WD 03/ 067082 PCT/ US03/ 03242 DI SPOSAL OF WASTE FLUI DS Fi el d and Background
of the Invention In many human activities, it is necessary to dispose of
wast e fl uwo3asmsnr waste products in fluid, 5 and this PETASOBOI2AES
achi eved by m xi ng such waste fluids into a | arger body of water. An
excellent exanple this type of waste fluid di sposal can be seen in the
di sposition of salty brines which are generated as a product of seawater
desal i ni zati on processes. ﬁ&&ﬂi&k@i¥ﬁgiﬁﬁgﬂ2§e typi cally plunped back
into the ocean, where they tend to settle to the bottomand collect in

| ar ge pool s mnthout being dispersed into the wder body of water. 10 In
this siatd 4nd Backieremnd afiths Ifvention " wast e fl ui d* shoul d be interpreted so as to
i ncl ude not yonly yfdiiGvities, erktneégsaﬂf td Jhéﬂo@%f CRMMRIdRAG: S2kd Fodeks iRakt] cul at e
matter therein. %1 er exanples include (1) disposal of brines co produced
Wi b h pend thisss sanickimesrshipyed by mixing uchfwaste fnidiinks) 4 latger bofy shwrte: PP SiFbFhs, (2)
di spos ae%( lgélet\ll\@ £ otﬁ@aﬁt@ﬂm&jﬁléﬂogﬂ 0l bE Lebhl il the bisumiaf m?ﬁﬁeﬁ)tviuc}mr@éeﬁ@itéﬂs (3)
di sposa wastes from ships and drilling atforns, and
(4) di spevidugypf %Wa[t@y d¢5ﬁ1q11wf@§ Prages1ss. Fhewspliriass aredypice!t wwecg kack @todhfne wi t h
sewer Q)ldéafnasjvﬂe& Ih%r tend®th G1eGd thi ﬁ)%toﬂraﬁ)d-’%ﬁe& NG Rat whithesing bishiasked Mo tAyTEr | Ca.
These are just a representative listing of exanples where waste fluid
dlsposawd$90%@ﬁuﬁ¢@d but there are, of course, many others. Wile it
m,ght be t hciﬁ'&ﬂtspécﬂéﬁuoﬁ r@lﬁ%&n“‘@%&@ﬂ&&”@ﬁﬁme GRSt hto BRIMAPRLEBAKEr t he
S|de " or just disposed of by sinply pouring theminto the larger body of
wat er dwtﬁsdhﬂm%ﬁmﬂwgW%ﬁ%éﬂ@mWﬁ%mﬁﬁgﬁﬂﬁéal 20 with these waste fluids

have |ong re@@lgﬁzlxéﬁﬁes tRAke Gl?@sﬁm O nGY cB-pRldsd fvih phtr¥letd nhhetphRiu@iah boUNdi Nng
wat er, or indeed never trilly be integrated except in the ve | ong

t enor . CTieyil @@ﬁ@hof?ﬁ%tﬁéms () Gsvpwt ‘?ﬁ“ﬁ?’iﬁpaﬁe Fléﬂm@srf@imé’qu’%"rerﬂbl p@ff?‘?rﬁn(%() to move

t hem or 4;d, 0000t Rkk 1. 0MER s NRER i Ad @Mﬁﬁg%utfon@ﬁldmx&sb&apddﬂ@sﬁqutdtg ixs probl em
|st0|n$ ? punpi ng and m xi ng equi prent to dil ut ste_ _streans

te

wileh | aﬁeglevam lapresyclpgs indame ith sehowdPLRIZe AtesaFeumg fhe ﬁﬁ% s geNeed, but
the cosf§eRE thEé%erJ}h@QTepregeﬁta{l;m&ﬂg)@f @‘Qm@ﬁmvﬁb'i@xf?dstelﬂﬁld@i@p@ﬂliﬁ ﬁé@nre@SbﬂECI ally
when constructed so as to deal with an resist corrosive salt water in the
ocean. tRyeargrofgquese B¥peth¥e, however, is often the | arge consunption of

ener gy Whi CRyji it rﬁlglgtﬂéih@%hﬂ:t@atEHéééQvaEtbﬁreb@§@ﬁsM9ﬂylﬂéf%uﬁﬂ O\l'etﬂlhlkldis ’amqhsm X them
t horoughly. Summary of the Invention 30 The ‘P’resent i nventi Iaf es to

di spos adispeted afytsEply nerere thegyigio the lresthodyelwier WithoWugng. AR i %IIFI fl‘?a power

geger at Lannsy whe Fids Wik ©hg Rt dshicédan thy westilafistowtih@ixagtialic sﬁrr@lﬂﬁn@yat@pt enti al
between two bodies of fluids or water having._ di ff(ﬁrent I|n

concent vrandpedingy nepprdullyhe Biegaad SREF BIRCF TS IS T TRAX e T b O‘&ééﬁf causes

a concog,t anb ﬁrfbﬁft@%@eth%&rﬁlﬁxgltaﬁﬁQﬁgntheﬁfﬂﬁﬁgﬁreﬁl’ ent hal py of t he evaporat ed
water. While nost is dissipated a 1 WO

03/ 067082 PCEREURD 5y Wdss Bus Higfienyis §°§P e B ?IB@BX%‘%@W&““‘ il gle TR "free
ener gy Qfadl XitiNeree {Mimes BBRdter Fuchia éﬂhﬁgﬁ' Jan@h thkdre B ussdtber the custs are too high.

25 The mixing equipment is expensive, especially when constructed so as to deal with an resist corrosive salt

water in the ocean. The greater expense, however, is often the large consumption of energy which is

required to move the large volumes of liquid and mix them thoroughly.

Summary of the Invention
30 The present invention relates to disposal of waste fluids, and, in one aspect, concomitant hydraulic

power generation systems, which efficiently exploit the osmotic energy potential between two bodies of

fluids or water having different salinity concentrations.
The absorbed energy from the sun in the water cycle causes a concomitant increase in the latent

energy or enthalpy of the evaporated water. While most is dissipated as heat in the atmosphere, there is
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sea water. The free energy of mxing reflects an increase in entropy of

wat er (or other solvent) when it is transforned froma pure or fresh-water
state to woOdBletezl or salt-water state. Solvents such as wawarsodieszez a
natural tendency to mgrate froman area of relatively |ow solute
concentration (lower entropy) to an area 5 of relatively high solute
concentration (higher entropy?. Thus, an entropy gradient is created

whenev eontdiggpatgdpred sncedy. thprosplled fires gy oLgripe e "lwat@fm@ma ) pffEslh VRier 810 ut e

Concents"e@-@vhtgln@“h@ﬁéé R SUIRkink Péﬂ@ct&@l%&e%ge n\f\énrtrhp}m?%atela(&%lb:?goh%ﬁ\;fjwﬁ%gﬂ1§‘ to mx.
Thi s entrog gra i ent can be physically observed and neasured in the well -

known piffél HORAGWS oal%esler@htefsﬁtaée to p gilyted op pltivigs piate Folves et as gpict me%

i nvent i Hand-A RIAN 16 BigteH i Grea bOMATHAS lowIRED Qflccifratidh GRRF ShDY) Washea 10

f|UI ds into a |arger body of water. It is another aspect of this invention
topr owfﬁéatlaelﬂhlslp@klﬁcwgelﬁ@w&aglteh%ﬁropya88@% HSRrPy aradienbls srsEpdhenevir tFs a t hird
aspect BoRiePs ket 1 @heﬁ?&hlaﬁmta\t ffe@ﬁ@sdhﬁ&&ﬁ&rma&%faw br&?mﬁto &ﬁﬁ@%ﬁ%me
t hernodynanmi ¢ driving force t | eads to m xi ng f erent
conposi #Pernd pesieta may dBig SRtPPY g%éwwéﬂmbfophawﬂhﬁﬁa@taa% mﬁfsur?% ﬂrmféle nt

i nvent i 98w PheRQbenk BRWHL h€oskpgs Use of a sem -perneabl e menmbrane or ot her
specially fornmulated material, nor does it require heati ng or cooling 15
1P

of the wast dti FilRertagtasyestof 15 mygtien toRFVide 1 Dl o Pededaf TFspEs feEdn may

effhect | Meds¥ntdh KroBf Wby SHAME K i SRBEE Yspah 61 thitl Sikdflordo Wol @ A@hbShymafodvast e
fluids, including but not |imted to salty brines, treated or untreated

river rdogsust ponsumeshey tysadhial aipaciap PigriAe TRfthod thaien Fegevt usefak Ropves fEpmsiig,

run- of fiherAB@LRHic BaFild HrcCARUAM B ahesh JHasdor dRtRlcompRni@fsf . Thus, the present
invention is well suited to |arge scal e waste di sposal by m xi ng and,

optional |y, {sbutecpribdherstod aphapgergiugiel W?S@ttgﬂvalftwgéeg?taiﬂmrecth? e affr ons and

under ased- MBlein@inYrafd or O’%@I sﬁ&'&‘ﬂy Fdr@iSted thilerAC G W& u\ﬁ'b h&uﬁgﬂﬁ c&odi ment
the present invention provides a method for tur bul ent m xing different

milSci bl & tevyete duig 97(5ak) wagr sqhaion e pEssHCwention masTHSEvElY B‘B‘taélﬁ f@F%YFf BeEeeen

them |QheRR@nEIRAEIRBLf wastceluids| M@l dihglb@MMoBBhiteR kd it brived tI’eﬁedCb@ aeieaited
through a first tube. The rel atlvely low salinity fluid is then gll rectly

cont act®Er wreH tepled wastearatey eIt Ry i ed i qridran tippls Fﬂl‘Y‘ﬁ ryfly @RErgYE sk cond

t ube t OwfiQr -8 Mipat l:tﬁeepresa_lﬁ Qw?n'ﬁoni QQ@ﬂduﬁeﬂ belate stalk V@dsﬂdlddp&ﬁlmwmklﬁ@ﬁﬂdpn wth
the source of relativel y high, sal.i nlé]y wat er thr ouq Cge or. _nor.e ggenl ngs.
The corPieing o FAUCHRY éﬁ\é‘?ﬁvagﬁﬁ{ PhEegraye o dhaRsF aé"él‘éfs‘é’é‘ethﬁ I'ling
ofypot he sphatidsce within the second tube. This causes significant mxing. The
m xture may then be passed thro ower, ratio unlt to generate
mechani cal ~ dAgFceanss wighops hpding Fpres?%é“’?%‘flg?ﬁl i/meﬂioﬂf ‘%H@'dﬁ‘ Hent ,
CONpr i S@frabht tikcblsIBidk QERIE the diffofohiRs ﬁ@klﬁ@epﬁfsnuﬁl&leﬁkén\tﬁirry Irhcing hnboaﬁheﬁtal inity
water. The up tube is fl ui dl% gonne ﬁ t,qu §our0f? reI tdl vt Y hi gh
sal i ni tS?laWYelPWtsﬂlnﬁﬂﬂﬂldd%@ fed frough & s g sT e AlE Y (Ui 5i irst

dept h. FRenyRnthdkacyith @fe fldtiad S gtashliny d@tﬁtlhlaﬂ dﬂclbd@cﬁse&ﬁdlﬁlbﬁo ﬁ]frmﬁﬁlll\mire Te¢y high
salinity water at_a second d‘*@%ﬁ}?l ess % ]g h’g‘ fir ept h. hAﬁe omc@etube i's
pridvi dederadHg e cpPEpgHon SerEatElRiyerydiel siiphe s F I REREE OIS | ow

sal i ni typehihddl TheabllacBnSaeR AbTeRACka Mty (ﬁtmddncsx@dneﬁrcgs& ubh@lidg@iiths aixituné tighin f | ui d
fromthe source of relati velf% | ow .sal i fI ui %]U%gt 0 t%} t ube such that

the relhe Freidymbe fhis cpysps ggptioant \fpsipg) SPEE AT AR hnd t he

rel ati vghstation @hit ﬁ%leﬂefhltetryecmicﬁrmuf/@rermﬁcampoweur e which upwelI's within the up

tube. A neans ma
: The system may, in one embodiment, comprise an up tube located in the source-of relatively high

30 salinity water. The up tube is fluidly connected to the source of relatively high salinity water through one
or more openings in the up tube at a first depth. The up tube terminates at a depth in the source of relatively
high salinity Wate£ at a second depth less than the first depth. A down tube is provided having a first end
connected to the source of relatively low salinity fluid and a second end which discharges the low salinity

fluid from the source of relatively low salinity fluid into the up tube such that the relatively low salinity
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be provided for generating power fromthe rising m xture, The invention

al so conprises the apparatus and net hods descri bed above, but wherein the
wast e flwbDd3ters:1 he hi gher density than the | arge body ofPCratSes/oizm whi ch
it is mxed, and the direction of flow of 5 the m xture resulting fromthe
osnotic potential differences is reversed. Brief Description of the
Drawings FIG IAis a schematic diagramrepresentation of a conventional

f or war diidang §i eelgsively ighssatiiy Gigtghiormya migtpre vphish sl witiptipindps: APeAnERE 113 is
a schengdy:&iddd RYEARABRORSSRMALd e Bxn@e CONVeNt i onal reverse osnosis
process through a sem -perneable nenbrane; FIG 2 is a schematic

repr esent at i B inygutign alspremprisgishe spprgataspa ratheds desgibedigheve, bt 3berer Haaee wi t h one
enbodi NBAE a9 fhe b3 Fer RERRERN thMGOBIIP B WHRS FriyHi RSt iVVBRE arful il dtte @S0 iBWBE

density; FIG 37is a schematicC representation of a tube upwelling apparatus
f o usethp mixgecisrag Sempherpuotippolgiiat dérenearisgenciteéht of the present invention
where the waste fluid has higher density; FIG 4 is a schematic
representation of one enbodi nent of a waste fluid m xi ng device having

[
f eat ur eBUA RS AMIES accordance with the present invention; FIG 5 is

a schemati ¢ pEPIAGSLRERLHONaRTm BftesBltitRA HRlhi8ntiBRHREH R0 RfprResgdugh f | Ui d

m xi ng device having features and advantages in accordance with the
presentafeﬁWW?aéﬁ_;me ™G 6 is a schematic representation of a further

al foer nat i ve 19gbedi MRAm.AE dié’grﬁﬁ@l‘%ﬁr@seﬁthﬁ&@f dboilehibnal ARUELBmER\Fdags heagir es and
advant ages in accordance with the present invention; FIG 7A is a schematic
r epr esehiBEPEROGE PRt her al ternative enbodi ment of a waste fluid nixing
devi ce havi nagfBa) 4hemieRFr-RMMRRLAGES ubRIREEHNEARES uW it ftcditBclidoant
invention, FIG 7B is a side viewof the up tube of FIG 7A show ng the

sl ot's i bofiwen pihe presertiweign plipspthe wasty flniddas lpperdensityisect i onal vi ew from

bel ow of t hepighafsty sSHeRPEY deprentitlofbof & Wbe Tvling BphiStud fob @&tih fd@kan¢s ©ith f rom
above of the vane drumof FIG 7A;,, FIG 8A _is a schemtic representation of

: h
a Pur t haethsyembedinint ofehearsen myaen Wreéhev%ﬁe@“‘filhi‘ﬁhdﬁ%ﬁ ¥y  devi ce having
f eat ures andrigdyantagestid BpracRaiod 3NGe eMbddinchite a Ha8S Biill mixngeBliteaRyind| G 8B
is a side view of the up tube of FIG 8A showing two sets of slots in the
si de of fitpEs g afgpages inggoopdapge vl the presenkigteii®®nal “vi ew from bel ow of t he

shaft supporgicof is k bdzem®Bibireptekdatati@Ddf hiSalBrnS66 bhididdent\of £wasterfamnakioy®viod t he
vane drum of FIG 8A FIG 9A is a schematic view of an up tube with an
open | obEms EAGTesAdRdETtags iR B PESRE Y Y% & down tube having a
plaral ity ofri3od 88 siemitheepsisctionstd firther aitrdtat critddimehali wgteflaatnixies and
advantages _in accordance with the present invention; 3 WO 03/067082

PCT/ USO%V\S%I?E% foprugss m%ﬁ‘di’aéltaﬁes%%“f‘?rﬁ?’ﬁ DR ETHIN B8 w of the up tube and
the outl et end 1fishRBefidreptetdatiti@fiof fufther alAiative embodiment of a waste fluid mixing

device having features and advantages in accordance with the present inventior,

FIG. 7B is a side view of the up tube of FIG. 7A, showing the slots in the side of the up tube;
25 FIG. 7C is a sectional view from below of the shaft support of FIG. 7A;
FIG. 7D is a sectional view from above of the vane drum of FIG. 7A;
FIG. 8A is a schematic representation of a further alternative embodiment of a waste fluid mixing
device having features and advantages in accordance with the present invention,
FIG. 8B is a side view of the up tube of FIG. 8A showing two sets of slots in the side of the up tube;
30 FIG. 8C is a sectional view from below of the shaft support of FIG. 8A,
FIG. 8D is a sectional view from above of the vane drum of FIG. 8A;
FIG. 9A is a schematic view of an up tube with an open lower end with an alternative embodiment
of a down tube having a plurality of holes in the sides and the outlet end, having features and advantages

in accordance with the present invention;



FIG 10A is a schematic view of an up tube with an open |ower end with an
alternative enbodinent of the down tube with a plurality of secondary down
t ubes hawog@sleioes in the sides and the 5 outlet end, harcagsheged2uz es and
advant ages in accordance with the present invention; FIG 10Bis a
sectional view from bel ow of the up tube and the outlet end of the down
tube of FIG I&ﬁ QA showi ng the plurality of secondary down tubes and the
hol es on t heFlGufP i@ seehenal v framebelomob theivit tpbecadihe outlettsadof tHBIdGyn thlfe of BIGR
schemat pg; view of an up tube with an open lower end with an alternative
enbodi rent 10 of the downtube with a plurality of secondary down tubes,
havi ng f eat ul'Ss 14Ads AdUsmEtegasY PhamB Bibe Ak an ot lewerhead pridserdlicingivent i on. :
FI G 12ehSodineSicIi 8@SdCudE valy a%iurﬁi’?c@‘é@oﬁdﬁt}%om fubks ﬁav_ril%thgi%%iﬂgwgfdps a%n?ﬁll spoke

13 i h w of a down tup

out;ets vgﬁth Qﬁ,uptube; FI 3 is a sChematic view e wth a
rotating” hf_ﬁ‘d’ Yrssipriwes B pdatiaenineprogncs pith baresentisipitiog; f eat ures and

advant ages !Haammsaaﬁﬁal%&hoﬁlb&ovp&m%gﬁbédﬂ&%@&dtmhdJf%le'ﬁlw%tl ek, @
schemat e conprising a pl uraf i ty of

W \ﬁlﬂew% a 1t)ortion of an up tu

concent t7tshapme thepmality gsgrondpoy dewp tbesendihriolesiorsh e suds of theserorddanioen wi t h t he
present tubstyention; FIG 15 is a schematic representation of a nodified up

t ube havi ngFlrtféat ures and advantages in accordance with the present

i nvention: FIE: g jchente perephar petubq wither prse fower cestwith ap eltemiabiveembadiget scal e
corner cofahe dewimei R phdlinPor V&St dary ddfn fubddi Hg.viﬁg 46k L8 YdvaRachay !1(!39&)511%@6"[ ures
and advant %()as in accordance with the present invention; G 17T a

cut anay "Vt BRPEFHHE™Olr bi ne and generat or assenbly of the waste fluid

m Xi ng devi cHG. 1fis Fdckemaliievrdf@dovhBubeSvil@ a%ﬁiﬁ'@ﬁlﬁoiaﬁ‘d s‘ﬁ&l@%ﬁ%{s with ndt, ihigbe wi th
an open Iowg[irI elr}d, V\f'Eth.an al ternative enbodi nent “of the rotating down
ndi g8

tube, exte CHAES AW 3f 2 Aorrguteriath  prtatipsb angdolis avtictgvith en ensubend

t ur bi neigwvinp teatued and2Gvaifags @0Rcordads Wil tl-gaddif Bsen@iddd advantages in accordance
vviltsh t he pr\e,'@&ng.i nv%ltion; FIG 19A is a schematic view of an up tube with
a ‘2l osed | owel Erid? SRPEACair At f 8pTHeR T up BhbeoaPreiie e Rifralithel coeseaitic vy

downt ubtebes estienBitigs M0 bdkhaiels alabosrdaite Hith B8 prRntiRBionand havi ng hol es and

t ur bi nes rmtﬂfﬁe%i thereon, havi ngL;. features and advantages in accordance wth
the present I Rvent T SRR EPrepstpry ofp raqdiied vh Wl foying fravgpand apanagrewn i n

Fi gur e at8AJan30withltks.predéht insenflosschemati ¢ vi ew of an up tube with an open | ower
end, w'th arhél ternative enbodi nﬁnt ﬁ% t he rotating downtube, extending
subst ant i al I'y7i BeG® FREafs Huitiahon of a pesshledarsrg oo toseerchtienhofinpr 52 estmt ed

t Ber eorfuidhitcing devicahdving fiifurds tipEadadmthg SOV cdriRe withahd fged BREHELS and

advant ages iFggvalgcor dtance.vvi tH tﬁi?ﬁ aFr esent invention; FIG 21 is a
schematic vi ew '8f° AEHAUH TS 6 PRt PhG I parssmbi of the wee Spidavene darieeh t he

pr esentof FBG.\\) 03/ 067082 PCT/ US03/ 03242 invention wherein a rotating
hel i cal scr i,§.used to generate the power instead of a plurality of fan
bl ades, ha\e}aﬁ'g1§ fsgi‘{i‘ffpégg V%WHF%‘&B&‘R?‘& opeg logers- Tah eralifmetye e diseRs ent

I nvent iobthg rotating down tube, extending substantially into the up tube, and having holes and turbines mounted

25 thereon, having features and advantages in accordance with the present invention;

FIG. 19A is a schematic view of an up tube with a closed lower end, with an alternative
embodiment of the rotating downtube, extending substantially into the up tube, and having holes and
turbines mounted thereon, having features and advantages in accordance with the present invention;

FIG. 19B is a side view of the up tube shown in Figure 19A;

30 FIG. 20 is a schematic view of'an up tube with an open lower end, with an alternative embodiment
of the rotating downtube, extending substantially into the up tube, and having holes and turbines mounted
thereon, with rotating up tube and down tube, having features and advantages in accordance with the
present invention;

FIG. 2] is a schematic view of an up tube upwelling apparatus in accordance with the present
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FIG 22A is a side view of an alternative enbodi nent of a fan bl ade used in
accordance with the present invention; and 5 FIG 22B is a schematic view
show ng twe oanewms2 porti on ofthe fan blade illustrated in Pcguarse3/@4e of the
drawi ngs. Description of the Preferred Enbodi nents As di scussed in the
Background secti on above, when solvent fluids having differing osnotic 10
potentials are contacted, mxing ofthe fluids takes place and energy is

r el easdyentipy waerpip p pipgiaghclorbicryy ivuslip gegeratgheppviar ipgigad afgipglr%llﬁyaﬂﬁ@m Skded from

its origiifefeatle®d aliRntages inhedotafd with e Brevdnt Bvei@nt - Wat er. Thus, an entropy
gradient is created whenever two bodies of fluid having differing solute

concent r at i 6H3: 2&fds avidsyishof furlternativeeiibadimentiot fag blade asrdithaseordaner Wdghen to ni x.
Thi s enkéapnvafiad.gt can be physically observed and neasured in the

wel | - known phenonena known as osnosis. 15 Because the term"osnosis" is
associ at ed ¥ 1728 ispegismatifeiewshrwvitedhepndenporticnof e faa blade dlugfaaed infldsuge 228er m f or
the sitgtatisRRimshen sol vent fluids having differing osnotic potentials are
contacted and nixed with each other in the absence of a nmenbrane. Agueous
waste |iquids, such as salty brines generated as a byproduct of

desal i mgEabtibrele ’P@@red Pab&imen@’ € M xed W th sea water in a hydrocratic
generator such as that described in U S. Patent No. . 20 6,313,545, which is
i ncor por at edsHiscesH B eRepkgraupt ictiongperegubiasglvey Muidshaying dFEmePsPAiY he
papent ,poteftilARABhiS 1l migi@Rs i !ﬁlﬁlldls%léésd}mdé hiGnB it RaNTIBQMRbdeRRs, reeliiss eanat er
wi th each volune of fresh water fed to the q(%enerator, whi | e generating

pover 8D dlHg s traglermethian ity prginabeiate tp HRdpted fRtgHitRltwPER Tdenal Y | ower
than seawRhel credthBwi¥hettit@o béiies aff i Ekhvad! Hiffbrhe sblte cGEMRERhOIre BSudents | bed in
U S. Patent No. 6,313,545, The waste li1quid is led through a first pipe or

hose 2ntpdt fyh prsarptheasd peginde ixt His epEPY SRER eAtPRRRYFalls oserveiand measiet er
second iptR Gelfl ko FhebMha kithh@ s BiaRgi.Ng vertically in the seawater. The waste
fluids |eaving the feed tube flow upward throug% t he m xing, .tub(f entraini ng

artd i xi ng BRFAUPF the e parosols aveciatd vl nambepe. A derer BEtoeRES 48 155¢ §'¢ vol une
of M Xeaghn ikt sehudiB@kheh ke fRIdE h-@tng BiFeringb@mbtiopordni@s 7t ohtaged b ixeddti NG
occurs due to the well-known thernodynam c driving force for mscible

| i qui dcagrothsr mithsrabishice o8 pmMEBMYs| t i ons to mix with one another. Because the
two |iquids safeuamie Gquids] ddbitasdyinasingsschefaMs Qroypodukt of Seskliniatiéte staur bul ent

conditions that provide the nmechanismfor the Ijquids to mx_ rapidly and
ef fi ci ertqyare meghah ssarvafrs e ErFRRYS R HIf %‘la‘bascth%i“ﬁfétﬂ’ﬁ 4 g]\?v Bt & i xed

| isgqui dss DY 519 GAICPRErRbrh & BicElRredidP kPR ATES gchdtithi, NQesastzenitticypataitlifidapatidie m xi ng

tube. The spinning of the turbine blades cap b arnessed to rn a
dy nano. °f 5oy BEFsEDoretE) HSeirese SzaWWé‘ﬁtﬂﬁffglVga‘Be ?f?%g%% fIFfr‘aJ%‘eds Wi th

densi t | RferdibrOW@Lk gblRAnSRReat ey usdd. Xi Ng is carried out as described for

| ower density |iquids except that the higher density.liquids.are ]ed

t hrough t he WisBaPHIeHR Vst I&ﬂ&diwﬂi‘{%ﬁwﬁlﬁéfﬁ%s 2l e %‘B‘r‘“éé Caﬁie%%%“etée mi xi ng
tube. Nemrdihtas BRtritkd BW.$ Pad@Waves d,546lrThy emstd1iquid Releditrosghtayfirst pipe or hose

25 (the feed tube) into the bottom opening of a larger diameter second pipe (the mixing tube) hanging vertically

in the seawater. The waste fluids leaving the feed tube flow upward through the mixing tube entraining and
mixing with a larger volume of sea-water and creating a large volume of mixed liquid that flows out of the
top of the mixing tube.
Mixing occurs due to the well-known thermodynamic driving force for miscible liquids of different
30 compositions to mix with one another. Because the two liquids are moving, fluid dynamics behavior will
set-up the turbulent conditions that provide the mechanism for the liquids to mix rapidly and efficiently.
Power can be generated from the combined flow of the mixed liquids by incorporating an appropriate

turbine assembly within the mixing tube. The spinning of the turbine blades can be harnessed to turn a

dynatno.



Agai n, because of the tendency of the liquids to mx, a larger volunme of
seawater will be drawn into the 5 open upper end of the m xing tube. The

m xed corwwDmadetoBOW Wi I | energe fromthe open | ower end ofPCThEso3/m2i ng
tube. Again, power can be generated fromthe conbi ned flow using an
appropriate turbine assenbly. Wien applied to sone waste streans, it maybe
desired to nm x sonme additive into the waste. An exanple of such an

addi tive i s Vhpe penyiechtopastsdiaeiés wittidradtios hishoralan seantiiieit §UH1E hcaied iRt ¥ct ant or

to enhapgned ki 10%} &asﬁtlyﬁaudgfexéébm%@hlyﬁgmpaeaﬁ@Ihemmtmqsa tilogeh AR Bk inpxanpl e of
such an additive 1s a"small portion of an active mcrobial culture to

di gest thqtawemggﬁﬁaeéar%#wma@mww&%@wt Heryis fpwnsardafinven pydheglstaithus t o
those gkinl deeflsd tﬁeh&dé’%} of tiRUG A niRd g'l&%ei/@ohﬁﬁ"erbf R&whiBd @i beadh@ thehe

smal | er Waste stream before mxing nbi ned waste stream

f 1 dwi neppettirpu g of e miring trhy. Thadxed rm@nm Sovngll gmeres ﬁrqnh@e prsn forer eadefitiscr at i ¢
gener atrﬁﬁm §uAg%§1 EM ch6e Equbt{ed ﬁ@m‘@ﬁel Aom@ﬁed’\@c;vl/ Lléilllgsﬁﬁip%ﬁ)grldt@uﬁ‘m& conbi ned
liquid product I A schematically illustrates conventional forward
0SNDS| s?lsicmblcﬁugh a sem - permeabl e nmenbrane. Forward osnpbsis results in the
flow of wat Q’Vheﬂ-%pﬁ&f to QulEhasts Qcke\éﬁﬁ‘tl‘r)maty}% QA tEm&ELRELddNi®d Mo tlEQ\VaEEE@Q' e
menbrane 12 froma | ower concentration of solute 14 to a higher
concenteeamlens sush ansasidifiyels hydrogermepgade, aglerl jujsppall Fraguals at Bsfesta| o fosAhagse r ever se

05HDS| Syx i ©P¥isdORE LS dnR mABR AR BN RPle FQuitndheldditiigs h BhAIURRGE of Hf
external pressure is %or ced through a sel ectively perneabl e nmenhrane 12

from a astiyymeqrobish pratarette digdsorreomedfc CeBPYRds: qthertswhagqﬂaﬁkwlléa?hwhﬁttPéhO? on of

sol ut e gilied ih Y 8t SALELZHRGe QrH beQjecRY Inf AR dnfafertaGe AR b&Ok MM od Bioftheom  t he
solute 14. Reverse osmpsis is widely used in water purlfl cation and

desal i rfozbipgdavastpitsgin %Wﬂ#ﬁﬂ%@héﬁfmmtgﬁ@e WO PEE pestEpe s the SYRRSTEC $8%-0Mes  wor k

energy. enﬁxe%%@ﬂi@ﬁddﬁwé @ﬁl%@%@lﬂ&l%fs&ﬂnﬁl@ cﬁq'fbu@@ iBdrbtictf Oor di sposi ng waste
fluids m Xi n]gAqsuc ds into a lar of fI |d such as.seawat er

i 950 1| ust  atfdld scﬂnﬁlaﬁwélyzﬂlwa&eh éOWla%ah%gwarfi Rl gk ugh & srperggable

constr Liﬁén%ga.ny SHoRhr® nlodib Ir@ul%Qﬂ HRSHoAbf WAkt $6 @ﬂtotlﬁﬁioﬁ)léﬂtﬁﬂﬁougﬂ f sdéiddtiglyschenmat i ¢
illustration, the ocean, or indeed any_other |arge yb}@terégr fluid,

i's reprl@g@ﬁ‘ﬂ@@e@?"‘@6&é‘€m28°“aeﬁ8°nﬁe§§at%§.’n ﬂ%sﬁ]élfﬁ 14 (7 3 Higher %"(‘3"6“53%10]& 40 is

provi deglg. @ehsHR% HeRbitios & r@eﬂ@@dsﬁ@ﬂ?ﬁﬂa&lﬂ‘vﬁdfdr deotdPWih)ent) DR der hB & flGkneE NS ONS
of the up tube 40 will, _in practice, del y e

W endi n
ci r cunsafg¥eread prepsuedelpreer tioheh aoRisctifly perp@ L]ﬁ %@@é@r]ﬁqﬁog‘ ag %glé’e“tré‘flori ncr eased

Vv ah Umesyrdiutvausth Slofvbribidtent@iich of soﬁ@e MEhs @quee%ﬁlg Qutiot dxtisdifigthd poes seixamplfemonl y, the
up tube 40 may 30 have a 15 cm ( |nch) |de lg%aa&?t er gié?]d é d be about
1.5 metiby WiupoigReveise SRS ’él‘?%]éﬁ“ﬁegﬂf @aterﬁgn Tllqna“ zation 8ials BEFEE™ t he top

of the i RordduR&edOosiBYs RBsubBf ForRpRREyand unobstructed, as illust rat ed in
Figure 2. In other applications, as W ne nay be

attached to4 W@IWB\E)IGB‘FSG’(nH"émGBM’tQ@Wéatgfcfort(;ﬁposbnéW%tF ﬁ‘"%%ﬁ &g Si‘"fllllél\t})\llld A& gy into

nmechani £aloeMeidk of NEH G)eh abNeaviARMY flbiaete?( FiRte Def she irSvigm @&ﬁ@ammh)s i
i pe wer e

(PVO) t ube 1 neter | ong. Two 90degree short piece .

a2 ac hevynsigetedising oy C%fﬁ%on%ﬂsmw?’%%@’ﬁ%%ég‘?fﬁ%“z A (1 i “libe 20 so
t Eat dt hgy \A@%ﬁﬁ o ot} & F\M@ﬁor&l@idsﬁﬂzpieﬁbn@dﬂbﬁspabﬁmmﬂ&as e]l:lippertshlﬁlcuij) Anlb}etu’d@f }‘ rom
the down tube 20. The a Cc or e oat 48
by nyl off isRpp&Land ey ‘i—?g‘l’g‘% ‘ﬁ?@ﬁ??@[ﬂ% gﬁ’(ﬁ dippnsges ?%K%ﬂ Biof u(gelﬂ40 may be
posi ti oAbkt W&l RpdaghON thd@cintiahas @ .ader difientibie valhbd nevatagyrto dispose

of increased volumes of waste fluid, and vice versa. As a illustrative example only, the up tube 40 may

30 have a 15 cm (6 inch) inside diameter (i.d.) and be about 1.5 meters long. In some embodiments, as will
be discussed below, the top of the up tube 40 may be left open and unobstructed, as illustrated in Figure
2. In other applications, as will be discussed, a turbine may be attached to the top of the up tube 40 to
convert kinetic flow energy into mechanical work energy. The down tube 20 may be a 1.8 cm (1/2inch) 1.d.

(PVC) tube 1 meter long. Two 90°degree elbows and a short piece of pipe were attached to the end of the
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In the illustrative exanple of Figure 2, the down tube 20 is connected to a
reservoir 25 which 5 contains the waste fluid to be disposed in the | arge
body of waDes/o&®82 The reservoir 25 is preferably kept atrca/usonsant | evel
by continually filling with waste fluid and all ow ng the excess to flow out
the spill-way 27 so that the flowrate of waste fluid through the down
tube 20 is kept essentially constant. The down tube 20 is filled with waste

fluid tdewepibppheetteat Sic vatitifybd was, cansprdio g} wivtards ftortheaprebs &P from the dawytubhen be
adj ust % 1R aﬁﬁﬁ&gy ﬂl%h‘)e Qttagﬁe@ %ﬁnﬁ@ af, dhads bg %lﬁ{ ﬁﬂ)ﬂ%ﬁ%&ﬁl&%O r8d fﬁe Qtttle{ | ow of

waste fluid ih the The waSte fluid the fromthe
reservd$¢4@@WWHW6U§H0ﬂ@%@%ﬁﬁW@@@ﬁ@mﬁéC@ﬁﬁbWﬁFﬁ@ﬁﬂ%%HfﬂﬁﬁéiW@%e | ower

portion of thgeuRtMbeedBple b Iurd2, SRS N0 [ LhLRIE0EE aARAENES24 Rhitihe
apparatus: Point 1 is the waste fluid reservoir; Point 2 is at the outlet
end 44 cofteiptike wgsterflisdo blispmist imthedarpasboryiofeient | he sy 26 frprduetivkerend 24 of
the dowp, Ldilgn 198 by @dﬂl%uag’ ﬁll‘inf%th SadtOBlidEd biFriddRhcleldRe 13 HoP&k QW5 HilnRayout | et

end 24 of the down tub 3 shows an enbodi nent of the invention
wher ei r?7tshéattbn8et jptesf W@s@wﬁb@@gh@qﬂom tube 3] i kot estemahly cersBE: of t he

surroundi ng e A fibBtiefited Flttwask ﬁﬂpeé@lnhhﬁe gpwablwm h%fgmca@% kQgvat the top
of the up tube 40, and the higher density waste id | ower deni sty

wat er  fhasihes bediiedto a%abilmP@awdwwhat Jrecrpipqs igante orﬁfl@ Ofdvaf% ﬂlad igthegewen
sqhematyg Jol fﬁéﬁ;&a@t@tﬂhﬁ RheR o EonPassidtog 28 m?&@h 8 AdwnQhibe@ 0 WaSihieodfidel ingh di sposal
device 100. The device 100 generally conprises a down tube 20, an up tube
40, andhHopBwertionpidbup e “Gener at or 60. The particul ar device illustrated

in FIG 4 maycbensraniredtRt p&it Aete abRkG@: Bl & tﬁlﬁﬁ%@teﬂaﬂ@é’sera@p lpbig@d | ons or
for relatively small-scale or internediate-scale fluid waste di sposal and

power géﬁélﬂeé’ﬁlﬂ% and 4 oEthe vy tplect O Prit i &y imgirlietes aloxs thowptlehend 24 hydeyr BB For

exanpl ey; sﬂae:oﬂlemsfﬁlsfaéthw@mtae 4dﬂewafttﬁe@h@£eladm4Ff&dﬁmrf@oxézobe 10 to 50 neters
or nore, with the up tube 40 being 1-5 neters in dianeter. referred

ertbodi nent , ENdssBovsiap Pf&’oid@ei“r‘?f ?68%‘%‘6‘ whyel thedensigieriie f"’ﬁﬁ"eﬂ%S ]i“ﬁheb Fer to

pover the of t%éSLﬁil%Hﬁ(ﬁ@ bodgrl'b? wiRS FIG. B lsivbind the QB tuSd ZJ0RpsingRY thb&p 6OMectued t hough
t he down tube 20 %ﬂ pressure at the inlet end 22 of the down tube

20. ThetOprddsieber ﬁwﬂws PRIJRFY SRR FLov SPEET BHNOFSRIY Hhe grovs
hydrost ati ¢ figafis RIsRHPUEIRmMb@RSiMstrhitel of 6rRPosiblel ekhbeihid eranedste fRild dspbdapher

el evation. The essure applied at the inlet end é %Q t he down tube 20
need orfleyichEOhiT gfhdeé‘ﬁ‘b Urecheply rarpisin? daen whuther ap 10 AL 489 APVHEBUL | et

end 24 Ogéﬁerit&QSOd%aﬁH@ﬁ d8Re (1R Er @I FIVEBHS, elalhipfd Fos cithrt 15:@€lstale dech R@r t he down
t ube , Sea water flows into the up_ tube 40, cau up MB||IH%FIH t he up

t ube 40WP%EPm%Sh%b@hﬁ@gdm@B“ﬁ¥Rr?ﬁmﬁﬁﬁﬁS%ﬁgmﬂd?ﬁ%aﬂP BPREC GEIET St e power

Wi th t hegiiROWeHa1I9R BQkET /RlierE8s deSIRAER o Exatnple Sha ke b wakg ilRbiAlin FIS. duey t 0 t he
i ncreased buoyancy of the waste fluid in t ube 20, because the waste

t he
fluid HadO% } ?S@éﬁﬁiF?h?%ém“@%ﬁ”ﬁﬁﬁéﬁnwﬁﬁP?ﬁ 't he apparatus and the
met hod may gl § GreRAENEDHEdIhGE vRRe AEY isam Atk ading therdown futke20dh éfﬁeltcem;tveﬂ;hdfmt ic

potentlals of the waste fluid and 7 03 P US03/ 03242 ea
wafer . drviec Anotate T pBLREPLT Mgy © W%ﬁllﬁggﬁ?’ﬂa{ *8‘8&95?%{%% (’X PPIEREFETE in the
devi ce epends M RRMMbwOfbe L6 EhP afetsie Whaitbe qitomamsbyanlsu@fngtstaeomxp withee 40 and

the down tube 20 and the flow rate of ste fl e 20.
hydrostatic head pressure resulting gom a fluid res GI’VO\I’I\%t a h?gher el’éva‘uon l%he pressure a 1ed a_%l tg

inlet end 22 of the down tube 20 need only be high enough to overcome the hydrostatic head at the outlet
end 24 of the down tube 20.

30 ‘When waste fluid is introduced into the down tube 20, sea water flows into the up tube 40, causing
upwelling in the up tube 40 that can be used to mix n with the waste fluid and generate power with the
power generator 60. Some of this upwelling effect is due to the increased buoyancy of the waste fluid in '
the up tube 20, because the waste fluid has a lower density than sea water. Further, the apparatus and the

method may also hamness the energy available from the different osmotic potentials of the waste fluid and
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As shown in FIG 4, the down tube 20 has an inlet and 22 and an outlet end
24. The inlet end 22 5 is connected to a supply 25 of waste fluid. The
out | et ermi024/06f081 he down tube 20 is open such that the ®rastusos/H2u

di scharges through the outlet and 24 of the down tube 20 into the up tube
40. In alternative enbodinents the outlet end 24 of the down tube 20 may
be connected to an internediate m xi ng chanber (not shown) which then

di schar egatpinTls ameunt gfupmghios. 1éringapd proghatttesnariwin the Bevico depprdynipart oy of a
vari et Ythpﬁar%ﬁgg&@ﬁsﬁms QR itk 86 ke dBwh RibENPLS BreBlow e SH BIEHEE if @ The
down tube 20 which mnimzes the resistance to fluid flow through the down
t ube 20dovnRePet ance to flow through a tube decreases as the diameter of

the tube i NCALASESH FIA0HE MFmBubk 26 B8 an HlBAIRLE hndla8 butleh\Gid 80 Whe e84 20
therefore mnim zes the’ resistance of the tube for a iven flow rate.

Angt her s eecteitoms iRl éhebrasisdiuidnEregindisherdtt afthedpen tbsdy it eitse s thakthy o

Mexi M Z@asteRidafdebtbes #6high e lolufet £82Y oBthe 438 tife8b Bh RE WO%%’C&’%\/POV\B"
generated by the power generator 60. \Wen the dianeter 15 of the down tube

20 excedibedigenishy %ﬁﬂﬁte “urs the doventiiape 0 gy byrenngped tapriniegedip eivgfefohasitency  of

power g@&@&@%bg&dmmﬂ&@m§g§§mpﬁgqu§mgter of the down tube 20 is increased
further. There is therefore an optimumin the ratio of the dianeter of the

down tube 20‘\111@%@%“@@113@ 8 gy Bhaa of 2 SHrietyd digpretergnae guyeriog itdio kot or e t he

rafol 0 Ofiarheft® for McQBwR Fubl D@ wHEY iR 1 BesisBARYd MBd BGy hRRPhS doviituletide 40, in
order to maxim ze the efficiency of power generation. 20 In the enbodi nent

of the Bsisarariedos Hsharfule degreages ap F’}@ dsgneterpf tntbomerggses; fhoogigan Webe 20 i s

| ocat edgihiad: 48 teASwAHRALE 2REerdGe mintnit I kS r &AL IR ube foP it ftargnd 24 of the
down tube 20 is preferably oriented so that the outle% end 24 of the down

t ube 20 poi ritstherriéerign mTheosingthe dipracterof tha dove his\R8rs te Heximgze Aichmgnteud | et end
44. In éfﬁ@en%mwnqﬁﬂé prBdessah&he f}owepggng}at%m thd 1%%{ gefdordd. Wi deh@mput | et end

44 of the up tube 40 are open. In other enbodi nents, the | ower end 42 of

2515t he fefﬁwtdamtuwOrﬁﬁgﬁe%f@ﬁﬁr&'ﬁlwalwaﬁ@g‘w ﬂ’ﬁtuh@tbeﬁ'\oeﬁlﬁéfﬁ&‘fmcﬂPffP&Y?flgﬁﬁmFleu| d flow.

Al 't hougficitnBe:s tHe 8RB B hOTovh ABe LOVREcRBTAR:. 8RGe it hErePitlah §tinBRAG Hidraff t he
enbodi nent of the tip tube 40 shown in FIG 4 are equal, the | ower end 42

and theof@mma@@teréﬁawdw@fﬂ%eﬁere&?ﬁVﬁtta%d%etﬁﬁVh e&PﬁaflféfP@?fPre thgralipettey s in

ot her efhORiiEE whE QD r@ARERIR ardal tibl 40,UR6rabBY RExRRS ik biiBkity Of podegat i vel y
tapered to form a nozzle or diffuser. Alternatively, the up tube 40 can

have a $@ERE8- down portion to forman accel erated 30 flow there-through.

| ot he  embod, ARmb&fimda! @théappirﬁ@s ﬂb‘\ﬁzﬂ striend th@‘@)uﬂ& erdd@ oFHBe H(Hf@ﬁulﬂ:(%'@
attached to a flotation system for |ocating the up tube 4

pr edet elpyricA dtidg g p tubprtrdp ﬂ’l‘?é&’ﬁ%d“&‘im thscoytlptigd thef thﬁ'pd"f”ﬁ e ?)15 ar ef%ably

predet e&rﬁht&ﬁs@ﬂﬂm@ﬁ%butﬁ?&d@hSﬁhdiﬁ@ﬂtdb@z@éoﬂﬁsalpﬁﬁrdt he flotation system The
flotation system shown in conprises one or npre floats 48 and one

or nore suppgftr Bhpflles B(If’wefrﬂ’é i Pltﬁlef‘ﬁ’@“tl%eq’ilé‘f} Ip the pghodisienig FIG3 4\ etys9 067082

PCT/ USOR4 Q3R anPinY 6AORNEA ofithe@p tuibb 40TBRY oo TRbthe SmBodiMekts, ahd 1éwer &fd 4 Beli vi dual
air bags, druns, or any other suitable materi al capable of producing

by ancie un tbesS iy eppbBRT e Sthergmgans offiespting dyidlowos the up tube 40 is
attached to Amekdh ARG deARESRSFiRdowel B 42 and the outlet end 44 of the embodiment of the up tube

40 shown in FIG. 4 are equal, the lower end 42 and the outlet end 44 of the up tube 40 may have different
diameters in other embodiments. For example, the up tube may be positively or negatively tapered to form
anozzle or diffuser. Alternatively, the up tube 40 can have a necked-down portion to form an accelerated

30 flow there-through.
In the embodiment of FIG. 4, the outlet end 44 of the up tube 40 is attached to a flotation system
for locating the up tube 40 at a predetermined depth. Other means of locating the up tube 40 at a
predetermined depth may also used in place of the flotation system. The flotation system shown in FIG.

4 comprises one or more floats 48 and one or more support cables 50. The floats 48 may be formed of
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nooring cables 52 extend fromthe |lower end 42 of the up tube 40 to anchors
56 fixed on the sea floor. The 5 nporing cables 52 and the anchors 56
retain t wowp/o6wBe 40 in a predeterm ned | ocation on the ®ea/ushpaa242 The
lifting force of the float 48 transmtted through support cables 50 retains
the up tube 40 at a desired predeterm ned vertical orientation. The down
tube 20 is also attached to nooring cables 52 which extend to anchors 56

on the 8veanmmB), ggtmay DTS PluFmgtycA Bizduab o bagel dawishes sy T Fplde pHEiaown t ube

20 in pLRGKe of plAfciABhibe 20 is arranged so that it discharges the waste
fluid into the up tube 40. 10 Increasing the dianeter of the up tube 40

i ncreases t hie samuunbedigents fadomer oig 47 of thee tibp 40 isigBiachel tameoring blee P ride

I ncreas ﬁl%or%&r}')fbg5?Jx{eﬁc?ﬁ'mﬂﬂglo_gg\éﬁ'cf429)'?@9%{1156@6to AINOR Y6 Fixed bAHGE 8ABIRGLE he

di anmeter of "the ug tube 40 i1ncreases both the size and the cost of the
appar at Weoringgzies &2 anditheanehsiSA getaihide vy ke 4fin 2 predejppmipadiesatd on feEeedlson he use
of a dow, ol clidads HaRRkiRH 1REERWHINANEs J00ShiRIN &l 46 RCYesirtie rati o
of the area of the down tube 20 to the area of the up tube 40 is therefore

t he par Biststcapingheipal pgentagorh dhegetvn by &t plag Hiashed thgoringsatleyS2 ghighestead  of

ei ther {N@HIR 5k bR §QarMook. B HYMe L4RE52%04 Al-RNEs6 nbRBLARWA tlotein #Aceand t he
up tube 40 are preferably not subjected to excessively high pressures. In

t he enmb8bA deEntubs Buiarringedp that i dishprges iy wasip 8uid iR bis Ot he sea wat er
enteeri ng from G o Wekhet§ b8 imédp O 40tRRaEPIE RN HCuARMing e \WREbEs0fahyi d

di schar ges fr‘omt%e,outlet end 24 of the down tube 20. Because the up tube
40 i's operiredeprates mewe s admeysr pradection Howpes moreesig tsdemeieats iy upaibe

const r ugs gidkeRbs Yol RS 4iA@hY thé Qost SRKLPPShNE FRE:, ﬁﬂcﬁﬁbﬁxﬁ%ﬁh&?&a Jrek@p inak 90 such as
pl astic, PVC, Ilghtwel ht concrete, and the like. The down tube 20 may be
subj ect apvegrehieghedonp e SUwie srenih arpnihop lestig&tigioney alibe oo g Aicels | y

smal | . dhSube 20 RAKPLASI ML upBbES0 i §hSref6R e PRratS @R ls tPRLBtihid® ritRer e 40 and
t he down tube 20. Suitable materials include polyvinyl chloride (PVC),

fi Ber gl & dlampiey of eithertheimduiepyr the dawndibs d) plgife (PP), concrete, gunite, and

the like. ArfbR@ubd B Md thOlhRbe MBS rabisly Sd6ibjeasd 5 bakRIES HiglbheBlreOr
titanium may al so be used. Because the up tube 20 25 and the downt ube 40

are genbythy gmpodipebehenn ind |Gty Bip uRiPbe A8 capiqipdieyeaita sdgng AP te I9er Hdd2 pe
pr ef er abfBe 4futfe0 Bhd thd RastbAM disdR@se? BorR el odtbRnd dreR@owDubd DNBdBRLEhE al S
resistant to corrosion fromsalt water. |If stainless steel . is _chgsen as a

mat er i alP 8be 46 rstrEet FolRY IEsswes 1B 8 Sba P ¢an Brerbls e cgstrugiid f TIVEY aj nl ess

stgel V‘ﬁb}@ﬂ@nsiv% af B hiStigR tnatchifs SOK £:QHs@NPYY, ligRthtighainercte, ahb ehe Ok, TiRtdowd 44 of
the up tube 40 may extend to or above the surface of the aﬁ:ea ﬁLTg‘?% be
| ocat edtub3@0 &1y Rhyutirsist Fp kghte Bieruich &8 dE radwe o fifeudidapicaly sy odi ment,

the out |netpe@Nd mAdridl cat BeisdiFotbbil e 4Ptubs40 shDBSdoRH ibe2(. BetapBAhikgalZ@NAe SO as to
bring nutrient-rich deep-sea water to the photi one to enhance growth of
t he or gBHly&ikehio de((ﬁ}éC)pﬁlgffgla@s,g@wgly_epﬁ(gﬁ)gwlw}d@ﬁ?ﬁPéfggcr%%1n1t% I the up
tUb? 4018{{&5{%1‘#@%%6@6@@@@1_ iald bweg laﬁ'fhhﬂesé/ﬂé’e} @EiMni@tfinfaﬁﬂﬁ&?e&seﬁfﬂ%&ukﬁl@fp:ﬁubie 30 Chth
prefera suffjcient to_allow conplete. L of the waste fluid with the
sabt  wadshie dgtyR b0 A EeBYCELS A 1§ Ve @1%1‘34M8%’f*%*7@8&b%6f?195§0%¢06%242
unneces §aayvihRA0 & thdi@ td b @fronh @¥yials TRBtaBfdd doradion feaghitwatrl If stilesd atebr m ned
as that which allows optimal _m xing and/or power grloduc{lji an for _a given
range ofS *h9ip 76 2 ASHAL OFPIHTRCUPR. ds Freferade to s9fst an allyohstyrle B B b E S G may

al so be(rlipsen haseskt@n a desire to facilitate mariculture, the pronotion

of growth of organisns
J The ogtlet end 44 of the up tube 40 may extend to or above the surface of the sea or may be located

30 at any depth beneath the surface of the sea. In one embodiment, the outlet end 44 of the up tube 40 is
located in the photic zone so as to bring nutrient-rich deep-sea water to the photic zone to enhance growth
of the organisms in the photic zone through mariculture.

The length of the up tube 40 may vary, depending on a variety of factors. The length is preferably

sufficient to allow complete mixing of the waste fluid with the salt water, but not so long as to cause
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in the sea by transfer of nutrients fromnutrient-rich depths to the
nutrient-poor water at |esser depths. 5 The power generator 60 generates
el ectriciwg oBoemwst he waste fluid/ water m xture flow i nsi deCrhisos3/eq241 ube 40.
FIG 4 shows one sinplified formof a power generator 60 conprising one or
nore turbines or propellers 62 attached to a shaft 64. The shaft 64 is
connected to an electrical generator 66. \Wen waste fluid/ water m xture
upwel | gmpsgessanediagon thpwaterdlow Hie opfwd lopgthpillibe Agiminras thabyylieh dpws @malwni ch i n
turn rqf;ahe andfo%w%@géuctﬁﬂ 4 leq{n'r e&fh‘@uﬁéra%ﬁﬁﬁ ﬁ@\lz rafd€ T léﬁg&rofﬁﬁlp thier eby

generati ng power e or nore shaft supports 10 may be provided to
suppor t40tmkg ab%bﬁ chossd baserl amiardpsie soefacilesp }“F‘%lﬂéfﬁ: lter?ém@ﬁ@ﬁ f gt wﬁ TEaN§He

upwel |'ipg. wat, lirzulsrfe'r' Bﬂﬁtﬂeﬁl@ O Byt Qnt-ABH Rpth 0 BR hhiBES-p &2 waket AGRRHIb@s t he shaft
64. The propellers on the shaft 64 maybe inside the up tube .40, above

thé outlet dhelpeywsr ﬁﬂelﬁﬁé6wllef%tﬁ65°tﬂﬂty fegpn thropasteilliidiverisr RixBIreflow ipgde ey and
above tdﬂ%ulﬁﬂblfqé @ﬁgwélél’leﬁ Fﬁf’ﬂ:@ fohi of#&ﬁveﬂé@ner&t@r doRema e dhd B Hore totbinkd G 4,

the propellers 62 are |oca i nside the up tube 40 bel ow the m ddl e shaft

suppor tor Bgpellgs f7 atielieg to a simpfit6h Theshat £4 fs &%PecﬁéF?éP glechicalggnerdsy ob VoI ent | y

| ocat edyaoM& nkB btk ﬁﬁ&ﬁ%@@&%@n&w&ﬂh@ 1R 1B priR1IeME2C Bhictt iR BirbiRtatdube 40 is
| ocated. I n the enbodi ment shown in " the electrical generator 66 is

| ocat edheshefyes to diins theglepteipabacagrate s, ety eeernting RpEeT- P JimATe ﬁ]i‘af‘éul??ﬁit%q enance
EXPENS Gy T;Q AL L] LB the BRWR4 toifihize 4o6RiRe SrenetRE diivdde SOufRahs ier Wast e

fluidis |n roduced at the top end of the up tube 40, which would, in such
a case,MBebe A of e PERRA ¢ atyshed thieshaf fangement woul d be 20 used when the

waste fluid ﬂ@?roﬁell@@'@bﬁtﬂes‘ﬁ&ﬁ@hndy%e hsigdv@s uﬁthmotdﬂ&te tl@fouﬂdﬂ&d&@aﬂﬁé@r or
ot her body of fluid in which the waste fluid xed. In this enbodi nent,

the fl dwboiurrdothinsisle the vBMmtiand gk gutichrad %%féhedﬂ’ tubed. Tp ths emdrdmePher e t he

M Xt ur erpRu L Gnexbleter s &N ELRPLde tﬁehl% tlﬂ)% PR oS it H&Hﬁuﬁboﬂ%ﬂ' Sidildiever se
operation so that they are-rotated t he downwardl y ét ure of

sdinat ehe dasaicolgaieator Pomay becperently, %sﬁﬁﬂftdweove ApistoBiths Saff@e P%fg%w@%ﬂl%w

descri igd,, 20 Bl W B HMYSGRARR Edtvh HIFIOUHE clbfricslpast 6 alldcited MBvesane as
the 25 dévice shown in FIG 4 of the draw ngs. FIG 5 shows an alternative

embodi ribhturfade of thesyatersin PIOgr o MERmIFSRPIHEGICE &PENE power generator 60. In this

case, the poweEmgRRRAALRN i®PIGCOARbE S8 OB theaaste 4d atiftaaiedattie wphe shaft
64 both above and bel ow the m ddle shaft suppqrt %The shaft $4 i's
at t achead plighyupdube e thich vanld. Juvrel 2ges baseme tihidawe g inasneeRr 801 Bl power

whgn t hgeshah the §4stt AlidtL 8 dAUE Whdh tsh@shérlthih thaf dreny s¢aﬂ/atEm oﬂhﬁl b'bdghﬁ f14iQ in
Structural nodifications 30 to account for r ers g}a%ect%on when
Wﬂ% tewfs

t he waswichitheyagte faid ismiggdgindis enbpdime, hedlowpeuifHybe

r ef er engénboFkiere tho mikhfe wobild SHO WSt mdeVRE p@ﬁbﬂl&ﬁ 61t \oil dB@ve altevalit qiamﬁme or nore
spiral fans 70 are mpunted on the shaft Shaft  supp ‘%iﬂ mf%

opt i onatoltpt BeY e BvAtHR HesloIHIH e idBE e gsea‘f”at?fw&d @?‘fge fﬁ“ SR Bhe or

nore  spifophiatf RAsaklhis ABYriRE it draghednd delalicd whBIlte sBAtaabdy eetsdiee mitdidl e shaft

support 68, below the mddle shaft 10 WO 03/067082 PCT/ US03/03242 support
685 or dBehshapbRd G BB Bhe ni ddl e shaft support 68. One or nore spiral

fans 70 may f€. 5 MBWHnQdertivd ABoEhak bf Hikse fuild hﬁ(l&tﬂéh@tamepit@eﬂg@n@itortﬂﬂe up tube
ToUNt ScnBEL RS FISTE S0 FBE AR B EHE. BIEFEL AR G L up tube
40. I'n g dgiddle shaft support 68. The shaft 64 is attached to the electrical generator 66, which genorates
electrical power when the shaft 64 rotates due to the fluid flow in the up tube 40. Structural modifications
30 to account for reversal of flow direction when the waste fluid has a higher density may be made as
described with reference to FIG. 4.
FIG. 6 shows a power generator 60 in which one or more spiral fans 70 are mounted on the shaft
64. Shaft supports 68 may optionally be provided to minimize wobbling of the shaft 64. The one or more
spiral fans 70 may be attached to the shaft 64 above the middle shaft support 68, below the middle shaft
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enbodi mrent of FIG 6, the spiral fan 70 is attached to the outlet end 44 of
the up tube 40. 5 The spiral fan 70 conprises a plurality of spiral vanes
72. The fwoiod/ogriost ure flow up the up tube 40 contacts thecCplusezbizey of
spiral vanes 72, turning the one or nore spiral fans 70 nmounted on the
shaft 64, rotating the shaft 64 and driving the electrical generator 66,
generating electrical power. Structural nodifications of the device in FIG
6 to actopenttdf arbothahercsed babiw the widdld shal stipor 6dhers dar rwre spad taas 79 waxibchas a

hi gher H&ﬂﬁh&?’mﬁé(ﬁ pﬁ?on'ﬁ?e%ﬁtléfi@ndd@%ﬁﬂé 1B%que% thtf'al a?tgrﬁegfvgﬁ%o& ell: Iogé or4nore10 FI G

7A shows t ower end he u cl ose tube 20 passes
t hr oughspirdidans ¢Q ey mopwesibodingidg the mfmbewé aukpntﬂm@eﬂen@ld %Pﬁﬂmln gllbe ). Bthe7 A shows

that thg,deweh: L4868, &the sﬁmﬁa}]%ﬁ%ﬂmﬁ& 19 oy enlf S @fuﬁmgrtab@%cabl es 52 which
are attached to anchors on the ocean floor, wn tube 20 nmay al so

beSsuppor t edhpgpitahfen € @@B@M oRleplite pichpized V@ﬁs ’ch'éhed}detrmﬁéfeﬂgw uheuctiiesed | ower
end 42 me ) t tH@plﬁfﬁlE:? gﬁfvanef 472GtumZﬁ% 1 1'1:1(96 %)@fgﬂ‘ oMY oh lﬂg%hzﬁ:p in

position wt need for nooring ca anc ors 15 56. The up
t ube 400%tinhnd eshal 6phndrdaiing fhe Pectrishlgersraps 66 gsn@h@g/\wiwtrwallpp\@r 7B open to the

surroundin g S@I‘ﬁ&uraf rQodﬁ’chtQ)Ws (§f tﬂﬁ dm m\qﬁé %rto ﬁcgoﬁ%let%ve}slaﬁ)f H&V &ﬂ'égﬁ)n ZV’i@cn t@ e or

nore shaft supports 68 are attached up t . e possib
ermbodi mEaste fyfd has %lugheacbp@tygmqu@hprp@ﬁcpb@smhgef@rﬁ@m Filﬁ ‘FI G 7C. The shaft

Support 68 f@@ R d S\G:Sih AP er Qfid Mﬁe by b ovenRm *Phe%&ﬁ&bmﬁséssﬂu%@ naRd a
bearing 80. The cross nenbers 78 are 20 attached to the up tube 40 at a

first efeedpweree 44oéthpamibay. Sthopgh FIG Jdchoves tha the dwn@n@@p isgifaghechidionsy t he
bear i ngorﬁ{%re'n{séflg%alf1fg%%\¢bﬂlcﬁ &@ﬁméh{edtoliﬁt(ﬁo@?@antﬁ&@ce%%&@@hefa@%ﬁu@ zway aso\/ of

desi gns such as earings, conpression bearings, and the I1ke. The

cross niErsegeddg ﬂ‘&rﬁ@ﬁéﬂ%‘ﬁé@’élﬂ? 9 thgmpriehe ) nidariclesel i%ﬂﬁ%ﬁﬂéﬁ%@f t%lpé@e 40 of not sl ow

down fl 0 0SB ithSHRROE £ 8nc3HiRRAbIEsS2 bittansiial t 64,
m nim z?ggyélh%ﬂg%%&gpb&?%gmé%etzhEfpsohaft lt64 when the shaft 6342rot ates. 25 The

poer g¥nerator 60 in FIG 7A conprises a vane drum 90 inside the tip tube
40. The vanery, g i QR aRkL ?E%ty%fﬁ&”@is‘sﬁdévn@ﬁ FIG Hspedd t}fé@tﬂﬁﬁ&ﬁr%%aby a

plurality of curved vanes 9 shows a sectional view of the vane
dr um 90to akkacthe 8 Fotetto grigidhegn tybg 4G Opeeriwer shyft arpdris 68 e gitpshedde hourtabh of t he

pl ural '40\/ OQJ 0E§1ﬂ9§nb%&meﬁ“3?a ﬁHﬁM@ﬂaﬁ’ ﬁﬁ}ﬁ&t &45 §196vﬁﬂn61:1@eid Q’ﬁé Sh%&l‘ﬁ?OWn vi ened
fromthe side. as shown in n’%éovm the efficiency of energy
§

t r ansf e‘rOIflPﬁ-‘@ﬁ?IleWélmﬁthé‘ffmffYP@W tmq%swglher ang [apeaging 0 g Rhetggess wpinkefb/d 250 40
cofpar egtid ik @fﬁlaeqo%@&ﬁrspénd%t\s% DERRE 30 At Whking BntBrehObispRhdn@beed Wi th a

hel i cal curve. shows the curved vanes 94 attfached to the ring 92
f r om abbpping$8 HilSldIB ﬁ@tupémbédo Theppagng facanppyg a vapety PEdsiseHisdises AE PP er r ed

curved &ﬁ%i@?ﬁbﬁ b&frm% shiid e 'Ill(ee@hevc?dgﬁﬁen%@rs aardpleferaf llﬁd?@c(if‘h%{u'cﬁlgIsha?éd's@ﬁﬁ ation of
t he curved vanes as viewed from above. The vane be attached

to the ishefsoveipyn\inern tasp gbea 4hdbefaft suraptih sippeTes thardatyp ﬂn&b@wmﬁﬂlﬁ\/\o
03/ 0670@%&%’5@%&@9%%3%&%tllésfﬂaftM@ﬁgp the slots 76, the inconing water

contacts the curved vanes 94, rotating the vane drum 90, which in turn
r Bat es t he Bhaswer gaperatph 0 ind{GtTArrgmatsat & vapadrpig Of @sidnbe wp wha 4% Lhevafener at or

66, genglabh QehpRQWS blufliQr rihdd©2 BRMRIch b DpWalki@br difred Vi8esYP. HIGL® A6ws a
sectional view of the vane drum 90. Each curved vane 94 is attached by a first edge 96 to each of the
plurality of rings 92. The curved vanes 94 form a helical curve when viewed from the side, as shown in
FIG. 7A improving the efficiency of energy transfer from the water flow through the slots 76 onthe up tube

30 40 compared to the efficiency of curved vanes 94 which are not oriented with a helical curve. FIG. 7D
shows the curved vanes 94 attached to the ring 92 from above as illustrated in FIG. 7A. FIG. 7D also
shows the preferred curved surface of the curved vanes 94 as well as the helical crientation of the curved

vanes 94 as viewed from above.

The vane drum 90 may be attached to the shaft 64. When the sea water is drawn into the up tube
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Structural nodifications of the device in FIG 7 to account for reversal of
flow direction when the 5 waste fluid has a higher density may be nade as
descri bedwaioBleref erence to FIG 4. The top end of the tulpeT/U$03/002ut d be

cl osed and the bottomend open to facilitate downward flow. FIG 8A
illustrates two vane drunms 90, a first vane drum 90 bel ow the m ddl e shaft

support 68 and a second vane drum 90 above the m ddl e shaft support 68. In
FI G 8Bi0thrpughéhesleis b, tha wpomingarater geugacts the cead yanep4, wiagpathepgng daum Hevwhigh t ube 40

and t WO ¥@N@taet e Bhal G4, ThdoRiRd Mek G@LHRQH% PRl bREAS 681y @neI*aY\%)ﬁﬁ@/@uEfrOQ{ uns 90
10 as in the enbodinent shown in FIG 8A, but the up tube conprises only
a si ngltke wsellipg wajprdn e metbas he up tube 40, as in the enbodi nent of the up

tube 40 shovwiafihd@sichRns o?%l{e'd%dé 'frﬁ:lIGnﬂg hdcbnpdol @@sapgf ﬂgvbﬁrecﬂﬁ\(x}hﬁﬁhé n FIG 8
to account for reversal of w direction when the waste fluid has a higher

densi t yVatigyluidjes aiglie d@t@ltsd@@’@ra mb@as anhedrveﬁléqf%we@to Fi. Itﬂ@;.e top endpf e tubgA. shows a

pl ural '%Xw&idb@@io%ﬁaﬂdjtﬁ)e%&&ﬁ@xﬂtopéﬂ}o?a'&ﬁtaﬁa'cfé@nv@xfrdﬁd?v@ down tube 20. FIG 9B
shows 15 a view ofthe outlet end 24 of the down tube 20 of FIG 9A seal ed

except for &G Hylllestpie] o yaw drymsH0p st vege drgt hsfosshemiddipghpft Bwrest 6i ded.
The wa%@aéécéﬁd%ﬁeld&m mbctv@fheuﬁialefsm sﬁ’ﬁ)‘ﬁﬂ 6§ wbacB, s sbeh Bat 1R rd QUSeroUt  Of

the plurali hol es 110 and into the up tube 40. Structural

nmodi fi cAElPs ﬁgm&re up e Herpd v vepe dp}r\za%énﬁlwthe%fe@%m%nt fhsre apedveragafirugs 9% | ow
dijpect i Qi &b olifhen WRSH % fod}uazad bﬁt@& u? tbe 9B @Jmpﬂg'ee Shid ¥ sm@e/seb& sIFRYE iAfe

descri bed above. 20 FIGS show t he down tube 20 seftp}ar at ed

into a ‘pltuted0 %synatﬁe@@éwwwed@meﬁ%@gm 5. 7B pépegpodicationppfitha) i ty of

hol es 14@cd lﬂpid;l% tS KCARERF ﬁévéﬂmmwaﬁ@mmm%mt@ﬂma Rshhgnenboedy agnt  of
the down tube 20 shown in FIG 9A. FI G OB shows a sectional view of the

down t Uts@agpassiescribrd with pbeacsiefiG-df FI G 1 QA from bel ow wherein each of the

five secondainy. Qoé%lwstd{h@ﬁhtylgﬁolé11@'p9e%§1@1n&?fe%%9%fthé &Hwnaeub%IZOQﬁG stJJhswsllO In
t he enmbodi nent of the down tube 20 o he waste fluid

t Hat 25 Vi offheopistid & ?fﬁhe&ow@bﬂ?&mF%%S%d %%Pf @r%w&gl%leééo AP ent er

the up Jrube 40 maytepriidd ahe WRAiIALI GBI OMSugRhe doRR nEeYd 16 PARGs out B t O
account for reversal of flow direction when the waste fluid has a higher

densi t yihe phasplityeof helepel 16 andgare dhe udebe 48 otictuyah medifications eh e v istIG: A& down

tube 20,c{ddht fortBrershléPovi dire§thi SBenThelastt H@MBas WK ddnkiBMhdy e BIQE &BGibedUe t O
fluid density differentials) may separate into a plurality of secondary

down t (A5EE- 120, as in the 30 enbodi nent of the down tube 20 of FIG 1 QA

byy there am@qomﬁceﬁnalsﬁ&v ithévﬁﬁu&@@@é}ﬂﬁch i OWrhlih 65sedod@iry @RE nible out | et
ends 24 of the secondary d tubes 120 are O&E‘ﬁ In this enbodi nent of the

down t uB& E’Gfe“{aﬁéfalélhfél%?fhoﬂeﬁél%ﬁél{eé@‘?‘ﬁw&o% 12¢ sitilet 5 g SBBCH PG ¢ he

down t upeneZdweXibk S0 Bﬂa@n ﬂpﬁt} @MtFI@tloﬁrLﬂ&vs?eﬂse&fonil RBw of eRaBERfe dD¥nd ubes 120
to enter the up tube 4 shows a down tube 20 which separates into

a pl ur gnfbpdimegg O%Fé@olﬁééftoiﬁ balawh?r%@gh qizly five sesondipsy Bosynbee 2 istops Y 03242

Struct upad sifgRAbk i1 RﬁiﬂtﬁHb&b@Jm&n’ﬂ@ftﬂﬂl‘étvﬁﬁbé m Jf F@s 1dA ina 108 GRULte figia taever sal
of flow direction when t waste fluid has a H'g g(g denS|ty y. be nade as

déscri Hedrtradesddnto fe @WIEL@’ ESQIQ(?W%S thfoteh b0 te B e R StRguresEeses 20 i n
whi ch t(ﬂ e N id 180 €1 020ack SETToNBIeRS] Jf Now direction when the waste fluid has a higher density

may be made as described above.
In other embodiments, the down tube 20 (or “up” tube in those situations where flow is reversed
due to fluid density differentials) may separate into a plurality of secondary down tubes 120, as in the
30 embodiment of the down tube 20 of FIG. 10A, but there are no holes 110 in the secondary down tubes 120,
and the outlet ends 24 of the secondary down tubes 120 are open. In this embodiment of the down tube 20
(not shown), the waste fluid which is introduced into the down tube 20 exits the open outlet ends 24 of the
secondary down tubes 120 to enter the up tube 40.
FIG. 11 shows a down tube 20 which separates into a plurality of secondary down tubes 120.
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a hub 122. The hub 122 fornms a cap on the down tube 20 and rotates freely
on the down tube 20. A 5 plurality of spoke outlets 124 are fluidly
connect edwDm3bbmshub 122. The plurality of spoke outlets P24/USO®031¢2 at
approximately a right angle fromthe hub 124 and then bend at a second
angle before termnating in a spoke discharge 126. The spoke di scharge 126
may have an open end or a partially closed end where the water fromthe
down t ultecR! dodifidationg eShe dFties ieoo i traesourd for teversatioiflewidirgseiorPGhes Howasié n FI G
12 is ts er. The hub 122 is attached to the
shaf t ﬁﬁﬂmﬁgh ﬁe?g&flhpkﬁrbnﬁgcgnagggtc Mﬂ%% 10 the el ectrical generator 66.

I n the enbodildeldtshatsewther embefi@ent 9Pthe dowe tube R inrvdiclythe davpdubs GO tetitivatesfil ui d

out of Tika2E BBl Mabii® &) el PANy 08 (AN OR eo it po.dL penar aed
geder atmuralgpol &pplatogtletg%@reaﬁmdhgcoeneef@d [ tbahubpld\?ve”fhe pluplity Enevkgoutigiedt at ed by
the el g 1:BOMRR bt 1P5ha BAGhASE MEloNg S0P DRtk 1

ener gy P&%le%k)%r %@%9@5&% Igir@?eglﬁéng f%romth1 Suroa(iJn y o‘%r sl|?)ola ¢

di scharigespoldschisgri@askhe siioks dischasgend6 maplave g qyen qrt@emsvmllsﬂsuﬂosg@eméwhqr@ ng power
from hy, Orf ol DDA S 3 Rbe 50 bl WS 8ofL om the
down tugg\g&érgﬂncthf&%g&eﬁf gg g{lﬁ‘gﬁ saeel&%c{l tSttrudtz:l\tg}](lljraT modi 1} %{Y?Ztl oﬁs of the
devi ce mlaFto@rotat@gﬂmam@blngheﬂw@b12ﬂw§w§eﬂlt0@¢ shpft ghakiFlrieptiroepnpdeedwit he wast e
flyid hasy t.ga1%%;atg§@_§hh¥ H@o)ﬁml%ﬁt srmﬁn AR, PRLRAL ﬁoqﬁﬁube'ibci 13 shows

anot her e I ment own simil’ar enbodi nent of FIG

12, 20 wit Wkenifuid wastp andaeapfaﬁqmezmtlteﬂow theqyelkide @nwrnév@ %0 ang4s disghegecd owiofir al ity

of spo 1pbhe
R i L o e S L R
spoke mesleemgg@weﬂ%ﬂl@wl@@mlrgg@mmé6 GBSt Amgst Qafpldsweky(ﬁmﬂw@@werﬂm@ 20 into
an up ty I th6BheBlutltRrd it Yo e MBLPRGHS €rs 62
att ache: éﬂ%g?l?ﬁg@%%%%%%g&ﬁﬁ%éﬁahﬁcﬁ éIX|tts the spoke di schar ges
126 intd getnh@tmmowertfemmdremt@élser&mmralteidﬁrgméwem‘ﬁ%a‘f Agd thetfwgtgépiomwbe 40, al so
rotati ng)‘;; &vater oflfi psglllrjlt?rs which in turn drive the shaft 64. The shaft 64
drives ectri ca enerator 66 (not shown), generating electrical power.
In FIG 13 Stiiveturshapdifiogtion gfthq;iea@eela FiotLA tappequpefordpiststaf §ev difecipagthen | ui d
fromthcﬁ‘eﬁ&%%ﬂa§gﬁ%eg%51w%9béﬂ&cﬁtabQ%erHﬁehUb 122 and by the upwelling in

the up tube 40 turnin ropellers 62, which in turn rotate the shaft
64 The ener®y-: J@esh@vsam@thlerbbp m@ntrﬁfmeﬁgmpmlb%@s%mlaﬁmtﬂwmé%@m e Bf FIG 13
ot herv@lfch%}]'ﬁ? ?&691318% opﬁgﬁe%{}tle‘t)sfmlf'aﬂ@&ﬂl&aﬁ?@ﬂ sPoke Fib@RR:EsN 86 §r@eabds@mOf the

hu 122 el'ectrical ‘'generator (not shown) fromthe fluid
wast e epekstontts R4rilelsabaiskieo! §1G d b diffge §om s e@PRﬂlmeﬁWWd?@élﬂ%th &%kher gy

gener at cﬁ"SQhar%% 939 &&&Wabtk fdd fré]n {hg @ovﬂl@uﬂe Q@ﬁto‘bg u]g {u@cr'@()tvﬁﬁ aﬁrbﬁéh Re@fid f 1 Ui d

waste fromthe spoke discharges 1 m Xin the water of high salinity

ent eri Mg ale Hllyalttn bépmnﬁﬂﬂﬁ GFnaitasked) t@\ﬂ@rs}l@h% Fpe ﬂgfl Migeie tibish SRE RS FROKE | ons of

the deyj 15%@31ée@ 15 (o t:flg’u}; le@-@(p&l'dﬂag uf)@éih QN Ehaak iPhe btp @Wedior 864 loRfngMiEN t he
waste fluird has a densi t%/ 03/ 067082 PCT/ US03/ 03242 may be
neide aspfwb?fbp@ichﬂlemmmf@? the ghafy 4u§1Bersa%fé§4 Hivey hdsetrispsensratis 36 (9t Shew®: up t ube
40 in Vg%h&&n%@l@& caPfdfef Plurality of nested up tubes 40 having increasing

di anet e | ower end 42 of each of the p Iuralltdy of nested up tubes 40
In FIG. 13, the shaft 64 is rotated both by the discharge of waste fluid fr

126 rotating the hub 122 and by the upwelling in the up tube 40 turning the propellers 62, which in turn

om the spoke discharges

rotate the shaft 64. The energy generated by the mixing process in the embodiment of FIG. 13 is therefore
30 a combination of kinetic energy from the rotation of the hub 122, shaft 64, and electrical generator (not
shown) from the fluid waste ejected from the spoke discharges 126 and from hydrocratic energy generated
from the upwelling in the up tube 40 from the mixing of fluid waste from the spoke discharges 126 mixing
with the water of high salinity entering the up tube 40 from the lower end 42. Structural modifications of

the device in FIG. 13 to account for reversal of flow direction when the waste fluid has a higher density
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is open. Fluid waste is introduced into the down tube 20 causi ng upwel | ing
and mxing with seawater in 5 the plurality of up tubes 40 when the water
of hi gh swbionioewsenters the open | ower ends 42 of the nested/uspd/oubes 40.
Structural nodifications ofthe device in FIG 14 to account for reversal of
flow direction when the waste fluid has a higher density maybe nmade. This
woul d require the nested up tubes having increasing dianeters in a

downwar &hay bd thasie as &mrepaste.upwar d direction. Any of the enbodi nents of power
generators 6 t up
Pubos 40 of Ficor i =EEmRLESetlincy LA FURER) s Bheebl e DESLRE 65 o
FI GS. 4"Rides30 haxng lmeaas@diar@@rsaﬂpniv\w efeief eaclof tiG@iratityoas msteﬂam fubgs 40 t h t he

nested upR f; I nerator
50 rmy com o e bt M e R R APy RO bl SRR

shows  atisphetityeftinubesdh whefthevres: offighsiiaitaicrsghe opindiweg m@lméIZ & tipovsd uge ner at or
60. In thg 40%9&%9&&&{10 5 E e dbvlec iR FIR) gl{ f'ala!:ctoM t ?ofr re%f%atl) bR di]ré%c% g%heen mount ed
on a shaft 64 inter- spaced etween a 1 Fural stato ik

st at or s the y2steiiluidlies a higher deagits maf Yeowdd. ﬁhl@)wmﬂctremm ﬂw wetedalpadﬁsha@m inbreastngr b| nes
130 t0 pRGLESRS &o@vﬁwﬁﬁ Hﬂfé} fRiCh u%\%& 804 lonThe shaft 64 is connected to an

el ectrical generator 66 (not sh fluid waste and seawat er

m Xt ures upwany ofjthe eﬂl‘fbedlmjltst@ lﬁ@Vé‘Jl@eneltdW@ Qprebd dombiner with thesentbadimenttofithe t ur b| nes
13¢y Whise tehl, Lat,
generatlgg@u%ﬂg%qbpgﬁ?ggigﬂ%%ﬁ?%%ﬁt §%B&ﬁﬁgﬁggﬁ%ﬁg%§65 ﬁﬁbs z@?é%ng the up
t ube 40b%ued aundPwRy Seivetar GP I ePerbingtBn Ovith 210 gstefl wt tabors of BIG. dérﬂpran@hrs a

nozzl e e ter of the
p. ube 0 it REpke AAGR: driby shiRisp B Sk ¥ el SARE SRIPHECE' 30 2na
stators 132 Flohi shees agptherembadinspt of thpyep trlearfiferderingoind @Wew?netra]@éwﬁ)the By

reduci ngnﬁoﬁﬁleﬁ' AFRE. qr5 &ﬁlux%lﬁ? 0%1‘611%9?3 (flzg'e %&r&dtong s nﬁer]s?%ed 135 V%g? portion
of the up tube 40 surrounding the turbines upwel T'1 ng IU|% wast e
antP wat BlEraliy of ttersil32. Theviatere [32virert the swigh flasy m’faﬂf@dﬂrbm‘tbhdss ddlcdtrbinest '8l to a

hi gher yelQgidt efﬂc@ﬂy%ﬁ%f %Q]@a‘ﬁ%@% c&rﬁgcte'a"t(?gnglgctﬂga 7 or%@% %ﬁ GRRvIRE
harnessed nore efficiently by the turbines 130. zz 3 stators 132
can al sBuighwasiprad sopveter migtiseyrwekis digivirire 40, 8% vpwrlling ovture tymm the alﬂumes %9,

1L ustr ghieith ek Rl ﬂl§§hafe 4 M{d@ﬂe oRRHLA b&ahibORS %éa&maggope?v' cein FIG 15 to

account for reversal of direction when’ te fluid has a higher
density may IBéher?ﬁ'h@hm@?éShd@%@rFﬂ%éél thnevtion ofthayp tit@ 4P surmuliis dlipdurbiges 130

i1 ust r afqicanrOho %Meﬁla%ﬁew 28 ﬁ&gmeﬁemg &-al 1 anhadi e gltama& oAmyast e

fluid and seawat er m xi ng devi ce 200 havi ng features and advantages of t he
pr esent 1A TetPtin Bia poripr af ghe ap tubeddareund the tuskiees é3( and letprsilP] i thatliewisteroRos e

ski |1 edb R AGer 3f fhe va? fube EEBYWUERy 1) alamété}%f ﬁl@iﬁ& £i6c A0%en! e no%/g.wﬁigousl y
suited for |arge-sca deep- wat er use 0-500 neters or nore neat h sea

| evel . qui@lk?ﬁthetuﬂ ts‘é?ez*@ourée@v@wfbe hRaT @Oath@lunwﬂlm fd westeeand apipr mishvedni ent

poi Nt bRALAHI 2SE&lI S¥Lind 15-5&@161‘3{6@-{8%&1%1’1@QJlocgtpﬁovHﬂat eﬂh'éh:@s tH(HXleggprgcenguﬁmt ers or

nore, dependi ng upon the desired capacity of devi ce 200:

pabt i cutaape hapuesspmors cigTOls 2y erriiss 370 ozks 13&@5‘? gipors 32 spedliorby b$69 Wélﬁ apted to

mi ni M 26, & BYbJIARARBE B pdwiPRGdaa ullutstpeﬁéd@lglglﬁeSthtQﬁ?mMcaﬁoﬁ§&Htﬁe dwcelﬁwe' ling
of nutrient rich water fromthe ocean depths. Sea water is admtted into

t he deviliEel¥ogeionn farevgutl efilgwiieetion whe terBste flpid beg higher depséy macheawade or grat e

as described above.

FIG. 16 is a schematic illustration of a possible large-scale commercial embodiment of a waste

30 fluid and seawater mixing device 200 having features and advantages of the present invention, While a
particular scale is not illustrated, those skilled in the art will recognize that the device 200 is
advantageously suited for large-scale deep-water use 100-500 meters or more beneath sea level. The up

tube 240 extends upward and terminates at any convenient point beneath sea level. The diameter of the up

tube may be 3-20 meters or more, depending upon the desired capacity of the device 200. This particular
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245. The filter renoves sea life and/or other unwanted objects or debris
that could otherw se adversely 5 inpact the operation of generator 200 or
result i rwompoewsio | ocal sea |life population. If desiredpCrhEsos/oder t ube
215 maybe insulated in order to mnimze heat | oss ofthe siphoned-off
surface waters to colder water at or near fill ocean depth.
Advanta%eousl ,. this ensures that the tenperature and, therefore, the
densi t y “sgpisprérabadagiedds mamtsmsimesoieHawepbandrthardore, 208 nitsesritin upwiingol d and
dense tQfﬁ{&ﬂﬁ[&hvﬁfﬂﬁ&ﬂm@b&m{l&pﬁg ling in the up tube 240. 10 The sea water
i s passed through a hydraulic turbine power plant 260 ofthe type used to
generate hyeRRa@ier ]éafb@%@rmt%tfle Cﬁ“@%f@i@&ﬂﬂﬂ}ﬁdm@“&baé’dﬁ thiopgifagfitter seregn.or Fhe t ur bi ne
and genesatrpd f1as s l y view
o FIG Lo ralgns e 18 oo it Aol e S AL bl Dbt DY 000
call ed VirreRdie ogeretion of gimpreter 0ot epultsn inivay iOriOCal sed lnfgp@nbmmdlftdbwect, telilae inlet.
The anDuit 218maed 8 J peni ng
or closing the\ﬁl\?\né cf(ulea?éarélg{raeegﬂ%%ﬁ%es %é%h%ggﬂqflﬁ %ﬁ?&%{’é{ %Q%f)egrators
to keep®tohaef fiiligpere deptly Afvagageeusly, dis ﬁ@@ﬁtha@b@@ape@mmm; th@éore Mhatlhsity var yi ng
el ect ri efhe PRl RRF/IRE the Qéﬁ%t%i»'ido(}s ot QWCJI%Q%I&:HSM@' f&k&k&llﬂ%lﬂ{p%gﬂn%? speed iIs
desirabl e since it is the rate of rotation et erm nes requency
of the @Féﬁ:’f“%"‘f%ﬂty produced. The turbine is coupl ed to an electric
geperator 2 Gﬁlel@ya Watdr Qs sMoﬁgh%@&draJ R %rﬂﬁerlﬁ{;valp%t % gftheq%géd%?%n&at!e gr g€,

I'n

Spi nni n "rotor" 267 and a stationary "stator" 268. e outer

r ot or raulic poygr #adeigahhygio-clpcsie facikity. Bie tubibpend sorstated ajserarly i ellllstsat@rln poI es
each Of ¥ U1 iR Bl SutiSaydibwer BRL [ RBED Glters thO@rbalak %rogg@% Frf%:s gﬂléﬂv!er@% Y
conprised of a series of vertically oriented copper col i sposed’in the
sl ots ofellgfivicket giies et arggranged inragring eropwizthe rbing inlgtt Bie pmepmbefinatef ¢redridz | nduces
a curr et mitine 2B cHREQI8d W GElinas cloing%&mka SRR SEAL I G; efa' hﬁ; @%é g current

(AC) electricity. Referring again to the sea I schar ged
frbm t hePeripFyp h“éP thefusbibetaniie f acepsientsared evy wnilet widely voriine éeqtrswlllmdﬁ‘ wdleced into
t he basgdbiid A s, MdbRindfdPrebive sgé%m bR R0 is B BudTe 26406 DichlabibiiShoyast e
into saline sea water releases the hydrocratic or osnotic energy potenti al
of the Prisgengyektee slstrgtepdasdce with the principles di scussed above,

resul ting i N wOmne Aok 1o Rh 8E&HS 5'611%1992((6”(8/ 4 Rngl 935 FBA €S galfemtb?a@é across
the hydraulic turbine 260. This pressure drop in conjunction wt

i nduced o WAESF 2 PresyiPiaine PR g0t #duisHonath gaig) 268 Je oug ring Pﬁib@srofobimtlhor ough

m 20 Nng @ide\Wp st @seillaﬂf@o@&dm%ﬁ'(ﬁ%tc@[s o@- ol cnag wlh &k L ae&ﬂ%m%ngp iffhd cant 30
hydr o- power for commercial power uction applications wthout adversely

af f ect | TRIO"SOF otmanepmRERs Aer seEgs o t?rt@aﬂwsrﬁedwem?@ﬂt@pmd mithgustots of @1 of t he
dr awi NGigon bR &s RERAH 28R BfinsS R@\‘}%néifa IR ilRE 2 40 RAMI GtA0s QRRAMR,s hewsy end 42
and an open outlet end 44, down tube 20 is provided which enters the up
t ube 40ge’c1€fli"|"t’6}5|@]f‘i"mafl’f*é’ecufffé‘%é‘?‘c)éﬁﬁﬂﬂg and extends to a point approxi nately

m dway al Onglefeﬁ%glagﬁ% IFI(9f16 Eﬂ@@ea%feﬂpﬁschélm'ﬁ%m'tﬁemrgiée n\#épthguoﬁ A8 Zruid
PCT/ US03/ 03242 is_seal ed glg : 02. A shaft 64 extends upwardly from
&

t e capvategintradicedigiorthy haéf Oéﬂ’ﬁ anBPat by dawt BHIAINTheimxing of dipid wege ikt

subst andalirRséayivabdr Fldagts the BydaRRBE oG cic SRANRorkAa P HE ARA whddbn FogleSwgescr i bed
above. Al though in the enbodi nent shown in Figure 18, the down tube 20 is

shown ake @%flglﬁ%qlsrﬁ:@ss%@b gveﬁ'équ}ppg in a concomitant pressure drop (up to 190 meters of head) across
the hydraulic turbine 260. This pressure drop in conjunction with the induced water flow upwelling through

the up tube 240 allows for thorough mixing of waste fluid and seawater as well as generation of significant

30 hydro-power for commercial power production applications without adversely affecting surroundiﬁg marine
culture.

With reference to Figure 18 of the drawings, this embodiment shows an up tube 40 having an open

lower end 42 and an open outlet end 44. A down tube 20 is provided which enters the up tube 40 through

the lower end 42, and extends to a point approximately midway along the length of the uptube, where it
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approximately mdway tip the length of the up tube 40, this construction
may, in practice, vary wdely 5 according to the conditions, length ofthe
up tube 490 oanée7081 her apparatus paraneters. Thus, the dowkrCTises/@Q41ay
extend only a short distance into the up tube 40, or it may extend well
beyond the midpoint thereof, to a selected height. The down tube 20
conprises an outside portlon 304, located outside of the up tube 40, and an
i nsi de porasiBRe 0802 Ashaft ¢d@xignds rivwerdirfeomihe ep B, a@ndiTiiea gmerstodectgomni on 304
and OnShlﬁquﬁ?@TSt le@u@gﬁtm@lff sﬂnhzﬁ to g']cgerg&\é\’ghogvﬂ Qlesogxgoiﬁ%eer“ 20 Q?sgltl %ﬁi alice. each ot her
by a rotational connector 3 08, lnown I'n Figure 18
is at the Ie(}]él}ou%iﬁ‘lﬂhh@n@ﬁ@ﬁnwl@mm F@ﬁt‘f 1&2116 dpioyimbesf is shawings extzhding tompdint

connect aiprot Pl dapey me Rh GUARH B b1 AR 2R BleidMa ARRLOPT | at e
Vel‘%l cal position of the d The rotation donnect o 8 permts
rotat i oACCHHng fpahs craditipas, BB&‘UE ?félﬁ 11}3@66 "roeanépﬁhvepnammsmerammrs iThe, thpdrvninom 304, as
wi || besdascki-Res alsﬁortch&mbél ! i al
apertures %ﬁé% WthCh may be I?g%@%&%e 40%25%22(55% éwg}lbﬁ%}ﬂ?ﬁ%%ﬂ@ém%ol}ek?gn 306,

or specideatiidberlcat ed, such as beneath a turbine 62, according to the

sel ect ed COﬂTclnﬂwﬁﬁJbé Wcoaﬂmiep@n SRN&TRAHRA 304 180 WA ebe f el‘[llh:% 1§, down
tube 20 froma su source or reservoir ~passes e ot atl onal

oug
connect Bfidespgiond ﬂg IQCW%WWﬂl? s O pBietopigifle Brigrs 3 O‘M‘ielrl@ldp portirsi06@kihe t hr ough
one of ddwhtutead hid bordRed tdta8Sother )8 r@l@iﬁbnglggrm@dil @ be @hl@ﬁ 111%9&11‘&9&1351@ gm?ntl t he
u

i nsi de rtion 306 prevents any water 20 o iquid fromt be 20
from exPthigy Bidat tPFSIFYPeOfﬁEFrQPFIblﬁWgGBd 4%)8@%‘&‘[’“ tthﬁ estRiihnal pranqcterl3fl coaldée t ur es

310. Theonfigtsddda tRA6KA RBe mgfrhgpr@[;}ﬁ{etveﬁéal %Sﬁlol% @Fthgcﬁ)%1 apps@priately in
position by shaft supports 6 revent wobbling or axial displacenent

thereof, as HLoEipaLaveHect)s pegis F@F?é’éln e/ @siflapogion 806 whisedp tersiside | n

Opel’atlﬁﬁilmon\/g@ﬁtagwﬁjt;éldggcﬁ%ﬂtl ng the down pipe 20 through the radial
apertures 310 is. . mxed with 25 water of higher salinity entering the | ower

ent 42 of t hel55ee Pq%éoﬁbas aPheligTré Fagipl apettiercid 8 viyeh tiae baviesdomly dispésed he wat er
of hi ghgr th@lﬂﬂlde%ﬁﬁén ol QW Ccal cht@dl E¥chdE bt 4&!{1;% @? a@c%rdl g@é &0 se'le?th urn
rotates the inside portlon 306, the cap 302, and

enmbodi nERtSREPHPhthe %E%%}?raFréShé’@TeéW"iﬂ%thﬁ)ﬁo"ﬁlﬁ@}@ﬂg ey aS“PPb’ sPwee Orrf@bleam ng of

the fr egsdseyBioBEh thdtb@tidnBRoMRCtrdbE aﬂ;toﬂh&nﬁdc‘?ﬁ@ﬁ@ﬁOGth@fmtﬁst eiﬂ%(tﬁgug}fohp respect
to the turbines 62. Since the radial apertures 310 and turbines 62 are

bot h r o?tdtei TRiep! anerereh et 1an 04 mevated ehiheger sl of thyinsidermgrtion 2063wevet 4npraatert f ect
t her eof orQifidl b kiR GloR A RIbE 2 RInN&itRZ the GRRAe RB1iE6D6, Qkdefinrbn kilXRERY gpehhr@s "
efficiency and hence the energy produced by t'he apparat us of

inventidf. This i s achieved by the use of the rotational connect or 308

whi ch al | owsrhe @kiad pot@on306 2ldisQR GQfa.rets@:ﬁreﬂ kdﬂﬁat@?fn pbﬁtﬁbn%?glaﬁmﬂ)or%%w e€s no
| eakage or fresh water escape fromthe down tub E05| tion of the
B

r ot at i OHGEEHHBE PGKstslacptiprsofiy hasiabtady beendsrarifdobiye Brthetsabedspaisat us

shown in Fi guléRraliSn, wheiidizng. %Q@ovhﬁ}?nﬂellbﬁmﬂlgh th& hial 2p&nY¥03 034 RELOGH:

PCT/ US03/ 0324 down tube 20 ﬁaw ng an outsid ortion 304, and an inside
port i onvaw et Mghsrsalitily sitewe tis lwensaq ﬁé’fﬁé?RPFH% 4@ eenﬁfﬁHPIBQ}GeCYbééfﬁ@ewa/el y
bei ng Qﬁﬂia%feﬁ&f hidYerlsR@ity SdddeORAMlity GRPROREIIR62 30 irud 8Ratd Qe ihsjie LAY ded at
the top end of_ the inside gortlon 306, and a series of turbines 62 are

mount ed 6% $7@ 304<ind éhepstljnq P dhis G}@bodmlmrrﬁ§§ccalrate selection of apertures 310 for

releasing of the fresh water into the up tube 40, in a manner that is fixed with respect to the turbines 62.

O

Since the radial apertures 310 and turbines 62 are both rotating, the precise location of mixing, and the
30 optimal effect thereof of driving the turbine 62, can be exploited to improve the efficiency and hence the
energy produced by the apparatus of the invention. This is achieved by the use of the rotational connector
308 which allows relative rotation of the inside portion 306, but ensures no leakage or fresh water escape
from the down tube 20 at the position of the rotational connector 308. |
Figure 19 shows a variation of the apparatus shown in Figure 18, including the up tube 40, the
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plurality of selectively placed radial apertures 310. The apparatus in
Figure 19 differs fromthe 5 enbodi nent shown in Figure 18 by the existence
of a cl oswp@3psmee 320 over the |ower end 42 of the up t Rlo#/Us03/0Zince the
cl osure piece 320 prevents sea water fromentering the | ower end 42 of the
up tube 40, a plurality of holes 322 are provided at |locations in the wall
of the up tube 40, as shown in Figure 19B, through which the sea water is
i nt r odudewh ttly 20 havirigat ewtsideponibn 10Hendm inside@ordtn 30@1&3 oatshdaml aagiée mﬁiohmzl

embodi mepfsosh |

i ntroduced at %g}elgogdtlggég ?t(e:c}]b t?#%maug?)ﬁ]{le,sao% reﬁay Iiom atltﬁeto%%l troI of
t he pr eeftheingidsipattion 396, anderasrie of tuthinghv 2t dnemesird mﬂhemmdta)omh BO(as;hlblhlmswast e
fluid apg.fir &t f ac C d with
the. or | Baratt SbPhel HREE A0 oBHh YRR 1 Bhbran St T PRl M B B o
st rean Fheodinisat shévim ig Fieneyl 8 bf the wgstapq)éraatousc plﬁs 3%1<sfertthtelowa$mi % dfhhe upespect
to Fi gupge s I adi al
aper t Or o2 bopamaie PREk ety 0l s Wk kb IR b e Bl ol W AW 084 23

posi t i ofplufaligwet haesd2ammd powidetet ledtions inthic ehll ofthe igetuoios ascshdmadn Flgfre b))

mani pul gt S opla dourt h

enbodi nent gléhvgl\?mﬁﬂi\géasg& %gtr%i lgtlﬁf)oﬁﬁ g(#‘l{oethggne%ﬁ {’ﬂﬁ qg € % OneFauv ure 5 oﬁgleand 19
of the emnrtedimsgshiva i Figurss 19&@@193 llaﬂtatﬂilsseemvbtamanbmmtrochmdupﬂm ube eﬁﬁ&ents

preyi de el oip Ld on 304, an
i nsi de g%lrl}tftlﬁ%%@j%é 13% ?Oﬁg&%h% ﬁgllté &%&eﬁgi @Jg c@ﬁﬁ% %g%_w? ra?v galsé 1C wastg1 a cap
302. At flyifare figpvatrodvoed agg alloaled:ﬂowu rTéls @C@Q@O@Zﬁ@ Wit the roowzaileldof thrhings @ on

embodi ngpt 20 shgwel 0 6.308..1 s positioned
out si do o FRRTia Py @ b WD EPmubiBe EALALL APAL RN ES W0 S BOR LT on
of bot hregieet Tprfsgud%lipdmtwa@ﬂq f1gda6s afy alhefedjt@mtthuiuehﬂ:@;radalh@etthres bepvewithe 20, in
r esponsg.+t, Y3dar qQ | r . Lur 62.
This, T B D N A s B Rhieh B oL BELRE

t ubbi ne@ld@ﬁnmh]eﬁeébwdva@taaft es the closure piece 320, up tube 40 and the

i nside porti Fig 308 @fndd s

enbodi ment lﬁm}vﬁl é|)n Fltlure 1T9A an%p%glégms%%h%ner a\]/r\,i tp)ﬁ O%BS% ﬂlh]?h‘lﬁ&ﬁlﬂ) t ube
40, not Figkreoldghd i%réthedmngendluﬂ@tted Buthistehibestirggint, an wentied§ 1S(Df0vwgd esw@22 of the
type SNoWR.i fivd @bk £ b4y lity of
hol es 322, one or rmruqeggﬁl M e:ﬁlgﬁl&ﬁe pr%%%/ﬁlmc]i w&%ﬁ%&%ﬁ%ﬂ%@[ﬁrﬁﬁ t ube
40, suc hperires HOs @dsramA0d At 11315 @mreegd FBaglosBBpiesk 31thie porided gl em‘Bh@membodl ment
of o671 GULS, 2R FighreB! b

B
the up tasbe pyanitgaintidyef bainthe nsidepdrtionif6 ef(bbfr @wnezdte #Q anddleervipebe A i eapmmsener gy
and povlend ) d- DI YA Atkitn B dldfoc BOGY 1 RloRARAAN BRLEBYs0sRl ur e 21
of t he draw figs OWws a variation o I nvent 1'on uses ne|t er vanes
nor t ur bicsriot forsas aniths teybingst62 ﬁldrebybgfmeﬂhft dhenre aiededP), opivbesHrapdihdBOdapotiot ed on
the shafds  raRH- MGl S caused to rotate in response to the energy

rel eased by mxing of the fluids with different salinities. Such forces

acti ng on t s wag he e D3lGBPOEENRET/IISHBI® B2YRd 1 b kdacaler sl pewtiB30tubot at e t he
shaft O, n¥LEbH A b lad 2Bl loPBAL, HOLEES hOsbRPGRAR, Al0r T Or
use as descri a ove. ure draw ngs ows an a ter hative
enbodi nblemafivaly. telcddoshiving am{yge(h@ of hqhsézz [opaar tdgee slits may be provided in the wall of

the up tube 40, such as those shown in Figures 7B or 8B of the drawings.

The embodiment of Figure 20 is yet another variation by means of which the precise location of

30 entry of the waste fluid and sea water respectively into the up tube 40 can be controlled and exploited to
derive maximum energy and power following hydrocrasis and the energy released thereby.

Figure 21 ofthe drawings shows a variation of the invention which uses neither vanes nor turbines

on the shaft 64, but rather a helical screw 330 mounted on the shaft, and which is caused to totate in

response to the energy released by mixing of the fluids with different salinities. Such forces acting on the
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down tube 20 to a precise location wth respect to the fan bl ades. As shown
in Figure 22A, an inside 5 portion 306 of the down tube 20 has a plurality
of fan blwo®s/06®32 al so referred to as turbines, nounted tirerasn3/oizmst ead of
exiting the inside portion 306 through a plurality of apertures, the waste
fluid in the inside portion 306 is fed through a fan tube 336 which is
nmount ed .on the_undersi de 8 of the fan blade 62. Towards the outer

extre ng"tl’)‘?ﬁéﬁﬁw %’ﬁ@mf‘k&ﬁh“@l 63&@“‘@2“ tuprgangmis retefigeal fs forfkg sgereorforusesiaped

sect i OBes3db2d abov€r mi nating in an outlet 344. Thus, waste fluid enters

t hrough the_ins ortiqon 306, flows al ong. the fan 1D tube 336, into the
U- shaped seg’lg'inf‘)ﬁg%ﬁffp © degygnes sops an hiewatiyR epAdimst g dalivenng wapie edfomiivent shown

in Fi gB(B\zﬁﬁmbezﬂ)ﬁto&f}iﬂecﬁaﬁcatlblhﬁlt}\{\@%e& tb kdingh didueks AL LiRwa if FigiR 8he Jh nﬁsﬁfe' or pipe
gough a seri r pipes |located under the fan bl ades 62 (or
h

i caPoi%% 3&\%0?%? d‘f"i‘ﬁ tgbe B le‘é‘ﬁlﬂty pEfap bladys 62 Porefared (r "ér“‘f@é}ﬁem@}fme@ he fan
bl adesthe®éh, ke &ilefaﬁ@gt thORsi@pofloR'80d tﬁroﬁ@%ﬁiﬂl&ﬁdy m srﬁees mﬁtefduw 19 th%Xl ts in a

flow dir. ctlog\/%/n i EﬁEjgmdsthe cent er The
enbodi FEHS o isfediprgyghadantyte 3%&71112‘2’8“%9}“7“?9\/% ﬂt@ﬁédea%iﬁé?f‘aqf&? f%rbblstdéke
advant &g &owartohe oufed Exremidf 340 Ok UlddoeR, thbBn 8% $3631RAS a el @cRabine and
wast e {I ui d, thermgg%ﬁ _]m])lm nt i g t he reactl on | ocation for_ maxi num energy

pr oductT R ER H/28P SUefe Wg FRS7s Torpugh thedntideorian 446 fotsaloagthe 8 f an

bIhOad 3 Stub©IHG| i@ gﬂe)u-shé@d Wectidh 3511 ) endekifeirogibadt e, hrHl ;ﬁe elﬁb?ﬁmbﬂ%h ol in¥Putes on 3 g 6 of
the do t rotating shaft ich in turn attaches
to a g%?’é%? 8? ﬁ‘ﬁ%?ﬂ‘ﬁﬁ%hﬁme&‘ﬂ‘ Hﬁ&eg]ém‘&ﬁh astrist eismalis PRREPEP! 20 so
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generating electrical power from the difference in osmotic potential between the fluid waste introduced into
30 the down tube 20 and the water of high salinity which enters the up tube 40 through the openings in the up
tube 40. The mixing of the waste fluid and seawater can, as discussed above also result from the fact that
the waste fluid has a higher density than the seawater. Corresponding processes are used, but with a

reversal of flow direction.

Because the method depends on having solutions of different osmotic potentials exiting the down
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It is intended that the scope of the present invention herein disclosed should not be limited by the

particular disclosed embodiments described above, but should be determined only by a fair reading of the
30 claims that follow.
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di fference between the waste fluid and the water in the body of water, the
chanber having sufficient length to facilitate substantial m xing of the
wast e fl uwo osiosteswat er fromthe body of water; and 10 (d) palrluses/osz41 he
waste fluid/water mxture to flowinto the body of water froman opening in
t he chanber. 2. The nethod as clained in claim1 where the waste fluid has
a higher density than the water in the body of water and the waste fluid
is diré&AdShy the feed tube into an upper portion of the chanber thereby
causi ng dowpwar dfl .00 fPEiHeHN off A8t ARG sASt he waste fluid and water from
the body of water 15 as it mxes tg formthe waste fluid/ water m xture. 3,
The method &8 cl diraving thervaptp Byishhaving SFseosREC sREfEY ROy fgmRaeuree trgigde density
than theqwal sl aldr rﬁd%ﬁlg BRGYer Rkl SodPdtthat-NRvinEst @nd dskhbk ch&gylioteted,ed by the
feed tube Into a Tower portion of the chanmber _thereby causing upward fl ow
t hi ough t he (®@haniapdushs wier figaishebofly fivgteninéy tirigios #eBR™t he body of water as
It mxes toddor miie wanke n:tl’Llﬁ% GANEE Bk WEEté(ﬁLHJ Rith wlterdrom tR@olEsRAL: s cl ai nmed
inclaiml further conprising the ste recovering power from the flow
of t he fetemst wastel fhyicdyatrrterinng the wxas feing ‘3&’9& ftregpstan it i ?‘f@o‘i“‘nenffﬁié PEfAber to
captur %1f§féﬁ£eg>¥tvvteén(%ﬁ9v$agt€ﬂmﬁ élﬁ\fﬂe%ef‘ﬂl{% B80S of water, kR hiBIeNRdn@sifidicai 16838 i n cl aim

1 wherein the waste id conprises a salty brine product from
desal i m@atlﬁa@ﬁuhﬁfw@aéamtg@fthe w@@w@%ﬁ%t@@%ﬂ%w%@da@n claim1 wherein

the waste flyi d GRARIRSSsEARGWEY: RikhRe ASGRBIRLES of KALPHRAIN Bpeatfi N t he
course of oil productlon 7. The nethod as clainmed in claim1l wherein the
wast e fleghemtebnpri ses a treated nunicipal or industrial sewage stream 8.

The nethod 3s cl gjdWRgholi B Bl B chidh WhhdRake QI Pl Bs REigcN@nsidy &n OF with ecting a
smaller stream 30 of an additive into the chanmber. 9. The net hod as

cl ai medo habask af wats anhibe wisks fuidds dgeird Gy fred tybs o agper AYTHON o Ehe ChaiEer

upstr e‘%ﬁ@re@% c&ugﬁng (?o%&%@aﬁ%%th&cﬂgﬁ@@ch%ﬁe@ bf thd W@ i@ 868 wa@r t:BE tie Badewater om t he
body of water ore the water contacts the fluid waste for the m xing
prldcesss itmesmf@nw@wwtb}&/w%rnﬁ@a in claim8 wherein the additive is
injected i ngo t heuCHRREG! claiddd 11%@11@34&@3@3@as@%fd%§@%&@3&ﬁ§tytlﬂ@%&ﬁt&eam of

the feed tube to the fluid waste/water m xture undergoing mmaﬁg |n t he

chanberin i besdy of Fater and the ragofidis figecter By tp frrtubiar @ 1ot Perid it Mg P Br ocess.

11, Thethe%gf bﬁgmgl?pw%h?ﬂo%ﬂodgﬁ 112 e RHntFe S £ M QR84 Muid @ wadiChdnl tMEnddPofs@leest ed from

t he group “consisting at |east one of hydrogen peroxide, disinfectant, and

m cr obiithixestd foum ghe Wastq Juid/wfer wEEKod as claimed in claim 1 wherein the body
gwat er i s jseawgh,Efethod hdclaifed¥Rsihiy I futhed cAipSRRSHL steday tc@et@pvForg: a feed

e for directing the waste fluid having a first_ osnotic enerﬁ%}/ 1lg)otentlal
f r om a thegflewns the waste fluid/water mixture by locating a turbine in the chamber to capture energy {rom t

flowing mixture.

5. The method as claimed in claim 1 wherein the waste fluid comprises a salty brine product

from desalinization of seawater.

25 . 6. The method as claimed in claim 1 wherein the waste fluid comprises a salty brine

separated from petroleum in the course of oil production.

7. The method as claimed in claim 1 wherein the waste fluid comprises a treated municipal

or industrial sewage stream.

3. The method as claimed in claim 1 further comprising the step of injecting a smaller stream
30 of an additive into the chamber.
9. The method as claimed in claim 8 wherein the additive is injected into the chamber

upstream of the feed tube to the water introduced to the chamber from the body of water before the water

contacts the fluid waste for the mixing process.

10. The method as claimed in claim 8 wherein the additive is injected into the chamber
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t hrough the feed tube; a m xing chanber for location in a body of water
havi ng a second osnotic energy potential, the 10 m xing chanber receiving
t he feed wolwa/o6m8t hat waste fluid can be introduced thereiPeI/tsn3/032¢eni ng i n
the m xi ng chanber at a |location renote fromthe feed tube; wherein mxing
occurs within the m xing chanber between the waste fluid and water fromthe
body of water to forma waste fluid/water m xture, the m xing being driven
at | eade™stieagnt thefipd HORiSTed MBIy KRN dEreoHe frdiedh e clBBPREsH tehe wast e
fluid aadrthrcak Bhidiwastt hehbagdingefoctvat er, the chanber having 15 sufficient
|l ength to facilitate substanti al {TiXi ng of the waste fluid with water from
the body of lat effe methodaseslaiuedi glaug 8 syhste Pt i siees! fhpre s AR wast e
flui d Rasisnghit BREebnedeRgikdedh Jehdaide, BRRfMAIEMd midotidnaiedy of water and the
waste fluid is directed by the fe_eq tube into an upper portion of the
chanber  t hétebyThedtrdionss %GEJW%?I?FW IR OEnOi et ERRIBET of the waste
fluid and wager Ak tiiedbRey d®fce vaipgiking:as it mxes to formthe waste
fluid/water mxtyre. 20 15 The device as clainmed in clajm 13 where the
wast e fl ui da?egét%:e?cg%;cﬂ Herese t?”l’fg V‘Pﬁé‘%ﬁé?@?"“" IS RECHBUY OB E SEEer and

t he wasfréghthdifdd tuse;di rected by the feed tube into a | ower portion of the
chanber thereb ausi upward. fl ow t hrough the chanber of the ste fluid
ona vt er 17 OIRasBHY i s S e i es MG gt Mot i wat o1
Mt ur enixidebchantie red@dneCiBe BE! tededd Medvasta G 8inBe Idrofuted thegn;conpri si ng a turbi ne
in the chanmber for. 25 recoverin ower fromthe fc{ﬂwof t he waste

f1 ui d/ \Natera‘?ﬁpf]f]ﬁgr%ﬂfe&“@%gp‘?‘w r%t%é‘gc V‘?%Wﬁ%m?fe% "W m xture. 17. The
devi ce as chadrgetlixing o@hgintthil e fltink biesmbedapednsic ngstafindiagd o fonjlebddyng a

Il er r f an itive in . , . .
smalte of vsvéteretg H)]nn(a). wa?ie ﬂl?i wat%r ml%;ure, tthg m;[XQl% bgrbga %Rgr{ at le%s]f in part by osmotic energy

potential difference between the waste fluid and the water in the body of water, the chamber having
15 sufficient length to facilitate substantial mixing of the waste fluid with water from the body of water.
14, The device as claimed in claim 13 where the waste fluid has a higher density than the water
n the body of water and the waste fluid is directed by the feed tube into an upper portion of the chamber
thereby causing downward flow through the chamber of the waste fluid and water from the body of water
as it mixes to form the waste fluid/water mixture.
20 15. The device as claimed in claim 13 where the waste fluid has a lower density than the water
in the body of water and the waste fluid is directed by the feed tube into a lower portion of the chamber
thereby cansing upward flow through the chamber of the waste fluid and water from the body of water as

it mixes to form the waste fluid/water mixture.

16. The device as claimed in claim 13 further comprising a turbine in the chamber for

25 recovering power from the flow of the waste fluid/water mixture to capture energy from the flowing
mixture.

17. The device as claimed in claim 13 further comprising means for injecting a smaller stream

of an additive into the chamber.
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