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1. OBJECT 

The aim of this technical report is to expose the feasibility study for the welding on site of 

components of the Monolith Port Blocks to the Vessel. The content will be: 

 Definition of welding book (PQR, WPS, Welder qualification and welding map) 

 Definition of chosen weld edge preparation, filler material and welding process. 

 Definition of chosen backing gas method 

 Definition of tolerances pre- and post-welding  

 Definition of chosen NDT techniques 

 Definition of optimal installation sequence 

 Definition of mock-up 

2. INTRODUCTION 

The scope of the works is under the contract 5EC8 and is focused in the welding of the 39 Port 

Tubes, the NNBar Frame and the Connection Pipe to the Monolith Vessel, works to be carried out 

on site at ESS’ facilities in Lund, Sweden.  

The supply of most of components (Port Tubes and NNBar) is also under the scope of Ensa, 

covered in the contract 3EB8, from where some recommendations and requirements have been 

taken into account. Monolith Vessel and Connection Pipe supply is out of the scope of Ensa.  

Present study has been done considering the dimensional restrictions showed in the 3D model 

with reference “ESS-3147046 - Information for welding and Installation of PT and NN-Bar - 1.0  (A) 

– Preliminary” received from ESS.Works on site consist of:  

 Welding area preparation (installation of protections, checking and maintenance of 

cleanliness, preparation of welding tooling and backing gas). See sections §5 and §6. 

 Welding of 39 Port Tubes + 1 NNBar Frame + 1 Connection Pipe. See sections §7 and §10. 

 Non-destructive testing of the welds. See section §9. 

 Dimensional control after welding. 

Out of the scope of Ensa are:  

 Assembly of the equipment according to pre-welding needs. See annex E. 

 Supply of welding gas. 

 Scaffolding 

 Power / Air / Cooling water supply  
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 Any other mean not covered by this works analysis. 

3. REQUIREMENTS TO BE MET 

Works must fulfill the next standards:  

 Construction code: EN 13445 

 Legal requirements: Directive 2014/68/EU (PED) 

 Mechanical classification: Classification MQC4 

 Welding procedures: EN ISO 15614-1 

 Welds acceptance criteria: EN ISO 5817 (Class B) 

 Welders qualification: EN ISO 9606-4/ EN ISO 14732 

 Visual testing (VT): EN ISO 17637/ EN ISO 23277 

 Dye penetrant test (PT): EN ISO 3452-1/ EN ISO 5817 (Level B) 

 Radiographic Test (RT): EN ISO 17636-1 (Class B) / EN ISO 10675-1 (Level 1) /  

   EN ISO 19232-3 (Class A)   

(Deleted in rev.02)And the next contractual general drawings:  

 ESS-0241944.3 rev.09 - PORT TUBE STANDARD  

 ESS-0321251.3 rev.08 - NNBAR TUBE 

Note: NNBar's installation drawing is still pending issuance. 

4. DEFINITION OF WELDING BOOK 

Welding Book is the document that encompasses all the information to better understand the 

intended performance of welding works. Within this document it is included:  

 Procedure Qualification Report, PQR. Annex A.  

 Welding Procedure Specification, WPS. Annex C. 

 Welding Map, WM (drawing with welds location, geometry and tests). Annex D. 

 Welders Performance Qualification Report, WPQR.  

Welding Book is usually a “live document” that may evolve during the project (i.e. new welders’ 

qualifications).  
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5. WELD JOINT, FILLER MATERIAL & PROCESS DEFINITION 

5.1. Preliminary considerations. 

Facing the welding of the components to the vessel, and considering the applicable contractual 

requirements, the recommendations and the requirements for the fabrication of the components, 

special attention has been taken on the next variables:  

 Environmental conditions: Local temperature and humidity must be considered in order 

to have no undesired defects during welding operations. Welds will be performed inside 

an open building; therefore, the workstation has to mitigate the impact of wind, rain, etc.  

Both, temperature and humidity, affect also to the welding process and impacts among 

others on the selection of the filler material, mainly on its storage and maintenance 

conditions.  

 Welding accessibility: In case of Port Tubes the accessibility for welding is quite narrow, 

see Annex E for main dimensions. That is a point to take into account in the selection of 

the torch and the design of the weld edge preparation.  

 Cleanliness: It is highly important to maintain a proper cleaning as the protection of the 

inner part of the components plays a very important role. For this topic, a dedicated 

tooling will be used. See section §8.1. 

 Tolerances and distortions: Due to the narrow tolerances required in position and 

shape for each individual component after the works, it is necessary to reduce as much as 

possible the heat input transmitted to the components.  

Although the welding sequence has to be thoroughly studied in order to meet the global 

tolerances for the whole vessel. This topic is analyzed in deep in section §10. 

 Floating equipment: Monolith vessel, Port Tubes and NNBar are not anchored to the 

ground. Therefore, translation of the components can be produced due to the forces 

involved in the welding process. 
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5.2. Selected parameters. 

Taking previous considerations, the selected parameters have been:  

 GTAW (TIG) as a preferred welding process, mainly because it is one of the cleanest 

processes (less spatters and welding defects than most of processes) and reduces the 

necessity of grinding the surface of the welds.  

 Uncovered G 19 12 3L (316L / 1.4404) rod as filler material. This selection is inherent 

to the GTAW welding method. Rods as filler material allow to reach the whole geometry of 

the weld and the fact that it is not covered make the storage of the filler material easier. 

See Annex F for filler material’s certificate.  

 The less quantity of weld layers, less heat will be transmitted to the component and the 

easier it will be to maintain tolerances.  

 

Fig. 1 & 2 - Welding layers 

 

 Low temperature must be considered in the Welding Procedure Specification (WPS) 

also. Standard lowest temperature use to be about 15 to 20ºC, but in Lund could descend 

below 0ºC; therefore, temperature range in WPS must be wider than usual. Moreover, 

local heating devices (i.e. air heaters) should be available on site. 

 At least one reparation cycle must be considered in the documentation.  

 The design of the bevels must allow to have a good access to the welder that should have 

the best possible visual control of the work, that is why an asymmetric weld edge 

preparation has been chosen. See Annex E for Pre/post welding drawing.  
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Fig. 3 & 4 - Weld edge preparations 

 

 Argon as protective gas. Argon is the preferred gas for ESS’ Vacuum Section. This gas has a 

high purity level (reduces the introduction of non-desired particles) and at the same time 

Argon is used to protect the molten pool of metal against elements in the Atmosphere 

including Oxygen, Nitrogen, and Hydrogen. These elements cause reactions with the liquid 

weld pool, such as porosity and increased weld spatter. Argon also plays an important role 

in maintaining Arc stability, which leads to increased weld penetration, better filler wire 

transfer, and better weld appearance. 

Argon supply is under the scope of ESS and shall meet the composition Ar 99,99% (Class 

I1 acc. to ISO 14175). 

 Backing pass by the outside where achievable for a better performance of NDTs. 

After the ESS’ Mock Up welding and facing the NDT to be performed on the welds by the 

outside, it was decided to include in the welding documentation (welding table 

5EC8WT201) the possibility of performing a capping back run by the outside. The welding 

table is already reviewed:  
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Fig. 5 – Optional back run. 
 

6. DEFINITION OF BACKING GAS METHOD 

6.1. Connection pipe:  

Connection Pipe weld can be considered as a common pipe weld. The shielding gas must be 

confined by the inner part of the pipe while welding by the outer side.  

Gas containment can be reached by common pipe-welding solutions such as weld purge plugs, 

shown in fig 6.1. 

 

Fig. 6.1 – Weld purge plugs – Source: Huntingdon Fusion Techniques – HFT 

(https://www.lgtechniek.be/fileman/Uploads/Documents/Huntingdon/HFT.pdf) 
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6.2. Port Tubes and NNBar: 

For the tack welding stage two devices has been issued, figs 6.2.1 to 6.2.5. They also can be used 

for small repairs (20-40mm).  

 

Fig. 6.2.1, 6.2.2 & 6.2.3 – Short tack device 

 

 

  

Fig. 6.2.4 & 6.2.5 – Long tack device 
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Facing the root and the first pass stages, the welds can be splitted in different areas:  

 

Fig. 6.2.6 – Weld areas 

A) UPPER PART & DIRECT ACCESSIBLE SIDES 

These areas are fully accessible. The system will be local (just need to install on the root side) and 

completely removable. Common means:  

 Fiberglass tape 

 Ceramic weld backing  

 Welding glasses 

 

 

 

 

 

 

 

 

Fig. 6.2.7 – Welding glasses on ESS’ Mock Up 
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B) SIDES – NO DIRECT ACCESS 

 

Fig. 6.2.8 – Side weld cases 

Welds between two equipment. Adopted solution will be to confine the shielding gas by using 

modular enclosures. Completely removable. 

 Fiberglass tape 

 Welding glasses 

 1.4404 Stainless steel plates 

 Rubber (NBR, EPDM, …)  gaskets 

 Inflatable hoses 

 

Fig. 6.2.9, 6.2.10 & 6.2.11 – Example of modular enclosure on Ensa’s Mock Up 
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C) LOWER PART  

No accessible areas. Adopted solution will be to confine the shielding gas by enclosing volumes 

near the welds. Some permanent parts will remain, materials will be agreed between parts.  

 Fiberglass tape 

 Rubber foam (NBR, EPDM, …) 

 Inflatable hoses 

 

 

Fig. 6.2.12 & 6.2.13 – Volume enclosure example 

Forecasted remaining materials will be made of:  

 Fiberglass tape (Annexe G) 

 Rubber foam (Annexe I) 
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7. DEFINITION OF TOLERANCES PRE AND POST WELDING 

In this section are analyzed the required design tolerances that appear in design drawings ESS-

2024596.2 Rev1.0 (Preliminary status).  

7.1. Shape Tolerance (profile of the surface):  

                          

Fig. 7 & 8 - Shape tolerance 

 

As this requirement exists for fabrication, this part of the Port Tube is machined at the very end of 

the fabrication and counting on that the weld edge preparation of the vessel will meet the 

requirement, no problems are expected to meet the request.  

7.2. Radial Position Tolerance: 

 
Fig. 9.1 - Radial tolerance 
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Equipment are not anchored to the ground (§5.1) and this tolerance is directly affected by the 

shrinkage effect of the welding activities. Differences between shrinkage and distortion of parts 

must be considered, see doc. 5EC8INF001, section §3.4 for further information.  

After welding ESS Mock Up, expected evolution of the GAP between both weld edges can be seen in 

the next sketch. 

  

Fig. 9.2 – GAP evolution 

Therefore, Ensa will focus on this tolerance during welding activities but cannot ensure 

compliance with this tolerance of ±1mm, since expected final GAP is between 0÷3mm. 
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7.3. Tangential Position Tolerance: 

 
Fig. 10 - Tangential tolerance 

 
These tolerances can be met by properly fixing the components to the bottom plates. As there is 

only one circumferential weld per component, the final position is determined by the positioning 

of the component before welding operations. No deviation in the marked direction is expected 

after welding works., only in the radial direction, section §7.2 

Special care has to be considered in the configuration of the joining between Port Tube and 

Pot Block Bottom Plate. This configuration has been designed to assume possible dilations 

and contractions of the component during operation but facing the installation could be a 

problem because it makes hard to perfectly fix the Port Tube to the Port Block Bottom 

Plate.  (Deleted in Rev.01) 
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7.4. Height Position Tolerance: 

      

Fig. 11 - Height position 

 

These dimensions, in the same case as per section §7.3, are determined by the positioning of the 

component before welding operations. No deviations in Z axis is expected after welding works.  

7.5. Other considerations for installation and expected results: 

A proper positioning before welding must be done. Forecasted vessel positioning tolerances are 

given in the next sketches:  

  

Fig. 12.1 & 12.2 - Vessel interface tolerances 
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From an ideal dimension of each weld edge perspective, the alignment of the component towards 

the vessel should focus on starting with the upper corners since they are more critical to weld, 

because of the smallest radius and welding in PF position. But in practice it is expected that there 

will be a small deviation of measurement between the weld edges (always within the allowed 

tolerance). In this case, the difference in size should be distributed and, in any case, the 

requirement of maximum misalignment marked in the dwg of Annex E (1.5mm max.) and Fig. 3 & 

4 shall be met. 

The use of shims under the component will help to fix the Z axis position. It shall be taken into 

account the posterior removal of the shims.  

Requested gap (space between weld edges) for welding is at least 4mm. See figure 9.2. 

The next step will be to tack weld the component to the vessel and, after re-checking the correct 

position, to fully weld the component.  

Forecasted individual weld sequence for each component is as shown in figures 13.1 and 13.2. If 

necessary, the sequence and number of tack welds/sectors may be varied at the discretion of the 

person in charge of the works, and communicated to ESS, in order to ensure that the welding 

works guarantee a proper performance of the welds.  

  

Fig. 13.1 – Tack welds. Sequence and dimensions. 
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Fig. 13.2 – Sectors. Sequence and dimensions. 

Low thickness of the weld will help to reduce distortions in the welding section. Based in previous 

experiences Ensa considers that expected local deformation in welding section is that the vertical 

welds will move away from the position before welding (sides will become wider) but required 

shape tolerance compared to the status before welding can be met (section §7.1)  

For the final checking of the inner shape, a “go gauge” will be used in the weld area. Also, the 

maximum dimensions must be measured. 

Analyzing obtained values of shrinkage in ESS Mock Up, due to the effect of the weld, Ensa 

considers that the estimated shrinkage value, will be in a range of 2 - 4mm.  Given shrinkage value 

must be taken as a reference but not as a target value because shrinkage depends on many 

variables such as welder, welding tooling, heat input, environmental conditional, …, that has low 

repeatability. 
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8. OPERATIONS RELATED WITH WELDING 

8.1. Cleanliness during welding.  

The tooling for maintaining the cleanliness consist in a foam-body-shield that will be manually 

placed into the component from the extreme to be weld to the vessel and settled as close as 

possible to the edge but keeping in mind not to obstruct welding operations.  

This “shield“ will maintain the components free of dust, chemical products and any other potential 

contamination agent.  

     
 

Fig. 14 & 15 - Shield concept 

Foam-body will be covered with a protective sheath in order to not to be damaged by spatters of 

chips during the works. Gap all around the shield must be sealed with tape in order to avoid the 

entrance of any undesired particle inside the components.  

8.2. Grinding operations 

Grinding is a common and needed process for a proper examination and acceptable superficial 

quality of the welds. Despite GTAW (TIG) process is very clean and reduce the appearance of 

spatters, it is expected the necessity of grinding during and after welding in order to have a smooth 

transition between weld and base material and avoid areas that could obstruct the examination 

and generate a misinterpretation. Acceptance criteria for welds are given in EN ISO 5817, §Table 1. 
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Furthermore, in case of any repair is needed, grinding is unavoidable.  

Considering the high level of cleanliness required in vacuum side of the components, it has been 

studied the way of impact as less as possible this requirement.  

Firstly, the use of the “shield” described in section §8.1 

Secondly to grind the welds by (nuclear industry) common means until the last surface finish pass, 

that should be soft ground according to the same soft grinding means referred in the Port Tubes 

instruction (deleted in rev.03) for the inner surface by following the next instructions that have 

been studied in the way of impact as less as possible this requirement. Similar instructions are 

already agreed for the fabrication of the components, and what are shown below:  

 Manual brushing: 

Brushes with 300 series stainless steel spikes and never 

before used in another material that could contaminate or 

damage the component's stainless steel material. 

 
 

 Electrical brushing: 

Brushes with 300 series stainless steel spikes and never 

before used in another material that could contaminate or 

damage the component's stainless steel material. 

Rotation speed must be as low as possible.  

See following section §8.3 for limitations. 
 

 Soft grinding: 

All interior areas of the equipment must be protected from a 

handle that does not include inclusions derived from the 

grinding operation. The treated surface should have a smooth 

transition appearance without steps. 

Preferably to use grain size range not coarser than Nr.120. 

Abrasive agent with aluminum base and which only has been 

used for this type of material. 

Rotation speed must be as low as possible. 

See following section §8.3 for limitations. 
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 Coarse grinding (limited use): 

Only when soft grinding is not enough.   

After this operation, soft grinding must be applied.  

Preferably to use grain size range not coarser than Nr.120. 

Abrasive agent with aluminum base and which only has been 

used for this type of material. 

Rotation speed must be as low as possible. 

See following section §8.3 for limitations. 

 

8.3. Particularities of the application of this instruction 

For the INNER final surface this cleaning instruction should be applied only if necessary and 

following this specific sequence: 

1. manual brushing. 

2. electrical brushing (at the lowest speed at which work can be done). 

3. soft grinding. 

And following the specific notes: 

a. manual brushing can be applied at all welding surface. 

b. electrical brushing can be applied if manual is not able to clean the surface.  

c. soft grinding is only approved when the mechanical dimensions are outside of 

specifications, the use shall be restricted to strictly necessary areas. 

8.4. Repair plan 

In case of detection of any rejectable indication on welds or base material after performing NDT, 

the reparation instructions to follow are:  

8.4.1. Surficial defects on welds: 

 Temporal marking and record (report) of the area. 

 To grind the area to be repaired according to methods described in sections §8.2 & §8.3. 

 Complete weld thickness if necessary (reparation cycle #1) 

 New performance of NDT *SEE NOTE 1 

8.4.2. Internal defects on welds: 

 Temporal marking and record (report) of the area. 

 To grind the area to be repaired according to methods described in sections §8.2 & §8.3  
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 Complete weld thickness (reparation cycle #1) 

 New performance of NDT *SEE NOTE 1 

8.4.3. Surficial defects on base material: 

 Temporal marking and record (report) of the area. 

 To grind the area to be repaired according to methods described in sections §8.2 & §8.3. 

 Confirm with ESS if material in this area is thick enough and the way to proceed. 
Proposal in case of need is to complete thickness with surfacing welding by using the 
approved welding documentation for the project (reparation cycle #1). 

 New performance of NDT *SEE NOTE 1 
 

* NOTE 1: In case of new performance of NDT detects new rejectable defects ENSA will issue a non-

conformity report and will send it for ESS’s approval in order to agree the way to proceed. 

8.5. Surface alignment 

Where there is misalignment at the inner surface between parts of the same nominal thickness the 

transition across the weld shall be smooth and gradual with a slope of 1 in 4 over the width of the 

weld. If this taper cannot be accommodated within the weld width it is permissible to either: 

a) grind the higher plate surface (considering §8.2), where this will not reduce the joint 

thickness at any point below the nominal specified plate thickness minus the plate 

thickness tolerance; 

b) build up the lower plate surface with added weld metalOn the outer surface this requirement 

can be accomplished where accessible.  

 

9. DEFINITION OF NDTs METHODS 

In this section it is showed a detailed analysis of the examinations of the welds. Despite it is 

focused on Port Tube components, same considerations shall be made on NNBar Frame and 

Connection Pipe components.  

9.1. Examinations prior welding:  

No special contractual requirements regarding examinations before welding are required.  

Meeting EN 13445-5, section §6.4.2, a visual examination shall be performed to the weld edge 

preparation of the components before welding operation. These examinations will be carried out 

on Port Tubes and NNBar Frame components at the very final stage of the fabrication, so there is 

no need to repeat this operation on site. A verification by the welding operator before welding is 

enough but must be repeated in case of any issue has been detected during this verification. 
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In the same case the Vessel and the Connection Pipe should have this test done before the 

positioning of the components.  

Additionally, 100% dye penetrant test will be performed on Port Tubes and NNBar Frame 

components at the very final stage of the fabrication and before shipping, and Ensa recommends 

performing it on Vessel and Connection Pipe.  

9.2. Examinations during and after welding: 

Welds and adjacent areas shall have a proper surface finish that allow to carry out a proper 

examination. That means that grinding operations will be performed on the inner side of 

components in order to reach the best conditions for the examination. See section §8.2 

 During welding:  

o VT and PT after root weld and where achievable. Will be performed as an in-

process check.  

 After welding:  

o 100% VT by the weld surface side + where achievable by the root weld side*NOTE. 

o 100% PT by the weld surface side + where achievable by the root weld side. 

o RT inspection to an extent as high as possible, but at least 10% of the welding 

total length.  

*NOTE: Additional checking with endoscope will be performed on the root side of the welds. 

9.3. Dye penetrant testing chemicals 

Dye penetrant testing consumables for non destructive testing shall comply: 

METHOD 
BRAND 
NAME 

CLEANER PENETRANT REMOVER DRYING DEVELOPER 

 
SOLVENT 

REMOVABLE 
CRC CRICK 110 CRICK 120 CRICK 110 

By natural 
evaporation 

CRICK 130  

  



 

ESPECIFICACIÓN 
SPECIFICATION 

Código documento / Document code Rev. 

5EC8GS501 03 

Página 
Page 25 / 58 

 
 
 

 

10. DEFINITION OF INSTALLATION SEQUENCE 

The Monolith Vessel's shell has a thickness of 25mm, and the thickness increases to 50mm in the 

windows where the components will be welded. Despite the welding thickness is 5 to 5mm 

(Connection Pipe) 8 to 8mm (Port Tubes) and 10 to 10mm (NNBar) it must be considered that 

there are 41 components to weld all around to a stainless steel vessel and the risk of global 

distortion has to be studied because, amongst others, the equipment are floating (§5.1). In this 

section the Connection Pipe equipment has not been analyzed since it is not considered a risky 

operation, can be welded independently from the Port Tubes or NNBar and its geometry and 

localization do not impact on the rest of equipment.  

Considering the Port Tubes and the NNBar, here lays the importance of an alternated welding 

sequence searching to reduce as much as possible accumulated tensions and heat provided to the 

components, searching as less distortion in components as possible.   

The hardest access weld identified is the NNBar Frame one due to the geometrical restrictions 

imposed by the North and West carbon steel bottom plates, the NNBar’s base plate, the NNBar’s 

Top plate itself and the small distance to the immediate neighbors Port Tubes. That is the main 

reason to decide not to assembly the neighbors Port Tubes before the NNBar is completely welded 

and tested.  

For the works, 3 welders working simultaneously in 3 different ports have been considered.Based 

on that, Ensa’s proposal is: 

A) To tack weld weld NNBar and 33 Port Tubes (all except the 6 neighbors to NNBar, see figure 

16) 
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Fig. 16 – Neighbor Port Tubes 

To tack weld all these equipment to the vessel helps to keep the whole Vessel fixed since this 

works as an stiffener.  

There is not a preferred order of tack welding the equipment. 

The equipment must comply assembly requirements (figs 3 & 4) at the very moment of the 

tack welding operation, that means that alignment status will be checked just before tack 

welding, and that, for assembly operations, it must be considered that tack welding operation 

on one port could affect to the rest of assembled (but not tack welded) ports, therefore in case 

of decision of assembly several ports before tack welding, it should be expected a light 

correction of the position of the ports just before tack weld each one.   

B) To finish 15 Port Tubes previously tack welded. 

In the figure 17 it is shown the proposed sequence. This sequence should be taken as an 

example, the final sequence should be agreed between Ensa and ESS. 

The aim of this sequence is to start welding Port Tubes in a “comfortable” position, therefore, 

from Port Tube #1 to #15 they are not consecutive, there is at least one Port Tube tack welded 
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between 2 Port Tubes welded. This allows to remove the tack welds of the neighbour Port 

Tubes in case of need, and gain access for a possible reparation.  

 

Fig. 17 – Proposed first 15 Port Tubes.  

C) To finish NNBar, including NDTs 

Once 15 Port Tubes are completely welded a good position on the learning curve will have 

been reached. Next step is to fully weld NNBar and perform the NDTs to existent welds. Figure 

18. 
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Fig. 18 – Finish NNBar. 

D) To tack weld 6 remaining Port Tubes 

After successful NDT’s results on NNBar, the risk of lack of access for a repair due to closing 

the space near NNBar is reduced. Figure 19.  

 

Fig. 19 – Tack weld of remaining 6 Port Tubes.  

E) To finish welding all the remaining Port Tubes 

In this stage the rest of Port Tubes can be also completely welded. Figure 20. 
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Fig. 20 – Complete weld of remaining Port Tubes.  
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10.1. Summary 

 

Step Operation Ports 

A Tack weld 33 Port Tubes + NNBar 33 PT + NNBar 

B Complete weld of 15 Port Tubes 15 PT  

C Complete weld of NNBar  NNBar 

D Tack weld of remaining 6 Port Tubes 6 PT 

E Complete remaining welds 24 PT 

 

 

Fig. 21 – Complete weld sequence  
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11. DEFINITION OF MOCK-UP 

Due to the geometrical difficulties of the welding operations Ensa have fabricated a mock-up for:  

 Training the backing system assembly. 

 Checking the welders accessibility for achieving a good weld quality and a proper 

realization of the works. 

 Checking the correct accessibility for the performance of proposed NDTs. 

The mock up is made of standard 1.4404 material and consists in a model that represents 3 Port 

Tubes "Windows". 
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Fig. 23 & 24 - Mock up design 

12. CONCLUSIONS 

After the study of all the above points the conclusions after Ensa's analysis are:  

 Preferably sequence of assembly is to tack weld 33 Port Tubes (all the Port Tubes except 

the neighbors to NNBar) and NNBar Frame. Section §10.1. 

 (Deleted in rev.03) 

 Regarding shrinkage, it is expected to have a reduction in the radial direction of the 

components (Port Tubes and NNBar Frame) of about 2 to 4mm. Section §7.5 

 No deviations on tangential or height position are expected provided that the Port Tube 

component is bolted to the Port Block Bottom Plate and properly fixed. Sections §7.3 & 7.4 

 Expected local deformation in welding section is that the vertical welds will move away 

from the position before welding (sides will become wider) but required shape tolerance 

compared to the status before welding can be met. Section §7.5 
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 To grind welds and adjoining base material surfaces (~50mm wide) is necessary for a 

proper quality and examination of the works done. Section §8.1 

 To perform RT to an extent as high as possible, but at least 10% of the welding total 

length. Section §9.2 
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ANNEX A - PQR-012-BUTT WELD 
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ANNEX B – (DELETED IN REV.01) 
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ANNEX C - WPS-5EC8WT201  
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ANNEX D - WELDING MAP  
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ANNEX E - PRE/POST WELDING DWG 5EC8.100.00  



 

ESPECIFICACIÓN 
SPECIFICATION 

Código documento / Document code Rev. 

5EC8GS501 03 

Página 
Page 46 / 58 

 
 
 

 



 

ESPECIFICACIÓN 
SPECIFICATION 

Código documento / Document code Rev. 

5EC8GS501 03 

Página 
Page 47 / 58 

 
 
 

 



 

ESPECIFICACIÓN 
SPECIFICATION 

Código documento / Document code Rev. 

5EC8GS501 03 

Página 
Page 48 / 58 

 
 
 

 



 

ESPECIFICACIÓN 
SPECIFICATION 

Código documento / Document code Rev. 

5EC8GS501 03 

Página 
Page 49 / 58 

 
 
 

 



 

ESPECIFICACIÓN 
SPECIFICATION 

Código documento / Document code Rev. 

5EC8GS501 03 

Página 
Page 50 / 58 

 
 
 

 

ANNEX F - FILLER MATERIAL
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ANNEX G - TAPE 
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ANNEX H - (DELETED IN REV.02)  
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ANNEX I – RUBBER FOAM
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