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slits forming the individual fronds. The folded sheet is initially packed
in a box-like dispenser with the One of the most effective methods of
prevent-     folded sections in a tightly bunched, compact state. ing
erosion of the river or sea bed around under-     As the anchor line is
withdrawn from the dispenser, water structures is by anchoring an array or
mat of   5   the sections are spread apart. synthetic buoyant fronds close
to the structure. The     In this manner, the density of fronds in the
fronds exert a viscous drag which reduces the         structure can be
regulated simply by controlling the velocity of the fines (soil particles)
in underwater  pitch of the folded sections. Moreover, since the currents
to a point where the particles are depos-   frond line is a continuous
folded structure, manu- ed, and the deposited particles then accumulate
10  facture of a complete array of fronds is greatly to form a permanent
consolidated sandbank.            simplified. A change in frond height is
obtained The array of fronds generally consists of lines   merely by
changing the width of the sheet. of fronds arranged in a predetermined
pattern and        The base of the sheet is preferably reinforced,
interconnected by flexible ties, or the fronds may    and the anchor lines
pass through aligned holes in be secured individually or in bunches to a
matting.    15  the reinforced base section of the sheet. In either case,
the difficulties of manufacturing     One particular example of the
invention will the array in a simple but cost-effective manner,      now be
described with reference to the accom- combined with the difficulties of
deploying the ar-   panying drawings in which: ray on the river or sea bed,
have prevented the         Fig. 1 is a diagrammatic perspective view show-
potential of the method being fully exploited.   20     ing a scour control
structure partially withdrawn There is therefore the need for a soil
retention     from a dispenser and anchored to the sea bed; and
reinforcement structure which can be easily         Fig. 2 is a
diagrammatic Underside plan view of deployed on the sea bed, and which is
simple to         the structure shown in Fig. 1; and produce on a
commercial scale. Ideally, the meth-       Fig. 3 is a detail of a part of
the structure shown od of deploying the structure should lend itself to
25  in Fig. 2 when viewed from one side and show- automation.
ing the attachment of a side anchor. It would also be an advantage if the
density          Referring to these drawings, the illustrated and/or height
of the structure could be easily varied  scour control structure consists
of a continuous over a wide range without affecting the manufactur-   sheet
10 of buoyant synthetic material, such as ing process.
30   polypropylene, slit into 25mm vertical strips 11 to IN GB-A-2127,469
there is disclosed an under-    provide a sequence of individual fronds
each hav- water soil retention and reinforcement structure      ing a
height of up to 2 metres above the soil bed comprising a sequence of
synthetic buoyant fronds     12 when the structure is anchored to the bed
12. arranged side-by-side to form a frond line. Several      The slits 15
terminate some distance above the such lines can be placed end-to-end, or
in spaced   35   bottom edge 16 of the sheet, and the bottom of the apart
parallel rows, to form an array.                sheet is folded upwards to
provide a reinforced In US-A-4,534,675 individual sheets of buoyant    base
18. A reinforcing strap 17 is encased within material are slit to form
respective lines of fronds,  the base 18. the sheets being roped together
end-to-end and           The sheet 10 is folded back and forth in a fan-
deployed in various patterns on the sea bed. In this  40  folded
configuration, and is dispensed from a box arrangement, the roped together
sheets are each       13. As best shown in Fig. 2 the successive fan-
anchored to the sea bed at both ends.                folded sections 14 of
the folded base strip 18 are According to one aspect of the present inven-
stored at the bottom of the box 13 in a bunched tion, there is provided an
underwater soil retention  compact state, and the frond strips 11 are then
laid and reinforcement structure comprising a sequence   45  flat and
folded over in the space above. As the of synthetic buoyant fronds arranged
side-by-side     sections 14 are progressively withdrawn from the to form a
frond line, the line being folded back and  box, the structure expands into
an open extended forth to form an array of fronds, and the successive
state and the frond strips 11 are released into an folded sections of the
frond line having aligned      upright buoyant position (Fig. 1). openings
threaded by at least one anchor line for   50   The structure is threaded
by anchor lines 19a, anchoring the array to the soil bed. In this manner.
19b, 19c passing through aligned holes 20 in the a curtain of fronds is
presented to the soil particles  reinforced base 18. The lines 19 each
carry adjust- in almost every direction, and the pitch or spacing   able
sheet stops in the form of grommets 21 which between the successive folded
sections is infinitely  are slidable along the respective lines and can be
variable from a virtual solid to whatever pitch or   55   used to adjust
the spacing between the fan-folded spacing is required.
sections 14 of the sheet. This in turn controls the In a preferred
embodiment, the structure com-     density of the fronds in the overall
structure. Alter- prises a fan-folded continuous sheet with vertical
natively, a short foldable inter-sheet link 41 (Fig. 2) 2   
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between each of the successive sec-     rent flow paths through the
structure. tions 14 which limits the pitch of the fan-folded       The base
pitch between successive sections structure. The link may be of the same
material as  might be of the order of 20mm giving 50 frond the sheet and
effectively forms a V-shaped hinge    lines per linear metre. This density
can be easily between each of the successive sections 14 at the   5
varied by adjusting the spacing between the grom- outboard edges of the
structure as shown in Fig. 2.  mets 21. As illustrated, the grommets 21 are
ar- The use of links 41 formed of sheet material    ranged so that the
interleaved V-shaped pockets permits a greater packing density in the
dispenser  formed between the successive sections 14 extend 13 compared to
the use of grommets 21, and          from one side of the structure to the
other in controls the pitch of the fan-folded structure.  10  alternating
directions. However, the grommets 21 At the leading end of each line 19 is
a ground   can be adjusted to provide any required pattern of anchor plate
22 which may be of the type more       pockets. In particular, the grommets
on the centre fully described in UK patent application 89041693.  anchor
line 19b could be adjusted to provide a The anchor plates 22a, 22b, 22c are
driven down-    different pattern in which the pockets terminate at wardly
into the sea bed 12 to anchor the leading   15  the centre line. end of the
structure 10 firmly to the sea bed.          In the alternative arrangement
of Fig.2, the These three leading anchors 22a, 22b and 22c     base pitch
is fixed by the length of the foldable are initially stored on top of the
dispenser box 13.  inter-sheet links 41. Once these three anchors have been
anchored, the        The front anchor plate 22 and the side anchor
dispenser box 13 is advanced rearwardly in the   20   plate 25 with their
respective anchoring straps 24 direction of arrow 23. The leading section
14a of   are stored on top of the box 13 one behind the the fan-folded
structure is attached to the anchor  other so that they are easily
accessible when de- lines 19 so that this rearward movement progres-
ploying the structure on the sea bed. sively withdraws the successive
sections 14 of the sheet 10 through a throat at the bottom of the front  25
Claims wall of the dispenser and opens out the fan-folded structure. During
this process, the anchor lines    1. An underwater soil retention and
reinforcement 19a,19b,19c run through the openings 20 in the
structure comprising a sequence of synthetic base of the fan-folded sheet,
the three lines being     buoyant fronds (11) arranged side-by-side to
drawn from respective supplies folded concertina   30   form a frond line,
characterised in that the line fashion at the back of the dispenser as
shown in        is folded back and forth to form an array of Fig.2. At
predetermined intervals, denoted for ex-      fronds, and the successive
folded sections (14) ample by colour coding on the anchor lines 19
of the frond line have aligned openings (20) and/or on the sheet 10, a side
anchor 25 is secured     threaded by at least one anchor line (19) for to
the respective outside anchor lines 19a and 19c   35  anchoring the array
to the soil bed (12). by respective anchoring straps 24 and using a
carabiner clip fastening 28 which clips around the  2. A structure
according to claim 1 further com- anchor line and passes through an
aperture 26           prising means (21, 41) for controlling the pitch
formed in the sheet 10 along one of the fold lines      or spacing between
the successive folded sec- 27. Finally, three trailing anchors 40 secured
by   40  tions (14) of the frond line. straps (omitted for the sake of
clarity) to the op- posite ends of the respective lines 19a, 19b, 19c   3
A structure according to claim 2 in which the are driven into the sea bed
to complete the anchor-     control means comprises spacing elements ing
process.                                            (21) slidable along the
respective anchor lines With the structure 10 anchored to the sea bed   45
(19). in the path of an underwater current, the velocity of the current
will be reduced below the critical trans-  4. A structure according to
claim 2 in which the port velocity so as to ensure particle deposition.
control means comprises foldable links (41) Accordingly, substantially all
the fines carried by     between the successive folded sections (14). the
current will be deposited within the structure   50 and a permanent
consolidated sandbank will be       5. A structure according to any one of
the claims created having a particularly uniform distribution of   1-4 in
which a ground anchor (22) is secured reinforcement.
at one or both ends of each anchor line (19), In particular, it can be seen
that the fronds       the structure being anchored by driving the present
an almost solid wall in every direction, and   55  ground anchors into the
soil bed (12). once the fines enter the V-shaped pockets formed by the
successive sections of the folded sheet they  6. A structure according to
claim 5 further com- aro virtually trapped since there are no clear cur-
prising means for releasably attaching at least 3  
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S is provided between each of the successive sec-     rent flow paths
through the structure. tions 14 which limits the pitch of the fan-folded
The base pitch between successive sections structure. The link may be of
the same material as   might be of the order of 20mm giving 50 frond the
sheet and effectively forms a V-shaped hinge     lines per linear metre.
This density can be easily between each of the successive sections 14 at
the    5   varied by adjusting the spacing between the grom- outboard edges
of the structure as shown in Fig. 2.  mets 21. As illustrated, the grommets
21 are ar- The use of links 41 formed of sheet material     ranged so that
the interleaved V-shaped pockets permits a greater packing density in the
dispenser  formed between the successive sections 14 extend 13 compared to
the use of grommets 21, and          from  one side of the structure to the
other in controls the pitch of the fan-folded structure.  10  alternating
directions. However, the grommets 21 At the leading end of each line 19 is
a ground   can be adjusted to provide any required pattern of anchor plate
22 which may be of the type more        pockets. In particular, the
grommets on the centre fully described in UK patent application 8904169.3.
anchor line 19b could be adjusted to provide a The anchor plates 22a, 22b,
22c are driven down-    different pattern in which the pockets terminate at
wardly into the sea bed 12 to anchor the leading   is  the centre line. end
of the structure 10 firmly to the sea bed.          In the alternative
arrangement of Fig.2, the These three leading anchors 22a, 22b and 22c
base pitch is fixed by the length of the foldable are initially stored on
top of the dispenser box 13.  inter-sheet links 41. Once these three
anchors have been anchored, the        The front anchor plate 22 and the
side anchor dispenser box 13 is advanced rearwardly in the   20   plate 25
with their respective anchoring straps 24 direction of arrow 23. The
leading section 14a of    are stored on top of the box 13 one behind the
the fan-folded structure is attached to the anchor   other so that they are
easily accessible when de- lines 19 so that this rearward movement progres-
ploying the structure on the sea bed. sively withdraws the successive
sections 14 of the sheet 10 through a throat at the bottom of the front  25
Claims wall of the dispenser and opens out the fan-folded structure. During
this process. the anchor lines     1. An underwater soil retention and
reinforcement 19a,19b,19c run through the openings 20 in the
structure comprising a sequence of synthetic base of the fan-folded sheet,
the three lines being     buoyant fronds (11) arranged side-by-side to
drawn from respective supplies folded concertina   30   form a frond line,
characterised in that the line fashion at the back of the dispenser as
shown in        is folded back and forth to form an array of Fig.2. At
predetermined intervals, denoted for ex-      fronds, and the successive
folded sections (14) ample by colour coding on the anchor lines 19
of the frond line have aligned openings (20) and/or on the sheet 10, a side
anchor 25 is secured     threaded by at least one anchor line (19) for to
the respective outside anchor lines 19a and 19c   35  anchoring the array
to the soil bed (12). by respective anchoring straps 24 and using a
carabiner clip fastening 28 which clips around the   2. A structure
according to claim 1 further com- anchor line and passes through an
aperture 26           prising means (21, 41) for controlling the pitch
formed in the sheet 10 along one of the fold lines      or spacing between
the successive folded sec- 27. Finally, three trailing anchors 40 secured
by   40  tions (14) of the frond line. straps (omitted for the sake of
clarity) to the op- posite ends of the respective lines 19a, 19b, 19c    3.
A structure according to claim 2 in which the are driven into the sea bed
to complete the anchor-     control means comprises spacing elements ing
process.                                            (21) slidable along the
respective anchor lines With the structure 10 anchored to the sea bed   45
(19). in the path of an underwater current, the velocity of the current
will be reduced below the critical trans-  4. A structure according to
claim 2 in which the port velocity so as to ensure particle deposition.
control means comprises foldable links (41) Accordingly, substantially all
the fines carried by     between the successive folded sections (14). the
current will be deposited within the structure  so and a permanent
consolidated sandbank will be        5. A structure according to any one of
the claims created having a particularly uniform distribution of    1-4 in
which a ground anchor (22) is secured reinforcement.
at one or both ends of each anchor line (19), In particular, it can be seen
that the fronds       the structure being anchored by driving the present
an almost solid wall in every direction, and   55  ground anchors into the
soil bed (12). once the fines enter the V-shaped pockets formed by the
successive sections of the folded sheet they  6. A structure according to
claim 5 further com- aro virtually trapped since there are no clear cur-
prising means for releasably attaching at least 3 
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ground anchor (25) to at least        mit dem Bodenbett (12) mindestens
eine An- one of the anchor lines (19) at a point inter-       kerleine (19)
gezogen ist. mediate the ends of the anchor line. 2. Struktur nach Anspruch
1, die weiterhin Mittel 7. A structure according to any one of the pre-   5
(21, 41) zur Steuerung des Zwischenraums ceding claims wherein the frond
line comprises       oder Abstands zwischen den aufeinanderfol- a
continuous sheet (10) of synthetic buoyant         genden gefalteten
Abschnitten (14) der Wedel- material.
reihe umfaft. 8. A structure according to claim 7 wherein the   ,o  3.
Struktur nach Anspruch 2. bei der das Steuer- anchor line (19) is threaded
through a rein-         mittel Abstandselemente (21) umfaft. die ent-
forced base portion (18) of the sheet (10).          lang den jeweiligen
Ankerleinen (19) gleiten k6nnen. 9. A structure according to claim 8 in
which the reinforced portion (18) of the sheet (10) com-   iS  4. Struktur
nach Anspruch 2, bei der das Steuer- prises an upturned bottom edge.
mittel zwischen den aufeinanderfolgenden ge- falteten Abschnitten (14)
faltbare Verbindungs- 10. A structure according to claim 9 in which a
glieder (41) umfal3t. flexible reinforcing member (17) is encased within
the upturned bottom edge portion of the   20   5. Struktur nach einem der
AnsprUche 1-4, bei sheet (10).                                          der
ein Erdanker (22) an einem' oder beiden Enden jeder Ankerleine (19)
befestigt ist, wobei 11. A method of deploying an underwater soil re-
die Struktur durch Eintreiben der Erdanker in tention and reinforcement
structure, the struc-      das Bodenbett (12) verankert wird. ture
comprising a line of buoyant fronds folded   26 back and forth and threaded
by at least one      6. Struktur nach Anspruch 5, die weiterhin Mittel
anchor line (19), and chacterised in that the        zum losbaren Anbringen
mindestens eines zu- method comprises retaining each anchor line
sftzlichen Erdankers (25) an mindestens einer in a box-like dispenser (13)
with the folded         der Ankerleinen (19) an einem zwischen den sections
(14) of the frond line in a bunched,   30   Enden der Ankerleine liegenden
Punkt umfal3t. compact state, and the fronds lying flat, lower- ing the
dispenser (13) to the soil bed (12),     7. Struktur nach einem der
vorhergehenden An- anchoring one end of each anchor line (19) to
spraiche, bei der die Wedelreihe eine durchge- the soil bed (12), and
thereafter advancing the      hende Tafel (10) aus synthetischem schwim-
dispenser (13) over the soil bed (12) such that  35  nienden Material
umfaflt. the anchor line (19) is progressively withdrawn from the dispenser
and the fronds (11) are       8. Struktur nach Anspruch 7. bei der die
Ankerlei- released into an upright buoyant state.              ne (19)
durch einen verstarkten Basisteil (18) der Tafel (10) gezogen wird. 12. A
method according to claim 11 further com-   40 ;    prising increasing the
pitch or spacing between  9. Struktur nach Anspruch 8, bei der der
verstark- the successive folded sections (14) of the           te Teil (18)
der Tafel (10) eine umgebogene frond line along the anchor line (19) as the
Unterkante umfalt. anchor line is withdrawn from the dispenser (13).
4s   10. Struktur nach Anspruch 9, bei der ein flexibles Verstarkungsglied
(17) in dem umgebogenen Patentanspriche
Unterkantenteil der Tafel (10) untergebracht ist. 1. Unterwasserstruktur
zum  Festhalten und Ver-      11. Verfahren zum Ansbringen einer
Unterwasser- starken des Bodens, die eine Folge von zur  so       struktur
zum  Festhalten und Verstarken des Bildung einer Wedelreihe nebeneinander
ange-         Bodens, wobei die Struktur eine Reihe von ordneten
synthetischen schwimmenden We-              ziehharmonikaartig gefalteten
schwimmenden deln (11) umfal3t, dadurch gekennzeichnet, daB       Wedeln
umfaft, die von mindestens einer An- die Reihe zur Bildung einer
Wedelanordnung           kerleine (19) durchzogen sind, dadurch ge-
ziehharmonikaartig gefaltet ist, und die aufein-   55  kennzeichnet, daBl
es das Halten jeder Anker- anderfolgenden gefalteten Abschnitte (14) der
leine in einer kastenartigen Ausgabevorrich- Wedelreihe fluchtende
dffnungen (20) aufwei-         tung (13) umfal3t, wobei sich die gefalteten
sen, durch die zur Verankerung der Anordnung         Abschnitte (14) der
Wedelreihe in einem ge- 4  
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11111 !   ! bUndelten, kompakten Zustand befinden und        6. Structure
selon la revendication 5. comprenant die Wedel flach liegen, das Absenken
der Aus-        en outre un moyen pour attacher de rnaniere gabevorrichtung
(13) zum Bodenbett (12). das         detachable au moins un tirant
d'ancrage sup- Verankern eines Endes jeder Ankerleine (19)
plementaire (25) a au moins un des cables mit dem Bodenbett (12) und danach
das Vor-   5       d'ancrage (19) en un point entre les extremites
wartsbewegen  der Ausgabevorrichung  (13)            du cable d'ancrage.
Ober dem Bodenbett (12), so daB die Ankerlei- ne (19) nach und nach aus der
Ansgabevor-        7. Structure selon l'une quelconque des revendi-
richtung gezogen wird und die Wedel (11) in          cations precedentes.
dans laquelle la ligne de einen aufrecht schwimmenden Zustand frei-  to
frondes comprend une feuille continue (10) de gesetzt werden.
materiau flottant synth6tique. 12. Verfahren nach Anspruch 11, das
weiterhin        8. Structure selon la revendication 7. dans laquel- beim
Herausziehen der Ankerleine aus der           le le cable d'ancrage (19)
est enfil6 dans une Ausgabevorrichtung (13) das VergroBern des   T5
portion de base renforc6e (18) de la feuille Zwischenraums oder Abstands
zwischen den             (10). aufeinanderfolgenden gefalteten Abschnitten
(14) der Wedelreihe entlang der Ankerleine       9. Structure selon la
revendication 8. dans laquel- (19) umfalt.
le la portion renforc6e (18) de la feuille (10) 20      comprend un bord
inferieur replie vers le haut. Revendications 10. Structure selon la
revendication 9, dans laquel- 1. Structure immergee de retention et de
renfor-        le un organe de renforcement flexible (17) est cement du sol
comprenant une serie de fron-          encastre dans la portion de bord
inferieur re- des flottantes synth6tiques (11) arrangees cote   25  pli6
vers le haut de la feuille'(10). a c8te pour former une ligne de frondes,
ca- racterisee en ce que la ligne est pli6e en       11. Proced6 de
d6ploiement d'une structure im- accordeon pour former un arrangement de
mergee de retention et de renforcement du frondes, et les portions pliees
successives (14)     sol, la structure comprenant une ligne de fron- de la
ligne de frondes ont des ouvertures ali-  30   des flottantes pli6e en
accord6on et dans la- gnees (20) dans lesquelles est enfile au moins
quelle est enfil6 au moins un cable d'ancrage un cable d'ancrage (19) pour
ancrer l'arrange-       (19), et caract6rise en ce que le procede com- ment
au lit du sol (12).                             prend la retention de
chaque cable d'ancrage dans un distributeur de type bofte (13), les 2.
Structure selon la revendication 1, comprenant   35   portions pliees (14)
de la ligne de frondes en outre un moyen (21, 41) pour contr8ler
etant a l'etat compact en paquet, et les fron- I'ecartement ou l'espacement
entre les por-          des 6tant a plat, I'abaissement du distributeur
tions pliees successives (14) de la ligne de         (13) jusqu'au lit du
sol (12). I'ancrage d'une frondes.
extremite de chaque cable d'ancrage (19) au 40      lit du sol (12), puis
l'avance du distributeur (13) 3  Structure selon la revendication 2, dans
laquel-     le long de la surface du lit du sol (12) de telle le le moyen
de contrble comprend des 61e-            sorte que le cable d'ancrage (19)
soit extrait ments d'espacement (21) pouvant coulisser le
progressivement du distributeur et que les long des cables d'ancrage
respectifs (19).           frondes (11) soient degagees pour flotter verti-
45      calement. 4. Structure solon la revendication 2, dans laquel- le le
moyen de contr8le comprend des liens       12. Proced6 selon la
revendication 11. comprenant pliables (41) entre les portions pliees
successi-    en outre l'augmentation de l'ecartement ou de ves (14).
I'espacement entre les portions pliees succes- 50      sives (14) de la
ligne de frondes le long du 5. Structure selon l'une quelconque des
revendi-         cable d'ancrage (19) au fur et a mesure que le cations 1 A
4, dans laquelle un tirant d'ancrage     cable d'ancrage est extrait du
distributeur (13). (22) est fixe a une ou aux deux extr6mit6s de chaque
cable d'ancrage (19), la structure etant ancree en enfoncant les tirants
d'ancrage dans   55 le lit du sol (12). 5    


