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1.0 SCOPE 
1.1 This specification covers the fabrication, erection and the testing requirements 

regarding coils for fired heaters. 
1.2 Coils shall conform to applicable clauses of ASME B 31.3, ASME Sec. VIII Div.1, 

ASME Sec. IX, ASME Sec. I and IBR, wherever applicable. 
1.3 The above referenced codes shall be considered as follows: 

 
ASME B 31.3  For fabrication and erection and for acceptance 

criteria. 

 
ASME Sec. VIII Div.1, 
(Paragraph UW-51 and UW-
52) 

 For Radiography requirements. These will be 
read in conjunction with ASME B 31.3 as 
applicable. 

 
ASME Sec. IX  For welding procedure and performance 

qualification. 

1.4 When ASME Power Boiler Code / Indian Boiler Regulations/ ISO are specified, coils 
shall conform to their specific requirements and to such portions of this specification 
which do not conflict.  In case of conflict, more stringent requirements shall apply 
and clarifications on above will be given by Jacobs through Engineer-in-Charge. 

1.5 In addition to the requirements of these specifications, instructions of the Engineer-
in-charge shall be followed. 

  
2.0 FABRICATION AND ERECTION 
2.1 The coils shall be fabricated in assemblies as per requirement of material requisition 

and standards. 
2.2 The tolerances permitted on the fabricated assemblies are as under : 
  : 0.5 mm 
 C/C of tubes abov  : 1.0 mm 
 TCD of VC Heater upto 3 m dia : 3.0 mm 
 TCD of VC Heater above 3 m dia : 6.0 mm 
 TCD of Helical Coils : 4.0 mm 
 Tube centre line to wall surface for 

vertical tubes 
: 4.0 mm 

 Out of vertical plane for horizontal 
tubes 

: 5.0 mm 

 Out of plumb for vertical tubes : 3.0 mm 
 Deviation from straightness of tubes : L/1000 or 5 mm whichever is lower. (L 

is the length of the tube. 
 Coil thinning at any cross section in 

case of helical coil 
: 4% of specified thickness. 

 Maximum wall thickness at any : As per applicable ASTM std. 
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cross section 

 Flattening of cross section, i.e., the 
difference between max. and min. 
diameters at the section 

: Lower of following :  
i) 8% of the nominal ON 
ii) 2 D/R, where D is the nominal dia. 

of the tube and R, the mean 
radius of bending. 

2.3 Required supports, jigs, tools, tackles, etc., to avoid damage and distortion towards 
fabrication, handling, transportation, erection, etc. shall be designed by the 
Contractor and got approved from Engineer-in-Charge. 

2.4 Prior to welding, the protective grease coating shall be thoroughly removed (using 
chemical solvent/cleaning agents of approved quality) and wire brushed to clean 
metal. Outside/inside surface of coil shall be wire brushed to clean metal. 

2.5 For bending (hot or cold) of coil wherever required, Contractor shall submit in detail 
the bending or rolling method and heat treatment that may be required.

 This shall be got approved from the Engineer-in-Charge. Bending of coil shall not be 
less than 5 times the diameter of the tube/pipe. 

2.6 required, then arrangements for the same are to be worked out 
by the contractor and got approved from the Engineer-in-Charge. 

2.7 Lugs, pads, spigots, couplings, anchors, guides etc., attached to coil shall be welded 
to coils as per the details given in the relevant standards. 

2.8 Cross overs at Field Fit Joints position shall be fabricated sufficiently large so that 
final cutting in exact length and positioning in-situ after alignment is possible. 

2.9 Erection of coils shall be done by the normal approved erection procedures and to 
the requirements given in the drawings. 

2.10 Prior to erection of coils, tube supports shall be aligned perfectly in one straight line 
and shall be absolutely horizontal.  Final alignment shall be done by a spirit level.  
The use of fillers of any kind is prohibited.  Perfect contact between coils and 
supports shall be achieved by grinding of supports.  Coils shall rest uniformly over all 
the supports. 

2.11 For coil fabrication or erection fit up, it is recommended that after correct line up, 
components are tack welded together and as welding of root pass progress, tacks 
are ground off. On completion of root pass, dye check shall be made and spot 
radiography taken to ensure good root pass penetration and also to check root 
concavity, which should be avoided.  Acceptance, rejection, repairs, etc. shall all be 
done as detailed in other paragraphs and as approved by the Engineer-in-Charge. 

2.12 All materials shall be stored fully protected. 
2.13 Coil welding, assembly, testing and connected works also form part of fabrication 

and erection. These shall be carried out in line with the requirements of this 
specification shall be kept available for examination at all times. 
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2.14 Records as may be necessary to verify conformance of material and fabrication to 

the requirements of this specification shall be kept available for examination at all 
times. 

  
3.0 COIL ASSEMBLY 
3.1 ther forms as per the drawings.  

Deviations to the same will not normally be considered except in special cases and 
such changes are to be got approved from JACOBS. 

3.2 Clauses given for fabrication, erection and welding shall be considered for 
assemblies also. 

  
4.0 WELDING 
4.1 General 
4.1.1 The welding of coil/coil assemblies at shop and at site shall be done in accordance 

with the details given in this paragraph. 
4.1.2 Actual welding shall proceed only after all the requirements are met and the joints to 

be welded are certified for welding in all respects. Welding shall be done in clean 
environment. 

4.2 Procedure Qualification 
4.2.1 All welding shall be performed in strict accordance with welding procedures qualified 

in accordance with ASME Section-IX and as specified in this specification/drawing. 
4.2.2 The Contractor shall submit the welding procedure proposed to be adopted by him 

together with relevant detail of joint preparation etc.  

 
Engineer-in-charge or his inspector will review, check and approve the welding 
procedure after conducting such qualification tests as necessary and decide on the 
procedure to be finally adopted.   

 
Tests shall be performed in all cases on specimens depending on the type of 
materials, operating conditions and requirements laid down in the detailed drawings 
and specifications.  Procedure approved by Engineer-in-Charge shall be adopted. 

4.3 Welding Performance Qualification 
4.3.1 All welding including non-pressure welds shall be performed by welders qualified 

under ASME Section IX. All operators shall be required to qualify with the procedure, 
materials and wall thickness range which are used for coils. 

 Inspectors shall witness the test and certify the qualification of each welder. Only 
welders approved by the inspector shall be employed. Contractor shall submit the 
welders qualification report before the commencement of work. 

4.4 Filler wire and Electrode Material 
4.4.1 The deposited weld metal for all welds shall conform to the chemical and physical 

requirements of the base metal to produce sound welds. When a different filler metal 
composition from the base metal is desired, the proposal shall be followed only after 
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getting express written approval JACOBS. 

4.4.2 The choice of electrodes and filler wires shall be made after conducting initial 
qualification tests in accordance with the specifications to which they conform. These 
shall vetted by the Engineer-in-Charge and / or his inspector. The Contractor shall 
submit Batch Certificates from electrode manufacturer giving details of chemical and 
physical tests carried out by him for each batch of electrode supplied for the job. 

4.4.3 The electrode shall be stored properly to prevent moisture absorption and shall be 
handled in such a manner as to avoid damage to the coating. Electrode 

he instructions of the Engineer-in-Charge 
shall be followed in all respects including storing of electrode in holding ovens, and 
out-of the oven time of electrodes before they are consumed. 

4.4.4 Electrodes and filler wires shall be free of rust, oil, grease, earth or any other matter, 
which could be harmful for the quality of welding. 

4.5 Edge Preparation 
4.5.1 The profiles of welding grooves shall be as shown in the drawing or as per ASME 

B16.25 and shall be approved by the Engineer-in-Charge. 
4.5.2 The edges or surfaces of the parts to be welded shall be prepared by grinding / 

machining. All surfaces shall be cleaned to remove dust, oil or rust by light grinding 
and using suitable solvents. All defects shall be removed by grinding. When the 
outside surface of the tube is not suitable, it may be machined to sound metal when 
making the weld preparation. 

4.5.3 Where required, pipes may be cut by machining, grinding, flame cutting, plasmas or 
combinations thereof and as approved by Engineer-in-charge. Where flame cutting 
method is used, the metal shall be preheated prior to cutting in accordance with the 
Appendix 9.3 at end of this spec. Arc cutting is generally not allowed except in 
special cases and until detailed procedure is approved in writing. After cutting, the 
joint surface shall be ground to bright metal prior to welding. The extent of grinding 
shall be enough to remove the heat affected zones in the case of thermal, plasma 
and arc cut surfaces, and the same shall be demonstrated to the satisfaction of the 
Engineer-in-charge. 

4.5.4 Where required, the Contractor shall prepare the ends which are to be welded by 
others, Detail shall be as given in the drawing. 

4.5.5  Where special welding / joint details are specified, weld joint geometric and groove 
profiles shall conform to drawings unless approved in writing prior to welding. 

4.6 Weld Joint Completion 
4.6.1 Welded joints shall have complete penetration and fusion. All welds shall have 

complete fusion at the root. The internal surface shall be free of oxide. 
4.6.2 Weld grooves shall be completely filled such that the surface of the weld metal at 

any point does not fall below the surface of the adjacent pipe. The root penetration 
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shall be limited to the requirements of applicable codes. 

4.6.3 Weld reinforcements shall not p

surface of the weld shall blend smoothly into the adjacent base metal surface.  
Undercuts shall not exceed 0.8 mm or 12.5% of the wall thickness whichever is less.  
Length of undercuts shall be limited to the requirements of applicable codes and 
must be reviewed by the Engineer-in-Charge. 

4.6.4 The cover pass and base metal adjacent to all welds shall be suitable for dye 
penetrant examination. 

4.6.5 Completed joints shall be thoroughly cleaned to remove all dirt, slag, weld spatter, 
etc., by means of stainless steel wire brushes. 

4.6.6 For Inconel, Incolony and Austenitic Stainless Steel coils, care shall be taken that 
wire brushes shall be stainless steel and not previously used on materials other than 
stainless steel or nickel-based alloys. 

4.6.7 Completed joints shall be inspected to requirements laid down in para 5.0 and 6.0 of 
this specification. Welds joining steels of dissimilar alloys will be examined by the 
method required for steel having the higher alloy content. However, the proposed 
inspection method for dissimilar joints shall be got cleared from Jacobs. 

4.7 Welding Process 
4.7.1 The welding shall be shielded metal arc welding with root pass by GTAW process for 

alloy and stainless steel. For carbon steel, the root pass may be either shielded 
metal arc or GTAW process. 

4.7.2 For shielded metal arc welding process, flux covered electrodes shall be used. Full 
side-to-side weaving of the electrode shall be employed for the filler passes.  

 Other welding processes may be used in special cases subject to the approval of the 
Engineer-in-charge in special cases. 

4.7.3 Purging inside the tubes for TIG welding shall be done with Argon of 99.98% purity.  
Shielding Argon shall have 99.995% purity. Rate of flow shall be as established 
during the procedure qualification testing. 

4.7.4 The welding consumables shall be as described in Appendix 9.2 of this spec. Guide 
and support lugs, except carbon steel to carbon steel shall be welded with 
electrodes conforming to class EniCrFe-3 (Inconel 182), or an equivalent approved 
by JACOBS. 

4.7.5 Backing strips or consumable inserts shall not be used. Vertical down technique or 
welding shall not be used for tubes in horizontal position unless specially permitted 
by the Engineer-in-Charge. 

4.7.6 Coil groove welding procedure shall be selected in accordance with Appendix 9.1 of 
this specification. 

4.7.7 Welding procedure for welding bridging pieces shall be as follows : 
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4.7.7.1 Complete the tube weld joint following the procedure given in other clauses of this 

specification; with preheat PWHT requirements as per Appendices 9.3 and 9.4 
respectively. 

4.7.7.2 After the welding of the joint and PWHT, hardness check, radiography, repair if 
required, etc. shall be performed and sound joint assured.  Post weld heat treatment 
shall be repeated after the repairs. 

4.7.7.3 Weld the bridging pieces, as specified in the clauses 4.7.7.4 to 4.7.7.7 
4.7.7.4 C.S., C-1/2 Mo & SS tubes 
 Weld continuously only one run using stringer head technique with a thin electrode 

(less than 2.0 mm dia) with the size of weld restricted to 2 or 3 mm. No preheating 
and PWHT required. 

4.7.7.5 Cr-Mo tubes: 
 Preheat the tube around bridging pieces location to approximately 125 deg.C weld 

bridging pieces with one run only using a stringer head technique with a thin 
electrode. Wrap the completed joint with insulating blanket and allow gradual 
cooling.  No PWHT, hardness check, and radiography required. 

4.7.7.6 Bridging pieces shall be spaced as close as possible, depending upon the tube 
diameter and as detailed in HMTD standard No. 7-17-608, subject to approval of 
Engineer-in-Charge. 

4.7.7.7 Choice of electrodes shall be as per Appendix 9.1 of this specification. 
4.7.8 Welding of skin point thermocouples shall also be carried out as mentioned above.  

Contractor shall verify the junction material from the Engineer-in-charge while 
choosing the electrode for welding of thermocouple to tube. Welding of 
thermocouples shall be done under the supervision of instrument and welding 
specialists. Typical details are indicated in Appendix 9.5. 

4.7.9 Brand of electrodes is subject to the approval of the Engineer-in-Charge. 
4.7.10 Interruption during welding of a joint is not normally allowed. However, if required 

under special circumstances, it may be done as specified in the respective clause 
und -in-Charge. 

4.8 Preheating 
4.8.1 Preheating shall be done as per the following clauses in addition to ASME B 31.3.  

ASME Boiler Code and further recommendations of the Engineer-in-Charge. 
4.8.2 Preheating of joints to the required temperature prior to actual welding shall be as 

per Appendix 9.3. No welding shall be done with the temperature less than the 
preheat temperature. 

4.8.3 The preheat temperature shall be maintained without interruption until welding is 
completed except as stated in the clause 4.8.4. 

4.8.4 For circumferential but
welding and also the preheating may be interrupted provided at least one third of the 
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weld joint thickness or two layers (whichever is greater) has been deposited. Prior to 
resumption of welding, preheating shall be restored. 

4.8.5 For welding in the case of dissimilar alloy combinations, the preheat temperature 
shall be according to the alloy requiring the higher temperature. 

4.8.6 In case of 5 Cr-1/2 Mo and 9 Cr-1 Mo steels, upon completion of welding, the joint 
shall be allowed to cool to the ambient temperature in a perfectly slow and uniform 
manner under the covering of mineral wool after holding at a temperature of          
300 °C (minimum) for about 30 minutes. Other Cr-Mo steels shall be cooled under 
the cover of mineral wool from the recommended preheat temperature. 

4.9 Post Weld Heat Treatment  PWHT 
4.9.1 PWHT may be done by the electric induction method, electric resistance method, or 

gas or electric heated furnaces, properly equipped to control and record 
temperatures and as approved by the Engineer-in-Charge. 

4.9.2 Heat treatment of weld between dissimilar materials shall conform to the 
requirements of the steel having the higher alloy content.   

 All welds of low chrome alloys welded with austenitic chrome-nickel electrodes 
should be preheated to 400 0F minimum and post weld heat treatment shall be 
required unless otherwise exempted as per notes of Appendix 9.4. 

4.9.3 Welded joints shall be heat treated as per ASME B31.3 and Appendix 9.4 of this 
specification. Heat treatment shall be done after completion of all welding. 

4.9.4 Where restraint conditions necessitate post weld heat treatment of the chrome-moly 
tubes immediately upon completion of the welding, it is recommended that the welds 
be cooled to 125 - 175 degree C after welding and prior to initiating PWHT. 

4.9.5 Suggested rate of cooling for 1-1/4Cr. 2-1/4 Cr and 5 Cr tubes shall be 50-75 °C per 
hour and for 9 Cr and 12 Cr tubes shall be 50-60 °C per hour. These values be 

cycle. 
  
5.0 TESTING AND INSPECTION 
5.1 General 
 In addition to any required code inspection, all fabrication and materials shall be 

subjected to inspection by representatives of Jacobs and Owner and / or their 
nominated inspecting authority 

5.2 Hydrostatic Test 
 Coil shall be hydrostatically tested at shop for prefabricated assemblies and again at 

site for the completed coil. All segments of the coil shall be thoroughly drained 
immediately after the test is completed and shall be cleaned by blowing compressed 
air and shall be kept closed at the ends to prevent entry of foreign matter. 

5.3 Radiographic Examination 
5.3.1 All welds in heater coils shall be 100% radiographically examined using X-radiation.  
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The radiographic technique employed shall conform to paragraph UW-51 of ASME 
Sec. VIII Div. I.  Interpretation shall be as per paragraph UW-52. 

5.3.2 Gamma ray source will be permitted for radiography for pipe wall thicknesses higher 
than 8 mm subject to the approval of Engineer-in-Charge. For Gamma rays, fine 
grain, highest contrast film shall be used as approved by Engineer-in-Charge. 

5.3.3 Joints which need post-weld heat treatment shall be radiographed after PWHT. If 
contractor wishes to radiograph root pass or completed joint before PWHT, he may 
do so, but this radiography result will not be considered for acceptance of the joint.  
Only radiography done after PWHT and found satisfactory will be acceptable. 

5.3.4 The radiographic procedure including type of source to be used shall be got 
approved from the Inspector. Film shall have at least 2% sensitivity over the full area 
being inspected as shown by approved penetrameter. The Contractor shall be 
responsible for carrying out radiography, rectification of defects if required and re-
radiography of the welds rectified. He shall make necessary arrangements for the 
equipment as well as radiographic films for the satisfactory completion of the job. 

5.3.5 Radiography shall be carried out in the presence of inspector. The Contractor shall 
submit all the radiographs to the inspection immediately after processing the 
radiographs. The details of radiographs shall be entered and signed by him in a 
register and shall be submitted to the Inspector for approval. 

5.3.6 The Contractor shall provide all the necessary facilities to the Inspector to view the 
radiographs, such as dark room with controlled temperature, viewer etc. 

5.3.7 Welds joining steels of dissimilar chemical analysis shall be examined by a method 
suitable for both the steels and shall bear the prior approval of Jacobs. 

5.4 Dye Penetrant Inspection 
5.4.1 Completed welds shall be examined by dye penetrant inspection, if required. This 

examination shall normally be in the as-welded condition. 
  
6.0 DEFECTS, REPAIRS AND REJECTION 
6.1 Any repairs and rectification of defects in fabrication, assembly, erection, welding, 

testing, etc. shall be done strictly in accordance with relevant codes, specifications 
and as instructed by the Engineer-in-Charge. 

6.2 Defects in welding shall be removed by chipping, gouging or grinding and the 
required weld shall be heat treated again (if required) and re-examined for freedom 
from defects. 

6.3 More than two repairs per joint will not be allowed. If number of repairs exceeds two, 
the joint shall be cut, prepared again and rewelded to these specifications and 
drawings. 

6.4 Material supplied by Contractor, and welds on coils, indicating irremediable or 
injurious defects, improper fabrication, excessive repairs etc. will be rejected. 
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7.0 PROTECTIVE COATINGS 
7.1 All fabricated assemblies and other items shall be coated with an easily removable 

rust preventive. 
7.2 Coil ends bevelled for welding shall be coated with heavy grease. 
  
8.0 MARKING, PACKING AND SHIPPING 
8.1 On completion, of fabrication and prior to shipment, coil assemblies shall be shop cleaned to 

remove all dirt, slag, weld spatter etc. 
8.2 All assemblies and joints shall be marked as shown in the drawing for assembly number with 

an alkyd-based paint. Hard stamping is forbidden, and any marking materials used shall not 
contain metals or metal salts such as lead, zinc, copper or similar low melting materials such 
as sulphur or chlorides which could be corrosive in service. 

8.3 All fabricated assemblies and other items shall be packed and suitable protected from 
damage during shipment and handling. Small parts shall not be shipped loose, but shall be 
bagged, boxed or otherwise, suitably protected from damage or loss. Open ends of tubing etc. 
shall be plugged or capped to prevent entrance of foreign matter. 
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9.0 APPENDICES 
9.1 Table of Recommended Welding Practices 
9.2 Welding Consumables 
9.3 Preheating Requirements 
9.4 Post Weld Heat Treatment Requirements 
9.5 Skin Thermocouple (Typical Details) 
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  APPENDIX 9.1 

TABLE OF RECOMMENDED WELDING PRACTICES 
 CS C ½ 

Mo 
1.1/4 
Cr ½ 
Mo 

2.1/4 
Cr 1 
Mo 

5 Cr- ½ 
Mo 

9 Cr  
1 Mo 

12 Cr  SS 304 SS 316 SS 321 SS 347 SS 309 SS 310 BK HT INCOLONY 
800 

C.S. A/B 
1-A 

B/C 
1-A 

B 2-B B 2-B B 2-C B 3-C B/K 3-
C 

M/K 1-
N 

M/K 1-
N 

M/K 1-
N 

M/E 312 
1-N 

M/K 1-
N 

M/L 1-
N 

M 1-N M 1-N M 1-N 

C-1/2 Mo  C 1-
A 

C 2-B C 2-B C 2-C C 3-C C/K 3-
C 

M/K 1-
N 

M/K 1-
N 

M/K 1-
N 

M/E 312 
1-N 

M/K 1-
N 

M/L 1-
N 

M 1-N M 1-N M 1-N 

1-1/4 Cr-
1//2Mo 

  D 2-C D 2-C D 2-C D 3-C D/K  3-
C 

M/K 2-
N 

M/K 2-
N 

M/K 2-
N 

M/E 312 
2-N 

M/K 2-
N 

M/L  2-
N 

M 2-N M 2-N M 2-N 

2 1/4Cr-1Mo    E 2-C E 2-C E 3-C E/K 3-
C 

M/K 2-
N 

M/K 2-
N 

M/K 2-
N 

ME 312 
2-N 

M/K 2-
N 

M/L 2-
N 

M 2-N M 2-N M 2-N 

5Cr-1/2Mo     F 2-C F 3-C F/K 3-
C 

* * * * * * * * * 

9 Cr  1Mo      G 3-C G/K 3-
C 

* * * * * * * * * 

12 Cr       O/M 3-
C 

* * * * * * * * * 

SS 304        B 1-D B 1-D B 1-D B1-D B 1-D K 1-D K/M 1-D K/M 1-D M 1-D 
SS 316         I 1-D I 1-D I 1-D I 1-D K/L 1-D K/M 1-D K/M 1-D M 1-D 
SS 321           J 1-D J 1-D J 1-D K/L 1-D K/M 1-D K/M 1-D M 1-D 
SS 309           K 1-D K 1-D K/L 1-D K/M 1-D K/M 1-D M 1-D 
SS 310               L 1-D L/M 1-D L/M 1-D M 1-D 
BK              K/M 1-D M 1-D M 1-D 
HT               M 1-D M 1-D 
INCOLONY                M 1-D 



                                                                                                                                             
IOCL-PX PTA STANDARD SPECIFICATION FOR COILS  Page 14 of 18 

44AC7500 FOR FIRED HEATERS  
 Doc.no.:  44AC7500-000/V.02/5102/A4 Date: 20-01-2020 

 
800 
NOTE:    1.  In the box: Top line indicates welding conumables (Refer Appendix 9.2);  Bottom line left indicates preheat requirements (Refer Appendix 9.3),  
  Bottom line right indicates post weld heat requirements (Refer Appendix 9.4) 
 2. (*) These combinations may be joined by welding.  Heat treatment may however, adversely affect the properties of one of the bass metals, Contact JH&G for further 

information. 
 3 (*) PWHT may affect the corrosion resistance properties of the austenitic stainless steel weld metal under some conditions, Confirm with JH&G before use. 
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APPENDIX 9.2 

WELDING CONSUMABLES 

*A E-6010 for Root and E-7018 for Cover passes 
B E7016, E7018, ER70S-2 Bare Wire 
C E7016-A1, E7018-A1, ER80S-D2 
D E8016-B2, E8018-B2, ER80S-2, ER80SB2L 
E E9016-B3, E9018-B3, ER80S-B3, E 312 
F E502-15 (5 Cr  ½ Mo) , ER 502 Bare Wire 
G E505-15, (9Cr  1 Mo), ER 505 Bare Wire 
H E308-15, E308-16, ER 308 Bare Wire 
I E316-15, E316-16, ER 316 Bare Wire 
J E347-15, E347, Bare Wire  
K E309-15, E309-16, Bare Wire ER 309 
L E310-15, E310-16, Bare Wire ER 310 
M Eni Cr Fe-3 (Inconel 182), ER Ni Cr-3 (Inconel 82) Bare Wire  
N E 310-15 HG 
+O E 410-15, E410-16, ER 410 Bare Wire 
* imum 
+ For special requirements of impact test and BHN, Chroloy No.414 is recommended. 
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APPENDIX 9.3 
 

PREHEATING REQUIREMENTS 
 

1. 50 0F for Carbon Steel with thickness 
not exceeding 71000 psi. 

 50 0F Carbon-m
exceeding 71000 psi. 

 50 0F for all   thickness of alloys 304, 316, 321, 347, 309, 310, HK and Incoloy 800.   
 175 0F Carbon- specified tensile strength exceeding 

71000 psi. 
 175 0

71000 psi. 
2. 300 0F for 1-1/4 Cr  ½ Mo Steel 

 350 0F for 2-1/4 Cr  ½ Mo and 5 Cr  ½ Mo Steels 
3. 400 0F for 9 Cr  1 Mo and 12 Cr steels. 
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APPENDIX 9.4 
 

POST WELD HEAT TREATMENT REQUIREMENTS 
 

A 1100 0F  - 1200 0F                     See Note 1 
B 1250 0F  - 1350 0F                     See Note 1 
C 1325 0F  - 1350 0F                     See Note 1 
D See Note 2 
N Not required where the ferritic member is within the limits shown in Note 1. For 

situations outside these limits, Jacobs will provide specific instructions. 
Note 1:  
PWHT is not required for the following conditions: 
a) Carbon steel Tubing or Piping of less than  
b) Carbon-

not exceeding 71000 psi. 
c) Chrome-moly tubing or piping that meets all of the following requirements : 

 i) A maximum specified chromium content of 3% 
ii)  
iii) A minimum preheat of 350 0F (300 0F for Cr content not exceeding 2%). 

d) Fillet welds attaching external non-pressure parts such as lugs or other pipe supporting 
elements to carbon steel, carbon-moly, 1-1/4 Cr  ½ Mo, 2-1/4 Cr  1 Mo pipe or tube 
provided the throat thickness of the fillet weld does not exceed. 

 i) -moly 
ii) ts to chrome-moly pipe or tubes. 

 The minimum preheat temperature shall be as specified in Appendix 9.3 based on the 
pipe or tube wall thickness. 

e) Fillet welds used in slip-on and socket welding flanges and connections, as follows : 

 i) Carbon steel materials, regardless of thickness, when the weld throat thickness 
does not exceed 5/8". 

ii) Carbon-moly steel and chrome-moly steel (upto 3% max. chrome content), 
 

 iii) The minimum preheat temperature shall be as specified in Appendix 9.3 based 
on the pipe or tube wall thickness. 

Note 2:  
No post weld heat treatment normally required. However, when service conditions require post 
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weld heat treatment, Jacobs will provide specific instructions. 

  
 
 
 

APPENDIX 9.5 
 

SKIN POINT THERMOCOUPLES 
 

- Skin point thermocouples are the safety instruments to ensure that the tube metal 
temperature does not exceed the recommended metal temperature. 

 Generally use of Inconel 182 filler wire/electrode is recommended for welding of the 
thermocouple. Refer electrode selection chart for different metallurgy of coil and 
thermocouple. 

 Following points shall be ensured while welding of the skin point thermocouples: 
- e. K type of thermocouple generally 

 led with insulating material such as 

 
- Profile of the thermocouple shall be suitable for the tube size. 
- Ensure proper cleaning of the tube surfaces to sound metal so that good weld joint is 

made. 
- Employ qualified welds under supervision of welding specialists as well as 

instrumentation engineer to make sure proper welding. 
 Typical welding procedure followed for welding of thermocouples 
- 

thoroughly welded following the proper welding procedure involving low heat TIG 
welding. 

- y grinding, Wire brushing alone is not 
considered adequate. 

- 
tube surface). Weld the clamp in place. 

- Make root, secondary and final weld passes using low heat TIG welding with proper 
filler wire. 

- It should be noted that improper welding could give false results and create undue 
panic. 
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Carbon Steels
API 5L Gr B Pink Seamless
API 5L Gr B Pink / White Welded
A 106 Gr B Red IBR
A 106 Gr B Yellow Non IBR
Welded and seamless fittings Red IBR
Welded and seamless fittings Yellow Non IBR
Welded fittings Yellow / White Normalized
Miters Silver
Class 22 fittings Silver / Pink Stress relieved at shop
IS 3589- IS 12239 No Paint Non-critical

Alloy Steels
P1, F1. WP1, WP1W etc. Green / Red
P12, F12, W12 etc. Green / Yellow
P22, F22, WP22 etc. Green / Silver
P11, F11, WP11 etc. Green / Orange
P5, F5, WP5 etc. Green / Blue
P9, F9, WR9 etc. Green / Pink


























