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Field of the Invention The present invention relates
WQ2WA458F reservoirs and refers particul arl y, PEHYeAPA3/000168
not exclusively, to coastal reservoirs for collecting
fresh water froma source of fresh water and hol di ng

it against contam nated water in which the reservoir
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. primary barrier for providing a restraint against
navigstiompmdoklative flat tophgsaphie for economic development activities. Water

supply in the lower reaches of a river generally cannot meet the demand due to

insufficient reservoir capacity. This resulls in excess rainwater being releosed into the
sea. This frequently due to limitation of land reservoirs capacity. At present only
1/6th of global rainwater is being used by humans, and about half of all available
fresh water runs info the sea, Also, fresh water generally mixes with saltwater in

estuaries.

Summary of the Invention

: A.réser.v.oir for coilecﬁng of fresh water ﬁom a source of fresh water. The reservoir
includes a primary barrier for providing a restraint against escape of the fresh water,
and to prevent ingress of unwanted water. The primary barrier is located at least in
part in a body of unwanted water. In addition, the reservoir includes a secondary
barrier located within a storage zone defined by the primary barrier, whereby the

secondary barrier creates a buffer zone between the primary barrier and the secondary




and to prevent ingress of unwanted water. The primary
barrier is located at least'in .part in a body of

W dMH2F8hat er. I n addition, the reservoir incPCHEE20§3/000168
secondary barrier located within a storage zone

defined by the primary barrier, whereby the secondary
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zorRCT/ SG2003/ 000168 barrier so that fresh water
contam nated with. unwanted water will be in the
buffer zone. The reservoir's prinary barrier can be a
Thé %A&YM gﬂ:ﬂar?fbaﬁi&eéﬂhbe UEdlic baier LT a Height tsaffitient to
normal tidal surges and wave action of the unwanted
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barrier. ‘The skirt may extend to the bottom of the .

be apefleptivn barger. vater . A bal l ast may be used to hold the c )
skirt in position. The secondary barrier may be

posi tioned using an anchor - and chain system The
Theskiromdy exteihtorthe bottona of the ressowintof watgra daballast manbewged to
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‘and 8Rdin sPfed] SO used to separate the noving water and

stagnant water. The buffo zone trape unwanted water,
to mnimse the potential contam nation of the fre h

“The sSRHE SR ER uelll 1 il ORCRRNRLYA RIS water, such
as freshwater with seawater, clear water with -turbid water, or poliuted water. It can

be aloo veed to ceparsiz the moving water and stagnsnt water. The buffer zone teaps -

unwanied water, 1o minimise the potential contamination of the fresh water eollscted

within the secondary basrier.

The frésh water for the -re_se_rvéir can be coi_le;:t'@d dj{éqﬂjr from fresh Water ﬂowing
down _ﬁ'élﬂ_ .an'estuéry into the ;e:ser\{bi:. In addmon, the ﬁ'é§1_1 'wafe;".fot ';ﬁe’ reéér\:roir_
can also be collected by diversion from the fiver or'the like fnto the_'_‘l.'esen_'rdii} ;is_.in'g an
artificial channel or pi;ielines. -The diversioﬁ'imint ma'y'ibe- lbcatéd'upéh‘g_a:h of the
 river. Alternatively, the ﬁ:ésh water can be collected using soft barrier apparatus
upstreani of an estuary. When these apparatus are full of fresh water, the apparatus
openings can be sealed or closed. Furthermore, the apparatus may be drifted or towed

- A muititude of similar reservoirs can be inter-connected to each other by artificial

channels or pipes. Also, in one reservoir, there can be a plurality of secondary
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The fresh water for the reservoir can be collected
directly fromfresh water -fl owing down from an

VHL 20407458t 0 the reservoir. In addition, the fRGRS$G2003/000168

water for the reservoir can also be coIIected by
di version fromthe river or the like into the
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#WS e apparatus are full of fresh water, the
apparatus openings can be seal ed or cl osed.

FurthernDre the apparatus may be drifted or towed to
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schematic plan view of a nunber of enbodi nents; and

Deseription QOF Preferred Erabedinaemnt

Coastal reservoirs 101, which have first barrier 102 and a second barrier 108
within the first ban'ief '1'01 , are used to jsolate fresh water 110 from seawatér' 1 1l or
water of another body such as; for- example, a lake or ocean. Second bamers 108,
located inside the primary or. fitst barrier 102, contain the ﬁ'eshwatcr 110. A buffer
zone 112 hetwecn the sccond 108 and first barners 102 contains brack:lsh water 112
introduced by surges -of the main body of water 111 ot polluted water mtrod_uced by
inland rupnoff during certain period. The second barrier 108 is made of a liquid
impervious skirt supported by floaters 107 on the surface 113, and held on the seabed

114 by ballasts 109.

The main advantage of the invention is to collect excess fresh water in the

rainy season or otherwise and to store it in the coastal reservoirs 101. The fresh water
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Figure 2 is a side view of a reservoir of Figure 1.
Description O Preferred Enbodi ment Coastal reservoirs
V@ 2004858h have first barrier 102 and a secondP$G3083/000168

108 within the first barrier 101 , are used to
isolate fresh water 110 from seawater 111 or 3 water
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Second barriers 8, located. iInside the primry or:
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i ntroduced by surges of the ITB.I n body of water 111 or
polluted water introduced by inland runoff durin
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to collect excess fresh water in the rainy season or
otherwi se and to store it in the coastal reservoirs
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required. Fig. 1 shows the plan view of coastal
eﬂeﬁ%ﬁ@e@lﬁqt‘s’emﬁeshmlﬁﬁgn@b@élﬂﬁblwmll%arr| er and a

- soft barrier 108, one or nore tidal gates 103, and

channel s or pipes 105 connecting coastal reservoirs

101 aned! frea ivess 106imisde e did @esidl sbaresiral (r)]l which may
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composite soft 108 and hard 102 barriers. The fresh water 110 is collecte.d' inside the

soft barrier 108, Betvreen the sofi 108 and hard 102 borriers is brackish wrater 112.

Chuiside the hord bareier 102 is the seawater 111, Tidal gaiss 103 will be necessary to

regulate the water level. Gates or pump stations 104 connected to the reservoir 101

by artificial channels or pipes 105 may also enable the collection of fresh water to the )

reservoir 101. They can also be used to regulate the water level in reservoir 101.

The primary barriers 102" extend from the -iand 117 into the main body of
water 111 and back to land 117 to provide a water reservoir 101. The main barriers
102 are of a normal, rigid structure and one of sufficient height to withstand normal
tidal surges and wave actions. The need not be as strong as a normal dam wall as they
have water on each side. By using the sloping seabed 114, the reservoir 101 may hold

esh water 110 to be useful. Secondary barriers 108 ma

extend from primary barriers 102 to the land 117; from land 117 to land 117; or from
primary barriers 102 to primary barriers 102.




Bal  ast 109 preferably holds barrier 108 in a
wat er-tight seal with seabed 114. Boom 107 hol ds
V2008458308 at or above the surface 113. Bar r iRET/SIE803/060168
therefore forns an effective seal between fresh water
110 and bracki sh water 112. Al runoff fromrivers 106
may Atligybdeinriilestage theteser®6ie10Dis BliciO#ith vulline atérY 11 on the
ujly enclose an estuary 115 or nmay be | ocated besi des
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barriers 102- extend fromthe land 117 into the main

andfsp ighdtides.diherpracess willibe tapeated untilthe togstal gessrepin HY ia full
.l . -mai n barriers 102 are of a
T\) Ofﬂr%%fe,{‘??‘?gﬁgess?é%ﬂ# and one of sufficient height
" to withstand nornmal tidal surges and wave acti ons.
The, need not be, a rong.as.a normal, _damwal |, as they
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river 0B/ vHE2OM3/sARMHGS gedirallylloweegi N st ages, the reservoir
101 is filled with saline water 111 on the ng

Further, cosstal reservoirs 101 may be linked by astificial channels or
 pipelines 108. Hence, the rouis of water diversion can run parallel to the coasiling,
‘which can improve the quality of groundwater for coastal 1erra1n where the
grouﬁdwater has g high saliﬁity{ ' |

In addition, water diversion among various river basins can 'be generated by

~ gravity or driven by the pumping stations or tidal gates103.

A coastal reservoir 101 may contain a plurality of sub-reservoirs partitioned by
a plurality of soft barriers 108. In such cases, the soft barriers 108 may have openings:

if necessary.

i _ Whilst there has been described in the foregoing description prefefred

embodiments of the present invention, it will be understood by those skilled in the




outside of the soft barrier 108 normally allocated for
bracki sh water 112. The seawater 111 is kept out of
Wh0#/8%E83/0i r 101 by the hard barrier 102. Fr SRITRG203/000168
110 wll be collected within the soft barrier 108.

The I ength or height of soft barrier 108 can be
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teck AT B BGRCRN T ity 0o St Fcdom L be il'o déls of
design o1 consth@8ion svithoukdephuting fim the pfesentlimveplibnt he sane as
barrier 102, the maxi mum hei ght water in reservoir
101. The saline water 112 outside the soft barriers
Wi | hd BeSenit Theentibh ek@Adslth alPfa ﬁlgeﬂs &lséi@éed@ﬁh ind@Ftually, or
rel eases saline water 112 to the sea durln ow tide
in afipossiblegiernutationsad cambingtieriser abl y cl osed dur| ng
rising and/or high tides. The process wll be
repeated until the coastal reservoir 101 is full of
fresh water 110 inside soft barrier 108. For coastal
reservoirs 101 | ocated beside estuaries- 116, an
artificial channel or pipeline 105 is used to divert
fresh . water froma gate or punp station 104 to coastal
reservoir 101. Soft barriers 109 nmaybe used to shorten
the period of desalination by tidal gate 103. |ntake
gates or punp stations 104 may be | ocated on the bank
~-of the river 106 where the salinity is generally
| oner. Further, coastal reservoirs 101 nay be 1i nked
by artificial channels or pipelines 100'. Hence, the
route of water diversion can run parallel to the
coastline,, which can inprove the quality of
groundwat er. for coastal terrain where the groundmater
has a high salinity. I'n addition, water diversion
anpng various river basins can 'be generated by -
gravity or driven by the punping stations or tida
gat es103. A coastal reservoir 101 may contain a
plurality of sub-reservoirs partitioned by a
plurality of soft barriers 108. In such cases, the
soft barriers 108 may have openings if necessary.
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Wi | st there has been described in the foregoing
wiEsmiopisson preferred enbodinents of the presgiysGoo3w00168
invention, it will be understood by those skilled in

the 5 WD 2004/074583 PCT/ S&003/ 000168 technol ogy
concerned that many variations or nodifications may be
made to details of design or construction w thout

THéRNAInkd:Ng from the present invention. The present

i nvention extends to all features disclosed either
|nd|V|duaIIy, or in all possible pernutations and
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WaicRérvhir fihalign ur ce of fresh water, the reservoir
|nclud|ng (a)_ primary barrier for providing a
e r ai nprimaepyi bastierefoe mn@ngtm@sﬁme Bgaing teseape picthe dresh

prevent [
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tidal eurges and wai n action of the unwanted water.
The reservoir as claimed in claim 1, wherein the primary barrier-is a solid
barrier of g height sufficient to withsiand normal tidal sueges and wave astion of

the vnwanted water,

The reservoir as claimed in cI'aim 1 or claim 2, ‘wherein the seeo'ndary bamer '
inchydes 2 vater boowm, and 2 flexible gkirt; the water boom being for floating
on a surface of the fresh water and the sldnt is suspendable in water to separate

the fresh water, and the fresh water contaminated with vnwanted water.

The reservoir as claimed in claim 3, wherein water boom ﬂoats- on top of the
water and together with the ﬂexible skirt can' accommodate vanatlon in water

volume and height of the water to be an effective barrier.

The reservoir as claimed in any one of the claims 3 to 4, wherein said skirt’

extends to a seabed.

The reservoir as claimed in claim 5, wherein said soft barrier is held in sealing

relationship with the seabed using ballast.




3) The reservoir as clainmed in claim1 or claim 2,

wéhshebfis¢he secondary barrier includes a wat gcha®iMs000168

and. a flessible ;Dirt; the mater boom being for
floating on a surface of the fresh water and the

7) et BRI RL e WEerei e e et ot eped
Wabhe bm afiohof BRI eMEEERK. as claimed in claim3, wherein

wat er boom floats on top of the water and, together
with the flexible skirt can accommopdate variation in,
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ongamf fréshewstenédiandinkted 4vithwifvaaitad Wwatet toshiniinisealié poRftial
to a seabed. The reservoir as clainmed in claim5
wheanimingtonofihe freshayatergollpefed, within the seegndagy barrier.
relationship with the seabed using ballast. 7 WD
2004/ 074583 PCT/ S&2003/ 000168 7) The reservoir as

9) clEhemeskrvoir as elhimmedGn anh efie bficlhines e noleersin ither fréshrwatérsis

positiopned b n anchor apd chain . system ,h8) .The .
ré'@ilf’?%‘?&"%g'ﬁﬁ?_?ﬁ Vate ?/_V"'&E%“’B? ar{ﬁssq%migtb@r?%emm
wherein the buffer zone traps fresh water

contam nated with unwanted water to minimse the . .
10) p dihemesestoir asclatoaed imsnyoeneaff claires 1 te9whertiathe ftshogatenifor
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Wat fiipelifies. GOpoiaCsRIvatiibR bkihy IdchRpsiesin ahefivér owi ng
froman estuary into the reservoir. 10) The reservoir
as claimed in: any one of <clains 1 to 9, wherein the

ety o e D e o
1) [ THS ?e#ﬂ%ﬁfad ook Sk WP ElsichS1 £P8, ﬁ%ﬁiﬂ C?d’r% esh: water for

_ ng wateér in a river using an -ar channe
- othgpesggetoinzolléctpdusihg alf leakt vy sofoimarties Apatatsatpetiesm of an
upstreamin the river. 11) The reservoir as clamed in
a?ﬁ';“%'e of claims 1 to 10, wherein the fresh water for

12) Ths ressreoir as claimed in claim 11, wherein when the apparstus are full of
frech water, the apparatus openings are seated or cloged.

- 13)  The reservoir as claimed in claim 11 ‘;!F claim 12, wherein the. api')_é:t"atus_ﬁll_ed

with freshwater may-be moved-and transported to another repository. -

14) The reservoir as - claimed: any. one of.claims i to A13_, wh@reina plurality of

reservoirs are connected to each other by artiﬁc;ial- channels or'pipe‘s;

15) The reservoir as claimed in any one of claims 1 to 14, wherein there is a

plurality of secondary barriers in the reservoit.

© 16) The reservoir as claimed in any one of claims 1 to 15, wherein the primary

barriers have tidal gétes to regulate the level of water in the buffer zone.
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the reservoir is collected using at |east one soft '
L, 2r . apparatus upstream of an estuary. 12) -
v@%%@ﬁ@%?gpas claimed in claim11l, ,,Therein wﬁgﬁ%ﬁﬁgnmmMGS
apparatus are full of fire 11 water, the apparatus
' openi ngs are sealed or closed. 13) The reservoir as
17| Ahereeperviqircascglammed ig claimal Gnvilerein idplegates: rrlease fresh water

ap ﬁﬁ&?t il ' t
tr g‘ﬁé por %%@%ﬁ%ﬁ%%@é@?ﬁ%@%ﬁ? V%%%rqu‘ﬁg‘g@@gbi r
as clainmed- any one of. clainms 1 to 13, wherein a

3 plurality of gseryoiys are conpected to each other,

ls)byﬁafr FeSFIvelr a5 clamAhaN § 1y pbsrein Bymmng stations grsi proyided

C'eﬂ&fﬁ' . RRGeR i@l 1'to 14, wherein there is
a p urglltyﬁ%? sego%agﬁgkbarriers in the reservoir.
16) The reservoir as clained in any one of clains 1 to

1 wher ei.n t he, pr.i.may barri ers haye tidal gates.to
19, T BResvaings it i el o MR the S0l Sedopdaty s ipged
2qgﬁ@@&ﬁ§ﬁ§0?@5@§§@Qp&h§@@168 17) The reservoir as
claimed in claim16,” wherein tidal gates rel ease fresh

wat er contam nated with unwanted water when the
unwanted water is at |low tide. 18) The reservoir as

claimed in claim114, wherein punping stations are
provided along the artificial channels or pipes. 19)

iw) - The reservoir as claimed in claim1, wherein the soft
secondary barrier is used independently of the
primary barrier. J --- ----------- 9




