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- CONFRCE1] NWORSHIBOF R VER OR SEA BEDS Pr evi ous attenpts { BCTAGRiS/00040
er osi of the sea'bed around structures such as of fshore oil oregaip

p| el nes 5 have included the plantipg-of a bed of artificial &w
'fronds' al ongside ‘the structure. Such beds have al so been planted in
coastal waters to combat erosion of the coast by creating artificial/ -
sandbanks or stabilising existing sandbanks 10 In U S. Patent 4 33 Ob

~for exanpl e, CONTROELINGSEROSION:O are_first sectire

separate bunches to a matting, and thls nattlng is then staked to th
bed. .”“one obvi ous dlsadvantage of this systemis 15 t hat SE a mat t i.
expen5|ve ancPrevieus attempEsdhpycombat erasipauphr thenfea Re

"geaddwe' ?ht aﬂf@?ﬁdnﬂtfﬁéﬁuﬁésCB@bHSaﬁngfﬁﬂﬁéf&tgiwbﬁhbas ﬁifmﬂ.thes o
i sadvantage I's ea onds, mus ied.to
t he nattlﬁg have  eeluded bégﬁegﬂa?%£n%uﬂ§h%séﬁ§ °Br85tégkéhgg égP
undul ations i grt Hrcieds herl dy¥ide the satucture.Ovsuch pbedsdhafvet. me | ocal .
stresses produged Vi S€O r I ndiyikdyal ' dgecan be
suff|C|en? to? ﬁ%?aB%eE5pfa$ﬁﬁgbgﬂcﬁggggggn$€gé¥%a#§iﬁgﬂgﬁg %%gEgP?E§ﬁatlve
system as desthebedastobyeszeptingi artificbalecaandbankssayg, a continuous
line or ro“’ogtgyfffgfninRFEEiﬁ fbaﬁﬁ%&h%s threads or tapes are 30

I n

secured to a commoDn anc rests on the river or sea bed. It is
suggestehothat sever al roms of filaments may then be positioned one behind

the other. Ingprgg] e:f37 So'@‘t,enﬁoz.su@ih@géhose fessaggested 35
U, S Patent 3 299 640 ave failed tQ work gsatistactorily
that the fronds or ree s are xrs secured’ in separate
bunches to a matting, and this matting is then staked to
the sea bed. One obvious disadvantage of this system is
15 that such matting is expensive and subject to secondary
scour, particularly when using dead-weight anchoring

such as chains and concrete weights.

>

A further disadvantage is that each bunch of fronds must
20 be individually tied .to the matting, and the gaps

between the bunches can produce undesirable undulations

in the sea bed beneath the matting. Over a period of

time local stresses produced by viscous drag on each

individual bunch of fronds can be sufficient to detach
25 the bunches from the matting. '

In one alternative system as described, for example, in
U.S. Patent 3 299 640, a continuous line or row of
buoyant synthetic filaments, threads or tapes are

30 secured to a common anchor line which rests on the river
or sea bed. It is suggested that several rows of
filaments may then be positioned one behind the other.

. In practiée, however, systems such as those described in
35 U.S. Patent 3 299 640 have failed to work satisfactorily
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a naunber .. ﬁ 542%%118 Firstly, it has been found that the buﬁg‘%&’ﬁ@m

are at 1 east partially flattened by underwater currents, 5 - particul aj
‘waters, and therefore prodac@ only a | ow order viscous drag for
el gkt above the base of the filanents. At best, therefore, a low ° %é
: proffi I\nynjyper manent sand bank is created around the base. Even this bank
©ois I\i ab\& t oL be swept followi ng currents of marginally higher

vel o t W' gFiénﬁgmH éﬁo%ﬁa?ﬂéﬁefore that such frond lines retain only
of particles and cannot provide a consolidated sandbank. 15

S dl f | | i
Secondly. T CEEPRERY IO HadTROgH PR3nd ChngeCPrer BiSyall eMlabhdsiE00 |\ "7
‘suggest ed tharetat Least paytisldyi fdastened dyaRnderNatemn GRFTERES, | ines
formed of Cgﬁ f@iéul%?ﬁﬁ ?h &EE&'wa@Er@'eéhﬁ| hateEdrd prucd Yy N9 of

rope or cord provid Bot h thes arr ngerent s

dead- wei % si nkers.
woul d suf f eraflf%‘ﬁr%’ééﬁﬁd‘éi-?cgﬁs d§€8u of; 3 phorkeheigbty si nkers,

?_nd none of baeedescwaedmammerrenh& pesky laaeearfalrhe af mw di ng down the
| nes agai nst

ge enor nous buogagc g S aqd cu V\/mcré#1 uld be
experi enced PROHLLE RBRcpermagen T%FP |§anﬁb Eaﬁ %has yet
been devi sedbése. atEverhi titgi$ |baﬁents; brabbeeisotbefbmeplhl awmycrhyr linés. In

parti culgr tBg) GRSt LRlreRed 8 CEECE fed Ngdy dgadl | ament s or

tapes cdoul d CWOVEN o r rope oul d be a
t edi ous and ti ne-
Experience has shown therefore that such frond lxnes L)
retain only a small bulk of particles and cannot provide
a consolidated sandbank.
15

Secondly, no satisfactory method has yet been fonnd'for
laying these lines and anchoring them to the sea '_or
river bed. 1In U.S. Patent 3 299 640 it is suggested
that the lines may comprise either dead-weight anchor
20 lines formed of concrete, lead or steel, or flexible
anchor lines consisting of rope or cord provxded with
dead-weight sinkers.
Both these arrangements would suffer from secondary t
25 scour around the line and/or the sinkers, and none of -\
the described arrangements would be capable of holding
down the lines against the enormous buoyancy forces and
currents which would be experienced in deep waters.

30 Thirdly, no satisfactory method has yet beeﬁ devised for
attaching filaments or tapes to flexible anchor lines.
In particular the suggestion in U.S. Patent 3 299 640
that the filaments or tapes could be lashed, woven or
-braided into an anchor rope would be a tedious and time-
35 consuming process unsuited for the high speed bﬁlk



35 consuni ng process unsuited for -the.high speed bul k -3- productfon
swhi ch is necessary if suffictent quantltles are to be produced for c
| arge areas ‘such as those surrounding oil or gas pipelines. An obje
the present invention is to provi- 5 de a practical erosion contr
sy§fén1mh|ch overcones these drawbacks, the system i ncluding frond

capabl e of withstanding the strong unagerwater currents experienced in

wat ers and thereby creating con- solidated pernmanent sandbanks. 10 -;f/
Accqrding to thePTRAHEn Whdrhi b7 Pﬁ%?%s?gyp4Bvﬁ%ﬁﬁﬁ%%qqﬁaﬂ&amﬁﬁéiﬁér /

filtering parti cateatin nRt prbduckioropNdevenieg IdFdeirteas Bachi ag

conprising a se ence of -disgrete irs of overl strips of buoyant
mat eri al di spose ﬁ3P§°PP§%P§|89§n850$a?i%bp % %% strip consisting

-of a multiplicity of el okrgaibej dmtoywefhit hel (prrestestexneedtngntis_arm/q:_rr&ediy in a
common i L estl prud B 188G"EoLLBR: cbAErDRSEy HleR Al dRrEhag secur ed

to the anchor line a elng c Space 0 provi
.substantially cth?%ﬂuﬁﬁ?W@aﬂkéhntﬁe SYéFe@Ib %lQﬁcﬁKPQQNiHﬁeﬁe at | east

sone of the el engdgabien oqaﬁhm%bad@ugr LABDPE BB AF Cud ¥ idert @uprRvikde the
required density of el enent rtain r of qverlying strips

C
preferably conprfXRAFigng gﬁ@ QFFPp"PgFBEdaBBUgW%PgQ% creating congycqp
el ement pr ef er abdgl ictated $e$man&hmasdndbahkkanent the original w dth of

each strip hgving been cgggg;g% éL 6%“)'H@%eth&BVEEkﬁgg'Qﬁ?ﬁé ﬁgds or

filam ents. The contraction L obtdai ne t he use
of fibrillated sRROiddea g rfg‘oadné.tmealf‘or' filtering par'tlculate mater'lal

\y/ | from underwater currents, the line comprising a
sequence of discrete pairs of overlying strips of buoyant
material disposed along a flexible anchor line, each

15 strip consisting of a multiplicity of elongate buoyant

' elements extending transversely in a common direction
from the anchor line, the base of each strip being
secured to the anchor line and the strips being closely
spaced to provide a substantially continuous curtain

20 of elements along the line, at least some of the p
‘elements in each strip overlapping one another to
provide the required density of elements in the curtain.
Each pair of overlying strips preferably comprises a single strip
folded double. ' .

/ 25 Each element preferably comprises a strand or
filament, the original width of each strip having been
contracted to provide the overlapping strands or filam-
ents. The contraction in width is obtained, for example

_ by the use of fibrillated strips having a natural
30 crimp or crinkle. The combined width of the

35



i 30 crinp The conbined width of the 35

- PCT/ GB85/-0004 %ﬁg/(ﬁgi@st” ps when uncrinkl ed or -smoot hed out éé@é%é%‘{m
| doublg the length of the anchor line, gnd is about four tines this-|leng
wheft fhl ded strips are used.. 5 The restilTi ng high density of the frond

. bNensures that the elenents are not flattened by underwat er
cutreQty, Rarticularly when backed-up by further rows of the frond | i nes,

i

t he g 0 r | CP&ISa @l

depysi t \GK s%%iis Bﬁéf@&ﬁp@?ﬁ%@n% Lgc%éfg% &%i ‘%(%’Esi is)g %IEl ban The anchor
li ne , bﬂyub“pr-hseée@q&dx ohithengherdines andidl pakowt foun

el ement™sef Hdﬁ“ﬁhﬁ#ﬂﬂiﬁﬁtﬁhﬁhéﬂﬂfbﬁaﬁd sIEQPBWQZ&BQ§eére conveni ently
15 f or med by foldlng a single web longitudinally. The array of frond

Tines is then preferably conbined into a frond mat by neans of spaced
cross-oves st ragsresalitdingg ha.tgmmaamsjrtiyi 118V 1 kfmhi& heXememves r @hseriesp 20

f b d t t h th

bel g anchor ofBaE. FBEn eormenty aFs, Bk Flacdedy M inadRgledl 20 tNen
fibre-reinfor cad:leanb,ofpamtqmﬂt&(hpavhenl ebac\hedmmrw shugchenrraw®r at ed
into positi 0” g; f@%‘rgnd)riiq{est he peat ‘%ﬁﬁt‘*ée fd S8 b £ rords 2NUS- As a

result, a hig onogenei ty an ack denS|ty | S, achi eved,
and it woul d FGQBFﬁ-égc§P|f@ﬁﬁl\ﬁé1%dﬂﬁ%°§1§)fd%§9 aﬁn‘gr@%a%ﬁlq%@fh&%e t han

those iniygi al hisjataplad dermd i€ ddesdPIdatéd 058Rd bankyen disturb the
bank. Mreover, these currents would have 30 to be applled for a far

greater period of tinme. The-
The anchor line preferably comprises a pair of

superposed webs, the base of each element being gripped
between the two webs. The two webs are conveniently
15 ~formed by folding a single web longitudinally.

The array of frond lines is then preferably combined
into a frond mat by means of spaced cross-over straps
providing an open grid network which can be rolled up

20 for subsequent deployment over the sea bed, each cross-
over strap then being anchored at both ends. Such a mat
is able to generate a mass fibre-reinforced bank of
compacted particles which are shaken or vibrated into .
position by the action of the water on the £rond

25 strands. As a result, a high order of homogeneity and
particle pack density is achieved, and it would require
current velocities of a far greater magnitude than those
initially retarded tc‘create the bénk'in'order'to_even
disturb the bank. Moreovér, these currents would have

30 to be applied for a far greater period of time. The
bank therefore affords stable, long-term protection to
underwater structures, and only high velocity water
jetting could be used to open up the bank to gain access
for. repairs.



gtherefore affords stable, |ong-term protection to underwater
r@tures ,WQr85/03318 hi gh velocity water jetting could be usgﬁT(@%Mp
: K'to ‘gain access for repairs. W85/ 03318 .
PCT/'GB85/ 00040 ‘The exceptional ly high 5denS| ty of the fronds pr oduces
cor¥®spondi ngly hi gh buoyancy forces on the mat so that conventi onal
dead~vve| ght anchoring systems would be incapable of holding down th
In & preferred 5 .enbodi nent of the present.invention the rrat is pr Vi
wi t B.dependen n f fiiqhl Adndit YU - u
ancl:m{s pref e?g%I %%?&%%13 ch’ci)'rgtht at es Oq{p%ached at the et_g}of the '
anchor st r aps Sofx@spendiaglyc high, PUP¥aReYr FPrsrph@mhihe Ratke iRl thaki ng

t ool" such thaboﬁvb%(ibh&led@adafwéﬂqmolaw&dﬁmjisy@rtéum avchhmrbe/er or sea
-bed to a depth not % ceeqf|u the | th the anchor str?ag tis Iength
preferably beitR§2p3 g%&lﬁﬂé’ gégﬁ‘ ?e"‘ﬁef L PESRSTRRS a pair
slots for Srecembddj.ntérﬂ: oo hthe Yregent anmm md;p sp,nﬂvitdaﬂ the
platestendt It % ce is
applied to th%%’ c%é%etnt%r%ﬁsiaéﬁweh%%hny %Q %% ‘Jdir nr%Ho t he
ground. The asehefssuch a ground anchor| ng system has the advant age of
not 'being subject to secondary scour and provides a firm anchorage capable
of hoI ding the entire frdnd mat 25 agal nst both buoyancy and current

forces in deefhfagsoyndTRachers preferahict FAMRFLSeARGHAK BRAted so
prevents foecora%%@eh%aolarc INe AndWE 'thid |aﬂdﬁd&'9§tré§sp%&dtﬁ';ﬁfaﬁ@ that the
mat - does not avi t.Q be in |nté mat e conta
uding ‘means for engag ng a powered driving tcol such
—/ that a leading edge of the plate is driven into the
' river or sea bed to a depth not exceeding the length of
the anchor strap, this length preferably being

15 adjustable.

Each plate preferably includes a pair of slots for
receiving the anchor strap, the arrangement being such
that the plates tend to rotate to a skew position when a

20 lifting force is applied to the anchor strap after the
plate has been driven into the ground. The use of such
a ground anchoring system has the advantage of not
being subject to secondary scour and prbvides a firm

(_/ ~ anchorage capable of holding the entire frond mat
25 against both buoyancy and current forces in deep waters.

The open grid structure of the frond mat also prevents
secondary scour and allows 'fall-thrdugh' of particles
so that the mat does not have to be in intimate contact

30- with the sea bed. The mat is flexible so that it can
follow the sea bed contour while being progressively
-unwound from a roll. It can therefore be deployed under
difficult sea conditions, particularly since the use of
plate anchors provides a fast and effective anchoring

35 system.



i 30 wth th The mat is flexible so that it can foll ged
i cent ouf m%{‘zsﬁé’gﬁg’ progressively unwound froma roll. It caﬂfﬁ%}ﬁs?ore
¢ dep oyed ynder difficult sea conditions, particularly since the use of
pfatg.anchors provides a fast and efTé%vae anchoring 35 system
:Q y PCT/ GB85/ 00040 - 6- 1n t‘rﬂs‘
?. I.ng dramﬁngs, by way of exanple only:- Fig. 1 illustrates
gt i-cally.the use of a pair of frond mats enbodying the invention
popsed on the 5 sea bed to prevent erosion beneath .a pipeline
rest ™g-on. t hinbtbe agcompgnyéngl drawiagisng byheayt afe examgie hanly: -
|nned|ately after the nats have been laid. Fig. 2 illustrates the state of
i the bed sone tine |ater -and_shows the creation of a pernananent

. —consol i dat ed Bb@id Joaifﬂ(]-‘&?"o%ﬁe? rRiagpammaticaldy *he |use Qf & PAEL @f ner

of one of thegfbAddmakss eRicd: da;eltnﬂa IQiEhtioi 4rd |didpesedWreisd  aps
“being 15 extendedg gtmards ro b to clarlf I t.S structuye -and

Figs. 4-85i||8ea B¢ QrpﬁﬁgeQFeE§°Fﬁ°& _ RESEFRGRP | | ne

enbodyi ng thethevbed;ohheZBiguterilmgstratﬁngotﬁegstahé(DEBt&euﬂe&rond mat

consi sts of dj n e 0 | l.y. parallel- - to a pipe

line 11 and a% %gggtPQQtggkégaEBédmgkgggﬁ%%bgggﬁ ¥%Echor pl at es 12 gt

bpth ends of alternate l'ines 25 10 (only one end of each |ine being

visible in thedi g «f@&%ﬁéys%&raé%ﬁéreea $3md WA E A
und anc

both ends by gr tes 12
10 ° and shows the creatxon of a permananent consolidated

sand bank around the pipelxne, &‘)

Fig. 3 illustrates one oorner of one of the frond mats
before being wound on a roll, the anchor straps being
15 extended outwards from the mat to clarify its structure;

and

Pigs. 4-8 iiiustrate various steps in a process for
. producing a frond line embodying the invention.
20 ' _ , '
Referrxng first to Figs. 1 to 3, each frond mat consists
of discrete frond lines 10 dxsposed generally parallel
to a pxpe line 11 and anchored to the sea bed firstly by .
ground anchor plates 12 at both ends of alternate lznes v
25 10 (only one end of each line being visible in the
figure), and secondly by cross-straps 13 also anchored
at both ends by ground anchor plates 12. The mats are
positioned with the frond lines 10 generally transverse
to the predominant curent flow denoted by arrows 'A’.

30
In the figures, onl?.three of the cross-over straps 13
are shown for the right-hand mat and only one cross-over
_ strap is shown for the left hand mat. Moreover, at the
corners of each mat, only one anchor plate 12 is




-cur ent flow denoted by arrows "A .+ 30 In the figures, only three o
cross- ever straps 13 are shown for the right-hand mat and only on
crgss-over strdp is shown for the left hand mat. Mreover, at. th
of *ach mat, only one anchor plate 12 is required so that for

hand mat no anchor plate is provided at -yhe end of the first fron

for the left hand o_angho Iat i s praqvided at .the right han d of
“the cross-strap T %reg s8"ERSE £ q’be "siﬁqoq Fandmad ™9 anEYRE hand cor ner
of the right handlane in ppoeided aat ﬁiﬁécarrm t&fem‘fet fiirswoprdndnlaneol | for

depl oynent” over t anch te 12 is | ocated
at the end of reéngc?ﬁgegggc &tm JZ% cémrf'y gﬁen |ng 10 t he
—r espective frondPF‘PMédQQ at theseighferhand :ﬂndlibf ttthe erossdstrendidt each
frond line keing turned bggk og nﬁeéér-é@eé Oérm %gﬁm HRP coliere olhe

Cr oss-over strap% ncl udi n the extended ends are rmed as contlnuous
endl ess 1 oops. li*f’?er'Fémjt agd matpinguore, detdllsiheforey the matudeapl e by
means of a convewbuadabnsar ﬁolbuﬂdni- adéploymelt YVt @hd ldeastlean 20, a | oop

convent onal mandtr SBBeEEnb ) ST B RYARE A i dpRE BEaRREs 20
subsequent |y t enshdnef. r¥apectbvs- motstsﬁmSliaCbaﬁdrmerdcIbwdex&tenad;hed
| oops 22 st lmChe@nEOrEBFeéti@Q Alof@Cifd OFP d}V o%@ v rorstﬁn%eﬁ‘éi,”g a
| ooped back portlge extengegt{er?d gfr']dearcer} afl'r'nolnn linee breoirxl'lg tlurr]'%ed back
on itself to form an end loop, while the cross-over
straps including the extended ends are formed as
continuous endless loops. The length of each
15 anchor strap 20 is adjustable by means of a
conventional strap buckle 21. To shorten the strap
20, a loop is formed in the strap and threaded back
through the buckle in a conventional manner so
that it cannot be withdrawn when the strap is
20 subsequently tensioned.

W

The cross-over straps 13 each include
attached loops 22 stitched to the strap at'each
cross-over point for receiving a looped back

. portion of the strap and retaining the frond line
kV/ 25 against the underside of the strap.

Referring now to Figs. 4 to 8, strips 31
of fibrillated polypropylene are unwound from
rolls 30, each roll providing a strip having a
width of about 5 cm. The fibrillations are

30 produced, for example, by a prior skiving process.

35



providi-ng -a strip having a width of about 5 cm The fibrillations ar
for exanple, by a prior ski\B Yy process. 35 WO 85/ 03318 .

z*oaggq#{iﬁersi de of the strap. Referring nowto Figg 566 B#iS)0064n

at ed pol ypropyl ene are unwound fromrolls

PCT/€“85/00040 - 8 - As best shown in Fig. 6, the strips have a natura
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35

e expose
£ the bonding strip.

posgggt}gquge?\ﬁ ag:hem %@%@itffbépggegmaagtﬁadwﬁ&u as

As shown in Fig. 4, the transverse bonding strips 32, 33
are provided at intervals along the length pf-the strips
31, and the strips 31 are then cut into lengths 'l1°'

along the sever lines 38 so that equal lengths of the
' strips 31 extend each side of the bonding strips 32,33.

The superposed bonding strips 32, 33 are then placed
end-to~-end along the length of a web 35 (Fig. 7) having

a total length of 30 metres. A carrier ‘for the adhesive -

backing of each strip 33 is then peeled away to expose
the adhesive, and the web 35 is folded longitudinally as
shown in Fig. 8. The exposed adhesive of strips 33
temporarily bonds the overlying portions of the
fibrillated strips 31 to one another within the folded
web 35, and the bond is then made permanent by stitching
along the stitch lzne 36. ..

In this manner two contracted overlying strips of
fibrillated material are formed from each single strip
severed from the rolls 30, the strips being securely
gripped within the folded web 35. A frond line having
an exceptionally high density of fronds is thereby

. formed. Each of the frond lines 10 shown in Figs. 1 to
. 3 is formed in this simple and convenient cost-effective



"3orar|Iy bonds t he overlying portions of the 25 fibrillated strips 31
Pone aWQBB/03318hi n the fof ded web 35, and the bond is tPETYGBS&/00040

Sdhnent by stitching along the stitch line 36. In this manner two
tracted overlying strips of 30= 9fi=brillated material are forne
smgle strip severed fromthe rolls 30, the strips being secyrely

03318 PCT/G885/00040 ma#ner .

Ac:cor |ngly each, frond I|ne %g 8rr££ises a narrow fol ded web 30
| engt h and ACEIFIingLY 4 seach, ESn%Pa@?@Br&ﬁésoﬁeF‘FiFﬁy stri

fi-brillat edfonanﬂrwabl s0emgcewsciint Dehgth\aRdl@achigrond 1B When unf url ed

h d h
tgrgrgos mﬂ%@%pgﬁiﬁgog?ngagigatﬁgﬁegygﬁﬁggﬁﬂéﬂkgsﬁﬁb°@a%ghﬁé ngah singl e
?t{lp 1? mniygwép%?ehéaﬁeduredgtaetwetwehJ%oi ééﬁhOQQrﬁbra@éﬂ |E§ ]

ament s | s i
w:ater “t he |l‘r?1'gll|1%E§uafl %Hafrents eachﬂa\ﬁbﬁ& g]gr‘“; /fﬁrgeggbf@ﬁg | ess than
50° Kg. 15 bekweennd| andt metzreswo Aatots pﬁgs.azoamcn stzigpach shown
withyonly e&ﬁﬂ%éfﬁf,’ité'ﬁfde&“a agtessn  WaBCVhch! 81AgRRCKEL3P! 1 C1 ot

Vi’ scou eagp ou| i ncl udé twent X ron i nes 10 -at

one- q Qter $1ng L1p QFE@rVGI YS aokatralypic@d§.0P0gthgeadriikeer 5
netres w deffiméntengvér othgO30ehette wabBCleRGth! Whedf ¢he BREips

a‘g;ﬁom mat eié(e 4i.mmer:seﬁofntvr}ra eg, the individual filaments each
having a break/strain of no less than 50 Kgq.
-1 For simplicity, the two mats of Figs. 1 and 2 are each
shown with only eleven frond lines. 1In practice,

- however, to achieve sufficient viscous drag, each mat
should include twenty-one of these frond lines 10 at
one-quarter metre pitch intervals to form a viscous drag

20 barrier S metres wide for a length of 30 metres. Each
mat therefore has approximately 4.5 million thread
filaments.

The cross-over straps 13 are positioned at between 1 and
3 (preferably'l.S) metre pitch intervals along the
length of the frond lines 10.

In cases where the seabed is s;opiné from, say, right to
left, the left hand ends of the cross-over straps 13 of -

30 the right hand mat can be secured to the underneath of
the pipeline. Where a deep scour trench has already
been formed beneath a pipeline, both the left hand ends
of the cross-over straps of the right hand mat, and the
right hand ends of the cross-over straps of the left

35 hand mat may be secured td the underneath of the




filanments over straps 13 are positioned at betwee y 3.
(preferablyi@ﬁgﬁﬁﬂiﬁﬁe pitch intervals along the length of tﬂnhyﬁgﬂéﬁﬁpﬂgs "

10. In cases where the seabed is sloping from say, right to left, -the

hand .eqds of the crossover straps 13-of038 the right hand mat ‘can be ~~ &% .

been formed beneath a pipeline, both the left hand ends of the
crfoss-dysr straps of the right hand mat, and the right hand ends of the-

cn0SS0 st iRiRelknehe | eft 35 hand mat may be secured to.the under neath

of\{heV |WO 85/03318 PCT/ GB85/ 00040 -
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aach side of tlﬂg){m@@osmtiﬁhedenm theatbp dEfgthdepipe}iae ahldead

I::Jlr?gﬁ?tssa d %e%#@ an e $é| %ggé?gégugg&faf Li‘érggaﬂfghégﬁgsgg%os' tion of

transported particles suspended in the currents. The hi-gh density of the

filaments doeigg{w&%ﬁe ng{myffy%e&taaﬂeity {%99 PuQdaREYam@ntss SO that

hol di ng down reqU|re articular fective .anchoring.
Mor eover, the @AfURes thatckhenfilamppts GFefPGﬁdglﬁﬁﬁG§GdabWbtal drag on

the whol e mat ufdgdwaket €dttentBcanat paseydes! aaSeteteb&mecwek:bdrchored.

20 Initi ori of each,mat the gsea bed is,especi crlthaI as
it s noﬁ'upos 5ag ‘Eﬁﬂs%o%l’ sigion of @ransporteappar ic¥. :

suspended in the currents.
. . _ _ \—/
The high density of the filaments does however produce
exceptionally high buoyancy forces so that holding down
15 the mat requires particularly effective anchoring.
Moreover, the current forces on the mass of fronds
impose aftotal drag on the whole mat which will carry
the mat away unless it is securely anchored.

20 Initial anchoring of each mat to the sea bed is _
especially critical, as it is not possible to put down a

fully deployed mat-due to its buoyancy and to hydraulic

lift created by underwater currents. This problem is

overome by the use of the ground plate anchors 12 and by .
the mat being progressively unwound from a roll over the o
sea bed and anchored at the appropriate intervals..

25

The anchor plates 12 are described more fully and
separately claimed in my co-pending application entitled
30 'Ground Anchoring system' being filed concurrently -
' herewith. Briefly, as best illustrated in Pig. 3, each
plate comprises a pair of slots 60, 61 for receiving and
retaining the looped anchor strap 20, a socket 62 for
receiving an extension rod of an hydraulic hammer tool,
35 and a hinged spring-biased flap 63 extending rearwardly

secdred .o the underneath of the pipeline. Were a deep scour trench haseVQE;_

-



f uiiley. depl oyed mat due to its buoyancy. and to hydraulic lift creat ed by
un@iéwat er'WQ85/03318.. This probl em-is overone by the use of PERGRES040
ani s 12 and by 25 t he mat bei ng, progressively unwound froma rol

t hgisea bed and anchored at the appreprTate intervals. The anchor pl

'fescrl bed nore fully and separately clained in ny co-pending
& ication entitl ed 30 "G ound Anchoring systemi being filed

3 tly, herewith Brjefl b | Tystrated in Fig. .3
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- Each plate 12 is driven into ‘the river or sea bed to a
< - 15 depth determined by the length of the strap 20, the
length being adjusted according to the required height

_ of the mat above the bed. A particular advantage of

= | this anchoring system is that each plate can be securely
anchored in about 35 seconds.
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2harme st b

~conpr | ses

this anchorlng systemis that each plate can be securely anchored in about
35 seconds:- -12- CLAIMS 1. A frond line for filtering particul ate

—fom underwater currents, the line conprising a sequence of .
A rs of overlying strips of buoyant material disposed along a <
or line, each 5 strip consisting of a multiplicity of - LU

L e base of each strip being secured to the anchor |ine
Bet-Ay cl osely spaced to provide a substantially continuous

. Jjof elements along the line, at |east sone of the elenents in

vey | appi ng,o o] Iy denS|ty of

el ements I n th{e curtai A Pgoﬁa 14 E#)rrolg'\qe?ﬁgtgj;?cgr%g% l%so claimZl in

whi ch each pal$3%¢P%Wbrf@QWmPQﬁQﬂW§§e€o#prrﬁéta,thgIélgﬁrﬂgmpbiﬂbm815

- double. 3. a sedudnconst Uisrede RALLS RY dvarlydighbirips 6f dubyanti N Which the

anchor |ine coggrlses super posed eIongate webs of synthetic material

secured to one®ahtfirt RS HhEALINEG fd6*AREecapelor hanBase2®® each
strip 20 5 bei sgrgplmbﬁu@aﬁ tmmxﬂwpepunasegl wbalaﬂgatbebebmpt S
sccording to obuthyatt it rtthe SRl sBai “dene spampy fageffon ™
| ongi t udi nal | yffondting &Ebhozikﬁnﬁy(thneba@@ubfeeaﬁh strip pefngnd |ine
according tO Y QFEd Ofo t £iFe RESARI NG nd Anid® thi ‘A’@bEBseBGEnE' @HSQ&ly
spaced to provide a substantially continuous curtain
10 of elements along the line, at least some of the - .
elements in each strip overlapping one another to -/
provide the required density of elements 1n the curtaln.
2. A frond line according to claim 1 in whlch N
each pair of overlying strips comprise a 51ng1e strip folded
15 double. . A S
3. A frond line according to claim 1 or claim 2
in which the anchor line qqmprises_superposed:e;ongate
webs of synthetic material secured to 6ne another :
along both longitudinal edges, the base of each strip
20 being gripped between the superposed webs and the
elements extending outwardly from one of the said
edges. |
g, A frond line according to claim 3 in which the
superposed webs are formed by longitudinally folding
25 a single web double.
5. A frond line according to any one of the
preceding claims in which each element comprises a
fibril in a fibrillated strip.
6. A frond line according to any one of the
30 preceding claims in which an anchoring strap is
provided at one or both ends of the line, a ground
anchor being attached to the end of the strap for
securing the line to the river or sea bed, and the
anchor including means for engaging a powered

AR



fibril in a fibrillated strip. 6. . , . Afrond line according to any one
.of the 30 preceding clains in which an anchoring strap is provided at g
or  bot.h" énds of-the Iine, a ground anchor being attached to the end of
strap for securing the line to the river or sea bed, and the anchor

i ngléudi ng nmeans for engagi ng a power ed driving tool for driving th
~anchor into the river or seabed. 7. _q43. A frond line according to
6 in which the 5 |l ength of the strap I's adjustable. 8. A frong
according to cla@tivihg Roohi €brt BR1ADEEOEHS ARG Si P e Mm@ rat \eas

one slot for receivkg? t he anchoring strap. 10 9. A frond mat
conpri sing an Rf spaced generally parallel frond lines according to
any one of the preceding clains, and a plurality of spaced generally

—parallel flexi ?I_e straps, qu,?,&(a?ﬁg)?%?ggég?%g%l@o LPaihes a4 thﬂ%x fghoe[1d

lines to provide an openwﬁr N ructure. 10.. frond mat
accordi ng td clkgnath jof Miecstrae isapdiestabkeraps are interconnected with
the frond 20 lines at each cross-over point. 11. A frond mat according

toclaim10 in ich a retainina_loo IS a tached to, the respective strap
at each cross-ovér pointh r35 Eaggr ngykp ¢H2iBS 3p t? fd*&ind -
t hen bei ng fed dachororeaniperdisiesanopbdtehratingdati heasnbddrslmth fidre | oop to

provide a retajf%é@&&%“ﬁ'th%zanchoriﬁgfgepgp?at according to claim9 in
whi ch each 10

_ 9. A frond mat comprising an array of spaced
\ generally parallel frond lines'according to ény one
of the preceding claims, and a plurality of spaced
generally parallel flexible straps disposed transverse
15 to the array of frond lines to provide an open grid
flexible mat structure.

10. A frond mat accordiné to eclaim 9 in which the
transverse straps are interconnected with the frond
20 1lines at each cross-over point.

11. A frond mat according to claim 0 in which a
Eetaining loop is attached to the respective strap at
_ each cross-over point, the strap passing over the
N\ 25 frond line and then being fed back on itself arocund
the frond line and through the loop to provide a '
retaining knot.

12. A frond mat according to claim 9 in which each

30 transverse strap is extended outwardly from the mat at
both ends, and each end is provided with a ground
anchor.

13.- A method of produciné a frond line for filter-
35 1ing particulate material from currents flowing over a
river or seabed, the method comprising;providing an

AR



30 ‘transverse strap is extended outwardly fromthe mat at both ends, and

each end is provided with a ground anchor. 13. A method of producing a
frond line for filter- 35 ing particul ate materi al fron1currents-f|omﬁng
over a river or seabed, the method conprising providing an 14 - anchqu

lineZily the formof a f1 exi bl e el ongate web of synthetic naterlal

di 'spos] Ny di screte transverse strlps-mﬂ buoyant material side by S|de along
t he \gt M\ of th with s ntialky_.e fpthe strip
ext\end q.oUtﬁﬁW@l Bﬁ SpbBSgF |%%c%¥o%sg ?%%#?ﬁgéﬂén 3% ongltudlna

N\ T hie wﬁbsyaahhtsbrmpteomsistldgsgbsanau¢%$9rﬁ ?t?r%#s%¢6ﬁﬁate

buoy an Al %fgﬁ' s '&fa‘ouhgéﬁﬁ: g%&-@ht beqel Sﬁﬁamelm@aghtﬁérl p

over | appl ng one he strip elng cl OSﬁ Y @ged to provide
-a subst anti al |1yengsix iofublis UGPtHFﬁhoF“BFEﬁﬁﬁFélé ofigudhe ﬁﬁg Fol ding the.
web |0n9'§Ud'Qﬁ‘Whéﬂgﬂiibh%&t%aahnkrGOSWEbGEysinlappesibéded doubl e and the
two overlying ends of the

web; " and secutHIRF SHREse R B PBREFPud REL LSRR BRE b o one
anot her such t&ﬁutnduwemqldedhemdrlofcbhelsmansvefse Bultpplaedtyri pped and
retained betmeep é%%%?%%%@%%tegﬁ%ﬁents with at least some
of the elements in each strip dverlapping one
10 another and the strips being closely spaced
to provide a substantially continuous curtain of

elements along the web; folding the'web
longitudlnally such that each transverse stru:is
folded double and the two overlylng ends of the strip
15 extend in a common direction from the web; and
securing the superposed ldngitudinal edges of the
web to one another such that the folded ends of
thé transverse strips are gripped and retained
between the superposed edges.
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