall not be used for both recirculation and exhaust. 
  10.6.1.1.12  Where used, multiple exhaust fans, manifolded together, shall be 
designed so that the operation of one or more exhaust fans does not result in 
backflow to an idle oven or reduced exhaust flow due to increased manifold 
pressure.
  10.6.1.1.13  Ovens in which the temperature is controlled by varying airflow 
shall be designed so that the air required for safety ventilation is maintained 
during all operating conditions. 
  10.6.1.1.14  A separate exhaust system shall be used for exhausting the 
products of combustion from indirect-fired heating systems or indirect-fired 
internal heating systems, unless otherwise permitted by 10.6.1.1.15.
  10.6.1.1.15  All indirect fired ovens  shall be equipped with one of the 
following: 
  (1)  Separate exhaust systems for removing the products of combustion and 
the process stream
  (2)  A single exhaust system for removing both the products of combustion 
and the process stream, when the temperature of the products of combustion 
is reduced by the addition of fresh air to a point where it is insufficient to 
cause ignition of any combustible fumes in the oven exhaust system and with 
approval from the AHJ
  10.6.1.1.16*  Air supplied into the oven shall be circulated to produce a 
uniform distribution and movement in all parts of the oven and through the 
work in process. 
  10.6.1.2 Interlocks.
  10.6.1.2.1  Interlocks for exhaust and recirculation fans shall be installed in 
accordance with Sections 8.5 and 8.6.
  10.6.1.2.2  Electrical interlocks obtained through interconnection with a motor 
starter shall be provided for exhaust and recirculation fans.
  10.6.1.2.3  Conveyors or sources of flammable or combustible material shall 
be interlocked to shut down upon the occurrence of excess temperature or if 
either the exhaust or recirculation system fails.
  10.6.1.3 Heat Recovery and Pollution Control Devices.
  10.6.1.3.1*  If the installation of heat recovery devices and pollution control 
devices reduces the combustion airflow or exhaust flow below that required for 
purge or safety ventilation, the purge flow rate or purge time shall be increased 
to compensate for the reduction. 
  10.6.1.3.2  Heat recovery devices and pollution control devices shall be 
designed and maintained to prevent reduction or loss of safety ventilation 
due to such factors as the condensation of flammable volatiles and foreign 
materials.
  10.6.1.3.3  Heat recovery devices and pollution control devices shall be 
designed to minimize fire hazards due to the presence of combustible products 
or residue.
  10.6.1.4 Fresh Air Supply and Exhaust.
  10.6.1.4.1  Ovens in which flammable vapors are being produced or are 
combined with the products of combustion shall be exhausted.
  10.6.1.4.2  All ovens shall have the exhaust fan motor starter and airflow 
switch interlocked to prevent operation of the heating units unless the exhaust 
fans are running.

   10.3 Heating Systems. Reserved. 
   10.4 Commissioning, Operations, Maintenance, Inspection, and Testing. 
Reserved. 
   10.5 Safety Equipment. 
   10.5.1 Safety Ventilation for Class A Ovens. 
   10.5.1.1 General Safety Ventilation Requirements. 
   10.5.1.2 Interlocks. 
   10.5.1.3 Heat Recovery and Pollution Control Devices. 
   10.5.1.4 Fresh Air Supply and Exhaust. 
   10.5.1.5 Corrections for Temperature and Altitude. 
   10.5.1.6* Continuous Process Oven. 
   10.5.1.7* Batch Process Ovens. 
   10.5.1.8 Continuous Vapor Concentration High Limits and Controllers. 
   10.5.2 Low-Oxygen Atmosphere Class A Ovens with Solvent Recovery. 
   10.5.2.1 General. 
   10.5.2.2* An oxygen analyzer and controller shall be installed to limit 
oxygen concentration to below the value where no mixture is flammable 
(limiting oxidant concentration) by increasing the flow of inert gas or reducing 
flammables into the oven. 
   10.5.2.3 Oven Design. The oven shall be designed to accommodate the 
performance of the following procedures for system operation: 
   10.5.2.4 Oven Construction and Location. The following requirements 
shall be met: 
   10.5.2.5* Inert Gas Generation and Storage Systems. The oven system 
shall have an inert gas supply for oxygen control and purging. 
   10.5.2.6 Vaporizers Used for Liquefied Purging Fluids. 
   10.5.2.7 Inert Gas Flow Rates. 
10.5.2.8 Inert Gas Piping System. 
   10.5.2.9 Safety Equipment and Application. 
   10.5.2.10 Inert Gas Introduction and Starting the Production Line. 
   10.5.2.11* Production Running. 
   10.5.2.12 Oven Shutdown and Entry. When an oven is shut down, and it is 
necessary to enter, the following steps shall be taken: 
10.5.2.13 Emergency Procedures. 
   10.5.2.14* Training and Maintenance. Operation and maintenance of a 
low-oxygen oven and its associated recovery equipment shall be performed by 
the user in accordance with the manufacturer’s recommendations. 
   10.6 Fire Protection. Reserved. 
Substantiation: Restructure Chapter 10 to be consistent with other furnace 
class chapters. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to the action on Proposal 86-75 (Log #79), 
where the proposed action is accomplished. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-75 Log #79  Final Action: Accept 
(Chapter 10) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: 
  Revise text to read as follows:
  10.1 General
  10.2 Location and Construction. (Reserved)
  10.3 Heating Systems. (Reserved)
  10.4 Commissioning, Operations, Maintenance, Inspection, and Testing.  
(Reserved)
  4.2.4 10.4.1* Safety Design Data Form for Solvent Atmosphere Ovens.
  4.2.4.1 10.4.1.1 The safety design data form or nameplate for solvent 
atmosphere ovens shall include all the following design data: 
  (1)  Solvent used
  (2)  Number of gallons (liters) per batch or per hour of solvent and volatiles 
entering the oven
  (3)  Required purge time
  (4)  Oven operating temperature
  (5)  Exhaust blower rating for the number of gallons (liters) of solvent per 
hour or batch at the maximum operating temperature 
  4.2.4.2 10.4.1.2 Low-Oxygen Ovens. The maximum allowable oxygen 
concentration shall be included in place of the exhaust blower ratings for low-
oxygen ovens.
  10.1.1.4 10.4.2 On completion of an oven installation, airflow tests shall be 
conducted on the ventilation systems under the oven operating conditions, with 
flow control devices at their minimum setting. 
  10.1.1.5 10.4.3 The airflow tests required by 10.1.1.4 10.4.2 shall be repeated 
when the flammable or combustible vapor loadings are increased or when 
modifications are made to the ventilation system.
  10.2.14 10.4.4*  Training and Maintenance. Operation and maintenance of a 
low-oxygen oven and its associated recovery equipment shall be performed by 
the user in accordance with the manufacturer’s recommendations. 
  10.5 Fire Protection.  (Reserved)
  10.6 Safety Equipment and Application.
  10.6.1 Safety Ventilation for Class A Ovens.
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  (3)  The volume of air rendered barely flammable for the solvent used is less 
than 2640 standard ft3/gal (19.75 standard m3/L). 
  (4)  The rate of safety ventilation is corrected for the temperature of the 
exhaust stream exiting the oven.
  10.6.1.6.3 Method for Calculating Ventilation Rate for Products of 
Combustion.  The method for calculating ventilation rate for products of 
combustion shall be as follows:
  (1)  The minimum oven exhaust volume for safety ventilation in continuous 
process ovens, including powder coating ovens, where a direct-fired 
combustion system (within or remote from the oven chamber) is used shall 
include the volume of combustion products from burners. 
  (2)  The value used for the products of combustion shall be 183 scfm (5.18 
standard m3/min) per 1,000,000 Btu/hr (293.1 kW) burner rating. 
  (3)  The products of combustion shall be adjusted for oven operating 
temperature and altitude. 
  (4)  The adjusted value shall be added to the value determined from 
10.6.1.6.2.
  10.6.1.6.4* Method for Calculating Ventilation Rate for Powder Curing 
Ovens.  The method for calculating ventilation rate for powder curing ovens 
shall be as follows:  
  (1)  The safety ventilation required for powder curing ovens shall be 
calculated by assuming that 9 percent of the mass of the powder is xylene and 
the remaining mass is inert. 
  (2)  The safety ventilation shall then be determined for xylene in accordance 
with 10.6.1.6.2 and 10.6.1.6.3. 
  10.6.1.7* Batch Process Ovens. 
  10.6.1.7.1*  Published chemical properties shall be used where chemical 
manufacturer’s data are not available.
  10.6.1.7.2* Method for Estimating Rate of Ventilation. Batch ovens shall 
have a minimum safety ventilation rate of that given in either 10.6.1.7.2(A) or 
10.6.1.7.2(B).
  (A)  The safety ventilation rate of batch ovens shall be designed and 
maintained to provide 440 scfm of air per gal (3.29 standard m3/min of air per 
L) of flammable volatiles in each batch.
  (B)  Where the solvent used has a quantity of air necessary to render 1 gal (1 
L) of solvent barely explosive exceeding 2640 ft3 (19.75 m3), safety ventilation 
shall be adjusted in proportion to the ratio of the actual volume of air necessary 
to render 1 gal (1 L) of these solvents barely explosive to 2640 ft3 (19.75 m3).
  CAUTION:  Caution shall be used where applying this method to products 
of low mass that can heat up quickly (such as paper or textiles) or materials 
coated with very highly volatile solvents. Either condition can produce too high 
a peak evaporation rate for this method to be used.
  10.6.1.7.3 Method for Calculating Ventilation Rate.  The minimum safety 
ventilation rate shall be one of the following:
  (1)  440 scfm of air per gal (3.29 standard m3/min of air per L) of solvent 
  (2)  Other than 440 scfm where ventilation is provided, with exhaust fans and 
other devices to prevent average concentration in the oven from exceeding 25 
percent of the LEL 
  (3)  A continuous vapor concentration high limit controller meeting one of the 
following criteria is provided:
     (a)  The controller is arranged to alarm and shut down the oven heating 
system.
     (b)  The controller is arranged to operate additional exhaust fans at a 
predetermined vapor concentration not exceeding 50 percent of the LEL. The 
amount of ventilation air in standard cubic feet (standard cubic meters) that is 
rendered barely flammable by the vapor generated in gallons per hour (liters 
per hour) of solvent in use is determined, and the determined value then is 
multiplied by an empirical factor of 10 and divided by 60 minutes/hour to 
obtain the safety ventilation in standard cubic feet per minute (standard cubic 
meters per minute).
  10.6.1.7.4* Correction Factors.  Volumes of air specified or calculated in 
accordance with 10.6.1.7.2 or 10.6.1.7.3 shall be corrected for operating 
temperature in accordance with 10.6.1.5.1, for altitude in accordance with 
10.6.1.5.3, and for products of combustion in accordance with 10.6.1.6.3. 
  (A)  Batch ovens operating at temperatures from 250°F to 500°F (121°C to 
260°C) shall have the volume increased by a multiplier of 1.4. 
  (B)  Batch ovens operating above 500°F (260°C) shall have the volume of air 
increased by a multiplier determined by test.
  10.6.1.7.5 Method for Calculating Ventilation Rate for Powder Curing Ovens. 
The safety ventilation required for powder curing ovens shall be calculated by 
assuming that 9 percent of the mass of the powder is xylene and the remaining 
mass is inert.
  10.6.1.8 Continuous Vapor Concentration High Limits and Controllers. 
  10.6.1.8.1  Where the safety ventilation rate in the oven has been designed to 
provide vapor concentrations between 25 percent and 50 percent of the LEL, a 
continuous vapor concentration high limit controller shall be provided.
  10.6.1.8.2*  The continuous vapor concentration high limit controller shall 
be capable of detecting and responding to process upset conditions to initiate 
reduction of the vapor concentration before the concentration exceeds 50 
percent of the LEL.
  10.6.1.8.3*  Where an oven having multiple heating zones and at least one 
heating zone operating at or above 25 percent of the LEL, all other heating 
zones shall be equipped with either of the following: 
  (1)  A continuous vapor concentration high limit controller

  10.6.1.4.3  Devices that control the volume of fresh air admitted to, and the 
vapors or gases exhausted from, the oven shall be designed so that when at the 
minimum setting they exceed the volume required for safety ventilation.
  10.6.1.5 Corrections for Temperature and Altitude.
  10.6.1.5.1* Temperature Correction Factor.
  (A)  Temperature correction factors for volume shall be applied because the 
volume of gas varies in direct proportion to its absolute temperature. 
  (B)  Volume correction factors shall be determined in accordance with the 
following relationship or by using Table 10.6.1.5.1(B): 

where:
  t = exhaust temperature
  
  Table 10.6.1.5.1(B)  Temperature–Volume Conversion Table (at Sea Level)
           [Existing 2007 edition]
  10.6.1.5.2* LEL Correction Factor. 
  (A)  The LEL value for continuous process ovens shall be corrected for the 
oven operating temperature in accordance with the following formula or by 
using Table 10.6.1.5.2(A): 

  where:
  t = oven temperature, °F or °C

  Table 10.6.1.5.2(A)  Oven Temperature Correction Factors
         [Existing 2007 edition]
  (B)  For batch process ovens, the temperature multiplier specified in 
10.6.1.7.4 shall be used. 
  10.6.1.5.3 Altitude Correction Factor. 
  (A)*  The altitude correction factors for volume in Table 10.6.1.5.3(A) shall 
be applied, unless otherwise permitted by 10.6.1.5.3(B). 

  Table 10.6.1.5.3(A)  Altitude Correction Factors
    [Existing 2007 edition]
  (B)  Correction factors shall not be required at altitudes lower than 1000 ft 
(305 m) above sea level.
  10.6.1.6* Continuous Process Oven.
  10.6.1.6.1* Rate of Solvent Vapor Ventilation. 
  (A)  The safety ventilation rate of continuous process ovens shall be designed, 
maintained, and operated to do either of the following:  
  (1)  Prevent the vapor concentration in the oven exhaust from exceeding 25 
percent of the LEL 
  (2)  Operate at a safety ventilation rate  lower than that specified in 
10.6.1.6.1(A)(1) where a continuous solvent vapor concentration indicator and 
controller meeting the criteria of 10.6.1.6.1(B) is provided in accordance with 
10.6.2.8
  (B)  Where a continuous solvent vapor indicator and controller is provided, it 
shall be arranged to do either of the following:  
  (1)  Alarm and shut down the oven heating systems 
  (2)  Operate additional exhaust fans at a predetermined vapor concentration 
not exceeding 50 percent of the LEL
  10.6.1.6.2 Method for Determining Solvent Safety Ventilation Rate. 
  (A)*  In continuous process ovens, the rate of safety ventilation air shall 
be either calculated using 10.6.1.6.2(B) or 10.6.1.6.2(C) or estimated using 
10.6.1.6.2(D). The values determined shall be corrected for the exhaust stream 
temperature and altitude to determine the actual flow. 
  (B)  Method A shall be calculated as follows:
  (1)  Determine the cubic feet of vapor per gallon of solvent using the 
following equation: (equation not submitted)

  where:
  1 gal water = 8.328 lb at 70°F, or 1 L water = 0.998 kg at 21°C
  Dry air at 70°F = 0.075 lb/ft3 and 29.9 in. Hg, or 

  Dry air at 21°C = 1200 kg/m3 and 0.76 m Hg
  SpGr = specific gravity of solvent (water = 1.0)
  VD = vapor density of solvent vapor (air = 1.0)
  (2)  Determine the cubic feet of barely explosive mixture per gallon of solvent 
using the following equation:  (equation not submitted)

  where:
  LELT  = lower explosive limit expressed in percent by volume in air, 
corrected for temperature
  (3)  Determine the cubic feet of diluted mixture at 25 percent LEL per gallon 
of solvent evaporated in the process using the following equation: 

  (C)  Method B shall be calculated by determining the cubic feet of vapor per 
gallon of solvent using the following equation:
   or 
  (D)* Method for Estimating Solvent Safety Ventilation Rate. Continuous 
process ovens shall have a rate of safety ventilation for volatile materials of 
12,000 ft3 (340 m3) of fresh air referred to 70°F (21°C) (at sea level) per gallon 
(3.8 liter) of solvent evaporated in the oven, where all the following conditions 
are met:
  (1)  The elevation is below 1000 ft (305 m).
  (2)  The oven operating temperature is at or below 350°F (177°C).
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  10.6.2.5.2  Vessels, controls, and piping that maintain their integrity at the 
maximum/minimum design pressures and temperatures shall be provided.
  10.6.2.5.3  ASME tank relief devices shall be provided and sized, constructed, 
and tested in accordance with ASME Boiler and Pressure Vessel Code, Section 
VIII, Division 1.
  10.6.2.5.4  Bulk storage systems shall be rated and installed to ensure reliable 
and uninterrupted flow of inert gas to the user equipment as necessary.
  10.6.2.5.5  Where inert gases are used as safety purge media, the following 
criteria shall be met:
  (1)  The minimum volume stored is sufficient to purge all connected 
low-oxygen atmosphere ovens with a minimum of five oven volumes (see 
10.6.2.6.1), unless otherwise permitted by 10.6.2.6.2. 
  (2)  The recirculating fans are kept operating during the purge.
  10.6.2.5.6  The stored volume shall be permitted to be reduced, provided that 
both of the following conditions are met
  (2)  The stored volume is sufficient to reduce the concentration in the oven to 
the LEL in air. 
  10.6.2.6 Vaporizers Used for Liquefied Purging Fluids. 
  10.6.2.6.1  Vaporizers utilized to convert cryogenic fluids to the gas state shall 
be ambient air-heated units so that their flow is unaffected by a loss of power, 
unless otherwise permitted by 10.6.2.6.2.
  10.6.2.6.2  Where powered vaporizers are used, one of the following 
conditions shall be met: 
  (1)  The vaporizer has a reserve heating capacity sufficient to continue 
vaporizing at least five oven volumes at the required purge flow rate following 
power interruption.
  (2)  Reserve ambient vaporizers are piped to the source of supply and meet 
the following criteria: 
     (a) The vaporizers are not affected by a freeze-up or flow stoppage of gas 
from the power vaporizer.
     (b) The vaporizers are capable of evaporating at least five oven volumes at 
the required purge flow rate. 
  (3)  Purge gas is available from an alternate source that fulfills the 
requirements of 10.6.2.5.4, 10.6.2.5.5, 10.6.2.6.3, and 10.6.2.6.6.
  10.6.2.6.3  Vaporizers shall be rated by the industrial gas supplier or the 
owner to vaporize at 150 percent of the highest purge gas demand for all 
connected equipment. 
  10.6.2.6.4  Winter temperature extremes in the locale shall be taken into 
consideration by the agency responsible for rating the vaporizers specified in 
10.6.2.6.3.
  10.6.2.6.5  It shall be the user’s responsibility to inform the industrial 
gas supplier of additions to the plant that materially increase the inert gas 
consumption rate, so that vaporizer and storage capacity can be enlarged in 
advance of plant expansion.
  10.6.2.6.6*  The vaporizer shall be protected against flow demands that 
exceed its rate of capacity when such demands can cause closure of a low-
temperature shutoff valve.
  10.6.2.6.7  A temperature indicator shall be installed in the vaporizer effluent 
piping. 
  10.6.2.6.8  An audible or visual low-temperature alarm shall be provided to 
alert oven operators whenever the temperature is in danger of reaching the 
set point of the low-temperature flow shutoff valve so that they can begin 
corrective actions in advance of the flow stoppage. 
  10.6.2.7 Inert Gas Flow Rates. 
  10.6.2.7.1*  Inert gas shall be provided to dilute air infiltration to prevent the 
creation of a flammable gas–air mixture within the oven. 
  10.6.2.7.2  Means shall be provided for metering and controlling the flow rate 
of the inert gas.
  10.6.2.7.3  The flow control shall be accessible and located in an illuminated 
area or illuminated so that an operator can monitor its operation.
  10.6.2.7.4  Where an inert gas flow control unit is equipped with an automatic 
emergency inert purge, a manually operated switch located on the face of the 
unit and a remote switch that activates the purge shall be provided.
  10.6.2.7.5  The pressure of the inert gas system shall be regulated to prevent 
overpressurizing components in the system, such as glass tube flowmeters.
  10.6.2.8 Inert Gas Piping System. 
  10.6.2.8.1  The piping system for inert gas shall be sized to allow the full 
flow of inert gas to all connected ovens at the maximum demand rates.
  10.6.2.8.2  Solders that contain lead shall not be used to join pipes.
  10.6.2.8.3*  Piping that contains cryogenic liquids, or that is installed 
downstream of a cryogenic gas vaporizer, shall be constructed of metals that 
retain strength at cryogenic temperatures. 
  10.6.2.8.4  Piping and piping components shall be in accordance with ASME 
B31.3, Process Piping. 
  10.6.2.9 Safety Equipment and Application. 
  10.6.2.9.1*  The oven shall be analyzed continuously and controlled for 
oxygen content by modulating the addition of inert gas. 
  (A)  The sample point shall be in the condensing system for each zone or 
multiple zones. 
  (B)  The oven shall have a minimum of two analyzers to provide redundancy. 
  10.6.2.9.2  Provision shall be made for power outages by one of the 
following:
  (1)  An emergency standby power generator is provided for emergency 
shutdown during a power failure. 

  (2)  Without a continuous vapor concentration high limit controller where it 
can be demonstrated that a heating zone cannot exceed 25 percent of the LEL 
in the case of an accidental increase in solvent input
  10.6.1.8.4*  Where a continuous vapor concentration controller is used to 
modulate the flow of fresh air or exhaust from an oven or zone, the following 
criteria shall apply:
  (1)  A secondary protection system shall be required to prevent an analyzer 
failure from causing a hazardous condition. 
  (2)  The secondary protection system shall have a separate continuous vapor 
concentration high limit controller for each zone. 
  (3)  Limits on damper travel (set for 50 percent LEL for the highest design 
solvent input) for each zone shall be permitted in lieu of the requirement of 
10.6.1.8.3(2).
  10.6.1.8.5  The continuous vapor concentration controller and the continuous 
vapor concentration high limit controller shall be calibrated for the application 
and solvents used.
  10.6.1.8.6  Where a variety of solvents are used, the solvent to which the 
controller is least sensitive shall be the primary calibration reference.
  10.6.1.8.7  A record of primary and subsequent calibrations shall be 
maintained and reviewed for drift in the controller response.
  10.6.1.8.8  Alarms shall be provided to indicate any sample, flow, circuit, or 
controller power failures. 
  (A)  Activation of an alarm shall initiate action to reduce the solvent 
concentration to a minimum. 
  (B)  The activation of the malfunction alarm shall require operator 
intervention in accordance with 10.6.1.8.10. 
  10.6.1.8.9*  Activation of the continuous vapor concentration high limit 
controller shall alarm and initiate the automatic reduction of the solvent 
concentration to a minimum.
  10.6.1.8.10  When the continuous vapor concentration high limit controller 
alarm (required by 10.6.1.8.9) is activated, the process shall be prevented from 
restarting until the vapor concentration is below the limit level and the operator 
has manually reset the system.
  10.6.1.8.11  Continuous vapor alarms shall be calibrated and maintained in 
accordance with the following:  
  (1)  The sensor and the sample system shall be maintained at a temperature 
that prevents condensation, and sampling lines shall be clean and airtight. 
  (2)  The system shall be secured against unauthorized adjustment. 
  (3)  Maintenance shall be performed in accordance with manufacturer’s 
instructions. 
  (4)  Calibration shall be performed in accordance with manufacturer’s 
instructions and shall be performed at least once per month.
  10.6.2 Low-Oxygen Atmosphere Class A Ovens with Solvent Recovery. 
  10.6.2.1 General.
  10.6.2.1.1  Where low-oxygen atmosphere Class A ovens with solvent 
recovery limiting oxygen concentration, oxygen concentration shall be 
maintained by the addition of inert gas.
  10.6.2.1.2*  The equipment, including fans and web seals, shall be gas-tight 
in order to avoid admission of air.
  10.6.2.2*  An oxygen analyzer and controller shall be installed to limit 
oxygen concentration to below the value where no mixture is flammable 
(limiting oxidant concentration) by increasing the flow of inert gas or reducing 
flammables into the oven.
  10.6.2.2.1  During start-up and shutdown, sufficient inert gas flow shall be 
provided to be outside the flammable region.
  10.6.2.2.2*  Solvent shall be recovered and sent to a solvent storage system.
  10.6.2.3 Oven Design.  The oven shall be designed to accommodate the 
performance of the following procedures for system operation: 
  (1)  Operational procedures to avoid solvent flammable region at all times
  (2)  Starting and purging of the oven with inert gas to lower the oxygen 
content to a predetermined level
  (3)  Heating of the recirculating oven atmosphere to the required process 
temperature
  (4)  Introduction of the workload into the oven enclosure
  (5)  Continuous operation
  (6)  Shutdown procedures to avoid the flammable region of the solvent
  (7)  Emergency shutdown procedures 
  10.6.2.4 Oven Construction and Location.  The following requirements shall 
be met: 
  (1)  Explosion relief shall not be required for low-oxygen atmosphere Class A 
ovens with solvent recovery. 
  (2)  The oven enclosure and any ductwork to and from the enclosure shall be 
gas-tight, and access doors shall meet the following criteria: 
     (a)  They shall be gasketed to minimize leakage. 
     (b)  They shall be designed to prevent opening during operation.
  (3)*  The oven and oven end openings shall be designed to minimize the 
entrance of air and the exit of solvent vapors.
  (4)  The oven atmosphere circulation system shall be designed to provide 
sufficient flow throughout the entire oven and ductwork system to minimize 
condensation of the flammable solvent.
  10.6.2.5* Inert Gas Generation and Storage Systems.  The oven system shall 
have an inert gas supply for oxygen control and purging. 
  10.6.2.5.1  Inert gas for reduction and control of oxygen within the oven 
enclosure and associated equipment shall be nitrogen, carbon dioxide, or other 
inert gas.
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10.1.5.2* 10.1.6.1* Rate of Solvent Vapor Ventilation. 
(A) The safety ventilation rate of continuous process ovens shall be 
designed, maintained, and operated to do either of the following:
  (1)  Prevent the vapor concentration in the oven exhaust from exceeding 25 

percent of the LEL
  (2)  Operate at a safety ventilation rate lower than that specified in 

10.1.5.2(A)(1) 10.1.6.1(A)(1) where a continuous solvent vapor 
concentration indicator and controller meeting the criteria of 
10.1.5.2(B) 10.1.6.1(B) is provided in accordance with 10.1.8 
10.2.8(B) Where a continuous solvent vapor indicator and controller 
is provided, it shall be arranged to do either of the following:

  (1)  Alarm and shut down the oven heating systems
  (2)  Operate additional exhaust fans at a predetermined vapor concentration 

not exceeding 50 percent of the LEL
10.1.5.3 10.1.6.2 Method for Determining Solvent Safety Ventilation 
Rate. 
(A)* In continuous process ovens, the rate of safety ventilation air shall be 
either calculated using 10.1.5.3(B) 10.1.6.2(B) or 10.1.5.3(C) 10.1.6.2(C) 
or estimated using 10.1.5.3(D) 10.1.6.2(D) The values determined shall be 
corrected for the exhaust stream temperature and altitude to determine the 
actual flow. 
(B) Method A shall be calculated as follows:
  (1)  Determine the cubic feet of vapor per gallon of solvent using the 

following equation:
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where: 
1 gal water = 8.328 lb at 70°F, or 1 L water = 0.998 kg at 21°C 
Dry air at 70°F = 0.075 lb/ft3 and 29.9 in. Hg, or  

Dry air at 21°C = 1200 kg/m3 and 0.76 m Hg 
SpGr = specific gravity of solvent (water = 1.0) 
VD = vapor density of solvent vapor (air = 1.0) 

  (2)  Determine the cubic feet of barely explosive mixture per gallon of 
solvent using the following equation:
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  (2)  Alternate safety shutdown procedures for power failure are employed.
  10.6.2.9.3*  Provisions shall be made to restrict entry into the oven where the 
atmosphere could be hazardous to human health.
  10.6.2.10 Inert Gas Introduction and Starting the Production Line. 
  10.6.2.10.1  The following procedures shall be accomplished for inert gas 
introduction and starting the production line: 
  (1)  Verify that all personnel are out of the oven enclosure, all guards are in 
place, and all doors are closed.
  (2)  Verify that the volume of inert gas is in storage and that the inert 
gas supply and solvent recovery systems are operational and ready to start 
production.
  (3)  The solvent recovery system interfaced with the oven is operational and 
prepared to receive solvent-laden gas prior to starting production.
  (4)  The recirculation fans are started in the oven enclosure prior to 
introduction of inert gas to ensure that effective oxygen purging occurs once 
inert gas enters the enclosure.
  (5)*  The oven enclosure is purged with inert gas until the enclosure 
oxygen concentration is three percentage points below the limiting oxidant 
concentration (LOC) that is able to support combustion of the solvents used. 
  (6)  The recirculating oven gas is heated to the required operating 
temperature.
  10.6.2.11* Production Running.
  10.6.2.11.1  The oven enclosure oxygen concentration shall be maintained 
at least three percentage points below the LOC of the solvent during normal 
operation. 
  10.6.2.11.2  If it is not possible to maintain the oxygen concentration at least 
one percentage point below the LOC, the emergency purge shall be activated 
and the solvent input shall be stopped.
  10.6.2.11.3  If the oven temperature is not above the solvent dew point, the 
oven shall be purged and shut down, and corrective action shall be taken.
  10.6.2.12 Oven Shutdown and Entry.  When an oven is shut down, and it is 
necessary to enter, the following steps shall be taken:
  (1)*  Flow to and from the solvent recovery system shall be continued, and 
the system shall be purged with inert gas until the solvent vapor concentration 
in the oven enclosure is no greater than the solvent concentration at the LOC.
  (2)  Flow to and from the solvent recovery system shall be discontinued, and 
oven heaters shall be de-energized. 
  (3)  Air shall be introduced into the oven enclosure until the oxygen level 
reaches a minimum of 19.5 percent.
  10.6.2.13 Emergency Procedures. 
  10.6.2.13.1  In the event of electrical power failure, the equipment or 
procedures required by 10.2.13.2 shall be operated.
  10.6.2.13.2  The oven shall shut down automatically when the emergency 
purge cycle is initiated.
  10.6.2.13.3  The oxygen analyzer that initiates the emergency purge cycle 
shall be hard-wired to bypass all other process control instrumentation. 
  10.6.2.13.4  The oven enclosure shall have a vent line that does the following: 
  (1)  Opens automatically when the emergency purge cycle is initiated in order 
to avoid pressurizing the oven enclosure 
  (2)  Discharges to an approved location away from building makeup air and 
ignition sources 
Substantiation: Restructure Chapter 10 to be consistent with other furnace 
class chapters. 
Committee Meeting Action: Accept 
Committee Statement: The proposal is accepted, and changes made in other 
proposals further modify the action taken on this proposal. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-76 Log #80  Final Action: Accept in Principle 
(10.1.5 through 10.1.7) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Revise text to read as follows:
10.1.4.3 Devices that control the volume of fresh air admitted to, and the 
vapors or gases exhausted from, the oven shall be designed so that when at the 
minimum setting they exceed the volume required for safety ventilation.
[Insert new text after 10.1.4.3 as shown below]

10.1.5* 10.1.6* Continuous Process Oven.
10.1.5.1* 10.1.5.2* LEL Correction Factor. 
(A) The LEL value for continuous process ovens shall be corrected for the 
oven operating temperature in accordance with the following formula or by 
using Table 10.1.5.1 10.1.5.2(A)
LELt = LEL77°F [1 – 0.000436 (t°F - 77°F)] or

LELt = LEL25°C [1 – 0.000784 (t° - 25°C)]
 

where:
t = oven temperature, °F or °C 

Table 10.1.5.2(A) Oven Temperature Correction Factors
Table 10.1.5.1 Oven Temperature Correction Factors

Oven Temperature
°F °C LEL Correction Factor

 77  25 1.00
212 100 0.94
300 149 0.90
400 204 0.86
500 260 0.81
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combustion system (within or remote from the oven chamber) is 
used shall include the volume of combustion products from burners. 

  (2)  The value used for the products of combustion shall be 183 scfm (5.18 
standard m3/min) per 1,000,000 Btu/hr (293.1 kW) burner rating. 

  (3)  The products of combustion shall be adjusted for oven operating 
temperature and altitude. 

  (4)  The adjusted value shall be added to the value determined from 
10.1.5.3 10.1.6.2.

10.1.5.5* 10.1.6.4*Method for Calculating Ventilation Rate for Powder 
Curing Ovens. The method for calculating ventilation rate for continuous 
powder curing ovens shall be as follows:
  (1)  The safety ventilation required for powder curing ovens shall be 

calculated by assuming that 9 percent of the mass of the powder 
is xylene and the remaining mass is inert.7

  (2)  The safety ventilation shall then be determined for xylene in 
accordance with 10.1.5.3 10.1.6.2 and 10.1.5.4 10.1.6.3. 

10.1.5 Corrections for Temperature and Altitude.
10.1.5.6* 10.1.5.1* Temperature Correction Factor.
(A) Temperature correction factors for volume shall be applied because the 
volume of gas varies in direct proportion to its absolute temperature. 
(B) Volume correction factors shall be determined in accordance with the 
following relationship or by using Table 10.1.6.5(B) 10.1.5.1(B)

t° °
° °

=F + 460 F
70 F + 460 F

correction factor (U.S. customary uunits)

t° °
° °

=C + 273 C
21 C + 273 C

 correction factor (SI units)

where: 
t = exhaust temperature

10.1.5.7 10.1.5.3 Altitude Correction Factor. 
(A)*The altitude correction factors for volume in Table 10.1.5.7(A) 
10.1.5.3(A) shall be applied, unless otherwise permitted by 10.1.5.7(B) 
10.1.5.3(B)

where: 
LELT = lower explosive limit expressed in percent by volume in air, 
corrected for temperature 

  (3)  Determine the cubic feet of diluted mixture at 25 percent LEL per 
gallon of solvent evaporated in the process using the following 
equation

 ft  diluted mixture @ 25% 
gal solvent evaporated
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(C) Method B shall be calculated by determining the cubic feet of vapor per 
gallon of solvent using the following equation:
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(D)* Method for Estimating Solvent Safety Ventilation Rate. Continuous 
process ovens shall have a rate of safety ventilation for volatile materials 
of 12,000 ft3 (340 m3) of fresh air referred to 70°F (21°C) (at sea level) per 
gallon (3.8 liter) of solvent evaporated in the oven, where all the following 
conditions are met:
  (1)  The elevation is below 1000 ft (305 m).
  (2)  The oven operating temperature is at or below 350°F (177°C).
  (3)  The volume of air rendered barely flammable for the solvent used is 

less than 2640 standard ft3/gal (19.75 standard m3/L). 
  (4)  The rate of safety ventilation is corrected for the temperature of the 

exhaust stream exiting the oven.

10.1.5.4 10.1.6.3 Method for Calculating Ventilation Rate for Products 
of Combustion. The method for calculating ventilation rate for products of 
combustion shall be as follows:
  (1)  The minimum oven exhaust volume for safety ventilation in continuous 

process ovens, including powder coating ovens, where a direct-fired 

Table 10.1.5.1(B) Temperature Volume Conversion Table (at Sea Level)
Table 10.1.5.7(B) Temperature Volume Conversion Table (at Sea Level)

Temperature Temperature Temperature
°F °C Factor °F °C Factor °F °C Factor
70 21 1 300 149 1.43 950 510 2.66

100 38 1.06 350 177 1.53 1000 538 2.75
110 43 1.075 400 204 1.62 1050 566 2.85
120 49 1.09 450 232 1.72 1100 593 2.94
130 54 1.11 500 260 1.81 1150 621 3.04
140 60 1.13 550 288 1.90 1200 649 3.13
150 66 1.15 600 316 2.00 1250 677 3.23
175 79 1.20 650 343 2.09 1300 704 3.32
200 93 1.24 700 371 2.19 1350 732 3.42
225 107 1.29 750 399 2.28 1400 760 3.51
250 121 1.34 850 454 2.47
275 135 1.38 900 482 2.57

Table 10.1.5.3(A) Altitude Correction Factors
Table 10.1.5.7(A) Altitude Correction Factors

Altitude
ft m Correction Factor

0 0 1.00
1,000 305 1.04
2,000 610 1.08
3,000 915 1.12
4,000 1,220 1.16
5,000 1,524 1.20
6,000 1,829 1.25
7,000 2,134 1.30
8,000 2,438 1.35
9,000 2,743 1.40

10,000 3,048 1.45
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10.1.7.3 shall be corrected for the affect of temperature on LEL. operating 
temperature in accordance with 10.1.5.1, for altitude in accordance with 
10.1.5.3 and for products of combustion in accordance with 10.1.6.3
(A) Batch ovens operating at temperatures from 250°F to 500°F (121°C to 
260°C) shall have the volume increased by a multiplier of 1.4.
(B) Batch ovens operating above 500°F (260°C) shall have the volume of air 
increased by a multiplier determined by test.

10.1.6.6 10.1.7.5 Method for Calculating Ventilation Rate for Powder 
Curing Ovens. The safety ventilation required for batch powder curing 
ovens shall be calculated by assuming that 9 percent of the mass of the 
powder is xylene and the remaining mass is inert.

 [Renumber remaining text as needed beginning with 10.1.7]
10.1.7 Continuous Vapor Concentration High Limits and Controllers.

Renumbering of Annex References
A.10.1.5*A.10.1.6*
A.10.1.5.1* A.10.1.5.2*
A.10.1.5.2* A.10.1.6.1*
A.10.1.5.3(A) A.10.1.6.2(A)
A.10.1.5.3(D) A.10.1.6.2(D)
A.10.1.5.5* A.10.6.4*
A.10.1.5.6*A.10.1.5.1*
A.10.1.5.7(A) A.10.1.5.3(A) 
A.10.1.6* A.10.1.7*
A.10.1.6.1*A.10.1.7.1*
A.10.1.6.2* A.10.1.7.2*
A.10.1.6.5* A.10.1.7.4*
A.10.1.6.6*A.10.1.7.4*

Substantiation: The current text has requirements listed in a fashion that is 
not sequential when performing calculations to determine the minimum safety 
ventilation requirements for continuous and batch ovens. The result of the 
existing language structure is to encourage errors by practitioners resulting in 
the calculation of inadequate and unsafe ventilation rates.  
   The proposed changes provide a more logical and rigorous approach, 
without altering the intent or letter of the language, which will minimize 
errors in interpretation, application and enforcement. The excel tables below 
summarize the existing structure and proposed changes in an easy to view 
format.

(See Table on Page 37 and 38.) 

(B) Correction factors shall not be required at altitudes lower than 1000 ft 
(305 m) above sea level.

10.1.6*10.1.7*Batch Process Ovens. 

10.1.6.1* 10.1.7.1*Published chemical properties shall be used where 
chemical manufacturer’s data are not available.

10.1.6.2* 10.1.7.2*Method for Estimating Rate of Ventilation. Batch 
ovens shall have a minimum safety ventilation rate of that given in either 
10.1.6.2(A)10.1.7.2(A)or 10.1.6.2(B) 10.1.7.2(B) 
(A) The safety ventilation rate of batch ovens shall be designed and 
maintained to provide 440 scfm of air per gal (3.29 standard m3/min of air 
per L) of flammable volatiles in each batch.
(B) Where the solvent used has a quantity of air necessary to render 1 gal 
(1 L) of solvent barely explosive exceeding 2640 ft3 (19.75 m3), safety 
ventilation shall be adjusted in proportion to the ratio of the actual volume of 
air necessary to render 1 gal (1 L) of these solvents barely explosive to 2640 
ft3 (19.75 m3).

CAUTION:  Caution shall be used where 
applying this method to products of low 
mass that can heat up quickly (such as paper 
or textiles) or materials coated with very 
highly volatile solvents. Either condition can 
produce too high a peak evaporation rate for 
this method to be used.

10.1.6.3 10.1.7.3 Method for Calculating Ventilation Rate. The minimum 
safety ventilation rate shall be one of the following:
  (1)  440 scfm of air per gal (3.29 standard m3/min of air per L) of solvent 
  (2)  Other than 440 scfm where ventilation is provided, with exhaust fans 

and other devices to prevent average concentration in the oven from 
exceeding 25 percent of the LEL 

  (3)  A continuous vapor concentration high limit controller meeting one of 
the following criteria is provided:

             (a)  The controller is arranged to alarm and shut down the oven 
heating system.
            (b)  The controller is arranged to operate additional exhaust fans at 
a predetermined vapor concentration not exceeding 50 percent of the LEL. 
The amount of ventilation air in standard cubic feet (standard cubic meters) 
that is rendered barely flammable by the vapor generated in gallons per hour 
(liters per hour) of solvent in use is determined, and the determined value then 
is multiplied by an empirical factor of 10 and divided by 60 minutes/hour to 
obtain the safety ventilation in standard cubic feet per minute (standard cubic 
meters per minute).

10.1.6.4 10.1.6.3 Method for Calculating Ventilation Rate for Products 
of Combustion. The method for calculating ventilation rate for products of 
combustion shall be as follows:
  (1)  The minimum oven exhaust volume for safety ventilation in batch 

continuous process ovens, including powder coating ovens, where 
a direct-fired combustion system (within or remote from the oven 
chamber) is used shall include the volume of combustion products 
from burners.

  (2)  The value used for the products of combustion shall be 183 scfm (5.18 
standard m3/min) per 1,000,000 Btu/hr (293.1 kW) burner rating.  

  (3)  The products of combustion shall be adjusted for oven operating 
temperature and altitude. 

  (4)  The adjusted value shall be added to the value determined from 
10.1.6.2 or 10.1.6.3 10.1.6.2

10.1.6.5* 10.1.7.4* Correction Factors. Volumes of air specified or 
calculated in accordance with 10.1.6.2 through 10.1.6.4 10.1.7.2 or 10.1.7.3 
shall be corrected for operating temperature in accordance with 10.1.65.6 
10.1.5.1 and for altitude in accordance with 10.1.5.7 10.1.5.3, and for 
products of combustion in accordance with 10.1.6.3.
(A) Batch ovens operating at temperatures from 250°F to 500°F (121°C to 
260°C) shall have the volume increased by a multiplier of 1.4. 
(B) Batch ovens operating above 500°F (260°C) shall have the volume of air 
increased by a multiplier determined by test. 

10.1.6.6* 10.1.7.4* Correction Factors. Volumes of air specified or 
calculated in accordance with 10.1.6.2 through 10.1.6.4  10.1.7.2  or 
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10.1.2.2 Electrical interlocks obtained through interconnection with a motor 
starter shall be provided for exhaust and recirculation fans. 
10.1.2.3 Conveyors or sources of flammable or combustible material shall 
be interlocked to shut down upon the occurrence of excess temperature or if 
either the exhaust or recirculation system fails. 
10.1.3 Heat Recovery and Pollution Control Devices. 
10.1.3.1* If the installation of heat recovery devices and pollution control 
devices reduces the combustion airflow or exhaust flow below that required 
for purge or safety ventilation, the purge flow rate or purge time shall be 
increased to compensate for the reduction.  
10.1.3.2 Heat recovery devices and pollution control devices shall be 
designed and maintained to prevent reduction or loss of safety ventilation 
due to such factors as the condensation of flammable volatiles and foreign 
materials. 
10.1.3.3 Heat recovery devices and pollution control devices shall be 
designed to minimize fire hazards due to the presence of combustible 
products or residue. 
10.1.4 Fresh Air Supply and Exhaust. 
10.1.4.1 Ovens in which flammable vapors are being produced or are 
combined with the products of combustion shall be exhausted. 
10.1.4.2 All ovens shall have the exhaust fan motor starter and airflow 
switch interlocked to prevent operation of the heating units unless the 
exhaust fans are running. 
10.1.4.3 Devices that control the volume of fresh air admitted to, and the 
vapors or gases exhausted from, the oven shall be designed so that when at 
the minimum setting they exceed the volume required for safety ventilation. 
10.1.5* Determination and Calculation of Required Safety Ventilation 
Corrections for Temperature and Altitude.  

Insert A.10.1.5.  The process of determining the minimum safety 
ventilation for continuous and batch ovens is shown in Figures A.10.1.5 
(a) and A.10.1.5 (b) 

(See  Figure A.10.1.5 (a), Calculation of Required Safety Ventilation for 
Continuous Process Ovens on Page 40.)

(See Figure A.10.1.5 (b), Calculation of Required Safety Ventilation for 
Batch Process Ovens on Page 41.)

10.1.5.1 The following correction factors shall be determined and reserved 
for use in the subsequent calculations to determine the minimum required 
safety ventilation.
10.1.5.1.1* Temperature Correction Factor. 
(A) Temperature correction factors for volume shall be applied because the 
volume of gas varies in direct proportion to its absolute temperature.  
(B) Volume correction factors shall be determined in accordance with the 
following relationship or by using Table 10.1.5.1(B): 

where: 
t = exhaust temperature 

Table 10.1.5.1(B) Temperature-Volume Conversion Table (at Sea Level)
Temperature Temperature Temperature
°F °C Factor °F °C Factor °F °C Factor
70 21 1 300 149 1.43 950 510 2.66
100 38 1.06 350 177 1.53 1000 538 2.75
110 43 1.075 400 204 1.62 1050 566 2.85
120 49 1.09 450 232 1.72 1100 593 2.94
130 54 1.11 500 260 1.81 1150 621 3.04
140 60 1.13 550 288 1.90 1200 649 3.13
150 66 1.15 600 316 2.00 1250 677 3.23
175 79 1.20 560 343 2.09 1300 704 3.32
200 93 1.24 700 371 2.19 1350 732 3.42
225 107 1.29 750 399 2.28 1400 760 3.51
250 121 1.34 850 454 2.47
275 135 1.38 900 482 2.57

 

Committee Meeting Action: Accept in Principle 
   Revise the 10.1.5 through 10.1.7 to read: 
   10.1 Safety Ventilation for Class A Ovens.

10.1.1 General Safety Ventilation Requirements. 
10.1.1.1 Air circulation shall be used to minimize the volume of flammable 
concentration regions that are present at the point of evaporation within the 
oven. 
10.1.1.2 Combustible solids or substrate material shall not require safety 
ventilation unless flammable constituents are evolved in the process of 
heating.  
10.1.1.3 The determination of safety ventilation shall be based on all of the 
following:
(1)  Volume of products of combustion entering the oven heating chamber

   (2)  Weight or volume of flammable or combustible constituents released 
during the heating process, based on maximum loading 

    (3)  Solvent that requires the greatest amount of ventilation air per gallon 
(liter) when a combination of solvents is used 

    (4)  Design of the oven heating and ventilation system with regard to all of 
the following:

(a)  Materials to be processed 
(b)  Temperature to which processed materials are raised 
(c)  Method of heating with regard to direct or indirect venting 

of combustion products vs. alternate use of steam or 
electrical energy 

(d)  General design of the oven with regard to continuous or 
batch-type operation 

(e)  Type of fuel and chemicals to be used and any by-products 
generated in the heating chamber 

10.1.1.3.1* 10.1.7.1* Published chemical properties shall be used where 
chemical manufacturer’s data are not available. 
Renumber A.10.1.7.1 to A.10.1.1.3.1
10.1.1.4 On completion of an oven installation, airflow tests shall be 
conducted on the ventilation systems under the oven operating conditions, 
with flow control devices at their minimum setting. 
10.1.1.5 The airflow tests required by 10.1.1.4 shall be repeated when 
the flammable or combustible vapor loadings are increased or when 
modifications are made to the ventilation system. 
10.1.1.6 Safety ventilation shall be maintained until all flammable vapors 
are removed or have been released from the oven and other associated 
equipment. 
10.1.1.7 Class A ovens shall be mechanically ventilated. 
10.1.1.8* If reduction of safety ventilation by accumulation of deposits 
is possible for the oven’s intended use, the fan design shall be selected to 
prevent this accumulation. 
10.1.1.9 Class A ovens shall be ventilated directly to outdoor atmosphere or 
indirectly to outdoor atmosphere through a fume incinerator in accordance 
with Chapter 9  or through other approved volatile organic compound (VOC) 
or particulate pollution control devices.  
10.1.1.10 Exhaust duct openings shall be located in the areas of greatest 
concentration of vapors within the oven enclosure.  
10.1.1.11* A single fan shall not be used for both recirculation and exhaust. 
10.1.1.12 Where used, multiple exhaust fans, manifolded together, shall be 
designed so that the operation of one or more exhaust fans does not result in 
backflow to an idle oven or reduced exhaust flow due to increased manifold 
pressure. 
10.1.1.13 Ovens in which the temperature is controlled by varying airflow 
shall be designed so that the air required for safety ventilation is maintained 
during all operating conditions. 
10.1.1.14 A separate exhaust system shall be used for exhausting the 
products of combustion from indirect-fired heating systems or indirect-fired 
internal heating systems, unless otherwise permitted by 10.1.1.15. 
10.1.1.15 All indirect fired ovens shall be equipped with one of the 
following: 
(1) Separate exhaust systems for removing the products of combustion and 

the process stream 
(2) A single exhaust system for removing both the products of combustion 

and the process stream, when the temperature of the products 
of combustion is reduced by the addition of fresh air to a point 
where it is insufficient to cause ignition of any combustible fumes 
in the oven exhaust system and with approval from the AHJ 

10.1.1.16* Air supplied into the oven shall be circulated to produce a 
uniform distribution and movement in all parts of the oven and through the 
work in process. 
10.1.2 Interlocks. 
10.1.2.1 Interlocks for exhaust and recirculation fans shall be installed in 
accordance with Sections 8.5 and 8.6. 

t° °
° °
F + 460 F 

70 F + 460 F
 = correction factor (U.S. customarry units) or

t° °
° °
C + 273 C

21 C + 273 C
 = correction factor (SI units)
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10.1.5
Calculation Methods

Is oven 
used for powder 

curing?

10.1.5.1
Corrections for 

Temperature and Altitude

10.1.5.2.1
Calculate ventilation rate

for products of combustion

10.1.5.4.5
Add corrected safety ventilation rate for product of 
combustion to the value calculated in 10.1.5.4.4

10.1.5.2.2
Apply correction values from 10.1.5.1 to ventilation 

rate calculated in 10.1.5.2.1

10.1.5.1.1
Temperature 

Correction Factor

Save temperature 
correction factor 

for later use

LEGEND: Process Stored data Decision

10.1.5.1.2
Altitude 

Correction Factor

10.1.5.4
Continuous Process 

Ovens

10.1.5.4.1
Rate of Solvent Vapor 

Ventilation

10.1.5.4.3.1
Method for Calculating Solvent 

Safety Ventilation Rate

10.1.5.4.3.2
Method for Estimating Solvent 

Safety Ventilation Rate

10.1.5.4.3.1(A)
Method for Calculating 

Solvent Safety Ventilation 
Rate — Method A

10.1.5.4.3.1(B)
Method for Calculating 

Solvent Safety Ventilation 
Rate — Method B 10.1.5.4.4

Apply correction values from 10.1.5.1 
to safety ventilation rate calculated in 
10.1.5.4.3.1(A), 10.1.5.4.3.1(B), or 

10.1.5.4.3.2

10.1.5.4.2
LFL Corrected for 

Temperature

10.1.5.5
Batch Process Ovens

[see Figure A.10.1.5(b).]

Use value calculated 
in 10.1.5.4.4

Save altitude 
correction factor 

for later use

10.1.5.3
Powder Curing 

Ovens

10.1.5.3.1
9% of the mass 

is xylene

10.1.5.3.2
Use value in oven 

calculations

10.1.5.2
Is oven 

direct-fired?

10.1.5.4.3
Chose method

Chose method

Type of ovenContinuous process

Yes

No

Yes

No

Batch process

Figure A.10.1.5(a) Calculation of Required Safety Ventilation for Continuous Process Ovens
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Ventilation
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[see Figure A.10.1.5(a).]
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Figure A.10.1.5(b) Calculation of Required Safety Ventilation for Batch Process Ovens
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Renumber A.10.1.6.4 to A.10.1.5.3

10.1.5.46* Continuous Process Oven. 
10.1.5.46.1* Rate of Solvent Vapor Ventilation.  
(A) The safety ventilation rate of continuous process ovens shall be 
designed, maintained, and operated to do either of the following: 
(1)  Prevent the vapor concentration in the oven exhaust from exceeding 25 

percent of the LEL  
(2)  Operate at a safety ventilation rate  lower than that specified in 

10.1.6.1(A)(1) where a continuous solvent vapor concentration 
indicator and controller meeting the criteria of 10.1.6.1(B) is 
provided in accordance with 10.2.8 

(B) Where a continuous solvent vapor indicator and controller is provided, it 
shall be arranged to do either of the following: 
(1)      Alarm and shut down the oven heating systems  
(2)      Operate additional exhaust fans at a predetermined vapor 

concentration not exceeding 50 percent of the LEL 
10.1.5.4.2* LEL Correction Factor.  
(A) The LEL value for continuous process ovens shall be corrected for the 
oven operating temperature in accordance with the following formula or by 
using Table 10.1.5.2(A): 

Table 10.1.5.4.2 (formerly 10.1.5.2(A))

10.1.4.36.2 Methods for Determining Solvent Safety Ventilation Rate.  
In continuous process ovens, the rate of safety ventilation air shall be 
either calculated using 10.1.5.4.3.1(A), 10.1.5.4.3.1(B) or estimated using 
10.1.5.4.3.2.
  (A)*In continuous process ovens, the rate of safety ventilation aire shall be 
either calculated using 10.1.5.4.3.1(A), 10.1.5.4.3.1(B) or estimated using 
10.1.6.2(D).  The values determined shall be corrected for the exhaust stream 
temperature and altitude to determine the actual flow. 
10.1.5.4.3.1 (AB) Method A shall be calculated as follows: 
(1)  Determine the cubic feet of vapor per gallon of solvent using the 

following equation: 

EQUATION (from 10.1.6.2(B)(1))

 (2)  Determine the cubic feet of barely explosive mixture per gallon of 
solvent using the following equation: 

10.1.5.2*LEL correction Factor.

(A)  The LEL value for continuous process ovens shall be corrected for the 
oven operating temperature in accordance with the following formula or by 
using Table 10.1.5.2(A):

where:
  t = oven temperature, oF or oC

Table 10.1.5.2(A) Oven Temperature 
Correction Factors

Oven Temperature
°F °C LEL Correction 

Factor
77 25 100
212 100 0.94
300 149 0.90
400 204 0.86
500 260 0.81

(B)  For batch process ovens, the temperature multiplier specified in 10.1.7.4 
shall be used.
10.1.5.3.1.2 Altitude Correction Factor.  
(A)* The altitude correction factors for volume in Table 10.1.5.3(A) shall be 
applied, unless otherwise permitted by 10.1.5.3(B).  

Table 10.1.5.3(A) Altitude Correction Factors
Altitude

ft m Correction 
Factor

0 0 1.00
1,000 305 1.04
2,000 610 1.08
3,000 915 1.12
4,000 1,220 1.16
5,000 1,524 1.20
6,000 1,829 1.25
7,000 2,134 1.30
8,000 2,438 1.35
9,000 2,743 1.40

10,000 3,048 1.45

(B) Correction factors shall not be required at altitudes lower than 1000 ft 
(305 m) above sea level.

10.1.5.26.3 Ventilation shall be added to ensure the removal of products 
of combustion in direct fired process ovens.
10.1.5.2.1 Method for Calculating Ventilation Rate for Products of 
Combustion. The method for calculating ventilation rate for products of 
combustion shall be as follows: 
(1)      The minimum oven exhaust volume for safety ventilation in 

continuous process ovens, including powder coating ovens, where 
a direct-fired combustion system (within or remote from the oven 
chamber) is used shall include the volume of combustion products 
from burners.  

(2)      The value used for the products of combustion shall be 183 scfm 
(5.18 standard m3/min) per 1,000,000 Btu/hr (293.1 kW) burner 
rating.  

(3)      The products of combustion shall be adjusted for oven operating 
temperature and altitude.  

(4)      The adjusted value shall be added to the value determined from 
10.1.6.2. 

10.1.5.2.2 The products of combustion ventilation value determined in 
10.1.5.2.1 shall be corrected for the exhaust stream temperature and altitude 
to determine the actual flow.
(1) Apply Temperature Correction Factor from 10.1.5.1.1
(2) Apply Altitude Correction Factor from 10.1.5.1.2

10.1.5.3* Method for Calculating Ventilation Rate for Powder Curing 
Ovens. The method for calculating ventilation rate for powder curing ovens 
shall be as follows: 
(1)      The safety ventilation required for powder curing ovens shall be 

calculated by assuming that 9 percent of the mass of the powder 
is xylene and the remaining mass is inert.  

(2)      The safety ventilation shall then be determined for xylene in 
accordance with 10.1.5.4 for continuous process ovens and 
10.1.5.5 for batch process ovens.

LEL  = LEL  1 - 0.000436 F - 77 F  or

LEL  LEL
77 F

25

t

t

t° ° °( ) 
= °° ° °( ) C  1-0.000784 C - 25 Ct

Table 10.1.5.2(A) 10.1.5.4.2 Oven Temperature 
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400 204 0.86
500 260 0.81
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10.1.5.5.1* The rate of solvent vapor ventilation (safety ventilation) shall 
be calculated and provided to ensure that the maximum solvent  vapor 
concentration cannot exceed 25 percent of the LEL during operation.
A.10.1.5.5.1 There are numerous factors to consider including the initial 
solvent load when the batch oven is charged the initial and operating 
temperatures over time, the ventilation rate, the affect of temperature on the 
solvent LEL and altitude.  The calculation and estimation methods provided 
in this standard have been found by empirical test data and successful 
operation over time to prevent concentrations over LEL.  No calculation 
method can account for un-predicted upset conditions or improper operation.
10.1.5.5.2 Ventilation LEL Correction Factor.  
A ventilation correction factor shall be determined to adjust for the impact of 
temperature on the LEL value for batch process ovens as follows:
(A) Batch ovens operating at temperatures from 250°F to 500°F (121°C to 
260°C) shall have the volume increased by a multiplier of 1.4.  
(B) Batch ovens operating above 500°F (260°C) shall have the volume of air 
increased by a multiplier determined by test. 
10.1.5.5.3 Methods for Determining Solvent Safety Ventilation Rate.  
In batch process ovens, the rate of safety ventilation air shall be either 
calculated using 10.1.5.5.3.1 or estimated using  10.1.5.5.3.2 
10.1.7.2* Method for Estimating Rate of Ventilation.  Batch ovens shall 
have a minimum safety ventilation rate of that given in either 10.1.7.2(A) or 
10.1.7.2(B).
  (A)  The safety ventilation rate of batch ovens shall be designed and 
maintained to provide 440 scfm of air per gal (3.29 standard m3/min of air 
per L) of flammable volatiles in each batch.
  (B)  Where the solvent used has a quantity of air necessary to render 1 
gal (1 L) of solvent barely explosive exceeding 2640 ft3 (19.75 m3), safety 
ventialtion shall be adjusted in proportion to the ratio of the actual velume of 
air necessary to render 1 gal (1 L) of these solvents barely explosive to 2640 
ft3 (19.75 m3).
  CAUTION:  Caution shall be used where applying this method to products 
of low mass that can heat up quickly (such as paper or textiles) or materials 
coated with very highly volatile solvents.
  Either condition can produce too high a peak evaporation rate for this 
method to be used.
10.1.5.5.3.17.3 Method for Calculating Ventilation Rate. The minimum 
safety ventilation rate shall be one of the following: 
(1)  440 scfm of air per gal (3.29 standard m3/min of air per L) of solvent  
(2)  Other than 440 scfm where ventilation is provided, with exhaust fans 

and other devices to prevent average concentration in the oven 
from exceeding 25 percent of the LEL  

(3)  A continuous vapor concentration high limit controller meeting one of 
the following criteria is provided:   
(a)  The controller is arranged to alarm and shut down the oven 

heating system. 
(b)  The controller is arranged to operate additional exhaust fans 

at a predetermined vapor concentration not exceeding 
50 percent of the LEL. The amount of ventilation air 
in standard cubic feet (standard cubic meters) that is 
rendered barely flammable by the vapor generated in 
gallons per hour (liters per hour) of solvent in use is 
determined, and the determined value then is multiplied 
by an empirical factor of 10 and divided by 60 minutes/
hour to obtain the safety ventilation in standard cubic feet 
per minute (standard cubic meters per minute). 

10.1.5.5.3.2* Method for Estimating Rate of Ventilation. Batch ovens shall 
have a minimum safety ventilation rate of that given in either (A) or (B).  
(A) The safety ventilation rate of batch ovens shall be designed and 
maintained to provide 440 scfm of air per gal (3.29 standard m3/min of air 
per L) of flammable volatiles in each batch. 
(B) Where the solvent used has a quantity of air necessary to render 1 gal 
(1 L) of solvent barely explosive exceeding 2640 ft3 (19.75 m3), safety 
ventilation shall be adjusted in proportion to the ratio of the actual volume of 
air necessary to render 1 gal (1 L) of these solvents barely explosive to 2640 
ft3 (19.75 m3). 

CAUTION:  Caution shall be used where 
applying this method to products of low 
mass that can heat up quickly (such as paper 
or textiles) or materials coated with very 
highly volatile solvents. Either condition can 
produce too high a peak evaporation rate for 
this method to be used. 

10.1.5.5.4 Apply correction factors as follows:
(1) Apply Temperature Correction Factor determined in 10.1.5.1.1 to 

adjust for the impact of temperature on exhaust efficiency.
(2) Apply Altitude Correction Factor determned in 10.1.5.1.2 to adjust for 

the impact of temperature on exhaust efficiency.

 
(3)      Determine the cubic feet of diluted mixture at 25 percent LEL per 

gallon of solvent evaporated in the process using the following 
equation: 

10.1.5.4.3.1(BC) Method B shall be calculated by determining the cubic feet 
of vapor per gallon of solvent using the following equation: 

10.1.5.4.3.2 Method for Estimating Solvent Safety Ventilation Rate. 
Continuous process ovens shall have a rate of safety ventilation for volatile 
materials of 12,000 ft3 (340 m3) of fresh air referred to 70°F (21°C) (at sea 
level) per gallon (3.8 liter) of solvent evaporated in the oven, where all the 
following conditions are met: 
(1)      The elevation is below 1000 ft (305 m). 
(2)      The oven operating temperature is at or below 350°F (177°C). 
(3)      The volume of air rendered barely flammable for the solvent used is 

less than 2640 standard ft3/gal (19.75 standard m3/L).  
(4)      The rate of safety ventilation is corrected for the temperature of the 

exhaust stream exiting the oven. 
10.1.6.3  Method for Calculating Ventilation Rate for Products of 

Combustion.  The method for calculating ventialation rate for 
products of combustion shall be as follows:

  (1)  The minimum oven exhaust volume for safety ventilation in continous 
process ovens, including powder coating ovens, where a direct 
fired combustion system (within or remote from the oven 
chamber) is used shall include the volume of combustion products 
from burners.

  (2)  The value used for the products of combustion shall be 183 scfm (5.18 
standard m3/min) oer 1,000,000 Btu/hr (293.1 kW) burner rating.

  (3)  The products of combustion shall be adjusted for oven operating 
temperature and altitude.

  (4)  The adjusted value shall be added to the value determined from 
10.1.6.2.

  10.1.6.4* Method for Calculating Ventilation Rate for Powder Curing 
Ovens.  The method for calucalting ventilation rate for powder 
curing ovens shall be as follows:

  (1)  The safety ventilation required for powder curing ovens shall be 
calculated by assuming that 9 percent of the mass of the powder 
is exylene and the reaming mass is inert.

  (2)  The safety ventilation shall then be determined for xylene in 
accordance with 10.1.6.2 and 10.1.6.3.

10.1.5.4.4  The safety ventilation value determined in 10.1.5.4.3 shall be 
corrected for the exhaust stream temperature and altitude to determine the 
actual flow.
(1) Apply Temperature Correction Factor from 10.1.5.1.1
(2) Apply Altitude Correction Factor from 10.1.5.1.2
10.1.5.4.5 The safety ventilation shall be increased for direct fired process 
ovens to include the Prodcuts of Combustion ventilation rate determined in 
10.1.5.2.
10.1.5.57* Batch Process Ovens. 
10.1.7.1* Published chemical properties shall be used where chemical 
manufacturer’s data are not available. 
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_______________________________________________________________ 
86-78 Log #81  Final Action: Accept in Principle 
(10.1.6.2) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Revise text to read as follows: 
   10.1.6.2 (B) (2) Determine the cubic feet (cubic meters) of air necessary to 
render of barely explosive mixture per one gallon (one liter) of solvent vapor at 
the lower explosive limit (LEL) using the following equation: 
   10.1.6.2 (D) (3) The volume of air rendering 1 gallon of solvent vapor at the 
lower explosive limit (LEL) rendered barely flammable for the solvent used is 
less than 2,640 standard ft3/gal (19.75 standard m3/L).  
Substantiation: The current language using the terminology “barely 
explosive” is confusing because it appears to reference a condition different 
than LEL (or LFL). 
Committee Meeting Action: Accept in Principle 
   Revise to read as follows: 
     10.1.6.2 (B) (2) Determine the cubic feet (cubic meters) of air necessary 
to dilute barely explosive mixture per the vapors from one gallon (one liter) 
of evaporated solvent to the lower explosive limit (LEL) using the following 
equation: 
 

   OR 
 

 
 
10.1.6.2 (D) (3) The volume of air that dilutes the vapor from 1 gallon of 
solvent to the lower explosive limit (LEL) rendered barely flammable for the 
solvent used is less than 2,640 standard ft3/gal (19.75 standard m3/L).  
Committee Statement: The proposal is accepted with editorial revisions. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-79 Log #82  Final Action: Accept in Principle 
(10.1.7.2) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Revise text to read as follows: 
   10.1.7.2 (B) Where the solvent used requires a volume of air greater than 
greater than 2,640 standard ft3 to render 1 gallon of solvent vapor at the LFL 
(19.75 standard m3/L), Where the solvent used has a quantity of air necessary 
to render 1 gal (1 L) of solvent barely explosive exceeding 2640 ft3 (19.75 m3), 
safety ventilation shall be adjusted in proportion to the ratio of the actual 
volume of air necessary to render 1 gal (1 L) of these solvents vapor at the LFL 
to 2,640 ft3 (19.75 m3). 
Substantiation: The current language using the terminology “barely 
explosive” is confusing because it appears to reference a condition different 
than LEL (or LFL). 
Committee Meeting Action: Accept in Principle 
   Revise 10.1.7.2 to read: 
  10.1.7.2 (B) Where the solvent used requires a volume of air greater than 
2,640 standard ft3 to dilute vapor from 1 gallon of solvent to the LEL (19.75 
standard m3/L), Where the solvent used has a quantity of air necessary to 
render 1 gal (1 L) of solvent barely explosive exceeding 2640 ft3 (19.75 m3), 
safety ventilation shall be adjusted in proportion to the ratio of the actual 
volume of air necessary to 1 gal (1 L) of these solvents barely explosive to 
2,640 ft3/gal (19.75 m3/L). 
Committee Statement: The proposal is accepted with editorial revisions. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-80 Log #84  Final Action: Accept in Principle 
(10.1.7.5) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Revise text to read as follows: 
   10.1.7.5 Method for Calculating Ventilation Rate for Powder Curing 
Ovens. The safety ventilation required for powder curing ovens shall be 
calculated by assuming that 9 percent of the mass of the powder is xylene and 
the remaining mass is inert.  
  The method for calculating ventilation rate for powder curing ovens shall be 
as follows:  
  (1) The safety ventilation required for powder curing ovens shall be calculated 
by assuming that 9 percent of the mass of the powder is xylene and the 
remaining mass is inert.  

(3) Apply Temperature Correction Factor determned in 10.1.5.5.2 to adjust 
for the impact of temperature on the LEL.

10.1.7.4*  Correction Factors.  Volumes of air specified or calculated in 
accordance with 10.1.7.2 or 10.1.7.3 shall be corrected for operating 
temperature in accordance with 10.1.6.3.

  (A)  Batch ovens operating at temperatures from 250oF to 500oF (121oC to 
260oC) shall have the volume increased by a multiplier of 1.4.

  (B) Batch ovens operating above 500oF (260oC) sahll have the volume of 
air increased by a multiplier determined by test.

  10.1.7.5  Method for Calculating Ventilation Rate for Powder Curing 
Ovens.  The safety ventilation required for powder curing ovens shall 
be calculated by assuming that 9 percent of the mass of the powder is 

xylene and the reaming mass is inert.
10.1.68 Continuous Vapor Concentration High Limits and Controllers.  
Renumber remaining paragraphs

Committee Statement: These revisions were developed by the Class A ovens 
task force. The task force recommended changes in the sequence of paragraphs, 
which were accepted here. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-77 Log #83  Final Action: Accept in Principle 
(10.1.6.1) 
_______________________________________________________________ 
Submitter: Thomas B. George, Visteon Corporation 
Recommendation: Revise text to read as follows: 
   10.1.6.1* Rate of Solvent Vapor Ventilation.  
   (A) The safety ventilation rate of continuous process ovens shall be designed, 
maintained, and operated to do either of the following:  
   (1) Prevent the vapor concentration in the oven exhaust from exceeding 25 
percent of the LEL  
   (2) Operate at a safety ventilation rate lower than that specified in 
10.1.6.1(A)(1) where a continuous solvent vapor concentration indicator and 
controller meeting the criteria of 10.1.6.1(B) is provided in accordance with 
10.2.8  
   (B) Where a continuous solvent vapor indicator and controller is provided, it 
shall be arranged to do either of the following:  
  (1) Alarm and shut down the oven heating systems at a predetermined vapor 
concentration not exceeding 50 percent of the LEL  
  (2) Operate additional exhaust fans at a predetermined vapor concentration 
not exceeding 50 percent of the LEL 
Substantiation: The current text only applies a requirement for a solvent vapor 
indicator and controller to alarm and shut down oven heating systems but 
without a constraint on the set point. The letter of the language would allow a 
set point at any vapor concentration, potentially in excess of the LEL. 
   The text in the 2003 Edition clearly applies the 50% LFL to both 
implementations (shutdown or increase ventilation) 
   “9.2.6.1 Exception: The safety ventilation rate shall be permitted to be 
decreased where a continuous solvent vapor concentration indicator and 
controller is provided in accordance with 9.2.8. For such installations, the 
continuous indicator and controller shall be arranged to alarm and shut down 
the oven heating systems or operate additional exhaust fans at a predetermined 
vapor concentration that shall not exceed 50 percent of the LEL.” 
Committee Meeting Action: Accept in Principle 
   Revise 10.1.6.1 to read:  
   10.1.6.1* Rate of Solvent Vapor Ventilation.  
   (A) The safety ventilation rate of continuous process ovens shall be designed, 
maintained, and operated to do either of the following:  
   (1) Prevent the vapor concentration in the oven exhaust from exceeding 25 
percent of the LEL.  
   (2) Prevent the vapor concentration in the oven exhaust from exceeding 50 
percent of the LEL where a continuous solvent vapor indicator and controller is 
provided in accordance with 10.1.8. 
  Operate at a safety ventilation rate lower than that specified in 10.1.6.1(A)
(1) where a continuous solvent vapor concentration indicator and controller 
meeting the criteria of 10.1.6.1(B) is provided in accordance with 10.2.8  
   10.1.6.2 Where a continuous solvent vapor indicator and controller is 
provided, it shall be arranged to do either one of the following to prevent the 
vapor concentration in the oven exhaust from exceeding 50 percent of the LEL:  
(1) Alarm and shut down the oven heating systems 
(2) Alarm and operate additional exhaust fans at a predetermined vapor 
concentration not exceeding 50 percent of the LEL 
(3) Alarm and shut down the solvent input to the oven 
  Renumber subsequent text accordingly 
Committee Statement: Accepted with editorial revisions. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 

ft air at LEL
gal

ft solvent vapor
galsolvent solvent

3 3 10   =










00 −









LEL
LEL

T

T

m air at LEL
liter

m solvent vapor
litersolvent solvent

3 3   =










1100 −









LEL
LEL

T

T



86-46

Report on Proposals A2010 — Copyright, NFPA NFPA 86 
   (b) The limit switches are at forward and backward limits of travel. 
(B) Interlocks shall be fitted to prevent swinging of the roof and electrodes 
unless the following three conditions are satisfied: 
   (1) The electrode arms are up and clear of shell. 
   (2) The furnace tilt platform is normal and locked (if fitted). 
   (3) The roof is raised. 
  11.35.2.2.5 A compressed air line supply for unclamping electrodes shall be 
fitted with a solenoid valve interlocked with the furnace circuit breaker to 
ensure that the electrodes cannot be released unless the furnace power is off. 
  11.35.2.2.6* For burner ignition with the arc, oxy-fuel and oxygen enriched 
air burner controls shall be interlocked with the furnace controls, and the 
following criteria also shall apply: 
   (1) An isolated contact on the arc furnace controls shall be provided for 
interconnecting the burner management system to establish that enough current 
is flowing through the secondary leg of the power transformer to maintain a 
strong arc in the furnace. 
   (2) Operation of a burner shall not be required to be halted in the event of a 
momentary interruption of the arc, or after arc heating has been intentionally 
discontinued, provided that the contents of the furnace are incandescent or 
determined to be at a temperature in excess of 1400°F (760°C). 
  11.35.2.2.7 Oxy-fuel burners installed on arc-metal heating furnaces shall not 
be required to have both of the following: 
   (1) Burner flame pilots or igniters 
   (2) Combustion safeguards (flame supervision) 
  11.6 Fire Protection Reserved. 
Substantiation: Restructure Chapter 11 to be consistent with other furnace 
class chapters. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-82 Log #54  Final Action: Accept 
(Chapter 12) 
_______________________________________________________________ 
Submitter: Rick Martin, Exponent Inc. 
Recommendation: Revise text to read as follows: 
   12.1 General. Reserved. 
   12.2 Location and Construction. Reserved. 
   12.3 Heating Systems. Reserved. 
   12.4 Commissioning, Operations, Maintenance, Inspection, and Testing. 
Reserved. 
   12.5 Safety Equipment. 
   12.5.1 Special Atmospheres. 
   12.5.2* Special Atmospheres and Furnaces as Classified in Sections 12.3 
Through 12.6. 
   12.5.3 Type I and Type II Furnaces. 
   12.5.3.1 Special Atmosphere Flow Requirements. 
   12.5.3.2 Atmosphere Introduction and Removal. 
   12.5.3.3 Emergency Procedures for Type I and Type II Furnaces. 
   12.5.3.4 Protective Equipment for Type I and Type II Furnaces. 
   12.5.4 Furnace Types III, IV, and V. 
   12.5.5 Type VI and Type VII Furnaces. 
12.5.6 Type VIII and Type IX Heating Cover Furnaces. 
   12.5.7* Timed Flow Purge Method for Type I Through Type IX 
Furnaces. 
   12.5.8 Integral Quench Furnaces. 
   12.5.9* Open Liquid Quench Tanks. 
   12.5.10* Molten Salt Bath Equipment. 
   12.6 Fire Protection. Reserved. 
Substantiation: Restructure Chapter 10 to be consistent with other furnace 
class chapters. 
Committee Meeting Action: Accept 
Committee Statement: Insert reserved sections 12.1 through 12.4 as proposed. 
Renumber following sections. Insert proposed new section 12.6, renumbered. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-83 Log #CP6  Final Action: Accept 
(12.3 (New) ) 
_______________________________________________________________ 
Submitter: Technical Committee on Ovens and Furnaces,  
Recommendation: Replace existing 12.3, 12.4, 12.5 and 12.6 with new 12.3 to 
read: 
  12.3 Design Requirements for the Introduction, Use, and Removal of 
Flammable and Indeterminate Special Atmospheres from Furnaces. 
 12.3.5.2 The supplier of the special atmosphere shall be consulted for process 
and safety instructions.  
  12.3.1 General.  
  12.3.1.1 Flammable and indeterminate atmosphere gases shall be introduced, 
used, and removed from furnaces without creating an uncontrolled fire, 
deflagration, or explosion. 

  (2) The safety ventilation shall then be determined for xylene in accordance 
with 10.1.7.2 and 10.1.7.3.  
Substantiation: The proposal language matches that used for continuous ovens 
(10.1.6.4), and it also better follows the requirements of the manual of style. 
Committee Meeting Action: Accept in Principle 
Committee Statement: The action in Proposal 86-76 (Log #80) combines this 
paragraph into another paragraph, and 10.1.7.5 is no longer needed. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-81 Log #45  Final Action: Accept 
(Chapter 11) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   11.1 General. The requirements of Chapters 1 through 8 and Chapters 11 and 
14 shall apply to Class B ovens and furnaces.Reserved 
   11.2 Location and Construction. Reserved. 
   11.3 Heating Systems. Reserved 
   11.4 Commissioning, Operations, Maintenance, Inspection, and Testing.   
Reserved 
  11.25 Safety Equipment 
  11.5.1* Ventilation of Class B Ovens and Furnaces. Where the installation 
of heat recovery devices and pollution control devices reduce the combustion 
airflow or exhaust flow below that required for purge, the purge flow rate or 
purge time shall be increased to compensate for the reduction. 
  11.35.2 Safety Devices for Arc Melting Furnaces. 
  11.35.2.1* General. Safety controls for arc melting furnaces shall meet the 
following criteria: 
   (1) They shall be designed to prevent operating the furnace, unless operating 
conditions that are within design parameters for the furnace have been 
established. 
   (2) They shall be designed to shut down the furnace if operating conditions 
outside of the design parameters occur. 
   (3) Their safety controls shall be accessible at all times. 
  11.35.2.2 Safety Devices. 
  11.35.2.2.1 The furnace main disconnect shall be either a circuit breaker or 
fused switch equipped with all of the following accessories: 
   (1) Overcurrent relays with inverse time and instantaneous trips 
   (2) Overcurrent ground-fault relays with inverse time and instantaneous 
relays 
   (3) Undervoltage trip relay 
   (4) Surge protection 
   (5) Local and remote close/trip switches interlocked by a common key so that 
only one location is capable of being operated at any time 
  11.35.2.2.2 A master lockout switch with a key shall be located at the furnace 
operator’s panel. 
  (A) The switch shall be connected to a circuit breaker by cables that are 
separated completely from any other wiring. 
  (B) The switch shall provide a positive lockout and isolation of the circuit 
breaker, thereby preventing accidental closure of the breaker by grounds in the 
closing circuit. 
  (C) The key shall be trapped when the switch is in the on position and shall 
be free when in the off position. 
  (D) The key shall be kept under the supervision of the authorized operator. 
  11.35.2.2.3 Interlocks. Interlocks shall be provided to ensure that all of the 
following conditions are satisfied before the main disconnect can be closed: 
   (1) Furnace transformer heat exchangers are operating. 
   (2) Oil is flowing to furnace heat exchangers (if fitted). 
   (3) Water is flowing to furnace transformer heat exchangers (flow or 
pressure-proving switch). 
   (4) Transformer tap changer is on the tap position (if offload tap changer 
fitted). 
   (5) Furnace transformer oil temperature is within operating limits. 
   (6) Furnace transformer winding temperature is within operating limits. 
   (7) Gas detector is registering no gas in transformer tank. 
   (8) Furnace electrode drive control gear is on. 
   (9) All supply voltages are on and within operating limits. 
   (10) Furnace roof and electrode swing are within operating limits. 
   (11) Furnace is within specified limits of forward and backward tilt. 
   (12) Master lockout switch is on. 
   (13) Safety shutoff valves on oxygen and fuel lines supplying burners are 
proved closed. 
  11.35.2.2.4 Interlocks for Main Furnace Structure. 
   (A) The main furnace structure shall be interlocked where the arc furnace 
operation includes tilting of the furnace to remove molten metal at the end of 
the furnace heat, and the following criteria also shall be met: 
   (1) The furnace shall not be tilted during the melt operation, and interlocks 
shall be provided to prevent furnace tilting until furnace controls have been 
proved in the correct position. 
   (2) Interlocks shall be fitted to prevent tilting of the furnace unless both of the 
following conditions are satisfied: 
   (a) The roof is down. 
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furnace open end, the effluent will be most likely encountered at the top of the 
opening.  
12.3.1.6.9 Each burn-off pilot shall be equipped with an individual manual 
shutoff valve.  
12.3.1.6.10* Burn-off pilots gas supply source shall be located downstream of 
the equipment main manual isolation valve and upstream of any other shutoff 
devices that can close automatically including safety shutoff valves.  
A.12.3.1.6.10 Burn-off pilots are not to be interrupted by any action other than 
closing their individual manual control valve or closing the main equipment 
manual control valve. 
12.3.1.7 Flame Curtains 
12.3.1.7.1 Where a flame curtains is provided and a flammable atmosphere is 
present in the furnace, the following features shall be provided and in service: 
(A) One or more burn-off pilots positioned to reliably ignite the flame curtain. 
(B) At least one burn-off pilot at a flame curtain shall have flame supervision 
interlocked to prevent opening of the furnace door served and interlocked to 
prevent operation of the flame curtain at the door served. 
(C) At least one safety shutoff valve upstream of all flame curtains on a furnace 
interlocked to close upon the following conditions: 
  (1) Low fuel gas pressure on the flame curtain fuel gas supply. 
  (2) High fuel gas pressure on the flame curtain fuel gas supply. 
(D) An automatic control valve ahead of each flame curtain arranged to open 
when the furnace door is not closed. 
(E) When the safety shutoff valve in item (c) is closed, the furnace doors 
served by that safety shutoff valve shall be interlocked so they can not open. 
12.3.6.8* For a Type II furnace (batch integral quench furnace) with heating 
chamber fan, the fan will stop when the inner heating chamber door is open. 
A.12.3.6.8 The heat zone fan is turned off when the inner door is open to avoid 
adverse effects upon the special atmosphere in heat zone and vestibule due to 
fan operation while the door is open. One adverse effect could be creating 
atmosphere flow in the vestibule that could drawing in air around the steel-to-
steel contact between the vestibule door and furnace shell. Also, during initial 
furnace burn-in, the operator will typically be instructed to visually verify 
ignition of the special atmosphere gas as it is introduced to the heating 
chamber. This requires both the heating chamber door and vestibule door to be 
open, and the heating chamber fan to be off to allow visual observation. 
12.3.2 Flammable Special Atmosphere Introduction.  
12.3.2.1 Flammable special atmospheres shall be introduced into a furnace 
using one of the following methods: 
(A) Purge-In 
(B) Burn-In 
12.3.3 Flammable Special Atmosphere Removal.  
12.3.3.1 Flammable special atmospheres shall be removed from a furnace using 
one of the following methods: 
(A) Purge-Out 
(B) Burn-Out 
12.3.4 Purge-in Requirements 
12.3.4.1 Written purge-in instructions shall be provided for each furnace. 
12.3.4.1.1* Purge effectiveness shall not be compromised during the purge 
process.  
A.12.3.4.1.1 Purge effectiveness can be compromised by actions such as 
operating furnace doors, operating quench elevators, introducing work, and 
operating fans not included in the purge process. Purge effectiveness can also 
be compromised by not running fans required to effect the purge. Avoiding 
such actions may be accomplished by written operating procedures or 
interlocks. 
12.3.4.1.2 Where present, furnace doors and covers shall be positioned in 
accordance with the operating instructions before purge-in begins.  
12.3.4.2 Purge-in shall reduce the oxygen content of the furnace below 1% by 
displacement with an inert gas or before introduction of the flammable special 
atmosphere gas. 
12.3.4.3 A positive furnace pressure shall be maintained during the purge-in 
process. This includes the transition from the inert gas purge to the introduction 
of special atmosphere gas. 
12.3.4.3.1 Positive pressure for a heating-cover (retort) type furnaces shall be 
indicated by the bubbler, vent manometer, or similar device.  
12.3.4.4* During the inert gas purge, flammable special atmosphere gas control 
valves shall remain closed. 
A.12.3.4.4 Verification of flammable atmosphere gas control valves being 
closed can be accomplished by operator observation.  
12.3.4.5 Purging of the furnace atmosphere shall begin and shall continue until 
the purge is complete using one of the following methods: 
(A) Time-flow purge method in accordance with section 12.7. 
(B) Two consecutive analyses of all chambers indicating that the oxygen 
content is less than 1 percent 
12.3.4.6 Furnaces shall not be required to be at any specific temperature when 
the inert gas is displaced by flammable special atmosphere gases. 
12.3.4.7* Active sources of ignition shall be provided at interfaces between air 
and flammable or indeterminate special atmosphere gases at furnace openings 
and doors. Effluent vents terminating inside a building will also be provided 
with an active source of ignition. 
A.12.3.4.7 Flammable atmosphere/air interfaces occur at doors, open ends, 
effluents and other locations where the flammable atmosphere contacts air. 

12.3.1.2* Special atmosphere furnaces that use flammable or indeterminate 
special atmospheres shall be designed and maintained to minimize the 
unintended infiltration of air into the furnace. 
A.12.3.1.2 Failure to maintain positive pressure in a furnace can allow air 
infiltration. Air infiltration may occur at effluents, open ends, or the perimeter 
of doors. In addition, welds in a furnace shell can break, gasketed joints can 
fail, and radiant tube heaters can be breached all of which could introduce 
additional sources of air infiltration. Furnaces should be designed to minimize 
sources of air infiltration. In addition, furnace shell joints and radiant tube 
heaters should be periodically evaluated/tested and repaired as needed. Should 
positive furnace pressure be lost in furnaces or chambers operating below 
1400oF, air infiltration can lead to a flammable gas–air mixtures that can result 
in an explosion. Loss of positive furnace pressure can be caused by an 
inadequate flow of carrier gases or loss of furnace heat. Loss of furnace heat 
will lead to the thermal contraction of the atmosphere volume. 
12.3.1.3* Operating instructions for introducing, using, and removing 
flammable special atmosphere gases shall comply with Chapter 12 and Section 
7.4. 
A.12.3.1.3 The character of the flame at furnace open ends and special 
atmosphere effluents will be a function of the specific furnace. It is essential 
for the furnace operator to be trained to recognize the “established character” 
of these flames. In addition, the operator should be aware of the typical timing 
for flame to appear at open ends and effluent vents. 
12.3.1.4* Where present, the liquid level in manometers or bubbler bottles on 
vent lines shall be checked and maintained at the required operating range as 
necessary. 
A.12.3.1.4 The fluid in a bubblers may be water or oil. Bubblers may be 
provided to protect a furnace from overpressure, or to maintain a minimum 
positive atmosphere pressure within the furnace. Bubblers may also control 
pressure within a bell furnace using an oil seal. Overpressure of the retort or 
work chamber could blow the oil out of the seal ring. It is also possible to have 
water condensation accumulate in a bubbler bottle that can add to the liquid 
level and allow an increase in furnace pressure. This could increase furnace 
pressure to excessive levels leading to the loss of oil seals.  
12.3.1.5* Discharge from effluent vents of furnaces using special atmospheres 
shall be piped or captured by hoods and discharged to an approved location.  
A.12.3.1.5 Where flammable atmosphere effluent is release unburned to the 
interior of a building, the accumulation of flammable gases could create a fire 
or explosion hazard. To avoid this hazard, effluent that will not reliably ignite 
upon contact with air should be captured by a hood and discharged to a safe 
outside location. See also annex A.6.2.7.3 which also addresses additional 
hazards. 
12.3.1.6 Burn-off Pilots and Other Ignition Sources. This section applies to 
burn-off pilots and other ignition sources provided for the purpose of igniting 
flammable special atmosphere gases at effluent stacks, open ends, or doors 
when a flammable atmosphere is present in the furnace. 
12.3.1.6.1 A burn-off pilot, glow plug, flame screen, or other source of ignition 
shall be provided and located at the gas-air interface and sized to reliably ignite 
the flammable special atmosphere gas that is released at effluents, open ends or 
doors. 
12.3.1.6.2* Burn-off pilots that are exposed to inert purge gas or special 
atmosphere gas under either normal or emergency conditions shall be of a type 
that will remain in service to ignite flammable effluent gases. 
A.12.3.1.6.2 Burn-off pilots using full premix (fuel-gas mixed with all air 
needed to support full combustion) and glow plugs are examples of ignition 
sources meeting the intent of this paragraph.  
Full premix burn-off pilots have sufficient air (or more precisely sufficient 
oxygen in air) pre-mixed with the fuel gas to maintain the burn-off pilot if the 
purge gas or special atmosphere gas otherwise creates an oxygen deficient 
atmosphere that would not otherwise support the burning of the burn-off pilot 
flame. 
12.3.1.6.3 Burn-off pilots igniting effluent from vent pipes shall not require 
flame supervision. 
12.3.1.6.4 Burn-off pilots serving as the primary ignition source for effluent 
from doors or open furnace ends, at least one burn-off pilot shall have flame 
supervision. 
12.3.1.6.5 Where a burn-off pilots are the primary ignition source for a door, at 
least one burn-off pilot shall have flame supervision interlocked to prevent 
door opening in the event of flame failure.  
12.3.1.6.6 Burn-off pilots that have flame supervision shall: 
  (A) Provide an audible and visual alarm to alert the operator to the failure. 
  (B) Not shut the burn-off pilot gas off in the event of flame failure.  
12.3.1.6.7* Burn-off pilot gas shall not shut off in the event of power failure. 
A.12.3.1.6.7 If burn-off pilots were equipped with flame supervision 
interlocked to turn fuel gas off to the burn-off pilot upon loss of flame, these 
burn-off pilots would also be turned off in the event of a power failure. The 
loss of burn-off pilots at special atmosphere effluent points during a power 
failure is undesirable and would create a serious safety concern with reliably 
maintaining ignition of effluents. Where flame supervision is provided, it is for 
alarm to draw attention to the need to relight the burn-off pilot or it is 
interlocked to prevent opening a furnace door. 
12.3.1.6.8* Burn-off pilots shall be located and sized to reliably ignite the 
effluent stream. 
A.12.3.1.6.8 Burn-off pilots should be located where they will contact the 
effluent stream. As an example, for a lighter-than-air effluent flowing from a 
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chamber to the vestibule chamber. A manual torch placed at this port, ignites 
the atmosphere gas. Once ignition is visually verified at the inner door port, the 
manual torch is removed and the outer vestibule door is closed. The vestibule 
is allowed to burn-in. Burn-in of the vestibule is visually confirmed once a 
steady flame appears at the vestibule atmosphere effluent vent. 
   12.3.6.6* For Types I through VII furnaces, recirculating fans in cooling 
zones shall be turned off during burn-in. 
   A.12.3.6.6 During burn-in, cooling zone fans are to be turned off to avoid 
disrupting the flame front burning through the cooling chamber. 
   If a furnace is being heated, the heat zone fans typically need to be kept in 
service to avoid thermal damage. The deviation from this general guidance if 
for Type II integral quench batch furnaces (see 12.3.6.10).  
   In a cooling chamber, the only ignition source is the flame front which is 
easily disrupted by fan circulation. In a heating chamber above 1400oF (760oC), 
the entire environment is an ignition source and fans will not adversely affect 
the reliability of ignition. 
   12.3.6.7 Special requirements for Type VIII and XI furnaces 
   12.3.6.7.1 For Type VIII and XI furnaces (cover or retort furnaces), 
circulating base fans, where provided, shall be turned on. 
   12.3.6.7.2* For Type VIII and IX furnaces (cover or retort furnaces), the 
cover shall be sealed to the furnace base before flammable or indeterminate 
special atmospheres are introduced. 
   A.12.3.6.7.2 The retort or inner cover of a Type VIII furnace and the cover of 
a Type IX furnace will be sealed to the base. Sand seals, oil seals, or rubber 
seals may be used. With oil seals, oil can be pushed out of the seal ring if the 
internal retort or work chamber pressure is too high. A bubble or  
   12.3.6.7.3* Where a Type VIII or IX furnace (cover or retort furnace) uses an 
oil seal between a cover and base, means shall be provided so that furnace 
pressure is maintained below the static head pressure of the seal oil. 
   A.12.3.6.7.3 The means to maintain furnace pressure below the static head 
pressure of the seal oil include the use of bubblers or manometers on vent 
lines. Other means may be possible. Also see A.12.3.1.5.  
   12.3.6.8* For a Type II furnace (batch integral quench furnace) with heating 
chamber fan, the fan will stop when the inner heating chamber door is open. 
   A.12.3.6.8 The heat zone fan is turned off when the inner door is open to 
avoid adverse effects upon the special atmosphere in heat zone and vestibule 
due to fan operation while the door is open. One adverse effect could be 
creating atmosphere flow in the vestibule that could drawing in air around the 
steel-to-steel contact between the vestibule door and furnace shell. Also, during 
initial furnace burn-in, the operator will typically be instructed to visually 
verify ignition of the special atmosphere gas as it is introduced to the heating 
chamber. This requires both the heating chamber door and vestibule door to be 
open, and the heating chamber fan to be off to allow visual observation. 
   12.3.6.9* When flame appears at furnace doors, open ends and effluent lines 
of furnaces with doors, open ends, or effluent lines terminating inside of a 
building, the burn-in atmosphere introduction process is considered complete. 
   A.12.3.6.9 The character of the flame at furnace open ends and special 
atmosphere effluents will be a function of the specific furnace. It is essential 
for the furnace operator to be trained to recognize the “established character” 
of these flames. In addition, the operator should be aware of the typical timing 
for flame to appear at open ends and effluent vents. 
   12.3.7 Purge-Out Requirements 
   12.3.7.1 Written purge-out instructions shall be provided for each furnace. 
   12.3.7.1.1 Purge effectiveness shall not be compromised during the purge 
process. 
   A.12.3.7.1.1 Purge effectiveness can be compromised by actions such as 
operating furnace doors, operating quench elevators, introducing work, and 
operating fans not included in the purge process. Purge effectiveness can also 
be compromised by not running fans required to effect the purge. Avoiding 
such actions may be accomplished by written operating procedures or 
interlocks. 
   12.3.7.1.2 Where present, furnace doors and covers shall be positioned in 
accordance with the manufacturer’s instructions before purge-out begins.  
   12.3.7.2 A positive furnace pressure shall be maintained at all time during 
purge-out. This includes the transition from the special atmosphere gas 
operation to the inert gas purge. 
   A.12.3.7.2 Unlike normal operation and burn-in operations where momentary 
loss of positive pressure is permitted, it is the intent during purge out to keep 
the furnace under positive pressure. 
   12.3.7.2.1 For Types VIII and IX furnaces, an indication of positive furnace 
pressure shall be provided by an indicating manometer, or similar device.  
   12.3.7.3 Once the inert purge gas flow has been established for purge-out, the 
flow of all flammable special atmosphere gases shall be stopped.  
   12.3.7.4 Purging shall include all of the furnace volume that will contain a 
flammable or indeterminate special atmosphere gas. 
   A.12.3.7.4 The furnace volume includes chambers, zones, covers, and retorts 
that contain the flammable special atmosphere within the furnace. Ductwork 
associated with recirculating fans such as jet coolers are considered part of the 
furnace volume. The furnace volume also may include the space present within 
the furnace steel shell but above the refractory arch if flammable special 
atmosphere gas can permeate into that space. Flammable special atmosphere 
gases such as hydrogen may migrate into an above arch space during operation 
and may require special purging facilities to remove them during the purge-out 
process. 

Sources of ignition may include door burn-off pilots, flame curtains, door 
effluents (above 1400oF), glow plugs, and hot door parts (if above 1400oF).  
Atmosphere/air interfaces can be avoided by providing a nitrogen seal. 
   Where a furnace has open ends or doors, a flame of established character 
appearing at open ends or atmosphere effluents shall indicate that the 
atmosphere introduction has been completed or is being maintained. 
   Furnaces without open ends or doors, such as bell furnaces and strip 
processing furnaces with sealed entrance and exit, may not have ignited 
effluent lines. As such, the operator may not know if or when the flammable 
atmosphere introduction is complete; however, because the furnace is sealed, 
the presence of an indeterminate atmosphere is not considered a safety concern. 
The operator is not using the effluent flame as an indicator for determining 
when to cycle loads or operate doors. 
The character of the flame at furnace open ends and special atmosphere 
effluents will be a function of the specific furnace. It is essential for the furnace 
operator to be trained to recognize the “established character” of these flames. 
   12.3.4.8* Purging shall include all of the furnace open volumes and 
vestibules that will contain a flammable special atmosphere gas. 
   A.12.3.4.8 The furnace volume includes chambers, zones, covers, and retorts 
that contain the flammable special atmosphere within the furnace. Ductwork 
associated with recirculating fans such as jet coolers are considered part of the 
furnace volume. Purging could include features such as large door housings or 
chambers and large pusher chain or mechanism housings that are exposed to 
the flammable special atmosphere. 
   12.3.4.9 During the inert gas purge, all flame curtain fuel gas valves shall be 
closed. 
   12.3.4.10 During the inert gas purge, all circulating and recirculating fans 
shall be operating as required by the operating instructions. 
   12.3.4.11 Flammable special atmosphere gases shall not be introduced 
unless: 
   (a) Burn-off pilots at open ends, doors and effluent lines are ignited. 
   (b) All manual valves to flame curtains (where provided) are open. 
   (c) All automatic valves to flame curtain are in service. 
   12.3.4.12 When flame appears at furnace doors, open ends and effluent lines 
of furnaces with doors, open ends, or effluent lines terminating inside of a 
building, the purge-in atmosphere introduction process is considered complete. 
   A.12.3.4.12 The character of the flame at furnace open ends and special 
atmosphere effluents will be a function of the specific furnace. It is essential 
for the furnace operator to be trained to recognize the “established character” 
of these flames. In addition, the operator should be aware of the typical timing 
for flame to appear at open ends and effluent vents. 
   12.3.6 Burn-in Requirements 
   12.3.6.1 Written burn-in instructions shall be provided for each furnace. 
   12.3.6.1.1* Burn-in effectiveness shall not be compromised by any action that 
deviates from the written operating instructions for burn-in. 
   A.12.3.6.1.1 Burn-in effectiveness can be compromised by actions that are 
not included in the burn-in operating instructions. Furnace doors, quench 
elevators, and fans should not be operated except in accordance with written 
burn-in operating instructions. Work should not be introduced into a furnace 
during the burn-in process. Burn-in effectiveness can also be compromised by 
running or not running fans in accordance with written burn-in instructions.  
   12.3.6.1.2 Inner and outer furnace doors, where provided, and placement of 
manual torches, where required, shall be placed in the appropriate position as 
directed in the operating instructions during each stage of the burn-in 
procedure.  
   12.3.6.2* Burn-in shall reduce the oxygen content of the furnace by 
consuming the oxygen in the air through combustion with a flammable 
atmosphere gas that will reliably ignite at the gas/air interfaces. 
   A.12.3.6.2 The burn-in process is anticipated to reduce the oxygen level 
within the furnace to a point at or below 1% as the oxygen in air is consumed 
by the burn-in process. 
   12.3.6.3* To begin the burn-in process, the flammable special atmosphere gas 
shall be introduced at a location in the furnace that is at or above 1400oF 
(760oC). 
   A.12.3.6.3 Any flammable atmosphere gas introduced into a chamber at or 
above 1400oF (760oC) will be reliably ignited by autoignition. An alternate 
method of atmosphere gas ignition, beyond just the burning flame front, may 
be needed where the burning atmosphere gas enters chambers below 1400oF 
(760oC).  
   12.3.6.4* Where a stable flame front propagating through a chamber under 
1400oF (760oC) can not be maintained, the burn-in process shall not be used. 
   A.12.3.6.4 Long cooling tunnels can extinguish the burning atmosphere 
flame front by cooling the atmosphere gas as it moves along the length of the 
tunnel. 
   12.3.6.5* For zones under 1400oF (760oC), stable flames of burning gas shall 
be maintained in the zones as the special atmosphere gas is burned-in. 
   A.12.3.6.5 In some furnace designs, such as the Type II furnace (integral 
quench batch furnace), manual torches may be needed as a means to reliably 
ignite flammable atmosphere gas as it flows into the cool vestibule chamber 
from the hot heating chamber. Written burn-in instructions for the specific 
furnace will outline the specific sequence to follow for burn-in. The following 
burn-in procedure for a Type II furnace is provided as one example. 
Atmosphere gas is introduced to the hot heating chamber and autoignites. 
Ignition is visually verified, and the inner heating chamber door is closed. A 
port in the closed inner door allows the atmosphere gas flow from the heating 



86-49

Report on Proposals A2010 — Copyright, NFPA NFPA 86 
   (C) For furnaces that do contain soot that re-form flammable atmosphere gas, 
all visible flames in the furnace and at effluents are observed to be extinguished 
after performing burn-out procedures that include the introduction of additional 
air to effect the burn-out of the reformed flammable atmosphere gas.  
   12.3.8.7 When burn-out is complete, the following features shall be permitted 
to be turned off: 
   (a) Burn-off pilots at outer doors and effluent lines (special atmosphere 
vents). 
   (b) Circulation and recirculation fans required for burn-out. 
   12.3.10 Special Atmosphere Equipment Piping System. 
   A.12.3.10 See Figure A.12.3.10 for examples of special atmosphere 
equipment piping. 

(See Figure A.12.3.10 on Page 49.) 
 
   12.3.10.1 General. The special atmosphere equipment piping system shall be 
that piping that includes the components for the delivery of special atmosphere 
gases to a furnace starting at the equipment manual isolation valve. 
   12.3.10.2 Manual Shutoff Valves and Equipment Isolation. 
   12.3.10.2.1 An equipment isolation manual shutoff valve shall be provided 
for each special atmosphere gas, shall be located upstream of all devices on the 
special atmosphere equipment piping, and shall be lockable. 
   12.3.10.2.1.1 Where fuel gas is also used as a special atmosphere gas, a 
separate manual shutoff valve shall be provided for the special atmosphere 
feed. This valve shall not be required to be lockable where the fuel gas main 
isolation manual shutoff valve is lockable.  
   12.3.10.2.2 Equipment isolation manual shutoff valves for each special 
atmosphere gas shall be accessible from the normal operator working level 
without the use of ladders or portable equipment.  
   12.3.10.2.3* A manual shutoff valve shall be provided and located 
downstream of all devices on the special atmosphere equipment piping. This 
manual shutoff valve is optional for automatic inert purge gas lines. 
   A.12.3.10.2.3 This manual valve provides a second shut that should be closed 
during short furnace shutdowns. This manual valve also will facilitate service 
to devices on the special atmosphere equipment piping during furnace 
operation as it will isolate the equipment piping from the special atmosphere 
within the furnace. 
12.3.10.2.4 Any manual shutoff valve that can interrupt the supply of inert gas 
to an automatic inert purge gas line shall be electrically supervised and cause a 
visual and audible alarm to alert the operator whenever this valve is not in the 
open position and the automatic inert purge is required to be in service. 
   12.3.10.2.5* One of the following secondary equipment isolation means shall 
be provided immediately downstream of the equipment isolation manual 
shutoff valve so that no leakage of gas passing the equipment isolation manual 
shutoff valve can enter the downstream special atmosphere piping:  
   (A) Removable spool piece 
   (B) Breakable flanges with loosely inserted blinding plate 
   (C) Blinding plate secured between flanges 
   (D) A second valve with venting of the intermediate space between this valve 
and the special atmosphere manual isolation valve 
   A.12.3.10.2.5 The hardware in this section should be applied during furnace 
shutdowns for extended periods. This hardware may also support requirements 
for confined space entry. 
   12.3.10.2.5.1 Two manual shutoff valves in series without venting of the 
intermediate space does not meet the intent of 12.3.10.2.3. 
   12.3.10.2.6 A by-pass manual shutoff valve shall be provided to bypass each 
normally-open emergency inert gas purge valve.  
   12.3.10.2.6.1 The by-pass manual shutoff valve shall be arranged as follows: 
   (A) Be accessible to the operator for use in accordance with written operating 
instructions. 
   (B) Have a port area equal to or larger than the bypassed normally-open 
emergency inert gas purge valve. 
   12.3.10.2.7 Each manual shutoff valve shall have a tag that identifies the 
valve and the special atmosphere it controls.  
   12.3.10.2.7.1 The operating instructions required by 7.4.2 shall reference the 
valve tag identifications required by 12.3.10.3.7.  
   12.3.10.2.8 Each manual shutoff valve shall have permanently affixed visual 
indication of the valve position. 
   12.3.10.2.9 Each quarter-turn manual shutoff valve shall have wrenches or 
handles that remain affixed to valves, and shall be oriented with respect to the 
valve port to indicate the following:  
   (A) An open valve when the handle is parallel to the pipe  
   (B) A closed valve when the handle is perpendicular to the pipe  
   12.3.10.2.10 Manual valves that are not used for shutoff shall not be required 
to comply with 12.3.10.3 other than paragraph 12.3.10.3.7. 
   12.3.10.3 Regulators.  
   12.3.10.3.1 Regulators shall be provided on each special atmosphere gas line 
when the gas supply pressure exceeds the operating or design parameters of 
equipment piping and components in the equipment piping.  
   12.3.10.3.2* Regulator atmospheric vents shall be vented to an approved 
location.  
   A.12.3.10.3.2 See A.6.2.7.3. 

   12.3.7.5 Purge-out shall be considered complete when all chambers that 
would create a hazard are below 50% of LEL. 
   A.12.3.7.5 Chambers includes heating chamber, cooling chambers, 
vestibules, door housings, and other atmosphere containing volumes that would 
create a hazard if not specifically purged. 
   12.3.7.5.1 The completion of purge-out shall be determined by one of the 
following two methods: 
   (A) Time-flow purge method in accordance with 12.7 as it applies to the 
purge-out process. 
   (B) Two consecutive analyses of all chambers indicating that the flammable 
level within the furnace are below 50% of LEL.  
   12.3.7.6 When purge-out is complete, the following features shall be 
permitted to be turned off: 
   (A) Burn-off pilots at outer doors and effluent lines (special atmosphere 
vents). 
   (B) Circulation and recirculation fans required for purge-out. 
   (C) The inert purge gas supply to the furnace. 
   12.3.8 Burn-Out Requirements 
   12.3.8.1 Written burn-out instructions shall be provided for each furnace. 
   12.3.8.1.1* Burn-out effectiveness shall not be compromised by any action 
that deviates from the written operating instructions for burn-out. 
   A.12.3.8.1.1 Burn-out effectiveness can be compromised by actions that are 
not included in the burn-out operating instructions. Furnace doors, quench 
elevators, and fans should not be operated except in accordance with written 
burn-out operating instructions. Work should not be introduced into a furnace 
during the burn-out process. Burn-out effectiveness can also be compromised 
by not running fans required to effect the burn-out.  
   12.3.8.1.2* Inner and outer furnace doors, where provided, shall be placed in 
the appropriate position as directed in the operating instructions during each 
stage of the burn-out procedure. 
   A.12.3.8.1.2 Typically, where doors are present, the burn-out procedure will 
begin with all inner and outer doors closed. The outer most chamber will be 
burned-out first. 
   12.3.8.2* Through the controlled admission of air to a furnace, burn-out shall 
reduce the flammable content within all heating chambers and vestibules 
through combustion with the oxygen in the air. 
   A.12.3.8.2 Burn-out can be accomplished by introducing air by a number of 
means including open ends, vents, opening doors, header and feed pipes of 
burnout manifold systems, process air piping, etc. Uncontrolled admission of 
air can lead to excessive temperatures in some furnaces. Opening doors can 
create a draft through a furnace that can push ignited atmosphere out other 
openings, and instructions should be carefully developed to avoid such 
conditions. Written procedures required in 12.3.8.1 should provide step-by-step 
instructions for a controlled burn-out.  
   With hot furnaces containing soot, it is possible to re-form a flammable 
atmosphere that may require additional air introduction procedures to effect 
final burn-out.  
   12.3.8.3* To initiate the burn-out process one of the following conditions 
shall be met: 
   (A) Air is introduced into the furnace at a point that is at or above 1400°F 
(760°C). 
   Or, 
   (B) Where air is introduced into a furnace at a point below 1400°F (760°C), 
the following shall apply: 
   (1)* The furnace is under positive pressure. 
   (2) A source of ignition is provided at the interface between the flammable 
atmosphere and the point of air introduction. 
   A.12.3.8.3 For Type VIII and IX furnaces (cover or retort furnaces), written 
burn-out procedures will typically include the following actions: 
   (A) Release mechanical clamping devices holding the heating cover to the 
base. 
   (B) Manual burn-off pilots or torches shall be ignited and placed in position 
at the heating cover to the base seal to ignite flammable gases that may be 
present inside the cover as the seal is broken. 
   For Type VIII and IX furnaces (cover or retort furnaces), visual observation 
of burn-out is not possible. 
   A.12.3.8.3(B)(1) The requirement for the furnace to be under positive 
pressure is to eliminate the concern that an indeterminate atmosphere may have 
developed within furnace chambers under 1400°F (760°C). With some furnace 
burn-out procedures (e.g. opening doors), initiating the burn-out may cause the 
furnace pressure to immediately fall to atmospheric pressure. 
   12.3.8.4 Burn-out shall involve turning off all special atmosphere gases and 
admitting air in a sequence outlined in the written burn-out instructions. 
   12.3.8.5* During burn-out, recirculating fans shall be turned off in furnace 
zones under 1400°F (760°C) and in zones at or above 1400°F (760°C) that can 
cause turbulence in zones under 1400°F (760°C). 
   A.12.3.8.5 During burn-out, fans are to be turned off to avoid disrupting the 
flame front burning back through to the special atmosphere gas source. 
12.3.8.6 Burn-out shall be considered complete when one of the following is 
satisfied: 
   (A) For furnaces that do not contain soot, all visible flame in the furnace and 
at all effluents are observed to be extinguished. 
   (B) For furnaces that contain soot that do not re-form a flammable 
atmosphere gas, all visible flames in the furnace and at all effluents are 
observed to be extinguished. 
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   12.3.11.6 Safety devices shall be located or guarded to protect them from 
physical damage.  
   12.3.11.7 Safety devices shall not be bypassed electrically or mechanically.  
   12.3.11.7.1 The requirement in 12.3.11.7 shall not prohibit safety device 
testing and maintenance in accordance with 12.3.11.4. Where a system includes 
a “built-in” test mechanism that bypasses any safety device, it shall be 
interlocked to prevent operation of the system while the device is in the test 
mode, unless listed for that purpose.  
   12.3.11.7.2 The requirement in 12.3.11.7 shall not prohibit a time delay 
applied to the action of pressure proving or flow proving, where the following 
conditions exist:  
   (A) There is an operational need demonstrated for the time delay.  
   (B) The use of a time delay is approved.  
   (C) The time delay feature is not adjustable beyond 5 seconds.  
   (D) A single time delay does not serve more than one pressure proving or 
flow proving safety device.  
   (E) The time from an abnormal pressure or flow condition until the holding 
medium is removed from the safety shutoff valves does not exceed 5 seconds.  
   12.3.11.8* A manual emergency means shall be provided for the removal of 
the furnace special atmosphere using the method, either purge-out or burn-out, 
that is the basis of the furnace design.  
   A.12.3.11.8 The means can be either electrical or mechanical. Mechanical 
means would include the operation of valves in the special atmosphere piping. 
For some applications, additional manual action may be required to bring the 
process to a safe condition. 
   12.3.11.9 The activation of any carrier gas or furnace pressure safety 
interlock required in section 12.3.11 shall initiate the appropriate action to 
bring the furnace to a safe state. The action shall be manual or automatic in 
accordance with the furnace design and operating instructions.  
   12.3.11.10 Removal of Flammable Special Atmospheres 
   12.3.11.10.1* Removal of flammable special atmospheres by burn-out, 
purge-out, or emergency purge-out shall be initiated under the following 
conditions: 
   (A) Normal furnace atmosphere burn-out initiated. 
   (B) Normal furnace atmosphere purge-out initiated.  
   (C) Low flow of carrier gas(es) that will not maintain a positive pressure in 
chambers below 1400°F (760°C) and positive pressure is not restored by the 
automatic transfer to another source of gas.  
   (D) A furnace temperature below which any liquid carrier gas used will not 
reliably dissociate.  
   (E) Automatic emergency inert gas purge initiated.  
   (F) Manual operator emergency inert gas purge initiated.  
   A.12.3.11.10.1 The removal of flammable special atmospheres by burn-out, 
purge-out, or emergency purge-out can be caused by manual or automatic 
action. The following table summarizes when the action should be automatic 
and when it can be automatic or manual.  
   Part Condition Response 
   (A) Normal furnace atmosphere burn-out initiated. Automatic or manual 
   (B) Normal furnace atmosphere purge-out initiated. Automatic or manual 
   (C) Low flow of carrier gas(es) that will not maintain a positive pressure in 
chambers below 1400°F (760°C) and positive pressure is not restored by the 
automatic transfer to another source of gas.                                Automatic 
   (D) A furnace temperature below which any liquid carrier gas used will not 
reliably dissociate.                                                                      Automatic 
   (E) Automatic emergency inert gas purge initiated.                    Automatic 
   (F) Manual operator emergency inert gas purge initiated.           Automatic 
   Part C addresses the condition where there is a low flow of carrier gas that 
will not maintain positive pressure within a chamber that is below 1400°F 
(760°C). If a chamber is above 1400°F (760°C), the low flow condition may 
allow furnace pressure to drop and may allow air infiltration; however, while 
this may lead to process issues, it is not a safety issue requiring the removal of 
the special atmosphere. Following operating instructions, the operator can work 
to restore normal process conditions. 
   It should be noted that Part C does not involve any measurement of the 
actual furnace pressure. Rather, it is based upon comparing the actual carrier 
gas(es) flow with minimum allowable design flow rates. The actual carrier gas 
flow is measured with flow sensors. Furnace pressure is subject to fluctuation 
due to actions such as operating doors and loading or unloading work. The 
inadvertent shutdown of carrier gases due to a routine furnace pressure 
fluctuation is considered more of a potential safety hazard than the actual 
pressure fluctuation itself.  
   12.3.11.10.2 When removal of flammable special atmospheres is initiated in 
response to the conditions listed under 12.3.11.10.1 parts C through F, one of 
the following will occur based upon chamber temperature: 
   (A)  For chambers below 1400°F (760°C), one of the following actions will 
occur, and the selected action will be implemented as part of the furnace 
design: 
   (1)   Automatically burned-out where burn-out is an acceptable option. 
   (2)   Purged-out by normal means where burn-out is an acceptable option if 
the normal purge-out is not available. 
   (3)   Automatically purged-out by emergency inert gas purge. 
   (4)  Manual burn-out or purge-out by manual emergency inert gas purge 
where furnace design permits the time needed for manual action.  
   (B)  For chambers at or above 1400°F (760°C), the chamber will be 
manually or automatically burned-out or purged-out. 

   12.3.10.3.3 Regulator vents shall not be manifolded with: 
   (A) Vents from other furnaces. 
   (B) Vents downstream of the safety shutoff valves. 
   (C) Relief valve vents 
   12.3.10.3.4* Where a regulator vent is manifolded with other vents, the area 
of the vent manifold shall equal or exceed the sum of the individual vent line 
areas of each vent line served from their point of connection. 
   A.12.3.10.3.4 Vent line sizing in accordance with this standard is intended to 
avoid the operation of individual devices from affecting (cross impulsing) other 
manifolded devices under normal operations. Under upset conditions where a 
device diaphragm fails, the vent line will direct the release gas to an suitable 
location, but it would not necessarily avoid adverse control impact upon other 
manifolded devices.  
   12.3.10.3.5 The regulator vent termination shall be designed to prevent the 
entry of water and insects without restricting the flow capacity of the vent. 
   12.3.10.4 Relief Valves. 
   12.3.10.4.1* Relief valve shall be provided downstream of any regulator 
where a regulator failure could expose downstream piping, components, or 
furnace to pressures exceeding their maximum design pressure.  
   A.12.3.10.4.1 Typically, relief valves would not be provided for generated 
special atmosphere gases. Relief valves may not be needed for enriching gas 
where the fuel gas supply to the furnace is equipped with multiple pressure 
regulators and where the failure of any one pressure regulator will not 
introduce excessive pressures to the special atmosphere system downstream of 
the failed pressure regulator. Relief valves may be needed for liquid special 
atmospheres or special atmosphere gases provided from pressurized storage 
vessels. 
   12.3.10.4.2* Relief valve(s), or other means of controlling pressure, shall be 
provided for each liquid special atmosphere piping system where there is a 
potential to overpressurize the liquid special atmosphere piping. This 
specifically includes each section of liquid filled special atmosphere piping that 
can be isolated by valves. 
   A.12.3.10.4.2 Overpresurization of the liquid special atmosphere piping can 
occur if liquid is isolated in the piping between closed valves and exposed to 
an increase in temperature. Closed valves can include manual valves, automatic 
valves, or safety shutoff valves. Other means of controlling pressure could 
include an accumulator or expansion tank. 
   12.3.10.4.3* Relief valves shall be piped to an approved location. 
   A.12.3.10.4.3 See A.6.2.7.3. Also, for atmosphere gases supplied in the liquid 
state, relief valves can be piped back to the liquid storage vessel. 
   12.3.10.4.4 Relief valve piping shall not be manifolded with: 
   (A) Vents from other furnaces. 
   (B) Vents from regulators. 
   12.3.10.4.5 Relief valve piping shall not be manifolded with other relief 
valve piping where: 
   (A) Where mixing of liquids and gases could occur. 
   (B) Where mixing of fluids (liquids or gases) could result in corrosion to 
relief valves or relief valve piping. 
   12.3.10.5 Filters 
   12.3.10.5.1 A filter shall be provided upstream of each liquid flow sensor. 
   12.3.10.5.2 A filter shall have a particle size rating that will not allow 
particles of a size that can foul liquid flow sensors or liquid flow meters to pass 
the filter. 
   12.3.10.6 Flowmeters. 
   12.3.10.6.1 A flowmeter shall be provided on each special atmosphere 
equipment line. 
   12.3.10.6.2 Where glass or plastic tube flowmeters are used with flammable 
special atmospheres, protection against physical damage shall be provided. 
   12.3.10.7 Pressure Gauges 
   12.3.10.7.1 A pressure gauges shall be provided for each special atmosphere. 
   12.3.10.7.2 Pressure gauges shall be provided at points in the special 
atmosphere equipment piping where the operator must be provided visual 
pressure information to verify the furnace is being maintained within safe 
operating limits. These points will be determined as part of the furnace design. 
   12.3.11 Special Atmosphere Safety Equipment. Section 12.3.11 shall apply to 
the safety equipment and its application to the furnace special atmosphere 
system. 
   12.3.11.1 All safety devices, with the exception of flow sensors, shall be one 
of the following:  
   Note: Check back to determine if there are any other devices that are not 
listed and should be exempt from this section. 
   (A) Listed for the service intended  
   (B) Approved, where listed devices are not available  
   (C) Programmable controllers applied in accordance with section 8.3.3 of this 
standard  
   12.3.11.2 Electric relays and safety shutoff valves shall not be used as 
substitutes for electrical disconnects and manual shutoff valves.  
   12.3.11.3 Regularly scheduled inspection, testing, and maintenance of all 
safety devices shall be performed. (See Section 7.5.)  
   12.3.11.4 Safety devices shall be installed, used, and maintained in 
accordance with this standard and manufacturer’s instructions.  
   12.3.11.5 Where a device is used with a flammable special atmosphere gas 
and device manufacturer’s instructions require conduit seals or a cable type that 
will not permit transfer of gas, the required seals or cable type shall be 
installed. 
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The written operating instructions may include directions to implement a 
controlled furnace shutdown if certain specified conditions develop. 
   Where chamber temperature is below 1400°F (760°C), the uncontrolled air 
infiltration could create an explosion hazard. Under these conditions, the safety 
shutoff valves for flammable special atmospheres will close, and the actions 
specified in paragraph 12.3.11.10.2 (A) should automatically occur.  
   Regarding item (D), where a liquid carrier gas is used, furnace temperatures 
need to be maintained above a temperature that will maintain reliable 
dissociation of the liquid. In earlier editions of NFPA 86, the minimum 
temperature was stated as 800°F (427°C). This specific value has been 
removed from the standard as there is more than one liquids used as a special 
atmosphere, and each liquid should be evaluated for the minimum temperature 
that will reliably dissociate that liquid in the furnace. Where a reliable 
dissociation temperature is not maintained, the special atmosphere liquid may 
no longer maintain a positive furnace pressure. Once positive furnace pressure 
is lost, air infiltration will be possible and a furnace explosion hazard can 
develop. 
   12.3.11.14 Emergency Inert Gas Purge. 
   12.3.11.14.1 Where a furnace is designed for purge-out, the inert purge gas 
equipment pipe shall be controlled by a normally open purge control valve. 
   12.3.11.14.2 Where a furnace is equipped with an emergency inert gas purge, 
the emergency inert gas purge shall be initiated upon any of the following 
conditions: 
   (A)  Low flow of carrier gas(es) that will not maintain a positive pressure in 
chambers below 1400°F (760°C) and positive pressure is not restored by the 
automatic transfer to another source of gas.  
   (B)  A furnace temperature below which any liquid carrier gas used will not 
reliably dissociate.  
   Substantiation: The reliable dissociation temperature depends upon the liquid 
being used, and the temperature should be determined accordingly. 
   (C)  Manual operator emergency inert gas purge initiated.  
   (D)  Power failure. 
   12.3.11.15 Special Atmosphere Flow Interlocks. 
   12.3.11.15.1 A flow interlock shall be provided on the equipment piping for 
each special atmosphere that is considered a carrier gas.  
   12.3.11.15.1.1 Carrier gas flow shall be interlocked to initiate the actions 
listed in paragraph 12.3.11.10.2 if the total carrier gas flow from gas or liquid 
sources falls below the minimum required to keep a furnace chamber under 
positive pressure.  
   12.3.11.15.2 Furnace pressure interlock(s) shall be permitted as an alternative 
to the flow interlock(s) in paragraph 12.3.11.15.1.  
   12.3.11.15.3 Inert purge gas equipment piping shall be equipped with low gas 
pressure switch interlocked to initiate audible and visual alarms to alert the 
operator of the low pressure condition. 
   12.3.11.17* Furnace vestibules shall be equipped with means for explosion 
relief. 
   A.12.3.11.17 Vestibule explosion relief means usually consist of doors that 
remain in position under their own weight but are otherwise unrestrained from 
moving away from the door opening if an overpressure occurs within the 
furnace.  
   12.3.11.18 Operating Precautions for Heating Cover–Type Furnaces. The rate 
of separating a heating cover from or rejoining a heating cover to the inner 
cover shall not exceed a rate that causes rapid expansion or contraction of the 
atmosphere gas inside the inner cover. 
   12.3.11.19 Furnace 1400oF (760oC) Temperature Interlock.  
   (A) Where a furnace is designed for burn-in, the Furnace 1400oF 
(760oC) Temperature Interlock shall be interlocked to prevent opening of the 
flammable special atmosphere safety shutoff valve(s) until the chambers or 
zones where the flammable special atmosphere gases are introduced are at or 
above 1400°F (760°C).  
   (B) Where a furnace is designed for burn-out, the Furnace 1400oF (760oC) 
Temperature Interlock shall be provided with a furnace temperature bypass to 
allow operation of the furnace at less than 1400°F (760°C) when the following 
conditions are satisfied: 
   (1)  The initial introduction of atmosphere has been completed following the 
purge-in or burn-in method. 
   (2)  Carrier gas flow switches indicate a combined flow of special atmosphere 
that will maintain a positive furnace pressure. 
   12.3.11.20 Liquids Atmosphere Low Furnace Dissociation Temperature 
Interlock.  
   12.3.11.20.1 Where a flammable liquid is used as a carrier gas and 
introduced in the liquid state, a second low temperature safety interlock shall 
be provided if flow of the liquid is continued at less than 1400°F (760°C).  
   12.3.11.20.2 The Liquids Atmosphere Low Furnace Dissociation Temperature 
Interlock set point temperature shall not be less than the temperature needed to 
reliably dissociate the liquid special atmosphere used. 
Substantiation: 1. In various sections, the supplier of a special atmosphere is 
to be consulted for safety instructions. The supplied of special atmosphere does 
not have a direct role in the design of a furnace, and this text has been 
eliminated to avoid confusion.  
Committee Meeting Action: Accept 
Committee Statement: Revised Section 12.3 reorganizes and reformats the 
text. This eliminates lists of operating instructions and replaces them with a 
sequence of clear, performance based requirements. 

   12.3.11.11 Liquid Excess Flow Control 
   12.3.11.11.1* Provide automatic, excess flow, shutoff protection for each 
liquid special atmosphere. 
   A.12.3.11.11.1 This addresses excess flow in the equipment piping for an 
individual furnace. This would involve a device at the special atmosphere 
control panel, such as an electronic sensor, along with logic to close an 
automatic shutoff valve upon detection of excess flow. This paragraph does not 
preclude “operational” high flow set points at thresholds below the “shutoff” 
excess flow set point. The operational high flow set points can be provided to 
initiate alarms that prompt operator intervention to restore appropriate flow 
levels before the shutoff excess flow level is reached. 
   12.3.11.11.2 Locate the excess flow sensor immediately downstream of the 
filter required in section 12.3.10.6 of this standard.  
   12.3.11.11.3 Locate both the filter and the excess flow sensor immediately 
downstream of the Secondary Equipment Isolation Means required in 
paragraph 12.3.10.3.5 of this standard. 
   12.3.11.11.4 Upon detection of liquid special atmosphere excess flow, the 
liquid special atmosphere safety shutoff valve shall close.  
   12.3.11.12 Flammable Special Atmosphere Safety Shutoff Valves – General. 
   12.3.11.12.1 One safety shutoff valve shall be provided in the supply line of 
each flammable special atmosphere gas or liquid.  
   12.3.11.12.2 Exothermic generated special atmosphere gas supplies used for 
both purging and process shall not require safety shutoff valves. 
   A.12.3.11.12.2 See paragraph 12.1.5.1 (D) (2) for further guidance on 
monitoring of purge gases for flammable components.  
   12.3.11.12.3 Safety shutoff valve components shall be of materials selected 
for compatibility with the gas or liquid handled and for ambient conditions. 
   12.3.11.12.4 Means for testing all gas safety shutoff valves for valve seat 
leakage shall be installed. 
   12.3.11.12.5 A test of seat leakage of gas safety shutoff valves shall be 
completed at least annually. 
   A.12.3.11.12.5 See A.7.5.9. 
   12.3.11.13 Flammable Special Atmosphere Safety Shutoff Valves – Control. 
   12.3.11.13.1 For furnaces using burn-in procedures for introducing flammable 
special atmosphere carrier gases, the safety shutoff valves shall open only 
when: 
   (A) The furnace temperature exceeds 1400°F (760°C) at the point where the 
flammable special atmosphere carrier gas is introduced. 
   (B) If the furnace is designed to operate with an automatic inert gas purge, 
the presence of the required inert gas pressure shall be verified manually or 
automatically. 
   (C) Operator action opens the valve.  
12.3.11.13.2 For furnaces using burn-in procedures for introducing flammable 
special atmosphere enriching gases, the safety shutoff valves shall open only 
when carrier gas flow has been initiated. 
   12.3.11.13.3 For furnaces using purge-in procedures for introducing 
flammable special atmospheres, the safety shutoff valves shall be energized to 
open only when: 
   (A) The inert gas purge is complete. 
   (B)   If the furnace is designed to operate with an automatic inert gas purge, 
the presence of the required inert gas pressure shall be verified manually or 
automatically. 
   (C)  Operator action opens the valve.  
   12.3.11.13.4 Safety shutoff valves shall be de-energized upon: 
   (A) Normal furnace atmosphere burn-out initiated. 
   (B) Normal furnace atmosphere purge-out initiated.  
   (C)  Low flow of carrier gas(es) that will not maintain a positive pressure in 
chambers below 1400°F (760°C) and positive pressure is not restored by the 
automatic transfer to another source of gas.  
   ( D)  A furnace temperature below which any liquid carrier gas used will not 
reliably dissociate.  
   Substantiation: The reliable dissociation temperature depends upon the liquid 
being used, and the temperature should be determined accordingly. 
   (E)  Automatic emergency inert gas purge initiated.  
   (F)  Manual operator emergency inert gas purge initiated.  
   (G)  Power failure. 
   A.12.11.13.4 Normal shutdown of a furnace by burn-out is an example of a 
practice that causes a furnace chamber to loose positive pressure. However, this 
loss of positive pressure is taking place along with the controlled introduction 
of air to effect the burn-out the flammable atmosphere. Safety shutoff valves 
are to close in response to this action, but there is not safety issue with this 
intended case of furnace pressure loss.  
   The unintended interruption of a furnace heating system, unintended loss of 
furnace temperature, the unintended reduction of carrier gas flow, or the 
unintended interruption of power are examples of conditions that can cause 
furnace chambers to lose positive pressure. These conditions, however, can 
lead to the uncontrolled infiltration of air into furnace chambers which could 
rapidly lead to an unsafe condition (faster than operators may be able to 
respond) in some or all the chambers. Chamber temperature will influence 
whether or not an unsafe condition can develop.  
   Where chamber temperature is at or above 1400°F (760°C), the uncontrolled 
air infiltration could create process quality issues; however, it is not anticipate 
to create safety issues. The standard has no requirement to initiate the removal 
of the special atmosphere in this case. Instead, the operator should follow 
written operating instructions and work to restore normal process conditions. 
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Comment on Affirmative:  
   BAL, R.: 12.3.1.6.5 Where a burn-off pilots are a the primary ignition source 
for a door, at least one burn-off pilot shall have flame supervision interlocked 
to prevent automatic door opening in the event of flame failure. 
The ability to open doors manually in emergency situations is required. Upon 
the simultaneously loss of furnace atmosphere and door pilot supervision, you 
either have to purge or manually open the door to burn-out the vestibule using 
an alternate source of ignition.  
  12.3.1.7.1 At least one safety shut-off valve upstream of all flame curtains on 
a furnace interlocked to close prevent opening the furnace vestibule door upon 
the following conditions: 
   There is a potential for an explosion if the outer door starts to open and then 
the flame screen is shut off. 
   12.3.4.2 Purge-in shall reduce the oxygen content of the furnace below 1% by 
displacement with an inert gas or before introduction of the flammable special 
atmosphere gas. 
12.3.4.3.1 Positive pressure for a Type VIII and IX heating-cover (retort) type 
furnaces shall be indicated by the bubbler, vent manometer, or similar device. 
   12.3.4.11 (d) All required quench fluid levels are at the correct level. 
Oil level directly affects the volume of the vestibule. 
   12.3.10.6.1 A flowmeter shall be provided on for each special atmosphere 
equipment line fluid. 
   To clarify that only one (1) flowmeter is required per special atmosphere 
going to the furnace. The special atmosphere can be distributed through orifices 
to multiple furnace inlets. 
   12.3.11.7.1 The requirement in 12.3.11.7 shall not prohibit safety device 
testing and maintenance in accordance with Chapter 7. 
   A.12.3.11.10.1 (2) Purged out by normal means where burn-out is not and 
acceptable option if the normal purge is not available. 
 
_______________________________________________________________ 
86-84 Log #76  Final Action: Reject 
(12.3 through 12.6) 
_______________________________________________________________ 
Submitter: Richard A. Gallagher, Zurich Services Corporation 
Recommendation:  
NOTE:  This proposal is to delete all existing text in the existing sections 
12.3, 12.4, 12.5, and 12.6 and replace it with the following text which will 
be a new section 12.3.  All other existing text in sections 12.7 and later 
would be renumbered in an appropriate manner.

12.3  Design Requirements for the Introduction, Use, and Removal of 
Flammable and Indeterminate Special Atmospheres from Furnaces.

12.3.1  General.

12.3.1.1  Flammable and indeterminate atmosphere gases shall be introduced, 
used, and removed from furnaces without creating an uncontrolled fire, 
deflagration, or explosion.

12.3.1.2*  Special atmosphere furnaces that use flammable or indeterminate 
special atmospheres shall be designed and maintained to minimize the 
unintended infiltration of air into the furnace.

A.12.3.1.2  Failure to maintain positive pressure in a furnace can allow air 
infiltration.  Air infiltration may occur at effluents, open ends, or the perimeter 
of doors.  In addition, welds in a furnace shell can break, gasketed joints can 
fail, and radiant tube heaters can be breached all of which could introduce 
additional sources of air infiltration.  Furnaces should be designed to minimize 
sources of air infiltration.  In addition, furnace shell joints and radiant tube 
heaters should be periodically evaluated/tested and repaired as needed.  Should 
positive furnace pressure be lost in furnaces or chambers operating below 
1400oF, air infiltration can lead to a flammable gas–air mixtures that can 
result in an explosion.  Loss of positive furnace pressure can be caused by an 
inadequate flow of carrier gases or loss of furnace heat.  Loss of furnace heat 
will lead to the thermal contraction of the atmosphere volume.

12.3.1.3  Operating instructions for introducing, using, and removing 
flammable special atmosphere gases shall comply with Chapter 12 and Section 
7.4.

12.3.1.4*  Where present, the liquid level in manometers or bubbler bottles on 
vent lines shall be checked and maintained at the required operating range as 
necessary.

A.12.3.1.4  The fluid in a bubblers may be water or oil.  Bubblers may be 
provided to protect a furnace from overpressure, or to maintain a minimum 
positive atmosphere pressure within the furnace.  Bubblers may also control 
pressure within a bell furnace using an oil seal. Overpressure of the retort or 
work chamber could blow the oil out of the seal ring.  It is also possible to 
have water condensation accumulate in a bubbler bottle that can add to the 
liquid level and allow an increase in furnace pressure.  This could increase 
furnace pressure to excessive levels leading to the loss of oil seals.  

  The following changes were made: 
  The following 31 paragraphs:  
12.3.2.2.1(A)(1), 12.3.2.2.2(B)(1), 12.3.2.3.1(A)(1), 12.3.2.3.2(B)(1), 
12.3.2.4.1(A)(1), 12.3.2.4.2(B)(1), 12.3.2.5.1(A)(1), 12.3.2.5.2(B)(1), 
12.4.2.2.1(A)(1), 12.4.2.2.2(B)(1), 12.4.2.3.1(A)(1), 12.4.2.3.2(B)(1), 
12.4.2.4.1(A)(1), 12.4.2.4.2(B)(1), 12.4.2.5.1(A)(1), 12.4.2.5.2(B)(1), 
12.4.2.6.1(A)(1), 12.4.2.7.1(A)(1), 12.4.2.7.2(B)(1), 12.5.2.1.1(A)(1), 
12.5.2.1.2(B)(1), 12.5.2.2.1(A)(1), 12.5.2.2.2(B)(1), 12.5.2.3(A)(1), 12.5.2.4(A)
(1), 12.6.2.3(B)(1), 12.6.2.4(B)(1), 12.6.2.5(B)(1), 12.6.2.6(B)(1), 12.6.2.7(B)
(1), 12.6.2.8(B)(1),  
  That read: 
  “The supplier of the special atmosphere shall be consulted for process and 
safety instructions.” 
  Have been deleted as the supplier of the special atmosphere does not have a 
direct role in the design of a furnace. 
  Action #2 
  New 12.3.1.4 was added to capture maintenance of liquid manometers and 
bubbler bottles which is industry practice. 
  Action #3 
  New 12.3.1.5 was added to capture the standard approach of NFPA 86 for   
managing any vents from furnaces. 
  Action #4 
  Section 12.3.1.6 was added to address burn-off pilots in accordance with 
industry practice. 
Action #5 
12.3.6.4 was added. The intent of this section is actually not new; however, it 
has never been formally stated in this direct manner within the standard. It is 
the intent of the committee to clarify that burn-in is not to be used where 
reliable flame propagation can not be maintained through cold chambers. 
  Action #6 
12.3.8.3 was added. The current standard only requires at least one furnace 
zone to be at or above 1400°F (760°C). It does not address the issue that the 
burn-out may start at a zone under 1400°F (760°C) and need a suitable source 
of ignition at that point. The new text captures this essential requirement. 
  Action #7 
12.3.8.6 has been added to explain when burn-out is complete. It captures 
industry issues with soot that may re-form a flammable atmosphere 
  Action #8 
Section 12.3.10 has been added addressing special atmosphere equipment 
piping systems. It addresses manual valves, regulators, relief valves, filters, 
flowmeters, and pressure gauges. The information represents industry practice. 
The manual valve required in 12.3.10.2.3 provides a second shutoff valve that 
will be available for shutoff during short furnace shutdowns. This manual valve 
will also facilitate service to devices on the special atmosphere equipment 
piping during furnace operation as it will isolate the equipment piping from the 
special atmosphere within the furnace. 
The electrical supervision in 12.3.10.2.4 will alert the operator to an off-normal 
condition on the automatic inert purge gas line and allow for prompt reopening 
of a shut valve. The current standard does not address the risk of an inadvertent 
closure of a manual valve on a purge line. 
12.3.10.2.5 and 12.3.10.2.5.1 are added to provide a means to isolate the 
furnace from special atmosphere supplies during extended shutdown periods. 
The objective is to prevent minute leakage from the special atmosphere manual 
isolation valve from accumulating in the furnace. 
Section 12.3.10.4 on relief valves has been developed to provide more detailed 
guidance that was not available in the past edition. This revised text could 
increase the number of relief valves needed on liquid special atmosphere 
piping. 
12.3.10.6.2 addresses the concern with glass or plastic flowmeters. These 
devices can be broken by physical impact resulting in the release of flammable 
gas and the development of a significant hazard.  
  Action #9 
Section 12.3.11 has been added addressing special atmosphere safety 
equipment. It addresses general conditions, removal of flammable special 
atmospheres, liquid excess flow control, flammable special atmosphere safety 
shutoff valves, emergency inert gas purge, special atmosphere flow interlocks, 
furnace 1400 deg F temperature interlocks, and liquid atmosphere low furnace 
dissociation temperature interlocks. This information is industry practice.  
This section eliminates the 800 deg F temperature interlock, and renames it the 
“low furnace dissociation temperature interlock”. The reliable dissociation 
temperature depends upon the liquid being used, and the temperature should be 
determined accordingly. 
12.3.11.10.2 includes a significant change to the standard in that manual action 
is being eliminated. The manual action should be eliminated as an operator 
would not have the time needed to respond before an explosion could occur. 
12.3.11.11 This is new material addressing the potential overpressure of a 
furnace due to the introduction of too much special atmosphere flow. This is 
similar to providing regulators and relief valves on gas special atmosphere 
lines. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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  (a) One or more burn-off pilots positioned to reliably ignite the flame curtain.

  (b) At least one burn-off pilot at a flame curtain shall have flame supervision 
interlocked to prevent opening of the furnace door served and interlocked to 
prevent operation of the flame curtain at the door served.

  (c) At least one safety shutoff valve upstream of all flame curtains on a 
furnace interlocked to close upon the following conditions:

  (1)  Low fuel gas pressure on the flame curtain fuel gas supply.
  (2)  High fuel gas pressure on the flame curtain fuel gas supply.

  (d) An automatic control valve ahead of each flame curtain arranged to open 
when the furnace door is not closed.

  (e)  When the safety shutoff valve in item (c) is closed, the furnace doors 
served by that safety shutoff valve shall be interlocked so they can not open.

12.3.2  Flammable Special Atmosphere Introduction.

12.3.2.1  Flammable special atmospheres shall be introduced into a furnace 
using one of the following methods:

  (a)  Purge-In

  (b)  Burn-In

12.3.3  Flammable Special Atmosphere Removal.

12.3.3.1  Flammable special atmospheres shall be removed from a furnace 
using one of the following methods:

  (a)  Purge-Out

  (b)  Burn-Out

12.3.4  Purge-in Requirements

12.3.4.1 Written purge-in instructions shall be provided for each furnace.

12.3.4.2  Purge-in shall reduce the oxygen content of the furnace below 
1 percent by displacement with an inert gas or before introduction of the 
flammable special atmosphere gas.

12.3.4.3  A positive furnace pressure shall be maintained during the purge-
in process.  This includes the transition from the inert gas purge to the 
introduction of special atmosphere gas.

12.3.4.3.1  Positive pressure for a heating-cover (retort) type furnaces shall be 
indicated by the bubbler, vent manometer, or similar device.

12.3.4.4*  Purge effectiveness shall not be compromised during the purge 
process.

A.12.3.4.4  Purge effectiveness can be compromised by actions such as 
operating furnace doors, operating quench elevators, introducing work, and 
operating fans not included in the purge process.  Purge effectiveness can also 
be compromised by not running fans required to effect the purge.  Avoiding 
such actions may be accomplished by written operating procedures or 
interlocks.

12.3.4.5*  During the inert gas purge, flammable special atmosphere gas 
control valves shall remain closed.

A.12.3.4.5  Verification of flammable atmosphere gas control valves being 
closed can be accomplished by operator observation.

12.3.4.6  Purging of the furnace atmosphere shall begin and shall continue until 
the purge is complete using one of the following methods:

  (1)  Time-flow purge method in accordance with section 12.7.

  (2)  Two consecutive analyses of all chambers indicating that the oxygen 
content is less than 1 percent

12.3.4.7  Furnaces shall not be required to be at any specific temperature when 
the inert gas is displaced by flammable special atmosphere gases.

12.3.4.8*  Active sources of ignition shall be provided at interfaces between air 
and flammable or indeterminate special atmosphere gases at furnace openings 
and doors.  Effluent vents terminating inside a building will also be provided 
with an active source of ignition.

12.3.1.5*  Discharge from effluent vents of furnaces using special atmospheres 
shall be piped or captured by hoods and discharged to an approved location. 

A.12.3.1.5  Where flammable atmosphere effluent is release unburned to the 
interior of a building, the accumulation of flammable gases could create a fire 
or explosion hazard. To avoid this hazard, effluent that will not reliably ignite 
upon contact with air should be captured by a hood and discharged to a safe 
outside location.  See also annex A.6.2.7.3 which also addresses additional 
hazards.

12.3.1.6 Burn-off Pilots and Other Ignition Sources.  This section applies to 
burn-off pilots and other ignition sources provided for the purpose of igniting 
flammable special atmosphere gases at effluent stacks, open ends, or doors 
when a flammable atmosphere is present in the furnace.

12.3.1.6.1 A burn-off pilot, glow plug, flame screen, or other source of ignition 
shall be provided and located at the gas-air interface and sized to reliably ignite 
the flammable special atmosphere gas that is released at effluents, open ends 
or doors.

12.3.1.6.2*  Burn-off pilots that are exposed to inert purge gas or special 
atmosphere gas under either normal or emergency conditions shall be of a type 
that will remain in service to ignite flammable effluent gases.

A.12.3.1.6.2  Burn-off pilots using full premix (fuel-gas mixed with all air 
needed to support full combustion) and glow plugs are examples of ignition 
sources meeting the intent of this paragraph.

  Full premix burn-off pilots have sufficient air (or more precisely sufficient 
oxygen in air) pre-mixed with the fuel gas to maintain the burn-off pilot if the 
purge gas or special atmosphere gas otherwise creates an oxygen deficient 
atmosphere that would not otherwise support the burning of the pilot flame.

12.3.1.6.3  Burn-off pilots igniting effluent from vent pipes shall not require 
flame supervision.

12.3.1.6.4 Burn-off pilots serving as the primary ignition source for effluent 
from doors or open furnace ends, at least one burn-off pilot shall have flame 
supervision.

12.3.1.6.5 Where a burn-off pilots are the primary ignition source for a door, 
at least one burn-off pilot shall have flame supervision interlocked to prevent 
door opening in the event of flame failure.

12.3.1.6.6  Burn-off pilots that have flame supervision shall:

  (a) Provide an audible and visual alarm to alert the operator to the failure.

  (b)  Not shut the burn-off pilot gas off in the event of flame failure. 

12.3.1.6.7*  Burn-off pilot gas shall not shut off in the event of power failure.

A.12.3.1.6.7  If pilot were equipped with flame supervision interlocked to turn 
fuel gas off to the pilot upon loss of flame, these pilots would also be turned 
off in the event of a power failure. The loss of pilots at special atmosphere 
effluent points during a power failure is undesirable and would create a serious 
safety concern with reliably maintaining ignition of effluents.  Where flame 
supervision is provided, it is for alarm to draw attention to the need to relight 
the pilot or it is interlocked to prevent opening a furnace door.

12.3.1.6.8*  Burn-off pilots shall be located and sized to reliably ignite the 
effluent stream.

A.12.3.1.6.8  Burn-off pilots should be located where they will contact the 
effluent stream.  As an example, for a lighter-than-air effluent flowing from a 
furnace open end, the effluent will be most likely encountered at the top of the 
opening.

12.3.1.6.9  Each burn-off pilot shall be equipped with an individual manual 
shutoff valve.

12.3.1.6.10*  Burn-off pilots gas supply source shall be located downstream of 
the equipment main manual isolation valve and upstream of any other shutoff 
devices that can close automatically including safety shutoff valves.

A.12.3.1.6.10  Burn-off pilots are not to be interrupted by any action other than 
closing their individual manual control valve or closing the main equipment 
manual control valve.

12.3.1.7  Flame Curtains

12.3.1.7.1  Where a flame curtains is provided and a flammable atmosphere is 
present in the furnace, the following features shall be provided and in service:
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A.12.3.5.5  In some furnace designs, such as the Type II furnace (integral 
quench batch furnace), manual torches may be needed as a means to 
reliably ignite flammable atmosphere gas as it flows into the cool vestibule 
chamber from the hot heating chamber. Written burn-in instructions for the 
specific furnace will outline the specific sequence to follow for burn-in. The 
following burn-in procedure for a Type II furnace is provided as one example. 
Atmosphere gas is introduced to the hot heating chamber and autoignites.  
Ignition is visually verified, and the inner heating chamber door is closed. A 
port in the closed inner door allows the atmosphere gas flow from the heating 
chamber to the vestibule chamber. A manual torch placed at this port, ignites 
the atmosphere gas. Once ignition is visually verified at the inner door port, the 
manual torch is removed and the outer vestibule door is closed. The vestibule is 
allowed to burn-in. Burn-in of the vestibule is visually confirmed once a steady 
flame appears at the vestibule atmosphere effluent vent.

12.3.5.6*  Burn-in effectiveness shall not be compromised by any action that 
deviates from the written operating  instructions for burn-in.

A.12.3.5.6  Burn-in effectiveness can be compromised by actions that are not 
included in the burn-in operating instructions. Furnace doors, quench elevators, 
and fans should not be operated except in accordance with written burn-in 
operating instructions. Work should not be introduced into a furnace during the 
burn-in process.  Burn-in effectiveness can also be compromised by running or 
not running fans in accordance with written burn-in instructions.  

12.3.5.7*  For Types I through VII furnaces, recirculating fans in cooling zones 
shall be turned off during burn-in.

A.12.3.5.7  During burn-in, cooling zone fans are to be turned off to avoid 
disrupting the flame front burning through the cooling chamber.

  If a furnace is being heated, the heat zone fans typically need to be kept in 
service to avoid thermal damage. The deviation from this general guidance if 
for Type II integral quench batch furnaces (see 12.3.5.10).

  In a cooling chamber, the only ignition source is the flame front which 
is easily disrupted by fan circulation.  In a heating chamber above 1400oF 
(760oC), the entire environment is an ignition source and fans will not 
adversely affect the reliability of ignition.

12.3.5.8  Special requirements for Type VIII and XI furnaces

12.3.5.8.1 For Type VIII and XI furnaces (cover or retort furnaces), circulating 
base fans, where provided, shall be turned on.

12.3.5.8.2*  For Type VIII and IX furnaces (cover or retort furnaces), the cover 
shall be sealed to the furnace base before flammable or indeterminate special 
atmospheres are introduced.

A.12.3.5.8.2  The retort or inner cover of a Type VIII furnace and the cover of 
a Type IX furnace will be sealed to the base.  Sand seals, oil seals, or rubber 
seals may be used.  With oil seals, oil can be pushed out of the seal ring if the 
internal retort or work chamber pressure is too high. A bubble or

12.3.5.8.3*  Where a Type VIII or IX furnace (cover or retort furnace) uses 
an oil seal between a cover and base, means shall be provided so that furnace 
pressure is maintained below the static head pressure of the seal oil.

A.12.3.5.8.3  The means to maintain furnace pressure below the static head 
pressure of the seal oil include the use of bubblers or manometers on vent 
lines. Other means may be possible.  Also see A.12.3.1.5.

12.3.5.9  Inner and outer furnace doors, where provided, and placement of 
manual torches, where required, shall be placed in the appropriate position 
as directed in the operating instructions during each stage of the burn-in 
procedure. 

12.3.5.10*  For a Type II furnace (batch integral quench furnace) with heating 
chamber fan, the fan will stop when the inner heating chamber door is open.

A.12.3.5.10  The heat zone fan is turned off when the inner door is open to 
avoid adverse effects upon the special atmosphere in heat zone and vestibule 
due to fan operation while the door is open.  One adverse effect could be 
creating atmosphere flow in the vestibule that could drawing in air around 
the steel-to-steel contact between the vestibule door and furnace shell.  Also, 
during initial furnace burn-in, the operator will typically be instructed to 
visually verify ignition of the special atmosphere gas as it is introduced to the 
heating chamber.  This requires both the heating chamber door and vestibule 
door to be open, and the heating chamber fan to be off to allow visual 
observation.

12.3.5.11*  When flame appears at furnace doors, open ends and effluent lines 
of furnaces with doors, open ends, or effluent lines terminating inside of a 
building, the burn-in atmosphere introduction process is considered complete.

A.12.3.4.8  Flammable atmosphere/air interfaces occur at doors, open ends, 
effluents and other locations where the flammable atmosphere contacts air.  
Sources of ignition may include door pilots, flame curtains, door effluents 
(above 1400oF), glow plugs, and hot door parts (if above 1400oF).
  Atmosphere/air interfaces can be avoided by providing a nitrogen seal.

  Where a furnace has open ends or doors, a flame of established character 
appearing at open ends or atmosphere effluents shall indicate that the 
atmosphere introduction has been completed or is being maintained.

  Furnaces without open ends or doors, such as bell furnaces and strip 
processing furnaces with sealed entrance and exit, may not have ignited 
effluent lines.  As such, the operator may not know if or when the flammable 
atmosphere introduction is complete; however, because the furnace is sealed, 
the presence of an indeterminate atmosphere is not considered a safety concern.  
The operator is not using the effluent flame as an indicator for determining 
when to cycle loads or operate doors.

  The character of the flame at furnace open ends and special atmosphere 
effluents will be a function of the specific furnace.  It is essential for the 
furnace operator to be trained to recognize the “established character” of these 
flames.

12.3.4.9*  Purging shall include all of the furnace open volumes and vestibules 
that will contain a flammable special atmosphere gas.

A.12.3.4.9  The furnace volume includes chambers, zones, covers, and retorts 
that contain the flammable special atmosphere within the furnace. Ductwork 
associated with recirculating fans such as jet coolers are considered part of the 
furnace volume. Purging could include features such as large door housings or 
chambers and large pusher chain or mechanism housings that are exposed to 
the flammable special atmosphere.

12.3.4.10  Where present, furnace doors and covers shall be positioned in 
accordance with the operating instructions before purge-in begins. 

12.3.4.11  During the inert gas purge, all flame curtain fuel gas valves shall be 
closed.

12.3.4.12  During the inert gas purge, all circulating and recirculating fans shall 
be operating as required by the operating instructions.

12.3.4.13  Flammable special atmosphere gases shall not be introduced unless:

  (a) Burn-off pilots at open ends, doors and effluent lines are ignited.

  (b)  All manual valves to flame curtains (where provided) are open.

  (c)  All automatic valves to flame curtain are in service.

12.3.4.14  When flame appears at furnace doors, open ends and effluent lines 
of furnaces with doors, open ends, or effluent lines terminating inside of a 
building, the purge-in atmosphere introduction process is considered complete.

12.3.5  Burn-in Requirements

12.3.5.1 Written burn-in instructions shall be provided for each furnace.

12.3.5.2*  Burn-in shall reduce the oxygen content of the furnace by 
consuming the oxygen in the air through combustion with a flammable 
atmosphere gas that will reliably ignite at the gas/air interfaces.

A.12.3.5.2  The burn-in process is anticipated to reduce the oxygen level within 
the furnace to a point at or below 1% as the oxygen in air is consumed by the 
burn-in process.

12.3.5.3*  To begin the burn-in process, the flammable special atmosphere 
gas shall be introduced at a location in the furnace that is at or above 1400oF 
(760oC).

A.12.3.5.3 Any flammable atmosphere gas introduced into a chamber at or 
above 1400oF (760oC) will be reliably ignited by autoignition.  An alternate 
method of atmosphere gas ignition, beyond just the burning flame front, may 
be needed where the burning atmosphere gas enters chambers below 1400oF 
(760oC).

12.3.5.4*  Where a stable flame front propagating through a chamber under 
1400oF (760oC) can not be maintained, the burn-in process shall not be used.

A.12.3.5.4  Long cooling tunnels can extinguish the burning atmosphere flame 
front by cooling the atmosphere gas as it moves along the length of the tunnel.

12.3.5.5*  For zones under 1400oF (760oC), stable flames of burning gas shall 
be maintained in the zones as the special atmosphere gas is burned-in.
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12.3.7.4  Burn-out shall be initiated by turning off all special atmosphere gases 
in a sequence outlined in the written burn-out instructions.

12.3.7.5*  Burn-out effectiveness shall not be compromised by any action that 
deviates from the written operating  instructions for burn-in.

A.12.3.7.5  Burn-out effectiveness can be compromised by actions that are 
not included in the burn-out operating instructions. Furnace doors, quench 
elevators, and fans should not be operated except in accordance with written 
burn-out operating instructions. Work should not be introduced into a furnace 
during the burn-out process.  Burn-out effectiveness can also be compromised 
by not running fans required to effect the burn-out.  

12.3.7.6*  Circulating and recirculating fans shall be turned off.

A.12.3.7.6  During burn-out, fans are to be turned off to avoid disrupting the 
flame front burning back through to the special atmosphere gas source.

12.3.7.7*  Inner and outer furnace doors, where provided, shall be placed in the 
appropriate position as directed in the operating instructions during each stage 
of the burn-out procedure.

A.12.3.7.7  Typically, the burn-out procedure will begin with all inner and 
outer doors closed.  The outer most chamber will be burned-out first.

12.3.7.8 Burn-out shall be considered complete when all visible flame in the 
furnace is observed to be extinguished.

12.3.7.9  When burn-out is complete, the following features shall be permitted 
to be turned off:

  (a)  Pilots at outer doors and effluent lines (special atmosphere vents).

  (b) Circulation and recirculation fans required for purge-out.

12.3.7.10* For Type VIII and IX furnaces (cover or retort furnaces), the 
following actions shall be taken where required by the written burn-out 
procedures:

  (a) Release mechanical clamping devices holding the heating cover to the 
base.

  (b)  Manual pilots or torches shall be ignited and placed in position at the 
heating cover to the base seal to ignite flammable gases that may be present 
inside the cover as the seal is broken.

A.12.3.7.10  For Type VIII and IX furnaces (cover or retort furnaces), visual 
observation of burn-out is not possible.

12.3.8 Special Atmosphere Equipment Piping System.

12.3.8.1 The special atmosphere equipment piping system shall include all 
piping and components for the delivery of special atmosphere gases to a 
furnace starting at the equipment manual isolation valve.

12.3.8.2 All components of the special atmosphere equipment piping shall be 
grounded.

12.3.8.3 Manual Valve Location and Arrangement.

12.3.8.3.1 Equipment manual isolation valves for each special atmosphere gas 
shall be located upstream of all devices on the equipment piping.

12.3.8.3.2 Equipment manual isolation valves for each special atmosphere 
gas shall be and accessible to the operator for manual use in accordance with 
written operating instructions. 

12.3.8.3.3  Manual shutoff valve for each special atmosphere gas, except the 
purge gas, shall be located downstream of all devices on the equipment piping.

12.3.8.3.4  Manual shutoff valve for each special atmosphere gas, except the 
purge gas, shall be accessible to the operator for manual use in accordance with 
written operating instructions. 

12.3.8.3.5  Manual bypass valve shall be provided to bypass each normally-
open emergency inert gas purge valve.

12.3.8.3.6 Manual bypass valve provided to bypass each normally-open 
emergency inert gas purge valve Manual valves shall be arranged as follows:

  (a) Be accessible to the operator for use in accordance with written operating 
instructions.

A.12.3.5.11  The character of the flame at furnace open ends and special 
atmosphere effluents will be a function of the specific furnace.  It is essential 
for the furnace operator to be trained to recognize the “established character” 
of these flames.  In addition, the operator should be aware of the typical timing 
for flame to appear at open ends and effluent vents.

12.3.6  Purge-Out Requirements

12.3.6.1  Written purge-out instructions shall be provided for each furnace.

12.3.6.3* A positive furnace pressure shall be maintained at all time during 
purge-out.  This includes the transition from the special atmosphere gas 
operation to the inert gas purge.

A.12.3.6.3  Unlike normal operation and burn-in operations where momentary 
loss of positive pressure is permitted, it is the intent during purge out to keep 
the furnace under positive pressure.

12.3.6.3.1  For Types VIII and IX furnaces, an indication of positive furnace 
pressure shall be provided by an indicating manometer, or similar device.   

12.3.6.4*  Purge effectiveness shall not be compromised during the purge 
process.

A.12.3.6.4  Purge effectiveness can be compromised by actions such as 
operating furnace doors, operating quench elevators, introducing work, and 
operating fans not included in the purge process.  Purge effectiveness can also 
be compromised by not running fans required to effect the purge.  Avoiding 
such actions may be accomplished by written operating procedures or 
interlocks.

12.3.6.5 Once the inert purge gas flow has been established for purge-out, the 
flow of all flammable special atmosphere gases shall be stopped. 

12.3.6.6*  Purging shall include all of the furnace volume that will contain a 
flammable or indeterminate special atmosphere gas.

A.12.3.6.6  The furnace volume includes chambers, zones, covers, and retorts 
that contain the flammable special atmosphere within the furnace. Ductwork 
associated with recirculating fans such as jet coolers are considered part of 
the furnace volume. The furnace volume also may include the space present 
within the furnace steel shell but above the refractory arch if flammable special 
atmosphere gas can permeate into that space. Flammable special atmosphere 
gases such as hydrogen may migrate into an above arch space during operation 
and may require special purging facilities to remove them during the purge-out 
process.

12.3.6.7  Where present, furnace doors and covers shall be positioned in 
accordance with the manufacturer’s instructions before purge-out begins. 

12.3.6.8*  Purge-out shall be considered complete when all chambers that 
would create a hazard are below 50% of LEL.

A.12.3.6.8  Chambers includes heating chamber, cooling chambers, vestibules, 
door housings, and other atmosphere containing volumes that would create a 
hazard if not specifically purged.

12.3.6.8.1  The completion of purge-out shall be determined by one of the 
following two methods:

  (1)  Time-flow purge method in accordance with 12.7 as it applies to the 
purge-out process.

  (2)  Two consecutive analyses of all chambers indicating that the flammable 
level within the furnace shall be below 50% of LEL. 

12.3.6.9  When purge-out is complete, the following features shall be permitted 
to be turned off:

  (a)  Pilots at outer doors and effluent lines (special atmosphere vents).

  (b) Circulation and recirculation fans required for purge-out.

  (c) The inert purge gas supply to the furnace.

12.3.7  Burn-Out Requirements

12.3.7.1  Written burn-out instructions shall be provided for each furnace.

12.3.7.2  Burn-out shall reduce the flammable content of the furnace below 50 
percent of LEL. 

12.3.7.3  To use the burn-out process, at least one furnace zone, chamber, 
heating cover, or retort shall be at or above 1400°F (760°C).



86-57

Report on Proposals A2010 — Copyright, NFPA NFPA 86 

12.3.9.2 Safety devices shall be applied and installed in accordance with this 
standard and the manufacturer’s instructions. 

12.3.9.3 Electric relays and safety shutoff valves shall not be used as 
substitutes for electrical disconnects and manual shutoff valves. 

12.3.9.4 Regularly scheduled inspection, testing, and maintenance of all safety 
devices shall be performed. (See Section 7.5.) 

12.3.9.5 Safety devices shall be installed, used, and maintained in accordance 
with the manufacturer’s instructions.

12.3.9.6 Safety devices shall be located or guarded to protect them from 
physical damage. 

12.3.9.7 Safety devices shall not be bypassed electrically or mechanically.

12.3.9.7.1 The requirement in 12.3.9.7 shall not prohibit safety device testing 
and maintenance in accordance with 12.3.11.4. Where a system includes 
a “built-in” test mechanism that bypasses any safety device, it shall be 
interlocked to prevent operation of the system while the device is in the test 
mode, unless listed for that purpose.

12.3.9.7.2 The requirement in 12.3.9.7 shall not prohibit a time delay applied to 
the action of pressure proving or flow proving, where the following conditions 
exist: 

  (1)  There is an operational need demonstrated for the time delay.

  (2)  The use of a time delay is approved.

  (3)  The time delay feature is not adjustable beyond 5 seconds.

  (4)  A single time delay does not serve more than one pressure proving or 
flow proving safety device.

  (5)  The time from an abnormal pressure or flow condition until the holding 
medium is removed from the safety shutoff valves does not exceed 5 seconds. 

12.3.9.8* A manual emergency switch shall be provided to initiate the removal 
of the furnace special atmosphere using the method, either purge-out or burn-
out, that is the basis of the furnace design. 

A.12.3.9.8 For some applications, additional manual action may be required to 
bring the process to a safe condition.

12.3.9.9 The activation of any carrier gas or furnace pressure safety interlock 
required in section 12.3.11 shall initiate the removal of the furnace special 
atmosphere using the method, either purge-out or burn-out, that is the basis of 
the furnace design. 

12.3.9.10 Hardwired logic systems for special atmosphere control shall comply 
with section 8.3.2 of this standard.

12.3.9.11 Programmable logic controller systems for special atmosphere 
control shall comply with section 8.3.3 of this standard.

12.3.9.12 Flammable or Indeterminate Special Atmosphere Safety Shutoff 
Valves – General.

12.3.9.12.1 Two safety shutoff valves shall be provided in supply line of each 
flammable or indeterminate special atmosphere gas.

12.3.9.12.2 One safety shutoff valve shall be provided in the supply line of 
each flammable special atmosphere gas supplied to the furnace as a liquid.

12.3.9.12.3 Exothermic generated special atmosphere gas supplies used for 
both purging and process shall not require safety shutoff valves if interruption 
of the exothermic gas supply is accomplished by a safety shutdown of the 
exothermic gas generator. 

12.3.9.12.4 Safety shutoff valve components shall be of a material selected for 
compatibility with the gas or liquid handled and for ambient conditions.

12.3.9.12.5 Safety shutoff valves shall have local visual indication of valve 
position.

  (a) The local visual position indication shall directly indicate the physical 
position, closed and open, of the valve. 

  (b) Where lights are used for position indication, the absence of light shall not 
be used to indicate open or closed position.

  (b) Have a port area equal to or larger than the bypassed normally-open 
emergency inert gas purge valve.

12.3.8.3.7 Each manual valve shall have a placards that states its function and 
gas controlled.

12.3.8.3.8 Each manual valve shall have permanently affixed visual indication 
of the valve position.

12.3.8.3.9 Each manual valve shall have wrenches or handles that remain 
affixed to valves, and shall be oriented with respect to the valve port to indicate 
the following: 

  (1)  An open valve when the handle is parallel to the pipe  

  (2)  A closed valve when the handle is perpendicular to the pipe 

12.3.8.4 Regulators.

12.3.8.4.1 Regulars shall be provided on each special atmosphere gas line 
when the gas supply pressure exceeds the operating or design parameters of 
equipment piping, components on the equipment piping, or the design pressure 
of the furnace. 

12.3.8.4.2* Regulators atmospheric vents shall be vented to an approved 
location. 
 
A.12.3.8.4.2   See A.6.2.7.3.

12.3.8.4.3 A regulator vent shall not be manifolded with any other vent.

12.3.8.4.4 Regulator vents shall be designed to prevent the entry of water and 
insects without restricting the flow capacity of the vent.

12.3.8.5 Relief Valves.

12.3.8.5.1 Relief valve shall be provided downstream of any regulator where a 
regulator failure could expose downstream piping, components, or furnace to 
pressures exceeding their design or working pressure. 

12.3.8.5.2* Relief valves shall be vented to an approved location.

A.12.3.8.5.2   See A.6.2.7.3.  Also, for atmosphere gases supplied in the liquid 
state, relief valves can be piped back to the liquid storage vessel.

12.3.8.5.3 A relief vent shall not be manifolded with any other vent.

12.3.8.6 Flowmeters.

12.3.8.6.1 A flowmeter shall be provided on each special atmosphere gas 
equipment line.

12.3.8.6.2* Glass or plastic tube flowmeters shall not be used with flammable 
or indeterminate gases.

A.12.3.8.6.2  Flowmeters for use with flammable gases are not presently listed. 
A flowmeters handling flammable gas should have a metal body. Reading flow 
should be via an indirect means or via a heavy, flat site glass protected by the 
flowmeter metal housing. The concern is that glass or plastic flowmeters can be 
broken by physical impact resulting in a release of the gas normally contained. 
Where a flammable gas is normally contained in the flowmeter, a significant 
hazard could result from the failure of the flowmeter.

12.3.8.7 Pressure Gauges.

12.3.8.7.1 A pressure gauges shall be provided for each special atmosphere gas.

12.3.8.7.2 A shutoff valve shall be provided between each pressure gauge and 
the equipment piping. 

12.3.9  Special Atmosphere Safety Equipment.  Section 12.3.9 shall apply 
to the safety equipment and its application to the furnace special atmosphere 
system.

12.3.9.1  All safety devices shall be one of the following: 

  (1)  Listed for the service intended 

  (2)  Approved, where listed devices are not available 

  (3)  Programmable controllers applied in accordance with section 8.3.3 of this 
standard 
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  Where a liquid carrier gas is used, furnace temperatures below 800°F (427°C) 
may not vaporize the liquid to maintain positive furnace pressure. Once 
positive furnace pressure is lost, air infiltration into the furnace can introduce 
an explosion hazard.

12.3.9.14 Emergency Inert Gas Purge.

12.3.9.14.1 Where a furnace is designed for purge-out, the inert purge gas 
equipment pipe shall be controlled by a normally open purge control valve.

12.3.9.14.2 The normally open purge control valve shall have local visual 
indication of valve position.

  (a) The local visual position indication shall directly indicate the physical 
position, closed and open, of the valve. 

  (b) Position indication shall be by mechanical means that does not rely upon 
the presence of electrical or pneumatic power. 

12.3.9.14.3 Where a furnace is designed for purge-out, the emergency inert gas 
purge shall be initiated upon any of the following conditions:

  (a) Furnace heat source shutdown for any reason.

  (b) Low flow of carrier gas(es) that will not maintain a positive furnace 
pressure.

  (c) Low furnace pressure.

  (d) Temperature less than 800°F (427°C) where a liquid carrier gas is used

  (e) Power failure.

  (f) Manual operator emergency inert gas purge initiated. 

12.3.9.15 Special Atmosphere Pressure and Flow.

12.3.9.15.1 The equipment piping for each carrier gas shall include a 
flowmeter.

12.3.9.15.2 Carrier gas flowmeters shall be interlock to initiate the actions 
listed below if the total carrier gas flow falls below the minimum required to 
keep the furnace under positive pressure:

  (a) Closure of all flammable and indeterminate special atmosphere gas safety 
shutoff valves.

  (b) An emergency inert gas purge if the furnace is designed for purge-out.

  (c) Burn-out if the furnace is designed for burn-out.

  (d) Initiate audible and visual alarms to alert the operator of the low carrier 
gas flow condition and the emergency shutdown action initiated.

12.3.9.15.3 Carrier and inert purge gas equipment piping shall be equipped 
with low gas pressure switches interlocked to:

  (a) Initiate audible and visual alarms for the affected carrier gas or inert purge 
gas to alert the operator of the low pressure condition.

12.3.9.15.4 Where carrier and inert purge gases are pressure regulated and 
where regulator failure could allow gas pressures to exceed the working 
pressure of equipment piping or components or exceed the furnace design 
pressure, the carrier gas and inert purge gas equipment piping shall be equipped 
with a high gas pressure switch downstream of the final pressure reducing 
regulator and interlocked to:

  (a) Close the safety shutoff valve(s) of the affected carrier gas or inert purge 
gas. 

  (b) Initiate audible and visual alarms for the affected carrier gas or inert purge 
gas to alert the operator of the high pressure condition.

12.3.9.15.5 Emergency inert purge gas equipment piping shall include a low 
gas pressure switch interlocked to initiate audible and visual alarms to alert the 
operator of the low pressure condition.

12.3.9.15.6 Where an emergency inert purge gas is pressure regulated and 
where regulator failure could allow gas pressures to exceed the working 
pressure of equipment piping or components or exceed the furnace design 
pressure, the emergency inert purge gas equipment piping shall be equipped 
with a high gas pressure switch downstream of the final pressure reducing 
regulator and interlocked to initiate audible and visual alarms to alert the 
operator of the high pressure condition.

  (c) Indirect indication of valve position, such as by monitoring operator 
current voltage or pressure, shall not be permitted.

12.3.9.12.6  Means for testing all gas safety shutoff valves for valve seat 
leakage shall be installed.

12.3.9.12.7*  A test of seat leakage of gas safety shutoff valves shall be 
completed at least annually.

A.12.3.9.12.7   See A.7.5.9.

12.3.9.13 Flammable and Indeterminate Special Atmosphere Safety 
Shutoff Valves – Control.

12.3.9.13.1 For furnaces using burn-in procedures for introducing flammable 
or indeterminate special atmosphere gases, the safety shutoff valves shall be 
energized to open only when:

  (a) The furnace temperature exceeds 1400°F (760°C).

  (b) Operator action acknowledges flow is to initiate. 

12.3.9.13.2 For furnaces using purge-in procedures for introducing flammable 
or indeterminate special atmosphere gases, the safety shutoff valves shall be 
energized to open only when:

  (a) The purge-in process is complete.

  (b) Operator action acknowledges flow is to initiate.

12.3.9.13.3* For furnaces using burn-out procedures for removing flammable 
or indeterminate special atmosphere gases, safety shutoff valves shall be 
de-energized upon:

  (a) Normal furnace atmosphere burn-out initiated.

  (b) Furnace heat source shuts down for any reason.

  (c) Furnace temperature falls below 1400°F (760°C).

  (d) Low flow of carrier gas(es) that will not maintain a positive furnace 
pressure.

  (e) Low furnace pressure.

  (f) Power failure.

  (g) Manual operator shutdown action. 

A.12.3.9.13.3 Shutdown of the furnace heating system, loss of furnace 
temperature, or reduction of carrier gas flow can cause the furnace to lose 
positive pressure. Normal shutdown, power failure, emergency shutdown, or 
carrier gas failures can cause these conditions. The result is the infiltration 
of air into the furnace. If or when the furnace temperature (or furnace zone 
temperature) falls below 1400°F (760°C), an explosion hazard could develop.

12.3.9.13.4* For furnaces using purge-out procedures for removing flammable 
or indeterminate special atmosphere gases, the safety shutoff valves shall be 
de-energized upon:

  (a) Normal furnace atmosphere purge-out initiated.

  (b) Emergency inert gas purge initiated.

  (c) Furnace heat source shutdown for any reason.

  (d) Low flow of carrier gas(es) that will not maintain a positive furnace 
pressure. 

  (e) Low furnace pressure.

  (f) Temperature less than 800°F (427°C) where a liquid carrier gas is used

  (g) Power failure.

  (h) Manual operator inert gas purge initiated. 

  (i) Manual operator emergency inert gas purge initiated.

A.12.3.9.13.4 Shutdown of the furnace heating system, loss of furnace 
temperature, or reduction of carrier gas flow can cause the furnace to lose 
positive pressure. Normal shutdown, power failure, emergency shutdown, or 
carrier gas failures can cause these conditions. The result is the infiltration of 
air into the furnace which can immediately introduce an explosion hazard to a 
furnace or furnace zone operating below 1400°F (760°C).
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  (b) Loss of furnace heat.

  (c) Interruption of a special atmosphere carrier gas. 

A.12.3.10.1

  (a) Power failure is an emergency as normal furnace control will be lost and 
heat sources will be interrupted.  Loss of furnace heat allows the volume of the 
furnace atmosphere to contract, furnace pressure to go negative, and air enter 
the furnace creating an explosion hazard.

  (b) Loss of furnace heat source is an emergency as the furnace will lose 
temperature, the furnace atmosphere will contract, furnace pressure will go 
negative, and air will enter the furnace creating an explosion hazard.

  (c) Interruption of a special atmosphere carrier gas is an emergency as it 
will reduce the overall flow of gas into the furnace, furnace pressure will go 
negative, and air will enter the furnace creating an explosion hazard.

12.3.10.2 Emergency procedure shall include the following actions:

  (a)  Where the furnace is designed for burn-out, a burn-out of the furnace 
shall be completed following the requirements of section 12.3.8.

  (b)  Where the furnace is designed for purge-out, a purge-out of the furnace 
shall be completed following the requirements of section 12.3.7.
Substantiation: The current text of NFPA 86-2007 sections 12.3 through 12.6 
form an extremely prescriptive set of operating instructions for specific types 
of special atmosphere furnaces rather than a set of safety guidelines. The 
proposed text is intended to present the safety requirements for the arrangement 
and design of a special atmosphere furnace. 
Committee Meeting Action: Reject 
Committee Statement: The proposed revision to Chapter 12 is rejected 
because it is incomplete. 
The committee has developed a committee proposal, 86-83 (Log #CP6) to 
revise and restructure Sections 12.3 thru 12.6. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-85 Log #92  Final Action: Reject 
(12.6.2.3(C)(1)(b)) 
_______________________________________________________________ 
Submitter: Gary D. Keil, Caterpillar Inc. 
Recommendation: Revise text to read as follows:  
12.6.2.3 Introduction of Flammable Special Atmosphere Gas into Type 
VIII Heating Cover Furnace by Purge Procedure. 
   (A) Air trapped inside the inner cover (retort) shall be purged by means of 
inert gas or vacuum pump prior to introducing a flammable special atmosphere. 
  (B) In addition to the requirements of 12.6.2.3, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the 
following also shall apply: 
   (1) The supplier of the special atmosphere shall be consulted for process and 
safety instructions. 
   (2) Where required, the procedures of 12.6.2.3 shall be modified where 
improvements in the operation or safety of the furnace are required. 
   (3) Modifications to 12.6.2.3 shall be approved. 
(C) The following purge procedure shall be performed in the given sequence: 
   (1) All of the following starting conditions shall be satisfied: 
   (a) Furnace base shall be loaded with work. 
   (b) Both base and workload shall be less than 1400°F (760°C).  
(b) Both base and workload shall be less than the auto ignition temperature of 
the flammable gas that could be remaining in the heating cover. 
   (c) Inner cover (retort) shall not be covering the work. 
   (2) The purge gas supply shall be provided in accordance with 12.1.5.1(D). 
Revise text to read as follows: 
Substantiation: It is understood that the intent of the standard is to ensure that 
the base and workload would not serve to ignite any flammable gas that might 
be remaining in the inner cover as it is placed over the work. 1400 degree F is 
normally used to ensure reliable ignition of all gases, but temperatures less than 
1400 can still provide ignition. To prevent the work and base from acting as an 
ignition source, they should be below the auto-ignition temperature of any 
flammable gas that might be remaining in the heating cover.  
Committee Meeting Action: Reject 
Committee Statement: The paragraphs have been deleted in 86-83 (Log 
#CP6), and the proposal is no longer relevant. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 

12.3.9.16 Furnace Pressure.

12.3.9.16.1 The furnace work chamber shall be equipped with a low furnace 
pressure switch.

12.3.9.16.2 The low furnace pressure switch shall be interlock to:

  (a) Close all flammable and indeterminate special atmosphere gas safety 
shutoff valves.

  (b) Initiate an emergency inert gas purge if the furnace is designed for purge-
out.

  (c) Initiate a burn-out of the furnace if the furnace is designed for burn-out.  

  (d) Initiate audible and visual alarms to alert the operator of the low furnace 
pressure condition and the emergency shutdown action initiated.

12.3.9.17*Furnace vestibules shall be equipped with means for explosion relief.

A.12.3.9.17  Vestibule explosion relief means usually consist of doors that 
remain in position under their own weight but are otherwise unrestrained from 
moving away from the door opening if an overpressure occurs within the 
furnace. 

12.3.9.18 Audible and visual alarms shall be provided to alert the furnace 
operator of abnormal high or low furnace temperature.

12.3.9.19  Provide the following equipment for furnaces utilizing timed flow 
purges shall be provided: 

  (a)  Purge timer(s)

  (b)  Purge gas flowmeter(s)

  (c)  Purge flow monitoring device(s)

  (d)  Fan rotation sensor(s)

12.3.9.20 Operating Precautions for Heating Cover–Type Furnaces. The 
rate of separating a heating cover from or rejoining a heating cover to the inner 
cover shall not exceed a rate that causes rapid expansion or contraction of the 
atmosphere gas inside the inner cover.

12.3.9.21 Furnace 1400oF (760oC) Temperature Controller. 

12.3.9.21.1  Where a furnace is designed for burn-in, the Furnace 1400oF 
(760oC) Temperature Controller shall be interlocked to prevent opening of the 
flammable or indeterminate special atmosphere gas safety shutoff valve(s) 
until the chambers or zones where the flammable or indeterminate special 
atmosphere gases are introduced are at or above 1400°F (760°C).

12.3.9.21.2 Where a furnace is designed for burn-out, the Furnace 1400oF 
(760oC) Temperature Controller shall be provided with a furnace temperature 
bypass to allow operation of the furnace at less than 1400°F (760°C) when the 
following conditions are satisfied:

  (1) The initial introduction of atmosphere has been completed following the 
purge-in or burn-in method.

  (2) Carrier gas flow switches indicate a combined flow of special atmosphere 
that will maintain a positive furnace pressure.  

  (3) The furnace pressure switch verified positive furnace pressure is being 
maintained.

12.3.9.22 Furnace 800oF (427oC) Temperature Controller.

12.3.9.22.1 Where a flammable liquid is used as a carrier gas and introduced in 
the liquid state, a second low temperature safety interlock [independent of the 
Furnace 1400°F (760°C) Temperature Controller] shall be provided if flow of 
the liquid is continued at less than 1400°F (760°C).

12.3.9.22.2  The Furnace 800oF (427oC) Temperature Controller shall not be 
bypassed.

12.3.9.22.3  The Furnace 800oF (427oC) Temperature Controller set point 
temperature shall not be less than 800°F (427°C).

12.3.10* Emergency Procedures 

12.3.10.1  Emergencies shall include the following events:

  (a)  Power failure.
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_______________________________________________________________ 
86-88 Log #53  Final Action: Accept 
(Chapter 13) 
_______________________________________________________________ 
Submitter: Rick Martin, Exponent Inc. 
Recommendation: Revise text to read as follows: 
   13.1 General. Reserved. 
   13.2 Location and Construction. Reserved. 
   13.3 Heating Systems. Reserved. 
   13.4 Commissioning, Operations, Maintenance, Inspection, and Testing. 
Reserved. 
   13.5 Safety Equipment. 
   13.5.1 Vacuum Furnace Safety Controls and Equipment. 
   13.5.2 Integral Liquid Quench Vacuum Furnaces. 
   13.5.3 Vacuum Furnaces Used with Special Flammable Atmospheres. 
   13.5.4* Bulk Atmosphere Gas Storage Systems. 
   13.5.5 Vacuum Induction Furnaces. 
   13.6 Fire Protection. Reserved. 
Substantiation: Restructure Chapter 13 to be consistent with other furnace 
class chapters. 
Committee Meeting Action: Accept 
Committee Statement: Insert reserved sections 13.1 through 13.4 as proposed. 
Renumber following sections. Insert proposed new section 13.6, renumbered. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-89 Log #75  Final Action: Accept 
(13.3.1 (New) ) 
_______________________________________________________________ 
Submitter: John J. Barron, Solar Atmospheres Manufacturing, Inc. 
Recommendation: Add new text to read as follows: 
   13.3.1 The requirements of Section 13.3 shall apply to any vacuum chamber 
or vacuum furnace in which flammable gas is used at a pressure of one-half or 
more of its lower explosive limit (LEL) in air. 
Substantiation: 1. The above text was inadvertently removed by the editorial 
staff during the 2007 cycle. 
   2. It was not the intent of the committee to remove this text. 
Committee Meeting Action: Accept 
Committee Statement: Accept and change “LEL” to “LFL” and “lower 
explosive limit” to “lower flammable limit” in accordance with Proposal 86-14 
(Log #52). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-90 Log #44  Final Action: Accept 
(Chapter 14) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Move Chapter 14 “Fire Protection” in its entirety to just 
after existing Chapter 8 and renumber subsequent chapters. 
Substantiation: The material in Chapter 14 is generally applicable to all types 
of Ovens & Furnaces (unless exception is taken in Chapters 9 through 13). As 
such, it is considered part of the “Introductory Chapters”. For consistency, it is 
preferred to have all the “Intro” material appearing consecutively, so that 
readers are not misled into thinking they don’t need to comply with any 
chapters beyond their specific “class” chapter.  
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-91 Log #38  Final Action: Accept in Principle 
(A.1.1.2) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   A.1.1.2 Notwithstanding any exceptional language in the standard itself, the 
following types of industrial systems are generally considered to be among 
those covered by NFPA 86: afterburners, ammonia dissociators, annealing 
furnaces, arc melting furnaces, atmosphere generators (endothermic, 
exothermic), autoclaves, bakery ovens, batch furnaces, kilns, ovens, bell 
furnaces, belt furnaces, blast furnaces, brazing furnaces, brick kilns, car-bottom 
kilns, casting furnaces, catalytic thermal oxidizers, cement kilns, chemical 
vapor deposition furnaces, crucible furnaces, cupola furnaces, drying ovens, 
electric arc furnaces, electron beam melters, flameless thermal oxidizers, fume 
incinerators, glass melting furnaces, heat treating furnaces, heating cover 
furnaces, indirect-fired furnaces, induction furnaces, inert-atmosphere furnaces, 
integral quench furnaces, lime kilns, melting kettles/pots, muffle furnaces, open 
hearth furnaces, oxygen-enriched furnaces, paint drying ovens, paper drying 
ovens, plasma melting furnaces, pusher furnaces, reduction furnaces, refinery 
heaters, refining kettles, regenerative thermal oxidizers, reheat furnaces, retort 

_______________________________________________________________ 
86-86 Log #93  Final Action: Reject 
(12.6.2.5(C)(1)(b)) 
_______________________________________________________________ 
Submitter: Gary D. Keil, Caterpillar Inc. MM2 7650 
Recommendation: Revise text to read as follows: 
(C) The following purge procedure shall be performed in the given sequence: 
   (1) All of the following starting conditions shall be satisfied: 
   (a) Furnace base shall be loaded with work. 
   (b) Both the base and the workload shall be less than 1400°F (760°C).  
   (b) Both base and workload shall be less than the auto ignition temperature 
of the flammable gas that could be remaining in the heating cover. 
Substantiation: It is understood that the intent of the standard is to ensure that 
the base and workload would not serve to ignite any flammable gas that might 
be remaining in the inner cover as it is placed over the work. 1400 degree F is 
normally used to ensure reliable ignition of all gases, but temperatures less than 
1400 can still provide ignition. To prevent the work and base from acting as an 
ignition source, they should be below the auto-ignition temperature of any 
flammable gas that might be remaining in the heating cover.  
Committee Meeting Action: Reject 
Committee Statement: The paragraphs have been deleted in 86-83 (Log 
#CP6), and the proposal is no longer relevant. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-87 Log #94  Final Action: Reject 
(12.6.2.7) 
_______________________________________________________________ 
Submitter: Gary D. Keil, Caterpillar Inc.  
Recommendation: Revise text to read as follows: 
  12.6.2.7 Introduction of Flammable Special Atmosphere Gas into a Type 
IX Heating Cover Furnace by Burn-In Procedure. 
   (A) The procedure in 12.6.2.7(B) shall be used only if the work chamber is 
not less than 1400°F (760°C).  
  (B) In addition to the requirements of 12.6.2.7, the furnace manufacturer’s 
instructions shall be referenced for further mechanical operations, and the 
following also shall apply: 
   (1) The supplier of the special atmosphere shall be consulted for process and 
safety instructions. 
   (2) Where required, the procedures of 12.6.2.7(C) shall be modified where 
improvements in the operation or safety of the furnace are required. 
   (3) Modifications to 12.6.2.7(C) shall be approved. 
  (C) The following burn-in procedure shall be performed in the given 
sequence: 
   (1) All of the following starting conditions shall be satisfied: 
   Ahead of (a): The furnace cover shall be ventilated to ensure that no 
flammable gases remain trapped within the cover before proceeding. 
   (a) The furnace base shall be loaded with work. 
(b) Both the base and the workload shall be less than 1400°F (760°C). 
(c) The heating cover shall not be covering the work. 
   (2) Verification of the supply of the flammable special atmosphere gas shall 
be made. 
   (3) The atmosphere gas valves shall be closed on all bases that do not have a 
workload under process. 
   (4) The heating cover shall be placed over the workload and sealed to the 
furnace base. 
   (5) The circulating fan (if provided) shall be started. 
   (6) The liquid level in manometers or bubbler bottles (if provided) on the 
vent line(s) shall be checked and refilled when necessary. 
   (7) The heating system shall be started, and the work chamber temperature 
shall be raised to 1400°F (760°C) or greater. 
   (8) The effluent gas pilots of the type that remain lit under all operating and 
emergency conditions shall be ignited at all vents where gases might be 
discharged from the furnace. 
   (9) The flammable special atmosphere gas shall be introduced, and the flow 
shall be adjusted. 
   (10) A device shall be provided to indicate that the minimum required 
pressure is present before the procedure continues. 
   (11) When flame appears at the effluent lines, the atmosphere introduction 
shall be considered to be complete. 
Substantiation: With the original wording; if the cover has any remaining 
flammable gases inside, then an explosion would likely occur during step (7) 
when the heating system is started and the temperature reaches the auto-
ignition of the flammable gas. If properly ventilated as suggested by the 
revised wording, then step (C)(1)(b) is not necessary and an explosion in step 
(7) would not occur either. 
Committee Meeting Action: Reject 
Committee Statement: The paragraphs have been deleted in 86-83 (Log 
#CP6), and the proposal is no longer relevant. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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_______________________________________________________________ 
86-94 Log #50  Final Action: Accept 
(A.4.1.3.1) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   A.4.1.3.1 The proximity of electrical equipment and flammable gas or 
liquid in an electrical enclosure or panel is a known risk and would be 
considered a classified area. Article 500 of NFPA 70, National Electrical 
Code, should be consulted. 
   Conduit that connects connecting devices that handle handling 
flammable material might carry this material to an electrical enclosure if 
the device fails, creating a classified area in that enclosure. Sealing of such 
conduits should be considered. 
Substantiation: Editorial changes are proposed to remove ambiguity of 
existing language. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-95 Log #67  Final Action: Accept 
(A.6.2.7.4) 
_______________________________________________________________ 
Submitter: Bob Eugene, Underwriters Laboratories Inc. 
Recommendation: Revise text to read as follows: 
   A.6.2.7.4 See NFPA 54, National Fuel Gas Code, for exception to vent 
requirements. Vent limiters are used to limit the escape of gas into the ambient 
atmosphere if a vented device (e.g., regulator, zero governor, pressure switch) 
requiring access to the atmosphere for operation has an internal component 
failure. When a vent limiter is used, there might not be a need to vent the 
device to an approved location. Following are some general guidelines and 
principles on the use of vented devices incorporating vent limiters: 
   (1) The listing requirements for vent limiters are covered in ANSI Z21.18/
CSA 6.3, Standard for Gas Appliance Pressure Regulators, for regulators or 
ANSI/UL 353, Standard for Limit Controls, for pressure switches and limit 
controls. ANSI Z21.18/CSA 6.3 requires a maximum allowable leakage rate of 
2.5 ft3/hr (0.071 m3/hr) for natural gas and 1.0 ft3/hr (0.028 m3/hr) for LP-Gas 
at the device’s maximum rated pressure. ANSI/UL 353 allows 1.0 ft3/hr (0.028 
m3/hr) for natural gas and 1.53 ft3/hr (0.043 m3/hr) for LP-Gas at the device’s 
maximum rated pressure. Since a vent limiter may be rated less than the device 
itself and may be a field-installable device, a combination listed device and 
vent limiter should be used. 
   (2) Where a vent limiter is used there should be adequate airflow through the 
room or enclosure in which the equipment is installed. In reality, conditions 
may be less ideal, and care should be exercised for the following reasons: 
   (a) The relative density of the gas influences its ability to disperse in air. The 
higher the relative density, the more difficult it is for the gas to disperse (e.g., 
propane will disperse more slowly than natural gas). 
   (b) Airflow patterns through a room or enclosure, especially in the vicinity of 
the gas leak, affect the ability of the air to dilute that gas. The greater the local 
air movement, the greater the ease with which the gas is able to disperse. 
   (c) The vent limiter may not prevent the formation of a localized flammable 
air-gas concentration for the preceding reasons. 
Substantiation: The ANSI designation should be added to UL 353 to reflect 
the ANSI approval of the referenced standards. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-96 Log #15  Final Action: Accept 
(A.7.7) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   A.7.7 Procedures for confined space entry can be found in 29 CFR 
1910.146  Permit-Required Confined Spaces and ANSI Z117.1, Safety 
Requirements for Confined Spaces. Information on hazards of chemicals can be 
found in the NIOSH Pocket Guide to Chemical Substances in the Work 
Environment. 
Substantiation: Proposed addition to Annex material is intended to assist the 
reader in finding the applicable requirement in OSHA. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 

furnaces, reverberatory furnaces, roasting ovens, rotary calciners, rotary dryers, 
rotary kilns, shaft furnaces, shaft kilns, shuttle kilns, sintering furnaces, slag 
furnaces, smelting furnaces, solvent atmosphere ovens, special atmosphere 
furnaces, sweat furnaces, thermal oxidizers, tube furnaces, tunnel kilns, 
vacuum furnaces, vaporizers, and wood drying kilns. 
Substantiation: The NFPA 86 Task Group for NFPA 87 Fired Heaters was 
charged to develop a Recommended Practice because Fluid Heaters are not 
presently covered by any NFPA documents. Refinery heaters are a form of 
Fluid Heaters. Refinery Heaters are governed by API Standards. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to Proposal 86-93 (Log #CP5). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-92 Log #39  Final Action: Accept in Principle 
(A.1.1.2) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Revise text as follows: 
   A.1.1.2 Notwithstanding any exceptional language in the standard itself, the 
following types of industrial systems are generally considered to be among 
those covered by NFPA 86: afterburners, ammonia dissociators, annealing 
furnaces, arc melting furnaces, atmosphere generators (endothermic, 
exothermic), autoclaves, bakery ovens, batch furnaces, kilns, ovens, bell 
furnaces, belt furnaces, blast furnaces, brazing furnaces, brick kilns, car-bottom 
kilns, casting furnaces, catalytic thermal oxidizers, cement kilns, chemical 
vapor deposition furnaces, crucible furnaces, cupola furnaces, drying ovens, 
electric arc furnaces, electron beam melters, flameless thermal oxidizers, fume 
incinerators, glass melting furnaces, heat treating furnaces, heating cover 
furnaces, indirect-fired furnaces, induction furnaces, inert-atmosphere furnaces, 
integral quench furnaces, lime kilns, melting kettles/pots, muffle furnaces, open 
hearth furnaces, oxygen-enriched furnaces, paint drying ovens, paper drying 
ovens, plasma melting furnaces, pusher furnaces, reduction furnaces, refinery 
heaters, refining kettles, regenerative thermal oxidizers, reheat furnaces, retort 
furnaces, reverberatory furnaces, roasting ovens, rotary calciners, rotary dryers, 
rotary kilns, shaft furnaces, shaft kilns, shuttle kilns, sintering furnaces, slag 
furnaces, smelting furnaces, solvent atmosphere ovens, special atmosphere 
furnaces, sweat furnaces, textile dryer, thermal oxidizers, tube furnaces, tunnel 
kilns, vacuum furnaces, vaporizers, and wood drying kilns. 
Substantiation: A question about the applicability of NFPA 86 to “textile 
dryers” came to the NFPA 86 Staff Liaison and was answered in the 
affirmative. The proposed change added further clarity to the range of dryers 
governed by NFPA 86. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to Proposal 86-93 (Log #CP5), where this 
change is made. 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-93 Log #CP5  Final Action: Accept 
(A.1.1.2) 
_______________________________________________________________ 
Submitter: Technical Committee on Ovens and Furnaces,  
Recommendation: Revise A.1.1.2 to read: 
   A.1.1.2 Notwithstanding any exceptional language in the standard itself, the 
following types of industrial systems are generally considered to be among 
those covered by NFPA 86 where the fuel is covered by the standard: 
afterburners, ammonia dissociators, annealing furnaces, arc melting furnaces, 
atmosphere generators (endothermic, exothermic), autoclaves, bakery ovens, 
batch furnaces, kilns, ovens, bell furnaces, belt furnaces, blast furnaces, brazing 
furnaces, brick kilns, car-bottom kilns, casting furnaces, catalytic thermal 
oxidizers, cement kilns, chemical vapor deposition furnaces, crematories, 
crucible furnaces, cupola furnaces, drying ovens, electric arc furnaces, electron 
beam melters, flameless thermal oxidizers, fume incinerators, glass melting 
furnaces, heat treating furnaces, heating cover furnaces, indirect-fired furnaces, 
induction furnaces, inert-atmosphere furnaces, integral quench furnaces, lime 
kilns, melting kettles/pots, muffle furnaces, open hearth furnaces, oxygen-
enriched furnaces, paint drying ovens, paper drying ovens, plasma melting 
furnaces, pusher furnaces, reduction furnaces, refinery heaters, refining kettles, 
regenerative thermal oxidizers, reheat furnaces, retort furnaces, reverberatory 
furnaces, roasting ovens, rotary calciners, rotary dryers, rotary kilns, shaft 
furnaces, shaft kilns, shuttle kilns, sintering furnaces, slag furnaces, smelting 
furnaces, solvent atmosphere ovens, special atmosphere furnaces, sweat 
furnaces, textile dryers, thermal oxidizers, tube furnaces, tunnel kilns, vacuum 
furnaces, vaporizers, and wood drying kilns. 
Substantiation: A.1.1.2 is revised editorially and 
   1. Refinery heaters are deleted in recognition of revision to the scope of 
NFPA 86 
   2. Crematories are added due to confusion among users of codes and 
standards. 
   3. Textile dryers are added as proposed in 86-92 (Log #39). 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
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furnace is at normal ambient temperature and is at its lowest purge flow rate. 
Confirming calculations and measurement data should be available for review 
in accordance with Chapter 7.  Combustible gas analyzers and oxygen 
analyzers should be used to measure the time from the end of unburned gas 
release for the trial for ignition period until the combustible concentration of 
the system volume is below 25 percent LEL. The test should be repeated 
immediately for a second release of gas and time delay to insure that the 
resultant measurement is still below 25 percent LEL.  If not, then the purge 
time must be increased until there is no successive build-up of the combustible 
concentration with repeated purge and trial for ignition sequences. 
Substantiation: The NFPA 87 Task Group identified a need to provide 
information on systems that require a natural draft purge and suggested that the 
ICTG consider adding appropriate material. The proposed Annex material was 
developed from language on this subject found in the 1990 edition of NFPA 86. 
There are applications covered in NFPA 86 that could benefit from the 
information provided. 
Committee Meeting Action: Accept in Principle 
Committee Statement: Refer to committee action on Proposal 86-98 (Log 
#19). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-100 Log #63  Final Action: Accept 
(A.8.9.1 (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
Industrial Heating Equipment Assn. (IHEA) 
Recommendation: Add new text to read as follows: 
   A.8.9.1 Paragraph 8.2.2 and 8.2.5 requires that the flame detector and 
combustion safeguard be applied and installed per the manufacturer’s 
instructions. When using flame detectors (scanners) with combustion 
safeguards that continuously operates without a shutdown beyond the 
maximum interval recommend by the combustion safeguard and flame detector 
manufacturer’s instructions, continuous operation without a shutdown and safe 
start check would not be compliant.  
Substantiation: This proposal is intended to help notify the reader that a 
shutdown and safe start check may be required at defined intervals or self 
checking scanners may be required per this Standard. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-101 Log #57  Final Action: Accept 
(A.10.1.5.1) 
_______________________________________________________________ 
Submitter: Rick Martin, Exponent Inc. 
Recommendation: Add new text to read as follows: 
   A.10.1.5.1  
U.S. Customary Units. For example, in order to draw 9200 ft3/min of fresh air 
referred to 70°F (530°R) into an oven operating at 300°F (760°R), it is 
necessary to exhaust 13,200 actual ft3/min of heated air. 
SI Units. For example, in order to draw 260 m3/min of fresh air referred to 
21°C (294 K) into an oven operating at 149°C (422 K), it is necessary to 
exhaust 374 actual m3/min of heated air. 
   All volumes and volumetric flow values should indicate temperature and 
pressure conditions [e.g., 100 ft3/min at 300°F (2.83 m3/min at 148.9°C) and 
ambient pressure]. [0°F (–18°C) is equivalent to 460°R (256 K).] [See Table 
10.1.5.1(B).] 
Substantiation: Change required because sentences were incomplete. Text first 
appears (with missing information) in the 1999 edition.  
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-102 Log #68  Final Action: Accept 
(M.1.2.11) 
_______________________________________________________________ 
Submitter: Bob Eugene, Underwriters Laboratories Inc. 
Recommendation: Revise text to read as follows: 
   M.1.2.11 UL Publications. Underwriters Laboratories Inc., 333 Pfingsten 
Road, Northbrook, IL 60062-2096. 
   Bulletin of Research No. 43, “The Lower Limit of Flammability and the 
Autogenous Ignition Temperature of Certain Common Solvent VApors 
Encountered in Ovens,” January 1950. 
   ANSI/UL 353, Standard for Limit Controls, 1994, revised 2001. 
   UL 429, Standard for Electrically Operated Valves for Gas Appliances, 2004 
2006. 
Substantiation: Update and reference standard to most current revisions. Add 
ANSI designation for referenced standard that meet the ANSI approval 
procedures. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R.

_______________________________________________________________ 
86-97 Log #62  Final Action: Accept 
(A.8.2.2 (New) ) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
Industrial Heating Equipment Assn. (IHEA) 
Recommendation: Add new text to read as follows: 
   A.8.2.2 Consideration should be given to the effects of radiant heat on the 
safety devices, which can cause them to be exposed to temperatures greater 
than their ratings. Adequate insulation, heat shields, ventilation or other 
measures should be used in cases where radiant heat causes safety devices to 
reach temperatures above their ratings. 
Substantiation: The effects of radiant heat on a safety device can be illusive, 
and such affect should be also considered since radiant heat can cause safety 
devices to reach too high of temperatures. 
Committee Meeting Action: Accept 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-98 Log #19  Final Action: Accept 
(A.8.4.1.2) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add new text as follows: 
   A.8.4.1.2 Equipment that is not explosion resistant and has no combustion air 
blower or exhaust blower, and relies on a natural draft to meet the purge 
requirements of this section should address the following conditions to assure 
conformance: 
  (1) The natural draft flow rate can be affected by furnace doors, covers and 
dampers.  If the purge rate and timing depends on setting of these devices, they 
should be interlocked to meet the requirements in 8.4.1.2 (C) (1), (D), and (E).   
  (2) The proof of minimum required purge flow should handle cases where the 
natural draft flow rate can be affected by differences in pressure between the 
heating chamber and inside or outside the building. 
  (3) The specific gravity of the fuel must be considered in the design of the 
furnace purge path.  For example, there should be no collection areas at the 
bottom of the heating chamber with a heavier-than-air fuel gas. 
  (4) If the purge flow rate is not known or is not directly proven, then the 
purge time to be set in the timer should be determined by measurement.  The 
party commissioning the burner system is responsible for this measurement and 
documentation. This measurement should be conducted at the time when the 
furnace is at normal ambient temperature and is at its lowest purge flow rate. 
Confirming calculations and measurement data should be available for review 
in accordance with Chapter 7.  Combustible gas analyzers and oxygen 
analyzers should be used to measure the time from the end of unburned gas 
release for the trial for ignition period until the combustible concentration of 
the system volume is below 25 percent LEL. The test should be repeated 
immediately for a second release of gas and time delay to insure that the 
resultant measurement is still below 25 percent LEL.  If not, then the purge 
time must be increased until there is no successive build-up of the combustible 
concentration with repeated purge and trial for ignition sequences. 
Substantiation: The NFPA 87 Task Group identified a need to provide 
information on systems that require a natural draft purge and suggested that the 
ICTG consider adding appropriate material. The proposed Annex material was 
developed from language on this subject found in the 1990 edition of NFPA 86. 
There are applications covered in NFPA 86 that could benefit from the 
information provided. 
Committee Meeting Action: Accept 
Committee Statement: Accept and substitute “LFL” for “LEL” per Proposal 
86-14 (Log #52). 
Number Eligible to Vote: 27 
Ballot Results: Affirmative: 24  
Ballot Not Returned: 3 George, T., Ostrowski, R., Serafini, Jr., R. 
_______________________________________________________________ 
86-99 Log #47  Final Action: Accept in Principle 
(A.8.4.1.2) 
_______________________________________________________________ 
Submitter: Ted Jablkowski, North American Manufacturing Company / Rep. 
NFPA 86, Introductory Chapters Task Group 
Recommendation: Add new text as follows: 
   A.8.4.1.2 Equipment that is not explosion resistant and has no combustion air 
blower or exhaust blower, and relies on a natural draft to meet the purge 
requirements of this section should address the following conditions to assure 
conformance: 
  (1) The natural draft flow rate can be affected by furnace doors, covers and 
dampers.  If the purge rate and timing depends on setting of these devices, they 
should be interlocked to meet the requirements in 8.4.1.2 (C) (1), (D), and (E).   
  (2) The proof of minimum required purge flow should handle cases where the 
natural draft flow rate can be affected by differences in pressure between the 
heating chamber and inside or outside the building.    
  (3) The specific gravity of the fuel must be considered in the design of the 
furnace purge path.  For example, there should be no collection areas at the 
bottom of the heating chamber with a heavier-than-air fuel gas.   
  (4) If the purge flow rate is not known or is not directly proven, then the 
purge time to be set in the timer should be determined by measurement.  The 
party commissioning the burner system is responsible for this measurement and 
documentation. This measurement should be conducted at the time when the 
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