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A HYDROELECTRIC TURBINE RECOVERY SYSTEM AND A METHOD THEREFOR 

Field of the invention 

5 

The present invention relates to a hydroelectric turbine recovery system, and in particular a 

system that significantly reduces the complexity of recovering a base mounted hydroelectric 

turbine from a deployment site on the seabed or the like. 

10 

Background of the invention 

Due to the environmental damage that has been inflicted on the planet as a result of the 

burning of fossil fuels, renewable energy has finally begun to be given significant attention, 

15 with many projects being developed around solar energy, wind energy, and tidal power. 

Of these alternative forms of energy, tidal power is arguably the most attractive, given that 

tidal flows are entirely predictable and constant, unlike wind or solar energy which are 

relatively intermittent and therefore less dependable. 

20 However, harnessing tidal energy does provide its own challenges, in particular with 

respect to the installation, maintenance and retrieval of tidal power generators, for example 

hydro-electric turbines, which by the very nature of the operation of same must be located 

in relatively fast flowing tidal currents, and more than likely located on the seabed. In 

addition, in order to be economically viable these turbines must be built on a large scale. 

25 As a result the turbines and associated bases/supports are large components, and require 

heavy lifting and transport equipment in order to achieve both deployment and recovery 

thereof. The use of such heavy lifting equipment is normally a hazardous undertaking, and 

is rendered even more dangerous when this equipment is operated at sea under difficult 

and unsteady conditions. 

30 

The above processes are further complicated by an increasing shortage in the market of 

suitable vessels and equipment to perform such work and the extreme danger of engaging 

divers in high tidal flow sites. 
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DE102008032625 discloses a lifting device for a turbine generator unit that is adapted to lift 

a turbine off a seabed mounted base with the base being left fixed on the seabed. The 

device has an immersion component (1) comprising a transverse centering device (9) and a 

gripping device (10). The transverse centering device comprises movable enclosure 

5 elements that are opened outwardly while the lifting device is brought into position about 

the generator unit, and are then closed in order to centre the lifting device relative to a 

turbine generator unit (2). The turbine generator unit can then be lifted off the base, which 

remains in position on the seabed. 

10 The present invention has therefore been developed with a view to simplifying the recovery 

of a base mounted hydroelectric turbine system, and in particular reducing the complexity 

and the time taken to effect recovery of the base and turbine, as a single unit, from the 

seabed. 

15 

Summary of the invention 

According to a first aspect of the present invention there is provided a hydroelectric turbine 

recovery system for recovering a base mounted hydroelectric turbine, the system 

20 comprising a frame having an opening permitting the frame to be advanced around the 

turbine via the opening; characterised in that the frame comprises a plurality of couplers 

engagable with the base. 

Preferably, the base comprises corresponding couplers engagable with the pluraity of 

25 couplers on the frame. 

Preferably, the couplers on the frame and the couplers on the base are arranged to be 

brought into registration through vertical movement relative to one another. 

30 Preferably, the frame is substantially U shaped. 

Preferably, the frame comprises one or more guides to assist in aligning the frame with the 

base. 
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Preferably, the one or more guides are immovably fixed in position. 

Preferably, at least one of the guides comprises a buffer positioned to engage the turbine 

and/or base when the frame is substantially aligned with the base in order to arrest further 

5 displacement of the fame relative to the base. 

Preferably, the buffer comprising a cross member extending between a pair of opposed 

arms of the frame. 

10 Preferably, the buffer is resiliently deformable in order to prevent damage to the turbine 

and/or base on contact therewith. 

Preferably, the couplers on the frame each comprise a hydraulically actuated lifting tool and 

the couplers on the base each comprise a corresponding dock within which the lifting tool is 

15 reversibly lockable. 

Preferably, the couplers on the frame and/or base are secured by mountings which permit 

limited displacement of the couplers. 

20 Preferably, the system comprises one or more sensors operable to detect contact and 

correct alignment between the frame and the turbine and/or base. 

Preferably, the system comprises one or more imaging sensors. 

25 According to a second aspect of the present invention there is provided a method of 

recovering a base mounted hydroelectric turbine from the seabed, the method comprising 

the steps of: 

lowering a recovery frame having an opening from a deployment vessel into a position 

laterally adjacent the base mounted turbine; 

30 advancing the frame around the turbine via the opening; 

coupling the frame to the base; and 

lifting the base and turbine off the seabed as a single unit. 
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Preferably, the method comprises, prior to the step of coupling the frame to the base, 

substantially vertically lowering the frame into engagement with the base. 

Preferably, the method comprises the step of: 

5 arresting the lateral displacement of the frame, when substantially aligned with the base, 

through contact with the turbine of a buffer mounted to the frame. 

Preferably, the method comprises, in the step of coupling the frame to the base, inserting a 

plurality of couplers on the frame into a corresponding plurality of couplers on the base. 

10 

Preferably, the method comprises the step of performing the method in a running tide; and 

positioning the recovery frame down tide of the turbine prior to lowering the frame into 

position laterally adjacent the turbine. 

15 Preferably, the method comprises the step of providing power to the recovery frame via a 

power cable connected between the deployment vessel and the frame; and managing the 

cable by positioning the cable in the water down tide of the frame. 

20 Brief description of the drawings 

Figure 1 illustrates a perspective view of a hydroelectric turbine recovery system according 

to an embodiment of the present invention, being advanced towards a base mounted 

turbine; 

25 

Figure 2 illustrates a side elevation of the arrangement shown in Figure 1; 

Figure 3 illustrates the recovery system shown in Figure 1 with a frame of the system 

having been brought into registerwith the turbine; 

30 

Figure 4 illustrates a side elevation of the arrangement shown in Figure 3; 

Figure 5 illustrates the recovery system shown in Figures 1 to 4 in which the frame has 

been lowered and locked onto the base in order to permit recovery thereof; 
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Figure 6 illustrates a side elevation of the arrangement shown in Figure 5; 

Figure 7 illustrates a perspective view of the recovery frame, showing one form of guide 

5 thereon; and 

Figure 8 illustrates a perspective view of the recovery frame, showing a further form of 

guide thereon. 

10 

Detailed description of the drawings 

Referring now to the accompanying drawings there is illustrated a hydroelectric turbine 

recovery system, generally indicated as 10, for use in retrieving a hydroelectric turbine T 

15 and base B, in a single operation, from a deployment site on the seabed or the like. 

The recovery system 10 comprises a frame 12 that is suspended beneath a deployment 

vessel such as a barge (not shown) or the like and can be raised and lowered relative to the 

barge on a number of guidelines 14. The guidelines 14 may also carry power, whether 

20 electric, hydraulic, pneumatic or the like, from the barge to the frame 12, for reasons set out 

hereinafter. It is however preferred that a dedicated power line or umbilical (not shown) is 

provided between the deployment vessel and the frame 12. Each of the guidelines 14 is 

preferably wound onto a suitable winch or the like located on the barge, in order to allow the 

frame 12 to be raised and lowered relative to the barge. The frame 12, in the embodiment 

25 illustrated, is manufactured from tubular steel, although it will be appreciated that the 

materials and design of the frame 12 may vary once retaining the underlying functionality as 

described hereinafter. 

Referring in particular to Figures 7 and 8 it can be seen that the frame 12 is substantially u-

30 shaped in plan and includes a pair of arms 16 that, in the latter half thereof, taper towards 

one another and are connected at an apex 18. Each of the arms 16 terminate h a fixed or 

immovable guide 20 (only shown in Figure 7) which curve outwardly away from a 

longitudinal axis L of frame 12. The free ends of the arms 16, as defined by the guides 20, 

define a mouth 22 of the frame 12 that permits access to a docking space 24 defined by the 
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frame 12. This docking space 24 terminates, in the direction of the longitudinal axis L, at a 

third guide in the form of a cross member 26. The cross member 26 acts as a buffer which 

in use, and as will be described hereinafter, makes contact with the outer face of the turbine 

T as the frame 12 is advanced into position, in order to prevent the frame 12 from being 

5 advanced beyond its intended position. The cross member 26 is shown in full detail in 

Figure 8, while in the remaining drawings is shown in reduced detail for the purposes of 

clarity. 

The recovery system 10 additionally comprises three couplers 28 provided on and 

10 projecting vertically downward from the frame 12, one at the free end of each of the arms 

16 and the remaining coupler 28 at the apex 18. The base B is provided with co-operating 

and correspondingly positioned couplers 30 which form an integral part of the base B, and 

are therefore capable of bearing the combined load of the turbine T and base B as the two 

are being raised from the seabed, again as will be described in detail hereinafter. The 

15 couplers 30 on the base are preferably in the form of a cylindrical sleeve into which the 

couplers 28 may be located and then locked in position as described below. In the 

embodiment illustrated the couplers 30 are defined by and formed in the legs of the base B, 

although it will be appreciated that the position of each of the couplers 30 may be varied 

depending on the overall design and/or dimensions of the base B. 

20 

In the embodiment illustrated the couplers 28 on the frame 12 each comprise a lifting tool 

28 comprising a cylindrical gripping member 32 which projects vertically downwards from 

the arm 16 of the frame 12. The gripping member 32 comprises an array of gripping 

elements (not shown) covering a substantial area of the outer surface of the gripping 

25 member 32, and which may be displaced outwardly to stand proud of said surface, 

preferably via hydraulic actuation. In use each of the gripping members 32 is positioned 

internally of the respective coupler 30 provided on the base B, and the gripping elements 

(not shown) are then displaced outwardly in order to engage and grip the interior surface of 

said coupler 30. The hydraulic or other power to effect operation of the lifting tools 28 may 

30 be provided from the barge (not shown) via the guidelines 14 or secondary lines (not 

shown), but preferably via a dedicated power cable or umbilical (not shown). The open 

upper end of the couplers 30 may taper outwardly to define a funnel shaped opening via 

which the gripping member 32 are introduced, in order to assist in guiding the gripping 

members 32 into the couplers 30. It is envisaged that the lifting tools 28 and/or the 
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couplers 30 may be secured to the frame 12 or base B via floating mountings (not shown) 

which will allow some play in order to reduce the accuracy required to effect registration of 

the lifting tools 28 with the couplers 30. 

5 Turning then to the operation of the recovery system 10, the frame 12 is initially fastened 

directly to the underside of the barge, at a suitable location such as a dock or the like. The 

power cable or umbilical (not shown) may then be connected between the deployment 

vessel and the frame 12, which during the recovery operation will provide power to the 

lifting tools 28, in addition to any sensors on board the frame 12. The barge is then 

10 transported to the deployment site of the turbine T and base B, whether being towed by a 

tug (not shown) or under its own power source. The exact position of the turbine T is 

known, and is maintained using GPS and a marker buoy for reference or by Dynamic 

Positioning (DP) on the surface of the sea above the deployment site. The barge can then 

be accurately positioned relative to the turbine T, in order to begin recovery of both the 

15 turbine T and base B in a single operation. 

On reaching the turbine T the barge is preferably positioned slightly downstream or down 

tide of the turbine T and base B relative to the direction of tidal flow. The frame 12 is then 

lowered on the guidelines 14 until the frame 12 is at the same horizontal co-ordinate as the 

20 turbine T, and as illustrated in Figures 1 and 2. By deploying the frame 12 during a running 

tide and directly down tide of the turbine T the flow of the tide will be in a direction 

substantially parallel with the longitudinal axis L of the frame 12. The tidal flow of water 

past the frame 12 will tend to maintain the correct alignment of the frame 12 relative to the 

turbine T and base B. In addition, the power cable or umbilical (not shown) providing power 

25 from the deployment vessel to the frame 12 will need to be managed during the recovery 

process, and by positioning the frame 12 down tide of the turbine T, the power cable (not 

shown) can simply be deposited off the back of the deployment vessel and thus into the 

water down tide of the frame 12. The running tide will then ensure that the power cable 

remains down tide of the frame 12 during the entire recovery process and will thus not pose 

30 an obstacle to the operation. By advancing the barge and frame from a down tide position, 

a failsafe is then built into the operation in the event of a power loss to the barge or tug, 

which will result in the frame 12 drifting away from the turbine T and thus avoiding the 

possibility of the frame 12 contacting and damaging the turbine T. 
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At this point the barge, with the frame 12 suspended therebeneath, is advanced towards 

the turbine T and base B, preferably in a direction substantially parallel with the longitudinal 

axis L of the frame 12, and with the mouth 22 leading. The frame 12 may be advanced by 

advancing the tug to which the barge is tied, or as an alternative the tug may be correctly 

5 positioned and then winch the barge and frame upstream. It is preferable that the frame 12 

is provided with a number of sensors (not shown) for monitoring the position/condition of 

the frame 12 during the recovery operation. These sensors may be in the form of one or 

more cameras or imaging sonar, in order to provide visual feedback during the operation, 

even when the water is not clear, has high turbidity, or during night time operations. 

10 

The frame 12 will thus slowly approach the turbine T, and if there is any misalignment 

between the two the pair of guides 20, which are only illustrated in Figure 7, will serve to 

gently correct the position of the frame 12 such that the turbine T passes through the mouth 

22 and into the docking space 24 defined within the frame 12. The horizontal displacement 

15 of the frame 12 around the turbine T continues until the cross member 26 contacts the face 

of the turbine T, thereby arresting the further horizontal displacement of the frame 12. The 

cross member 26 is positioned such that when it contacts the outer face of the turbine T 

each of the lifting tools 28 will be positioned directly above the respective coupler 30 on the 

base B, as illustrated in Figures 3 and 4. The frame 12 may also be provided with 

20 additional sensors to indicate contact with the turbine T, such as load cells (not shown) 

which can monitor for contact. Once these sensors indicate contact between the frame 12 

and the turbine T, the frame 12 can be halted. It is preferable, at this stage, to advance the 

barge slightly up tide in order to place some tension in the guidelines 14 in orderto hold the 

frame 12 securely against the turbine T. Due to turbulence and/or fluctuations in the 

25 velocity of the tidal flow, an increase in the velocity may temporarily displace the frame 12 

down tide of the turbine T, and once the increased tidal flow reduces the frame 12 will then 

swing back towards and contact the turbine T. This swinging of the frame 12 may therefore 

result in damage to the turbine T or the frame 12. By placing tension in the guidelines 14 

the frame 12 will be held securely against the turbine T even during such tidal fluctuations. 

30 

At this point the barge is halted and maintained in position directly above the turbine T and 

base B. The guidelines 14 are then used to slowly lower the frame 12 in the vertical 

direction, whereby each of the lifting tools will be inserted into the respective coupler 30 on 

the base B, as illustrated in Figures 5 and 6. Once the frame 12 has been fully lowered into 



WO 2012/062739 

9 

PCT/EP2011/069623 

position the guidelines 14 will begin to go slack, at which point the winches lowering the 

frame 12 are stopped. The lifting tools 28 are then actuated, whereby the gripping 

elements (not shown) are projected outwardly in order to grip the cylindrical inner surface of 

the couplers 30, thereby locking the lifting tools 28 to the couplers 30. 

5 

It is envisaged that the vertical orientation of the couplers 28, 30 could be altered, for 

example being in a horizontal orientation. With such an arrangement it would then only be 

necessary to advance the frame 12 horizontally into engagement with the base 12, 

although a greater degree of accuracy in the initial horizontal positioning of the frame 12 

10 would be required. It should also be appreciated that the lifting tools 28 and corresponding 

couplers 30 could be substituted with any other suitable means of connecting and securing 

the frame 12 to the base B, for example using hooks, collets, or other forms of mechanical 

fasteners. It is also to be understood that while the system 10 of the embodiment illustrated 

is designed to recover a triangular base B, and is thus comprises of three lifting tools 28, 

15 the system 10 may be reconfigured to recovery alternative styles of base, for example a 

rectangular base or the like, and may therefore comprise more or less that the three lifting 

tools 28 of the embodiment illustrated. 

The frame 12 is now securely locked to the base B, and on which the turbine T is itself 

20 fixed. The winches can now be reversed in order to haul up the guidelines 14, thereby 

lifting the turbine T and base B as a single unit, off the seabed. It may be necessary to lift 

each leg of the base B individually in order to help break any settling effects at the legs. 

This can be achieved by individually raising each guideline 14 until the respective leg 

breaks free of the seabed, at which point that leg can then be lowered back down and the 

25 next leg then raised. Once all of the legs have been freed from the seabed tie frame 12 is 

preferably raised fully against the underside of the barge, which is designed to allow the 

turbine T to pass upwardly through an opening therein. At this point the frame 12 is safely 

secured to the barge, which can then transport the base B and turbine T ashore. 

30 It will thus be appreciated that by using an open sided frame having a mouth 22 to accept 

the turbine T, and the provision of the guides 20 and cross member 26, the frame 12 can be 

positioned and secured to the base B with relative ease and without the requirement for 

divers or other personnel to be on the seabed during the operation. As a result the turbine 

T and base B can be recovered as a single unit, avoiding the need to separate the two 
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while on the seabed. This also ensures that once transported ashore, the turbine T is still 

fixed to the base B, and so the turbine T can remain fully supported by the base B on land, 

where an inspection and/or suitable repairs can then be made. This avoids the requirement 

for transferring the turbine T to a separate support, which would be a difficult and time 

5 consuming operation, and increases the risk of damage to the turbine T. 
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Claims 

1. A hydroelectric turbine recovery system for recovering a base mounted hydroelectric 

5 turbine, the system comprising a frame having an opening permitting the frame to be 

advanced around the turbine via the opening; characterised in that the frame comprises a 

plurality of couplers engagable with the base. 

2. A recovery system according to claim 1 in which the base comprises corresponding 

10 couplers engagable with the plurality of couplers on the frame. 

3. A recovery system according to claim 2 in which the couplers on the frame and the 

couplers on the base are arranged to be brought into registration through vertical 

movement relative to one another. 

15 

4. A recovery system according to any of claims 1 to 3 in which the frame is 

substantially U shaped. 

5. A recovery system according to any of claims 1 to 4 in which the frame comprises 

20 one or more guides to assist in aligning the frame with the base. 

6. A recovery system according to claim 5 in which the one or more guides are 

immovably fixed in position. 

25 7. A recovery system according to claim 5 or 6 in which at least one of the guides 

comprises a buffer positioned to engage the turbine and/or base when the frame is 

substantially aligned with the base in order to arrest further displacement of the fame 

relative to the base. 

30 8. A recovery system according to claim 7 in which the buffer comprising a cross 

member extending between a pair of opposed arms of the frame. 

9. A recovery system according to claim 7 or 8 in which the buffer is resliently 

deformable in order to prevent damage to the turbine and/or base on contact therewith. 
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10. A recovery system according to any of claims 2 to 9 in which the couplers on the 

frame each comprise a hydraulically actuated lifting tool and the couplers on the base each 

comprise a corresponding dock within which the lifting tool is reversibly lockable. 

5 

11. A recovery system according to any preceding claim in which the couplers on the 

frame and/or base are secured by mountings which permit limited displacement of the 

couplers. 

10 12. A recovery system according to any preceding claim comprising one or more 

sensors operable to detect contact and correct alignment between the frame and the 

turbine and/or base. 

13. A recovery system according to any preceding claim comprising one or more 

15 imaging sensors. 

14. A method of recovering a base mounted hydroelectric turbine from the seabed, the 

method comprising the steps of: 

lowering a recovery frame having an opening from a deployment vessel into a position 

20 laterally adjacent the base mounted turbine; 

advancing the frame around the turbine via the opening; 

coupling the frame to the base; and 

lifting the base and turbine off the seabed as a single unit. 

25 15. A method according to claim 14 comprising, prior to the step of coupling the frame 

to the base, substantially vertically lowering the frame into engagement with the base. 

16. A method according to claim 14 or 15 comprising the step of: 

arresting the lateral displacement of the frame, when substantially aligned with the base, 

30 through contact with the turbine of a buffer mounted to the frame. 

17. A method according to any of claims 14 to 16 comprising, in the step of coupling the 

frame to the base, inserting a plurality of couplers on the frame into a corresponding 

plurality of couplers on the base. 
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18. A method according to any of claims 14 to 17 comprising the step of performing the 

method in a running tide; and positioning the recovery frame down tide of the turbine prior 

to lowering the frame into position laterally adjacent the turbine. 

19. A method according to any of claims 14 to 18 comprising the step of providing 

power to the recovery frame via a power cable connected between the deployment vessel 

and the frame; and managing the cable by positioning the cable in the water down tide of 

the frame. 


