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1. Call to Order - 8:00 a.m. 
 
2. Introduction of Members/Visitors 
 
3.  Announcements 
 
 a.  Invitation to the Chief Inspector of Ohio 
  
 b. Mr. David Douin, National Board Executive Director 
 
 c.  Mr. Joe Brzuszkiewicz will speak on the realigned BPV Code structure 
 
 d. Others  
 
4. Adoption of the Agenda 

 
5. Approval of the Minutes of January 2009 Meeting 
 
6. Review of Rosters/Resignations/Nominations/Reappointments (Attachment 1)  
 
 a. Changes to rosters  
 
 b. Resignations 
 
  Mr. Robert Aben has resigned from all NBIC committees due to his election as the Chairman of 

the Board of Trustees. 
 
  Mr. Bill Barbato and Mr. Ron Shapiro have resigned from their positions on the Subcommittee 

Inspection and its subgroups. 
   
  c. Nominations and reappointments for subcommittees and NBIC Committee members 
  

1. Main Committee 
 
Mr. Jim Yagen, Mr. Stan Staniszewski and Mr. Paul Edwards are all eligible for 
reappointment to the NBIC Committee.  A vote will be taken. 
  

2. Subcommittee on Installation 
 
Mr. Raymond Snyder, Mr. Neil Titer, Mr.  Brian Moore, Mr. James Yagen, Mr. Ron 
Sulzer, Mr. Paul Bourgeois, Mr. Craig Hopkins, Mr. Geoff Halley and Mr. Michael 
Richards are all eligible for reappointment to this subcommittee.  A vote will be taken 
  

3. Subcommittee on Inspection 
 
Mr. Mark Mooney and Mr. James Riley would like to join the Subcommittee on 
Inspection.  Please view attached documents.  A vote will be taken. (See Attachment 1, 
pgs. 2- 6) 
 
Mr. Steven Bacon, Mr. Domenic Canonico, Mr. Don Cook, Mr. Jim Getter, Mr. Phillip 
Martin, Mr. Greg McRae, Mr. David Parrish, Mr. John Richardson, Mr. Jim Riley, Mr. 
Michael Schwartzwalder, Mr. Stan Staniszewski and Mr. Randy Wacker are all eligible 
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for reappointment for membership on this subcommittee.  A vote will be taken. 
 
4. Subcommittee on Repairs and Alterations 

 
Mr. Palmer Dent would like to join the Subcommittee on Repairs and Alterations.  A vote 
will be taken. 
 
Mr. Paul Edwards, Mr. Paul Edwards, Mr. Jack Given, Mr. James Larson, Mr. Frank 
Pavlovicz, Mr. Bryan Schulte, Mr. James Sekely and Mr. Michael Webb are all eligible 
for reappointment on this subcommittee.  A vote will be taken. 
 

5. Subcommittee on Pressure Relief Devices 
 
Ms. Marianne Brodeur, Mr. Sid Cammeresi, Mr. Denis DeMichael, Mr. Frank Hart and 
Mr. Robert Donalson are all eligible for reappointment on this subcommittee.  A vote will 
be taken.  

   
6. Subgroup on Fiber Reinforced Plastic Pressure Equipment 

 
Mr. Terry Cowley, Mr. Rick Crawford, Mr. Doug Eisberg, Mr. Timothy Fowler, Mr. 
David Hodgkinson, Mr. Dale Keeler, Mr. Richard Lewandowski, Mr. Henry Marsh, Mr. 
David Pinell, Mr. Jess Richter and Mr. Bernard Shelly are all eligible for reappointment 
on this subgroup.  A vote will be taken. 
 

7. Subgroup on Graphite  
 
Mr. Woody Banker, Mr. Gilles Braussen, Mr. Mark Johnson, Mr. Merle Minik, Mr. Ed 
Soltow and Mr. Andrew Stupica are eligible for reappointment to this subgroup.  A vote 
will be taken. 
 

8. Subgroup on Locomotive Boilers 
 
   Mr. Clive Butler, Mr. Steve Butler, Mr. David Conrad, Mr. Robert Franzen, Mr. David  
   Griner, Mr. Steve Jackson, Mr. Matthew Janssen, Mr. Stephen Lee, Mr. Doyle   
   McCormack, Mr. Linn Moedinger, Mr. George Scerbo, Mr. Robert Schueler, Mr.  
   Richard Stone, Mr. Bill Withuhn and Mr. Robert Yuill are all eligible for reappointment  
   to this subgroup.  A vote will be taken. 
 
  9. Subgroup on Historical Boilers 
 
   The Subgroup on Historical Boilers has been re-established.  Members of the subgroup  
   are Mr. Tom Dillon, Mr. Don Cook, Mr. Robert Reetz, Mr. Steve Bacon, Mr. Dennis  
   Rupert, Mr. Frank Johnson, Mr. Mike Wahl, Mr. Bruce Babcock, and Mr. James Larson. 
 
     

 7. Report of Subcommittees 
 
  a. SC on Repairs and Alterations (Attachment 2) 
 
 Charge: Responsible for developing new rules, revising, interpreting and maintaining existing  
 rules which address administrative and technical requirements for repairing or altering pressure  
 retaining items.  This subcommittee also directs, supports, reviews, and approves any items  
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 forwarded by each subgroup functioning under this subcommittee. 
 
  Membership: George Galanes (Chair), Paul Edwards, Jack Given, Frank Hart, Wayne Jones, Jim 
  Larson, Frank Pavlovicz, Jim Pillow, Bryan Schulte, Jim Sekely, Mike Webb and John Hoh  
  (Secretary). 
 
  G. Galanes is expected to report on the following: 

   1) Inquiries 
  There were no inquiries submitted for this subcommittee. 

  2) Public Review Comments for 2009 Addendum Cycle B  
    
  PR09-0501 Part 3 S4.6 The proposed change should be modified to include ASME RTP-1; 
  Insert “or RTP-1” between Section X and criteria.  Insert after Section X “or RTP-1”   
  compliance” of the appropriate”.  It should read as follows: an Engineer meeting the ASME   
  Section X of RTP-1 criteria for an Engineer certifying ASME Section X of RTP-1    
  compliance of the appropriate calculations contained in the Fabricator’s Design Report. 
 
  PR09-0502 Part 3 S4.16.3 The proposed change should be modified to include ASME   
  RTP-1; Insert “or RTP-1” between Section X and Criteria.  Insert after Section X “or RTP-1”  
  compliance “of the appropriate”.  It should read as follows: an Engineer meeting the   
  ASME Section X or RTP-1 criteria for an Engineer certifying ASME Section X or   
  RTP-1 compliance of the appropriate calculations contained in the Fabricator’s Design   
  Report.  Note: The NBIC applies to ASME RTP-1 also.  RTP-1 also requires a PE to   
  certify the design calculations. 
 
  PR09-0503 S4.17.3 The proposed change should be modified to include ASME RTP-1;   
  Insert “or RTP- 1” between Section X and criteria.  Insert after Section X “or RTP-1”   
  compliance “of the appropriate”.  It should read as follows: an Engineer meeting the ASME   
  Section X or RTP-1 criteria for an Engineer certifying ASME Section X or RTP-1    
  compliance of the appropriate calculations contained in the Fabricator’s Design Report.    
  Note: The NBIC applies to ASME RTP-1 also requires a PE to certify the design    
  calculations. 

   3) Action Items 
 
  NB08-0304 Part 3 Forms 5.13.1 SG on R and A Specific The instruction guide for "R" Forms  
  needs to be improved.  The form also needs to have the ability to expand to accommodate people  
  filling it out completely. A task group of R. Pulliam (Chair), M. Webb and W. Jones has been  
  assigned. (No Attachment) 
 
  January 2008 
   A progress report was given.   
 
   July 2008 
  A progress report was given  
 
  January 2009 
  A progress report was given. 
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  July 2009 
  Mr. Pulliam is expected to report. 
   
  NB08-0322 Part 3 3.2 SG on R and A General Add a new paragraph to 3.2 General   
  Requirements for Repairs and Alterations  to address change of service for a pressure vessel.   
  These requirements should caution inspectors, owners, repair organizations and jurisdictional  
  authorities of the inherent dangers involved when changing service.  A new supplement should be 
  added to address the specific requirements for repairs and alterations of pressure vessels that have 
  been converted from one service to another.  A task group of all three parts of the NBIC has been  
  formed under the leadership of Bob Wielgoszinski.   Task group members from R and A are P.  
  Edwards and B. Schulte. (See Attachment 2, pgs. 4 – 6) 

    July 2008 
    A task group was assigned. 
 
    January 2009 
    Mr. Wielgoszinski gave a progress report. 
 
    July 2009 
    Mr. Wielgoszinski is expected to report on action items NB08-0320-NB08-0322 at this time. 
 
    NB08-1301 Part 3 4.4.1) e) & 4.4.2 c) SG on R and A General This action item is a result of  
    PR08-0306.  Prohibiting VT as the only means to evaluate repairs and alterations will now  
    mandate some form of NDE or pressure test be performed on load bearing attachments of  
    pressure test be  performed on load bearing attachments and weld buildups and if a Jurisdiction  
    does not reference or subscribe to routine repairs, an Inspector will now have to witness the  
    pressure test for non-load bearing structural attachments in all cases.  This will create a very  
    costly repair in many cases for no apparent gain.  A task group of M. Webb, J. Larson and R.  
    Wielgoszinski has been  assigned. (See Attachment 2, pgs. 7 – 8) 
 
    July 2008 
    A task group was assigned.   
 
    January 2009 
    Mr. Webb reported that the TG would like to letter ballot this issue before the July meeting. 
 
    July 2009 
    Mr. Webb is expected to report. 
 
    NB09-0901 Part 3 S3.3.6 SG on Graphite Connected repairs are not defined and the sentence is  
    therefore confusing.  The SG letter balloted this issue.  The letter ballot passed unanimously.  
    (See Attachment 2, pg. 9) 
 
    July 2009 
    Mr. Galanes is expected to report. 
 
    NB09-0902 Part 3 S3.5.2 SG on Graphite Replace the word “acetone” with “hydrophilic  
    solution”.  The subgroup letter balloted this issue.  The letter ballot passed unanimously. (See  
    Attachment 2, pgs. 10-13) 
 
    July 2009 
    Mr. Galanes is expected to report. 
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    NB09-1002 Part 3 S1.2.9.81.2.9.8 SG on LB Insert wording in the flue section from BLW  
    Standard Practice Sheet 1-14A : "All flues smaller than 3" OD shall be rolled and beaded or  
    rolled and seal welded on the firebox end, and at least one in ten at the front flue sheet end. All  
    flues 3" OD and larger shall be rolled and beaded or rolled and seal welded at both ends and all  
    adjacent flues smaller than 3” OD that are within the large flue pack shall be rolled and beaded or 
    rolled and seal welded at both ends. At least one in ten of the remaining flues smaller than 3" OD  
    shall be beaded or seal welded on the front flue sheet, in addition to rolling. Where less than all  
    flues are seal welded or beaded on the front flue sheet, those seal welded or beaded shall be  
    distributed as evenly as practicable throughout the flue pack.  This shall be considered a   
    repair.”(No Attachment) 
 
    July 2009 
    Mr. Reetz is expected to report. 
 
    NB09-1003 Part 3 S1.1.3 SG on LB Add SA-307 Grade A or Grade B to the materials list in a  
    new row titled “Bolts and Studs” under the application column in the table. (See Attachment 2,  
    pg. 14) 
 
    July 2009 
    Mr. Reetz is expected to report. 
 
    NB09-1004 Part 3 S1.2.11.2b) SG on LB Clarify Section S2.11 regarding whether RT and  
    PWHT exemption applies to stayed shell as well as firebox , as intended in the 1952 Locomotive  
    Code.  Change the title of S1.2.11.2 to, “Stayed Area Patches”, change wording in S1.2.11.2 b) to 
    read, “Patches are to be flush type, using full penetration welds.  If the load on the patch is  
    carried by other forms of construction, such as braces, staybolts, rivets or flues, radiographic  
    examination of the welds is not required.” (See Attachment 2, pg. 15) 
 
    July 2009 
    Mr. Reetz is expected to report. 

   NB09-1005 Part 3 S1.2.11.6 SG on LB Insert new text: e) Maximum diameter of flue holes shall  
   be ¼” greater than the diameter of the flue.  Holes shall be made round if they equal or exceed  
   1/8” out of round. See Part 3 S1.2.9.7. (See Attachment 2, pg. 16)  

   July 2009 
   Mr. Reetz is expected to report. 
 
  
 b. Subcommittee on PRD (Attachment 3) 
 
 Charge: To develop new rules, revise, interpret and maintain existing rules which address 
 administrative and technical requirements for installation, inspection and repairs of pressure relief 
 devices.   
 
  Membership: Frank Hart (Chair), Marianne Brodeur, Sid Cammeresi, Alton Cox, Denis   
  DeMichael, Robert Donalson, Kevin Fitzsimmons,  Glyn Humphrey, Thakor Patel, Raymond  
  McCaffrey and Joe Ball (Secretary). 
 
  F. Hart is expected to report on the following: 
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  1) Inquiries 

   IN9-0201 Part 3 4.5.2 Proposed Question ;Two different companies operating at the same  
   site maintain a consistent technical and operational relationship.  One of the companies  
   has a certified  VR valve shop and the other does not.  Is it permissible to include the  
   PRVs from the company that does not have the VR certified valve shop in the scope of  
   the VR manual so that the owner-user exception in paragraph 4.5.2 may be applied to the  
   PRVs from the company without the VR certified valve shop? Proposed Reply: Yes,  
   provided the technical and operational relationship between the two companies is   
   documented in the VR manual, and the monitoring and maintenance of the PRVs from  
   both companies is consistent to the extent that the company with the VR valve shop has  
   the same access to the PRVs from the company without the VR shop.  Deviations from  
   the relationship documented in the VR manual are not permitted and will invalidate  
   extension of the owner-user exception granted in paragraph 4.5.2 to the company that  
   does not have the VR certified valve shop 

  2) Public Review Comments for 2009 Addendum Cycle B  

  There were no public review comments for this subcommittee. 

  3) Action Items 
   
  NB06-0101 Part 3 S7.5 (b) SC on PRD This item concerns a proposed revision to paragraph Part 
  3 S7.5 b) of the NBIC to revise requirements relating to the source of specifications for   
  replacement parts.  A proposal was made to the SC on R and A  and it failed.  It was sent back to  
  the task group for more work. A task group of M. Brodeur (Chair), A. Tannis, S. Cammerisi, B.  
  Nutter, A. Syed, J. Richardson, T. Patel, K. Simmons and R. McCaffrey is assigned. (See   
  Attachment 3, pgs. 4 - 6) 

   July 2006 
     A progress report was given. 
 
   January 2007 
   A progress report was given.  

    July 2007 
   A progress report was given.   
   
   January 2008 
   A progress report was given.     
 
   July 2008 
   A proposal was made to the SC on R and A and it failed.  It was sent back to the task group for  
   more work. 
 
   January 2009 
   It was decided to send a letter ballot out on this item.  The letter ballot was sent to the   
   subcommittee and the ballot failed.   
 
   July 2009 
   Mr. Hart is expected to report. 
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   NB07-1206 Part 1 3.9.1.5, 5 SC on PRD Address valve loading.  Add wording that states that  
   discharge piping is not to apply loading to the pressure relief valve. The task group was also  
   assigned to make sure the topic of loading of pressure relief devices was covered for boilers,  
   heating boilers,  pressure vessels, and piping as appropriate, although the initial request concerned 
   heating boilers. A task group of R. Donalson (Chair), K. Simmons, G. Humphrey and J. Ball has  
   been assigned. (See Attachment 3, pgs. 7- 10) 

 

   July 2007 
    A progress report was given.   
 
    January 2008 
   A progress report was given.  
 
   July 2008 
   A progress report was given.  
 
   January 2009 
   It was decided to letter ballot this item before the next meeting.  The ballot passed but the chair  
   would like to discuss the negative comments that were received. 
 
   July 2009 
   Mr. Hart is expected to report. 
  
  NB07-1301 Part 3 3.2.2 SC on PRD Quality control systems for replacement parts.  This item   
  addresses requirements for the manufacturing and quality control for replacement parts to be used 
  for pressure relief valve. A task group of A. Cox (Chair), D. DeMichael, T. Patel, K.   
  Simmons and K. Fitzsimmons has been assigned. (See Attachment 3, pgs. 11-12) 

   July 2007 
   A progress report was given.   
 
   January 2008 
   A progress report was given.   
 
   July 2008 
   A progress report was given.   
 
   January 2009 
   A progress report was given. 
 
   July 2009 
   Mr. Hart is expected to report. 

  c.  Subcommittee on Installation (Attachment 4) 
 
  Charge: Responsible for developing new rules, revising, interpreting and maintaining existing 

rules which address administrative and technical requirements for installing pressure retaining 
items.  This subcommittee also directs, supports, reviews and approves any items forwarded by 
each subgroup functioning under this subcommittee. 
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  Membership: Michael Richards (Chair), Paul Bourgeois, Geoff Halley, Craig Hopkins, Stan 
Konopacki, Brian Moore, Allan Platt, Gary Scribner, Raymond Snyder, Ron Sulzer Neil Titer,  
Jim Yagen,  James McGimpsey (Secretary). 

 
  M. Richards is expected to report on the following: 
 
  1) Inquiries 

   There were no inquiries submitted for this subcommittee. 

  2) Public Review Comments for 2009 Addendum Cycle B  

  PR09-0203 Part 1 3.7.5.1 b) 1) For readability I suggest revising the paragraph to read: 1) In a  
  single hot water boiler installation stop valves shall be located at an accessible point in the supply 
  and return pipe connections as near the boiler as is convenient and practicable, of a single hot  
  water boiler installation to permit draining the boiler without emptying the system. 

  3) Action Items 

   NB06-0306 Part 1 3.8.3.1 SG on Boilers Address combustion controls for fired boilers.    
   Reference action item NB02-2502.  Brian Moore reported that CSD-1 and Section IV are   
   working jointly on controls and safety devices.  There were plans to publish in 2008.  A task  
   group of B. Moore has been assigned. (No Attachment) 
 
   January 2007 
   Brian Moore gave a progress report that the CSD-1 Committee will be meeting in May 2007 and  
   he will have a report at the July NBIC meeting.  A task group of B. Moore and P. Bourgeois was  
   assigned. 

   July 2007 
   Mr. Moore reported that the CSD-1 Committee made a number of changes to the  document and  
   that they should be publishing in April 2008.  It was decided that this action item  should be  
   expanded upon to fill in the blanks where CSD-1 is lacking.  A task group of Brian Moore,  
   Ron Sulzer, Ray Snyder and Geoff Halley was assigned to address solid fuel firing for a full  
   range of boilers. 

   January 2008 
   Mr. Moore reported that the CSD-1 Committee still plans to publish in 2008.  Mr. Halley also  
   gave a brief report on solid fuels. 

   July 2008  
   Brian Moore reported the CSD-1 task group is working on new language for fuel trains with  
   possible transfer of language to Part 2 of the NBIC.  

   January 2009 
   This action item was taken as a progress report.  Mr. Moore reported that there are plans to  
   publish at the end of April 2009.  
 
   July 2009 
   Mr. Moore is expected to report. 
 
  NB07-1208 Part 1 Glossary (SG Boilers and PVP) Expand on the glossary for Part 1   
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  Installation. A task group of C. Hopkins (Chair), P. Bourgeois, B. Moore and R. Snyder has been  
  assigned. (No Attachment) 
  
  July 2007 
  This will be an ongoing action item as the glossary will expand. Due to a public review comment  it   
  was decided to delete all terms that do not have a definition following them.  
 
 
  January 2008 
  A progress report was given. 
       
  July 2008 
  A progress report was given along with a handout of suggested wording additions.   
 
  January 2009 
  A progress report was given.  
   
  July 2009 
  Mr. Richards is expected to report. 

   NB08-2101 Part 1 Installation SG on Boilers CSD-1 does not address solid fuel firing and it  
   would appropriate for the NBIC to look into it.  A task group of G. Halley (Chair), M. Richards,  
   D. Pranghoffer and B. Moore has been assigned. (No Attachment) 

   July 2008 
   A progress report was given. Mr. Geoff Halley presented a handout.   
 
   January 2009 
   A progress report was given. 
 
   July 2009 
   Mr. Halley is expected to report. 
 

   NB09-0501 Part 1 Add the appropriate rules to Part 1 to ensure that Installation rules address the  
   same requirements for pressure vessels and controls as will later be required for Inservice  
   Inspection.  (See Attachment 4, pg. 1) 
 
   January 2009 
   This item was taken as a progress report.  A task group of G. Scribner (Chair), R. Snyder and J.  
   Yagen was assigned. 
 
   July 2009 
   Mr. Richards is expected to report. 
 
   NB09-0601 Part 1 2.2 SG on Boilers This action item is a result of PR07-2102 which led to  
   NB07-1212.  Please reference these documents.  Expand the definition of power boilers A task  
   group of A. Platt (Chair), G. Scribner, P. Bourgeois and R. Sulzer has been assigned. (See  
   Attachment 4, pgs. 2 - 3) 
 
  January 2009 
  A task group was assigned. 
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  July 2009 
  Mr. Platt is expected to report. 
 
  NB09-0801 Part 1 2.8.1) SG on Boilers This paragraph conflicts with PFT-47.1.  The commenter 
  suggests we revise it to agree with Section I. (See Attachment 4, pgs. 4 - 5) 
 
  January 2009 
  This item was taken as a progress report.  A task group of P. Bourgeois and B. Ferrell was  
  assigned. 
 
  July 2009 
  Mr. Bourgeois is expected to report. 

   d. SC on Inspection (Attachment 5) 
 
  Charge: Responsible for developing new rules, revising, interpreting and maintaining existing 

rules which address administrative and technical requirements for inspection of pressure retaining 
items.  This subcommittee also directs, supports, reviews and approves any items forwarded by 
each subgroup functioning under this subcommittee. 

 
  Membership: Don Cook (Chair), Steve Bacon, Domenic Canonico, Jim Getter, Phillip Martin, 

Greg McRae,  David Parrish, Bob Reetz , John Richardson, Jim Riley, Mike Schwartzwalder, 
Ron Shapiro,  Stan Staniszewski, Randy Wacker and Bill Smith (Secretary). 

 
  D. Cook is expected to report on the following: 
   
  1) Inquiries 

  There were no inquiries submitted for this subcommittee. 

  2) Public Review Comments for 2009 Addendum Cycle A  

  PR09-0401 Part 2 S1.4.2.1 Table of contents add new item S1.4.2.1 a). 

   3) Action Items 

   NB07-0905 Part 2 4.3.1-4.3.3 SC Inspection   Review these sections for completeness and  
   consistency in pressure testing. Mr. Cook suggested forming a task group from all three parts.  A  
   task group of B. Barbato (Chair), R. Shapiro, D. Parrish, R. Aben and J. Yagen has been assigned.  
   Included in the attachment is an email from Mr. Galanes requesting that his concern be addressed  
   in this action item. (See Attachment 5, pgs. 2 - 4) 
 
   July 2007 
   A progress report was given.  
 
   January 2008 
   A progress report was given. 
 
   July 2008 
   A progress report was given. 
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   January 2009 
   A progress report was given. 
 
   July 2009 
   Mr. Cook  is expected to report. 
   
   NB07-0909 Part 2 2.3.6.4 SG Inspection General Review section Liquid Ammonia Vessels.  A  
   task group of R. Reetz (Chair), S. Staniszewski, G. McRae, V. Newton and M. Schwartzwalder  
   has been assigned.  (See Attachment 5, pgs. 5 - 6) 
   
   July 2007 
   A progress report was given.  
 
   January 2008 
   A progress report was given. 
 
   July 2008 
   A progress report was given. 
 
   January 2009 
   A progress report was given. 
 
   July 2009 
   Mr. Reetz is expected to report. 
   
  NB07-0910 Part 2 S6 SG Inspection Specific Review DOT supplement.  A task group of S.  
  Staniszewski (Chair), G. McRae and J. Riley has been assigned. This specific Supplement should  
  be reviewed by the task group for completeness and accuracy.  (No Attachment) 
 
  July 2007 
  A progress report was given. Changes to the DOT Glossary were approved previously due to  
  approved public review comments. 
 
  January 2008 
  A progress report was given.  The task group has met twice to discuss the public review   
  comments received from the 2007 edition and in the process 11 more issues were identified. 
 
  July 2008 
  A progress report was given. 
 
  January 2009 
  This item was taken as a progress report.  Mr. Staniszewski reported that the Federal Government 
  is planning to release a standard on rule making under docket # PHMSA 2005-21351 in June of  
  2009.  
 
  July 2009 
  Mr. Staniszewski is expected to report. 
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  NB07-0912 Part 2 SG Inspection Specific Inspection Guides Section 5 Review the National  
  Board  Inspection guides for Cast Iron Boilers, Pressure Relief Devices, Water Level Controls & 
  Devices and Operating Controls.   (No Attachment) 

 July 2007 
 A progress report was given.   
 
 January 2008 

  Task groups were assigned to address the four inspection guides.   
 
 July 2008 

• Guide for Cast Iron Boilers – Task group of  W. Barbato, R. Dobbins, and D. Canonico.  A 
motion made to accept the review and updates of the task group.  The motion was 
unanimously approved. 

• Guide for PRD – Task group of J. Richardson and R. Wacker.  A progress report was given 
by Mr. Wacker. 

• Guide for Water Level Controls & Devices – Task group of S. Bacon and V. Newton.  A 
motion made to accept the review and updates of the task group.  The motion was 
unanimously approved.   
 

•  Guide for Operating Controls – Task group of S. Bacon and V. Newton.  A progress report 
was given by Mr. Bacon. 

 
  January 2009 
 A progress report was given.  Three out of the four components have been approved by the 

Subcommittee.  The guide for Pressure Relief Devices has not yet been reviewed.  
 
 July 2009 
 Mr. Cook is expected to report. 

 
   NB07-1013 Part 2 SG on LB All the figures (Part 3 S1) from Part 3 should be included in part  
   2 as well as in part 3.  (See Attachment 5, pgs. 7 - 9) 
 
  July 2007 
  The SC has decided to send this action item back to the SG on Locomotives for more direction  
  and placement of photos.  No action was taken. 
 
  January 2008 
  A progress report was given. The action was sent back to the SG on Locomotive Boilers for more 
  direction. 
  
  July 2008 
  A progress report was given.  
 
  January 2009 
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  A progress report was given. 
 
  July 2009 
  Mr. Reetz is expected to report. 

   NB08-0701 Part 2 S7 SG on Inspection Specific Add a requirement for change of service from  
   above ground to below ground installation of LPG tanks.  We also need requirements for how  
   to inspect these tanks. A task group of G. McRae (Chair), G. Galanes, J. Getter, M. Huffman, V.  
   Mullins, J. Reed, D. Cook, J. Richardson and V. Newton has been assigned. (No Attachment) 

   January 2008 
   A progress report was given and a task group was assigned. 
 
   July 2008 
    A progress report was given. 
 
   January 2009 
   A progress report was given.  This item will be discussed in conjunction with NB08-  
   0321.  
 
   July 2009 
   Mr. McRae is expected to report.  
 
   NB08-0702 Part 2 S7 SG on Inspection Specific The maximum corrosion allowance for a LPG  
   tank should be 10% of the minimum thickness required.   A task group of G. McRae (Chair), G.  
   Galanes, J. Getter, M. Huffman, V. Mullins, J. Reed, D. Cook, J. Richardson and V. Newton has  
   been assigned. (No Attachment)  

  January 2008 
  A progress report was given and a task group was assigned. 
 
  July 2008 
  A progress report was given. 
   
  January 2009 
  A progress report was given.  There were plans to discuss this item at the April meeting of  
  PVMA. 
 
  July 2009 
  Mr. McRae is expected to report. 

   NB08-0703 Part 2 S7SG on Inspection Specific Investigate the feasibility of marking or   
   stamping a re-rated name plate on a LPG tank that is being altered from an above ground tank to  
   a below ground  tank. A task group of G. McRae(Chair), G. Galanes, J. Getter, M. Huffman, V.  
   Mullins, J. Reed, D. Cook, J. Richardson, and V. Newton has been assigned. (No Attachment) 

   July 2008 
   A progress report was given and a task group was assigned. 
 
   January 2009 
   A progress report was given.  This item will be discussed in conjunction with NB08-0321. 
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   July 2009 
   Mr. McRae is expected to report. 

   NB08-1904 Part 2 S6 SG on Insp. Spec. Condition of internal structures (pipes, baffles) is an  
   important inspection problem.  Loose structures inside tanks destroy internal PRDs.  A task group 
   of S. Staniszewski, G. McRae and J. Riley has been assigned. (See Attachment 5, pg.10) 

   January 2009 
   A progress report was given. 
 
   July 2009 
   Mr. Staniszewski is expected to report. 
 
   NB09-0303 Part 2 2.2.12.8 SG on Insp. Gen. This action item is a result of PR09-0201.  The  
   commenter suggested changing BTUs to the units of measure independent term “thermal energy”.  
   This would make the statement independent of the U.S. Customary or metric units.  A TG of  
   V. Newton, M. Schwartzwalder and B. Moore has been assigned. (See Attachment 5, pg. 11) 
 
   July 2009 
   Mr. Cook is expected to report. 
 
   NB09-0304 Part 2 2.2.12.3SG on Insp. Gen. This action item is a result of PR09-0202.  The  
   commenter suggested adding new wording regarding solid fuel into the referenced paragraph.  A  
   task group of M. Schwartzwalder (Lead), V. Newton, M. Clark and B. Moore has been assigned.  
   (See Attachment 5, pgs. 12-13) 
 
   July 2009 
   Mr. Schwartzwalder is expected to report. 
 
    NB09-1001 Part 2 S1.6 SG on LB Add a new table that shows evaporation rates for steam  
    locomotive boilers. (No Attachment) 
 
    July 2009 
    Mr. Reetz is expected to report. 
 
9. Liaison Activities  
 

a.  ASME 
b.  AWS 
c.  API 
d.  PVRC 
e.  PCC 
f.  Others 

 
10.  Approval of 2009 Addendum (Attachment 6) 
 
11. New Business  
 
 
 
12.  Future Meetings 
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The following meetings have been scheduled:  
 
January 2010,   Austin, Texas 
July 2010, Columbus, Ohio 
 
 
 
 
13.  Adjournment 
 
Respectfully submitted, 
 
 
 
 
Robin Hough 
Secretary, NBIC Committee 
:rh 
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ATTACHMENT 6



DIRECTORY OF REVISIONS 
 

Part 1 Installation 
1.4.2 a)  
 Revised to include all Pressure Retaining Items 

2.5.3  
 Added wording for remote emergency shutdown switches 

2.8.2  
 Revised to clarify valve type 

2.9.6  
 Changed numbering for clarity 

3.4.2  
 Revised wording for clarity 

4.5.3  
 Revised wording to clarify the location of the Pressure Relief Device in relation 

to the vessel 
4.5.6 e)  
 Added wording to address pressure vessels designed for human occupancy 

5.3.3  
 Revised wording to clarify the location of the Pressure Relief Device in relation 

to the vessel 
 

Part 2 Inspection 
 
2.2.8  
 Deleted text 

2.2.10.2 
 Deleted text 

2.2.10.3 
 Re-numbered paragraph 

2.2.10.4 
 Re-numbered paragraph and deleted text 

2.2.10.5 thru 2.2.10.7 
 Re-numbered paragraphs 

2.2.12.1 
 Re-numbered paragraph and added text 

2.2.12.2 thru 2.2.12.8 
 Re-numbered paragraph 

2.2.12.9 
 Re-numbered paragraph and added text 

2.5.3 a) 
 Added wording to refer to Supplement 8 

S1.4.3 a) 
 Added wording to measure the height of water gage glass in Locomotive 

Boilers 
S2.6.2 
 Added wording to address areas that exhibit thinning in Historical Boilers 

S2.10.3 
 Added metric tables for Historical Boilers 

S6.16 
 Added section to address Pressure Relief Devices in the DOT supplement 



S8 
 Added Supplement to address Pressure Differential Between Safety or Safety 

Relief Valve Setting and Boiler or Pressure Vessel Operating Pressure 
 

Part 3 Repairs and Alterations 
2.5.2  

 Clarified wording 
2.5.3 d) 

 Corrected reference 
2.5.3 e) 

 Added new paragraph for Non-destructive examination of welds and re-
numbered old paragraph 2.5.3 e) to 2.5.3 f) 

3.2.6 
 Added paragraph to reference other codes and standards 

3.3.4.2 
 Deleted duplicated wording 

5.7.1 
 Deleted wording 

5.7.2 c) 
 Added new paragraph 

5.7.4 
 Added new paragraph 

5.7.5 
 Added new paragraph 

5.9.2 
 Revised figure reference 

5.9.5 
 Clarified wording for stamping requirements 

5.9.6 
 Deleted paragraph and subparagraphs 

5.11 
 Revised paragraph reference 

5.11.2 
 Revised paragraph reference 

5.11.3 
 Revised paragraph reference 

5.12 
 Revised figures 5.7.5 a-g 

S1.2.6 
 Added wording and figures to Locomotive supplement 

S1.2.8 
 Added wording to patch bolt repair and alteration 

S1.2.9.7 
 Added paragraph to address ferrules 

S2.11.5 
 Added wording and figure to repairs of firebox and tubesheet knuckles to 

address flanges
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NB08-0317 
 
1.4.2 a) 
 
1.4.2 EQUIPMENT CERTIFICATION 
  
a) All boilers, pressure vessels, piping, and other pressure-retaining items shall have 

documented certification from the manufacturer indicating that the boiler, pressure 
vessel, piping, or any other pressure-retaining items complies with the requirements 
of the code of construction. The certification shall identify the ‘Addenda’ for a code of 
construction to which the boiler was fabricated.all pressure retaining items were 
fabricated. 

 

NB08-1201 

2.5.3 ELECTRICAL  

2.5.3.1 WIRING 

a) All wiring for controls, heat generating apparatus, and other appurtenances necessary 
for the operation of the boiler or boilers should be installed in accordance with the 
provisions of national or international standards and comply with the applicable local 
electrical codes.  

2.5.3.2 REMOTE EMERGENCY SHUTDOWN SWITCHES 

b)a) A manually operated remote shutdown switch or circuit breaker shall be located just 
outside the boiler room door and marked for easy identification. Consideration should 
also be given to the type and location of the switch to safeguard against tampering.  

b) For boiler rooms exceeding 500 sq. ft (46.5 sq. m) floor area or containing one or 
more boilers having a combined fuel capacity of 1,000,000 Btu/hr (293kW) or more, 
additional manually operated remote emergency shutdown switches shall be located at 
suitably identified points of egress acceptable to the jurisdiction. 

c)Where a boiler is located indoors in a facility and not in a boiler room, a remote 
emergency shutdown switch shall be located within 50 feet of the boiler along the 
primary egress route from the boiler area. 

c) If the boiler room door is on the building exterior, the shutdown switch shall be located 
just inside the door. If there is more than one door to the boiler room, there shall be a 
shutdown switch located at each door of egress.  

 1) For atmospheric-gas burners, and oil burners where a fan is on a common  
 shaft with the oil pump, the complete burner and controls should be shut off.  

 2) For power burners  with detached auxiliaries, only the fuel input supply to the 
 firebox need be shut off. 

d) Consideration should be given to the type and location of the remote emergency 
shutdown switch(es) to safeguard against tampering.  Where approved by the 
Jurisdiction, alternate locations of remote emergency switch(es) may be provided. 
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e) For atmospheric-gas burners and for oil burners where a fan is on the common shaft 
with the oil pump, the emergency remote shutdown switch(es) or circuit breaker(s) must 
disconnect all power to the burner controls. 

f) For power burners with detached auxiliaries, the emergency remote shutdown 
switches or circuit breaker(s)need only shut off the fuel input to the burner.  

d) 2.5.3.3 CONTROLS AND HEAT GENERATING APPARATUS  

1)a) Oil and gas-fired and electrically heated boilers shall be equipped with suitable 
primary (flame safeguard) safety controls, safety limit switches and controls, and burners 
or electric elements as required by a nationally or  internationally recognized standard.  

2)b) The symbol of the certifying organization that has investigated such  equipment as 
having complied with a nationally recognized standard shall be affixed to the equipment 
and shall be considered as evidence that the unit was manufactured in accordance with 
that standard.  

3)c) These devices shall be installed in accordance with jurisdictional and  environmental 
requirements, manufacturer’s recommendations, and/or industry standards, as 
applicable. 
 
NB08-0316 
 
2.8.2b) 
 PRESSURE GAGE 
a) Each steam boiler shall have a pressure gage connected to the steam space or to the 

steam connection to the water column. When a pressure-reducing valve is installed 
in the steam supply piping, a pressure gage shall be installed on the low pressure 
side of the pressure-reducing valve. 

b) The dial range shall not be less than 1.5 times or no greater than two times the pres-
sure at which the lowest safety pressure relief valve is set.  

 
NB08-0318 
2.9.5.1 2.9.6 MOUNTING AND DISCHARGE REQUIREMENTS  
a) Every boiler shall have outlet connections for the safety or safety relief valve, or 

valves, independent of any other outside steam connection, the area of opening shall 
be at least equal to the aggregate areas of inlet connections of all of the attached 
safety or safety relief valves. An internal collecting pipe, splash plate, or pan should 
be used, provided the total area for inlet of steam thereto is not less than twice the 
aggregate areas of the inlet connections of the attached safety or safety relief valves. 
The holes in such collecting pipes shall be at least 1/4 in. (6 mm) in diameter, and 
the least dimension in any other form of opening for inlet of steam shall be 1/4 in. (6 
mm). If safety or safety relief valves are attached to a separate steam drum or dome, 
the opening between the boiler proper and the steam drum or dome shall be not less 
than ten times the total area of the safety valve inlet. 
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NB07-1201 
3.4.2  LADDERS AND RUNWAYS 
a) All walkways, runways, and platforms shall be: 

1) of metal construction; 
2) provided between or over the top of boilers that are more than 8 ft. (2.4 m) 
above the operating floor to afford accessibility for normal operation, 
maintenance, and inspection; 
3) constructed of safety treads, standard grating, or similar material and have a 
minimum width of 30 in. (760 mm); 
4) of bolted, welded, or riveted construction; and 
5) equipped with handrails 42 in. (1070 mm) high with an intermediate rail and 4 
in. (100 mm) toe board. 
 

b) Stairways that serve as a means of access to walkways, runways, or platforms shall 
not exceed an angle of 45 degrees from the horizontal and be equipped with handrails  
42 in. (1070 mm) high with an intermediate grid.rail. 
 
c) Ladders that serve as a means of access to walkways, runways, or platforms shall: 
 
4.5.3  LOCATION 
a) The pressure relief device shall be installed directly on the pressure vessel, unless the 
source of pressure is external to the vessel and is under such positive control that the 
pressure cannot exceed the maximum  allowable working pressure then the device may 
be installed elsewhere in the system provided it is in communication with the vessel at all 
times.overpressure permitted by the original code of construction and the pressure relief 
device cannot be isolated from the vessel, except as permitted by 4.5.6 e) 2). 
 
NB07-1210 
 
4.5.6 e) 5) Add a new paragraph 
 
5) Pressure vessels designed for human occupancy (such as decompression or 

hyperbaric chambers) shall be provided with a quick opening stop valve between 
the pressure vessel and its pressure relief valve.  The stop valve shall be 
normally sealed open with a frangible seal and be readily accessible to the 
pressure relief attendant. 

 
NB07-1201 (cont.) 
5.3.3 LOCATION 
The pressure relief device, except those covered by Sections 2 and 3 of this Part, may 
be installed at any location in the system provided the pressure cannot exceed the 
maximum overpressure permitted by the original code of constructionallowable working 
pressure.  Pressure drop to the pressure relief device under flowing conditions shall be 
considered when determining pressure relief device location.  The device shall be in 
communication with the piping system it is protecting at all times.The pressure relief 
device shall not be isolated from the piping system except as permitted by 5.3.6 e). 
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NB07-0908 
 
2.2.8 BOILER CORROSION CONSIDERATION 
 
g) Grooving is usually progressive and when it is detected, its effect should be carefully 
evaluated and corrective action taken. 
 
h) The fireside surfaces of tubes in horizontal firetube boilers usually deteriorate more 
rapidly at the ends nearest the fire. The Inspector should examine the tube ends to 
determine if there has been serious reduction in thickness. The tube surfaces in some 
vertical tube boilers are more susceptible to deterioration at the upper ends when 
exposed to the heat of combustion. These tube ends should be closely examined to 
determine if there has been a serious reduction in thickness. The upper tube sheet 
in a vertical “dry top” boiler should be inspected for evidence of overheating. 
 
i)h) Pitting and corrosion on the waterside surfaces of the tubes should be examined. In 
vertical firetube boilers, excessive corrosion and pitting is often noted at and above the 
water level. 
 
j) The surfaces of tubes should be carefully examined to detect corrosion, erosion, 
bulges, cracks, or evidence of defective welds. Tubes may become thinned by high 
velocity impingement of fuel and ash particles or by the improper installation or use of 
soot blowers. A leak from a tube frequently causes serious corrosion or erosion on 
adjacent tubes. 
 
k) In restricted fireside spaces, such as where short tubes or nipples are used to join 
drums or headers, there is a tendency for fuel and ash to lodge at junction points. Such 
deposits are likely to cause corrosion if moisture is present, and the area should be 
thoroughly cleaned and examined. 
 
2.2.10 INSPECTION OF BOILER PIPING, PARTS, AND APPURTENANCES 
 
2.2.10.1 BOILER PIPING 
Piping should be inspected in accordance with 2.4. 
 
2.2.10.2 STAYS AND STAYBOLTS 
a) All stays, whether diagonal or through, should be inspected to determine whether or 
not they are in even tension. Staybolt ends and the stayed plates should be examined to 
determine whether cracks exist. In addition, stayed plates should be inspected for 
bulging in the general area of the stay. Each staybolt end should be checked for 
excessive cold working (heading) and seal welds as evidence of a possible leakage 
problem. Stays or staybolts that are not in tension or adjustment should be repaired. 
Broken stays or staybolts shall be replaced. 
 
b) The Inspector should test firebox staybolts by tapping one end of each bolt with a 
hammer and, where practicable, a hammer or other heavy tool should be held on the 
opposite end to make the test more effective. 
 
An unbroken bolt should give a ringing sound while a broken bolt will give a hollow or 
non-responsive sound. Staybolts with telltale holes should be examined for evidence of 
leakage, which will indicate a broken or cracked bolt. Broken staybolts shall be replaced. 
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2.2.10.3 2 FLANGED OR OTHER CONNECTIONS 
a) The manhole and reinforcing plates, as well as nozzles or other connections flanged 
or bolted to the boiler, should be examined for evidence of defects both internally and 
externally. Whenever possible, observation should be made from both sides, internally 
and externally, to determine whether connections are properly made to the boiler. 
 
b) All openings leading to external attachments, such as water column connections, low 
water fuel cut-off devices, openings in dry pipes, and openings to safety valves, should 
be examined to ensure they are free from obstruction. 
 
2.2.10.4 3 MISCELLANEOUS 
 
e) When tubes have been re-rolled or replaced, they should be inspected for proper 
workmanship. Where tubes are readily accessible, they may have been over rolled. 
Conversely, when it is difficult to reach the tube ends, they may have been under rolled. 
 
f) Drums and headers should be inspected internally and externally for signs of leakage, 
corrosion, overheating, and erosion. Inspect blowdown piping and connections for 
expansion and flexibility. Check header seals for gasket leakage. 
 
g) Soot blower mechanical gears, chains, pulleys, etc., should be checked for broken or 
worn parts. Inspect supply piping to the soot blowers for faulty supports, leakage, and 
expansion and contraction provisions. Check design for proper installation to allow for 
complete drainage of condensate, which may cause erosion. 
 
hf) Valves should be inspected on boiler feedwater, blowdown, drain, and steam 
systems for gland leakage, operability, tightness, handle or stem damage, body defects, 
and general corrosion. 
 
2.2.10.5 4 GAGES 
a) Ensure that the water level indicated is correct by having the gage tested as follows: 
 
 1) Close the lower gage glass valve, then open the drain cock and blow the glass 
 clear. 
 
 2) Close the drain cock and open the lower gage glass valve. Water should 
 return to the gage glass immediately. 
 
 3) Close the upper gage glass valve, then open the drain cock and allow the 
 water to flow until it runs clean. 
 
 4) Close the drain cock and open the upper gage glass valve. Water should 
 return to the gage glass immediately. 
 
 5) If the water return is sluggish, the test should be discontinued. A sluggish 
 response could indicate an obstruction in the pipe connections to the boiler. 
 Any leakage at these fittings should be promptly corrected to avoid damage 
 to the fittings or a false waterline indication. 
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2.2.10.6 5 PRESSURE RELIEF DEVICES 
See 2.5 for the inspection of safety devices (pressure relief valves) used to prevent 
overpressure of boilers. 
 
2.2.10.7 6 CONTROLS 
a) Verify operation of low water protection devices by observing the blowdown of these 
controls or the actual lowering of boiler water level under carefully controlled conditions 
with the burner operating. This test should shut off the heat source to the boiler. 
 
 
2.2.12.1 3 WATERTUBE BOILERS 
 
a) Typically constructed of drums, headers, and tubes, watertube boilers are used to 
produce steam or hot water commonly in large quantities. They range in size and 
pressure from small package units to extremely large field erected boilers with pressures 
in excess of 3000 psig (41.37 MPa gage). These boilers may be fired by many types of 
fuels such as wood, coal, gas, oil, trash, and black liquor. Their size and type of 
construction poses mechanical and thermal cyclic stresses. 
 
b) There are many locations both internal and external where moisture and oxygen 
combine causing primary concern for corrosion. The fuels burned in watertube boilers 
may contain ash, which can form an abrasive grit in the flue gas stream. The abrasive 
action of the ash in high velocity flue gas can quickly erode boiler tubes. 
 
c) Unique parts associated with this type of construction such as casing, expansion 
supports, superheater, economizer, soot blowers, drums, headers, and tubes should be 
inspected carefully and thoroughly in accordance with 2.2. 
 
d) The surfaces of tubes should be carefully examined to detect corrosion, erosion, 
bulges, cracks, or evidence of defective welds. Tubes may become thinned by high 
velocity impingement of fuel and ash particles or by the improper installation or use of 
soot blowers. A leak from a tube frequently causes serious corrosion or erosion on 
adjacent tubes. 
 
e) In restricted fireside spaces, such as where short tubes or nipples are used to join 
drums or headers, there is a tendency for fuel and ash to lodge at junction points. Such 
deposits are likely to cause corrosion if moisture is present, and the area should be 
thoroughly cleaned and examined. 
 
f) Drums and headers should be inspected internally and externally for signs of leakage, 
corrosion, overheating, and erosion. Inspect blowdown piping and connections for 
expansion and flexibility. Check header seals for gasket leakage. 
 
g) Soot blower mechanical gears, chains, pulleys, etc., should be checked for broken or 
worn parts. Inspect supply piping to the soot blowers for faulty supports, leakage, and 
expansion and contraction provisions. Check design for proper installation to allow for 
complete drainage of condensate, which may cause erosion. 
 
2.2.12.2 9 KRAFT OR SULFATE BLACK LIQUOR RECOVERY BOILERS 
a) Kraft or Sulfate Black Liquor Recovery boilers are used in the pulp and paper industry. 
Black liquor is a by-product of pulp processing. It contains organic and inorganic 
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constituents concentrated to at least 58% solids for firing in the recovery boilers. The 
organic material that is dissolved in the pulping process combusts and the spent pulping 
chemicals form a molten pool in the furnace. The molten material, or “smelt,” drains from 
the furnace wall through smelt spouts into a smelt dissolving tank for recovery of the 
chemicals. Ultimately, the by-product of the recovery process is steam used for 
processing and power. Gas or oil auxiliary burners are used to start the self-sustaining 
black liquor combustion process and may be used to produce supplemental steam if 
sufficient liquor is not available. 
 
2.2.12.3 7 THERMAL FLUID HEATERS 
a) Design and Operating Features 
 1) Many thermal fluid heaters are pressure vessels in which a synthetic or 
 organic fluid is heated or vaporized. Some thermal fluid heaters operate at 
 atmospheric pressure. The fluids are typically flammable, are heated above the 
 liquid flash point, and may be heated above the liquid boiling point. The heaters 
 are commonly direct-fired by  combustion of a fuel or by electric resistance 
 elements. Heater design may be similar to an electric resistance heated boiler, to 
 a firetube boiler or, more commonly, to a watertube boiler. Depending on process 
 heating requirements, the fluid may be vaporized with a natural circulation, but 
 more often, the fluid is heated and circulated by pumping the liquid. Use of 
 thermal fluid heating permits heating at a high temperature  with a low system 
 pressure (600°F to 700°F [316°C to 371°C] at pressures just above 
 atmospheric]. To heat water to those temperatures, would require pressures of at 
 least 1 530 psig (10.55 MPa). 
  
 
2.2.12.4 8 WASTE HEAT BOILERS 
 
a) Waste heat boilers are usually of firetube or watertube type and obtain their heat from 
an external source or process in which a portion of the BTUs have been utilized. 
Generation of electrical energy is usually the primary application of waste heat boilers. 
The biggest disadvantage of this type of boiler is that it is not fired on the basis of load 
demand. Since the boiler does not have effective control over the amount of heat 
entering the boiler, there may be wide variations or fluctuations of metal temperatures. 
Waste process gasses are usually in a temperature range of 400°F (205°C) to 800°F 
(427°C), where combustion gasses of conventional-fired boilers are at about 2000°F 
(1093°C). Special design considerations are made to compensate for lower combustion 
gas temperatures such as the use of finned high-efficiency heat absorbing tubes, and by 
slowing the velocity of gasses through the boiler. 
  
2.2.12.5 1 CAST-IRON BOILERS 
a) Cast-iron boilers are used in a variety of applications to produce low or high pressure 
steam and hot water heat. Cast-iron boilers should only be used in applications that 
allow for nearly 100% return of condensate or water, and are not typically used in 
process-type service. These boilers are designed to operate with minimum scale, mud, 
or sludge, which could occur if makeup water is added to this system. 
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2.2.12.6 4 ELECTRIC BOILERS 
 
a) Electric boilers are heated by an electrical energy source, either by use of electric 
resistant coils or induction coils. These boilers may be used in either high or low 
pressure steam or hot water applications.  
 
  
2.2.12.7 5 FIRED COIL WATER HEATERS 
a) Fired coil water heaters are used for rapid heating of potable water or hot water 
service. This design utilizes a coil through which the water being heated is passed. This 
type of heater has very little volume and may be used in conjunction with a hot-water 
storage vessel. 
 
 
2.2.12.8 6 FIRED STORAGE WATER HEATERS 
 
a) Fired storage water heaters are vertical pressure vessels containing water to which 
heat is applied. Typically gas burners are located directly beneath the storage vessel.  
These heaters should be insulated and fitted with an outer jacket and may be lined with 
porcelain, glass, galvanized metal, cement, or epoxy. 
 
2.2.12.9 2 FIRETUBE BOILERS 
 
c) Firetube boilers are subject to thermal stresses due to cycling, which may cause tube 
leakage and corrosion of joints. The following items are common areas of inspection: 
 
 1) Waterside — scale buildup on and around the furnace tube. Scale on or 
 around the firetubes in the first pass after the furnace (gas temperatures >1800°F 
 [982°C]). Scale and corrosion buildup on stay rods hiding the actual diameter. 
 Corrosion pitting on all pressure boundaries. 
 
 2) Fireside — Tube to tube sheet joint leakage. Look for rust trails left by weeping 
 joints. When in doubt where the leakage is coming from, perform a liquid 
 penetrant exam. Take note of refractory locations protecting steel that is not 
 water cooled.   Partial or complete removal of the refractory may be required for 
 inspection purposes.  Condensation of combustion gas dripping out of the 
 fireside gaskets during a cold boiler  start up is expected. However, if it continues 
 after the water temperature in the boiler is  at least 150°F (66°C), then 
 investigation to determine the source of water shall be conducted. 
 
 h3) The fireside surfaces of tubes in horizontal firetube boilers usually deteriorate 
 more rapidly at the ends nearest the fire. The Inspector should examine the tube 
 ends to determine if there has been serious reduction in thickness. The tube 
 surfaces in some vertical tube boilers are more susceptible to deterioration at the 
 upper ends when exposed to the heat of combustion. These tube ends should be 
 closely examined to determine if there has been a serious reduction in thickness. 
 The upper tube sheet in a vertical “dry top” boiler should be inspected for 
 evidence of overheating. 
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 a4) All stays, whether diagonal or through, should be inspected to determine 
 whether or not they are in even tension. Staybolt ends and the stayed plates 
 should be examined to determine whether cracks exist. In addition, stayed 
 plates should be inspected for bulging in the general area of the stay. Each 
 staybolt end should be checked for  excessive cold working (heading) and seal 
 welds as evidence of a possible leakage problem. Stays or staybolts that are 
 not in tension or adjustment should be repaired. Broken stays or staybolts 
 shall be replaced. 
 
 b5) The Inspector should test firebox staybolts by tapping one end of each bolt 
 with a  hammer and, where practicable, a hammer or other heavy tool should be 
 held on the opposite end to make the test more effective.  An unbroken bolt 
 should give a ringing  sound while a broken bolt will give a hollow or  
 non-responsive sound. Staybolts with telltale holes should be examined for 
 evidence of leakage, which will indicate a broken or cracked bolt. Broken 
 staybolts shall be replaced. 
 
d) Practical considerations lead to the use of basically cylindrical shells. Flat-end 
tubesheet surfaces are supported by various methods: diagonal stays, through-bolts, or 
the tubes themselves. Tubes may be rolled, welded, or rolled and seal-welded into the 
tubesheets. For steam applications, the water level is maintained several inches above 
the uppermost row of tubes, which allows for a steam space in the upper portion of the 
boiler shell. There are several different types of firetube boilers: 
 
NB08-1801  
2.5.3 CONDITIONS 
 
a) Check for evidence that the valve or device is leaking or not sealing properly.  
Evidence of leakage through pressure relief valves may indicate that the system is being 
operated at a pressure that is too close to the valve’s set pressure.  See Supplement 8. 
b) Seals for adjustments should be intact and show no evidence of tampering. 
 
 
NB07-1012 
 
S1.4.3 METHOD OF CHECKING HEIGHT OF WATER GAGE GLASS 
The height of the bottom gage cock and water glass or water column above the highest 
section of the crown sheet should be checked to confirm it meets the height 
requirements for the service intended and those of the regulatory agency.  It is especially 
important this be checked if the water glass location or piping was changed, or if a new 
crown sheet or complete firebox is installed.   
Water Height Measurement Method 
The following method is intended for use where it is possible to enter the boiler shell 
interior to measure the water level at the highest section of the crown sheet. 
1. Level the locomotive in the longitudinal and transverse planes so that it is in the 

position used for normal operation. 
2. Place a measurement gage or ruler on the longitudinal centerline of the highest 

section of the crown sheet.  The measurement gage or ruler must be placed vertical 
and tangent to the highest section of the crown sheet. 
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3. Fill the boiler with water until water exits the lowest gage cock and/or is just visible at 
the bottom of the water glass or water column. 

4.  Measure the height of water over the crown sheet using the ruler or gage.  
5   Record the height reading and compare it to the required height. Repeat Steps 3 to 
 5 and compare the readings of the first and second tests. 

 
 

 
 
FLEXIBLE SPIRIT LEVEL METHOD 
The following method is intended for use where it is difficult to enter the boiler shell 
interior to measure the water level. The method is based on use of a flexible spirit level 
made from flexible rubber hose and clear plastic tubing.  The measurements are taken 
from the fireside of the crown sheet. 
1. The flexible spirit hose is made from a suitable length of flexible rubber tubing, such 

as garden hose, with a minimum internal diameter of 5/8”. The length must be long 
enough to extend from the front of the firebox to the back head without kinks or sharp 
bends.  At each end of the hose fasten an 8” long piece or clear plastic tube using 
hose clamps.  The upper end of each piece of tubing must have four 1/8” deep x 1/8” 
wide air openings (slots) cut into  it in order to allow the air to be vented out when 
held against the crown sheet. 

2. Fill the hose with water and bring the clear plastic tubes side by side vertically to 
observe the water level.  If the level is not the same, there is an air bubble or other 
obstruction in the hose.  Repair it and retest the water level before proceeding. 

3. Level the locomotive in the longitudinal and transverse planes so that it is in the 
position used for normal operation. 

4. Locate the approximate longitudinal centerline of the fireside of the crown sheet and 
the highest section of the crown sheet using a ruler and chalk. 

5. Place one end of the hose against the approximate center of crown sheet at the 
highest point with the plastic tube held vertical. 

S1.4.3-a 
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6. Place the other end of the hose and tube against the back head exterior vertical 
centerline and hold vertically in a position slightly lower than the crown sheet. 

7. Slowly raise the end of the hose held against the back head until water is discharged 
from the tube held against the crown sheet.  Hold both tubes in position until the 
water stops flowing.  At this point the level of water in the tube held at the back head 
will show the height of the bottom side of the crown sheet.  Mark this water level 
position on the back head. 

8. Repeat the measuring procedure several times, each time moving the tube held 
against the crown sheet laterally to another position to confirm the highest location of 
the crown sheet has been located.  Mark the level position of each measurement on 
the back head. 

9. Above the line on the back head obtained by the spirit level measurement make a 
second line of the same curvature but higher by a height equal to the crown sheet 
thickness plus the 1/8” deep slots cut into the tubing.  This second line represents 
the top(waterside) of the crown sheet at the highest point. 

10. Use the second line as the reference point for measurements to determine whether 
the water glasses and/or water column are located at the required height above the 
crown sheet.  To simplify taking the measurements the second line can be extended 
across the back head by use of a long ruler and precision spirit level.  

 
NB07-0914 
S2.6.2 
 
f) Recurring UT testing shall be performed by randomly checking 10% of original UT 
checks. Areas of thinning identified during previous inspections shall be given particular 
attention. If material loss is determined, additional testing may be requested by the 
Inspector. 

S1.4.3-b 
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g) Particular attention should be placed upon areas that typically exhibit thinning.  These 
areas would include the ogee curve, the mudlegs, the fusible plug, around feedwater 
inlets, and around the firebox door ring. 
 
g) h) The owner/operator shall maintain the initial and recurring grid mapped UT 
readings in conjunction with the calculations in permanent boiler records. Documentation 
shall be available to the Inspector for review and acceptance. 
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          TS · t · E                       
TS = Tensile Strength 380 000 kPa      R · FS      R = Radius of Shell (inside Diameter/2), mm 
t = Thickness of Cylindrical Component, mm                FS = Factor of Safety, 6  
E = Joint Efficiency 58 %         Table S2.10.3.1 Metric (Page 1 of 2)             P = MAWP, kPa 
      Maximum Allowable Working Pressure for Cylindrical Components (Barrel)      
       For Single Riveted Lap Joint  
                                                      

Shell 
ID (mm) Minimum Thickness of Shell Plate (mm) 

4.75 5 5.25 5.5 5.75 6 6.25 6.5 6.75 7 7.25 7.5 7.75 8 8.25 8.5 
300 1163. 1224 1286 1347 1408 1469 1531 1592 1653 1714 1775 1837 1898 1959 2020 2082 
325 1074 1130 1187 1243 1300 1356 1413 1469 1526 1582 1639 1695 1752 1808 1865 1921 
350 997 1050 1102 1154 1207 1259 1312. 1364 1417 1469 1522 1574 1627 1679 1732 1784 
375 931 980 1029 1078 1126 1175 1224 1273 1322 1371 1420 1469 1518 1567 1616 1665 
400 872 918 964 1010 1056 1102 1148 1194 1240 1286 1332 1378 1423 1469 1515 1561 
425 821 864 908 951 994 1037 1080 1124 1167 1210 1253 1296 1340 1383 1426 1469 
450 775 816 857 898 939 980 1020 1061 1102 1143 1184 1224 1265 1306 1347 1388 
475 735 773 812 851 889 928 967 1005 1044 1083 1121 1160 1199 1237 1276 1315 
500 698 735 771 808 845 882 918 955 992 1029 1065 1102 1139 1175 1212 1249 
525 665 700 735 770 805 840 875 910 945 980 1015 1050 1085 1119 1154 1189 
550 634 668 701 735 768 801 835 868 902 935 968 1002 1035 1069 1102 1135 
575 607 639 671 703 735 767 799 830 862 894 926 958 990 1022 1054 1086 
600 582 612 643 673 704 735 765 796 827 857 888 918 949 980 1010 1041 
625 558. 588 617 647 676 705 735 764 793 823 852 882 911 940 970 999 
650 537 565 593 622 650 678 706 735 763 791 819 848 876 904 932 961 
675 517 544 571 599 626 653 680 707 735 762 789 816 844 871 898 925 
700 499. 525 551 577 603 630 656 682 708 735 761 787 813 840 866 892 
725 481 507 532 557 583 608 633 659 684 709 735 760 785 811 836 861 
750 465 490 514 539 563 588 612 637 661 686 710 735 759 784 808 833 
775 450 474 498 521 545 569 592 616 640 664 687 711 735 758 782 806 
800 436 459 482 505 528 551 574 597 620 643 666 689 712 735 758 781 
825 423 445 468 490 512 534 557 579 601 623 646 668 690 712 735 757 
850 411 432 454 475 497 519 540 562 583 605 627 648 670 691 713 735 
875 399 420 441 462 483 504 525 546 567 588 609 630 651 672 693 714 
900 388 408 429 449 469 490 510 531 551 571 592 612 633 653 673 694 
925 377 397 417 437 457 477 496 516 536 556 576 596 616 635 655 675 
950 367 387 406 425 445 464 483 503 522 541 561 580 599 619 638 657 
975 358 377 396. 414 433 452 471 490 509 527 546 556 584 603 622 640 
1000 349 367 386 404 422 441 459 478 496 514 533 551 569 588 606 624 
1025 340 358 376 394 412 430 448 466 484 502 520 538 555 573 591 609 
1050 332 350 367 385 402 420 437 455 472 490 507 525 542 560 577 595 
1075 325. 342 359 376 393 410 427 444 461 478 495 513 530 547 564 581 
1100 317 334 351 367 384 401 417 434 451 468 484 501 518 534 551 568 
1125 310 327 343 359 375 392 408 424 441 457 473 490 506 522 539 555 
1150 303 319 335 351 367 383 399 415 431 447 463 479 495 511 527 543 

P  = 
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          TS⋅t · E                        
TS = Tensile Strength 380 000 kPa      R · FS      R = Radius of Shell (inside Diameter/2), mm 
t = Thickness of Cylindrical Component, mm                 FS = Factor of Safety 6 
E = Joint Efficiency 58 %      Table S2.10.3.1 Metric (Page 2 of 2)       P = MAWP, kPa 
      Maximum Allowable Working Pressure for Cylindrical Components (Barrel ) 
        For Single Riveted Lap Joint             

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

8.75 9 9.25 9.5 9.78 10 10.25 10.5 10.75 11 11.25 11.5 11.75 12 12.25 12.5 
300 2143 2204 2265 2326 2395 2449 2510 2571 2633 2694 2755 2816 2877 2939 3000 3061 
325 1978 2034 2091 2147 2211 2261 2317 2374 2430 2487 2543 2600 2656 2713 2769 2826 
350 1837 1889 1942 1994 2053 2099 2152 2204 2256 2309 2361 2414 2466 2519 2571 2624 
375 1714 1763 1812 1861 1916 1959 2008 2057 2106 2155 2204 2253 2302 2351 2400 2449 
400 1607 1653 1699 1745 1796 1837 1883 1929 1974 2020 2066 2112 2158 2204 2250 2296 
425 1513 1556 1599 1642 1691 1729 1772 1815 1858 1901 1945 1988 2031 2074 2118 2161 
450 1429 1469 1510 1551 1597 1633 1673 1714 1755 1796 1837 1877 1918 1959 2000 2041 
475 1353 1392 1431 1469 1513 1547 1585 1624 1663 1701 1740 1779 1817 1856 1895 1933 
500 1286 1322 1359 1396 1437 1469 1506 1543 1580 1616 1653 1690 1726 1763 1800 1837 
525 1224 1259 1294 1329 1369 1399 1434 1469 1504 1539 1574 1609 1644 1679 1714 1749 
550 1169 1202 1236 1269 1306 1336 1369 1403 1436 1469 1503 1536 1570 1603 1636 1670 
575 1118 1150 1182 1214 1250 1278 1310 1342 1374 1405 1437 1469 1501 1533 1565 1597 
600 1071 1102 1133 1163 1198 1224 1255 1286 1316 1347 1378 1408 1439 1469 1500 1531 
625 1029 1058 1087 1117 1150 1175 1205 1234 1264 1293 1322 1352 1381 1411 1440 1469 
650 989 1017 1045 1074 1105 1130 1159 1187 1215 1243 1272 1300 1328 1356 1385 1413 
675 952 980 1007 1034 1064 1088 1116 1143 1170 1197 1224 1252 1279 1306 1333 1360 
700 918 945 971 997 1026 1050 1076 1102 1128 1154 1181 1207 1233 1259 1286 1312 
725 887 912 937 963 991 1013 1039 1064 1089 1115 1140 1165 1191 1216 1241 1267 
750 857 882 906 931 958 980 1004 1029 1053 1078 1102 1126 1151 1175 1200 1224 
775 829 853 877 901 927 948 972 995 1019 1043 1066 1090 1114 1138 1161 1185 
800 804 827 849 872 898 918 941 964 987 1010 1033 1056 1079 1102 1125 1148 
825 779 801 824 846 871 891 913 935 957 980 1002 1024 1046 1069 1091 1113 
850 756 778 799 821 845 864 886 908 929 951 972 994 1016 1037 1059 1080 
875 735 756 777 798 821 840 861 882 903 924 945 966 987 1008 1029 1050 
900 714 735 755 775 798 816 837 857 878 898 918 939 959 980 1000 1020 
925 695 715 735 755 777 794 814 834 854 874 894 913 933 953 973 993 
950 677 696 715 735 756 773 793 812 831 851 870 889 909 928 947 967 
975 659 678 697 716 737 754 772 791 810 829 848 867 885 904 923 942 
1000 643 661 680 698 719 735 753 771 790 808 827 845 863 882 900 918 
1025 627 645 663 681 701 717 735 753 771 788 806 824 842 860 878 896 
1050 612 630 647 665 684 700 717 735 752 770 787 805 822 840 857 875 
1075 598 615 632 649 668 683 700 718 735 752 769 786 803 820 837 854 
1100 584 601 618 634 653 668 685 701 718 735 751 768 785 801 818 835 
1125 571 588 604 620 639 653 669 686 702 718 735 751 767 784 800 816 
1150 559 575 591 607 625 639 655 671 687 703 719 735 751 767 783 799 

P  = 
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         TS · t · E                       
         R · FS      R = Radius of Shell (inside Diameter/2), mm 
TS = Tensile Strength 380 000 kPa            FS = Factor of Safety 6   
t = Thickness of Cylindrical Component, mm           P = MAWP, kPa 
E = Joint Efficiency 74 %       Table S2.10.3.2 Metric (Page 1 of 2) 
                             Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
         For Double Riveted Lap Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

4.75 5 5.25 5.5 5.75 6 6.25 6.5 6.75 7 7.25 7.5 7.75 8 8.25 8.5 
300 1484 1562 1640 1718 1797 1875 1953 2031 2109 2187 2265 2343 2421 2500 2578 2675. 
325 1370 1442 1514 1586 1658 1730 1803 1875 1947 2019 2091 2163 2235 2307 2379 2469. 
350 1272 1339 1406 1473 1540 1607 1674 1741 1808 1875 1942 2009 2076 2142 2209 2292. 
375 1187 1250 1312 1375 1437 1500 1562 1625 1687 1750 1812 1875 1937 2000 2062 2140. 
400 1113 1172 1230 1289 1347 1406 1465 1523 1582 1640 1699 1758 1816 1875 1933 2006. 
425 1048 1103 1158 1213 1268 1323 1378 1434 1489 1544 1599 1654 1709 1764 1820 1888. 
450 989 1041 1094 1146 1198 1250 1302 1354 1406 1458 1510 1562 1614 1666 1718 1783. 
475 937 987 1036 1085 1135 1184 1233 1283 1332 1381 1431 1480 1529 1579 1628 1689. 
500 890 937 984 1031 1078 1125 1172 1219 1265 1312 1359 1406 1453 1500 1547 1605. 
525 848 893 937 982 1027 1071 1116 1161 1205 1250 1294 1339 1384 1428 1473 1528. 
550 810 852 895 937 980 1023 1065 1108 1150 1193 1236 1278 1321 1363 1406 1459. 
575 774 815 856 897 937 978 1019 1060 1100 1141 1182 1223 1263 1304 1345 1395. 
600 742 781 820 859 898 937 976 1015 1055 1094 1133 1172 1211 1250 1289 1337. 
625 712 750 787 825 862 900 937 975 1012 1050 1087 1125 1162 1200 1237 1284. 
650 685 721 757 793 829 865 901 937 973 1009 1045 1082 1118 1154 1190 1234. 
675 660 694 729 764 798 833 868 903 937 972 1007 1041 1076 1111 1146 1189. 
700 636 670 703 736 770 803 837 870 904 937 971 1004 1038 1071 1105 1146. 
725 614 646 679 711 743 776 808 840 873 905 937 970 1002 1034 1067 1107. 
750 594 625 656 687 719 750 781 812 844 875 906 937 969 1000 1031 1070. 
775 574 605 635 665 695 726 756 786 816 847 877 907 937 968 998 1035. 
800 557 586 615 644 674 703 732 762 791 820 849 879 908 937 967 1003. 
825 540 568 596 625 653 682 710 739 767 795 824 852 881 909 937 973. 
850 524 551 579 607 634 662 689 717 744 772 799 827 855 882 910 944. 
875 509 536 562 589 616 643 670 696 723 750 777 803 830 857 884 917. 
900 495 521 547 573 599 625 651 677 703 729 755 781 807 833 859 892. 
925 481 507 532 557 583 608 633 659 684 709 735 760 785 811 836 867. 
950 469 493 518 543 567 592 617 641 666 691 715 740 765 789 814 845. 
975 457 481 505 529 553 577 601 625 649 673 697 721 745 769 793 823. 
1000 445 469 492 516 539 562 586 609 633 656 680 703 726 750 773 802. 
1025 434 457 480 503 526 549 572 594 617 640 663 686 709 732 754 783. 
1050 424 446 469 491 513 536 558 580 603 625 647 670 692 714 736 764. 
1075 414 436 458 480 501 523 545 567 589 610 632 654 676 698 719 746. 
1100 405 426 447 469 490 511 533 554 575 596 618 639 660 682 703 729. 
1125 396 417 437 458 479 500 521 542 562 583 604 625 646 667 687 713. 
1150 387 408 428 448 469 489 509 530 550 571 591 611 632 652 672 698. 
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          TS · t · E                                                                                        
TS = Tensile Strength 380 000 kPa      R · FS      R = Radius of Shell (inside Diameter/2), mm 
t = Thickness of Cylindrical Component, mm             FS = Factor of Safety 6 
E = Joint Efficiency 74 %                  P = MAWP, kPa 
        Table S2.10.3.2 Metric (Page 2 of 2)                                                             
      Maximum Allowable Working Pressure for Cylindrical Components (Barrel)  
        For Double Riveted Lap Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

8.75 9 9.25 9.5 9.78 10 10.25 10.5 10.75 11 11.25 11.5 11.75 12 12.25 12.5 
300 2734 2812 2890 2968 3056 3124 3203 3281 3359 3437 3515 3593 3671 3749 3827 3906 
325 2524 2596 2668 2740 2821 2884 2956 3028 3100 3173 3245 3317 3389 3461 3533 3605 
350 2343 2410 2477 2544 2619 2678 2745 2812 2879 2946 3013 3080 3147 3214 3281 3348 
375 2187 2250 2312 2375 2445 2500 2562 2625 2687 2750 2812 2874 2937 2999 3062 3124 
400 2050 2109 2168 2226 2292 2343 2402 2461 2519 2578 2636 2695 2753 2812 2871 2929 
425 1930 1985 2040 2095 2157 2205 2261 2316 2371 2426 2481 2536 2591 2647 2702 2757 
450 1823 1875 1927 1979 2037 2083 2135 2187 2239 2291 2343 2395 2447 2500 2552 2604 
475 1727 1776 1825 1875 1930 1973 2023 2072 2121 2171 2220 2269 2319 2368 2417 2467 
500 1640 1687 1734 1781 1833 1875 1922 1968 2015 2062 2109 2156 2203 2250 2296 2343 
525 1562 1607 1651 1696 1746 1785 1830 1875 1919 1964 2009 2053 2098 2142 2187 2232 
550 1491 1534 1576 1619 1667 1704 1747 1789 1832 1875 1917 1960 2002 2045 2088 2130 
575 1426 1467 1508 1549 1594 1630 1671 1712 1752 1793 1834 1875 1915 1956 1997 2038 
600 1367 1406 1445 1484 1528 1562 1601 1640 1679 1718 1758 1797 1836 1875 1914 1953 
625 1312 1350 1387 1425 1467 1500 1537 1575 1612 1650 1687 1725 1762 1800 1837 1875 
650 1262 1298 1334 1370 1410 1442 1478 1514 1550 1586 1622 1658 1694 1730 1767 1803 
675 1215 1250 1284 1319 1358 1389 1423 1458 1493 1528 1562 1597 1632 1666 1701 1736 
700 1172 1205 1239 1272 1310 1339 1373 1406 1439 1473 1506 1540 1573 1607 1640 1674 
725 1131 1164 1196 1228 1264 1293 1325 1358 1390 1422 1454 1487 1519 1551 1584 1616 
750 1094 1125 1156 1187 1222 1250 1281 1312 1344 1375 1406 1437 1468 1500 1531 1562 
775 1058 1089 1119 1149 1183 1209 1240 1270 1300 1330 1361 1391 1421 1451 1482 1512 
800 1025 1055 1084 1113 1146 1172 1201 1230 1260 1289 1318 1347 1377 1406 1435 1465 
825 994 1023 1051 1079 1111 1136 1165 1193 1221 1250 1278 1307 1335 1363 1392 1420 
850 965 992 1020 1048 1078 1103 1130 1158 1185 1213 1241 1268 1296 1323 1351 1378 
875 937 964 991 1018 1048 1071 1098 1125 1152 1178 1205 1232 1259 1285 1312 1339 
900 911 937 963 989 1019 1041 1068 1094 1120 1146 1172 1198 1224 1250 1276 1302 
925 887 912 937 963 991 1013 1039 1064 1089 1115 1140 1165 1191 1216 1241 1267 
950 863 888 913 937 965 987 1011 1036 1061 1085 1110 1135 1159 1184 1209 1233 
975 841 865 889 913 940 961 985 1009 1033 1058 1082 1106 1130 1154 1178 1202 
1000 820 844 867 890 917 937 961 984 1008 1031 1055 1078 1101 1125 1148 1172 
1025 800 823 846 869 894 914 937 960 983 1006 1029 1052 1075 1097 1120 1143 
1050 781 803 826 848 873 893 915 937 960 982 1004 1027 1049 1071 1094 1116 
1075 763 785 807 828 853 872 894 916 937 959 981 1003 1025 1046 1068 1090 
1100 746 767 788 810 833 852 873 895 916 937 959 980 1001 1023 1044 1065 
1125 729 750 771 792 815 833 854 875 896 917 937 958 979 1000 1021 1041 
1150 713 734 754 774 797 815 835 856 876 897 917 937 958 978 998 1019 
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          TS · t · E                       
TS = Tensile Strength 380 000 kPa      R · FS      R = Radius of Shell (inside Diameter/2), mm 
t = Thickness of Cylindrical Component, mm                    FS = Factor of Safety 6 
E = Joint Efficiency 78 %                                                                    P = MAWP, kPa 
        Table S2.10.3.3 Metric (Page 1 of 2)  

Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
For Triple Riveted Lap Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

4.75 5 5.25 5.5 5.75 6 6.25 6.5 6.75 7 7.25 7.5 7.75 8 8.25 8.5 
300 1564 1647 1729 1811 1894 1976 2058 2141 2223 2305 2388 2470 2552 2635 2717 2799 
325 1444 1520 1596 1672 1748 1824 1900 1976 2052 2128 2204 2280 2356 2432 2508 2584 
350 1341 1411 1482 1553 1623 1694 1764 1835 1905 1976 2047 2117 2188 2258 2329 2399 
375 1251 1317 1383 1449 1515 1581 1647 1713 1778 1844 1910 1976 2042 2108 2174 2239 
400 1173 1235 1297 1359 1420 1482 1544 1606 1667 1729 1791 1853 1914 1976 2038 2100 
425 1104 1162 1220 1279 1337 1395 1453 1511 1569 1627 1685 1744 1802 1860 1918 1976 
450 1043 1098 1153 1208 1262 1317 1372 1427 1482 1537 1592 1647 1702 1756 1811 1866 
475 988 1040 1092 1144 1196 1248 1300 1352 1404 1456 1508 1560 1612 1664 1716 1768 
500 939 988 1037 1087 1136 1186 1235 1284 1334 1383 1433 1482 1531 1581 1630 1680 
525 894 941 988 1035 1082 1129 1176 1223 1270 1317 1364 1411 1458 1506 1553 1600 
550 853 898 943 988 1033 1078 1123 1168 1213 1257 1302 1347 1392 1437 1482 1527 
575 816 859 902 945 988 1031 1074 1117 1160 1203 1246 1289 1332 1375 1418 1461 
600 782 823 865 906 947 988 1029 1070 1112 1153 1194 1235 1276 1317 1359 1400 
625 751 790 830 869 909 948 988 1028 1067 1107 1146 1186 1225 1265 1304 1344 
650 722 760 798 836 874 912 950 988 1026 1064 1102 1140 1178 1216 1254 1292 
675 695 732 768 805 842 878 915 951 988 1025 1061 1098 1134 1171 1208 1244 
700 670 706 741 776 812 847 882 917 953 988 1023 1059 1094 1129 1164 1200 
725 647 681 715 750 784 818 852 886 920 954 988 1022 1056 1090 1124 1158 
750 626 659 692 725 757 790 823 856 889 922 955 988 1021 1054 1087 1120 
775 606 637 669 701 733 765 797 829 861 892 924 956 988 1020 1052 1084 
800 587 618 648 679 710 741 772 803 834 865 895 926 957 988 1019 1050 
825 569 599 629 659 689 719 748 778 808 838 868 898 928 958 988 1018 
850 552 581 610 639 668 697 726 756 785 814 843 872 901 930 959 988 
875 536 565 593 621 649 677 706 734 762 790 819 847 875 903 932 960 
900 521 549 576 604 631 659 686 714 741 768 796 823 851 878 906 933 
925 507 534 561 587 614 641 668 694 721 748 774 801 828 854 881 908 
950 494 520 546 572 598 624 650 676 702 728 754 780 806 832 858 884 
975 481 507 532 557 583 608 633 659 684 709 735 760 785 811 836 861 
1000 469 494 519 543 568 593 618 642 667 692 716 741 766 790 815 840 
1025 458 482 506 530 554 578 602 627 651 675 699 723 747 771 795 819 
1050 447 470 494 518 541 565 588 612 635 659 682 706 729 753 776 800 
1075 437 460 483 505 528 551 574 597 620 643 666 689 712 735 758 781 
1100 427 449 472 494 516 539 561 584 606 629 651 674 696 719 741 763 
1125 417 439 461 483 505 527 549 571 593 615 637 659 681 703 725 746 
1150 408 430 451 473 494 515 537 558 580 601 623 644 666 687 709 730 

P  = 
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          TS · t · E                                                                                 
           R · FS 
TS = Tensile Strength 380 000 kPa                                                             R = Radius of Shell (inside Diameter/2), mm    
t = Thickness of Cylindrical Component, mm                     FS = Factor of Safety 6 
E = Joint Efficiency 78 %                                              P = MAWP, kPa 
                                        Table S2.10.3.3 Metric (Page 2 of 2) 

Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
For Triple Riveted Lap Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

8.75 9 9.25 9.5 9.78 10 10.25 10.5 10.75 11 11.25 11.5 11.75 12 12.25 12.5 
300 2882 2964 3046 3129 3221 3293 3376 3458 3540 3623 3705 3787 3870 3952 4034 4158. 
325 2660 2736 2812 2888 2973 3040 3116 3192 3268 3344 3420 3496 3572 3648 3724 3838. 
350 2470 2541 2611 2682 2761 2823 2893 2964 3035 3105 3176 3246 3317 3387 3458 3564. 
375 2305 2371 2437 2503 2577 2635 2701 2766 2832 2898 2964 3030 3096 3162 3227 3326. 
400 2161 2223 2285 2347 2416 2470 2532 2594 2655 2717 2779 2841 2902 2964 3026 3118. 
425 2034 2092 2150 2208 2274 2325 2383 2441 2499 2557 2615 2673 2732 2790 2848 2935. 
450 1921 1976 2031 2086 2147 2196 2250 2305 2360 2415 2470 2525 2580 2635 2690 2772. 
475 1820 1872 1924 1976 2034 2080 2132 2184 2236 2288 2340 2392 2444 2496 2548 2626. 
500 1729 1778 1828 1877 1933 1976 2025 2075 2124 2174 2223 2272 2322 2371 2421 2495. 
525 1647 1694 1741 1788 1841 1882 1929 1976 2023 2070 2117 2164 2211 2258 2305 2376. 
550 1572 1617 1662 1707 1757 1796 1841 1886 1931 1976 2021 2066 2111 2156 2201 2268. 
575 1503 1546 1589 1632 1680 1718 1761 1804 1847 1890 1933 1976 2019 2062 2105 2169. 
600 1441 1482 1523 1564 1610 1647 1688 1729 1770 1811 1853 1894 1935 1976 2017 2079. 
625 1383 1423 1462 1502 1546 1581 1620 1660 1699 1739 1778 1818 1857 1897 1936 1996. 
650 1330 1368 1406 1444 1487 1520 1558 1596 1634 1672 1710 1748 1786 1824 1862 1919. 
675 1281 1317 1354 1391 1432 1464 1500 1537 1573 1610 1647 1683 1720 1756 1793 1848. 
700 1235 1270 1306 1341 1380 1411 1447 1482 1517 1553 1588 1623 1658 1694 1729 1782. 
725 1192 1226 1261 1295 1333 1363 1397 1431 1465 1499 1533 1567 1601 1635 1669 1720. 
750 1153 1186 1219 1251 1288 1317 1350 1383 1416 1449 1482 1515 1548 1581 1614 1663. 
775 1115 1147 1179 1211 1247 1275 1307 1339 1370 1402 1434 1466 1498 1530 1562 1609. 
800 1081 1112 1142 1173 1208 1235 1266 1297 1328 1359 1389 1420 1451 1482 1513 1559. 
825 1048 1078 1108 1138 1171 1198 1228 1257 1287 1317 1347 1377 1407 1437 1467 1512. 
850 1017 1046 1075 1104 1137 1162 1191 1220 1250 1279 1308 1337 1366 1395 1424 1467. 
875 988 1016 1044 1073 1104 1129 1157 1186 1214 1242 1270 1299 1327 1355 1383 1425. 
900 961 988 1015 1043 1074 1098 1125 1153 1180 1208 1235 1262 1290 1317 1345 1386. 
925 935 961 988 1015 1045 1068 1095 1122 1148 1175 1202 1228 1255 1282 1308 1348. 
950 910 936 962 988 1017 1040 1066 1092 1118 1144 1170 1196 1222 1248 1274 1313. 
975 887 912 937 963 991 1013 1039 1064 1089 1115 1140 1165 1191 1216 1241 1279. 
1000 865 889 914 939 966 988 1013 1037 1062 1087 1112 1136 1161 1186 1210 1247. 
1025 843 868 892 916 943 964 988 1012 1036 1060 1084 1108 1133 1157 1181 1217. 
1050 823 847 870 894 920 941 964 988 1012 1035 1059 1082 1106 1129 1153 1188. 
1075 804 827 850 873 899 919 942 965 988 1011 1034 1057 1080 1103 1126 1160. 
1100 786 808 831 853 878 898 921 943 966 988 1010 1033 1055 1078 1100 1134. 
1125 768 790 812 834 859 878 900 922 944 966 988 1010 1032 1054 1076 1109. 
1150 752 773 795 816 840 859 881 902 924 945 967 988 1009 1031 1052 1085. 
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          TS · t · E                           
TS = Tensile Strength 380 000 kPa      R · FS          R = Radius of Shell (inside Diameter/2), mm  
t = Thickness of Cylindrical Component, mm                      FS = Factor of Safety 5 
E = Joint Efficiency 82 %                     P = MAWP, kPa 
                                                                     Table S2.10.3.4 Metric (Page 1 of 2) 

Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
For Buttstrap Double Riveted Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

4.75 5 5.25 5.5 5.75 6 6.25 6.5 6.75 7 7.25 7.5 7.75 8 8.25 8.5 
300 1973 2077 2181 2285 2389 2493 2597 2701 2804 2908 3012 3116 3220 3324 3428 3531 
325 1822 1918 2013 2109 2205 2301 2397 2493 2589 2685 2780 2876 2972 3068 3164 3260 
350 1692 1781 1870 1959 2048 2137 2226 2315 2404 2493 2582 2671 2760 2849 2938 3027 
375 1579 1662 1745 1828 1911 1994 2077 2160 2244 2327 2410 2493 2576 2659 2742 2825 
400 1480 1558 1636 1714 1792 1870 1948 2025 2103 2181 2259 2337 2415 2493 2571 2649 
425 1393 1466 1540 1613 1686 1760 1833 1906 1980 2053 2126 2200 2273 2346 2419 2493 
450 1316 1385 1454 1523 1593 1662 1731 1800 1870 1939 2008 2077 2147 2216 2285 2354 
475 1246 1312 1378 1443 1509 1574 1640 1706 1771 1837 1902 1968 2034 2099 2165 2230 
500 1184 1246 1309 1371 1433 1496 1558 1620 1683 1745 1807 1870 1932 1994 2057 2119 
525 1128 1187 1246 1306 1365 1424 1484 1543 1603 1662 1721 1781 1840 1899 1959 2018 
550 1076 1133 1190 1246 1303 1360 1416 1473 1530 1586 1643 1700 1756 1813 1870 1926 
575 1030 1084 1138 1192 1246 1301 1355 1409 1463 1517 1572 1626 1680 1734 1788 1843 
600 987 1039 1091 1143 1194 1246 1298 1350 1402 1454 1506 1558 1610 1662 1714 1766 
625 947 997 1047 1097 1147 1197 1246 1296 1346 1396 1446 1496 1546 1595 1645 1695 
650 911 959 1007 1055 1103 1151 1198 1246 1294 1342 1390 1438 1486 1534 1582 1630 
675 877 923 969 1016 1062 1108 1154 1200 1246 1293 1339 1385 1431 1477 1523 1570 
700 846 890 935 979 1024 1068 1113 1157 1202 1246 1291 1335 1380 1424 1469 1513 
725 817 860 903 946 989 1032 1074 1117 1160 1203 1246 1289 1332 1375 1418 1461 
750 789 831 872 914 956 997 1039 1080 1122 1163 1205 1246 1288 1329 1371 1413 
775 764 804 844 885 925 965 1005 1045 1086 1126 1166 1206 1246 1287 1327 1367 
800 740 779 818 857 896 935 974 1013 1052 1091 1130 1169 1207 1246 1285 1324 
825 718 755 793 831 869 906 944 982 1020 1058 1095 1133 1171 1209 1246 1284 
850 697 733 770 806 843 880 916 953 990 1026 1063 1100 1136 1173 1210 1246 
875 677 712 748 783 819 855 890 926 962 997 1033 1068 1104 1140 1175 1211 
900 658 692 727 762 796 831 866 900 935 969 1004 1039 1073 1108 1143 1177 
925 640 674 707 741 775 808 842 876 910 943 977 1011 1044 1078 1112 1145 
950 623 656 689 722 754 787 820 853 886 918 951 984 1017 1050 1082 1115 
975 607 639 671 703 735 767 799 831 863 895 927 959 991 1023 1055 1087 
1000 592 623 654 686 717 748 779 810 841 872 904 935 966 997 1028 1059 
1025 578 608 638 669 699 730 760 790 821 851 882 912 942 973 1003 1034 
1050 564 594 623 653 683 712 742 772 801 831 861 890 920 950 979 1009 
1075 551 580 609 638 667 696 725 754 783 812 841 870 899 928 957 986 
1100 538 567 595 623 652 680 708 737 765 793 821 850 878 906 935 963 
1125 526 554 582 609 637 665 692 720 748 776 803 831 859 886 914 942 
1150 515 542 569 596 623 650 677 704 732 759 786 813 840 867 894 921 
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          TS · t · E                                                                            
 TS = Tensile Strength 380 000 kPa          R · FS                                                       R = Radius of Shell (inside Diameter/2), mm  
t = Thickness of Cylindrical Component, mm                     FS = Factor of Safety 5 
E = Joint Efficiency 82 %                     P = MAWP, kPa 
                                                   Table S2.10.3.4 Metric (Page 2 of 2) 

Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
  For Buttstrap Double Riveted Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

8.75 9 9.25 9.5 9.75 10 10.25 10.5 10.75 11 11.25 11.5 11.75 12 12.25 12.5 
300 3635 3739 3843 3947 4051 4155 4259 4362 4466 4570 4674 4778 4882 4986 5089 5193 
325 3356 3452 3547 3643 3739 3835 3931 4027 4123 4219 4314 4410 4506 4602 4698 4794 
350 3116 3205 3294 3383 3472 3561 3650 3739 3828 3917 4006 4095 4184 4273 4362 4451 
375 2908 2991 3074 3158 3241 3324 3407 3490 3573 3656 3739 3822 3905 3988 4072 4155 
400 2727 2804 2882 2960 3038 3116 3194 3272 3350 3428 3506 3583 3661 3739 3817 3895 
425 2566 2639 2713 2786 2859 2933 3006 3079 3153 3226 3299 3373 3446 3519 3593 3666 
450 2424 2493 2562 2631 2701 2770 2839 2908 2978 3047 3116 3185 3254 3324 3393 3462 
475 2296 2362 2427 2493 2558 2624 2690 2755 2821 2886 2952 3018 3083 3149 3214 3280 
500 2181 2244 2306 2368 2430 2493 2555 2617 2680 2742 2804 2867 2929 2991 3054 3116 
525 2077 2137 2196 2255 2315 2374 2433 2493 2552 2612 2671 2730 2790 2849 2908 2968 
550 1983 2040 2096 2153 2210 2266 2323 2379 2436 2493 2549 2606 2663 2719 2776 2833 
575 1897 1951 2005 2059 2113 2168 2222 2276 2330 2384 2439 2493 2547 2601 2655 2710 
600 1818 1870 1922 1973 2025 2077 2129 2181 2233 2285 2337 2389 2441 2493 2545 2597 
625 1745 1795 1845 1895 1944 1994 2044 2094 2144 2194 2244 2293 2343 2393 2443 2493 
650 1678 1726 1774 1822 1870 1918 1965 2013 2061 2109 2157 2205 2253 2301 2349 2397 
675 1616 1662 1708 1754 1800 1847 1893 1939 1985 2031 2077 2123 2170 2216 2262 2308 
700 1558 1603 1647 1692 1736 1781 1825 1870 1914 1959 2003 2048 2092 2137 2181 2226 
725 1504 1547 1590 1633 1676 1719 1762 1805 1848 1891 1934 1977 2020 2063 2106 2149 
750 1454 1496 1537 1579 1620 1662 1703 1745 1787 1828 1870 1911 1953 1994 2036 2077 
775 1407 1447 1488 1528 1568 1608 1648 1689 1729 1769 1809 1849 1890 1930 1970 2010 
800 1363 1402 1441 1480 1519 1558 1597 1636 1675 1714 1753 1792 1831 1870 1909 1948 
825 1322 1360 1397 1435 1473 1511 1549 1586 1624 1662 1700 1737 1775 1813 1851 1888 
850 1283 1320 1356 1393 1430 1466 1503 1540 1576 1613 1650 1686 1723 1760 1796 1833 
875 1246 1282 1318 1353 1389 1424 1460 1496 1531 1567 1603 1638 1674 1709 1745 1781 
900 1212 1246 1281 1316 1350 1385 1420 1454 1489 1523 1558 1593 1627 1662 1696 1731 
925 1179 1213 1246 1280 1314 1347 1381 1415 1449 1482 1516 1550 1583 1617 1651 1684 
950 1148 1181 1214 1246 1279 1312 1345 1378 1410 1443 1476 1509 1542 1574 1607 1640 
975 1119 1151 1182 1214 1246 1278 1310 1342 1374 1406 1438 1470 1502 1534 1566 1598 
1000 1091 1122 1153 1184 1215 1246 1278 1309 1340 1371 1402 1433 1465 1496 1527 1558 
1025 1064 1094 1125 1155 1186 1216 1246 1277 1307 1338 1368 1398 1429 1459 1490 1520 
1050 1039 1068 1098 1128 1157 1187 1217 1246 1276 1306 1335 1365 1395 1424 1454 1484 
1075 1015 1043 1072 1101 1130 1159 1188 1217 1246 1275 1304 1333 1362 1391 1420 1449 
1100 991 1020 1048 1076 1105 1133 1161 1190 1218 1246 1275 1303 1331 1360 1388 1416 
1125 969 997 1025 1053 1080 1108 1136 1163 1191 1219 1246 1274 1302 1329 1357 1385 
1150 948 975 1003 1030 1057 1084 1111 1138 1165 1192 1219 1246 1273 1301 1328 1355 
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          TS · t · E                        
 TS = Tensile Strength 380 000 kPa      R · FS           R = Radius of Shell (inside Diameter/2), mm  
t = Thickness of Cylindrical Component, mm                     FS = Factor of Safety 5 
E = Joint Efficiency 88 %                     P = MAWP, kPa 
                                                             Table S2.10.3.5 Metric (Page 1 of 2) 
      Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
        For Buttstrap Triple Riveted Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

4.75 5 5.25 5.5 5.75 6 6.25 6.5 6.75 7 7.25 7.5 7.75 8 8.25 8.5 
300 2118 2229 2341 2452 2564 2675 2787 2898 3010 3121 3233 3344 3455 3567 3678 3790 
325 1955 2058 2161 2264 2367 2469 2572 2675 2778 2881 2984 3087 3190 3293 3395 3498 
350 1815 1911 2006 2102 2197 2293 2389 2484 2580 2675 2771 2866 2962 3057 3153 3248 
375 1694 1783 1873 1962 2051 2140 2229 2319 2408 2497 2586 2675 2764 2854 2943 3032 
400 1588 1672 1756 1839 1923 2006 2090 2174 2257 2341 2424 2508 2592 2675 2759 2842 
425 1495 1574 1652 1731 1810 1888 1967 2046 2124 2203 2282 2360 2439 2518 2597 2675 
450 1412 1486 1561 1635 1709 1783 1858 1932 2006 2081 2155 2229 2304 2378 2452 2527 
475 1338 1408 1478 1549 1619 1690 1760 1830 1901 1971 2042 2112 2182 2253 2323 2394 
500 1271 1338 1404 1471 1538 1605 1672 1739 1806 1873 1940 2006 2073 2140 2207 2274 
525 1210 1274 1338 1401 1465 1529 1592 1656 1720 1783 1847 1911 1975 2038 2102 2166 
550 1155 1216 1277 1338 1398 1459 1520 1581 1642 1702 1763 1824 1885 1946 2006 2067 
575 1105 1163 1221 1279 1338 1396 1454 1512 1570 1628 1687 1745 1803 1861 1919 1977 
600 1059 1115 1170 1226 1282 1338 1393 1449 1505 1561 1616 1672 1728 1783 1839 1895 
625 1017 1070 1124 1177 1231 1284 1338 1391 1445 1498 1552 1605 1659 1712 1766 1819 
650 977 1029 1080 1132 1183 1235 1286 1338 1389 1440 1492 1543 1595 1646 1698 1749 
675 941 991 1040 1090 1139 1189 1239 1288 1338 1387 1437 1486 1536 1585 1635 1684 
700 908 955 1003 1051 1099 1147 1194 1242 1290 1338 1385 1433 1481 1529 1576 1624 
725 876 922 969 1015 1061 1107 1153 1199 1245 1291 1338 1384 1430 1476 1522 1568 
750 847 892 936 981 1025 1070 1115 1159 1204 1248 1293 1338 1382 1427 1471 1516 
775 820 863 906 949 992 1036 1079 1122 1165 1208 1251 1294 1338 1381 1424 1467 
800 794 836 878 920 961 1003 1045 1087 1129 1170 1212 1254 1296 1338 1379 1421 
825 770 811 851 892 932 973 1013 1054 1094 1135 1175 1216 1257 1297 1338 1378 
850 747 787 826 866 905 944 984 1023 1062 1102 1141 1180 1220 1259 1298 1338 
875 726 764 803 841 879 917 955 994 1032 1070 1108 1147 1185 1223 1261 1299 
900 706 743 780 817 855 892 929 966 1003 1040 1078 1115 1152 1189 1226 1263 
925 687 723 759 795 831 868 904 940 976 1012 1048 1085 1121 1157 1193 1229 
950 669 704 739 774 810 845 880 915 950 986 1021 1056 1091 1126 1162 1197 
975 652 686 720 755 789 823 857 892 926 960 995 1029 1063 1098 1132 1166 
1000 635 669 702 736 769 803 836 869 903 936 970 1003 1037 1070 1104 1137 
1025 620 652 685 718 750 783 816 848 881 913 946 979 1011 1044 1077 1109 
1050 605 637 669 701 732 764 796 828 860 892 924 955 987 1019 1051 1083 
1075 591 622 653 684 715 747 778 809 840 871 902 933 964 995 1027 1058 
1100 578 608 638 669 699 730 760 790 821 851 882 912 942 973 1003 1034 
1125 565 594 624 654 684 713 743 773 803 832 862 892 921 951 981 1011 
1150 552 582 611 640 669 698 727 756 785 814 843 872 901 931 960 989 
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          TS · t · E                                                                              
TS = Tensile Strength 380 000 kPa        R · FS                                                       R = Radius of Shell (inside Diameter/2), mm  
t = Thickness of Cylindrical Component, mm                                                   FS = Factor of Safety 5 
E = Joint Efficiency 88 %                                P = MAWP, kPa 
        Table S2.10.3.5 Metric (Page 2 of 2) 

Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
For Buttstrap Triple Riveted Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

8.75 9 9.25 9.5 9.75 10 10.25 10.5 10.75 11 11.25 11.5 11.75 12 12.25 12.5 
300 3901 4013 4124 4236 4347 4459 4570 4682 4793 4905 5016 5127 5239 5350 5462 5573 
325 3601 3704 3807 3910 4013 4116 4219 4321 4424 4527 4630 4733 4836 4939 5042 5145 
350 3344 3440 3535 3631 3726 3822 3917 4013 4108 4204 4299 4395 4491 4586 4682 4777 
375 3121 3210 3299 3389 3478 3567 3656 3745 3834 3924 4013 4102 4191 4280 4369 4459 
400 2926 3010 3093 3177 3260 3344 3428 3511 3595 3678 3762 3846 3929 4013 4096 4180 
425 2754 2833 2911 2990 3069 3147 3226 3305 3383 3462 3541 3619 3698 3777 3855 3934 
450 2601 2675 2750 2824 2898 2972 3047 3121 3195 3270 3344 3418 3493 3567 3641 3716 
475 2464 2534 2605 2675 2746 2816 2886 2957 3027 3098 3168 3238 3309 3379 3450 3520 
500 2341 2408 2475 2541 2608 2675 2742 2809 2876 2943 3010 3076 3143 3210 3277 3344 
525 2229 2293 2357 2420 2484 2548 2612 2675 2739 2803 2866 2930 2994 3057 3121 3185 
550 2128 2189 2250 2310 2371 2432 2493 2554 2614 2675 2736 2797 2858 2918 2979 3040 
575 2035 2094 2152 2210 2268 2326 2384 2443 2501 2559 2617 2675 2733 2792 2850 2908 
600 1951 2006 2062 2118 2174 2229 2285 2341 2397 2452 2508 2564 2619 2675 2731 2787 
625 1873 1926 1980 2033 2087 2140 2194 2247 2301 2354 2408 2461 2515 2568 2622 2675 
650 1801 1852 1904 1955 2006 2058 2109 2161 2212 2264 2315 2367 2418 2469 2521 2572 
675 1734 1783 1833 1883 1932 1982 2031 2081 2130 2180 2229 2279 2328 2378 2427 2477 
700 1672 1720 1768 1815 1863 1911 1959 2006 2054 2102 2150 2197 2245 2293 2341 2389 
725 1614 1660 1707 1753 1799 1845 1891 1937 1983 2029 2076 2122 2168 2214 2260 2306 
750 1561 1605 1650 1694 1739 1783 1828 1873 1917 1962 2006 2051 2096 2140 2185 2229 
775 1510 1553 1596 1640 1683 1726 1769 1812 1855 1899 1942 1985 2028 2071 2114 2157 
800 1463 1505 1547 1588 1630 1672 1714 1756 1797 1839 1881 1923 1965 2006 2048 2090 
825 1419 1459 1500 1540 1581 1621 1662 1702 1743 1783 1824 1865 1905 1946 1986 2027 
850 1377 1416 1456 1495 1534 1574 1613 1652 1692 1731 1770 1810 1849 1888 1928 1967 
875 1338 1376 1414 1452 1490 1529 1567 1605 1643 1682 1720 1758 1796 1834 1873 1911 
900 1300 1338 1375 1412 1449 1486 1523 1561 1598 1635 1672 1709 1746 1783 1821 1858 
925 1265 1301 1338 1374 1410 1446 1482 1518 1555 1591 1627 1663 1699 1735 1771 1808 
950 1232 1267 1302 1338 1373 1408 1443 1478 1514 1549 1584 1619 1654 1690 1725 1760 
975 1200 1235 1269 1303 1338 1372 1406 1440 1475 1509 1543 1578 1612 1646 1681 1715 
1000 1170 1204 1237 1271 1304 1338 1371 1404 1438 1471 1505 1538 1572 1605 1639 1672 
1025 1142 1174 1207 1240 1272 1305 1338 1370 1403 1435 1468 1501 1533 1566 1599 1631 
1050 1115 1147 1178 1210 1242 1274 1306 1338 1369 1401 1433 1465 1497 1529 1561 1592 
1075 1089 1120 1151 1182 1213 1244 1275 1306 1338 1369 1400 1431 1462 1493 1524 1555 
1100 1064 1094 1125 1155 1186 1216 1246 1277 1307 1338 1368 1398 1429 1459 1490 1520 
1125 1040 1070 1100 1130 1159 1189 1219 1248 1278 1308 1338 1367 1397 1427 1456 1486 
1150 1018 1047 1076 1105 1134 1163 1192 1221 1250 1279 1309 1338 1367 1396 1425 1454 
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         TS · t · E                    
TS = Tensile Strength 380 000 kPa      R · FS                       R = Radius of Shell (inside Diameter/2), mm  
t = Thickness of Cylindrical Component, mm                      FS = Factor of Safety 5 
E = Joint Efficiency 94 %               Table S2.10.3.6 Metric (Page 1 of 2)               P = MAWP, kPa 
        Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
       For Buttstrap Quadruple Riveted Joint 

Shell 
ID (mm) 

 Minimum Thickness of Shell Plate (mm) 
4.75 5 5.25 5.5 5.75 6 6.25 6.5 6.75 7 7.25 7.5 7.75 8 8.25 

300 2262 2381 2500 2619 2739 2858 2977 3096 3215 3334 3453 3572 3691 3810 3929 
325 2088 2198 2308 2418 2528 2638 2748 2858 2968 3077 3187 3297 3407 3517 3627 
350 1939 2041 2143 2245 2347 2449 2551 2653 2756 2858 2960 3062 3164 3266 3368 
375 1810 1905 2000 2096 2191 2286 2381 2477 2572 2667 2762 2858 2953 3048 3143 
400 1697 1786 1875 1965 2054 2143 2233 2322 2411 2500 2590 2679 2768 2858 2947 
425 1597 1681 1765 1849 1933 2017 2101 2185 2269 2353 2437 2521 2605 2690 2774 
450 1508 1588 1667 1746 1826 1905 1984 2064 2143 2223 2302 2381 2461 2540 2619 
475 1429 1504 1579 1654 1730 1805 1880 1955 2030 2106 2181 2256 2331 2406 2482 
500 1357 1429 1500 1572 1643 1715 1786 1857 1929 2000 2072 2143 2215 2286 2358 
525 1293 1361 1429 1497 1565 1633 1701 1769 1837 1905 1973 2041 2109 2177 2245 
550 1234 1299 1364 1429 1494 1559 1624 1689 1754 1818 1883 1948 2013 2078 2143 
575 1180 1242 1305 1367 1429 1491 1553 1615 1677 1739 1802 1864 1926 1988 2050 
600 1131 1191 1250 1310 1369 1429 1488 1548 1607 1667 1726 1786 1846 1905 1965 
625 1086 1143 1200 1257 1314 1372 1429 1486 1543 1600 1657 1715 1772 1829 1886 
650 1044 1099 1154 1209 1264 1319 1374 1429 1484 1539 1594 1649 1704 1759 1813 
675 1005 1058 1111 1164 1217 1270 1323 1376 1429 1482 1535 1588 1640 1693 1746 
700 970 1021 1072 1123 1174 1225 1276 1327 1378 1429 1480 1531 1582 1633 1684 
725 936 985 1035 1084 1133 1182 1232 1281 1330 1380 1429 1478 1527 1577 1626 
750 905 953 1000 1048 1095 1143 1191 1238 1286 1334 1381 1429 1476 1524 1572 
775 876 922 968 1014 1060 1106 1152 1198 1244 1291 1337 1383 1429 1475 1521 
800 848 893 938 982 1027 1072 1116 1161 1206 1250 1295 1340 1384 1429 1473 
825 823 866 909 953 996 1039 1082 1126 1169 1212 1256 1299 1342 1386 1429 
850 798 840 882 925 967 1009 1051 1093 1135 1177 1219 1261 1303 1345 1387 
875 776 816 857 898 939 980 1021 1061 1102 1143 1184 1225 1266 1306 1347 
900 754 794 833 873 913 953 992 1032 1072 1111 1151 1191 1230 1270 1310 
925 734 772 811 850 888 927 965 1004 1043 1081 1120 1158 1197 1236 1274 
950 714 752 790 827 865 902 940 978 1015 1053 1090 1128 1166 1203 1241 
975 696 733 769 806 843 879 916 953 989 1026 1062 1099 1136 1172 1209 
1000 679 714 750 786 822 857 893 929 964 1000 1036 1072 1107 1143 1179 
1025 662 697 732 767 802 836 871 906 941 976 1011 1045 1080 1115 1150 
1050 646 680 714 748 782 816 850 884 919 953 987 1021 1055 1089 1123 
1075 631 665 698 731 764 797 831 864 897 930 964 997 1030 1063 1097 
1100 617 649 682 714 747 779 812 844 877 909 942 974 1007 1039 1072 
1125 603 635 667 699 730 762 794 826 857 889 921 953 984 1016 1048 
1150 590 621 652 683 714 745 777 808 839 870 901 932 963 994 1025 
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          TS · t · E                                                                              
         R · FS      R = Radius of Shell (inside Diameter/2), mm 
TS = Tensile Strength 380 000 kPa                                                                 FS = Factor of Safety 5 
t = Thickness of Cylindrical Component, mm              P= MAWP , KPa 
E = Joint Efficiency 94 %                     Table S2.10.3.6 Metric (Page 2 of 2) 

Maximum Allowable Working Pressure for Cylindrical Components (Barrel) 
For Buttstrap Quadruple Riveted Joint 

Shell 
ID (mm) 

 
Minimum Thickness of Shell Plate (mm) 

8.75 9 9.25 9.5 9.75 10 10.25 10.5 10.75 11 11.25 11.5 11.75 12 12.25 12.5 
300 4167 4286 4405 4525 4644 4763 4882 5001 5120 5239 5358 5477 5596 5715 5834 5953 
325 3847 3957 4067 4176 4286 4396 4506 4616 4726 4836 4946 5056 5166 5276 5385 5495 
350 3572 3674 3776 3878 3980 4082 4184 4286 4388 4491 4593 4695 4797 4899 5001 5103 
375 3334 3429 3524 3620 3715 3810 3905 4001 4096 4191 4286 4382 4477 4572 4667 4763 
400 3126 3215 3304 3393 3483 3572 3661 3751 3840 3929 4019 4108 4197 4286 4376 4465 
425 2942 3026 3110 3194 3278 3362 3446 3530 3614 3698 3782 3866 3950 4034 4118 4202 
450 2778 2858 2937 3016 3096 3175 3254 3334 3413 3493 3572 3651 3731 3810 3890 3969 
475 2632 2707 2782 2858 2933 3008 3083 3158 3234 3309 3384 3459 3534 3610 3685 3760 
500 2500 2572 2643 2715 2786 2858 2929 3000 3072 3143 3215 3286 3358 3429 3501 3572 
525 2381 2449 2517 2585 2653 2722 2790 2858 2926 2994 3062 3130 3198 3266 3334 3402 
550 2273 2338 2403 2468 2533 2598 2663 2728 2793 2858 2923 2987 3052 3117 3182 3247 
575 2174 2236 2299 2361 2423 2485 2547 2609 2671 2733 2795 2858 2920 2982 3044 3106 
600 2084 2143 2203 2262 2322 2381 2441 2500 2560 2619 2679 2739 2798 2858 2917 2977 
625 2000 2057 2115 2172 2229 2286 2343 2400 2458 2515 2572 2629 2686 2743 2800 2858 
650 1923 1978 2033 2088 2143 2198 2253 2308 2363 2418 2473 2528 2583 2638 2693 2748 
675 1852 1905 1958 2011 2064 2117 2170 2223 2275 2328 2381 2434 2487 2540 2593 2646 
700 1786 1837 1888 1939 1990 2041 2092 2143 2194 2245 2296 2347 2398 2449 2500 2551 
725 1724 1774 1823 1872 1921 1971 2020 2069 2119 2168 2217 2266 2316 2365 2414 2463 
750 1667 1715 1762 1810 1857 1905 1953 2000 2048 2096 2143 2191 2238 2286 2334 2381 
775 1613 1659 1705 1751 1798 1844 1890 1936 1982 2028 2074 2120 2166 2212 2258 2305 
800 1563 1607 1652 1697 1741 1786 1831 1875 1920 1965 2009 2054 2099 2143 2188 2233 
825 1515 1559 1602 1645 1689 1732 1775 1818 1862 1905 1948 1992 2035 2078 2122 2165 
850 1471 1513 1555 1597 1639 1681 1723 1765 1807 1849 1891 1933 1975 2017 2059 2101 
875 1429 1470 1510 1551 1592 1633 1674 1715 1755 1796 1837 1878 1919 1959 2000 2041 
900 1389 1429 1468 1508 1548 1588 1627 1667 1707 1746 1786 1826 1865 1905 1945 1984 
925 1352 1390 1429 1467 1506 1545 1583 1622 1660 1699 1738 1776 1815 1854 1892 1931 
950 1316 1354 1391 1429 1466 1504 1542 1579 1617 1654 1692 1730 1767 1805 1842 1880 
975 1282 1319 1356 1392 1429 1465 1502 1539 1575 1612 1649 1685 1722 1759 1795 1832 
1000 1250 1286 1322 1357 1393 1429 1465 1500 1536 1572 1607 1643 1679 1715 1750 1786 
1025 1220 1255 1289 1324 1359 1394 1429 1464 1498 1533 1568 1603 1638 1673 1708 1742 
1050 1191 1225 1259 1293 1327 1361 1395 1429 1463 1497 1531 1565 1599 1633 1667 1701 
1075 1163 1196 1229 1263 1296 1329 1362 1396 1429 1462 1495 1528 1562 1595 1628 1661 
1100 1137 1169 1201 1234 1266 1299 1331 1364 1396 1429 1461 1494 1526 1559 1591 1624 
1125 1111 1143 1175 1207 1238 1270 1302 1334 1365 1397 1429 1461 1492 1524 1556 1588 
1150 1087 1118 1149 1180 1211 1242 1273 1305 1336 1367 1398 1429 1460 1491 1522 1553 

P = 
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Thickness 
of Stayed 
Surface, 

mm 

 Staybolt Spacing (Maximum Pitch),mm 

89 92 95 98 102 105 108 111 114 117 121 124 127 130 133 137 140 143 146 149 152 

5 630 589 553 519 479 452 428 405 384 364 341 324 309 295 282 266 254 244 234 225 216 
5.25 694 650 609 573 529 499 471 446 423 402 376 358 341 325 311 293 281 269 258 248 238 
5.5 762 713 669 628 580 547 517 490 464 441 412 392 374 357 341 322 308 295 283 272 261 
5.75 833 779 731 687 634 598 565 535 508 482 451 429 409 390 373 351 337 323 309 297 285 

6 907 849 796 748 690 651 616 583 553 525 491 467 445 425 406 383 366 351 337 323 311 
6.25 984 921 863 811 749 707 668 632 600 569 532 507 483 461 441 415 398 381 366 351 337 
6.5 1064 996 934 878 810 765 723 684 649 616 576 548 523 499 477 449 430 412 395 380 365 
6.75 1148 1074 1007 946 874 824 779 738 699 664 621 591 564 538 514 484 464 445 426 409 393 

7 1234 1155 1083 1018 940 887 838 793 752 714 668 636 606 578 553 521 499 478 459 440 423 
7.25 1324 1239 1162 1092 1008 951 899 851 807 766 716 682 650 620 593 559 535 513 492 472 454 
7.5 1417 1326 1243 1168 1079 1018 962 911 863 820 766 730 696 664 634 598 573 549 526 505 486 
7.75 1513 1416 1328 1248 1152 1087 1027 973 922 875 818 779 743 709 677 638 611 586 562 540 519 

8 1612 1509 1415 1329 1227 1158 1095 1036 982 933 872 830 792 756 722 680 651 624 599 575 553 
8.25 1714 1604 1505 1414 1305 1232 1164 1102 1045 992 927 883 842 803 768 723 693 664 637 612 588 
8.5 1820 1703 1597 1501 1385 1307 1236 1170 1109 1053 984 937 894 853 815 768 735 705 676 649 624 
8.75 1928 1805 1692 1590 1468 1385 1310 1240 1175 1116 1043 993 947 904 863 814 779 747 717 688 661 

9 2040 1909 1791 1683 1553 1466 1385 1312 1243 1180 1104 1051 1002 956 914 861 824 790 758 728 699 
9.25 2155 2017 1891 1777 1641 1548 1463 1385 1313 1247 1166 1110 1058 1010 965 909 871 835 801 769 739 
9.5 2273 2127 1995 1875 1731 1633 1544 1461 1385 1315 1230 1171 1116 1065 1018 959 919 880 845 811 779 
9.75 2394 2241 2101 1975 1823 1720 1626 1539 1459 1385 1295 1233 1176 1122 1072 1010 968 927 890 854 821 

8 1612 1509 1415 1329 1227 1158 1095 1036 982 933 872 830 792 756 722 680 651 624 599 575 553 
8.25 1714 1604 1505 1414 1305 1232 1164 1102 1045 992 927 883 842 803 768 723 693 664 637 612 588 
8.5 1820 1703 1597 1501 1385 1307 1236 1170 1109 1053 984 937 894 853 815 768 735 705 676 649 624 
8.75 1928 1805 1692 1590 1468 1385 1310 1240 1175 1116 1043 993 947 904 863 814 779 747 717 688 661 

9 2040 1909 1791 1683 1553 1466 1385 1312 1243 1180 1104 1051 1002 956 914 861 824 790 758 728 699 
9.25 2155 2017 1891 1777 1641 1548 1463 1385 1313 1247 1166 1110 1058 1010 965 909 871 835 801 769 739 
9.5 2273 2127 1995 1875 1731 1633 1544 1461 1385 1315 1230 1171 1116 1065 1018 959 919 880 845 811 779 
9.75 2394 2241 2101 1975 1823 1720 1626 1539 1459 1385 1295 1233 1176 1122 1072 1010 968 927 890 854 821 
10 2519 2357 2211 2077 1918 1810 1710 1619 1535 1457 1363 1297 1237 1180 1128 1063 1018 976 936 899 863 

10.25 2646 2476 2322 2182 2015 1901 1797 1701 1613 1531 1432 1363 1300 1240 1185 1117 1069 1025 983 944 907 
10.5 2777 2599 2437 2290 2114 1995 1886 1785 1692 1607 1502 1430 1364 1301 1243 1172 1122 1076 1032 991 952 

P = t2 · S · C / p2 
TS = Tensile Strength 380 000 kPa             For Thicknesses 11 mm and less, C = 2.1 
t = Thickness of Stayed Surface, mm            For Thicknesses larger than 11 mm, C = 2.2 
S = 95 000 kPa              MAWP is expressed in kPa 

 
 
 

Table S2.10.4 [Metric Units] 
Maximum Allowable Working Pressure for Stayed Surfaces 

Formula Per ASME Section I, PG-46.1 
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Thickness 
of Stayed 
Surface, 

in. 

 Staybolt Spacing (Maximum Pitch), in. 

3.5 3.625 3.75 3.875 4 4.125 4.25 4.375 4.5 4.625 4.75 4.875 5 5.125 5.25 5.375 5.5 5.625 5.75 5.875 6 
0.19 85 80 74 70 65 61 58 55 52 49 46 44 42 40 38 36 35 33 32 30 29 
0.2 95 88 82 77 72 68 64 61 57 54 51 49 46 44 42 40 38 37 35 34 32 
0.21 104 97 91 85 80 75 71 67 63 60 57 54 51 49 46 44 42 40 39 37 36 
0.22 115 107 100 93 88 82 78 73 69 66 62 59 56 53 51 49 46 44 42 41 39 
0.23 125 117 109 102 96 90 85 80 76 72 68 65 61 58 56 53 51 48 46 44 43 
0.24 136 127 119 111 104 98 92 87 82 78 74 70 67 64 61 58 55 53 50 48 46 
0.25 148 138 129 121 113 106 100 95 89 85 80 76 72 69 66 63 60 57 55 52 50 
0.26 160 149 139 130 122 115 108 102 97 92 87 82 78 75 71 68 65 62 59 57 54 
0.27 172 161 150 141 132 124 117 110 104 99 94 89 85 80 77 73 70 67 64 61 59 
0.28 185 173 162 151 142 134 126 119 112 106 101 96 91 87 82 79 75 72 69 66 63 
0.29 199 185 173 162 152 143 135 127 120 114 108 103 97 93 88 84 81 77 74 71 68 
0.3 213 198 185 174 163 153 144 136 129 122 116 110 104 99 95 90 86 82 79 76 72 
0.31 227 212 198 185 174 164 154 146 138 130 123 117 111 106 101 96 92 88 84 81 77 
0.32 242 226 211 198 185 174 164 155 147 139 132 125 119 113 108 103 98 94 90 86 82 
0.33 258 240 224 210 197 185 175 165 156 148 140 133 126 120 115 109 104 100 95 91 88 
0.34 273 255 238 223 209 197 185 175 165 157 148 141 134 128 122 116 111 106 101 97 93 
0.35 290 270 252 236 222 209 197 185 175 166 157 149 142 135 129 123 117 112 107 103 99 
0.36 307 286 267 250 235 221 208 196 185 176 166 158 150 143 136 130 124 119 114 109 104 
0.37 324 302 282 264 248 233 220 207 196 185 176 167 159 151 144 137 131 125 120 115 110 
0.38 342 318 298 279 262 246 232 219 207 196 185 176 167 159 152 145 138 132 127 121 116 
0.39 360 335 313 294 275 259 244 230 218 206 195 185 176 168 160 153 146 139 133 128 122 
0.4 379 353 330 309 290 273 257 242 229 217 206 195 185 177 168 160 153 147 140 134 129 
0.41 398 371 346 324 304 286 270 255 241 228 216 205 195 185 177 169 161 154 147 141 135 
0.42 417 389 364 340 320 300 283 267 252 239 227 215 204 195 185 177 169 162 155 148 142 
0.43 437 408 381 357 335 315 297 280 265 251 237 225 214 204 194 185 177 169 162 155 149 
0.44 480 447 418 391 367 345 325 307 290 275 261 247 235 224 213 203 194 186 178 170 163 
0.45 502 468 437 409 384 361 340 321 304 287 272 259 246 234 223 213 203 194 186 178 171 
0.46 524 489 457 428 402 378 356 336 317 300 285 270 257 245 233 222 212 203 194 186 178 
0.47 547 510 477 447 419 394 371 350 331 314 297 282 268 255 243 232 222 212 203 194 186 
0.48 571 532 497 466 437 411 387 365 345 327 310 294 280 266 254 242 231 221 212 203 194 

TS = Tensile Strength 55 000 psi     P = t2 · S · C / p2       For Thicknesses 0.4375 and less, C = 2.1 
t = Thickness of Stayed Surface, in.               For Thicknesses larger than 0.4375, C=2.2 
S = 13 800 psi              MAWP is expressed in psi 

Table S2.10.4 [US Customary Units] 
Maximum Allowable Working Pressure for Stayed Surfaces 

Formula Per ASME Section I, PG-46.1 
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        P =         π•d2•TS 
TS = 5200 kPa                  FS•4•p2                  d = Min. Diameter of corroded staybolt 
P = MAWP kPa                  p = Staybolt spacing, mm 
FS = 1.1         Table S2.10.4.1 (Metric Units)                                  
      Maximum Allowable Working Pressure Based on the Load Carrying Capacity of a Single Corroded Staybolt 

Staybolt 
Spacing, 

mm 

 
 

Actual Diameter of Corroded Staybolts, mm 
 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20 20.5 21 21.5 22 
90 458 505 555 606 660 716 775 835 898 964 1031 1101 1173 1248 1325 1404 1485 1569 1655 1743 1833 1926 2021 2119 2219 
92.5 434 478 525 574 625 678 733 791 850 912 976 1043 1111 1181 1254 1329 1406 1485 1566 1650 1736 1824 1914 2006 2100 
95 411 454 498 544 592 643 695 750 806 865 926 988 1053 1120 1189 1260 1333 1408 1485 1564 1646 1729 1814 1902 1991 
97.5 391 431 473 517 562 610 660 712 766 821 879 938 1000 1063 1129 1196 1265 1337 1410 1485 1562 1641 1722 1805 1890 
100 371 409 449 491 535 580 627 677 728 781 835 892 950 1011 1073 1137 1203 1271 1340 1412 1485 1560 1637 1716 1797 
102.5 353 390 428 467 509 552 597 644 693 743 795 849 905 962 1021 1082 1145 1209 1276 1344 1414 1485 1558 1634 1710 
105 337 371 407 445 485 526 569 614 660 708 758 809 862 917 973 1031 1091 1153 1216 1281 1347 1415 1485 1557 1630 
107.5 321 354 389 425 463 502 543 586 630 675 723 772 822 875 928 984 1041 1100 1160 1222 1285 1350 1417 1485 1555 
110 307 338 371 406 442 479 519 559 601 645 690 737 786 835 887 940 994 1050 1108 1167 1227 1290 1353 1418 1485 
112.5 293 323 355 388 422 458 496 535 575 617 660 705 751 799 848 898 950 1004 1059 1115 1173 1233 1294 1356 1420 
115 281 310 340 371 404 439 474 512 550 590 632 674 719 764 811 860 910 961 1013 1068 1123 1180 1238 1298 1359 
117.5 269 296 325 356 387 420 454 490 527 565 605 646 688 732 777 824 871 920 971 1023 1076 1130 1186 1243 1302 
120 258 284 312 341 371 403 436 470 505 542 580 619 660 702 745 790 835 882 931 980 1031 1084 1137 1192 1248 
122.5 247 273 299 327 356 387 418 451 485 520 557 594 633 674 715 758 802 847 893 941 990 1040 1091 1144 1197 
125 238 262 288 314 342 371 402 433 466 500 535 571 608 647 687 728 770 813 858 904 950 999 1048 1098 1150 
127.5 228 252 276 302 329 357 386 416 448 480 514 549 585 622 660 699 740 782 824 868 914 960 1007 1056 1105 
130 220 242 266 291 316 343 371 400 431 462 494 528 562 598 635 673 712 752 793 835 879 923 969 1016 1063 
132.5 211 233 256 280 305 330 357 385 415 445 476 508 541 576 611 648 685 724 763 804 846 889 933 978 1024 
135 204 225 247 269 293 318 344 371 399 428 458 489 522 555 589 624 660 697 735 775 815 856 898 942 986 
137.5 196 217 238 260 283 307 332 358 385 413 442 472 503 535 568 601 636 672 709 747 786 825 866 908 950 
140 189 209 229 251 273 296 320 345 371 398 426 455 485 516 547 580 614 648 684 720 758 796 835 876 917 
142.5 183 202 221 242 263 286 309 333 358 384 411 439 468 498 528 560 592 626 660 695 731 768 806 845 885 
145 177 195 214 234 254 276 298 322 346 371 397 424 452 481 510 541 572 604 637 671 706 742 779 816 855 
147.5 171 188 206 226 246 267 288 311 334 359 384 410 437 465 493 523 553 584 616 649 683 717 753 789 826 
150 165 182 200 218 238 258 279 301 323 347 371 396 422 449 477 505 535 565 596 627 660 693 728 763 799 
152.5 160 176 193 211 230 249 270 291 313 336 359 384 409 435 461 489 517 546 576 607 639 671 704 738 773 
155 155 170 187 204 223 241 261 282 303 325 348 371 396 421 447 473 501 529 558 588 618 649 682 714 748 
157.5 150 165 181 198 216 234 253 273 293 315 337 360 383 407 433 458 485 512 540 569 599 629 660 692 724 
160 145 160 175 192 209 227 245 264 284 305 326 348 371 395 419 444 470 496 524 551 580 609 640 670 702 
162.5 141 155 170 186 202 220 238 256 276 296 316 338 360 383 406 431 456 481 508 535 562 591 620 650 681 
165 136 150 165 180 196 213 230 249 267 287 307 328 349 371 394 418 442 467 492 519 545 573 601 630 660 
167.5 132 146 160 175 191 207 224 241 259 278 298 318 339 360 382 405 429 453 478 503 529 556 584 612 640 
170 128 142 155 170 185 201 217 234 252 270 289 309 329 350 371 393 416 440 464 489 514 540 567 594 622 
172.5 125 138 151 165 180 195 211 227 245 262 281 300 319 340 361 382 404 427 450 474 499 524 550 577 604 
175 121 134 147 160 175 189 205 221 238 255 273 291 310 330 350 371 393 415 438 461 485 509 535 560 587 
177.5 118 130 143 156 170 184 199 215 231 248 265 283 302 321 341 361 382 403 425 448 471 495 520 545 570 
180 115 126 139 152 165 179 194 209 225 241 258 275 293 312 331 351 371 392 414 436 458 482 505 530 555 
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  d = Minimum diameter of corroded staybolt S = 7500  psi                                      

P =  MAWP psi         p = Staybolt spacing in. 
FS = 1.1          
 
              
                  
          
                                       Table S2.10.4.1 [US Customary Units] 
                                                                      Maximum Allowable Working Pressure Based on the Load Carrying Capacity of a Single Corroded Staybolt  

Staybolt 
Spacing, 

in. 

Actual Diameter of Corroded Staybolts, in. 

 0.35 0.375 0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6 0.625 0.65 0.675 0.7 0.725 0.75 0.775 0.8 0.825 0.85 0.875 0.9 
3.5 54 61 70 79 89 99 109 120 132 145 157 171 185 199 214 230 246 263 280 298 316 335 354 
3.625 50 57 65 74 83 92 102 112 123 135 147 159 172 186 200 214 229 245 261 277 294 312 330 
3.75 47 54 61 69 77 86 95 105 115 126 137 149 161 174 187 200 214 229 244 259 275 292 308 
3.875 44 50 57 64 72 80 89 98 108 118 128 139 151 162 175 187 201 214 228 243 258 273 289 
4 41 47 54 60 68 76 84 92 101 111 120 131 141 152 164 176 188 201 214 228 242 256 271 
4.125 39 44 50 57 64 71 79 87 95 104 113 123 133 143 154 165 177 189 201 214 227 241 255 
4.25 36 42 47 54 60 67 74 82 90 98 107 116 125 135 145 156 167 178 190 202 214 227 240 
4.375 34 39 45 51 57 63 70 77 85 92 101 109 118 127 137 147 157 168 179 190 202 214 227 
 4.5 32 37 42 48 54 60 66 73 80 87 95 103 112 120 130 139 149 159 169 180 191 202 214 
4.625 31 35 40 45 51 56 63 69 76 83 90 98 106 114 123 132 141 150 160 170 181 192 203 
4.75 29 33 38 43 48 54 59 65 72 78 85 93 100 108 116 125 134 143 152 162 171 182 192 
4.875 28 32 36 41 46 51 56 62 68 74 81 88 95 103 110 118 127 135 144 153 163 173 183 
5 26 30 34 39 43 48 54 59 65 71 77 84 90 98 105 113 120 129 137 146 155 164 174 
5.125 25 29 33 37 41 46 51 56 62 67 73 80 86 93 100 107 115 122 130 139 147 156 165 
5.25 24 27 31 35 39 44 49 54 59 64 70 76 82 89 95 102 109 117 124 132 140 149 157 
5.375 23 26 30 33 38 42 46 51 56 61 67 72 78 84 91 97 104 111 119 126 134 142 150 
5.5 22 25 28 32 36 40 44 49 54 59 64 69 75 81 87 93 100 106 113 120 128 136 143 
5.625 21 24 27 31 34 38 42 47 51 56 61 66 72 77 83 89 95 102 108 115 122 130 137 
5.75 20 23 26 29 33 37 40 45 49 54 58 63 68 74 79 85 91 97 104 110 117 124 131 
5.875 19 22 25 28 31 35 39 43 47 51 56 61 66 71 76 82 87 93 99 106 112 119 126 
6 18 21 24 27 30 34 37 41 45 49 54 58 63 68 73 78 84 89 95 101 107 114 120 
6.125 17 20 23 26 29 32 36 39 43 47 51 56 60 65 70 75 80 86 91 97 103 109 116 
6.25 17 19 22 25 28 31 34 38 41 45 49 54 58 62 67 72 77 82 88 93 99 105 111 
6.375 16 19 21 24 27 30 33 36 40 44 47 51 56 60 65 69 74 79 84 90 95 101 107 
6.5 16 18 20 23 26 29 32 35 38 42 46 50 54 58 62 67 71 76 81 86 92 97 103 
6.625 15 17 20 22 25 28 31 34 37 40 44 48 52 56 60 64 69 73 78 83 88 93 99 
6.75 14 17 19 21 24 27 29 32 36 39 42 46 50 54 58 62 66 71 75 80 85 90 95 
6.875 14 16 18 20 23 26 28 31 34 37 41 44 48 52 56 60 64 68 73 77 82 87 92 
7 13 15 17 20 22 25 27 30 33 36 39 43 46 50 54 57 61 66 70 74 79 84 89 

      
P = Π * d2 * TS 

FS * 4 * p2 
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NB08-0902 
 
S6.16   PRESSURE RELIEF DEVICES  
 
S6.16.1  SCOPE 
 
This Section provides details for the application, continued service inspection, and repair 
of pressure relief devices specified for overpressure protection of transport tanks. 
 
Pressure relief devices are provided for all transport tanks to prevent internal pressure 
from exceeding design values. They may also be provided to prevent excessive internal 
vacuum. Overpressure protection may be provided by reclosing pressure relief valves, 
non-reclosing devices such as rupture disks or breaking bar or breaking pin valves, or 
combinations of pressure relief valves and non-reclosing devices. 
 
S6.16.2  SAFETY CONSIDERATIONS 
 
When inspections of pressure relief devices are being performed, inspectors should be 
aware that tests of these devices involve the discharge of the test fluid, which can result 
in high velocity fluid flow, possible high or low temperature fluids, and high noise levels. 
If a test is being performed with the service fluid, it should be a fluid that is safe for 
discharge and not toxic or hazardous. Due to the nature of fluids being transported, most 
testing will involve removing the device from the transport tank and testing it on a test 
stand. (See S6.12.1, Pre-Inspection Activities) 
 
S6.16.3  INSTALLATION PROVISIONS 
 
Incorrect installation of a pressure relief device can have a detrimental effect on device 
performance. The following provisions shall be followed when installing pressure relief 
devices on transport tanks. 
 
a. Inlet piping shall have an area at least equal to the pressure relief device inlet 
 size with no restrictions which can affect flow through the device. 
b. Pressure relief devices shall be installed to be in communication with the vapor 
 space of the tank in its normal transport orientation as near as practicable on the 
 longitudinal center line, and in the center of the tank. 
c. If discharge piping is provided, it shall have an area at least equal to the pressure 
 relief device, be as short and straight as possible, and of a length that will not 
 affect the pressure relief device flow performance. It will typically discharge 
 upward, and should be directed away from personnel that may be around the 
 tank at ground level. 
d. Provisions for protection of the outlet of pressure relief devices from 
 contamination from the effects of rain, weather etc. shall be provided. Where 
 rain caps are provided the fit  shall not be tight enough to affect the valve 
 performance. 
e. Pressure relief devices may be installed inside of a protective housing consisting 
 of mechanical elements designed to protect the valve during roll-over events. 
 These  elements shall not obstruct the outlet of the device. 
f. If a rupture disk is used in combination with a pressure relief valve, it shall be 
 located inboard of the pressure relief valve.  
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g. When a rupture disk is used in combination with a pressure relief valve, a device 
 to detect leakage through the rupture disk, or actuation of the rupture disk shall 
 be provided. These devices detect leakage or actuation by observation of the 
 accumulation of pressure between the disk and the pressure relief valve, and 
 shall consist of a needle valve, try-cock, tell tale indicator or pressure gage. 
 Where a valve is provided, it  shall be closed during normal operation. Leaking 
 disks or disks which have discharged shall be replaced as soon as possible. 
h. Block valves shall not be used on either device inlets or outlets. 
 
S6.16.4  PRESSURE RELIEF DEVICE INSPECTION 
 
For pressure relief valves, inspection shall consist of an External and Internal Visual 
Inspection and a Pressure Test to determine valve function. For non-reclosing pressure 
relief devices, inspection shall consist of an External and Internal Visual Inspection as 
well. 
 
S6.16.5  SCHEDULE OF INSPECTIONS 
 
Pressure relief devices shall be inspected at the frequency as required by Tables 
S6.13.4, S6.14 or S6.16.3. For both an External Visual Inspection and a Pressure Test, 
the frequency of inspection for pressure relief devices shall be the same as the 
frequency required for inspection of the transport tank itself. 
 
S6.16.6 EXTERNAL VISUAL INSPECTION OF PRESSURE RELIEF DEVICES 
 
The following items shall be inspected during the External Visual Inspection. 
  
a. Pressure relief device nameplate data shall be reviewed, and the marked device 
 set pressure compared to the transport tank data. The pressure relief device set 
 pressure shall not exceed the tank maximum allowable working pressure 
 (MAWP) except as permitted by the applicable transport tank specification 
 Appendix.  
b. Where seals are provided to seal external adjustments of pressure relief valves, 
 the seal must be intact and bear the identification of the organization responsible 
 for performing  the adjustment. If the valve  has been repaired or reset, it must 
 bear a supplemental nameplate identifying the organization responsible for the 
 repair or resetting. 
c. Valves that have the set pressure adjustment permanently sealed by means 
 such as a rivet or roll pin through the adjustment, shall be checked to assure 
 there has been no tampering with the set pressure adjustment. 
d. Check for evidence of leakage through the valve. For a valve installed with a 
 rupture disk at the inlet, the rupture disk leakage detection device shall be 
 checked for signs of leakage through the disk. When possible this inspection 
 should be performed with normal transport tank operating pressure present. 
e. All connecting bolting shall be present and tight. 
f. Evidence of rust or corrosion of the pressure relief device shall be investigated. 
g. Where drain holes are provided on the side of the valve, check that the drain hole 
 is not plugged. 
h. Check that a valve spindle restraint (test gag) has not been left in place after 
 pressure testing of the transport tank. 
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i. Check for proper orientation of rupture disk devices. These devices will have a 
 flow direction arrow or other designation such as inlet or vent side to 
 designate the flow direction. Installation of rupture disk devices in the reverse 
 direction can cause a disk to  burst at a higher pressure than its marked burst 
 pressure. 
 
 
S6.16.7  PRESSURE TESTING OF PRESSURE RELIEF VALVES 
 
A check of pressure relief valve operation shall be performed to assure the valve is 
functioning properly. This testing shall be performed at the time of the transport tank 
pressure test when the tank pressure test will necessitate removal of the pressure relief 
valve. When the valve is removed for testing, the connection on the transport tank shall 
be inspected for corrosion or deposits which could block or reduce the connection area. 
 
 a.  Prior to the test, the inlet and outlet passages of the valve shall be   
      visually inspected for corrosion or deposits of material which could affect                        
   valve operation.  
            b.  The test fluid shall be air or other suitable non-hazardous gas. 
 c.  The valve shall be installed on a test stand and a calibrated test gage of  
       suitable range shall be used. 
 d.  Valves shall be tested for the following operational characteristics. 
 
  1. Seat Leakage: The test pressure shall be increased to seat  
  leakage test pressure at which there should be no leakage as determined 
  by a bubble test. This pressure will typically be 90% of the stamped set  
  pressure or the pressure prescribed for the applicable transport tank  
  specification. There shall be no audible or visible leakage at the specified  
  seat leakage test pressure. 
 
  2. Set Pressure: The set pressure definition used by the valve  
  manufacturer to originally set the valve shall be determined, and shall be  
  used during evaluations of valve performance. For most transport tank  
  valves this will usually be the “start” to “discharge” pressure which is the  
  pressure at which the first audible discharge is detected. The test   
  pressure shall be increased until the set pressure is determined. The  
  valve shall open within the tolerance for set pressure as specified by the  
  applicable transport tank specification. 
 
  3. Re-seal pressure: The test pressure shall then be decreased and  
  the pressure at which the valve reseals shall be recorded. The valve shall 
  reseal at or above the pressure specified by the applicable transport tank  
  specification, or above the normal transport tank operating pressure. 
 
  4. It is recommended that the test sequence be repeated several  
  times to assure repeatable valve performance. Erratic performance may  
  indicate damage to the valve, including damage or deposits on the  
  seating surface. 
 
 e.   The results of testing shall be documented and be made available to the  
        Inspector.  
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 f.  Testing shall be performed by trained individuals from an organization  
  acceptable to the Competent Authority. 
 
 
S6.16.8  CORRECTION OF DEFECTS 
 
Any failure of the valve to meet applicable test specifications shall be brought to the 
attention of the Inspector and owner, and steps shall be taken to correct the defect. If 
repairs are required they shall be performed by a qualified organization acceptable to the 
Competent Authority. 
 
When a valve is to be repaired, it shall be completely disassembled, cleaned, all parts 
inspected, and repaired as necessary. It shall then be tested and all adjustments 
resealed with a seal identifying the repair organization. Parts replaced shall be from the 
valve manufacturer or meet the valve manufacturer’s specifications. Where soft goods 
such as gaskets, o-rings, and other seals are replaced, new parts shall be used.  
 
Repairs shall be identified with a repair nameplate which includes the organization 
responsible for the repair, date of the repair, and a unique identifier identifying repair 
documentation. The goal of the repair is to bring the valve back to a “like new” condition. 
 
A valve found to be defective may be replaced by a new valve or previously repaired 
valve. Care shall be taken to assure that the replacement valve meets the same 
requirements as the valve being replaced. 
 
S6.16.9 INSPECTION OF RUPTURE DISKS AND NON-RECLOSING DEVICES 
 
Rupture disks and other non-reclosing devices cannot be tested. In lieu of the required 
pressure test for a pressure relief valve, the disk and disk holder must be removed from 
the transport tank and the disk inlet and outlet surfaces visually inspected. (This is 
considered the “Internal Inspection”.)  Signs of corrosion, damage, or deposits will 
require that the rupture disk be replaced.  
 
A program to periodically replace rupture disks is recommended to prevent premature 
disk opening during normal operation. This can be caused by corrosion or deterioration 
of the disk or fatigue of the disk material due to cyclic operation of the transport tank and 
vibration during normal operation. The rupture disk manufacturer may have 
recommendations for the frequency of disk replacement. 
 
Replacement disks shall have the same specifications for burst pressure and coincident 
temperature as the disk being replaced, unless the service conditions for the transport 
vessel are being changed. It is recommended that replacement disks be specified by the 
complete disk description including model number, burst pressure and coincident 
temperature, and the lot number from the disk being replaced. Disks and disk holders 
from different manufacturers shall not be interchanged. 
 
S6.17 DEFINITIONS 
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NB08-1801 
SUPPLEMENT 8  — PRESSURE DIFFERENTIAL BETWEEN SAFETY OR SAFETY 
RELIEF VALVE SETTING AND BOILER OR PRESSURE VESSEL OPERATING 
PRESSURE 
 
S8.1 SCOPE 
If a safety valve or safety relief valve is subjected to pressure at or near its set pressure, 
it will tend to weep or simmer, and deposits may accumulate in the seat and disk area. 
Eventually, this can cause the valve to freeze close and thereafter the valve could fail to 
open at the set pressure. Unless the source of pressure to the boiler or pressure vessel 
is interrupted, the pressure could exceed the rupture pressure of the vessel. It is 
important that the pressure differential between the valve set pressure and the boiler or 
pressure vessel operating pressure is sufficiently large to prevent the valve from 
weeping or simmering. 
 
S8.2 HOT WATER HEATING BOILERS 
For hot water heating boilers, the recommended pressure differential between the 
pressure relief valve set pressure and the boiler operating pressure should be at least 10 
psi (70 kPa), or 25% of the boiler operating pressure, whichever is greater. Two 
examples follow: 
 
a) If the safety relief valve of a hot-water heating boiler is set to open at 30 psi (200 kPa), 
the boiler operating pressure should not exceed 20 psi (140 kPa). 
 
b) If the safety relief valve of a hot water heating boiler is set to open at 100 psi (700 
kPa), the boiler operating pressure should not exceed 75 psi (520 kPa). Section IV of the 
ASME Code does not require that safety relief valves used on hot water heating boilers 
have a specified blowdown.  Therefore, to help ensure that the safety relief valve will 
close tightly after opening and when the boiler pressure is reduced to the normal 
operating pressure, the pressure at which the valve closes should be well above the 
operating pressure of the boiler. 
 
S8.3 STEAM HEATING BOILERS 
 
For steam heating boilers, the recommended pressure differential between the safety 
valve set pressure and boiler operating pressure should be at least 5 psi (35 kPa), i.e., 
the boiler operating pressure should not exceed 10 psi (70 kPa).  
 
Since some absorption-type refrigeration systems use the steam heating boiler for their 
operation, the boiler operating pressure may exceed 10 psi (70 kPa). If the boiler 
operating pressure is greater than 10 psi (70 kPa), it should not exceed 15 psi (100 
kPa), minus the blowdown pressure of the safety valve. 
 
This recommendation can be verified by increasing the steam pressure in the boiler until 
the safety valve pops, then slowly reducing the pressure until it closes, to ensure that 
this closing pressure is above the operating pressure. 
 
S8.4 POWER BOILERS 
For power boilers (steam), the recommended pressure differentials between the safety 
valve set pressure and the boiler operating pressure are as follows: 
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                                                   over 300 psi to 1000 psi              (2.14 MPa to 6.89 MPa 
                                                   7% but not less than 30 psi                              (200 KPa) 
                                                    over 1000 psi to 2000 psi          (6.89 MPa to 13.8 MPa)                   
                                                     5% but not less than 70 psi                            (480 KPa) 
 
                                                         over 2000 psi                                            (13.8 MPa) 
                                                         per designer’s judgment 
 
Notes: 1. Above 2000 psi (13.8 MPa) the pressure differential between operating 
pressure and the   maximum allowable working pressure is a matter for the designer’s 
judgement , taking into consideration such factors as satisfactory operating experience 
and the intended service conditions./ 
 
 2. Safety relief valves in hot water service are more susceptible to damage and 
subsequent leakage, than safety valves relieving steam.  It is recommended that the 
maximum allowable working pressure of the boiler and safety relief valve setting for 
high-temperature hot water boilers be selected substantially higher than the desired 
operating pressure, so as to minimize the time the safety relief valve must lift. 
 
 

MINIMUM PRESSURE DIFFERENTIAL AS 
 
 
 
 
 
 
 
S8.5 PRESSURE VESSELS 
Due to the variety of service conditions and the various designs of pressure relief valves, 
only general guidelines can be given regarding differentials between the set pressure of 
the valve and the operating pressure of the vessel. Operating difficulty will be minimized 
by providing an adequate differential for the application. The following is general 
advisory information on the characteristics of the intended service and of the pressure 
relief valves that may bear on the proper pressure differential selection for a given 
application. These considerations should be reviewed early in the system design since 
they may dictate the maximum allowable working pressure of the system.  
 
To minimize operational problems it is imperative that the user consider not only normal 
operating conditions of the fluids (liquids or gases), pressures, and temperatures, but 
also start-up and shutdown conditions, process upsets, anticipated ambient conditions, 
instrument response time, pressure surges due to quick-closing valves, etc. When such 
conditions are not considered, the pressure relief devices may become, in effect, a 
pressure controller, a duty for which it was not designed. Additional consideration should 
be given to the hazard and pollution associated with the release of the fluid. Larger 
differentials may be appropriate for fluids which are toxic, corrosive, or exceptionally 
valuable.  
 
The blowdown characteristics and capability are the first consideration in selecting a 
compatible valve and operating margin. After a self-actuated release of pressure, the 

 
MINIMUM PRESSURE DIFFERENTIAL AS 

PERCENTAGE OF BOILER DESIGN PRESSURE 
 

DESIGN PRESSURE :              over 15 psi to 300 psi            
 
10% but not less than 7 psi      

(100 KPa to 2.10 MPa) 
 
(50 KPa) 

                                                 over 300 psi to 1000 psi          
 
7% but not less than 30 psi      

 (2.14 MPa to 6.89 MPa)  
 
 (200 KPa)                                

                                                 over 1000 psi to 2000 psi   
 
 5% but not less than 70 psi     

(6.89 MPa to 13.8 MPa)           
 
(480 KPa)  

                                                 over 2000 psi      
per designer’s judgment         
                                

(13.8 MPa) 

Notes: 1. Above 2000 psi (13.8 MPa) the pressure differential between operating pressure 
and the   maximum allowable working pressure is a matter for the designer’s judgement , 
taking into consideration such factors as satisfactory operating experience and the intended 
service conditions. 
 
 2. Safety relief valves in hot water service are more susceptible to damage and subsequent 
leakage, than safety valves relieving steam.  It is recommended that the maximum allowable 
working pressure of the boiler and safety relief valve setting for high-temperature hot water 
boilers be selected substantially higher than the desired operating pressure, so as to minimize 
the time the safety relief valve must lift. 
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valve must be capable of reclosing above the normal operating pressure. For example: if 
the valve is set at 100 psi (700 kPa) with a 7% blowdown, it will close at 93 psi (640 
kPa). The operating pressure must be maintained below 93 psi (640 kPa) in order to 
prevent leakage or flow from a partially open valve. Users should exercise caution 
regarding the blowdown adjustment of large, spring-loaded valves. Test facilities, 
whether owned by the manufacturer, repair house, or user, may not have sufficient 
capacity to accurately verify the blowdown setting. The setting cannot be considered 
accurate unless made in the field on an actual installation. 
 
Pilot operated valves represent a special case from the standpoint of both blowdown and 
tightness. The pilot portion of some pilot operated valves can be set at blowdowns as 
short as 2%. This characteristic is not, however, reflected in the operation of the main 
valve in all cases. The main valve can vary considerably from the pilot depending on the 
location of the two components in the system. If the pilot is installed remotely from the 
main valve, significant time and pressure lags can occur, but reseating of the pilot 
assures reseating of the main valve. The pressure drop in connecting piping between 
the pilot and the main valve must not be excessive, otherwise the operation of the main 
valve will be adversely affected.  
 
Tightness capability is another factor affecting valve selection, whether spring-loaded or 
pilot operated. Tightness varies somewhat depending on whether metal or resilient seats 
are specified and also on such factors as corrosion and temperature. The required 
tightness and test method should be specified to comply at a pressure not lower than the 
normal operating pressure of the process. It should be remembered that any degree of 
tightness obtained should not be considered permanent.  Service operation of a valve 
almost invariably reduces the degree of tightness.  
 
The following minimum pressure differentials are recommended unless the safety or 
safety relief valve has been designed or tested in a specific or similar service and a 
smaller differential has been recommended by the manufacturer: 
 
a) for set pressures up to 70 psi (480 kPa), the recommended pressure differential is 
5 psi (35 kPa); 
 
b)for set pressure between 70 and 1000 psi (480 kPa and 6.89 MPa), the recommended 
pressure differential is 10% of set pressure; and 
 
c) for set pressures above 1000 psi (6.89MPa), the recommended pressure differential 
is 7% of set pressure. 
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NB08-0315 
 
2.5.2 POSTWELD HEAT TREATMENT 
(PWHT) 
a) Postweld heat treatment shall be performed as required by the original code of 
construction, the construction standard or code selected in accordance with a written 
procedure. The procedure shall contain the parameters for postweld heat treatment. 
 
b) When it is impractical or detrimental to postweld heat treat (PWHT) the entire item or 
band around the item, the following local PWHT method may be performed on spherical 
or cylindrical pressure-retaining items using the time and temperature parameters in the 
original code of construction and in accordance with a written acceptance by the 
Inspector written procedure acceptable to the Inspector and, when required, by the 
Jurisdiction. 
 
 
NB08-0309 
 
2.5.3 ALTERNATIVE WELDING MEHODS WITHOUT POST-WELD HEAT 
 TREATMENT 
 
d) The detailed welding methods listed in the following subsections may be used as an 
alternative to postweld heat treatment (PWHT). Subsection 2.5.3.1 is a method in which 
the welding procedure requires an elevation of the preheat temperature. In contrast, 
2.5.3.2 thru 2.5.3.5, are methods in which the welding procedure requires the use of a 
temper-bead welding technique. In 2.5.3.5 2.5.4.5 is a method in which the welding 
procedure used for joining dissimilar materials requires either an elevation of the preheat 
temperature or a temper-bead welding technique, depending on the chemical 
composition of the base metal that is joined to an austenitic steel. Temperbead welding 
procedure nomenclature is defined in Section IX of the ASME Boiler and Pressure 
Vessel Code. Typically, this technique minimizes heat input of the initial beads, thus 
limiting heat beyond the weld heat-affected zone (HAZ) of the base metal. Heat input 
shall be increased for successive beads in accordance with the rules of QW-290 for 
temper bead welding in Section IX of the ASME Boiler and Pressure Vessel Code. The 
welding procedure and welder performance qualifications shall, in all cases, be in 
accordance with the requirements of the latest edition and addenda of Section IX of the 
ASME Boiler and Pressure Vessel Code. 
 
 
NB08-0308 
 
2.5.3 ALTERNATIVE WELDING METHODS WITHOUT POST-WELD HEAT 
 TREATMENT 
 

e)  Non Destructive Examination of Welds 
 

1) Prior to welding, the area prepared for welding shall be examined using either the   
magnetic particle (MT) or the liquid Penetrant (PT) examination method to 
determine that no defects exist. After the finished weld has reached ambient 
temperature, the weld shall be examined again by either of the above methods to 
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determine that no defects exist using acceptance standards acceptable to the 
Inspector or original Code of Construction. In addition, welds greater than 3/8 in. 
(9.6 mm) deep or welds in a boiler, pressure vessel, or piping systems that were 
originally required to be radiographed by the rules of the original Code of 
Construction, shall be radiographically examined. In situations where it is not 
practical to perform radiography, the accessible surfaces of each 
nonradiographed repair weld shall be fully examined using the MT or PT method 
to determine that no defects exist and the maximum allowable working pressure 
and/or allowable temperature shall be re-evaluated to the satisfaction of the 
jurisdiction at the location of installation. 

 
f) e) Methods that may be used as alternatives to postweld heat treatment are described 
 in the following subsections. 

 
NB03-1901 
 
3.2.6 REFERENCE TO OTHER CODES AND STANDARDS 
Other codes, standards, and practices pertaining to the repair and alteration of pressure-
retaining items can provide useful guidance. Use of these codes, standards and 
practices is subject to review and acceptance by the Inspector, and when required, by 
the Jurisdiction. The user is cautioned that the referenced codes, standards and 
practices may address methods categorized as repairs; however, some of these 
methods are considered alterations by the NBIC.  
 
In the event of a conflict with the requirements of the NBIC, the requirements of the 
NBIC take precedence. 
Some examples are as follows: 
(a) National Board Bulletin - National Board Classic Articles Series. 
(b) ASME PCC-1, Guidelines for Pressure Boundary Bolted Flange Joint Assembly . 
(c) ASME PCC-2, Repair of Pressure Equipment and Piping.  
 
NB08-0310 
3.3.4.2 DEFECT REPAIRS 
Before a repair is made to a defect in a welded joint or base metal, care should be taken 
to investigate its cause and to determine its extent and likelihood of recurrence. 
 
NB07-2701 
 
5.7 STAMPING REQUIREMENTS FOR REPAIRS AND ALTERATIONS 
 
5.7.1 GENERAL 
The stamping of or attaching of a nameplate to a pressure-retaining item shall indicate 
that the work was performed in accordance with the requirements of this Code. Such 
stamping or attaching of a nameplate shall be done only with the knowledge and 
authorization of the Inspector. The “R” Certificate Holder responsible for the repair or the 
construction portion of the alteration shall apply the stamping. For a rerating where no 
physical changes are made to the pressure-retaining item, the “R” Certificate Holder 
responsible for design shall apply the stamping. Required stamping and nameplate 
information is shown in 5.9.6. 
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5.7.2 STAMPING REQUIREMENTS FOR REPAIRS 
a) Pressure-retaining items repaired in accordance with the NBIC shall be stamped as 
required by this section. 
 
b) Subject to the acceptance of the Jurisdiction and the concurrence of the Inspector, 
nameplates and stamping may not be required for routine repairs (See 3.3.2). In all 
cases, the type and extent of repairs necessary shall be considered prior to waiving the 
requirement. 
 
c) Stamping or nameplate shall be applied adjacent to the original manufacturer’s 
stamping or nameplate. A single repair nameplate or stamping may be used for more 
than one repair to a pressure-retaining item provided it is carried out by the same 
Certificate Holder. The date of each repair, corresponding with the date on the 
associated Form R-1, shall be stamped on the nameplate 
 
5.7.4 STAMPING REQUIREMENTS FOR PARTS 
Stamping or nameplate shall be applied in a conspicuous location on the part. 
 
5.7.5  SPECIFIC REQUIREMENTS FOR STAMPING AND NAMEPLATES 
 
a) Required data shall be in characters of at least 5/32 in. (4 mm) high, except that 
characters for pressure relief valve repair nameplates may be smaller. Markings may be 
produced by casting, etching, embossing, debossing, stamping, or engraving.The 
selected method shall not result in any harmful contamination of or sharp discontinuities 
to the pressure-retaining item.  See Figures 5.7.5 –a thru 5.7.5-g. 
 
b) The National Board code symbols (“R”,“VR”, and “NR”) are to be stamped; do not 
emboss. 
 
c) Stamping directly on items, when used, shall be done with blunt-nose continuous or 
blunt-nose interrupted dot die stamps. If direct stamping would be detrimental to the 
item, required markings may appear on a nameplate affixed to the item. 
 
d) The Certificate Holder shall use its full name as shown on the Certificate of 
Authorization or an abbreviation acceptable to the National Board. 
 
e) The letters “RP” shall be stamped below the “R” symbol stamp to indicate 
organizations accredited for performing repairs or alterations to fiber-reinforced plastic 
items. 
 
f) The letter “G” shall be stamped below the “R” symbol stamp to indicate organizations 
accredited for performing repairs or alterations to graphite pressure equipment. 
 
5.9.2 REPAIR NAME PLATE 
When a pressure relief valve is repaired, a metal repair nameplate stamped with the 
information required below shall be securely attached to the valve adjacent to the 
original manufacturer’s stamping or nameplate. If not mounted directly on the valve, the 
nameplate shall be securely attached so as not to interfere with valve operation and 
sealed in accordance with the quality system. 
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a) Prior to attachment of the repair nameplate, the previous repair nameplate, if 
applicable, shall be removed from the repaired valve. 
 
b) As a minimum, the information on the valve repair nameplate (See Figure 5.9.6-e5.7.5 
e) shall include: 
  
 
5.9.5 REPLACEMENT OF ILLEGIBLE OR MISSING NAME PLATES 
a) Illegible Nameplates 
When the information on the original manufacturer’s or assembler’s nameplate or 
stamping is illegible, but traceability can be confirmed, the nameplate or stamping will be 
augmented or replaced by a nameplate furnished by the “VR” stamp holder stamped 
“duplicate”. It shall contain all information that originally appeared on the nameplate or 
valve, as required by the applicable section of the ASME Code, except the “V”, “HV”, or 
“UV” symbol and the National Board mark. The repair organization’s nameplate, with the 
“VR” stamp and other required data specified in 5.9.2, will make the repairer responsible 
to the owner and the Jurisdiction that the information on the duplicate nameplate is 
correct 
 
5.9.6 REQUIREMENTS FOR STAMPING AND NAME PLATE INFORMATION 
 
5.9.6.1 SCOPE 
When a pressure-retaining item is repaired or altered, the Certificate Holder shall attach 
a nameplate or stamp the item, except when otherwise permitted by these rules. 
Similarly,when pressure relief devices are repaired, the attachment of a nameplate is 
required. Thespecific requirements for nameplates/stamping are described in this Part. 
See Figures 5.9.6-athru 5.9.6-g. 
 
5.9.6.2 GENERAL REQUIREMENTS FOR STAMPING AND NAMEPLATES 
 
a) Required data shall be in characters of at least 5/32 in. (4 mm) high, except that 
characters for pressure relief valve repair nameplates may be smaller. Markings may be 
produced by casting, etching, embossing, debossing, stamping, or engraving.The 
selected method shall not result in any harmful contamination of or sharp discontinuities 
to the pressure-retaining item. 
 
b) The National Board code symbols (“R”,“VR”, and “NR”) are to be stamped; do not 
emboss. 
 
c) Stamping directly on items, when used, shall be done with blunt-nose continuous or 
blunt-nose interrupted dot die stamps. If direct stamping would be detrimental to the 
item, required markings may appear on a nameplate affixed to the item. 
 
d) The Certificate Holder shall use its full name as shown on the Certificate of 
Authorization or an abbreviation acceptable to the National Board. 
 
e) The letters “RP” shall be stamped below the “R” symbol stamp to indicate 
organizations accredited for performing repairs or alterations to fiber-reinforced plastic 
items. 
 
f) The letter “G” shall be stamped below the “R” symbol stamp to indicate organizations 
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accredited for performing repairs or alterations to graphite pressure equipment. 
 
5.9.6.3 ADDITIONAL STAMPING REQUIREMENTS FOR REPAIRS 
Stamping or nameplate shall be applied adjacent to the original manufacturer’s stamping 
or nameplate. A single repair nameplate or stamping may be used for more than one 
repair to a pressure-retaining item provided it is carried out by the same Certificate 
Holder. The date of each repair, corresponding with the date on the associated Form R-
1, shall be stamped on the nameplate. 
 
5.9.6.4 ADDITIONAL STAMPING REQUIREMENTS FOR ALTERATIONS AND RE-
RATINGS 
Stamping or nameplate shall be applied adjacent to the original manufacturer’s stamping 
or nameplate. 
 
5.9.6.5 ADDITIONAL STAMPING REQUIREMENTS FOR PARTS 
Stamping or nameplate shall be applied in a conspicuous location on the part. 
 
5.11 STAMPING FOR FIBER - REINFORCED VESSELS 
The attaching of a nameplate to a repaired or altered vessel or tank shall indicate that 
the work was performed in accordance with the requirements of this Code. The 
attachment of a nameplate shall be done only with the knowledge and authorization of 
the Inspector. The Certificate Holder responsible for the repair or alteration shall apply 
the stamping nameplate. Required stamping and nameplate information are shown in 
5.9.6.5.7 
 
5.11.2 STAMPING FOR REPAIRS 
Pressure-retaining items repaired in accordance with the NBIC shall have a nameplate 
as required by Section 5.9.65.7. Subject to the acceptance of the jurisdiction and the 
concurrence of the Inspector, nameplates may not be required for routine repairs. See 
5.7.2(b). In all cases, the type and extent of repairs necessary shall be considered prior 
to waiving the requirement. 
 
5.11.3 STAMPING FOR ALTERATIONS 
The nameplate shall be applied in accordance with Section 5.9.65.7. The location of the 
nameplate shall be documented on the Form R-2. 
 
5.12 STAMPING REQUIREMENTS FOR YANKEE DRYERS 
a) Stamping is not required for repairs that do not affect the pressure-retaining capability 
of the Yankee shell, as indicated on the De-rate Curve, or other pressure-retaining parts, 
as indicated on the original Manufacturer’s Data Report. 
 
b) Stamping is required for repairs that do affect the pressure-retaining capability of the 
Yankee shell, as indicated on the De-rate Curve, or other pressure-retaining parts as 
indicated on the original Manufacturer’s Data Report. 
 
c) Stamping is required for alterations as listed in Supplement S5.7.2 
 
d) Stamping, when required, shall meet the requirements for stamping in 5.7.3. The 
location of stamping shall be described in the remarks section of Form R-2. 
 
 

5.7.5-a 
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5.7.5-b

5.7.5-c 

5.7.5-a 
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               Note 1: To be indicated only when changed. 

  
 
 
 
 

 
 

5.7.5-d

5.7.5-f

5.7.5-g 

5.7.5-e 
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NB07-1010 
 
S1.2.6 DIAGONAL BRACES, GUSSET BRACES, AND THROAT 
SHEET/TUBESHEET BRACES 
 
(See Figures S1.2.6 a) & S 1.2.6 b) 
a) Loose or damaged braces shall be repaired or replaced. 
 
b) Only steel braces may be repaired by welding.  All such welds shall be full 
penetration. Wrought iron braces shall not be repaired by welding. When repairs or 
alterations are completed, the tightness and condition of the braces and their staybolts, 
rivets, clevises, eyes, and pins shall be verified. 
 
c) For pins that are fitted with nuts the pin length shall be sized so that all threads of the 
nut are engaged upon completion of installation. 
 
d) Replacement of diagonal stays having loop type ends shall be considered a repair. 
 
S1.2.6.1 GIRDER STAYS AND CROWN BARS 
(See Figures S1.2.6.1 a & S1.2.6.1 b) 
 
a) When repairs or alterations are completed, the installation and condition of the crown 
bars or girder stays and all associated fittings, including stays, rivets, pins, washers, 
nuts, thimbles, spacers and retainers shall be verified. 
 
b) Crown bars, girder stays and the associated parts shall have the correct fit, alignment 
and bearing to the firebox and boiler sheets. 
 
c) Wrought iron crown bars and girder stays, and all associated fittings, shall not be 
repaired by welding or application of riveted or bolted patches. 
 
d) Steel crown bars, steel girder stays and associated steel brackets may be repaired or 
fabricated by welding. Welded repairs and components shall be made and examined 
in accordance with the ASME Boiler & Pressure Vessel Code Section I. 
 
e) Steel crown bars, steel girder stays and associated steel brackets wasted or worn to 
less than 60% of original thickness shall not be repaired by weld build up. 
 
f) On stays and pins that are fitted with nuts the stay or pin length shall be sized so that 
all threads of the nut are engaged upon completion of installation. 
 
g) When driving crown bolts the opposite bolt end shall be bucked or braced to prevent 
damaging the bolt threads in the firebox sheet. Bracing can be done several ways 
such as using a pneumatic holder-on or heavy steel bucking bar. The crown bolt head 
is to be driven in such a manner as to expand radially the crown bolt body and threads 
into the sheet prior to forming the head. Merely driving over the head is not 
acceptable. 
 
h) Telltale holes shall be reopened after driving. 
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i) Crown bolts shall have either 1 1 - or 1 2- thread pitch in the firebox sheets. Stay 
threads shall have good close fit in the firebox sheet. Changing the thread pitch from 
1 1 to 12 or the reverse shall be considered a repair. 
 
S1.6.2 SLING STAYS 
(See Figures S1.2.6.2 a & S1.2.6.2 b) 
 
a) When repairs or alterations are completed, the installation and condition of the 
sling stays and all associated fittings, including brackets, rivets, pins, washers, 
nuts, thimbles and spacers, shall be verified. 
 
b) Sling stays and the associated parts shall have the correct fit, alignment and 
bearing to the crown bars, girder stays, firebox sheets and boiler sheets. 
 
c) On pins that are fitted with nuts the pin length shall be sized so that all threads of 
the nut are engaged upon completion of installation. 
 
d) Sling stays fabricated or repaired by welding shall be welded and examined in 
accordance with the ASME Boiler & Pressure Vessel Code Section I. 
 
e) Holes and slots in sling stays should have all edges rounded off. 
 
f) When driving sling stay eye brackets the opposite bracket end shall be bucked or 
braced to prevent damaging the threads. Bracing can be done several ways such 
as using a pneumatic holder-on or heavy steel bucking bar. The head of the sling 
stay eye bracket is to be driven in such a manner as to expand radially the body 
and threads into the sheet prior to forming the head. Merely driving over the head 
is not acceptable. 
 
g) All sling stays, nuts, and pins shall be retained mechanically or have mechanical 
retainers installed when renewed or replaced. 
 
S1.2.6.3 EXPANSION STAYS 
(See Figures S1.2.6.3 a & S1.2.6.3 b) 
 
a) When repairs or alterations are completed, the installation and condition of the 
expansion stays and all associated fittings, including brackets, rivets, pins, 
washers, nuts, thimbles and spacers, shall be verified. 
 
b) Wrought iron expansion stay brackets shall not be repaired by welding. 
 
c) Expansion stays shall not be repaired by welding. 
 
d) Worn pin holes and expansion slots of steel expansion stay brackets may be 
repaired by welding. 
 
e) On stays and pins that are fitted with nuts the stay or pin Iength shall be sized so 
that all threads of the nut are engaged upon completion of installation. 
 
f) Stay length shall be sized so the length of the stay projecting through the sheet is 
not less than 118" and is sufficient to produce a full head after driving. 
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g) Stays shall have either 1 1 - or 12- thread pitch. Stay threads shall have good close 
fit in the sheet. Changing the thread pitch from 1 1 to 12 or the reverse shall be 
considered a repair. 
 
h) Installation of expansion stays that have a different diameter in the firebox sheet 
shall be considered a repair. 
 
i) Installation of expansion stays that have a different diameter in the bracket shall 
be considered a repair provided the changes are within the stress limits of the 
original code of construction. 
 
j) When driving expansion stay heads the opposite end shall be bucked or braced to 
prevent damaging the threads. Bracing can be done several ways such as using a 
pneumatic holder-on or heavy steel bucking bar. The stay head is to be driven in 
such a manner as to expand radially the stay body and threads into the sheet prior 
to forming the head. Merely driving over the head is not acceptable. 
 
k) Telltale holes shall be reopened after driving. 
 
 
 

 
 
 
 
 
 
 
 

S1.2.6-a 
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Figure S.1.2.6-b 

Figure S.1.2.6.1-aFigure S1.2.6-b

S1.2.6.1 b 
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Figure S1.2.6.3-a 

Figure S1.2.6.2-a 

Figure S1.2.6.2-b 

S1.2.6.3-b 
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NB07-1009 
S1.2.8 
 
c) Patch bolts shall have either 11 or 12 thread pitch.  Patch bolt threads shall be fit to 
support the structure to which the bolt is applied.  Changing the patch bolt thread from 
11 to 12 or the reverse shall be considered a repair. 
 
NB06-0502 
S1.2.8 
d) A patch bolt applied in place of a rivet shall be considered an alteration. 
 
NB08-1602 
S1.2.9.7 FERRULES  
a) Ferrous or non-ferrous ferrules may be used on either or both ends of flues and arch 
tubes. 
b) The application of ferrules where none were used before shall be considered a repair. 
c) The application without ferrules where they were used before shall be considered a 
repair. 
 
NB07-1005 
 
S1.2.11.5 REPAIR OF FIREBOX AND TUBESHEET KNUCKLES 
a) Welds within the points of tangency of a knuckle are permitted. Welds with angles of 
less than 45 degrees to the longitudinal axis of the knuckle shall be radiographically 
examined. See Figures S1.2.11.5-a through S1.2.11.5-f. 
 
b) Any patch not supported by means other than the weld, such as rivets, staybolts, 
tubes, or other forms of construction, shall have all weld seams radiographically 
examined. 
 
c) Patches shall be formed to proper shape and curvature. 
 
d) Wasted sections of knuckles that have not wasted below 60% of the minimum 
required thickness may be repaired by weld buildup provided the strength of the 
structure will not be impaired. Where weld buildup is employed, the Inspector may 
require an appropriate method of NDE for the repair. 
 
e) Wasted sections of knuckles that have wasted below 60% of the minimum required 
thickness shall be replaced. 
 
f) Flanges shall be made so as to avoid stress intensifiers such as abrupt ridges and 
grooves 
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Flanged Sheets and Formed Flanges 

Figure S1.2.11.5-g 

1. Flanges shall be made smooth and free of ridges, valleys and grooves 
2. Flanges may be welded in accordance with this section and all applicable sections of 

this code. 
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NB07-2203 
2.3 CALCULATION RELIEVING CAPACITY 
b) It is necessary therefore, to determine the flow under both circumstances (a) and (b)in paragraph a) 
above  and check that the size of the safety valve under either condition will be adequate. The following 
formula should be used: 
1) steam flow, W in lbs/hr (kg/hr) through the pressure-reducing valve 
W = AKC 
where, 
A = internal area in sq. in. (sq. mm) of the inlet pipe size of the pressure-reducing valve (ref.see S2.5) 
K = flow coefficient for the pressure-reducing valve (see S2S2.4) 
C = flow of saturated steam through a 1 sq. in. (1 sq. mm) pipe at various pressure differentials 

from Tables S2.3-a, Table S2.3-b, or Table S2.3-c.(for U.S. Customary units ) or Tables S2.3M-a, 
S2.3M-b, or S2.3M-c (for metric units) 

2) steam flow, W in lbs/hr (kg/hr) through the by-pass valve 
W = A1 K1 C1 
where, 
A1 = internal area in sq. in. (sq. mm) of the pipe size of the by-pass around the pressure-reducing valve 
K1 = flow coefficient for the by-pass valves (see S2.4) 
C1 = flow of saturated steam through a 1 sq. in. (1 sq. mm) pipe at various pressure differentials 
from Tables S2.3-a, Table S2.3-b, and or Table S2.3-c (for U.S. Customary units) or Tables S2.3M-a, 
S2.3M-b or S2.3M-c (for metric ). 
 
NB09-0201  
2.7.5 BLOWOFF 
c) One of the blowoff valves shall be a slow-opening valve. When a second valve is required, the 
second valve may be a quick-opening or slow-opening valve. 
c) When two valves are required, each bottom blowoff pipe shall have two slow-opening valves, or one 
quick-opening valve, at the boiler nozzle followed by a slow-opening valve. 
 
NB07-1205 
3.7.5.1 STEAM HEATING, HOT-WATER HEATING, AND HOT-WATER SUPPLY BOILERS 
a) For Single Installations 
Stop valves shall be located at an accessible point in the supply and return pipe connections, as near 
the boiler as is convenient and practicable 
b) For Multiple Boiler Installations 
A stop valve shall be used in each supply and return pipe connection of two or more boilers connected 
to a common system.  See Figures 3.7.5 a), 3.7.5 b), and 3.7.5 c). 
c) Types of Stop Valves 
a) For Single Steam Heating Boilers 
When a stop valve is used in the supply pipe connection of a single steam boiler, there shall be one 
used in the return pipe connection. 
 
b) For Single Hot Water Heating & Hot Water Supply Boilers 
 1) Stop valves shall be located at an accessible point in the supply and return pipe connections 
 as near the boiler as is convenient and practicable, of a single hot water boiler installation to 
 permit draining the boiler without emptying the system. 
 2) When the boiler is located above the system and can be drained without draining the system, 
 stop valves required on paragraph 3.7.5.1 b 1) may be eliminated. 
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c) For Multiple Boiler Installations 
A stop valve shall be used in each supply and return pipe connection of two or more boilers connected 
to a common system.  See Figures 3.7.5 a), 3.7.5 b), and 3.7.5 c) 
 
d) Types of Stop Valves 
 
NB08-0319 
3.7.9.1 EXPANSION TANKS AND PIPING FOR STEAM HEATING, HOT-WATER HEATING AND 
HOT WATER SUPPLY BOILERS, AND POTABLE WATER HEATERS 
 
3) Hot-water Supply Systems and Potable Water Systems  
 
3.7.9.2 EXPANSION TANKS AND PIPING FOR POTABLE WATER HEATERS 
a) Expansion Tanks 
 
If a system is equipped with a check valve or pressure-reducing valve in the cold water inlet line, 
consideration should be given to the installation of an airtight expansion tank or other suitable air 
cushion. Otherwise, due to the thermal expansion of the water, the safety relief valve may lift 
periodically. If an expansion tank is provided, it shall be constructed in accordance with an acceptable 
code of construction. The minimum capacity of the expansion tank may be determined from Table 
3.7.9.1-c.3.7.9.2 See Figures 3.7.5-d and 3.7.5-e for a typical acceptable installation. Except for pre-
pressurized diaphragm-type tanks, which should be installed on the cold water side, provisions shall be 
made for draining the tank without emptying the system. 
 
Table 3.7.9.1-c3.7.9.2 
Expansion Capacities for a Potable Water Heater (Note) 
 
Capacities, gal. (l) 
System  
Volume,  
gal. (l) 

Prepressurized Diaphragm Type Nonpressurized Type 

50 (190) 1 (4) 3 (11) 
100 (380) 2 (8) 6 (23) 
200 (760) 3 (11) 12 (45) 
300 (1140) 4 (15) 18 (68) 
400 (1514) 5 (19) 24 (91) 
500 (1890) 6 (23) 30 (114) 
1,000 (3790) 12 (45) 60 (227) 
2,000 (7570) 24 (91) 120 (454) 
Note: Capacities in this table are given as a guide to reduce or eliminate relief valve weeping under 
conditions of partial water system demands or occasional water draw during recovery. 
System volume includes water heater capacity plus all piping capacity for a recirculation system or 
potable water heater capacity only for a nonrecirculation system. 
The capacities are based upon a water temperature rise from 40°F to 180°F (4°C to 80°C), 60 psig 
(414 kPa) fill pressure, maximum operating pressure of 125 psig (862 kPa) 20% water recovery, and 
an acceptance factor of 0.465 for prepressurized types, and 0.09156 for nonpressurized types. For 
other cases or metric calculations see Chapter 12 of the 1996 HVAC Systems and Equipment Volume 
of the ASHRAE Handbook. 
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b) Piping 
Provisions shall be made for the expansion and contraction of hot water mains connected to potable 
water heater(s) so that there will be no undue stress transmitted to the potable water heater(s). See 
Figures 3.7.5-d and 3.7.5-e for typical schematic arrangements of piping incorporating strain absorbing 
joints. 
 
NB09-0101 
3.8.1.5 AUTOMATIC LOW-WATER FUEL CUTOFF AND/OR WATER FEEDING DEVICE 
 
c) In addition to the requirements in a) and b) above, a secondary low water fuel cutoff with manual 
reset shall be provided on each automatically fired steam or vapor-system boiler. with a combined fuel 
input of greater than 400,000 Btu/hr (117 kW). 
 
NB09-0202 
3.8.2.3 TEMPERATURE CONTROL 
Each automatically fired hot-water heating of hot-water supply boiler shall be protected from over-
temperature by two temperature-operated controls. 
a) Each individual hot-water heating or hot-water supply boiler or each system of commonly connected 
boilers without intervening valves shall have a control that will cut off the fuel supply when the water 
temperature reaches an operating limit, which shall be less than the maximum allowable temperature. 
b) In addition to a) above, each individual automatically fired hot-water heating or hot-water supply 
boiler or each system or commonly connected boilers without intervening valves shall have a safety 
limit control with manual reset that will cut off the fuel supply to prevent the water temperature at the 
boiler outlet. 
 
NB09-0203 
3.8.2.4 LOW-WATER FUEL CUTOFF 
a) Each automatically fired hot-water boiler with heat input greater than 400,000 Btu/hr (117 kW) shall 
have an automatic low-water fuel cutoff with manual reset. The low-water fuel cutoff shall be designed 
for hot-water service, and it shall be so located as to automatically cut off the fuel supply when the 
surface of the water falls to the level established in (b) below. 
c) A coil-type boiler or a watertube boiler with heat input greater than 400,000 Btu/hr (117 kW) requiring 
forced circulation to prevent overheating of the coils or tubes shall have a safety control to prevent 
burner operation at a flow rate inadequate to protect the boiler unit against overheating, at all allowable 
firing rates. This safety control shall shut down the burner and prevent restarting until an adequate flow 
is restored. 
c) In lieu of the requirements for low-water fuel cutoffs in paragraph a), boilers requiring forced 
circulation to prevent overheating of the tubes, coils, or vessel, shall have an accepted flow, and/or 
temperature sensing device to prevent burner operation at a flow rate inadequate to protect the boiler 
unit against overheating at all allowable firing rates.  This safety control(s) shall shut down the burner 
and prevent restarting until an adequate flow is restored and shall be independent of all other controls. 
 
 
NB07-2204 
3.9.1.5 SAFETY AND RELIEF VALVE DISCHARGE PIPING 
a) A discharge pipe shall be used. Its internal cross-sectional area shall be not less than the full area of 
the valve outlet or of the total of the valve outlets discharging thereinto, and shall be as short and 
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straight as possible and so arranged as to avoid undue stress on the valve or valves. A union may be 
installed in the discharge piping close to the valve outlet. When an elbow is placed on a safety or a 
safety relief valve discharge pipe, it shall be located close to the valve outlet downstream of the union 
to minimize reaction moment stress. 
 
 
NB07-1207 
5.3.6 INLET AND DISCHARGE PIPING REQUIREMENTS 
Replace paragraph h) with the following and re-letter the remaining paragraph to i). 
 
h)The reaction forces due to discharge of pressure relief devices shall be considered in the design of 
the inlet and discharge piping. 
 
h) i) Pressure relief devices shall be installed so they are accessible for inspection, repair, or 
replacement. 
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NB08-0901  
2.2.12.3 THERMAL FLUID HEATERS 
f) Pressure relief devices – Pressure relief valves shall be a closed bonnet design with no manual lift 
lever.  The pressure relief discharge should be connected to a closed, vented storage tank or 
blowdown tank with solid piping (no drip pan elbow, or other air gap). When outdoor discharge is used, 
the following should be considered for discharge piping at the point of discharge. 
 
NB09-0302 
2.5.6 PACKAGING, SHIPPING AND TRANSPORTATION 
b) The following practices are recommended: 
 
 3) The valve should not be picked up or carried using the lifting lever. Lifting levers should 
 be wired or secured so they cannot be moved while the valve is being shipped or stored. 
 These wires shall be removed before the valve is placed in service.  
 
NB07-1006 
 
S1.4.2.1 l) Rivet Head Wastage for Rivet Joint in Tension 
Rivet head wastage for riveted joints in tension shall not exceed 0.250d. In Fig. S1.4.2.1 l), 
h shall be equal to or greater than 0.250d where: 
 
h = average height of rivet head on circumference of diameter d 
d = shank diameter of driven rivet 
Note: This calculation is independent of the type and style of the rivet head. 
 

Figure S1.4.2.1 l) 
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NB08-2001 
 
2.3 STANDARD WELDING PROCEDURE SPECIFICATIONS (1) 

 

(1) The AWS reaffirms SWPSs in accordance with ANSI procedures.  When reaffirmation occurs without 
revision to the SWPS, the letter “R” is added to the SWPS designation following the year.  Such 
designation is considered to be identical with previously published version and may be used pending 
incorporation herein, on the same basis as the version listed in Table 2.3. 
 
NB09-0401 
 
2.5.3.2  WELDING METHOD 2 
f) The qualification thickness for the test plates and repair groove depths shall be in accordance with 
Table 2.5.3.Section IX of the ASME Boiler and Pressure Vessel Code. 
 
Table 2.5.3 
 
Base Metal  
Thickness 

Repair  
Groove 
Depth  

PQR Test  
Material Thickness 

PQR Groove  
Depth (Note 
2)

Thickness  
Qualified (Note 1) 

< 2 in. (50 
mm) 

< 1 in. (25 
mm) 

1 in. (25 mm) < 1 in. (25 
mm) 

See PQR test material 
thickness column 

2 in. (50 
mm) 

> 1 in. (25 
mm) 

Thickness of the base 
metal to be repaired 

> 1 in. (25 
mm) 

PQR test material 
thickness 

> 2 in. (50 
mm) 

1 in. (25 
mm) 

2 in. (50 mm) 1 in. (25 mm) All base metal 
thickness and  
1 in. (25 mm)  
repair groove depth 

2 in. (50 
mm) 

> 1 in. (25 
mm) 

2 in. (50 mm) > 1 in. (25 
mm) 

All base metal 
thickness and PQR 
groove depth 

Note 1: Repair groove depth is limited to the maximum depth qualified. 
Note 2: The depth of the groove used for procedure qualification must be deep enough to remove test 
specimens. 
 
2.5.3.3  WELDING METHOD 3 
f) The qualification thickness for the test plates and repair groove depths shall be in accordance with 
Table 2.5.3.Section IX of the ASME Boiler and Pressure Vessel Code. 
 
2.5.3.4  WELDING METHOD 4 
f) The qualification thickness for the test plates and repair groove depths shall be in accordance with 
Table 2.5.3Section IX of the ASME Boiler and Pressure Vessel Code.. 
 
NB05-1201  
 
3.3.3 EXAMPLES OF REPAIRS 
t) The replacement of a Pressure Relieving Device (PRD) attached by welding, provided the 
replacement device’s relieving capacity is equal to or greater than the PRD-capacity required by the 
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original code of construction. 
NB05-0122 
 
3.3.4.1 SCOPE 
Except as provided in 3.3.4.8 Aa repair of a defect in a welded joint or base material shall not be made 
until the defect has been removed. 
 
3.3.4.2 DEFECT REPAIRS 
 
a)  Cracks 
 
 Except as provided in 3.3.4.8 a repair of a crack in a welded joint or base material shall not be 
 made until the defect has been removed. 
 
d) Minor Defects 
 
 Minor cracks, isolated pits, and small plate imperfections should be examined to determine the 
 extent of the defect and whether repair by welding is required.  Except as provided in 3.3.4.8 Pprior 
 to repair by welding, the defects shall be removed to sound metal. Liquid penetrant or magnetic 
 particle examination may be used before or after welding.  
 
NB09-0701 
 

 
 
 

L= length of area to be compared 
along the axis of the component 
C= length of area to be repaired 
along outside circumference of the 
component 
W = the completed thickness of the 
overlay 
a = the angle between the component 
and the overlay (maximum 45°) 
B = ¾ √ (R t) minimum 
R = nominal outside radius of the 
component 
D = the nominal outside diameter of 
the component 
t =nominal wall thickness of the 
component 
µ = remaining wall thickness of the 
component shall be 1/16 or greater 
r = minimum radius, not less than the 
overlay thickness 
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NB05-0122 (cont.) 
 
3.3.4.8 REPAIR OF PRESSURE RETAINING ITEMS WITHOUT COMPLETE REMOVAL OF 
DEFECTS 
 

(a) There may be cases where removal of a defect in a pressure retaining item is not practical at 
the time the defect is found. In such cases, with approval of the Inspector and, when required, 
the Jurisdiction, an engineering evaluation shall be performed to determine the scope of the 
repair and impact to safety prior to returning the pressure retaining item to service for a 
specified period of time. The engineering evaluation shall be performed by an organization with 
demonstrated competency in defect (and flaw) characterization of pressure retaining items. The 
method of defect evaluation and time interval for returning the pressure retaining item back to 
service shall be as agreed upon by the Inspector, and when required, the Jurisdiction. The 
specified period of time the defect can remain in service after weld repair shall be based on no 
measureable defect growth during subsequent inspections, or a period of time as specified by 
the Jurisdiction, if applicable.  This repair method is not permitted for vessels used in lethal 
service, vessels designed for high-cycle operation or fatigue service, compressed air storage, 
and in cases where high stress concentration cannot be reduced by weld repair. This repair 
method is not permitted for DOT vessels. 

 
 
(b) One or more fitness-for-service engineering evaluation methods as described in Part 2, Section 

4, Paragraph 4.4 shall be used to determine whether the defect may remain, either in part or in 
whole, in the pressure retaining item. If it is determined that the defect can remain in the item, a 
risk-based inspection program shall be developed to assure inspection of the defect and 
monitoring of defect growth over time. This program shall be a controlled and documented 
inspection program that specifies inspection intervals as agreed upon with the Inspector and, 
when required, the Jurisdiction, and shall be maintained until the defect can be completely 
removed and the item repaired.  

 
(c) The following requirements shall apply to the weld repair of pressure retaining items without 

complete removal of defects; 
 

1)Engineering evaluation of the defect in the pressure retaining item shall be conducted using 
one or more fitness-for-service condition assessment method(s) as described in Part 2, Section 
4, paragraph 4.4. Engineering evaluation of the condition assessment results shall be 
performed by an organization that has demonstrated industry experience in evaluating pressure 
retaining items as referenced in Part 2, Supplement 5.3.  

 
2)If engineering evaluation indicates a defect can remain in the pressure retaining item, a risk-

 based inspection program shall be developed and implemented based on review and 
 acceptance by the Inspector and, when required, the Jurisdiction. The risk-based inspection 
 program shall be in accordance with the requirements in Part 2, Section 4.4. 
 
3)The fitness-for-service condition assessment and risk-based inspection programs shall remain 
in effect for the pressure retaining item until such time that the defect can be completely 
removed and the item repaired. The  fitness-for-service condition assessment method, results of 
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assessment, and method of weld repair shall be documented on a Report of Fitness for Service 
Assessment (FFSA) Form as described in Part 2, Section 4, Paragraph 4.4.1 (d) and shall be 
filed with the Jurisdiction, when required.   
 
4)When weld repairs are performed without complete removal of the defect(s), this shall be 
noted on the Form R-1 in the description of the work. The R-Stamp holder performing the weld 
repairs shall provide detailed information on the Form R-1 describing the method and extent of 
repair and include the specific location of the repair on the item. 

 
5)The interval to either re-inspect or remove the item from service for repair shall be determined 
based on a risk-based inspection program developed and implemented as required by 
Paragraph 3.3.4.8 (c) (2). The inspection interval shall not exceed the remaining  life of the item, 
and shall be documented on the FFSA Form and in the remarks section of the Form R-1. The 
FFSA Form shall be affixed to the Form R-1 when weld repairs are performed in 3.3.4.8 (c) (4). 

 
6) A copy of the completed Form R-1 with the completed FFSA Form attached may be 
registered with the National Board, and when required, filed with the Jurisdiction where the item 
was installed.  

 
NB08-0313 
 
3.3.5.2 REPAIR PLAN 
 
The user shall prepare or cause to have prepared a detailed plan covering the scope of the repair. 
 
a) Professional Engineer Review and Certification 
 
The repair plan shall be reviewed and certified by a Professional Engineer who is registered in one or 
more of the states of the United States of America or the provinces of Canada, is experienced in 
pressure vessel design, and is knowledgeable in ASME Section VIII, Division 2 or 3, as applicable an 
engineer meeting the criteria of ASME Section VIII, Division 2 or 3, as applicable, for an Engineer 
signing and certifying a Manufacturer’s Design Report ,. The review and certification shall be such as to 
ensure the work involved in the repair is compatible with the User’s Design Specification and the 
Manufacturer’s Design Report. 
 
NOTE: The Engineer qualification criteria of the jurisdiction where the pressure vessel is installed 
should be verified before selecting the certifying Engineer. 
 
NB05-1201(cont.) 
 
3.4.3 EXAMPLES OF ALTERATIONS 
e) In a boiler, an increase in the heating surface or steaming capacity as described on the original 
Manufacturer’s Data Report. such that an increase in the relieving capacity is required; 
 
i) The replacement of a Pressure Relieving Device (PRD) as a result of work completed on a Pressure 
Retaining Item (PRI) that changes the resultant capacity to exceed the Minimum Required Relieving 
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Capacity (MRRC) required by the original code of construction as described on the original 
Manufacturer’s Data Report. 
NB08-0313 (cont.) 
 
3.4.4.1 ALTERATION PLAN 
a) Professional Engineer Review and Certification 
 
The alteration plan shall be reviewed and certified by a Professional Engineer who is registered in one 
or more of the states of the United States of America or the provinces of Canada, is experienced in 
pressure vessel design, and is knowledgeable in ASME Section VIII, Division 2 or 3, as applicable. an 
engineer meeting the criteria of ASME Section VII, Division 2 or 3, as applicable, for an Engineer 
signing and certifying a Manufacturer’s Design Report. The review and certification shall be such as to 
ensure the work involved in the alteration is compatible with the user’s design specification and the 
Manufacturer’s Design Report. 
 
NOTE: The Engineer qualification criteria of the jurisdiction where the pressure vessel is installed 
should be verified before selecting the certifying Engineer. 
 
b) User’s Design Specification 
 
If the alteration is such that the work is not compatible with or changes one or more requirement(s) of 
the original user’s design specification, the user’s design specification shall be revised by the user with 
the new parameters or changes. The revisions shall be certified by a Professional Engineer who is 
registered in one or more of the states of the United States of America or the provinces of Canada, is 
experienced in pressure vessel design, and is knowledgeable in ASME Section VIII, Division 2 or 3, as 
applicable.an Engineer meeting the criteria of ASME Section VIII, Division 2 or 3, as applicable, for an 
Engineer signing and certifying a Manufacturer’s Design Report. 
 
NOTE: The Engineer qualification criteria of the jurisdiction where the pressure vessel is installed 
should be verified before selecting the certifying Engineer. 
 
 
c) Manufacturer’s Design Report 
 
The “R” Certificate Holder shall prepare or cause to have prepared a supplement to the manufacturer’s 
design report to reconcile the new parameters or changes with the user’s design specification.  
The supplement to the manufacturer’s design report shall be certified by a Professional Engineer who 
is registered in one or more of the states of the United States of America or the provinces of Canada, is 
experienced in pressure vessel design, and is knowledgeable in ASME Section VIII, Division 2 or 3, as 
applicablean Engineer meeting the criteria of ASME Section VIII, Division 2 or 3, as applicable, for an 
Engineer signing and certifying a Manufacturer’s Design Report. 
 
NOTE: The Engineer qualification criteria of the jurisdiction where the pressure vessel is installed 
should be verified before selecting the certifying Engineer. 
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FIGURE 5.9.6-b 
Required markings for alterations, with use of 
National Board Form R-2. 
 
ALTERED BY        
   
                      CERTIFICATE HOLDER 
                   
   M.A.W.P              P.S.I 
     
 
   AT           F  
 
    
         * Minimum Required Relieving Capacity 
  
 
National Board “R”  Date Altered  
Certificate Number 

FIGURE 5.9.6-c 
 
Required markings for re-ratings, with use of 
National Board Form R-2. 
 
RE-RATED BY   
           CERTIFICATE HOLDER
  
           M.A.W.P              P.S.I    
  
 
   AT           F  
 
 
           *Minimum Required Relieving 
Capacity   

 
National Board “R”  Date Altered 
Certificate Number    

 
 
NB05-1201 (cont.) 
 
5.2.2 PREPARATION OF FORM R-2 (ALTERATIONS) 
b) The information describing an alteration to a pressure-retaining item shall be identified on the Form 
R-2 with a complete description of the scope of work for physical or non-physical changes.  When the 
scope of work represents a change that will increase the Minimum Required Relieving Capacity 
(MRRC) of a pressure retaining item, such as a change in heating surface, Maximum Designed 
Steaming Capacity (MDSC), or Btu/hr (W) heating capacity, the new MRRC shall be documented on 
the Form R-2 and indicated on the appropriate nameplate of Figure 5.9.6-b or Figure 5.9.6-c. 
 
bc) Final preparation of Form R-2, including the gathering and attaching of supporting reports, shall be the 

responsibility of the “R” Certificate Holder that performed the construction portion of the alteration. The 
construction organization shall complete the Form R-2 provided by the design organization, including 
the “Construction Certificate” section. An Inspector shall indicate that the work complies with the 
applicable requirements of this code by completing and signing the “Certificate of Inspection” section of 
the form. When no construction work is performed (e.g., a re-rating with no physical changes), the “R” 
Certificate Holder responsible for the design shall prepare the Form R-2, including the gathering and 
attaching of supporting reports. 

 
 cd) The following shall be attached to and become a part of the completed Form R-2: 
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*NOTE: a) Not required when the scope of work does not change 
 the Minimum Required Relieving Capacity. 
 
 b) If the line identifying Minimum Required Relieving Capacity 
 is represented on the nameplate and the scope of work does 
 not affect the Minimum Required Relieving Capacity, the line shall be 
 “X’d” to represent “no change”. 
 
 c) Minimum Required Relieving Capacity may be abbreviated 
 to M.R.C.C.  
 
NB08-1601  
S1.1.3.1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Application 
 

Specification 
 

Boiler Tubes & 
Flues, Arch Tubes 
Superheater Units 

SA-178 Grade A, 
SA-192, SA-210 

Boiler & Firebox Plate, Pressure Retaining 
Plate 

SA-285 Grade C, 
SA-515, SA-516, 
SA-203, SA-204 

Welded Staybolts SA-675, SA-36, 
ASTM A -31  SA-31 Grade B 

Threaded Staybolts SA-31 Grade A 
 SA-675 with a tensile strength of 
47,000 psi to 65,000 psi 
inclusive 

Staybolt Sleeves and Caps SA-105 Forging, 
SA-675 

Boiler Braces SA-675, SA-36 
Rivets SA-675, 

SA-31 
Forged Parts & Fittings SA-105, SA-181 
Pressure-Retaining 
Steel Castings 

SA-216, A-217 

Hollow Cylindrical 
Pressure-Retaining 
Parts 

SA-105 Forgings, 
SA-675 Bar Stock 

Superheater Unit Bolts 
& Nuts 

Bolts - SA-193, 
Nuts - SA-194 

Pipe Flanges SA-181, SA-105 
Pipe SA-106, SA-53 

Seamless 
Bronze Castings &  
Washout Plugs 

SB-61, SB-62, SB-148 
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d) When staybolt material tensile strength is stronger than that of the firebox sheets, the firebox sheets 
deflect instead of the staybolts, which can result in the sheets developing cracks and leaking staybolts. 
In addition, high tensile strength steels are difficult to drive. Maximum allowable tensile strength shall 
be 7,500 psi (51.71 MPa). 
 
 
 
NB08-0313 (cont.) 
 
S4.6  VESSELS FABRICATED USING ELEVATED TEMPERATURE CURED RESIN  SYSTEMS 
1) 1) Calculations must be submitted by a Professional Engineer (P.E.) experienced in the field of 
 FRP vessels. See S4.17.4.an Engineer meeting the ASME Section X criteria for an Engineer 
certifying ASME Section X compliance of the calculations contained in the Fabricator’s Design Report. 
 
NOTE: The Engineer qualification criteria of the jurisdiction where the pressure vessel is installed 
should be verified before selecting the certifying Engineer. 
 
S4.16.3 REPAIR PLAN 
When repairs other than those defined in S4.16.4 are being made to ASME Section X or RTP-1 
stamped equipment, the user shall prepare or cause to have prepared a detailed plan covering the 
scope of the repair. 
 
a) Professional Engineer Review and Certification 
The repair plan shall be reviewed and certified by a Professional Engineer who is registered in one or 
more of the states of the United States of America or the provinces of Canada and is experienced in 
reinforced plastic vessel design.an Engineer meeting the ASME Section X criteria for an Engineer 
certifying ASME Section X compliance of the calculations contained in the Fabricator’s Design Report. 
The review and certification shall be such to ensure that the work involved in the repair is compatible 
with the User’s Design Specification or User’s Basic Requirements Specification and the 
Manufacturer’s Design Report. The certification shall also include any drawings and calculations 
prepared as part of the repair plan. 
 
NOTE: The Engineer qualification criteria of the jurisdiction where the pressure vessel is installed 
should be verified before selecting the certifying Engineer. 
 
S4.17.3 ALTERATION PLAN 
The user shall prepare or cause to have prepared a detailed plan covering the scope of the alteration. 
a) Professional Engineer Review and Certification 
The alteration plan shall be reviewed and certified by a Professional Engineer (P.E.) who is registered 
in one or more of the states of the United States of America or the provinces of Canada and is 
experienced in reinforced plastic vessel design.an Engineer meeting the ASME Section X criteria for an 
Engineer certifying ASME Section X compliance of the calculations contained in the Fabricator’s 
Design Report.  The review and certification shall be such as to ensure that the work involved in the 
alteration is compatible with the user’s design specification and the Fabricator’s Data Report. 
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NOTE: The Engineer qualification criteria of the jurisdiction where the pressure vessel is installed 
should be verified before selecting the certifying Engineer. 
 
S4.17.4 CALCULATIONS 
A set of calculations shall be completed prior to the start of any physical work. All design work shall be 
completed by an organization experienced in the design portion of the standard used for the 
construction of the item. All calculations for ASME Code Section X and RTP-1 alterations shall be 
certified by a P.E. experienced in reinforced plastic vessel design.an Engineer meeting the ASME 
Section X criteria for an Engineer certifying ASME Section X compliance of the calculations contained 
in the Fabricator’s Design Report. All calculations shall be made available for review by the Inspector. 
 
NOTE: The Engineer qualification criteria of the jurisdiction where the pressure vessel is installed 
should be verified before the selecting the certifying Engineer. 

 
NB07-1901 

SUPPLEMENT 10 REPAIR AND ALTERATIONS OF PRESSURE VESSELS IN 
LIQUEFIED PETROLEUM GAS SERVICE 

 
S10.1 SCOPE 

This Supplement provides general and specific requirements that apply to the repairs or 
alterations to pressure vessels designed for storing Liquid Petroleum Gas (LPG) and 
fabricated in accordance with the ASME Boiler and Pressure Vessel Code, Section VIII, 
Division 1 or the API-ASME Code for Unfired Pressure Vessels for Petroleum Liquid and 
Gases. When the standard governing the original construction is not the ASME Boiler 
and Pressure Vessel Code, Section VIII, Division 1 or the API-ASME Code for Unfired 
Pressure Vessels for Petroleum Liquid and Gases the requirements of paragraph 1.2 b), 
Part 3, Section 1 shall apply.  In addition to this supplement, the applicable paragraphs 
of Part 3 of the NBIC shall be met. Vessels used for anhydrous ammonia service shall 
not be considered for repair or alteration in accordance with this Supplement. 

 
S10.2 GENERAL AND ADMINISTRATIVE REQUIREMENTS 

a) Refer to Section 1 of this Part for all applicable post construction activities pertaining 
to general and administrative requirements. 

b) Repairs or alterations shall conform to the edition of the ASME Code or standard 
most applicable to the work. 

 
S10.3 WELDING  

Refer to Section 2 of this Part for all applicable post construction activities pertaining to 
welding requirements. 
 

S10.4 REQUIREMENTS FOR REPAIRS AND ALTERATIONS  
a) Refer to Section 3 of this Part for all applicable post construction activities pertaining 

to requirements for repairs and alterations. 
1) Excluded is Part 3, Section 3, Paragraph 3.3.4.8 Repair of Pressure Retaining 

Items without Complete Removal of Defects. 
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b) Radiographic or Ultrasonic Examinations are considered to be suitable alternative 
Nondestructive Examination methods to assure complete removal of the defect as 
described in paragraph 3.3.4.1 of this Part. 

 
S10.5 EXAMINATION AND TESTING 

Refer to Section 4 of this Part for all applicable post construction activities pertaining to 
examination and testing. 

 
S10.6 CERTIFICATION / DOCUMENTATION AND STAMPING 

a) Section 5 of this Part is applicable for all post construction activities pertaining to 
certification / documentation and stamping. 

b) The “R” Certificate Holder shall assure all repairs or alterations involving a change to 
the following are recorded on the proper NBIC Form and marked on the NBIC 
nameplate or stamping without changing the required format of the NBIC markings. 

1) Service for which the container is designed (for example, underground, 
aboveground, or both) 

2) Dip tube length.  
3) Maximum filling limit with liquid temperature reference. 

 
S10.7 INSPECTION 

Refer to Supplement 7 of Part 2 Inspection, for all applicable post construction activities 
pertaining to inspection. 

 
S10.8 COATINGS 

When coatings are reapplied the user should verify the coating is compatible with any 
coating that remains intact and is suited for the intended service application. 
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Glossary 

 
Alteration — Any change in the item described on the original Manufacturer’s Data Report that which 
affects the pressure retaining capability of the pressure-retaining item. (See sub-section 3.4.3, 
EXAMPLES OF ALTERATIONS)Nonphysical changes such as an increase in the maximum allowable 
working pressure (internal or external), increase in the design temperature, or a reduction in minimum 
temperature of a pressure-retaining item shall be considered an alteration. 
 
 
Confined Space- Work locations considered “confined” because their configurations hinder the 
activities of employees who must enter, work in and exit them.  A confined space has limited or 
restricted means for entry or exit, and it is not designed for continuous employee occupancy.  Confined 
spaces include, but are not limited to underground vaults, tanks, storage bins, manholes, pits, silos, 
process vessels, and pipelines.  Regulatory Organizations often use the term “permit-required confined 
space” (permit space) to describe a confined space that has one or more of the following 
characteristics: contains or has the potential to contain a hazardous atmosphere; contains a material 
that has the potential to engulf an entrant; has walls that converge inward or floors that slope downward 
and taper into a smaller area which could trap or asphyxiate an entrant; or contains any other 
recognized safety or health hazard, such as unguarded machinery, exposed live wires, or heat stress.  
Confined space entry requirements may differ in many locations and the Inspector is cautioned of the 
need to comply with local or site specific confined space entry requirements. 
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