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1 INTRODUCTION
1.1 PROJECT OVERVIEW

Crosswind, a Shell and Eneco joint venture, was awarded the tender to develop the offshore Hollandse Kust
Noord (HKN) wind farm, located 18.5km off the coast of Netherlands near the town of Egmond aan Zee. The
consortium plans to have HKN operational in 2023 with an installed capacity of 759MW generating at least
3.3TWh per year. This is sufficient renewable power to supply more than 1 million Dutch households with
green electricity.

Offshore wind farms produce intermittent electricity and balancing these dips and peaks and integrating
this electricity into the national energy system requires new technologies. For this reason, the offshore wind
farm will include several new technologies that could be implemented at full-scale in the future. The new
technologies being explored include a floating solar park, a short-duration battery storage as well as long-
term storage via green hydrogen produced by water electrolysis and subsequently consumed in a fuel cell.
The combination of these individual measures, herein referred to as the Base Load Power Hub (BLPH) will
ensure a continuous power supply regardless of the wind situation.

1.1.1 Project Location
The Hollandse Kust Noord (HKN) wind farm is located 18.5km off the coast of the Netherlands near the town
of Egmond aan Zee.

Figure T HOLLANDSE KUST NOORD WIND PARK Location Map
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Figure 2 - Wind Park Details

The wind farm will consist of No. 69 x 11.5MW wind turbine generators each to be installed on a dedicated
monopile structure. A 70th monopile located on coordinates E 590719.1, N 5841602.3 is reserved for
installing the platform accommodating the BLPH. The monopile structure was designed and installed by Van
Qord Offshore Wind (VooW) and therefore not part of the BLPH scope.

1.1.2 Project Concept
All components included in the BLPH will be integrated onshore on a topsides and installed in an offshore
location within the boundaries of the HKN wind farm. At its simplest, the BLPH will store energy during
periods of high electricity generation from renewable sources (a wind turbine generator and the floating
solar PV farm) and release it during periods of low generation. In practice. It is expected that the energy
stored will supplement generation from renewable sources to ensure that at least 1.0MW of power is

exported to the electrical grid regardless of wind/solar availability.

Figure 3 - BLPH Concept

Electricity in the BLPH will be stored in the form of electrons in a battery energy storage system (BESS) as
well as converted into green hydrogen via water electrolysis. When the power output from the connecting
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wind turbine drops to below 1 MWe, the BLPH will return its stored energy to supplement the remaining
power output. This will be by discharging the BESS, while stored hydrogen will be converted back into

electricity using a fuel cell to extend the discharge duration.

The purpose of the BLPH s to function as a testbed for the integration of energy storage technologies with
renewable generation. It is expected that equipment installed on the BLPH will operate as Normally
Unmanned Installation for at least two (2) years with no or minimal maintenance and it will have its own

independent control room with the ability to communicate with Crosswind’s control room.

2 DOCUMENT SCOPE

The scope of this procedure is to list the phases activities for plate Carbon Steel material Heat Straightening
of Base Load Power Hub (BLPH).

2.1 REFERENCES
Doc. No. Rev. Date Description - Title
K559-2254-MT-SPE- 01 06/03/202 — L
Structural Fabrication Specification
001 3
Construction Specification for Fixed Offshore
EEMUA 158 Third 2014
. Structures.
ededition
Second 2020-11 Petroleum and Natural Gas Industries - Fixed
ISO 19902 diti
edition Steel Offshore Structures.
Petroleum and Natural Gas Industries -
ISO 19901-3 Dec-2014 | Dec-2014 | Specific Requirements for Offshore

Structures - Topsides Structure.

Table 1 - Reference Documents
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2.2 DEFINITIONS AND ABBREVIATIONS

COMPANY or Client (CPY): Crosswind

CONTRACTOR (CTR): ROSETTI MARINO S.p.A.
PROJECT: HOLLANDSE KUST NOORD WIND PARK Project
CA Certifying Authority

DP Dye Penetrant

TP Inspection and Test Plan
MPI Magnetic Particle Inspection
NDT Non-Destructive Testing
QA Quality Assurance

QcC Quality Control

ut Ultrasonic Testing

Wi Welding Inspector

WS Welding Supervisor

WT Wall Thickness
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3 RESPONSIBILITIES AND TASKS

Welding Engineer:
He is responsible for the development and update of present procedure and relevant attachments.

Workshop Manager / Workshop Supervisor:

He shall verify that during the different phases, the coordination, execution and all concerns relevant to
HSE and safety.

To instruct personnel in the application of the Heat Straightening procedure.

To inform QC about Heat Straightening to be performed.

Dimensional Check after HS.

QC Personnel / QC Inspector:

He shall verify that during the different phases, that all the steps mentioned in present procedure are
correctly implemented.

Inform CPY representative whenever Heat Straightening is required.

To control temperature during Heat Straightening.

Test after HS when required.

WS/WI Personnel / Inspector:
Record the activity with the monitoring report and perform the VI Inspection.

Dimensional Control Operator:
Final Dimensional Control on items subject to DC Control.

HS Operator:
Only dedicated personnel shall be able to perform HS process after TBT held by QC and WS/WI

4 HSE CONDITIONS

Welders, Welding Inspectors, Foreman, QC personnel, Customer and CA shall all have PPE and proper
equipment to access workshop and monitor near hot works areas.

The fuel used in heat straightening is volatile and dangerous. Fuel tanks should always be handled with
extreme care.

The technician using the torch must be safety conscious at all times.

Precautions include:

1) Wear protective goggles while heating;
2) Be careful of where the lighted torch is pointed at all times;
3) Wear protective gloves and clothing;
4) Always be in a stable, secure position prior to opening valves and lighting the torch;
5) Follow proper procedures when using scaffolding and use safety harnesses when working above
the ground;
6) Secure tanks and hoses in safe positions prior to heat straightening.
5.1 GENERAL

Heat-straightening may be carried out in case of distortions on primary steel / secondary, tertiary, category
items in accordance with this procedure only after CPY approval. CPY shall be given prior notice when heat
straightening operations are going to take place. Heat-straightening will be performed by oxy-propane or oxy-
acetylene (except cutting torches).
Heat straightening it can be applied for material grade S460G2+M and lower grades.
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As per documents applicable to this project, EEMUA 158 section 5.2.5 “Forming and straightening” it’s
applicable.
The heated area shall not treated more than twice.

During straightening, the temperature shall be continuously controlled with thermal sticks or with a contact
thermometer.

The sharp inner zone of the flame shall be maintained at set distance of 8 to 10 mm from the steel surface.
The heating nozzle(s) shall be constantly moving across the steel at an even speed. Cooling will take place by
air cooling after heating, with wet rag cooling just after heating, Air cooling and subsequent water cooling after
heating (direct water use only when item temp is below 310°C). Welds shall not be heated directly.

When used, cooling water shall be at room temperature (20°C +15°C).

Personnel conducting the heat straightening shall be instructed in the use of the procedure and made aware
of the effects of overheating. Maximum temperature achieved during the operation shall be recorded on
documentation of the heat straightening. Temperature should be check at intervals at no more than 10 Minutes
Heat straightening temperature shall not exceed value detailed at para 7.3.1. Heat Straightening Personnel
must be instructed accordingly. Rosetti Supervisors have to ensure the correct execution.

During heat straightening it may happen that in order to obtain the correct dimension a mechanical deformation
shall be applied to the items under correction.

Production items subject to heat straightening shall be maximum 100mm WT.

As general use, this procedure may be aimed to thin WT items that may suffer deformation from weld
shrinkage. (items with WT < 40 mm).

Personnel involved:
The personel perfoming this activity shall be limited and have past experience on Flame straightening process.

A record of the personel perfoming this activity shall be available at site.
Personnel shall be Toolboxed before activity and only toolboxed and verified personnel will be involved.

4.2 HEATING TECHNIQUES FOR HS

Heat straightening is a repair procedure in which controlled heat is applied, with specific techniques, to
plastically deformed regions of steel elements.

The following Heating technique shall be used.

4.3 LINE HEATING

Heating in straight lines is used to correct angular distortion (for example in fillet welds). The component is
heated along the line of the welded joint but on the opposite side to the weld so the induced stresses will pull
the flange flat.— See Errore. L'origine riferimento non é stata trovata.
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Figure 1. Heating lines

4.4 WEDGE-SHAPED HEATING

To correct distortion in larger complex fabrications it may be necessary to heat whole areas in addition to

employing line heating.

Figure 2. Wedge-shaped heating

4.5 STRIP HEATING

Strip heats, are used to remove a bulge in a plate element or to complement a wedge heat. Beginning at the
initiation point, the torch is moved back and forth in a serpentine fashion across a strip for a desired length.
The strip heat may be initiated at the midpoint and moved toward both edges simultaneously using two

torches — See Figure 3.
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Figure 3. Strip heating
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4.6 SPOT HEATING

Spot heating is used to remove buckling, for example when a relatively thin sheet has been welded to a stiff
frame. Distortion is corrected by spot heating on the convex side. If the buckling is regular, the spots can be
arranged symmetrically, starting at the centre of the buckle and working outwards.

For a spot heat, a small round area of the metal is heated by moving the torch in a slow circular motion
increasing the diameter until the entire area of the metal is heated. During a spot heat, the torch should not be
held at a particular point for too long, as the spot may get too hot and buckling may occur due to excessive
thermal expansion on the heated side of the member.— See See Figure 4

e fi, . |

Figure 4. Spot heating

6 EQUIPMENT AND ITS USE

The primary equipment utilized for heat straightening is a oxy-propane or oxy-acetylene torch (excluding
cutting torches).

Either a single or a multiple orifice tip may be used. The size and type is dictated by the fuel selected and
thickness of material to be heated. A No. 8 single orifice tip is generally satisfactory for thicknesses up to 20—
25 mm (3/4 or 1 in) with acetylene. For thinner material a smaller tip is recommended. If heavy sections are
being heated, a single orifice tip may not be adequate. For such cases a rosebud or multiple orifice tip is
recommended.

. Oxy / acetylene torch with "rose bud" tip-nozzle.
. Calibrated Digital thermometers/ pyrometers.
. Hydraulic Jack (size and force to be applied depends on the extent of damaged area).

7 HS APPLICATION

Typically example of application are showed in the following para. Others solution may be occurred during
production.

The heating area shall have a minimum distance from the welds of 10 mm.

7.1 REPAIR OF LOCALIZED DEFORMATION OF THE BEAMS IN ACCORDANCE
WITH FIGURE 5

1-Install the jacking device as shown in Figure 5.
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2- Heat the damaged areas. Bring the steel up to temperature as quickly as possible using a heating
torch with appropriate tip. Do not exceed temperature at para 7.3.1.

3- The temperature of the steel during the heating process shall be checked by calibrated digital
thermometer or pyrometer not less than once every 10 minutes.

4- Once the entire damaged area is up to temperature, use the jack to bring the upper flange as close as
possible to its original position.

5-Leave the jacking device in place until the steel cools to ambient temperature.

6- Once the steel cools remove the jacking device.

7-Cooling can be managed also by:

8- Air cooling after heating;

9-with wet rag cooling just after heating;

10- Air cooling and subsequent water cooling after heating (water only with item at temp. <310°C);

11- On completion of the heat straightening the repaired area shall be subjected to a final inspection to
confirm that the repaired area meets project requirements. The final inspection shall be in accordance

to para 8
HEATING TORCH /
4
VY
STEEL PLATE
20 mm
~
HYDRAULIC JACK
- HARDWOOD BLOCK
J :\,___1

Figure 5. Repair of localized deformation of the beams option 1

7.2 REPAIR OF LOCALIZED DEFORMATION OF THE BEAMS IN ACCORDANCE

WITH FIGURE 6
1- Position the jacking fixture over the deformed area of flange, as shown in figure 6.
2- Pump the jack until the bottom flange moves, but no more than 6 mm;
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Heat the perimeter of the deformation. Do not exceed temperature at para 7.3.1;

The temperature of the steel during the heating process shall be checked by calibrated digital
thermometer or pyrometer not less than once every 10 minutes;

Maintain pressure on the jack as the steel cools to ambient temperature;

Repeat steps 2, 3, 4 and 5 until the deformation is flattened as close as possible to its original
position;

Leave the jacking fixture in place until the steel cools to ambient temperature

Cooling can be managed also by:

Air cooling after heating;

with wet rag cooling just after heating;

Air cooling and subsequent water cooling after heating (water only with item temp <310°C);
Once the steel cools remove the jacking fixture;

On completion of the heat straightening the repaired area shall be subjected to a final inspection to
confirm that the repaired area meets project requirements. The final inspection shall be in
accordance to para 8.

=
HARDWOOD BLOCK
-
STEEL PLATE
20 mm wf _— _— |
HYDRAULIC JACK
-
STEEL PLATE \"‘—= =
- ”§
II |I
Ir J
'I ll
HEATING TORCH [ |

Figure 6. Repair of localized deformation of the beams option 2
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7.3 REPAIR OF LOCALIZED DEFORMATION OF THE PLATES

All methods showed on para 7 may be used for recover distortion on plates. For less thick material spot
heating shall be used. For thicker plate wedge-shaped and strip heating shall be used. If necessary use
heating method in conjunction with hydraulic jack.

7.3.1 TEMPERATURE CONTROL

One of the most affecting issues of heat straightening is the temperature of the heated metal.
The maximum temperatures are:
- 600°C for TMCP and +N steels.
- 590°C or tempering temperature minus 50°C (the lowest temperature) for quenching and tempering
steels
To control the temperature it shall be used calibrated digital thermometer or temperature sensing
crayons.
Maximum exposure shall not be more than 4 minutes at peak temperature.

8 INSPECTION

After completion of HS, the following tests are to be performed:

1. A dimensional check shall be carried out to confirm that the size tolerances of the beam and repaired area
are in accordance with 3417-000-Q-PT-SAI-11081- Dimensional control procedure.

2. If there are welds located in the area affected by heat, they shall be re-checked with the same Non
Destructive Technique originally used to check the weld.

3. 100% of MT check on base material subject to HS, to ensure, no surface defect on heated zone.

4. The dimensions map of MPI area, shall be reported.

5. Hardness Test has to be done on at least 3 measurements on each heated area, inside and outside the

threated area. The surface test has to be prepared accordingly using Grinding and flap disk (sandpaper).

Maximum acceptance value shall be 350 HV10.

Reports of test performed shall be issued and shall be included in final documentation.
Reporting shall be done with the report provided in the final section (deleting unnecessary fields with a line).
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COUPONS TESTS

1- Coupons tests for HS performed with 650°C and water cooling are attached for reference.

On coupons tested tensile, hardness and impact testing to low temperature was performed.

ATTACHED REPORT no. 0067-00040-17 dated 2017-02-27t.

Testing was conducted with witness of GE Grid GmbH.

6mm & 10mm SMYS 355MPa +N condition

2- Coupon test for HS performed with 650°C and water cooling are attached for reference.

On coupons tested tensile, hardness and impact testing to low temperature was performed.

ATTAHED REPORT no. 422-00103-21 dated 2022-11-23".

20mm SMYS 460MPa +TMC condition
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