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SEnsa INTRODUCTION

The aim of this slideshow is to expose the ENSA work for the welding
on site of components of the Monolith Port Blocks to the Vessel. The
content of the slides will be:

o Definition of work team & schedule

o Definition of welding book

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

o Definition of chosen backing gas method

o Definition of tolerances pre- and post-welding

o Definition of chosen NDT techniques

o Definition of optimal installation sequence

o Definition of mock-up activities

o Definition of risk mitigation

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.




SEnsa INTRODUCTION

The scope of the works is under the contract 5EC8 and is focused in
the welding of the 39 Port Tubes, the NN-Bar Frame and the
Connection Pipe to the Monolith Vessel, works to be carried out on
site at ESS' facilities in Lund, Sweden.

The scope of the ENSA works consist:

o Welding area preparation (installation of protections, checking and maintenance of cleanliness,
preparation of welding tooling and backing gas).

o Welding of 39 Port Tubes + 1 NNBar Frame + 1 Connection Pipe.
o Non-destructive testing of the welds.

o Shape control after welding using a dummy.

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



SEnsa INTRODUCTION

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)
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(énsa WORK TEAM CHART

SITE MANAGER
Sergio Ruiz

____________________________

QA
Pablo Lopez

WELDING
TEAM LEADER

FITTER (x2)

o Ensa's working hours will be 8 h/day, 5 days a week.
o The schedule for develop all the project will be 2 months.
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Sensa 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. Ready for approval

Welding Procedure Specification, WPS. Ready for approval

Welding Map, WM (drawing with welds location, geometry and tests). Ready for approval
Welders Performance Qualification Report, WPQR.

o O O O
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‘Ensa

PROTOKOLL FRAN
PROCEDURKVALIFICERING (WPQR)
WELDING PROCEDURE QUALIFICATION,
TEST CERTIFICATE (WPQR)
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PQR and WPS ready for approval
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©.., EDGEPREPARATION, FILLER
MATERIAL AND WELDING PROCESS

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:

o Welding accessibility

o Environmental conditions
o Cleanliness

o Tolerances and distortions
o Not anchored equipment

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



©.., EDGEPREPARATION, FILLER
MATERIAL AND WELDING PROCESS

Taking previous considerations, the selected parameters have been:

e Manual GTAW (TIG) as welding process

e Uncovered G 19 12 3L (316L / 1.4404) rod as filler material

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



©.., EDGEPREPARATION, FILLER
MATERIAL AND WELDING PROCESS

e Low temperature must be considered in the Welding Procedure Specification
(WPS). Standard temperature use to be about 15 to 20°C, but in Lund could descend
below 0°C; therefore, temperature range in WPS must be wider than usual. Moreover,
local heating devices (i.e. air heaters) should be available on site.

e At least one reparation cycle has been considered in the documentation.

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



©.., EDGEPREPARATION, FILLER
MATERIAL AND WELDING PROCESS

e 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.
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@.., EDGEPREPARATION, FILLER
MATERIAL AND WELDING PROCESS

e Argon as protective gas. Argon supply is under the scope of ESS and shall meet
the composition Ar 99,99% (Class I1 acc. to ISO 14175).

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



Sensa DEFINITION OF BACKING GAS METHOD

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.
3. Inert gas travels 5. Inert gas release through
through spinal tube new design low profile valve
¥ it Inert gas :;
gasin Lo |||$-
s
Inert gas
2. Dam Inflates 4. Second Dam Inflates

—
Air out

Inert gas

Inert gas

6. Inert gas pushes air through exhaust hose

— Weld purge plugs — Source: Huntingdon Fusion Techniques — HFT
(https:/iwww.lgtechniek.be/fileman/Uploads/Documents/Huntingdon/HFT.pdf)
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Sensa DEFINITION OF BACKING GAS METHOD

Port Tubes and NNBar

For the tack welding stage two devices has been developed (diffusers). They
also can be used for small repairs (20-40mm).

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



Sensa DEFINITION OF BACKING GAS METHOD

Port Tubes and NNBar

\UPPER PART

AND ACCESSIBLE SIDES A) UPPER PART & DIRECT ACCESSIBLE SIDES 3
These areas are fully accessible. The system will be local |
SIDES (just need to install on the root side) and completely
removable. Common means:
LOWER PART *Fiberglass tape
sl *Ceramic weld backing
*Welding glasses

B) SIDES — NO DIRECT ACCESS

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

*Fiberglass tape

*Welding glasses

*Rubber (NBR, EPDM, ...) gaskets

eInflatable hoses

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.




DEFINITION OF TOLERANCES PRE AND
POST WELDING

‘EI'ISB

Port Tubes and NNBar

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

1! and neoprene rubber.
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DEFINITION OF TOLERANCES PRE AND POST
WELDING

ASSEMBLY POSITION l

‘Ensa

Port Tubes and NNBar

6 +0.5mm
Needed gap (space R R
between weld edges)
for welding is at least
4mm after tack welding. - :
|
AFTER TACK WELD POSITION !
4.5+ 05mm
- —h
§ GAP: 4 +~ 5mm
i IU
|
|
POST-WELD POSITION | .
— m
SHRINKAGE (§3.4): 2 + 4mm
GAP: 0 + 3mm
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DEFINITION OF TOLERANCES PRE AND POST
WELDING

Qnsa

Port Tubes and NN-Bar

o The next step will be to tack welding of the component to the vessel and, after re-
checking the correct position, to fully weld the component.
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12 TACK WELDS 20-30mm [ 9 $ . @

16 TACK WELDS 20-30mm
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DEFINITION OF TOLERANCES PRE AND POST

‘Ensa
WELDING

Port Tubes and NN-Bar

o 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
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2 - - - <
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t
34 42 t
6
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17 4 " 14
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20 SECTORS 150-200mm
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DEFINITION OF TOLERANCES PRE AND POST

Qnsa
WELDING

Port Tubes and NN-Bar

Shape Tolerance (profile of the surface)
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so e As this requirement exists for
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Sensa OPERATIONS RELATED WITH WELDING

Cleanliness during welding.

The tooling for maintaining the
cleanliness in the Port Tuber and
NNBAR 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.

For the vessel is required a protection
before starting the welding works. Out
of Ensa’s scope.
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Sensa OPERATIONS RELATED WITH WELDING

Grinding operations

o 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, 8Table 1.In case of any repair is needed, grinding is
unavoidable.

o 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.

o 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 for the inner surface by the instructions that have
been studied.
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Sensa OPERATIONS RELATED WITH WELDING

Grinding operations

Manual brushing Electrical brushing Soft grinding Coarse grinding

The grinding operation will follow the next steps:

0 1° Coarse grinding to remove most of the material
0 2° Soft grindig for fine finishing
o 3° Electrical and manual brushing only for removing spatters

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



Sensa OPERATIONS RELATED WITH WELDING

Repair plan

In case of detection of any rejectable indication on welds or base material after performing
NDT, the reparation instructions to follow are:

Surficial defects on welds:

Temporal marking and record (report) of the area.

To grind the area to be repaired according to methods
Complete weld thickness if necessary (reparation cycle #1)
New performance of NDT

© O OO

Internal defects on welds:

Temporal marking and record (report) of the area.

To grind the area to be repaired according to methods
Complete weld thickness (reparation cycle #1)

New performance of NDT

© O OO
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(énsa DEFINITION OF NDTs METHODS

Examinations prior welding

0 Meeting EN 13445-5, section 86.4.2, a visual examination shall be performed to the
weld edge preparation of the components before welding operation.

o0 In the same case the Vessel and the Connection Pipe should have this test done before
the positioning of the components.

o Additionally, 100% dye penetrant test will be performed on Port Tubes and NNBar
Frame components at the very final stacke of the fabrication and before shipping, and
Ensa recommends performing it on Vessel and Connection Pipe.

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.




(énsa DEFINITION OF NDTs METHODS

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.

During welding:

o VT and PT after root weld and where achievable. This is not a contractual requirement, but they 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.
0 100% PT by the weld surface side + where achievable by the root weld side.
0 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.

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



Sensa 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 (Acc. 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.

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.

For the works, 3 welders working simultaneously in 3 different ports have been
considered.
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Sensa DEFINITION OF INSTALLATION SEQUENCE

A) To tack weld NNBar and 33 Port Tubes (all except the 6 neighbors to NNBar, see
figure 16)

WITHOUT 3 PORT TUBES ON EACH
SIDE OF THE NNBAR

STAGE A - TACK WELDING
NNBAR + 33 PORT TUBES

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.




Sensa DEFINITION OF INSTALLATION SEQUENCE

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.

STAGE B.1 - FULL WELDING
3 PORT TUBES

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



Sensa DEFINITION OF INSTALLATION SEQUENCE

NNNNN




Sensa DEFINITION OF INSTALLATION SEQUENCE




Sensa DEFINITION OF INSTALLATION SEQUENCE

C) To finish weld 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. NNBAR

STAGE C - FULL WELDING
NNBAR + NDT TO NNBAR AND
ALREADY WELDED PORT TUBES

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.




Sensa DEFINITION OF INSTALLATION SEQUENCE

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.

STAGE D - SPOT WELDING
REMAINING 6 PORT TUBES

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.




Sensa DEFINITION OF INSTALLATION SEQUENCE

E) To finish welding all the remaining Port Tubes
In this stacke the rest of Port Tubes can be also completely welded.

NNNNN




Sensa DEFINITION OF INSTALLATION SEQUENCE




Sensa DEFINITION OF INSTALLATION SEQUENCE




Sensa DEFINITION OF INSTALLATION SEQUENCE

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
NNBAR

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.




Sensa DEFINITION OF MOCK-UP

Mock-up 2

In this slides we present the works that have
been carried out on the ESS’ mock up at
Ensa’s facilities during December 2020.
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Sensa DEFINITION OF MOCK-UP

1] ¥
M

Mock-up 2

o While the root pass of the first window was being welded, the
gap between edges decreased from 3,5 - 4,6mm to almost
Omm in the zones between existent spot welds. To mitigate
this issue, for the second window (right) it was decided to
increase the number of the tack welds to maintain a gap that
allows introducing the welding rod and, therefore, ensure a
proper penetration of the root pass.

o0 Also tack welds in the 4 corners are useful and provides a
more rigid surface, obtaining less deformation.

o0 After analyzing of the values shows that increasing the
number of tack welds means reducing shrinkage after the root
pass, even when right window was not fully tack welded while
root welding the left window.

o For the root pass of the right window the length of the sectors
of each pass were reduced, action that helped to reduce the
shrinkage value.
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Sensa DEFINITION OF MOCK-UP

ASSEMBLY POSITION |

Mock-up 2 - |

GAP: 5.5 + 85mm

o Actual condition of welding free-to-move pieces reinforces the
importance of keep a GAP between edges enough for inserting the ———————— |
TIG welding rod. After both windows root pass completion, Ensa
considers that the value of the GAP after tack welding should be 4,5 +
0,5mm. A GAP below 4mm impacts in the root penetration pass,
increasing the welding time and amperage, causing the piece to Gt
absorb more heat, and consequently, more deformations. Welding  _ [~
drawings have been revised to include this information.

AFTER SPOT WELD POSITION

GAP: 4 + 5mm
o After the completion of the Mock Up welding, and considering the use
of welding wedges to control the relative movement between edges, _
Ensa considers that a forecasted shrinkage due to tack welds and to ———————F——— s

obtain a welding scenario with all the guarantees, the target GAP for :

the assembly stage could be 6 £ 0,5mm. :

|

. . . i POST-WELD POSITION
0 In conclusion, obtained values of shrinkage in ESS Mock Up, due to _J.0=3mm

the effect of the analyzed weld, are between 3 - 5mm. Ensa considers [
that by applying the improvements (more tacks, shorter weld-sectors
and help of weld-wedges) the estimated shrinkage value, will be in a
range of 2 - 4mm.

SHRINKAGE (§3 4). 2 + 4mm
GAP: 0+ 3mm
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Sensa DEFINITION OF MOCK-UP

Mock-up 3

Due to the geometrical difficulties of the welding operations Ensa will fabricate a mock-up for:

o Training the backing gas system assembly.

o Checking the welders accessibility for achieving a good weld quality and a proper realization of the
works.

o0 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".

Este documento contiene informacion propiedad de ENSA (Grupo SEPI) y no sera utilizado ni reproducido sin la autorizacion escrita de ENSA.



DEFINITION OF RISK MITIGATION

e?znsa

Risk description

Action Plan description

Nr. # Category As a result of... There is a risk that... Resulting in... Description Documents
Welding documentation shall foresee low
temperatures. Provide local heating
Temperature, humidity, wind, Increase the possibility of repairs. devices. X
1 SITE Adverse environmental conditions. |, p ) by ) P ¥ P A Welding table
lighting, ..., impacts on weld quality. [Increase the schedule. Ask for enclosures for weather protection.
Use of portable lamps to ensure sufficient
lighting for the work.
Ask ESS for periodic information regardin,
L ) ) Increase the schedule. . p‘ ) & o Feasiblity study
2 SITE Work organization. Hindrances in the workplace. . the site conditions. .
More dificult accesses. ) . Open topics list
Inform ESS about detailled working plan.
Protect weld edges after final machining.
. ) . Perform NDT to weld edges before X
Transportation / movement of Equipment weld edges can be Low quality of welds. . Welding table
3 COMPONENT R . welding. . .
equipment. damaged. Repairs. . R . Inspection Points Plan
Foresee repair of base material (grinding
or welding build up)
Increase final machining follow up.
Installation of equipment. L Low quality of welds. ) 8 . p. i Welding table
4 COMPONENT . Misalignment of weld edges. ; Foresee repair of base material (grinding . )
Poor machining of weld edges. Repairs. R . Inspection Points Plan
or welding build up)
Transportation, storage and . . . Install temporary covers for inner . .
K ) L. . Additional cleaning operation. . On site cleanliness
5 COMPONENT |handling. Poor equipment inside cleanliness. protection.
. Lo . Increase the schedule. . . procedure
Welding and grinding operations. Issue an on site cleanliness procedure.
Design of the weld edges must improve
Low quality of welds. the welder visibility. Weld edge drawin
6 WELDING Welding inside the Port Tubes. Lack of access and visibility. q ¥ ) 4 ) L .g J
Repairs. Welding sequence that avoids works on Feasibility study
consecutive equipment.
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‘Ensa

DEFINITION OF RISK MITIGATION

Risk description

Action Plan description

Nr. #

Category

WELDING

As a result of...

Root weld (back side)

There is a risk that...

Lack of access and visibility.

Resulting in...

Excesive / lack of penetration.
Repairs.

Description
Design of the weld edges must improve the
welder visibility.

Welding sequence that avoids works on
consecutive equipment for the 15 first Port
Tubes.

Continuos checking of root pass. Aditional
NDT during root pass.

Include back pass option in welding
documentation.

Documents

Welding table
Inspection Points Plan
Feasibility study

WELDING

Tack / Root weld.

GAP between weld edges is reduced.

Lack of penetration of root weld.
Repairs.

Control of the GAP before tack welding.
Improve tack and root weld sequence
increasing the tack wekds number and
reducing root sectors dimension.

Use of wedges to keep the minimum GAP.

Feasibility study

WELDING

Floating equipment.

Deviations in position.

Equipment out of positional
tolerance.

Tack weld the most of equipment and use
them as stiffener --> Fix the Vessel.
Welding sequence in star pattern.

Feasibility study

10

WELDING

Bad position of welders.

Defects in the welds.

Re-work.
Repairs.

Trainig of welder on representative
coupons.

Fabrication of Mock up.

Study best position of the scaffold.

Mock Up.
Dwg SEC8CRQS001 for
platforms.

11

WELDING

Grinding after welding.

Damage of base material of the
component.

Re-work.
Repairs.

Increase surveillance of grinding operations.
Foresee repair base material by welding
build up.

Welding table
Inspection Points Plan
Feasibility study

12

NDT

Back side of the welds.

Poor weld surface.

Low quality of weld surfaces from
NDT perspective.

Include back pass option in welding
documentation.

Foresee grinding by the outside as much
weld as possible.

WPS

13

NDT

Testing the welds.

Lack of access and visibility.

Increase the schedule.
Technically dificult accesses.

Foresee the NDT to be performed on welds
and consider the welding sequence to
improve the % of NDTs

Feasibility study
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ensa CONCLUSIONS

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

0]

Preferably sequence of assembly is to tack weld 33 Port Tubes (all the Port Tubes except the
neighbors to NNBar) and NNBar Frame.

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.

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.

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.

To grind welds and adjoining base material surfaces (~50mm wide) is necessary for a proper quality
and examination of the works done.

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