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ReliopiAiesy 000168 Fiel d of the I'nvention The pr 2003/000168
i nvention relates to coastal reservoirs and refers

particul arly, though not exclusively, to coastal .
reservoirs for collecting fresh water froma source of

fresh water and holding it agai nst contam nated water
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Wrld Water Forum in Hague, Netherlands (March 2000)
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unmmary e I.nvention A reservoir I'ecting of

of thierfexsile \}mderforf agrienlurequedustion, fisle msom maturaiewaterways for
.na\flga%% and relative flat topography for economic development aotivities. Water
supply in the lower reaches of a river generally camnot meet the demand dite fo
insufficient reservoir capacity. This resulls in excess ralnwater being relessed inta the
sea. This frequently due fo 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 into the sea. Also, fresh water generally mixes with saltwater in

estuaries.
Summary of the Invention

A reservoir for collecting 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 pnmary barrier is located at least in
part in a body of vnwanted water. In addition, the reservoir includes a secondary
barrier located within a storage zone defined by the primary barrier, whereby the
: s’ebbndérjr barrier creates a buﬁ'ei- zone between the primary barrier and the secondary -




includes a primary barrier for providing a restraint 13 OCT 2005

WwoRohphr48scape of the fresh water, and to pre\f%:}IISG2003I000168
I ngress of unwanted water. The primary barrier
| ocated at least in part i.n a body of unwant ed vvater .

In addition, the reservoir includes a secondary,
batyigrrsoethal fesh watencontiuminated twitl yowantad ventsri willobeyin theebuffer
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the secondary WD 2004/074583 -1 3 OCT 2005
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wat er vol unme and hei ght of the water to be an

effective barrier. The ski r_t may extend to the bottom
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within the secondary barrier.

The ﬁesh water for the- reservou can be collecfed dn‘ecﬂy ﬁ'om fresh water ﬂowmg
down from an estuary mto the Teservoir. In addmon, the ﬁ‘esh water for the reservon'
can also be collected by dlverswn from the nyer or the like mto the Teéservoir usmg an
artificial channel or plpelmes ‘The dlversxon point may ‘be located upstream of the
river. Altemanvcly, the fresh water can be collected_ using ‘soft barrier apparatus
upstream 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 t_owed

he.sea fi ortation fo the reservod

A multitude of similar reservoirs can be inter-connected to each oﬂ;er_' by artificial

channels or pipes. Also, in one reservoir, there can be a plurality of secondary

2




within the secondary barrier. The fresh water for the 13 OCT 2005
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PCT/ SG2003/ 000168 barriers. |f there is a water |evel
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accimpanyingilmsteat¢ddrawites, intvdtich:he i nvention nmay be easily
understood and put- into . practical- effect these

shall now' be described by way of non-limtatlve
eX Fiphe 198 b ¥chRiftie bl diew of a number of embodiments; and

Figure 2 is a side view of a reservoir of Figure 1.

Deseription Of Preforred Embodinncnt

Coastal reservoirs 101, which have first barrier 102 and a second barrier 108
within the first ban'ief .1'01 , are uged to isolate fresh water 110. from seawatér' 1 1l or
water of another body such as, for- example, a lake or ocean. Second bamers 108,
Iocated inside'the pnmary or- ﬁrst barncr 102 contain the ﬁeshwater 110 A buﬂ‘cr
. .zone 112 between the second 108 and first barners 102 contains bracklsh watcr 112

introduced by surges of the main body of water 111 or polluted water mtrod}lced by
inland rupoff 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

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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enbodi nents of the present invention in the 13 0CT 2005
ARPR0L/PLsHN being with reference- too the PCT/SGzims/(}ooms '

acconmpanying illustrated draw ngs, in which: Figure
is a schematic plan view of a nunber of enbodi mants
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soft barrier 108, Petween the zofi 108 and hard 102 berricis io bescldsh vater 112,

CQiside the hard bagrier 102 is the seawater 111, Tidal gates 103 will be necessary to
regulaic 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 bariers 102" extend from the land 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 anid one of sufficient height to withstand normial
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

h water 110 fo be use Secondary barriers. 108 ma

extend from primary bartiers 102 to the land 117; from land 117 to land 117; or from
primary barriers 102 fo primary barriers 102, :




solid barrier 102, and the soft barrier 108 with 13 OCT 2005
Woombimgsggoom 107, and bal l ast 109. Bal |l ast 1Q1/5G2003/000168
preferably holds barrier 108 in a water-tight sea (

wth seabed 114. Boom 107 holds barrier 108 at or
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_ 1 §8p ‘Tro primary barriers 102. WO
2004/ 074583 1 3 OCT 2005 PCT/ SG2003/ 000168 At the
%lnnlng stages, the reservoir-101 is filled with

pstaeryopavial pesepipimnt0l mey be linked by atificial channels or

pipelmes 102. Hence, the rouis of waler diversion can un para!lel to the coastling,

which can improve the quahty of groundwater for coastal terrain where the

~ groundwater has high salinity.

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

gravxty 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:

1f necessary.

Whilst there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those skilled in the




outside of the soft barrier 108 normally allocated for 1 3 OCT 2005
woaskilsggat er 112. The seawater 111 is kept Qrsehoosioooies

the reservoir 101 by the hard barrier 102. Freshwater

110 wll be collected within the soft barrier 108.

The. length or_ height of soft barrier, 108 can be .
techriolagy concerapsh it mgnovarihiens s mpdificstions may basade tordetpils of
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The tidal gates 103 are preferably

closed-during-rising and/or high tides. The process’
will- be repeated until the coastal reservoir 101 is
full of fresh water 11 Q inside soft barrier 108: For
coastal reservoirs 101 | ocated beside estuaries 116;
-an artificial channel or pipeline 105 is used to
divert fresh water front agate-or punp station 104 to
- coastal reservoir 101. soft barriers 10.3 may be used
.to shorts th prod of desalination by tidy &te 103.
I nt ake gabs or punp stations 10; may be located on the
“bank of the river 106 where the salinity is generally
| ower. Further, cowWreservoirs 101 may be linked by a
cial chapels or pipelines 10g. Hence, the row of
vnter diversion can run parallel to the coastlines
.Wwhich can inprove the quality of groundwater for
-coastal terrain where the groundwater has a high
salinity. - In addition, water diversion anpbng various
river basins can be generated by gravity or driven by
t he punping stations or tidal gatesl03. A coastal
reservoir 1:01 may contain a plurality of :
sub-reservoirs partitioned by a plurality of soft
barriers 108. In such cases, the soft barriers 108 nay
have openings. if necessary. Wilst there has been
‘described in the foregoing description preferred




enbodi nents of the present invention, |t will be 13

.underst ood by those skilled in the 5 WO 2004/074583 1

3 OCT 2005 ~ PCT/ SG2003/ 000168 t echnol ogy concer ned
that many variations or nodifications nay be made to
design.or construction w thout departing

,ﬁ\%tgﬂj}.l s_of )
e present invention. The, present invention
extends to all features disclosed either individually,

or in all_ possible permutations and conbinations. .1
13 ook rgsumirfartheicallention of freshreser fyan & shwte dhfpesh water, the

; ' f fresh water froma source of fresh
rcgv\g%égfglqug@gpreservoi r including . primary barrier for
pr o\pritany barrieefot prividingogRkiait Lamaecdt of iR e water, and
(o év:rzi and .to %aent i ngress of unwanted water, the
PR RS of MBYBHEH Wefes dicchriotnry barvigckieing Incases t loapin gart
inladdily of unwaneabatrvaier ., and a secondary barrier
located withijn a storage zone defined by the primary

' bar A ¥Ponderiebareer Kgated Withi aettorepe aercndelimed byT e pristrey
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so that fresh water cofitam na
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th Aol is held in a sealing relationship with a
-seg% ne"usi. ng ballast. 2. The reservoir as clainmed in

r of a height sufficient to wthstand nornal

Miﬁgaﬂdgga&‘surges and vave- action of the

2, The reservoir as claimed in claim 1, wherein the primary barrier is a solid
barriér of a height sufficient to withstand normal tidal surges and wave action of the

" unwanted water.

3. The reservoir as claimed in cfaim 1 or claim 2, wherein the secondary l;arﬁer
_ includes a water boorn, aud a flexible skirt; the water boom being for floating on a
- surface of the fresh water and the skirt is suspéndablc in watcr to scpﬁratc_ the fresh
wates, and the fresh water contaminated wii:h unwanted water.

4, 'The rcscrv‘o_ir as claimed in claim 3, wherein water boom floats on fop of the
water and together with the flexible skirt can accommodate variation in water:volume

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

cl awhergin thsocondury berripr isRId/ ichd b¢aligg rdl@ionsiEe With a scabed
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5. The resexvoir & claified in any one of the ClAlHS 316 4, wherein sald skirf

‘extends to a seabed.

6. The reservoir us claimed in claim 1, wherein the secondary bamier is

positioned by an anchor and chain system.
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1 or claim2, wherein the secondary barrief - i-ncludes
.a water boom and a flexible skirt; the. water boom

being for floating on a surface of the. fresh water
endable in water to separate. the
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reservoir as claimed in any one of
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pqQt ent i al cont ami natl on” of

P‘RRH% f} Pt of diverign bying docaicd upst@am Ththeriysrr voi r - as -
claimed in any one of clains 1 to 7, wherein the fresh
water is collected directly fromfresh wat er fl ow ng

'10.f r oFfieapsepsinasrdaiined tn 4tyconeas elaims 1 to 8, wlidrein s Reshoirater

a

, for?feexg%fﬂdﬂeﬂobﬁ ‘{Sﬁ@ j I a'sf'{)‘i‘(i 1 tor%ﬁv@erel n thefan,

wat er
est@diyverti ng wat er, in ariver using an artifici aI channel
or. .pipelines. A point of diversion being |ocated

upstreamin the river. .10. The reservoir as clai ned

111 n ThBYesivoirah chlimbd'n diafn? 16 whtiad nbn iHRCphEGRI MR of

fresh water, the apparatus openings arc sealed or closed.

12.  The reservoir as claimed in claim 10 or claim 11 whercin the apparatus filled
with freshwater may be moved and tramponed to another rcp051tory

13.  The reservoir as claimed any onc of claims 1 to 12, wberein a plurality of

xeservoirs are connected to each other by artificial channels or pipes.

14.  The rescrvoir as claimed in ém_y one of claims 1 to 13, wherein there is a

. plurality of sccondary barriers in the reservoir.

15, The reservoir as claimed in any one of claimis 1 fo 14, wherein the | primary.

barriers have tidal gates to regulate the level of watcr in the buffer zone. -

16. The ICServoir as claimed in claim 15, wherein tidal gates release fresh water

confaminated with unwanted water when the unwanted water is at low tidc.

- AMENDED SHEey
IPEA/AU
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- .unwanted water. 3. The reservoir as clai ned |ncla|m§




for the reservoir is collected using at |east one 1 3.0CT 2005
soft- barrier. apparatus upstreamof an estuary.-11; -
The reservoir as clained in claim10, wherein when'the:
apparatus are full of . fresh water, the apparatus
@penings are seal ed or closed. . 12. The reservoir as
1T ai Thedeservoin asi ghaimed dn cloinn il #a vitiereimpemping staionsoqrp provided
albhd e Gi6itd dahdfe@@hgr Meybe moved and transported to
anot her repository. . The reservoir as clainmed any
one of clainms | ,to 12, wherein a plurality of
es i.rs are connected to each other by artif]ci.al
18 | antareERpl i f}s@.‘er&%z ofden 1 wBEER o P ooy et 1 9
indupendohtix bitheprichadyGadrfer. Wherein there is a plurality
of secondary barriers in the reservoir. 15. he
reservoir as clainmed in any one of clains 1 to 14,
wherein the primary barriers have tidal gates to
regul ate the level of water in the buffer zone. 16.
The reservoir as claimed in claim15, wherein tidal
gates.rel ease fresh water contam nated with unwanted
wat er when the unwanted water is at lowtide. 8
AMENDED SHEET | PEA/ AU 17. The reservoir -as clained in
claim 13, wherein punping stations are provided along
the artificial channels or pipes. 18. The reservoir as
clainmed in claim1l, wherein the soft secondary barrier
_is used independently of the primary barrier. 9
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