
EDMS Nb. 2040865   
Created: 1 November 2018 

Modified: 2 November 2018 

1 

 

 

 
 
 
 
Piping welding quality and applied standards for 
ATLAS & CMS Phase II CO2 

 
 
 
 

Prepared by: 
 
C. Bortolin [EP/ADO] 
 

To be checked by: 
 
D. Giakoumi [EP/DT] 
J. Daguin [EP/DT] 
P. Lopez Macia [EP/DT] 
T. Pakulski [EP/DT] 
P. Petagna [EP/DT] 
R. Puente Rico [EP/DT] 
P. Tropea [EP/DT] 
B.Verlaat [EP/DT] 
L. Zwalinski [EP/DT] 
 
 
 

To be approved by: 
 
 

 
 
Distribution List: 
 
xxxxx 

  



EDMS Nb. 2040865   
Created: 1 November 2018 

Modified: 2 November 2018 

2 

 

 
 

History of Changes 
 
 

Rev. Date Nb of Pages Description of Changes 

0 1/11/18 12 First version 

  



EDMS Nb. 2040865   
Created: 1 November 2018 

Modified: 2 November 2018 

3 

 

 
 
Outline 
 
 
1. Scope of this document ................................................................................................................... 4 
2. Welding: personnel and procedures rules ...................................................................................... 4 

2.1 Welding personnel .................................................................................................................. 4 
2.2 Welding procedures ................................................................................................................ 4 

3. Range of qualification ...................................................................................................................... 5 
3.1 Common to all welding procedures ........................................................................................ 6 
3.2 Post welding treatments ......................................................................................................... 6 

4. Summary of documentation for welding operation qualification .................................................. 6 
4.1 WPQR (welding procedure Qualification record).................................................................... 6 
4.2 WPS (Welding Procedures Specification) ................................................................................ 6 
4.3 WOPQ (Welding Operator Performance Qualification) .......................................................... 6 

5. Inspection and testing of manufactured parts ................................................................................ 6 
5.1 Extent of testing for circumferential butt, branch, fillet and seal welds ................................ 7 
5.2 Longitudinal welds ................................................................................................................... 7 
5.3 Selection of welded samples when the extent of testing is < 100% ....................................... 7 
5.4 NDT procedure and verification of the inspection results and acceptance level ................... 7 
5.5 Qualification of NDT personnel ............................................................................................... 8 

6. Conclusions ...................................................................................................................................... 8 
Annexes ................................................................................................................................................... 9 
 

  



EDMS Nb. 2040865   
Created: 1 November 2018 

Modified: 2 November 2018 

4 

 

1. Scope of this document 

In the framework of the Upgrade Phase II of the ATLAS and CMS Pixel detectors, the CO2 cooling 
systems piping must be designed and built according to the European standards for pressure 
equipment. This document deals with the requirements for welders, welding procedures and 
describes the quality and acceptance criteria for piping welding. 

2. Welding: personnel and procedures rules 

Welding personnel qualification (welders and procedures rules are described in the standards EN 
13480 (2017), part 4 (Metallic industrial piping: fabrication and installation) chapter 91. 
A recognized Examining Body should be identified to qualify welders and procedures before starting 
the production of the final joints. 

2.1 Welding personnel 

Welding operators must qualified with ISO 14732 (2013)2 

2.2 Welding procedures 

The quality level C is the one to be considered according to EN ISO 5817, this is a middle level as you 
can see in the tables listed in the file of the standard attached. 
For category I as stated in the table 9.3.1.1 of EN 13480 the welding procedures to be qualified must 
follow the rules listed in EN 15614 part 1 (Arc and gas welding of steels and arc welding of nickel and 
nickel alloys) (2017)3. 
The rules explain how to prepare test pieces for butt joints, filled and branch connections. 
In the introduction of the document the levels of welding procedures are mentioned and we 
consider level 2 as the accepted one. 
The welded samples must be checked by a laboratory certified by PED, the foreseen list of tests for 
level 2 are shown in Table 2 (see Annexes below), the Examining Body will check the results: 
- Visual testing 
- Radiographic and ultrasonic testing 
- Surface crack detection 
- Transverse tensile test 
- Transverse bend test 
- Impact test 
- Hardness test 
- Macroscopic examination 

 

                                                           

1 https://cds.cern.ch/record/2300726/files/NF-EN-13480-4-V1-en.pdf 

2 https://cds.cern.ch/record/1644951?ln=en 

3 https://cds.cern.ch/record/2298925/files/NF-EN-ISO-15614-1-en.pdf 

 

https://cds.cern.ch/record/2300726/files/NF-EN-13480-4-V1-en.pdf
https://cds.cern.ch/record/1644951?ln=en
https://cds.cern.ch/record/2298925/files/NF-EN-ISO-15614-1-en.pdf
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Please check the footnotes in the table because for instance for thickness t of material below 8mm 
the ultrasonic testing is not foreseen and impact testing is applied only for t >12mm. The extent of 
testing for piping is showed in figure 6. 

 

3. Range of qualification 

In table 53 the range of qualifications are shown, the materials used for CO2 piping will be always SS 
316L or 304L, these materials are both in group 8.1 
Table 7 is important because it shows how more thicknesses can be qualified in one test. For 
instance a t=3mm for level 2 means you qualify the procedure for thicknesses between 1.5mm to 
6mm. 
The same is valid for fillet and branch welding as showed in Table 8 and 9. Tables7, 8 and 9 are 
shown in the annexes of this document. 
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3.1 Common to all welding procedures 

Orbital welding doesn’t include a manual welding qualification, the position of the welding implies 
also some rules, in particular check the ones listed for level 2 on chapter 8.4.3. 3 

3.2 Post welding treatments 

In chapter 9.6 of EN 134801 some information about cleaning procedures before and after welding 
process are described. In annex A of the mentioned document are listed some recommendations 
that are not compulsory but based on the best practice. 
In section A.4.2 the decontamination and passivation methods are briefly described. 

4. Summary of documentation for welding operation 
qualification 

4.1 WPQR (welding procedure Qualification record) 

The procedure must comply with the EN-15614-1 and approved by external and recognized 
examining body. 
Specification and qualification of welding procedures for metallic materials - Welding procedure test 
- Part 1: arc and gas welding of steels and arc welding of nickel and nickel alloys 3. 

4.2 WPS (Welding Procedures Specification) 

The procedure must comply EN-15609-14 and approved only by the manufacturer. 

4.3 WOPQ (Welding Operator Performance Qualification) 

The operators must be qualified according to ISO 14372 and approved by external and recognized 
examining body. 

5. Inspection and testing of manufactured parts 

During production, in order to accept the welded components, the criteria established by EN 13480-5 
§8 are to be followed. In particular, they describe the minimum extent of non-destructive inspection 
of welded joints in metallic piping.5 
The piping category shall be determined in accordance with EN 13480-16, see Table 5.1-1 in the 
annexes of this document. 

                                                           

4 https://cds.cern.ch/record/1271424/files/ISO_15609-1.pdf 

5 https://cds.cern.ch/record/2300733?ln=en 
 

https://cds.cern.ch/record/1271424/files/ISO_15609-1.pdf
https://cds.cern.ch/record/2300733?ln=en
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5.1 Extent of testing for circumferential butt, branch, fillet and seal 
welds 

The type of NDT required and its minimum extent are determined in accordance with Table 8.2-1 of 
EN 13480-55, taking into account the category of the piping, and also the wall thickness and material 
grouping. 
Due to the severity of the applications for which this specification is written (low temperature CO2 in 
underground premises, long term operation with limited accessibility), the inspections of butt-
welded joints for material group 8.1 (SS 316L and 304L) is requested to be 100% visual inspection and 
10% of RT/UT for all categories I, II and III. Please see the table in the annexes. 

5.2 Longitudinal welds 

Longitudinal welds shall be subjected to a 10% of volumetric inspection (RT or UT). 

5.3 Selection of welded samples when the extent of testing is < 100% 

In accordance with EN 13480-55, when the required extent of testing is less than 100%, the sample 
welds to be examined are to be randomly selected and representative of a batch of welds. 
A batch of welds is a quantity of welds, welded by an individual welder or welding operator, in 
accordance with a specific welding procedure specification. 
All welders and welding operators shall be covered. 
At least one complete sample weld is to be examined over its whole length. 

5.4 NDT procedure and verification of the inspection results and 
acceptance level 

The appropriate non-destructive testing techniques are to be selected taking into account the 
materials, the joint type, the required quality level and defect detectability, and in accordance with 
EN ISO 176357. The techniques used are to be compliant with their respective standards: 

 
• Visual testing (VT): EN ISO 17637; 
• Radiographic testing (RT): EN ISO 17636-1 or -2 ; 
• Ultrasonic testing (UT) : EN ISO 17640 ; 
• Penetrant testing (PT) : EN ISO 3452-1, -2, -3, -5, -6 ; 
• Magnetic particle testing (MT) : EN ISO 17638 ; 
• Eddy current testing (ET): EN ISO 17643. 
Level 1 is the acceptance level required for butt welds. The levels description and defects 
classifications are available on EN ISO 5817-20148, and EN ISO 106759. 

                                                                                                                                                                                     
6 https://cds.cern.ch/record/2300709?ln=en 
7 https://cds.cern.ch/record/2263775/files/ISO_17635_2016.PDF 
8 https://cds.cern.ch/record/1970500/files/ISO_5817_2014_fr.PDF 
9 https://cds.cern.ch/record/1214193/files/ISO_10675-1-2008-f.pdf 
 

https://cds.cern.ch/record/2300709?ln=en
https://cds.cern.ch/record/2263775/files/ISO_17635_2016.PDF
https://cds.cern.ch/record/1970500/files/ISO_5817_2014_fr.PDF
https://cds.cern.ch/record/1214193/files/ISO_10675-1-2008-f.pdf
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5.5 Qualification of personnel for NDT 

The Non-destructive testing personnel are to be qualified and certified in accordance with EN ISO 
9712. Non-destructive testing personnel are to hold an appropriate certificate of competence 
(testing can be carried out by level 1 personnel, but always under the supervision of personnel 
certified to level 2 or level 3 who is also be responsible for the evaluation of the results. Ultrasonic 
testing is to be performed and evaluated by an individual certified to at least a level 2). 
According to standards EN 13480 (for metallic piping) and EN 13445 (for pressure vessels), it is not 
required for personnel conducting visual testing (VT) to be certified in accordance with EN ISO 9712. 
Nevertheless, it is recommended that the results of a visual inspection are at least evaluated by a 
certified individual, or that the personnel carrying out the visual inspection are themselves certified. 

6. Conclusions 

The rules listed above must be followed in order to comply with the safety and match the quality 
criteria defined by CERN. 
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