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Guidelines for replacement of generating bank tubes 
with expanded joints in two-drum boilers  
 
 
Scope 
 
This Technical Information Paper provides guidelines for the removal and replacement of generating bank tubes 
with expanded joints in two-drum power and recovery boilers. In a two-drum boiler, the seal between the generating 
tubes and the drums is created by either mechanically rolling or hydraulically expanding the tubes into the tube 
seats. Replacement of the tubes requires removal of the existing tubes, cleaning, inspection, reconditioning the tube 
seats in the drum (if necessary), and rolling or expanding in new tubes. There are numerous problems that can result 
from this process. These include: 
 
• Leaking tube seats due to tube seat damage, or insufficient expansion or wall reduction of the tubes 
• Shoulders on tube counter bores, providing stress risers for tube cracking 
• Severe cutting from rolling equipment, providing stress risers for tube cracking 
• Non-concentric tube counter boring resulting in inconsistent tube wall thickness and reduced corrosion 

allowances 
• Tube rolling problems from tubes that are too hard that cause localized spalling on the inside of the tubes or 

leaks at the drum seat. 
 
The objective of these guidelines is to minimize the potential for these and other problems by providing mill 
personnel with the information necessary to develop a well-defined material specification, project scope, and 
necessary quality control measures for proper execution of this work.  
 
These guidelines include discussion of both the traditional mechanical rolling method for expanding generating 
tubes into drums as well as recent developments in the use of hydraulic expansion. 
 
Safety precautions 
 
Beyond normal safety precautions undertaken when performing work on a boiler, there are no additional 
precautions required for tube rolling. Normal safety precautions should include consideration of the potential for 
falling objects in the lower furnace and boiler back-pass during demolition and installation of new tubes. 
Contractors should be aware that dropping objects in tubes or downcomers can cause damage to the boiler. 
 
Early contractor involvement 
 
Involvement of the installation contractor during the early stages of a project can significantly improve the chance 
for having a successful project. Because of the long lead times for replacement tubing, mills will often order tubing 
before getting input from the installation contractor. Contractors should be aware of possible drum movement that 
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can change the lengths of the tubes required. If the tubes are too short, the tubes can not be rolled properly. If the 
tubes are too long, the ends will need to be cut to remove excess material. Contractors know the limitations of the 
rolling or expanding equipment and can provide valuable input on various tubing parameters such as recommended 
grades of material, maximum wall thickness, preferred method of swaging, and maximum material hardness. 
Matching the tube material to rolling/expanding equipment will minimize the potential for problems during tube 
installation or during future operation. If it is necessary to order material before selecting a contractor, the material 
specifications should still be reviewed with the prospective contractors to obtain their input. Contractors should also 
be made aware of existing tube plugs in the generating bank and thermal protection (refractory) on the drum which 
may impact the execution of the tube replacement project. 
 
Project scope 
 
A well-defined project scope is necessary for a successful project. All project participants including the original 
equipment manufacturer (OEM), the tube supplier, and the boilermaker contractor should be involved in scope 
planning and review. The project scope should include detailed descriptions and specifications. The use of generic, 
subjective or descriptive terminology, such as “snug, secure, tight, clean, round,” etc. should be avoided and 
replaced by quantitative measures wherever practical. 
 
Contractor selection 
 
Contractor qualifications and how the contractor trains and qualifies the workers employed on the project are 
extremely important. Detailed discussions with each potential contractor should cover the following points: 
 

• Contractor performance on previous projects of similar scope. This is the most effective method of 
evaluating a contractor. References for previous projects should be contacted directly. A check of the 
contractor’s safety record should be included.  

 
• Supervisors and their previous relevant experience. The experience and qualifications of the on-site 

supervision is one of the most important criteria for selection of a contractor. 
 
• Work force size and experience. This includes proposed crew sizes, number of supervisors per crew and 

worker qualification procedures.  
 
• Use of mock-ups. Mock-ups that simulate conditions in the boiler can be used to great advantage, 

especially for qualifying workers for removal of tube stubs and for tube rolling. 
 

• Written procedures and documented training. The contractor should have written procedures covering the 
following process steps: 

 
• New tube inspection  
• Tube removal including physical removal from boiler 
• Drum hole cleaning and inspection 
• Drum hole measurement 
• Drum hole repair procedures, including applicable welding procedures 
• Tube end cleaning 
• Tube placement and alignment 
• Tube expansion and quality control methods 

 
These written procedures should be used for training of the work force. 
 

• Quality procedures and staffing. It is important that the owner and contractor are in agreement on the QA 
procedures. The technique dependence of most of the procedures employed makes it highly advisable to 
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require a complete QA staff on all shifts. Lack of adequate QA staffing on the night shift can have an 
adverse affect on the project schedule. 

 
• Amount and condition of the equipment to be provided. An adequate number of properly functioning tools 

such as expanders, replacement rollers, mandrels, rolling motors, tuggers, etc. must be on hand to meet the 
job schedule. Equipment should be inspected and tested prior to shipment to the job site. 

 
• Subcontracted work. The owner should retain the right to approve all subcontractors when contracted 

through the prime contractor responsible for the execution of the overall project. 
 
Once a contractor has been selected, a detailed job plan and schedule should be developed and agreed upon. The job 
plan should include a detailed safety program and the QA/QC program. 
 
Tube material specification 
 
The tubing specification should contain two sections – one covering manufacture of the straight tubing and the 
second covering fabrication into generating bank tubes. The tube material specification applies to manufacture of 
the straight tubing by the tubing manufacturer and covers basic tube material properties and quality requirements. 
The tube fabrication portion of the specification covers fabrication of the straight tubing into generating bank tubes 
and covers the bending, swaging and annealing processes. Normally the generating tubes are ordered from the 
fabricator who in turn orders straight tubing from a tubing manufacturer. The specification should emphasize that it 
is the fabricator’s responsibility to insure that the tubing meets the tube material specification; however the owner 
should maintain an active involvement in the QA/QC program including tube manufacturing.  
 
When developing the tube material specification, consideration should be given to upgrading the tube material 
and/or increasing the wall thickness to address the specific problems that made tube replacement necessary. (Check 
with the original equipment manufacturer for their recommendations and with the boilermaker contractor relative to 
any installation issues related to changes in material grade or thickness.) TAPPI TIS 0402-13 “Guidelines for 
specification and inspection of electric resistance welded (ERW) and seamless boiler tube for critical and non-
critical service” should be consulted if ERW tubing is to be used. The tube material specification should include: 
 

• Material type, per ASME/ASTM standards  
• Wall thickness  
• Tubing supplier restrictions, if any 
• Acceptability of unscheduled butt welds to achieve length (generally not accepted) 
• Quality requirements, including non-destructive examination (NDE) procedures and acceptance criteria 
• Requirements for on-site inspection by the Owner or Owner’s representative during the manufacturing 

process. 
• Requirements for necessary documentation (Material Test Reports) and tube markings (heat number, tube 

location number, top/bottom). 
 
 
Generating bank tube fabrication 
 
The specification for fabrication of the generating bank tubes should include the following: 
 
Scope 
 
The scope should specify how much of the generating bank is to be replaced, whether the generating bank side wall 
tubes are to be included, and how much spare tubing should be ordered. (Spare tubing is required in case of 
problems during fabrication or damage during shipping or installation.)  The scope should also include quantity and 
materials of construction of required non-pressure parts such as vibration bars, lugs, U-bolts, casing, etc. 
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Drum dimensions, drum centerlines, tube hole details  
 
Fabricators other than the OEM will require information including drum dimensions, drum centerlines, tube hole 
dimensions, use of counterbores, tube spacing, tube geometry, etc. in order to design and fabricate replacement 
generating bank tubes. Detailed drawings should be included in the specification if they are available. 
 
Tube lengths  
 
Tubes must be accurately characterized with respect to their true length, which may differ from the nominal length 
on the drawings if the drums have shifted. The most direct method to determine this is to measure actual tube 
lengths with a tape measure down the inside of different tubes at several locations along the length of the drum. An 
alternative method is to survey the drums. If there is any uncertainty regarding the length of replacement tubes, it is 
good practice to add an inch or two of length to the swaged ends of the tubes. Once some of the tubes are stuck in 
the drum and the required length is determined, the other matching tubes should be trimmed prior to staging rather 
than trimming them after they are in the drum. The length of the swaged portion of the tube at the steam drum end 
may be increased for ease of installation. This should be discussed with the contractor and owner before the tubing 
is ordered 
 
Schedule 
 
The specification should include the date of the outage as well as the date that the material is required on site. The 
on-site date should include sufficient time for inspection and staging of the material prior to the start of the outage. 
Penalties for late delivery of material should be specified. 
 
Swaging  
 
The swaged portion of the tube should be drawn to the desired dimensions. The use of an internal mandrel during 
the swaging process is recommended to help assure dimensional uniformity for the completed swages. 
Manufacturing procedures that utilize counter-boring the ID or machining the OD should be very carefully 
evaluated because of the potential for internal shoulders at the end of the counter bore and problems with 
eccentricity of the bored ends. The tube ends shall be square. All burrs, sharp edges, gouges, surface laminations 
and other potential stress risers shall be removed. The swaged portion shall be free of all oils or other compounds 
used in the swaging process. Residual oil remaining in the tubes after swaging (especially bent tubes) should be 
drained and/or cleaned chemically to remove the oil prior to drum insertion. Smoothness of inside of tubes in 
swaged areas will affect rolling/expanding of tubes into drums. 
 
Annealing 
 
There is normally some work hardening of the tube ends during the swaging process. After swaging, the tube ends 
shall be annealed to a maximum hardness specification. All of the tube ends (100%) should be hardness tested 
following the annealing process to insure that the material is suitable for expanding, with additional testing 
performed if initial samples indicate hardnesses outside the acceptable range.  
 
Tube bend tolerances 
 
Bends should be free of dents, kinks (collapsed wall) and excessive wrinkling. Wrinkle (corrugation) size 
(amplitude) at the inside radius of the bend and thinning at the outside radius of the bend must not exceed 12.5% of 
the tube wall thickness. Tube dimensions should be checked before and after bending. A full sized, side view 
template of the generating bank should be laid out on the shop floor to verify tube length and bend angles for the 
complete set of tubes. Laying out one of each tube pattern on the template will insure that no errors were made 
during detailing or manufacturing and that the tubes will nest together correctly when installed. 
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Dimensional, finish, and hardness tolerances 
 
Note: Items in italics in Table I are for example only.1 
 
 
Table 1. Specifications 

 
Item Example Specification 
Method of Swaging. The swaged portion of 
the tube should be drawn to the desired 
dimensions. Manufacturing procedures 
that require counter boring the ID or 
machining the OD are not recommended 
because of the potential for internal 
shoulders at the end of the counter bore 
and problems with eccentricity of the bored 
end. Swaged area OD variance: 

± 0.010 in. 

Swaged area length variance +½ in. 
Tube thickness in swaged area 0.180 in. max. 
Tube thickness in swaged area variance +0.010 in./ -0.000 in. 
Swaged area OD finish 250 microns min. 
Swage ovality variance ±0.010 in. max. 
Swage eccentricity variance ±0.010 in. max. 
Bend angle tolerance ± 1/8 in. from vertical 
Lubricant used during swaging Easily removed during boil-out 
Tube ends Square and free of burrs 
Swaged area heat treatment      Rockwell B hardness, 75 maximum +0, -15 
Gouges inside of swaged area None 
Gouges outside of swaged area <0.20 in. deep with round bottom & < 2 in. 

long 
Shop sounding of all tubes Yes 
Shop non-destructive testing Owner retains copy of records 
Dimensions checked before and after 
bending. A full sized, side view template of 
the generating bank should be laid out on 
the shop floor and a complete set of tubes 
should be checked against the template to 
verify tube length and bend angles. This 
eliminates the possibility that an error was 
made in calculating tube length, bend 
angle, or bend location, which could result 
in a tube correctly matching a template but 
not fitting into the generating bank. 

Results documented 

Bends Free of kinks (collapsed wall) and dents. 
Corrugations (wrinkles) must be less than 
12.5% of the minimum wall thickness. 
Ovality and wall thickness tolerances must 
be maintained.  

Fabricators QA requirements Procedures documented and followed 
Owners QA requirements Sampling frequency, shop visits, etc. 

 

                                                 
1 Metric conversion: in. × 2.54 = cm. 
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