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- 1 *@00002 SUBMARI NE WATER RESERVO R FIELD OF T

I NVENTI ON The field of the invention rel ates genermummmllmll
to reservoirs 5 the storing of liquid and in

particular to a submarine reservoir for the storage *591%"
of water. BACKGROUND CF THE I NVENTI ON 10 The storag

of water can be a particul ar problen1|n urban ﬂmmmmmm“
envi ronment s. Nhny ur ban enVFannents have devel oped

in coastal areas l'y high
rainfall. If the run- §%$£? ﬁﬁﬁe&éggggéxﬁareas in

the form of urban stornmater coul d be captured and
reu%gg tgs E&§QH§% bkd 15 nore danms coul d be

del ay e of renove ogether It is common for water
catdhneﬁueld{nﬁxthew1hhen£:mmnxﬁlaiesdganatabsﬁ too riesetrvoirs
gall sggg§§ d ;are very expen i,ve,_to constﬁyc

and “oTt &h 19138 AR UHE P IGEMBALFR 2 fyibmarine
agrm@@btuoar fquutheSBcbragﬁmbﬁﬂwanedestroy all pre
existing life in the river valley and the pl ant

material captured within the artificial |ake can

r es HACKGROUNER ORjaIEr ANVBNTIDON si gni fi cant anounts of
greenhouse gases from deconposing plan material .

Al t hough in sone cases this 25 greenhouse gas
1prodhetbbnrag&1dﬁawakésetabybdi&egmmnduunhﬁnprdﬁlem in urban

hydro tr|C|ty, ener S

de3|r§ FRUPLHT, ggﬁgngr ?X ﬁﬁﬁfoﬁggﬁkgph?geléﬁ:?Hqgﬁg in
it |c9a60ahnaréas wheseuthermfls:ajrhﬂashvaYehlgh)ﬂuinfall

| ocatee e iV, clo urban_ _enyvi nt but
thlg%SgB%C%@%f ég mmg %%e ur ot 8% 3§ SU|€%% % urban
capEupembgteronnﬂshbbonaptmmﬁﬂuanﬁucbuaeda the need to build

15 more dams could be delayed or removed altogether.

It is common for water catchments to be in the form of a
’dam across a river valley. These dams are very expensive
to construct and often consume large amounts of valuable
20 agricultural land. Such dams also destroy all pre-
existing life in the river valley and the plant material
captured within the artificial lake can result in the
generation of significant amounts of greenhouse gases from
decomposing plan material. Although in some cases this
25 greenhouse gas production can be offset by the production
of hydroelectricity, generally speaking it is not

desirable to build dams.

In many geographic locations it is common for a source of
30 fresh water to be located relatively cloge to an urban
environment but this source of fresh water may not be

suitable for capture by a conventional means such as a
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2 dam For exanple, it is common for a fresh water
source to be located wthin 100 km of a denser urban
area. It would be advantageous if there was a manner
in which 5 these currently unutilised sources of
water in or near urban areas could be captured and
utilised for the provision of water to these urban
areas. SUMVARY OF .THE I NVENTION 10 In a first aspect
the invention provides a nmethod® of storing water

conpibgi NORL £9L0 S%Ténglé‘tlé emoBNot | £X¢ wElterageurce

reservoir in as position within a body of
salttWBberloQﬁneﬂbWFEhgﬂgl%Pt&ﬂ*@@s?rﬁéPsﬁ?nQﬂ9§q AU d
15 conmuni cation with the flexible storage reservoir;
and establishing a terrestrial outlet in fluid

commiibi watldrbe wdvantagedna i theseovag e Megkdfoiin Modch

% ngséhfge §%Oﬁ§€ ¥%§§gd srEBESofBidd proWrdesar

vantage th land is not consumed for
t he srbaageresds watied. be tcaptyreafagngheti¥ifachdor the

advagkégfsl o QgFgPrl?o dansg sabhnat&fsresults in

the free surface of the stored water above the free
surface of the salt water in which the reservoir is 25

restg lr$rgC forpi gni fi cant anmounts of power
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when e wat er elng recovered fromthe reservoir.
1% one enbodlnent of the invention, the intake and the

outl gh 2resddt e CORTUM AR 4 webhidde £ et 030

storage reservol via a common conduit. This conduit
can shaviéng heatferuicdmpr bed pherdgtrakBladrt Heath (o@e flexible

parti EBQQ%Q:r§£QQb§ Cbnoérgﬂbd@}gb@ BOQEEHHH‘ﬁhdH%n'Eh%Ody of
i it ake an et may al so"be comon (i.
enbodaéd wamq;ysﬁﬁgpbllshlng a terrestrial 1ntake in fluid
15 communication with the flexible storage reservoir; and
establishing a terrestrial outlet in fluid communication
with the flexible storage reservoir for the release of

stored water.

20 This method provides the advantage that valuable land is
not consumed for the storage of water. It also has the
further advantage that the more dense salt water results
in the free surface of the stored water above the free
surface of the salt water in which the reservoir is

25 restrained. This can save significant amounts of power

when the water is being recovered from the reservoir.

In one embodiment of the invention, the intake and the
outlet are in fluid communication with the flexible

30 storage reservoir via a common conduit. This conduit can
have the fluid from the intake and the outlet partitioned

from each other or in a common pipe. The intake and-



unit). In one form there are at least two flexible

storage 5 reservoirs and these reservoirs are in fluid

communi cation wth each other by neans of an

i nterconnection manifold. Where nore than one source

of water is available for capture, an enbodi nent of

the invention may involve 10 establishing nore than

one terrestrial intake for the capture of water from

for exanple, rivers, stormwvater -channels or rainwater
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dlfferent 15 "supply characteristics. For exanple,

stormmater run-off usually provides a high vol ume of

water in a relatively short time period. The extent

of water captured in this situation can be
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ormsurge occurs the excess ow can be accunul at ed

wi t hiwdthheagurcgderahk Berns kénapvErterernnentigassappiold.

the storage reservoir. The surge tank can be forned

by one of many nmethods. The 25 tank can be in the-

- f or miWbkre mureyghenonne WmMeeePé varkr butavaidrblankar
can e gb t
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have to-be | ocat on a coasta ringe. It could be,

f or - chanptls drocatiowWater tgustieimbls or - 4 nount ai nsi de

renote to the storage reservoir and/or renote to the

intake. In sonme situations, the water in its captured
f or niThayvapgitous sources of water typically have different

15 supply characteristics. For example, stormwater run-off
usually provides a high volume of water in a relatively
short time period. The extent of water captured in this
situation can be improved by the provision of a surge tank
in fluid communication with the terrestrial intake. When

20 a storm surge occurs the excess flow can be accumulated
within the surge tank and then.over time can pass to the

storage reservoir.

The surge tank can be formed by one of many methods.. The

25 tank can be in the form of a conventional concrete tank
but such tanks can be quite obtrusive. Alternatively, the
surge tank can be formed by terrestrial excavation where
situations permit. This offers the advantage of
concealing the surge tank.

30

The surge tank does not have to be located on a coastal

fringe. It could be, for .example, located in the hills or



5 be suitable as potable water. In these situations,
an enbodi nent of the invention may involve the
additional step of treating the water fromthe
terrestrial outlet. Treatnent may al so occur at the
intake. 10 In a further aspect of the invention there
is provided a nethod of |icensing stored water
wherein the cost of a licence is based on the

cat chnent area upstrean1of the4 terrestrial intake.

Al ternati vel st Ca @@a’%ﬁed QB HEr AMRI/RIE remote
vol UF™ &?lﬂﬁggr ‘M%PpgSsegeFﬁﬁoug fﬁe 15 terrestria

|ntaketﬂmennaakene peri od. O her possible Iicensing
nodel s i nclude nodel s where the cost is based on the
maxi mum st or age capacity of the storage reservoir or
the iédn&afsh@{laﬂiorwattheapacéf yiroers aagbueed tiopm may not

period. 20 In a further aspect e .invention .prqvj de
& f 1 esilicablg: 8f Eﬁ?ﬂQ%ﬁewgﬁgﬁrv i Hﬂﬁfeusegﬁﬁfﬁéﬁf' =

subnerged Meakebs ShOragRnEYsH aﬁay: ampoilsiengha ddditiilsingl

fluid i npervious, container, st .ane | f-ol
att setmReRE FE8ALingthe @aker ’é° %ter & rg%@?ﬁlgr?gi tet.

Wi t b dthRneonRh@ 8Bso ddt@rakt 26hd eastakene nanifol d
attachnment neans being arranged to keep the at | east
one manifold in a position such that water flow can

RE MRl 1 FNRHKe2SabpectSicl dge ifsatvitin thereehptpmai®Bel a
The positioning of the manifold is i ortaggew@b§L of a
wat erethod iof AgCERaWRe HORPENER s o raE S 8ssrVor T

SOMey  LddH B! BAGES, orh ItHeS cROSEMdME frHa mPpskeeam tak the
formin the flexible storage resg%yo I mall ;§ based

pockegerastiglt LRESS t RetEXPRRLYT o otfhevvgf’Sr ?rom
St Or 396 HeL SRf¥aGE - vdl\ene RESWhteR tigatofpasisesnbinréughd the

can mtigate this. There are_several nf i at 1
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mﬁteflééﬁﬁﬁﬂgq%oabQéaﬂﬁblude models where the cost is based on
' the maximuﬁ storage capacity of the storage reservoir or

the utilisation of-that capacity over a given time period.

20 In a further aspect, the invention provides a flexible
water storage reservoir for use with a submerged water
storage system comprising a flexible fluid impervious
container, at least one manifold attachment means, at
least one manifold positioned within the container, the at

25 least one manifold attachment means being a;ranged to keep
the at least one manifold in a position such that water

flow can be maintained as the storage reservoir is

emptied.

30 The positioning of the manifold is important when water is
being drawn from the storage regservoir. In some
circumstances, it is possible for pockets to form in the

flexible storage reservoir walls, these pockets inhibiting



reservoir. In one enbodinent, the manifold is elongate
and a water inlet streamand a water outlet stream

enter and exit at opposite ends of the manifold. In

anot her enbodi nent, a water inlet streamand a water

outl et stream 10 enter and exit via different

mani fol ds. The extraction of water fromthe storage
reservoir can also be facilitated by the provision of

a support that prevents walls ®of-the flexible

cont qgh%ecext:%ggt]:ionrp !ot?.' LEE‘?: %Jr#eth\@a%géré%?%éf’s%%r . The
storage reservolir i s enptied. The ['exi©l e cont ai ner

may aosdthenpno\ofdédewnani fold eppumdtigate dfhiml ve

that prevents damage to the flexible container from
excess pressure. 20 In an alternate enbodi nent of the

i nvemtiege, atbeseomyedi nenfigurathonsc ofpneridelgds that can
aLt acment TP AN SILLOL. AL AN AT ex! BEod | Weo iRl
storage reservoir into configuration wth one or nfore

ot herrefseexbbte \iat onesenbedimardsethei manifold sis elongate
At AGHIPRL WIECH AR ERARLG Sdd)S JRPEAUSLIRARISA I Sater
to be asse ed into a nunber o I fTerent .
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avt acnrent and cdwird srmadl Hierdrite mapfifeldse wat er

storage reservoirs to be configured and 30 | ocked into

a honeyconb configuration. This honeyconb

conf iTiuer ekt oacthmian wfswstehef mpnddehetopege tirservoir can

reseryaif Ef—‘ a%Féejilth ia%elanb# uﬁ{% irBf).Jyvqis§8§ 06 AP O hat

spacé “aval or marine e fogrowon the
r eseprevests Avald,s wiiebhe hEléxibles epnbirenrixrdm, irfipiting

‘ignf !tgxlér Q%l:gp' flwgsogfxﬁrst{cﬁsa?evqjeggrv$ﬁ tirhe emptied. The
confi guration protect the I nner resery0| rs _from
danmagdexsble corftainher may pelcio beherpuided ivwitpoBrgssure
a Wa&%&ief valve that prevents damage to the flexible

container from excess pressure.

20 In an alternate embodiment of the invention, the container
"further comprises an attachment mechanism for attaching
the flexible water storage reservoir into configuration
with one or more other flexible water storage reservoirs.
This attaéhment mechanism enables the storage reservoirs

25 to be assembled into a number of different configurations.
These configurations include, for example, placement next
to each other or stacking on top of each other. 1In one
particular embodiment, the attachment mechanism allows the
flexible water storage reservoirs to be configured and

30 locked into a honeycomb configuration. This honeycomb
configuration minimises the space between the reservoirs
and this in turn minimises the amount of space available

for marine life to grow on the reservoirs. Also, when the



storage systemconprising a plurality of flexible

wat er storage reservoirs wherein the manifold for the
or each of the reservoirs are interconnected using an
i nterconnection manifold. 10 In a particular

enbodi ment of this system the flexible water storage
reservoirs are arranged into a honeyconb
configuration. 15 In other enbodi nents, the

i nterconnection manifold is i-né #l uid conmuni cation

with either.or both of at . Ll i K&y servoir
t er r B§EFT I TSubFEL 17 %losdic%lﬁséﬁééat né'I g%t gmer%gygeal so o

havein the gRorfagkratioR(prdtect theminmeraresarvPihs tfxom
terrestrial intake. Wen . appropriate, enbodi nents of

t he PAV8$Ti on can have this surge tank forned by
terrestrial excavation. Enbodi nents of the system can

al so_have_a water treatnent . . o)

Corr 881 F1 SiSE BEPTER ayn iPSeiobNES, bk
enbodiBEayS syistbhecoystommgr @ pberalidedfi Alaxbbly witer
salt water, the flexibl.e water,st re VOLLS

be SREFRYEFSSRTEBEFTi O o np?g\g/erﬁ{ﬁ%%ér% r%rg)\%l Egéo%fa%aflCh_Of
30 perétiedervdligs, andeintdreohhextdd araimge ansipEageonnection
reservoi[s are in position, the anchoring can prevent
poteﬁ?Pé%?yﬁbuoyant storage reservoirs fromnoving. 7

im a further aspect, the invention provides a water

st or age- system conpri.si f I exj r.age S '
subm%%s'l'=l FHATH08E ?\T}??ﬁ?%“egmbg y{:g*sessé}ls? “Wat ‘e:?lg g%%;@iéﬁle
t err @at &t adtdreger veberpoisis jageabrrangad doroi g hgneyicomd
use 5 apd in fluid comunication with the storage .
reseFQBEf?urﬁﬂﬁgpein the systemis configured such that

there i s no
15 In other embodiments, the interconnection manifold is in

fluid communication with either.or both of a terrestrial

intake and a terrestrial outlet.

Embodiments of the system may also have a surge tank in

20 fluid communicétion with the terrestriél.intake. When
appropriate, embodiments of the invention can have this
"surge tank formed by terrestrial excavation. Embodiments
of the system can also have a water treatment plant

connected to the terrestrial outlet (or even to the

25 intake).

When embodiments of the system are positioned in a body of
salt water, the flexible water storage reservoirs can be
anchored in position to prevent them moving out of

30 position. Also, whenlthe flexible water storage
reservoirs are in position, the anchoring can prevent

potentially buoyant storage reservoirs from moving.



restriction to water flowi ng fromthe storage
reservoir to the terrestrial reservoir. 10 In
particul ar enbodi nents, of the total nmass of water
stored, the mass of water held in the terrestria
reservoir above the free surface of the body of salt
water is approxinately 2.5%of the total mass stored.
This mass of water -held above the free surface of.the
saltwater can 15 be utilised-t@ raise the water into

reservoirs o th
it oFh A hermatbesh’ e hieh Pl sl e 2 455
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wher e conserved head
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enbodi nents of the present invention will now be
fescrhbggrtiutay efnbedlﬁ'lﬁﬂus onEythei totalefmmmenoé water

the 5 acconpanyln S h
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of water held above the free surface of the saltwater can
15 be utilised to raise the water into reservoirs or other

locations for use as a source of water. Such a mass can

also be held above the free surface of salt water through

"the action of the salt water body on the flexible storage

reservoir.

20
In particular embodiments, valves may be used that are

configured into a charging state where water head pressure
from the terrestrial reservoir forces the water into the
storage reservoir. After.charging, the valves may be

25 reconfigured into a discharge state where conserved head
pressure forces the stored water through an auxiliary line

such that a portion of the stored water is pushed to a

remote location.
/



system of Figure 1A; Figure 2A shows a sectional view
of a further enbodinent of a water storage systenm 15
Fi gure 2B shows a plan view of the water storage
system of Figure 2A; Figure 3A shows a sectional view
of a further enbodi ment of a water storage systemin

i nl and configuration; Figure 3B shows a plan view of
the water storage systemof 20 Figure 3A; Figure 4
shoms a further embodi ment of & water storage system

conf déglgthipi\I QH Rl pRANYNESNDte terrestri al

inta gure shows sanpl e reservoir storage
cal cuI atl ons; 25 Figures 6 Ato 6 C show vari ous

f1ex| P Sty W8oak %r?tfé’%'fr $he D5 d D iSERL & | N Bhow be

Int escriptron t lows simlar referencet the
nUnedeber i byswelyt @f m@m@&@eogm | W the FEFERERCT n-°

d fferent  enbadi int BRiERVeENtion. 9 Figures 1
43SROW A ugg%g%l?? gurations of possible

enbodr ments of the water storage system Figure 1

sho rSh8T 205 SUShEM +0ePayE g firve bhbadbhent of
st o\rNgé%u ?esers\??fltwsr‘g's51 ge&h orm(ce)f cont ai ners 12

rest nawaesr istcerageboviytast: salt water 14 and in fluid

nicati I rbal chotwdeerlGrpesgéi opetlem of
&9 ‘I“é?roﬁ[;?\ﬁo‘qg 2 %g{r rvgg%lrfjal toutI et r18 I ocgt eﬂﬁ i

adj ae‘egtré hies ;body of saltwater 14. 10 In use, water

fro for ex%rpg r LYS3on3h OLHRRL 8 tHe WaRleBVWBterage
pass % I'h fe terlroestrr al intake 16 and

t henegstet of rﬁa-gaﬂo'ntéIAners 12. Vater- can be w t hdrawn
Figure 2A shows a sectional view of a further embodiment

of a water storage system;

15 Figure 2B shows a plan view of the water storage system of
Figure 2A;
Figure 3A shows a sectional view of a further embodiment
of a water storage system in inland configuration;

Figure 3B shows a plan view of the water storage system of

20 Figure 3A;
Figure 4 shows a further embodiment of a water storage

system configured with a geographically remote terrestrial

intake; and

Figure 5 shows sample reservoir storage calculations;

25 Fiéures 6 A to 6 C show various flexible storage

reservoirs.
DETAILED DESCRIPTION

30 1In the description that follows similar reference numerals
are used to indicate similar elements in different

embodiments of the invention.



fromthe containers 12 by drawing water fromthe
‘terrestrial outlet 18. 15 In this enbodi nent, a water
storage tank 26 has al so been excavated into the rock
as a surge tank. In alternate enbodinents, this tank
can be inthe formof a conventional. aboveground
tank such as a concrete or steel 20 tank. The tank 26
acts as an accurul ator to allow surges in the flow of
water to be buffered until thé Rafer has had tine to

pass fhyoughqthg Eqaﬁﬁﬁﬁﬁhibubnééﬁ%ﬁdﬁia&ﬂdnsl6f0p®$mﬂble
containers 12. This ability to buffer the wat

i ncr eemkes imeatex pEntheWak§te FLRERIS Y ¢ he%?%%n‘?‘ shows

and 25 5@?1§¥3§5695§&§Eﬁﬁpﬁboﬁbb95§eﬁhvéNﬁléklﬁaé beorage
drawn fromthe outiet 18 for typi cal gred wat

uses. réERrViEsphe, thedam ef Ea‘iﬁt%]e“erfass @drFﬁFBaéned in a
Wal erb%{f%ﬁ%ﬁ&tpbmr (notanshouni1fid conhsagueniodOwith a

distri ion as donestic potable water

appl |mn‘wllaﬁclla‘él@k%é%gpPFéS%%‘be%rlnuﬁ??er“ga hat3pd @

in industdialapgde pa i1Gulenakd app)dceaiti ehe bedy of
irrigati oni 10 The intake 16 and the outlet 18 are
connesavatert Rd. containers 12 by separate conduits
20. The use of separate conduits facilitates the

m xi ng of water within the containers 12.

Hg ver
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conduj £ ; Wi+l %§Q59§QH?Q§&thﬁ €RStteddvstiriad intake 16 and
i pl enent | ng the system The conduits 20 can

i nto tlh@CrQ)dkthn@h@a‘FPftq'?elﬁ‘eéénﬂ?nuewaafsersézélﬂe&epf”f)ggdrawn

to the GonhAl RELEalderd O oS @Qﬁﬁﬁh@&b’aﬁ:elﬁ fab® the
connected to each other by an interconnection

mani f béorest nipilcRutbkest8at er from extraction
ngi fol ds 24 positioned within each-of the

In this embodiment, a water storage tank 26 has also been
excavated into the rock as a surge tank. In alternate
embodiments, this tank can be in the form of a
conventional aboveground tank such as a concrete or steel
20 tank. The tank 26 acts as an accumulator to allow surges
in the flow of water to be buffered until the water has

had time to pass through the terrestrial intake 16 and

1}

into the containers 12. This ability to buffer the water

increases the extent of water capture by the system and

25 can decrease overflow losses.

Water can be drawn from.the outlet 18 for typical stored
water uses.. For example, the water can be passed into a
water treatment plant (not shown) for subsequent

30 distribution as domestic potable water. Other

applications include using treated or untreated water in

industrial and agricultural applications (eg. irrigation).



containers 12. The. interconnection manifold 22 passes
water to and fromthe conduits 20 and distributes. the
15 wat er between the containers 12. In the enbodi nent
shown in Figure 1, there are two extraction manifolds
24 in each container 12. An inlet nmanifold 28
receives water fromthe i ntake 16 and an 20 outl et

mani fold 30 withdraws water fromthe container. In

ot her embodi nents of the invemt3o6n, a single manifold

can tactiAsKRoi b 148 dry elurdnd putEdre! cohnktokd. td tian
alternate enbodi nent, there are_two interconnecthﬂg
r.
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Thesgond Uter cORAEELd HhudmAkkhebast Y mikgngestedater within
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cont ag Nl Wharbhe ddiinidn @ondhibe wraH ebds daBdeddé ethe ost
passed fromthe container to an 30 outleh Vi a

h
ot heinyrivedolin. imekemantigonsiet &Y FEGur ed gAc%é%%s 20 can

sevepal fihguUERL | s dndr chAet kN tcainiehtelds as€abed pipes
shomm? %ﬁ?gérent configurations - 11 -of both the

shapeo dfthe igentaraeifers 12 and configuration of the
extraction mani folds 24 are shown. Figures 6A(i) and
6A(ii1) show an enbodi nent of the_syste 5 hn aj quty
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eXtr?ﬁ&éfg5d%@ekieﬁqﬁaﬁ%kd%ESQbiQﬂfﬁh\ﬂdﬁﬁsnwﬁhér from
contal ner 12. A vertical support 34 projects fgog}tggz

ri gi expreantiss vanifrldspRlaPraltioned,yitiynygac
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when the 10 container 12 is in an enpty state, Each gf
{he Wawe SicsndEER Gie SSRGHIED 2, E ARRTEAPUCES the

{ECh@Qt@éﬁ‘t_%%w%hC@hé Scdri-Agkakedz j nto the support 34.
e positioning of the manifolds 24 on the support 34
with the '

In the embodiment shown in Figure 1, there are two
extraction manifolds 24 in each container 12. An inlet
manifold 28 receives water from the intake 16 and an

20 outlet manifold 30 withdraws water'from the container. 1In
other embodiments of the invention, a single manifold can

act as both the inlet and outlet manifold.

In an alternate embodiment, there are two interconnection
25 manifolds located at opposing ends of a container. These
interconnection manifolds are connected to opposing ends
of a combination inlet/outlet manifold. In use, water
from an intake passes into the container via the first of
the manifolds and water is passed from the container to an

30 outlet via the other manifold.

.Referring now to Figures 6A to 6C several configurations

for the containers 12 are shown. Different configurations



15 attachnent nechani sm 32, assists in maintaining the
flow of water by preventing the flexible nmenbrane. 38
from obscuring the water ports on the extraction

mani fol ds 24. The container 12 is also provided with

a pressure relief valve 44. The pressure relief valve

44 prevents damage to 20 the container 12 if excess

wat er pressure builds up within the container 12. An

al ternate enbodi nent of the syltemin both an' enpty

and || .states.is.s i e B( bha a@¢h BRBfuirak ion
In tﬁ%?O%Egﬁbgg%ﬁ%n%}?\gﬂgugogiﬁq%?ﬁ gn mani f ol d?@24

(t woof ntret eamtatatwbon ndrdifoddni 3612k stPYRt at a di st al
end 40.of a vertical support nenber 34 which projects
froma rigid base 36 of the container 12. In this
enboBiguerds, 6ad i hend canitidi) nehod AeFbediBRRF _E die system
enpty _state . yolLd.i LDt leBpbheiv&y} ONith the
) off o TpedaFoals 57 sr THHD Ay relpkltiied

menbext Bk hiloar manhéOIdPeﬂ‘lbP@Sh@m?eéiné’lﬁgmdg% es over

the support and th ; [ Et;@lq:if | ds$oRdectd 2 rdn) the

t hi sccéﬁlgaold}erlfeﬁg,' t§e$%%t{11?:%téxtg‘?%cti onﬂrrgni_ olds 24 are
buoyaigidncael Béabf etld mogtehees dgh@nd 340 WeRy HEPPOrts a

al t ecnat e .enbadi. Y, i hyrERtdhe 5
and ?g?’fﬁ)s eafnceégjb?ggéh%gmc}?Ehlé:i %%I?Jegslﬂ(%é??)b and 6C(ii).
imn tbihtaiemwyod2neat intdre empgdgdrtie shaped cont ai ners
12 are interconnected into a stacked honeyconb
configuration. This honeyconb arrangenent has the
advamscyef Itae aenihelds @it araerktachesh 5PoaR N2 HRMAN

stat %ecta!}%s%.‘s"’za%k% 20 smrabiol s 34 J ReE ¥epbéRAIFe).  The |
al i gned cont ai ners stack “upon each other to assi st
i n ppesitritdmigat ké thexmasidoldandt A B8 FRBRPEHstUMiTY the

#Qe. %@%§%hn%g{t1:t ﬁ-]egﬂ ﬁb&n 392(,t Lacison i@mafiﬁltgip’izﬂg the FQow
aci Friate the Tocki ng of the containers 12 |ntofa
of water by preventing the flexible membrane 38 from
obscuring the water ports on the extraction manifolds 24.
The container 12 is also provided with a pressure relief
valve 44. The pressure relief valve 44 prevents damage to
20 the container 12 if excess water pressure builds up within

the container 12.

An alternate embodiment of the system in both an empty and
full states is shown in Figures 6B(i) and 6B(ii). 1In this

25 embodiment, four extraction manifolds 24 (two inlet and
two outlet manifolds) float at a distal end 40 of a
vertical support member 34 which projects from a rigid
base 36 of the container 12. In this embodiment, as the
container 12 moves towards an empty state, a void is

30 maintained in the region below the distal end 40 of the
‘vertical support member 34 where the flexible membrane 38

drapes over the support and the extraction manifolds 24.



gi ven configuration, |ocking elenents 45 as
illustrated in Figure 6C(iii) are provided at the
margi ns of the containers 12. Alternate mal e and
femal e | ocking el ements are provided on opposing
sides of the containers 12 to 20 allow a series of
simlar containers to be | ocked into configuration.
In alternate enbodi nents, oval or rectangul ar
containers can be stacked iAt®?a sinilar cl ose- packed

conf i guERtd WinoddBeBY, ROS tric0Ri BYLEAEL Do trRInA€o3dE N2o are
a stacked configuration, the space avail able for

mar i heoydite ans sddfable SHoBGt TBENSHRRTom™i ners i s
m nim sed. The stacked configuration also offers the

advant age that the outernost containerst%{otec% %geem e
innehnethﬂ¥ﬂaﬂﬁe§nﬁF6n?@RPQi§ﬁ§§e9fTEE?e?%ﬁ m &Pef® Pty

tg‘erthSf@ﬂl' MRlacakt 26 KshRN int PeglY6Es esa (0r adtihec (ii) . In
damage such as storm damage, the outernost contaifgrgre

pr ovEHes cemkadiimensi aFhe digXagrnad BRAPST pgrainers

cont g}, PEESonrertedNiREJES dtadheavBbhegoBiR NichEiganadion.
the stored water in a non-danaged container b

a
r upt Ghés | keneyRawbd aREYREFMeESnPAPNERS ¢ %?%ﬁﬁ%?eﬁpﬁg as the

al so.pr oy sed; Wt BpBrsadH R ¥mptifOBta0€, 4the Ykemraation
increase 1 n the saplne content of the_ container %? i§ K
et epapifoldsy A4 EropeyeXEcaldy; abigpedt FRMCBNEFEctFoR -3¢

mani Lg!:fé 24-9forls eanLsdtidtatied pgepbat Doy thid fleaublbe
i nterconnection mani fold 22. 10 There are severghe

possimbibrarg 28 frpm ERsSEHe oS HAFET 12PT ™D

secugggrggkigﬁaagdqqglgg ife body of saltwater. In one
enbodi ment, nylon anchors are drilled into the seabed

and the containers 12 are tethered to these anchors.

I ap ahiefnale emRodbseitly dtheneosbatasarsldzcantose

15 concrete weights in pouches in each cggtaln I 1% g i

t hat gé¥an configuration, locking elements as 1llustrated in
Figure 6C(iii) are provided at the margins of the
containers 12. Alternate male and female locking elements
are provided on opposing sides of the containers 12 to

20 allow a series of similar containers to be locked into

configuration.

In alternate.embodiments, oval or rectangular containers
can be stacked into a similar close—packed configuration.
25 By positioning the containexs into a stacked
configuration, the space available for marine life to
establish between the containers is minimised. The
stacked configuration also offers the advantage that the
outermost containers protect the inner containers from
30 damage. Therefore, even if there is animal attack upon
the system, or other damage such as storm damage, the

outermost containers provide a sacrificial barrier to the

inner containers.



act as ballast. The nethod by which the containers 12
are secured to the floor of the body of sea water may
al so be a function of |ocation. For exanple, if the
containers are to be positioned on the floor of a
| ake, use of 20 concrete weights may be sufficient to
secure the containers 12. However, if the bags are to
be positioned out to sea, a nore robust securing
mechani sm such as the nylon-ak&€hors may |ikely need
to be utilised. 25 Figures 2 to 4 illustrate alternate
enbodi nents of the submarine water reservoir. In .
Fi guls @rder yospeavest seantaninatior gulsitije stored water in a
confiquration t 6 S ped
adj acgntgéa H evdefohgafn%pt%\;faeg‘ggg%%%&ﬁ %588& %ﬁs
wat ecohtaimehe theveystesn jist @lshepsevigied ¥akhos, sghnity
rge ta angl a, tar rest t r the
c%nngcc:’ egg]fgq%t hchontag'lg nersea%Le QHn%ﬁsa%?ngoﬁgﬁF?gt of
20. CThesaimondli is deweqiest ﬁoﬁé%"%rpneﬁfé‘tﬁﬁvépbéﬂd%% the
14 QULLEL. I I8t PONPLbel @nd VB EImiiaRRUIEBhL Bl A0E 12
(not ﬁ l) €, a surge In water flow fromthe -
ri velfroanthdoe.rmecuunm@ctt@dm manhéoit@rﬂ@ 26 until the
water has had sufficient tine to pass down the
conduit 20 to the storage 5 container -12. In Figure
By aThysé cane Seyhoah possiblienwand torbigh &bpoAontafners 12
this gnbodi e MregOpPS e ﬁé‘%l%%’%d%téh@%d?ﬁv%fbésmt%t@d In
w th vvater T ume of water displacéd from
cont aha eembddlntbztbynym daeborsearaedail Legdi ApAPnshe hgeabed
condui t.s, 4 n { t
of ot Faf i B E 2 EepRarpE e nes, AACKDES. n
cont ahnal serratel embodiment s ydeeapntaigiany é2c6a8uPEe can
f%euggg fOre kAt %BEQGJS‘J‘ WChe%nQnoég&Utc&ftaWﬁEg 15 QAL can

con al ners
act as ballast. The method by which the containers 12 are
secured to the floor of the body of sea water may also be
a functidn of location. For example, if the containers
are to be positioned on the floor of a lake, use of

20 concrete weights may be sufficient to secure the
containers 12. However, if the bags are to be positioned

out to sea, a more robust securing mechanism such as the

nylon anchors may likely need to be utilised.

25 Figures 2 to 4 illustrate alternate embodiments of the

submarine water reservoir.

In Figure 2, a system is set up in a coastal configuration
with a water surge tank 26 positioned adjacent a river 48.
30 A feed conduit 50 diverts water from the river 48 into the
surge tank 26. The surge tank 26 and a terrestrial outlet
18 are connected to the containers 12 by means of conduits

20. These conduits are positioned on the riverbed. The



In Figure 4, a systemis shown with the primary intake

16 spaced several hundred kilonetres away fromthe
containers 12. A surge tank 26 is provided adjacent to

a renote river with a feed conduit 50 diverting water
into 20 the surge tank 26. A secondary intake 16" is

also provided in this enbodi nent. Both prinmary intake

16 and the secondary intake_l?é are connected to a
conmmon interconnection manifold 22 to then

i Nt erooherCls tike conpataehcrs alRator t eedtiieteplans (not
when 43Gnyiat oy NRRYSA! Qulf GANNEYEE ERLAT i tABCAveA can

punp nay used t6 inerease the head pressure in
cond@xﬁaecumumatadaanl986t¢ﬁﬁhmaﬁeﬁntb1t¢h9(ﬂﬂﬂﬁﬁlhé$éhad

toure % %@0\9@ g&g@'d%waeéﬁgveéﬁdﬂtorﬁg@o the storage

calculgg I ONs. storage requirenents for a

| Bcatiooha fmesr mﬁetern1ned system conmponents can be

sel ected to achieve a - 15 given storage requirenent.

In Figure 5A, the design requirenents for a

10, 008, DOHute $ystaesyatemsimwhownnlﬁlgmrml@8d gonfiguration.

cat chiepl; &SR M e o él{”%(‘ijl.‘e %8haiE: o h%lvtehﬁe%n primed

catc Areaare carcu at e nth's exa
r oof watbawatfera shedvobvie afawebkat @ﬁsmkaqy@némtﬂecmtamers
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I censin ese syst ens e cost o the |1 cence
10 camlhedcknanaﬂaméddasr¢§paﬁamhgu9099rqﬁnnump§ng Fequired to

exag‘%x@r én&tl tg%g EP&{ t:(ﬁ%ncgﬁtg %ﬂseol@ th?n guch a

cat 5i'Ze or storage sli ze. cost can be
basedyshenhe @ieigdgecanduidti cawaberu@%al ciere pothothereinput

over _a.t] er the Area cSalehmnt .
AltePﬁgtoéghd% Fﬁgagggt o tﬁ ?%%ence can be 15 based
DR nmaxi mum st orage capacity for storing water or the

Utl ! l.'[i?iaﬁ‘lé{ﬂreo tgagyg@mqst %hoe‘nc\int_hCﬁ{k Qﬁ‘lﬁl@k"?ui:[%% 16
spaced several hundred kilometres away from the
containers 12. A surge tank 26 is provided adjacent to a
remote river with a feed conduit 50 diverting water into

20 the surge tank 26. A secondary intake 16’ is also
provided in this embodiment. Both primary intake 16 and
the secondary intake 16' are connected to a common
interconnection manifold 22 to then ;Lnterconnec; the
containers 12 to .the intakes.

25
When the water needs to be conveyed large distances, a
pump may be used to increase the head pressure in the

conduit 20 that carries the water to the containers 12.

30 Figure 5 shows sample reservoir storage calculations.
Once the storage requirements for a location are

determined, system components can be selected to achieve a



determ ning the catchment volune and then nultiplying
this value by a unit cost. This cost can then be paid
annually by a licensee. 20 Although the present

i nvention has been described with reference to
particul ar enbodi nents, it will be appreciated by
those skilled in the art that the invention nmay be
enbodied in many other forns. For exanple, the 25
flexi ble storage reservoirs cah3be restrai ned by

pyl oniVen A%)tso%a Qt REL, CAMERRE T ORAl FYGERS dA eaheBAEsign

I'n conjunction wth the system For
exanpbqulxﬂmﬁnusaﬁnﬁnﬁ 1@n£@°b@°ﬁe?f%¥?&ﬁﬂ<ﬁ¥ﬁ:ﬁ@°ﬁﬁter
before entering the storage reservoirs. 16 - CLAIMS:

1. A nethod of storing water conprising: - restralnlng
at | sasFignee fSBox RbEat cheankgareasand ? reatghment volume for

Sgbgﬁﬁgeggégﬁﬂéhtogrgﬁt5¥é1d%lQQQXtQﬁ satd @Mﬁ%eﬁxamﬁle, the

: terrestrial intake in fluid
conmuno£ aaremn qzﬁ ghstadiyn &8 ERecyldFadeto rIEFFEPr ;

and 694 g ghi ”g?ﬂu & alkkirakopubt Staddl f1 uid

connunrca i'on w exi bl e storage reservoir for.
t he rel ease of stored water. 10 2. A nethod of storing

wat et aceord CEB'{BéBe sWReeRkN the dd¥talkE @Rd licence

out t 8Ke™ar € ‘con re to a cComon conduit to_enable
Lbe teepbetda&aﬁﬁl@ﬁd usHIMYRIEQUBORATRATRE e FOr example,

reset ¥10| {1ie§1 vﬁc@%‘fhgg Ofe HaFelaNGnWBhEN cAcaRHitNgike or the

cl ai n1 erein t ere are at least two flexible
st or ageragef esiorev0i Fheapest rambel basedtop fhegvsrage annual

'Storaggerrégggﬁﬁg tSVBKSmérHU@&C%nﬂgﬁEeﬁef{bd|dﬂ @he area of

ConnigLESient Alternétively, the cost of the licence can be

15 based on maximum storage capacity for storing water or the
utilisation of that capacity. A cost can be calculated by
determining thé catchment volume and then multiplying this

value by a unit cost. This cost can then be paid annually

by a licensee.

20
Although the present invention has been described with

reference to particular embodiments, it will be
appreciated by those skilled in the art that the invention
may be embodied in many other forms. For example, the

25 flexible storage reservoirs can be restrained by py;ons.
Also, other conventional water treatment steps may be used
in conjunction with the system. For example, pretreatment

' may be performed on the water before entering the storage

reservoirs.



wi th each other by an interconnection manifold. 4. A
nmet hod of storing water according to claim1l, 20
further conprising the step of establishing a further
terrestrial intake in fluid comunication with the
flexible storage reservoir to enable distributed water
intake. 5. A nethod of storing water according to
claim4, 25 wherein the terrestrial intake is

. positioned at a river, stormi¥tér or rainwater system
to caps ﬂﬁse the water. 6. A nethod of storing water
according to claiml, further conpri $I the step of
est abl i s mgthoéw@ét%'enﬂaﬂ?(t?% e %?n’mnl cation

with the !erLestiialy dkntakse dne fzexaxbnemmmge reservoir
storing water accorc? ng to claim vvher he sttjr“%g__er_
tank is figy gegubyeraad #OELLipn “éBFS’aH?aFl 18?1 ’

storing JMRLET; ACGH & RertesetailMibraké iminefmid t he
surge tank is positioned at a river, stornmat

rai nwat ercog\y\slnéﬁ@%@f} r‘r’érté‘a§8etﬁee’%algnf’tﬁag?}er%‘?wmr’ and

capt ure. Eﬂ;}% Pl teRrbaer ¥l SutB6E0LNi Aiuid
claim1, furt er conprisin the st p.of treatin

wat er fr orammupi el qreptiddt £Pal £ . S§BTage nﬁ%eoravo’fr for.

storing VAL 36598 UNG et ﬁéﬁ'&ﬂ-. wher ei n
terrestrial intake and the terrestrial, out] et

spacead a@amtetgeég@%pﬁﬁq}“dinlgywai‘ir 3eSPEahBa be 'H'%]e'?}s]r ng

vat er st foe‘}eéﬁceﬁéi'ﬂ&ah& ahai Suttdkel ape Bombiegx&arerd tte a
cost of t I'icence is based on catchnent

upst r eam emeReFaRdLitattst ePaPLRNEH respective fluid
communication with the reservoir.

3. A method of storing water according to claim 1,
15 wherein there are at least two flexible storage
.reservoirs and the at least two f;éxible storage
reservoirs are interconnected in fluid communication
with each other by an interconnection manifold.
4. A method of storing water according to claim 1,
20 further comprising the step of establishing a further
terrestrial intake in fluid communication with the

flexible storage reservoir to enable distributed water

intake.
5. A method of storing water according to claim 4,
25 wherein the terrestrial intake is positioned at a

river, stormwater or rainwater system to capture the

water.
6. A method of storing water according to claim 1,
further comprising the step of establishing a surge

30 tank in fluid communication with the terrestrial

intake.



vol une upstreamof the or each terrestrial intake. 12.
A method of |icensing water stored according to claim
1 or 3 wherein the cost of the licence is based on 20
maxi mum st orage capacity for storing water or the
utilisation of that capacity. 13. A flexible water
storage reservoir for use with a subnersed water
storage systemconprising a flexible fluid inpervious
container, at |east one mani f ot 25 attachnent neans,
~at 1gast ,0pe, Rai {0l skAas! baned adudciing! be clain ¢,
container, the at |east one manifold attachnent Neans
bei ng ar miegedn t thk e acn &gk 2 fmegn BYERFFSFH 1 H a
posi tion slch.that water flow can be maintained as
the storage reservoir is enptied. 30 14. A flexible
wat e8 . st dr mgbho@sef \&HArIAGC WRBERFIPT PG P15-22m 6.

uherein e 8y | eastadR wRAk! ob dbdditicheagateaanther,
Wwat er inlet streamand ™a water outlet - 18 strea
enter andtexiwaber oph IR iwasRYsS It hé Oar FEEEEC %gh% extent

mani fol d. A% flexi t :
1 0ol th exibl g Mater storage reservoir
according'to eﬁ’al m 13,ﬁv\/ner ein a water inlet glream

and 8. watFemeShodt ot sERTiSENWEREEBrAGHRFRR 0 §721"

di fferentfdﬁ%ﬁ%&gﬁié‘i@x Ank! 8XEp| S WaleRit isgoERgewater from
reservoir according to cq aim 13, wherein the

TONt ai nertHeuteheesephdpk (¥¥des- support that prevents

val | 3007 A heebbaxbpl scopiphaeer déamdinty o coginne,
watef “fl ow as the storage 10 reservojr .is e tigd.. 7,

A f1exi blwhemgtier teroeaigel FledBF o ranst i-tn’?gn}}’)‘"fa& r&?%i gpelet
13, V\/nere% %@Edcgﬁgﬂr@;‘jgﬂ%ﬁh@glp@nprises an

attachmen chanismfor attaching the f|exible. water .
storage reswtnodr of nlicersimogWREET oFFHTh BFETHIRpFR ctaim

15 1 or 3 wherein the cost of the licence is based on
catchment area upstream or averége water catchment
volume upstream of the or each terrestrial intake.

12. A method of licensing water stored according to claim
1 or 3 wherein the cost of the licence is based on

20 maximum storage capacity for storing water or the
utilisation of that capacity.

13. A flexible water storage reservoir for use with a
submersed water stofage system comprising a flexible
fluid impervious container, at least one manifoid

25 attachment means, at least one manifold positioned
within the container, the at least one manifold
attachment means being arranged to keep the at least
one manifold in a position suéh that water flow can be
maintained as the storage reservoir is emptied.

30 14. A flexible water storage reservoir according to
claiim 13, wherein the at least one manifold is’

elongate and a water inlet stream and a water outlet



15 other flexible water storage reservoirs. 18. A
flexi ble water storage reservoir according to claim
17, wherein the attachment mechanism allows the

flexi ble water storage reservoir to be configured and
| ocked into a honeyconb configuration with one or nore
20 other flexible water storage reservoirs. 19. A

wat er storage systemconprising a plurality of
flexi bl e water storage reservdi&s according to any one

of claimg 17 to 18 wherein,the CEngSeﬁ@écﬂﬁQmeoﬁt least
t he reser\;(ﬁ S are I Nt erconnect e usi ng an 25

|nterconmmetman1ﬁ@¢dfold 20. A water storage system

accold N (3eLh B0 daberBBEELLL Jldbeh}B ;Y atastatie o

flex orage reservolrs are arranged into a
honeycontrladnf Lguretemin 21vayendidets 85Fage L e fater

apcor &\ N 9oE! B LA oatle! ghid ol W18 WBEELEQINGEi201ds

nifold 1S conmunication wth either or
bot h16f @ ffeexéblewdtamisakeagmFeperVOiredEeeEding to

ORGP CE Ax\@éree&nsmgag%:%mwaeeﬁaglmnptrqses a

claim 21 a sur Is in
CO””UH'C&m@pnrmnthatrpxeveetsegaklsﬂOﬁ shgk Eleptoley container

vat er Stgto gxsg%%,f,gqgg%dwgeé F 1Pl eRe ¥EOFRI S

the surg y terrestrial excavation.
2. A mah&mesVoiagEssystanﬂaccord|ng to claim 21,

wher gi, (r/]\/ap@;‘ifar ib {\: 1{ %'i:5§§ | Al AN 8 abSotd £ &S

by a ant . A wat er storage
syst em acdasdi ng, twheiemnnthe CQ%R#%&Q? fygthas ??@Bﬁ%ﬂQ§ an

wat er stofage,reserve #Héﬁfgﬁefofrhéggéhlnangﬂgr§ﬁbifﬂﬂé water
position 255" Bor a body of salt water body
storage reservoir 1nto configuration with one or more

15 other flexible water storage reservoirs.

18. A flexible water storage reservoir according to
claim 17, wherein the attachment mechanism allows the
flexible water storage reservoir to be configurgd and
locked into a honeycomb configuration with one or more

20 other flexible water storage reservoirs.

19. A water storage system comprising a plurality of
flexible water storage reservoirs according to any one
of claims 17 to 18 wherein the manifolds for each of
the reservoirs are interconnected using an

25 interconnection manifold.

20. A water storage system according to claim 19, wherein
in the system, the flexible water storage reservoirs
are arranged into a honeycomb configuration.

21. A water storage system according to claim 19, wherein

30 the interconnection manifold is in fluid communication

with either or both of a terrestrial intake and a

terrestrial outlet.



26. A water storage system according to claim 19,

wherein the flexible water storage reservoirs

incorporate a 15 salinity nonitor that prevents

contam nation of the systemif a storage reservoir is
ruptured. 27. A water storage systemconprising - a

flexi ble storage reservoir subnersible in use wthin

a body of salt water; and 20 -. a terrestrial reservoir
positionable terrestrially in<se and in fluid

conmazni cat w@ﬁ?yviédbﬂglge Szétageacdhcﬁﬁathtb;cMBﬁ-m Wherein
systemis confiqured sug at .there i,s_no .

restrict iaoﬁuf%e%sﬂ ) o t%g%‘? SATHEIERF R it 3%
reservoi tek@esthreidntialeakeeservoir. 28. A water storage
system according to claim27, wherein, _in use of the_ .
oL 5 e TR PO PRHE S ARG Ag EONGT R g wHerein
above t henkr sergeirfaage ief fohaedasy tefrreatiialaderavation.

approximtely 2.5% of the total mass stored, 30 29. A .
ot ikt of ¥pbet RF SRR SYECEDRTGRIER §°d<é%%=rfrb£e’u wherein
w th ref gacageffdn aHe eeerostilwl etqdnest sraedwnyd byn a

the accoppany! N9 A &% "8 ant . |
25. A water storage system according to claim 19, wherein
10 the flexible water storage reservoirs are, in use,
anchored into position on a floor of a body of salt
water body.

26. A water storage system according to claim 19, wherein
the flexible water storage reservoirs incorporate a

15 salinity monitor that prevents contamination of the
system if a storage reservoir is ruptured.

27. A water storage system comprising
- a flexible storage reservoir submersible in use
within a body of salt water; and

20 - a terrestriai reservoir positionable terrestrially
in use and in fluid communication with the storage
reservoir;
wherein the system is configured such that there is no
restriction to water fiowing from the terrestrial

25 reservoir to the intake reservoir.

28. A water storage system according to claim 27, wherein,
in use, of the total mass of water stored, the mass of
water held above the free surface of the body of salt
water is approximately 2.5% of the total mass stored.

30 29. A method of storing water as substantially described
with reference to any one of the embodiments shown in

the accompanying drawings.



