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1. Introduction 

 

The decommissioning of offshore wind parks is a project that has different phases. The phases 

entail planning, administration and management, engineering and design, preparation for 

operation, and the operation itself and lastly post-decommissioning activities. Under each phase, 

there are certain activities that are mentioned in this document.  

Planning includes study and arrangement of all possible activities for and during the project, 

estimation of requirements including machinery and personnel to execute the project and associate 

time to carry out each activity and finally to allocate Work-Breakdown Structure (WBS) to each 

action.  

Administration and management activities cover all phases of the project from making decision 

based on international and national regulations, recommended practices, common practices, 

granting consents, perform safety analysis of the operations, commercial issues, execution of the 

project and obtaining required approval and certificate.  

The engineering includes basic and detail design (or FEED), preparation of procedures, drawings 

and simulations of operations. Engineering should be carried out according to common practices, 

national and internarial regulations, conventions, protocols, annexes, resolutions, circulars, 

standards, recommended practices and so forth. The engineering process shall be optimized in 

order to achieve the DecomTools objectives which are cost reduction by 20%, CO2 emission 

mitigation by 25% and increasing knowledge and know-how i.e. in regard to safety measures.  

Preparation for operation and the operation itself includes all pre-decommissioning activities such 

as offshore and onshore mobilization, a pre-decommissioning survey, the disassembly of wind 

park components such as wind turbines, offshore high voltage substations (OHVS) and associated 

structures. Furthermore, removal of cables, recovery of means of cable and foundation protections 

such as grout bags, mattresses and so on. Lastly transportation of material to port(s) or 

decommissioning yard(s) and handling of material there. 

Post-decommissioning is one of the phases that must be carried out after execution of all activities 

in order to obtain approval from clients to prove successful completion of the projects in 

compliance with project documents and agreed standards which includes a post-decommissioning 

survey, issuance of final dossier as well as obtaining Provisional Acceptance Certificate (PAC) 

and Final Acceptance Certificate (FAC).  
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The intention to prepare this document is to mention all possible activities and milestones that 

must be conducted in order to commence and complete the decommissioning of an offshore 

project. Noticing that offshore wind parks have different specifications such as the size of the 

turbines, number of turbines, water depth, distance from shore and topology of the park. Each of 

these parameters can have profound impact on the engineering and execution of decommissioning 

operations’. Thus, the possibility to prescribe a method for all kind of wind parks is not possible. 

There is not one size fits all procedure to be suitable for all wind parks, however, it is possible to 

classify the different wind parks in order to come up with different decommissioning methods for 

each category. Then the solutions should be optimized in order to attain the DecomTools 

objectives. In this document the author made the effort to list crucial activities that need to be 

executed for decommissioning of offshore wind parks. It is not a prescription and does not include 

all details of activities, but the major sequences have been listed herewith. Having considered that 

some activities are in critical path of project and some others can be executed as meanwhile 

activities, so, according to this document, we will be able to allocate time for each activity in order 

to make estimation for a total decommissioning project. Noticing that there is a direct relation 

between time in offshore and project cost, therefore, it can contribute to estimate cost of a 

decommissioning project. Eventually minimizing the time in offshore will lead to significant cost 

reduction as well as CO2 mitigation.  
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2. List of Abbreviations 

 

FEED Front End Engineering Design 

OWP Offshore Wind Park 

OWF Offshore Wind Farm 

WT Wind Turbine 

WP Wind Park 

PMS Preventive Maintenance System  

CBM Condition-Based Maintenance 

BSH Bundesamt Für Seeschifffahrt Und Hydrographie (Federal Maritime 

And Hydrographic Agency,Germany) 

ROV Remotely Operated Vehicle  

OHVS Offshore High Voltage Substation  

UXO Unexploded Ordnance 

USBL Ultra-Short Baseline,  

SSBL Super Short Base Line 

DGPS Differential Global Positioning System 

CLV Cable Laying Vessel  

CLB Cable Laying Barge 

HLV Heavy Lifting Vessel  

C/B Cargo Barge 

NDT Nondestructive Testing  

HDD Horizontal Directional Drilling 

QC Quality Control  

DP Dynamic Positioning  

ILT Internal Lifting Tool 

ELT External Lifting Tool 

TP Transition Piece  

MGR Marine Growth Removal 

GHG Greenhouse Gas Emission  

WMS Marine Warranty Survey, Marine Warranty Surveyor 

PAC Provisional Acceptance Certificate  

FAC Final Acceptance Certificate 

IMO International Maritime Organization 
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Milestones for Decommissioning of Offshore Wind Parks 

3. Initial Study  

3.1 Feasibility study for Decommissioning. 

3.2 Feasibility study for repowering/granting consent for repowering.  

3.3 Feasibility study for major overhaul/extension of life cycle. 

 

Suppose The Made Decision Is To Decommission The A OWP 

4. Technical Study to Make a Business Model 

4.1 Check the Preventive Maintenance System (PMS) and the Condition-Based 

Maintenance (CBM) data base of the OWP to see the condition of machinery and 

recently changed components (such as blades, generator, gear box etc.) in order to 

evaluate the potential for reusing. 

4.2 Conduct a functional test of components, if necessary. 

4.3 Check if there is any demand for functional equipment (do marketing).  

4.4 Find out the salvage value of material. 

4.5 Ultimately find out the different ways to increase the salvage value, like repair of 

components and selling functional material. 

5. Start the Administrative Activities to Grant Consent for Decommissioning  

6. Grant Consented for Decommissioning 

Procedure approved by authority, financial security takes place etc. 

7. Giving Notification to the Sea Users 

Notification should be given to the shipping traffic, fishing industry, utilities developers and other 

sea user about the commencement and duration of the operation. The developer has to announce 

to the port authority, hydrographic offices and national authorities, then they will do the necessary 

arrangement (need to be checked nationally with responsible organization like BSH). 

8. Conduction of Pre-Decommissioning Survey 

8.1 Review post-installation ROV survey documents and recorded videos. 

8.2 Conduct a ROV survey from laid cable (log the burial depth, joints, crossed cables, 

pipeline etc.). 

8.3 Conduct a ROV survey from OHVS and wind turbines structure in order to assess the 

situation of seabed, scour protection, sediment condition/ mobility and etc.  
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8.4 Log the dimension (estimated weight) and location of protection/obstacles, free span 

correction and crossings. 

8.5 Inform the authorities in case of finding unexploded ordnance (UXO) (moving of old 

ordnance on seabed due to strong currents is possible)1&2 (TenneT , 2017). 

8.6 Inform concerned parties in case of finding benthic habitat (like flora and fauna)1. 

8.7 Inform responsible authorities in case of finding marine archaeology1. 

8.8 Log in-service cable(s), pipeline(s) or other subsea asset(s) which are crossed or are in 

vicinity of disused cable(s)/structure(s).  

➢ In order to carry out pre-decommissioning survey the following resources are 

needed: 

I. A suitable survey vessel equipped with: 

II. Survey ROV 

III. Side-scan sonar 

IV. USBL Beacon (Figure 1) 

V. Multi beam echo sounder 

VI. Air balloon 

VII. Positioning equipment like Gyro, DGPS, etc. 

VIII. Experts, etc.  

 

Figure 1: USBL Beacon (Sonardyne) 

 

9. Preparation for Cable Removal 

 
1 (Offshore Generating Cable Connections, 2015) 
2 (TenneT concludes contract for UXO survey at cable route Borssele offshore grid, 2017) 
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9.1 Explosion/recovering of ordnance(s), in case of finding during survey.  

9.2 Taking effective and appropriate measure in case of finding special benthic habitat, 

marine archaeology etc.  

9.3 Collection of obstacles, mattresses, tubular protection, placed rock, grout bags, free span 

correction etc.  

➢ In order to achieve this part, mobilization of state-of-the-art machinery is needed 

such as: 

I. A vessel equipped with: 

II. Seawater certified crane 

III. Mass flow excavator (figures 2 and 3) 

IV. Air lift (Figures 4 and 5)  

V. Hydro jetting tool (Figure 6 and 7) 

VI. Mechanical cutter3 (Figure 8, 9 and 10)  

VII. Work class ROV 

VIII. Side-scan sonar 

IX. USBL Beacon  

X. Air balloon 

XI. Lift bag etc.  

 

 

  

Figure 2: Mass Flow Excavator (Seatools, n.d.)                 Figure 3: Mass Flow Excavator (N sea, 2014) 

 
3 Mechanical cutters employ either a cutting wheel or an excavation chain to cut a narrow trench into 

compacted seabed or rock (DNV-RP-J301, 2014, p. 103) 
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    Figure 4       Figure 5 

Figure 4: Seabed cleaning with Airlift Technology (Department of Classics, Stanford University, 2015)    

Figure 5: Seabed cleaning with airlift technology (Divernet, 2017) 

 

     

Figure 6       Figure 7 

Figure 6: Hydro Jetting Tools (Jetting Sleds) (Power Cable Laying Jetting Sleds, 2013)  

Figure 7: ROV Hydro Jetting Tools  (Helix Energy Solution , 2019) 

     

Figure 8: Mechanical Cutter (Dvorak , 2015)            Figure 9:Mechanical Cutter, Trenchformer (Boskalis, n.d.)4  

 
4 This is  Trenchformer which can excavate the seabed with both hydro jet and mechanical cutter (Figure 11 shows 

the same machine) 
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Figure 10: Launching of Mechanical Cutting Tools and ROV from Vessel (Dvorak , 2015) 

 

 

Figure 11: Deployment of Mechanical Cutting Tools from land fall (Boskalis Subsea, 2014) 

 

9.4 Disconnection of cable(s) from onshore substation and grid either physically or 

electrically. 

9.5 Discharging cables from any electrical potential and testing to make sure that it is safe 

for decommissioning operation. 

Mechanical Cutter 

Work class ROV 
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9.6 Cutting cables from J/I tube and connection of a balloon to the end of cable for tracking 

the cut point (there is similar procedure with the abandonment and recovery of offshore 

pipelines). 

9.7 Preparation for land fall cable disconnection (inspection of transition joint pit, shore 

erosion etc.) 

9.8 In order to conduct shore mobilization for cable removal, tubular removal and 

restoration at least the following machineries are needed: 

I. Winches  

II. Rollers  

III. Crane 

IV. Excavator Machine 

V. Electric Generator 

VI. Mobile accommodation etc.  

 

Figure 12: An Aerial Photo of Cable Shore Pulling (Boskalis Subsea, 2014) 

 

Figure 13: Some Necessary Equipment for Export Cable Installation (Boskalis, 2016) 

Accommodation 

and offices  

Crawler 

Crane   

Electric generator 

and other machinery     

Transition Joint  

Mechanical 

Excavator   

Export Cable 

Tubular Protection   

Set of Rollers  
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10. Onshore Mobilization For Disconnection Of Cable(s) From Onshore Substation  

If there is not any plan for new wind farm development nor lifetime extension nor repowering and 

the final decision is to decommission an offshore wind park, then, all the laid cable(s) from 

offshore to onshore substation shall be collected thoroughly. Collection of laid cable(s) is 

relatively depending on the land fall condition, the distance of onshore substation from nearshore 

and so on. However, the following equipment and machinery are needed mostly5: 

I. Excavator machine /backhoe dredger 

II. Mobile electric generator 

III. Trenching tools 

IV. Winch and reel 

V. Rollers 

VI. Trucks 

VII. Crawler crane 

VIII. Cutting tools etc.  

11. Offshore Cable Removal 

Since there are two different cables in OWP including inter array and export cable, the 

consideration for decommissioning of each type is different as well. Also, there are two different 

approaches for decommissioning. One of them is decommissioning without any development of 

new OWP in the same area or the development of new OWP in the consented area. However, in 

most conditions, offshore mobilization for cable removal requires the following equipment: 

I. Cable laying vessel (CLV) (This kind of vessel is normally equipped with all 

major and necessary equipment) 

II. Hydro jetting tools (in the loose seabed)6 

III. Ploughing tools (see Appendix 7) 

IV. Mechanical cutting tools5 

V. Grapnel equipment 

VI. Side-scan sonar 

VII. Mass flow excavator (for rock placement collection mostly) 

VIII. Balloon and accessories for marking cables 

IX. Work class ROV with capability to utilize cutting tools in manipulator 

 
5 (DNV-RP-J301, 2014, p. 101) 
6 The use of hydro jetting tool, mechanical cutter, plough etc. depend on seabed formation 
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X. Cable cutting tools 

XI. Calibrated USBL beacon (also beacon can calibrate offshore) 

XII. Lifting gears equipment including shackles, slings, webbing sling etc 

XIII. Handling tools such as pulling head, pulling grip etc 

 

11.1 Inter Array Cable Removal 

a. Cut the cables from J/I Tubes with ROV preferably 

b. Recover the cables to the CLV carousel (turntable or drum or reel or tank or other 

equipment) 

Important note: In any condition, inter array cables should be collected. 

11.2 Export Cable Removal 

For decommissioning of export cables, there exists four different scenarios as following:  

11.2.1 Park with OHVS and Development of New OWP in the Same Location 

▪ If there is OHVS, then keep the export cable from OHVS to shore. 

▪ If there is OHVS, there is possibility to keeping the export cable(s) from WTs to the 

OHVS (this should be studied case by case, depending on the topology of OWP, the 

number of reserve J/I Tubes) 

 

Figures 14. Two topologies of offshore wind park, OWP with OHVS (Cigre, 2015, pp. 46,47) 

11.2.2 Park with OHVS and without Development of New WP in the Same Location 

▪ In any condition, the given proposal should be entire removal of cables and OHVS 

11.2.3 Park without OHVS and Development of new WP in the Same Location 

▪ In this situation, keeping export cable(s) for future wind park is recommended since it 

can connect one block of wind turbines directly to the shore. This means saving cost 

of procurement, installation and decommission etc. However, the new designed OWP 
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will have higher production capacity. So, thicker cables and electrical components 

with higher capacity will be required. 

11.2.4 Park Without OHVS and without Development of New WP in the Same 

Location 

In any condition, the given proposal should be the entire removal of cables. 

 

Figures 15. Topology of offshore wind park, OWP without OHVS (Cigre, 2015, p. 46) 

12. Onshore Cable Removal 

Making decision for onshore cable removal absolutely depends on the plan for the 

development of new OWP. 

12.1 Having A Plan for New OWP Development 

If there exist a plan for the development of a new WP in the consented location or vicinity of 

that location, the cable from the transition joint to the onshore substation can be kept as it was 

(such as inside tubular or buried cable) in order to be used for a new planned wind park. 

Therefore, demolition of the transition pit and a restoration of the constructed route to the 

substation is not necessary.   

12.2 No Development of New OWP 

If the plan is non-development of any wind park in the consented area or any location which 

can use the existing infrastructure, the entire removal of cable shall be proposed. More 

importantly, all installed protection like HDD tubular (Figure 13), crossing support and other 

means of artificial protections of cable such as rock placement shall be restored to the pre-

installation condition.   

13. Offshore High Voltage Substation (OHVS) 

The following scenarios exists for the decommissioning of OHVS as following: 

13.1 Development of New OWP in the Same or the Vicinity of the Old OWP 
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If there is any plan for the development of new OWPs even a couple of miles away from the 

OHVS, it makes sense to keep the OHVS and to use it (it needs to be evaluated case by case).  

13.2 No Development of any OWP 

Decommissioning of an OHVS shall take place immediately after the cable removal or before. 

It is recommended to carry out decommissioning of the OHVS after all cables have been 

removed. Since there is not any cable on seabed, mooring vessel(s) for removal can be utilized. 

Removal of OHVS has two different phases which are the following: 

Note: It is possible that after the end of life cycle of OHVS, the authorities want to use the 

OHVS for another application, for instance change it to a restaurant or accommodation. This 

decision needs to be made in advance.  

14. Removal of Topside (Deck) 

14.1 Two surveys normally take place before decommissioning from seabed and OHVS 

structure. A ROV seabed survey in order to see if there is any debris on the seabed and 

a survey of the topside structure to make sure nothing is loose on the topside. 

14.2 Hazardous material and equipment (such as fire and gas detectors) shall be dismantled 

before heavy lifting operation as preparatory jobs.  

14.3 For OHVS removal, heavy lifting vessel (HLV) should be mobilized. 

14.4 The vessel should position itself via either mooring anchors or DP system (vessel 

heading should have 180° difference with respect to prevailing wind direction, 

probably the same as installation heading). 

14.5 If the HLV does not have enough deck space (which it normally does not have), a 

cargo vessel should be mobilized. 

14.6 In addition to a normal construction team, welders, fitters and an electrician team 

should be mobilized as well. 

14.7 Cables from hang-off should be disconnected.  

14.8 All the electrical connections between OHVS and jacket should be disconnected. 

14.9 All the obstacles for lifting shall be removed. (any overhangs such as lights structure, 

part of helideck etc.) 

14.10 If the lifting trunnion were cut after installation which is normal practice, new ones 

should be welded, then the required NDT tests should be executed.  

14.11 The cargo vessel should be moored to the HLV. 
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14.12 Lifting riggings should be connected to the HLV crane and the other side should be 

rigged to topside either spreader bar or directly to lifting trunnions. 

14.13 Hold back riggings should be connected to the auxiliary winches (tugger winch) and 

other side should be connected to the topside (wherever is needed).  

14.14 Cutting the topside legs should take place. 

14.15 The topside should be lifted and located on the vessel deck.  

14.16 The lifting riggings shall be kept until some portion of seafastening takes place. 

14.17 Lifting riggings can be removed from lifting trunnions after getting approval from QC 

inspector.  

14.18 Meanwhile seafastening shall be carried out (some points regarding seafastening has 

been mentioned under section 16 of this document) 

Note: For decommissioning of OHVS, the best fleet type that can be mobilized is using a DP crane 

vessel (semi-submersible e.g.) and a cargo vessel.  The cargo vessel can be moored to the HLV, 

so cargo vessel does not need to deploy the anchors. On the other hand, if a jack-up crane vessel 

is used, it is not possible to moor the cargo vessel to the jack-up considering the stability of the 

vessel. 

15. Removal of Jacket and Piles 

There are various types of jackets regardless of its number of legs. However, in some cases, the 

OHVS structure is mounted on monopod (or monopile) not a jacket, but the majority of them 

are jacket types and have legs: 

I. Conventional jacket without batter (vertical pile) without grout  

II. Conventional jacket without batter (vertical pile) with grout (See figure 24) 

III. Conventional jacket with batter (inclined pile) with grout 

IV. Conventional jacket with batter (vertical pile) without grout 

V. Inclined Skirt pile sleeve (Chakrabarti, 2005, p. 1056) 

VI. Vertical Skirt pile sleeve (Chakrabarti, 2005, p. 1056) 

VII. Monopod or monopile structure 

VIII. Gravity base structure7 (DolWin2, n.d.)  

 
7 The gravity type support structure is a concrete based structure which can be constructed with or without small steel 

or concrete skirts. The ballast required to obtain sufficient gravity consists of sand, iron ore or rock that is filled into 

the base of the support structure (DNV, 2014, p. 25). 
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Figures 16 to 23 shows the various types of structures that have been used in offshore wind industry.  

       

Figure 16 Monopile Structure (Semco Maritime, n.d.)    Figure 17 Pile Driving of Conventional Jacket8 

               

Figure 18 Gravity-base Structure (TenneT, n.d.)       Figure 19 Gravity Base Structure (DolWin Beta, n.d.)9 

    

Figures 20 & 21 Inclined Skirt Pile Sleeve Jacket (Heinen and Hopman, n.d.) 

 
8 Figure 17 is from the authors archive. 
9 The platform was anchored to the seabed by gravity alone (DolWin2, n.d.). 

Hammer 

Pile 

Pile Sleeve 
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Figures 22 and 23 Jacket with batter and without batter (BorWin1, n.d.) 

   

15.1 Conventional and Non-Grouted Annulus Jacket Removal 

If the structure is a conventional jacket without grouted annulus, there exists two different methods 

for removal of the jacket, the following are the removal activities with respective sequences: 

15.1.1 First Method  

In this method at least a one-week workable weather window is required. 

I. All scour protection around the jacket shall be removed (normally there is not scour 

protection around jacket structure, but it should be removed if there is any) 

II. The crane vessel shall be positioned based on prevailing wind direction 

III. The cargo vessel shall be moored to the HLV (ready at position) 

IV. The shim plate (or crown plates) should be cut (for shim plate please refer to the figure 25) 

V. The cut shim plate shall be placed on either HLV deck or on the cargo vessel (depending 

on deck lay out and cargo arrangement plan) 

VI. Rig the crane to the jacket boat landing 

VII. Cut the braces of the boat landing 

VIII. Lift the boat landing and place it on the cargo vessel 

IX. Carry out the seafastening of boat landing on the cargo barge 

X. Rig the crane to the barge bumper 

XI. Loosen the bolts of the barge bumper flange, releasing the chain shackles 

Jacket with Batter 

Jacket without Batter 
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XII. Lift the barge bumper, place it on the cargo vessel and carry out seafastening 

XIII. Repeat the above 2 stages for all barge bumpers 

XIV. Seabed about 1 meter shall be excavated around all jacket legs with air lift or mass flow 

excavators (so ROV or diver is needed) 

XV. The diamond wire cutter shall be placed around the pile under the jacket mudmat (ROV or 

diver is needed) 

XVI. The vessel crane should be connected with ILT to the pile which was cut 

XVII. The cut pile should be lifted from top of the leg 

XVIII. Then the pile shall be placed on the cargo vessel and seafastening shall be carried out 

XIX. The above process shall be done for all other legs as well (from a safety perspective, the 

sequence of cutting the pile is: the second pile shall be in diagonal of the first cut pile) 

Note: Even after removal of all the piles, jacket has unpiled stability based on API RP 2A. In other 

words, the jacket without any piles is stable on its mudmat. 

XX. The next stage is to rig the lifting rigging to the HVL hook, also the other side should be 

connected to jacket lifting pad eyes 

XXI. Lift the jacket and place on the cargo vessel 

XXII. Keep the crane connected to the jacket until some portion of seafastening has been 

completed 

XXIII. Derig the lifting rigging from jacket and release the HLV 

Note: The cargo vessel maintained its position via mooring itself to the HLV. If the plan is to 

release HLV (the day rate of this vessel is high), then the cargo vessel needs to deploy its anchors 

in order to keep its position.   

XXIV. Completion of seafastening and the NDT test 

XXV. The next stage is to mobilize the smaller crane vessel, ROV and vibratory hammer for the 

entire pile extraction 

XXVI. Extract and lift entire piles and placing them on the vessel deck 

XXVII. Carry out seafastening of piles 

XXVIII. Carry out post decommissioning ROV survey10 

 
10 Post decommissioning ROV survey can be done by a survey ship (day rate of HVL ships are considerably higher 

than a survey ship)  
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Towing Option: The other possibility is to install lift bag or buoyancy tank to jacket to be towed 

to the port (it is possible and minimize the cost) , but all holes and opening should be sealed in this 

method which there is not any proof-concept method and tool to do this so far except welding. 

15.1.2 Second Method  

The second method is a quicker operation but needs a larger crane vessel. However, at least a one-

week workable weather window is required. The activities and sequences are as following: 

I. All scour protection around the jacket shall be removed (normally there is not scour 

protection around jacket structure, but it should be removed if there is any 

II. The crane vessel shall be positioned based on prevailing wind direction 

III. The cargo vessel shall be moored to the HLV (ready at position) 

IV. Rig the crane to the jacket boat landing 

V. Cut the braces of the boat landing 

VI. Lift the boat landing and place it on the cargo vessel 

VII. Carry out the seafastening of the boat landing on the cargo barge 

VIII. Rig the crane to the barge bumper 

IX. Loosen the bolts of the barge bumper flange, releasing the chain shackles 

X. Lift the barge bumper, place it on the cargo vessel and carry out seafastening 

XI. Repeat the above 2 stages for all barge bumpers 

XII. The shim plate (or crown plates) should not be cut (it means the jacket and piles are still 

connected, so we can consider them as one structure) 

XIII. Seabed about 1 meter shall be excavated around all jacket legs with air lift or mass flow 

excavator (ROV or diver is needed) 

XIV. The diamond wire cutter shall be placed around the pile under the jacket mudmat, (ROV 

or diver is needed) 

XV. All the piles underneath the mudmat shall be cut 

Note: Even after cutting all the piles, jacket has unpiled stability. In other words, the jacket remains 

stable on its mudmat 

XVI. Lift the jacket and all the piles together and place them on the cargo vessel 

XVII. Keep the crane until some portion of seafastening has been completed 

XVIII. Release the lifting rigging from the jacket and release the HLV (in this case the anchors of 

the cargo vessel should be deployed in advance) 
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XIX. Completion of the seafastening and the NDT test 

XX. The next stage is to mobilize the smaller vessel, ROV and vibratory hammer for entire pile 

extraction 

XXI. Extract and lift the entire piles and place them on the vessel deck 

XXII. Carry out seafastening of piles 

XXIII. Carry out post decommissioning ROV survey 

 

15.2 Conventional and Grouted Annulus Jacket Removal 

If the structure is a conventional jacket with grouted annulus (for grouted annulus, please refer to 

figure 24). There exist two different scenarios for the jacket removal. The milestones and stages 

are mentioned as below: 

15.2.1 First Method 

In this method at least a one-week workable weather window is required. 

I. All scour protection around the jacket shall be removed (normally there is not scour 

protection around jacket structure, but it should be removed if there is any) 

II. Crane vessel shall be positioned based on prevailing wind direction 

III. The cargo vessel shall be moored to the HLV (ready at position) 

IV. The shim plate (or crown plates) should not be cut 

V. Seabed about 1 meter need to be excavated around all jacket legs with an air lift or a 

mass flow excavator  

VI. The diamond wire cutter11 shall be placed around the pile under the jacket mudmat 

VII. All the piles underneath the mudmat shall be cut 

VIII. Lift the jacket and all the piles together and place on the cargo vessel 

IX. Keep the crane until some portion of seafastening has been completed 

X. Release the lifting rigging from jacket and release the HLV (in this case the anchor of 

cargo vessel should be deployed in advance) 

XI. Completion of seafastening and NDT test 

XII. The last stage is to mobilize smaller vessel, ROV and vibratory hammer for entire pile 

extraction 

XIII. Extract and lift the entire piles and place them on the vessel’s deck 

 
11 Dimond wire cutter is one of the most reliable cutting tools which cannot cut so quickly. Diamond wire saw is a 

quicker option.  
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XIV. Carry out seafastening of the piles 

XV. Carry out post decommissioning ROV survey 

Note: There are a number of crane vessels that are designed and constructed for decommissioning 

of offshore oil and gas structures, like pioneering spirit (48 000t lifting capacity), Sleipnir (with 

20 000t crane capacity , SAIPEM 7000 (14 000t lifting capacity), Thialf (14 200t lifting capacity) 

etc. However, the weight of the jackets in renewable energy are not as heavy as in the oil and gas 

industry. Hence, in many cases, it is feasible to mobilize the above-mentioned crane vessels which 

are extremely expensive. On the other hand, from a stability perspective, considering that these 

vessels are huge, they are much more stable and weather condition have minor impact on their 

operation and stability.  In the annex 9, specification of some of heavy lifting vessels can be found.  

15.2.2 Second Method 

In this method a smaller HLV vessel is needed. However, mobilization of a diving team (SAT or 

mixed diving system is necessary). So, the operation becomes more complex, hazardous, difficult 

and the duration of the operation is much more than a single lift (but the day rate of vessel is less). 

This method is employed in the oil and gas projects, but for the wind industry, it is not 

recommended due to smaller size and lighter weight of the jacket.   

I. Item number 1 to 6 are similar 

II. Mobilization of diving team (if the depth is less than 35m, the mixed diving needs to be 

mobilized, the deeper waters needs SAT diving) 

III. The diamond wire cutter shall be placed around the jacket leg at each elevation (the 

jacket has different elevation) 

IV. Rigging the lifting gears to the first elevation of the jacket 

V. Cut the jacket structure at the 1st elevations 

VI. Recover the diamond wire cutter to the surface 

VII. Lift the first cut structure and place it on the cargo vessel 

VIII. Commence seafastening of the cut structure on the cargo vessel  

IX. Continue the above 4 stages until the last elevation is done.  

X. The last stage is to use a vibratory hammer for the entire pile extraction 

XI. Extract and lift the entire piles and place them on the cargo vessel 

XII. Carry out seafastening of all piles 

XIII. Carry out post decommissioning ROV survey 
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Figure 24 Grouting annulus of Conventional Jacket12                          Figure 25 Welding of Shim Plates12  

 

15.3 Jacket with Skirt Pile Sleeve 

Decommissioning of this type of jacket is easier than the conventional jacket since the piles are 

outside of the jacket. More importantly, the length of driven piles is less than conventional jacket. 

The piles’ length is approximately shorter equivalent to water depth which means the weight of 

piles is lighter than the conventional jacket. In other words, it needs less resources such as logistic, 

less machinery working hour and labor work etc.  

I. All scour protection around the piles shall be removed (normally there is not scour 

protection around a jacket structure, but it should be removed if there is any) 

II. The crane vessel shall be positioned based on prevailing wind direction 

III. The cargo vessel shall be moored to the HLV (ready at position) 

IV. Seabed about 1 meter shall be excavated around all piles sleeve with an air lift or mass 

flow excavator  

V. The diamond wire cutter shall be placed around the pile under the pile sleeve 

VI. All the piles underneath of the pile sleeve shall be cut 

VII. Lift the jacket and place it on the cargo vessel 

VIII. Keep the crane until some portion of seafastening has been completed on the cargo 

vessel13 

 
12Figures 24 and 25 are from the authors archive 
13 This item shall be discussed and evaluated by welding and QC team 

Grout 

Shim Plate 
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IX. Derig the lifting rigging from jacket 

X. Completion of seafastening and NDT test 

XI. Utilize the vibratory hammer for the entire pile extraction 

XII. Placing the piles on the vessel’s deck 

XIII. Carry out seafastening of the piles 

XIV. Repeat the above three stages for all the legs 

XV. Carry out post decommissioning ROV survey 

 

16.  Offshore Wind Turbine Disassembly  

With the passage of time, different turbine models were launched to the market which lead to 

different methods of assembly and erection. However, some of them have fundamental electrical 

and mechanical differences but still their installation method offshore are mostly similar.  

16.1 Mobilization of Crane Vessel and Specialist For Wind Turbine Disassembly 

In this stage, it is not necessary to mobilize a semi-submersible and high lifting capacity 

vessel. The criteria that play a role for vessel selection are length of the boom, the overall 

stability of the vessel and the lifting capacity. In order to save operation time and cost, the 

decision for the selection of a lifting vessel depends on the water depth, number of turbines, 

hub height, and weight of the turbine components. 

16.2 Mobilization of Cargo Vessel  

There are some factors that need to be taken into consideration for the selection of a cargo 

vessel such as the vessel’s stability, deck load, deck space, dead weight, length, breadth and 

draft of the cargo vessel. If the utilization of jack-up vessel is an option, then cargo vessel 

shall be equipped with a suitable mooring system as well. The drawing of deck lay out shall 

be made in advance to see how the arrangement of the wind turbine components can be on 

the deck. 

16.3  Preparation For Dismantling Of A Turbine  

16.3.1 Shut down of the wind turbine (stop the rotation of the rotor) 

16.3.2 Inspect if any part is loose or broken  

16.3.3 Check the structural integrity and stability of the wind turbine structure  

16.3.4 Disconnection of all cables from nacelle to the tower 

16.3.5 Removal of dangerous and hazardous material from nacelle  
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16.3.6 Any other preparation like greasing or wire brushing of bolts 

16.3.7 Dismantling of blades 

The installation of blades mainly took place in three different ways as a last step of installing a 

wind turbine. However, the installation methods of blades were different, the first stage for 

dismantling of wind turbine is blades disassembly. 

I. Single Blade Installation 

In this method, all the blades were transferred offshore and the installation of them took 

place one by one offshore(see figure 26). Hub was assembled to the nacelle onshore. In 

some models of turbine, access to the bolts of blades is not provided (The Fugro Group 

Magazine, 2013, p. 15). Having noticed that disassembly of the blades in that specific 

turbines model is not possible, the blades shall be dismantled together with hub.   

 

Figures 26 Single Blade Installation Method ( Funke, 2016) 

 

II. Bunny Ear Configuration   

In this method, nacelle, hub and two blades were installed onshore and the last blades was 

installed offshore to the hub (see figure 27).  
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Figure 27 Transportation of nacelle and blades with bunny ear configuration (International Cranes, 2013) 

 

III. Star Configuration  

In this method, all three blades and the hub are assembled onshore. In other words, total 

rotor assembled onshore. Then the installation of assembled rotor to nacelle took place 

offshore (see figure 28).  

 

Figure 28 Transportation of Bunny ear configuration blades (International Cranes, 2013) 
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16.4 Placement of Blades on The Cargo Vessel and Seafastening  

After the disassembly of the blades, they have to be placed on the vessel deck and secured with 

seafastening and lashings. 

16.5 Blade and Hub Dismantling 

In case of lack of access for single blade removal, the entire rotor shall be dismantled and placed 

on the vessel deck for further disassembly of blades.  

16.6 Hub Dismantling 

In majority of cases, the hub and nacelle can be dismantled as one component except when the 

star configuration is used during installation. In other words, when there is not any access to 

remove the single blade, blades and hub (entire rotor) will be dismantled as a one part.  

16.7 Dismantling of Nacelle and Hub 

The nacelle is one of the most critical components of a wind turbine. All major electrical and 

mechanical components are inside the nacelle. After removal of all blades, the next stage is to lift 

and relocate the nacelle along with the hub onboard the cargo vessel.  

16.8 Seafastening of Nacelle and Hub 

Under section 14 of this document, the seafastening of similar items is explained.  

16.9 Towers Dismantling 

Next stage after the removal of the nacelle is the removal of towers. The tower structure at one 

end is connected to the nacelle, and the other side is connected to the transition pieces. Owing to 

operation limitation such as wight of the tower, as well as cost reduction many of towers are made 

of different sections. So, if the mobilized crane vessel had enough boom length and lifting 

capacity, it is recommended to lift and remove all the tower sections in one piece.  

16.10 Transition Piece Dismantling 

The majority of the transition pieces (TP) are connected to the monopile via grout (see figure 29). 

In some cases, the connection were made with flange (Steel Wind Nordenham, n.d.)14 (Nordsee 

One Gmbh, n.d.)14 (Dokka Fasteners, n.d.)14. New methods for installation of transition pieces to 

foundation is under study. Hence, the dismantling process for grouted type and flange type etc. is 

different. 

16.10.1 Grouted Transition Piece 

 
14 (Steel Wind Nordenham, n.d.) (Nordsee One Gmbh, n.d.) 
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There are three different options for removal of the grouted transition pieces as following: 

I. Removal of transition pieces and pile together via vibratory hammer (consultation with 

vibratory hammer manufacturer is needed)  

II. Cutting the transition pieces at a certain level and then remove the transition piece and the 

monopile together.  

III. Cutting the tip of monopile, lift the transition piece and then extract the monopile with a 

vibratory hammer.  

16.10.2 Flange End Transition Piece  

In this kind of design, the transition piece is connected via a flange to the monopile which make 

the decommissioning much easier and cheaper.  Therefore, cutting is not needed and just the 

flanges shall be unbolted from the monopile. 

 

Figure 29 The schematic shows the connection and overall dimension of a transition pieces to a 

monopile (Wilkinson, Gunn, & Holyoake, 2018) 

 

16.11 Lifting and Seafastening of A Transition Pieces On The Cargo Vessel 

After dismantling the transition piece (regardless of their connection method), they should be lifted 

and loaded on the cargo vessel, preferably vertically due to installed secondary steel structure to 

TP. The last stage is to secure them onboard the cargo vessel by means of seafastening. 
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16.12 Pile Extraction  

The pile extraction is the last stage of the structure removal. Currently, the only available tool for 

pile extraction is the use of a vibratory hammer. A vibratory hammer can extract the driven pile 

entirely. However, there are some other methods which result the pile to be remained in situ which 

is not recommended due to remaining residual liabilities based on international regulations15.  

17. Marine Growth Removal16 

Marine growths are adhered to the wind turbine and offshore high voltage substation foundations. 

Noticing that marine growths are marine live creature, removal of them can exert environmental 

and biological impact. So the consequences and influence of any removal method shall be studied 

by specialist. Thus, here we are just addressing the possible methods of removal regardless of 

biological and environmental impact. Three different scenarios are mentioned as following: 

17.1 Marine Growth Removal Prior to The Commencement of Foundation Removal 

The first scenario is to remove marine growth prior to dismantling of wind turbines and offshore 

high voltage substation. In other words, this job can be conducted prior to the removal of the 

foundations and can be considered as preparatory activity. This method highly likely has the 

lowest environmental and biological impact on these marine organisms. Figure 30 demonstrates 

marine growth removal which takes place offshore.  

 

Figure 30 Marine Growth Removal in situ offshore (Al Shoumoukh Marine Services, n.d.) 

 
15 IMO RESOLUTION A.672(16),§ 3 
16 Marine growth (or marine fouling) is the covering of marine plants, animals and other organisms found on those 

parts of man-made structures that are fully submerged in sea or intermittently immersed during the tidal cycles (Oil 

& Gas UK; The Voice of the Offshore Industry, 2013).   



Hamed Askari 10 February 2020 (Rev. 01) Page 33 of 115 

17.2 Marine Growth Removal Onboard Cargo Vessel 

The second scenario for removal of marine growth is to undertake this activity after offloading the 

wind turbine foundation on the barge (mainly monopile structure). If there is access to the 

foundation, the vessel crew such as riggers can remove marine growth with water jet or other 

available technology on the deck until the barge reach the port. In this case, the removed species 

can be dumped to the sea.  

17.3 Onshore Marine Growth Removal  

The last scenario is to conduct MGR onshore. It means after offloading the material to the port or 

decommissioning yard, marine growth can be removed. Noticing that marine growths are living 

creatures, the relocation from offshore to onshore can have impact on the ecology and 

environment. Marine growth removal in the port or decommissioning yard can result in odor and 

pest nuisance which can pose problem for the working site (Oil & Gas UK; The Voice of the 

Offshore Industry, 2013, p. 16) 

 

18. Seafastening and Grillage17 of OWP Components 

Seafastening is of significant importance due to its role in the project. A proper method of 

seafastening can have profound impact on the duration of the project, safety, cost and greenhouse 

gas emission (GHG). There are a couple of methods for seafastening of offshore modules for 

transportation at sea. The existing methods are given below:  

18.1 Conventional Seafastening Method  

In the conventional seafastening, the materials are tailored to the size and geometry of each module 

by welding such as skid, saddles, cradles and horse etc. Then the QC team has to wait for a period 

of time (sometimes three hours) for cooling down the temperature of the welded joint. Finally, 

NDT tests must be carried out to ensure safe transportation of the material. Furthermore, a load 

out and sail out certificate will be issued by Marin Warranty Surveyor (WMS) after demonstrating 

of successful non-destructive examination.  

18.2 Automatic and Reusable Seafastening  

 
17 (DNV-OS-H202, 2015, p. 10) Grillage: structural load distributing elements installed to avoid excessive local loads 
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In this method, the portion of welding operation is smaller than the conventional seafastening. 

Also, the seafastening can be adjusted for other projects. There are some companies that invented 

new tools for seafastening. In the footnote of this page there are some links for further study18.   

 

Figure 31 Reusable Seafastening (Conbit) 

19. Transportation of Jacket, Topside and Wind Turbine to the Port 

After loading and seafastening of OHVS components which are mainly jackets/monopods and 

topsides as well as the wind turbine material, they have to be transported to the port via either 

heavy lifting vessel or cargo vessel.   

20. Cutting Seafastening in Port  

As stated above, the seafastening can be skids, saddles, braces, grillages and any other material 

which were used to secure the offshore wind park material on the vessel. After arrival of the vessel 

to the port and mooring to the berth, they must be cut for further material handling and 

transportation ashore. It means less welding offshore will result less cutting onshore or vice versa. 

The efficient engineering of seafastening design will contribute to less utilization of material, 

cutting and welding time, labor time, and ultimately the vessel stand-by time.  

21. Mobilization Of Machinery At Port For Further Transport Of Material 

Shore mobilization can be trucks, onshore cranes, crane barge, Self-Propelled Modular 

Transporters (SPMT) , human resources and so forth.  

22. Offloading the Transported Material to The Port 

 
18 https://conbit.eu/conbits-re-usable-sea-fastening-solution-monopiles-vickas/  

18https://twd.nl/wp-content/uploads/2019/11/TWD-Track-Record-Offshore-Wind_WEB.pdf 

 

https://conbit.eu/conbits-re-usable-sea-fastening-solution-monopiles-vickas/
https://twd.nl/wp-content/uploads/2019/11/TWD-Track-Record-Offshore-Wind_WEB.pdf
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After cutting the seafastening, all the material on the deck of the vessel(s) shall be transported 

via necessary machinery for further actions, segregation and recycling process.  

23. Handling of Material Inside the Port  

Based on feasibility studies, segregation and material sorting shall be carried out. Some are listed  

as following: 

23.1 Reusable material shall be segregated such as electrical components (cable, generator 

etc.), gearbox, generator, yaw and pitch system etc 

23.2 Defective components which need to be tested for further rectification. (if there is a minor 

defect or any problem that can be rectified for selling) 

23.3 Defective materials which shall go for recycling 

23.4 Sorting shall be carried out. For instance, blades and other composite material such as 

nacelle housing shall be separated 

23.5 Cut and shred the material and make them ready for further processing.  

 

24. Post-Decommissioning Survey  

After removal of all material from sea, a ROV seabed survey shall be conducted to demonstrate 

that nothing remained in situ after decommissioning. Therefore, the contractor/ developer does 

not have any further liability after the entire decommissioning process.  

25. Issuance of Provisional Acceptance Certificate (PAC) 

On completion of the post-decommissioning survey, the contractor representative shall obtain 

approval of his client on the executed operations by issuing a PAC onboard the vessel. PAC is a 

document that certify scope of work has been fulfilled by contractor in compliance with contract 

and other contractual documents such as decommissioning procedure, designs and standards. 

26. Issuance of Final Dossier and Final Acceptance Certificate (FAC) 

The PAC and FAC here entail all the offshore related activities of the decommissioning project 

mostly and does not include onshore related activities such as material handling, shredding and 

recycling. Normally a contractor has a certain amount of time in order to issue the final dossier to 

the client. Obtaining approval on the FAC means completion of the decommissioning project. 
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