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segments where such connections are prone to being crushed between the mooring line
25 and the surface of the stern roller of an anchor handling vessel typically used for
installation and recovery of the mooring line.

Disadvantages of the disclosed combined electrical and acoustic paths include:
muffling of the acoustic transponder by soil due to the acoustic transponder becoming
buried under the mooring bed surface, for example, by closure over the acoustic

30 transponder of the entry cavity in the mooring bed soil produced during embedment of
the anchor; acoustic signal degradation problems over long transmission distances to
the floating vessel due to attenuation and due to reflection and refraction by layers of
sea water having differences in salinity; and signal swamping by noise emanating from
the floating vessel.

35 International Patent Applications WO 2010/041929 A1 and WO 2010/062184 A2 also

disclose means for communicating data along a path between instrumentation mounted
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a structure floating on said body of water, said anchor being attached to a mooring line
comprising a lower portion and an upper portion for connection to a structure floating on
25  said body of water, comprises a first transponder connected by first conductor means to
said instrumentation, and a second transponder communicating at least partially via
second conductor means with said transceiver, wherein at least one transponder is
attached to a line member connected to said anchor such that an axis of an emission
beam of said at least one transponder is substantially constrained in heading by said line
30 member to maximize the strength of signals from said first transponder (10) arriving at
said second transponder (12, 12A).
Preferably, said line member comprises said mooring line.
Preferably, said axis has the heading of said line member.
Preferably, said at least one transponder is directional in having a directional axis
35 along which substantially maximum signal strength occurs in a directional beam emitted

therefrom.



WO 2012/ 059760PCT/ GB2011/ 052136 3 Preferably said directional beam has a
coni cal divergence included angle which does not exceed 90, and further
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15 at a spacing distance from a point of attachment of said mooring line to said anchor,
measured along said mooring line, such as to be maintained in a position at or above a
surface of said mooring bed.

Preferably said spacing distance is between 1 and 7 times the depth of penetration of
said point of attachment below said surface of said mooring bed.

20 Preferably at least one of said first transponder and said second transponder is
attached to said line member by rotatable attachment means whereby said at least one
transponder can rotate about said line member.

Preferably said rotatable attachment means is equipped with at least one of buoyancy
means and counter-weight ballast means offset from said line member whereby a force

25 is produced to rotate said rotatable attachment means such as to maintain said one
transponder above an adjacent point on said line member.

Preferably, the position of said second transponder on said mooring line is separated
from said structure sufficiently to obviate acoustic signal swamping at said second
transponder of signals from said first transponder by acoustic noise emanating from said

30  structure.

Preferably, said second transponder is movable along said mooring line to reduce
separation from said first transponder and to reduce attenuation of signal received
therefrom.

Preferably at least one of said first and second conductor means comprises an

35 electrical conductor, an optical conductor, or a fluid conductor.
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15  of depth of immersion and height of said first transponder above said surface of said

mooring bed.
Preferably, said anchor is provided with a trailable resistance member arranged to
produce a drag resistance force when dragged through water.
Preferably, said trailable resistance member comprises an underwater parachute.
20 Embodiments of the present invention will now be described by way of example with
reference to the accompanying drawings wherein:
Fig. 1 shows a representation of an anchor data communication system

including alternative arrangements for data-containing signal reception;

Fig. 2 shows a detail of part of the anchor data communication system of Fig. 1;
25 Fig.3 shows a cross-section of an armoured conductor cable shown in Fig. 1;

Fig. 4 shows a partially sectioned first transponder mounting shown in Fig. 1;

Fig. 5 shows a cross-section at X-X of the mounting shown in Fig. 4;

Fig. 6 shows a partially sectioned second transponder mounting shown in Fig. 1;

Fig. 7 shows a cross-section at Y-Y of the mounting shown in Fig. 6;

30 Fig. 8 shows a modification of the anchor data communication system shown in Fig.1.
Referring to Figs. 1-8, first, second, and third arrangements of an underwater data
communication system 1 (Fig. 1), for communicating data between instrumentation 2,
mounted on anchor 3 and adjacent to an attachment point A located at pin 3A of shackle
3B on shank 3C of anchor 3, said anchor 3 having the capability of burying in a mooring
35 bed 4 having a surface 5 under a body of water 6 when pulled, via shackle 3B, by a
mooring line 7 attached to an anchor handling vessel 8 floating at surface 6A of body of



Preferably, said anchor is provided with a trailable resistance nenber
arranged to produce a drag resistance force when dragged through water.
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fo theehar of fluk¥BG2 0 2raOrn iy 8D RCdldeB ALk bdARON water, in the manner
of an aircraft braking parachute in air, and has the shape of a truncated cone with an
inlet 3K and an outlet 3L and an overall length of 0.5VA, where A is the plan area of
anchor fluke 3G. The diameters of inlet 3K and outlet 3L are equal to 0.5VA and 0.15VA
respectively. Thus, when fluke 3G has a plan area of about 12m2, parachute 3J would
be 1.7m long and inlet 3K and outlet 3L would have diameters of 1.7m and 0.5m
respectively. Inlet 3K is held open and stiffened by a hoop 3M. Three wires 3N, each
of length 0.8VA and diameter 4mm, are attached to hoop 3M and spaced 120° apart
thereon. Wires 3N are brought together to form a bridle attached to a breakable weak
link 3P which is shackled to the rear of fluke 3G of anchor 3.

When anchor 3 buries in mooring bed 4, soil resistance to burial of parachute 3J parts
weak link 3L and leaves expendable parachute assembly 3H behind at surface 5.
Parachute assembly 3H is shown in Fig. 1, using unbroken lines, at surface 5 after
parting of weak link 3L. Parachute assembly 3H is also shown in Fig. 1, using broken
lines, to indicate the position it would have occupied relative to anchor 3 when attached
to the rear of fluke 3G while moving in body of water 6 and prior to parting of weak link
3L.

A drogue tail 3D is shackled to the rear of fluke 3G of anchor 3 to constrain the
directional heading of anchor 3 to be that of vessel 8 while approaching surface 5 of
mooring bed 4 when chain 3F is dragging on surface 5. Thus, drogue tail 3D, anchor 3,
mooring line 7, and vessel 8 have the same directional heading during installation of
anchor 3 in mooring bed 4. When fluke 3G has a plan area of about 12m2, drogue tail
3D would typically be chosen to include some 50m to 100m of 30mm wire rope 3E and
12 links of 76mm chain 3F.

In a modification (Fig. 8) of anchor data communication system 1, described later, first
transponder 10 is attached to wire rope 3E adjacent chain 3F via mounting 16.



5 water 6, and transceiver 9 |located on vessel 8, conprises first
transponder 10 attached to a | ower portion 7A of nooring line 7 and
connect edwbaoizmspToonent ati on 2 by first conductors 11 i mCruGBedias21emour ed
cable 11A external to | ower portion 74, and second transponder 12, 12A, or
12D, communi cating with transceiver 9 on vessel 8. 5 Second transponder 12,
12A is connected directly to transceiver 9 by second conductors 13 whereas
second transponder 12D conmuni cates with transceiver 9 partially via second
conduct or s 13Tran$ceiveods t9Aais renttyset dyda m»gweﬂf supplyhiopt Shown) dich caleer pevgerainc hor
3 down throu t r at a
9£h§ % 1‘% Srf 12@) Ji doﬂ%u q?é ‘(‘@Wco%é’;?dt eﬁ@i’ﬂg n%q@o‘agﬁle(s%A

speed of about expendabl e parach
i ncl udi ng a 1%&)r9rc135ar a(T,fﬁﬁﬁ"ee"(?U % SAsHLERARNY Oféraﬂﬁé'tt'ﬁ‘@aﬁ“doqr fereived g@a

Par achut e 3JcdniDelbg 8nals 28 1486 bsd @ﬂ@l@cthéhllwaé&ballyl Bnd BRcEMRELRIYy @fen
aircraft braki n%gﬁrachute in ai rT and b 2 ? ({({)f @ truncat«? Eone
with an inl etPBREEHAO A BUENR 3L AR \) | 1°PeRBY H20F &P $eREP{REr e A
is the plan mareaitofig anedveiving| dekec@inidd sigdalarastienss ond of Bleennca’BIb(, apstcdalofut | et

3L are equal aé (ast%aﬁ&/v@vr@%dsgd %gﬁé% ?eﬁ&ﬁapgf@hblg? agajrmpon s% d? rlﬁl?te G has a

pl an area of bout ara ng an K and
outlet 3L wosnd ﬂ%ﬁ?@mg@ﬁmalbr dwhdgn 1coppeciert 0. Bmsudagie cundeetajer |anfesna)3K i s

hel d open anﬁraﬁ&ﬂofnﬁ&nﬁﬂn@b(dé @&u?é\ﬂran'gﬁlﬁc%‘# ﬁ’Mtél%ﬁNrﬁ‘chﬁ%ﬁEleJ trér%ﬁ@ﬁdéro 8VA
and di amster 4mm are attache aced 120 apart thereon.

Wres 3N'&re Q)Pooti?dﬁfmttpéﬁé‘t”ﬁé’lat%@ t'iaﬁ?‘%ﬁ'vﬁr Bref‘%ﬁ’“@g pihdheerth 8 sPARREDY e weak

20l i nk 3P whbelbw bsrfaeb@alor Bedytdd walte 6ragathedfeight ofkeangsonaér ANHa0s sdface Bloen
anchor 3 burjes.i egglgr k’%g bed 4, soil resistance to burial of parachute 3J

parts weak | MRR"SL gleam E%endabl e parachute assenbly 3H behind at
surface 5. PalMaotng neaksendylsys Bier poridrowk dminteirgedidte padipm@gBuanisr akeppel i nes,

2 surface SodfdPhoPaid 19 ok MEafelkh ik 7oPREAERY S ARSETBIEY 3 2! SO

shown in Flg . usi oken ines, to indicate the position it would
have occu?)l edftacamgitj ppent ﬁ@n@fﬂémﬂﬁﬁtg'%%ﬁorh%%hﬁé@e@'& qfw@nne@wg loks 7FarRe 3G

whi | e movi ngzg Whﬂ@%écﬂé M@Jesﬁo @&%e@ﬂb@ér 6dPt|dha7fAt !oﬂﬁle@ﬁeo\m@borhémm 3hd A

drogue tail ﬁ?ﬂ hackl ed to %ﬁ; 3G of 28 ﬁ Fonst rain
the directio ﬁdﬁeﬂ’ésB%C"&H%‘?%H}Ierﬁ‘esétet%’”toﬂ tBPpR’Fé£§€P” wh F@'”at
approachi ng partidrsc#, 3Bpan30C wb omodiy Imed” will wheefesbataredfectieedaaipgirageon

U300 5. oM Teor OB Sorh P teiRe NSNS s SRR [Nl 118, 1, ol oY giae

have the sane . rlng I NS P%n 6f “anchor
moori ng Bed avnthﬂh@rppplm@n@@orkawea?%lt@rngeter@anqmydmﬂd ofl papffshire desttyai | 3D

woul d typi cahlighghshg@h@ k- V@@é{'&’r@d 80 Which 8t 6B 988kaic &Qmo%érﬁjhﬁ@pe 3E
and 12 |inks of 76rrm chai n 3F. In a nodification é ig. 8) of anchor data

communi cat i o¥fS§§/s-em MNe b €F |t95%‘df balgnepd viter EPet P& %nt&eiorerweé 8% tfched
to wre ropecsHunatjragigindw ﬂrhﬂ(bmszFeIVDanmu%Idﬁgvdt@s rota¥h of anchor 3 occurring

2012/ 059760PCT e(s%lfa)a 1 Lfeot%%urns induced by tension in forerunner 7A during lowering anchor 3
25 from vessel 8 to mooring bed surface 5.
In the first arrangement of anchor data communication system 1, second transponder
12 is omni-directional and is suspended by armoured cable 13A, with emission beam
axis 12E vertical, at position C below and separated from vessel 8 (Fig. 1).
In the second arrangement of anchor data communication system 1, second
30 transponder 12A is directional, having an emission beam axis 12B, and is attached to
work-wire 7C at a position D thereon to utilise the heading of work-wire 7C to direct
emission beam axis 12B towards first transponder 10.
Position C of transponder 12 in the first arrangement of system 1 and position D of
carriage 19 on work-wire 7C in the second arrangement of system1 are chosen with a
35 distance of separation from vessel 8 sufficient to ensure that acoustic noise emanating
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mooring bed 4 and measures the inclination of the trajectory at points thereon as
described in European Patent EP 0 820 400 B3. The measurement data is digitally
encoded and transmitted electrically to transponder 10 for acoustic transmission to
30 transponder 12 or 12A (or transponder 12D in the third arrangement) followed by
electrical transmission to transceiver 9 (or to transceiver 9A followed by electromagnetic
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viewing by mooring personnel on vessel 8.
35 First transponder 10 is arranged to face second transponder 12, or 12A, and is located

on mounting 16 (Figs. 4 and 5) comprising planar fin 16A, cylindrical tube 16B housing
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When nmounting 16 is attached to forerunner 7A, an aft edge 16L of planar
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30 First transponder 10 emits a directional acoustic beam 10B having substantially
maximum signal strength propagating along axis 10A (Figs. 1 and 4) of transponder 10.
Acoustic beam 10B is axially symmetrical about axis 10A and substantially contained
within a conical included angle g which does not exceed 90° and preferably does not
exceed 60°. As mentioned previously, first transponder 10 is attached to mounting 16

35 such that axis 10A is maintained at a pre-selected acute angle a to forerunner 7A (or



Planar fin 16A of nmounting 16 is fitted with buoyancy el enents 16N (Figs. 4
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cable 13A stored on a slip-ring equipped winch drum 18 on vessel 8. Armoured cable

13A and second conductors 13 therein are connected to second transponder 12 by wet-
mateable mechanical and electrical connector 13D.  Slip-ring equipped winch drum 18
35 s rotatable while paying out or heaving in armoured cable 13A without interrupting the



30 In the first arrangenent of the anchor data communi cation system (Fig.
1), second transponder 12 is connected to transceiver 9 by second

conduct orw028127039mpnmour ed cabl e 13A stored on a slip-ri RGTARPSN3G nch
drum 18 on vessel 8. Arnoured cable 18A and second conductors 13 therein
are connected to second transponder 12 by wet nat eabl e nechani cal and

el ectrical connector 13D. Slip-ring equi pped winch drum 18 35is rotatable
whi | e paying out or heaving in arnoured cable 13A without interrupting the
WO 2012/ 059768RaAI9s@B201 19i@6id1 36d 1gowaraims isessidogomiucwrsgniadl esueen psagend i n
second condu nd transponder 12 and transceiver 9.
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30 counter-weight 19L about axis 7CX enables carriage 19 to resist being rotated about

work-wire 7C by transverse friction forces induced between work-wire 7C and rollers

19C by turns being generated in work-wire 7C by increasing tensile forces therein.

A cylindrical split clamp 20 (Fig. 6), with clamping bolts 20A, is provided for clamping

onto work-wire 7C.  Clamp 20 has a cylindrical extension 20B bearing a circular flange

35 20C which is fittable in a slot 19N in plate 19A of carriage 19 whereby carriage 19 can

be locked axially to but remain rotatable about work-wire 7C.



be | ocked axially to but remain rotatable about work-wire 7C. WD

2012/ 059760PCT/ GB2011/ 052136 12 Arnoured cable 13B is attached via a hole
19P at arwedge/EIRoof plate 19A bel ow and adj acent to weCk/GB208/06Q13and
facing vessel 8. The weight of arnmouried cable 13B hanging in a bight (Fig.
1) assists counter-weight 19L to maintain tube 19F and second transponder
12A above work-wire 7C and assists in resisting the before-nentioned 5
transverse friction forces tending to rotate carriage 19. Position D
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first transponder 10 and vice versa, when using very
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25 adjacent mounting 19 dunng installation of anchor 3 to permit an optimum value of angle
y to be selected to aim axis 12B of acoustic beam 12C of second transponder 12A
towards first transponder 10 to maximise the strength of signal arriving at first
transponder 10.

By paying out more of armoured cable 13B, carriage 19 can be lowered further along

30 work-wire 7C to reduce the distance separating second transponder 12A from first
transponder 10 to be considerably less than that occurring at position D.  This can
increase significantly the signal strength arriving at second transponder 12A from first
transponder 10 and vice versa, when using very long lengths of work-wire 7C in ultra
deep water, and so prevent the acoustic signal transmitted between transponders from

35 becoming undetectable due to attenuation or signal loss due to reflection and refraction
by layers of water of differing salinity.



WO 2012/ 059760PCT/ GB2011/ 052136 13 In the third arrangenent of the anchor
data communi cation system (Fig. 1), an acoustic/wreless link 21 is
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VO 2012/ 85970 ey aBxhtd Ao 35 tth restricting clamp 29 and clamps 30. Termination
11B of armoured cable 11A is attached to hole 16Q (Fig. 4) at forward edge 16R of fin
16A in mounting 16 and conductors 11 and 14A are connected as previously described.
Wire rope 3E and armoured cable 11A are selected to have sufficient length, typically
60m to 100m, to allow mounting 16 to remain at surface 5 of mooring bed 4 when
30 anchor 3 is at maximum depth of penetration below surface 5. The heading of
transponder 10 is thus constrained by wire rope 3E of drogue tail 3D to be the same as
that of anchor 3, mooring line 7, and installation vessel 8 during embedment of anchor 3.
In use, in each of the three arrangements, anchor data communication system 1 is
assembled on deck 8C of anchor handling vessel 8 while heading slowly, at about one
35  knot, towards the desired touch-down point of anchor 3 on mooring bed surface 5.



Anchor 3 is laid out near stern roller 8A and drogue tail 3D is shackled to
the rear of fluke 3G together wi th expendabl e parachute assenbly 3H.

| nst r unerwet2oMs276boget her with pressure transducer 15 iPSTraBIntidd288d] acent
to attachnment point A on shank 3C of ®nchor 3. Term nation 11C of arnoured
cable 11A is shackled to shank 3C. 5 Conductors 11 and 14 in arnoured cable
11A are connected to instrunentation 2 and pressure transducer 15
respectively. Shackle 3B is connected by pin 3A to attachnent point A on
shank 3C. LowAfehorBiigtaicsout\nehr §i@ni relles @Arendtozauedais Blacskshecld@I i thé rear of
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of 30 forerunfibs propelleas ofivesss| & treanosiatdppbl enposdriyi to allanabbok3 tod@riowdred N
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tube 16B of ARUBE MY sAiR uhbéSrabifabok8bHMAEI PR 1R pbmehiiRUsiedss&aR! Gitd 1A 1S
taken off the storage reel and is shackled to fin 16A of nounting 16 via

hol e 3516M aP@PRSHUEEPERE!Y SPPPeG(f $HIa b TRIPRINSACENvaSEIoH et iRt ed vi a
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25 lowering of anchor 3 continued. Forerunner 7A is led centrally over stern roller 8A while
armoured cable 11A is led over the side of stern roller 8A which is nearest to
transponder 10 and clear of forerunner 7A to avoid trapping a bight of armoured cable

11A under forerunner 7A.
When pre-marked point B on forerunner 7A, located on and close to the upper end of
30 forerunner 7A, arrives at a suitable position on deck near stern roller 8A, paying out of
forerunner 7A and an attached portion of work-wire 7C, is stopped to allow mounting 16
to be attached to forerunner 7A by clamp 16D in alignment with point B. Transponder
10 is then installed in tube 16B of mounting 16 (Fig. 4). Termination 11B of armoured
cable 11A is taken off the storage reel and is shackled to fin 16A of mounting 16 via hole
35 16M and conductors 11 issuing from termination 11B are connected via wet-mateable

electrical connector 17 to power supply 10C of transponder 10. Water pressure tube 14



and termnating pressure bulb 14B are pre-filled with sea water. Pressure
bulb 14B is then stowed in a protective housing (not shown) attached to

pl ate 16Gvof2ormmimtebng 16. Acute angl e a between axi s 10RCOIGR20aSpBader 10
and adj acent axis 7AX of forerunner 7A is now selected and set by |ocating
bolt 16J in an appropriate hole 16K in fin 16A of 5nounting 16. A portion
of synthetic rope 7B is paid out off the auxiliary winch drumto reach the
upper end of forerunner 7A, stopped, and then connected by shackle 7Gto
forerunner 7#&0d ferrgnathp presspledntd H4B averdee-tiledevithGearwager. Pressure bulb 14B is

di sconnect - a ]ﬁjﬁ@@ )1c0n deck
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30  back onto the auxiliary winch drum for storage.

In the second (preferred) arrangement, carriage 19 (Fig. 4) is now fitted to work-wire
7C which is lying on deck 8C of anchor handling vessel 8 having been connected to
synthetic rope 7B by shackle 7H as previously mentioned. Plate19B of carriage 19 is
arranged to be located between work-wire 7C and deck 8C. All four rollers 19C of

35 carriage 19 are brought into contact with work-wire 7C by adjusting the position of
spacer spindle bolts 19D in slots 19E of plate 19B while ensuring that carriage 19
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correctly t
about 150m (measured horizontally) from the touch-down point for anchor 3, the speed

of vessel 8 is reduced to about 0.5 knots. Although the drag force from parachute 3J is
reduced by a factor of four, the drag force from chain 3F preserves the heading of

35 anchor 3 as anchor 3 acts in the manner of a pendulum weight in a hanging bight
formed by mooring line 7 and drogue tail wire 3E.
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mentione at transponder 12A from transponder 10. Anchor 3 penetrates below surface 5 and
30 draws a portion of wire rope 3E of drogue tail 3D and parachute assembly 3H into
mooring bed 4. Soil resistance on parachute 3J causes weak link 3P to part to leave
expendable parachute assembly 3H behind at surface 5 of mooring bed 4. As
embedment proceeds, instrumentation 2 measures, computes, encodes, and transmits
roll and pitch of anchor 3, load and direction of load in pin 3A of shackle 3B of anchor 3,
35 burial trajectory data, and pressure at attachment point A to transponder 10.

Transponder 10 relays these data, together with pressure data at transponder 10,
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replaced with a chain tail attached to a buoy (not shown) in a

di sconnecwoant/ashmnge- over procedure. Tugger w nch w r epCamaB2puldsesss are
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In the third arrangement, acoustic/wireless link 21 comprising clump weight 25, tether
35 line 24, and spar buoy 21A with transceiver 9A attached thereto and connected to
transponder 12D are deployed overboard from anchor handling vessel 8, using similar
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conferred by headi constr
three arrangements for deploylng an upper or second transponder 12, 12A, or 12D may

be employed for continuous monitoring of the multiple anchor system. A single omni-
directional upper transponder may be sufficient to trigger and monitor data from each of
the anchors in turn using suitable anchor identification coding and may be supported on
a carriage 19 on one of the mooring lines to be kept clear of drill strings, risers, and the

25 like, at the floating structure being moored. Indefinite long term data acquisition is
achieved by periodically replacing the power supply and or batteries of each of
transponders 10 using a suitably equipped remotely operated underwater vehicle
deployed from a vessel such as anchor handling vessel 8.

It will be appreciated that variations are possible within the scope of the invention.

30 For example: one or both of transponders 10 and 12A may be omni-directional; and
where forerunner 7A comprises a wire rope, first conductors 11 may be located along
the bottom of helical grooves present between adjacent external strands of the wire
rope. The adjacent external strands would shield first conductors 11 from being
crushed on the cylindrical surface of stern roller 8A of anchor handling vessel 8.

35  Alternatively, first conductors 11 may be incorporated wholly within such a forerunner.
For such variations, mounting 16 would be clamped rotationally as well as axially to



WO 2012/ 059760PCT/ GB2011/ 052136 21 CLAIMS 1. An anchor data communi cation
system (1), for comrunicating data at | east one way between instrunentation
(2) attacheaotasarmsoanchor (3) for burial in a nooring bedT(GB206/05ner a
body of water (6) and a transceiver (M) carried by a structure (8, 21A)
floating on said body of water (6), said anchor (3) being attached to a
nmooring line (7) conprising a | ower portion (7A) and an upper portion (70
for connection to a structure (8) floating on said body of water, conprises
a first trandponter 74 10 avaxbanesottieg nkgessityris pravoirdustipoing tedcesin (td glectacas ai d
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WO 2012/ 059760PCT/ GB2011/ 052136 22 7. An anchor data communi cation system
(1), according to claim®6, wherein said acute angle (a, y) is in the range
0 to 60. wB.20sameehor data comruni cation system (1), aecomaBng/ase13any
preceding claim 5 wherein said |line 2enber (3D) conprises a drogue tail
(3D) including a drag nmenber (3F) for dragging behind said anchor (3) in
contact with a surface (5) of a nooring bed (4) to produce a force for
constrai ning the heading of said anchor (3) in the direction of dragging
prior to enbGUABI® of said anchor (3). 109. An anchor data conmuni cati on
system (1), according to claim38, wherein said drogue tail (3D) is of
sufficient length to allow said drag nenber (3F) to remain on said surface
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l'ine rrenber dt'abl e attachnment nmeans (16, 19) whereby

2. An anchor data communication system (1), according to claim 1, wherein said line
member (7) comprises said mooring line (7).

3. An anchor data communication system (1), according to claim 1, wherein said axis
20  (10A, 12B) has the heading of said line member (7, 3D).

4. An anchor data communication system (1), according to claims 2 or 3, wherein said

at least one transponder (10, 12A) is directional in having a directional axis (10A, 12B)

along which substantially maximum signal strength occurs in a directional emission
25 beam (10B, 12C) emitted therefrom.

5.  An anchor data communication system (1), according to claim 4, wherein said
directional emission beam (10B, 12C) has a conical divergence included angle (B, d)
which does not exceed 90°, and further preferably does not exceed 60°.

30
6. An anchor data communication system (1), according to claim 4, wherein said at
least one transponder (10, 12A) is attached to said line member (7, 3D) such that said
directional axis (10A, 12B) forms an acute angle (g, y) with an adjacent portion (7A, 7C,
3E) of said line member (7, 3D).

35



said at | east one transponder (10, 12A) can rotate about said |ine nenber
(7, 3D). 14. An anchor data conmunication system (1), according to claim
13, wher eWo 20m/039760t at abl e attachnment nmeans (16, 19) i sPeuWwRpadsNi3bh at

| east one of buoyancy neans 35(16N) &2d counter-wei ght ballast means (19L)
offset fromsaid |line nmenber (7, 3D) whereby a force is produced to rotate
said rotatable attachnent neans (16, 19) such as WO
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&t tenuat ton g1 TEPBARE € Buckl SRRy PBncBI5PRIE herkt ) uEPE dbfH cat  on
system (1), aregongpiny tdembedment efcadiangh@|(3i m wherein at | east one of said
first and second conductor neans (11, 13) conprises an electrical

conductor, an optical conductor, or a fluid conductor. 18. An anchor data
conmuni cAli oft syt @Ahpn fiate LORWILNCAPT BYstamai(hh BSOS & Whelelli $rio
conductor ( 1dhgistaliidm)as onédiitiendicasthaneiicy §5@eragimeibed Fgto Rthi dftédia by an
el astically deformable pressure- rssarcﬂsm tir%tlel ement (14B) and at a | ower
end by a pred¥ %@r‘”gﬁggﬂgé‘?c Pi‘?}' 8?%&\?“’( A water colum pressure at
sai d pressure transducer (15), when buried in said nooring bed (4), is
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15 transponder (10) is attached to said drogue tail (3D) in the vicinity of said drag member

(3F) whereby said first transponder (10) is maintained at or above said surface (5).

11.  An anchor data communication system (1), according to claims 2 to 8, wherein said
first transponder (10) is attached to said lower portion (7A) of said mooring line (7) at a

20 spacing distance (d) from a point of attachment (A) of said mooring line (7) to said
anchor (3), measured along said mooring line (7), such as to be maintained in a position
at or above a surface (5) of said mooring bed (4).

12.  An anchor data communication system (1), according to claim 11, wherein said
25  spacing distance (d) is between 1 and 7 times the depth of penetration (Z) of said point
of attachment (A) below said surface (5) of said mooring bed (4).

13.  An anchor data communication system (1), according to any preceding claim,
wherein at least one of said first transponder (10) and said second transponder (12A) is

30 attached to said line member (7, 3D) by rotatable attachment means (16, 19) whereby
said at least one transponder (10, 12A) can rotate about said line member (7, 3D).

14.  An anchor data communication system (1), according to claim 13, wherein said
rotatable attachment means (16, 19) is equipped with at least one of buoyancy means
35 (16N) and counter-weight ballast means (19L) offset from said line member (7, 3D)
whereby a force is produced to rotate said rotatable attachment means (16, 19) such as



25 19. An anchor data conmmuni cation system (1), according to any preceding
claim wherein said instrunentation (2) on said anchor (3) includes a

char geablwoebemsatsp such as a supercapacitor, which i s ebaGgpables213¢ a
power source (10C) of said first tramdponder (10) whereby said chargeabl e
el ement acts to provide an interimlocal 30power supply for sustaining said
I nstrunentation (2) during underwater replacenent of said power source
(10C) or said first transponder (10). 20. An anchor data conmuni cati on
system (1), wov@ntdinrsgidtad leasionsrtemephindgr 00aiaf) anbner an avljacent pag bn saig lind sai d
t ransponder &éﬂbeﬁ@’m$2A’ 12D) and said transceiver (9, 9A) 35is a device
adapted for transmitti'ng and receiving data-containing signals at |east one
of electrically, electromagnetically, optically, and acoustically. WO
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trail abl e resnanaiingsomsaidestru¢iaie)(8ar r anged to produce a drag resistance
force when dragged in a body of water (6).

10 16. An anchor data communication system (1), according to claims 2 to 14, wherein
said second transponder (12A) is movable along said mooring line (7) to reduce
separation from said first transponder (10) and to reduce attenuation of signal received
therefrom.

15 17.  An anchor data communication system (1), according to any preceding claim,
wherein at least one of said first and second conductor means (11, 13) comprises an
electrical conductor, an optical conductor, or a fluid conductor.

18. An anchor data communication system (1), according to claim 17, wherein said fluid
20  conductor (14) is filled with water and closed at an upper end (14A) by an elastically
deformable pressure-transmitting element (14B) and at a lower end by a pressure
transducer (15) whereby total water column pressure at said pressure transducer (15),
when buried in said mooring bed (4), is measurable uninfluenced by pore pressure in
adjacent soil of said mooring bed (4).
25
19.  An anchor data communication system (1), according to any preceding claim,
wherein said instrumentation (2) on said anchor (3) includes a chargeable element, such
as a supercapacitor, which is chargeable by a power source (10C) of said first
transponder (10) whereby said chargeable element acts to provide an interim local
30 power supply for sustaining said instrumentation (2) during underwater replacement of
said power source (10C) or said first transponder (10).

20. An anchor data communication system (1), according to any preceding claim,
wherein at least one of said transponder (10, 12, 12A, 12D) and said transceiver (9, 9A)

35 is a device adapted for transmitting and receiving data-containing signals at least one of
electrically, electromagnetically, optically, and acoustically.



10 23. An anchor data comrunication system (1), according to claim 22,
wherein said trailable resistance nenber (3H) conprises an underwat er

par achut ew(02083)2/059760 PCT/GB2011/052136
24

21.  An anchor data communication system (1), according to any preceding claim,

wherein said first transponder (10) includes a pressure transducer to enable monitoring

of depth of immersion and height of said first transponder (10) above said surface (5) of
5  said mooring bed (4).

22. An anchor data communication system (1), according to claims 1 to 8, and 11 to
21, wherein said anchor (3) is provided with a trailable resistance member (3H) arranged
to produce a drag resistance force when dragged in a body of water (6).

10
23.  An anchor data communication system (1), according to claim 22, wherein said
trailable resistance member (3H) comprises an underwater parachute (3J).



