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WASTEWATER TREATMENT CROSS REFERENCE TO RELATED
APPLICATION 5 The present application claims the priority of U.S.
provisional patent application serial number 60/564,921 filed April 23,
2004. FIELD OF THE INVENTION The invention relates to facilities,

systems, and method/iRK Y EAVATT PRIABFAIVENTACKGROUND
Residential, commercial, agricultural, and industrial water usage

generates a tremendous volume of wastewater that, left untreated, can

present healtik DAZARISFERE RO rPORENATGAD GEPPE. IGACOIaagly, most

municipalities employ wastewater treatment facilities downstream of their

sewabRecHNEIn RRHEHITo ProitssdhanP i ivaitbwater iREBVASHABRE Patent

apiPIQeRAUSfIMa WRS ovssarentarinogpiieatmmufacility (influent) is about
99% water and 1% a mixture of large objects, solids, dissolved solids,
zﬂté{

oils, waxes, and organi(l,: TREEPFTHEH Fplgﬂ'agﬁ\lcan be separated from

the farRaenkhaingch Seslake f tieatvigitiesiepstefen tefinaddmetinifary treating

treatment, primary treatment, secondary treatment, and 20 advanced
Wirtatiieht. Preliminary and primary treatment removes of solids.

Secondary treatment removeasAiSsgIREXUNPanic matter using

micrqorganisms. Advanced (tertiary) treatment removes nutrients such as

nitrogen At BhoPRBISES O At THERTAR aréifettitss, senerates a

trditieations *bThARY OFSeReWaRIs (gl endnresueisaf paneantional hazards and
wastewatey treatment syétems are treated 25 wastewater and sludge

CTHYHRTPRNY WALtEWSter 1 TSIy aisPosedTBIHY BAGE %r Ygeygter

tresifigany, fiveliey actanadinoenhtorthewsgstevlaiaidreaymient plamptocess raw
Sludge is typicall durrr%ged at an offsite location, but is sometimes

WHTERALLEG 0P (REC ARYFHRYE I He creation and disposal of these end

prodwwis@s welleascihe gemerahedo fapeitativnioka yMasiena s ureatmentd 1%
lant can have undesirable effects. For e ple, the cumulagive .

2 B GE BF 5o e a S s R b S Se s St ik Eagematter.

Tidelefieri@astientbenehy kepiredt. fhoradeiidsnibe yiaguctiateofosludgenean steps

create s%i)g%&ﬁdor which renders the land surroundinegcth treatment Blant

Of[?Hd é%rlli%\ AR 6@:&8};1%{&%%89/:%; atment, sécondary treatmeht, and

advanced treatment. Preliminary and primary treatment removes of solids. Secondary
treatment removes dissolved organic matter using microorganisms. Advanced
(tertiary) treatment removes nutrients such as nitrogen and phosphorous. Other
treatments include disinfection, filtration, and reverse osmosis.

The end products of conventional wastewater treatment systems are treated
wastewater and sludge. The treated wastewater is typically disposed of in a body of
water (e.g., a stream, river, or ocean) adjacent to the wastewater treatment plant.
Sludge is typically dumped at an offsite location, but is sometimes processed for use
as fertilizer.

The creation and disposal of these end products as well as the general
operation of a wastewater treatment plant can have undesirable effects. For example,
the cumulative discharge of treated wastewater into an adjacent body of water can be
deleterious to the environment. In addition, the production of sludge can create strong
odor which renders the land surrounding the treatment plant undesirable for habitation

or occupation.
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1 SUMMARY The invention relates to facilities, systems, and methods for
treating wastewater. In these systems and methods, at least a portion of
wastewater treatment is performed offshore. As one example, influent
from a municipal sewage system can 5 be subjected to primary treatment
on land. The wastewater subjectedM®thistreatment can then be
transported (e.g., by pipeline) to a facility located offshore (e.g., on a

vesseifoBrediien YehEss Watddsdisnessi iibre 8RdeliBAM tfohtHERENS
waligintestiom andeadvanaeddieatiRat, Theiesh ibing sicatadastiavratehment

can_be either discharged offshore or returned to land for further

is BrOtRBGAPBFRLE: THERETIARE o RS Lam BeraiRal EaMIge R Y8 Fam gan
befoiillisnasal prifathariaressn ganthersléldgetenight alspaedsuhisctada@nent

further treatment (e.g., digestion and/or dewater,ing: on the vessel before

cap e B OGP IEh de - Be L B RS A i L]t elorated o HhsBae s -85 on 2

velilelinvestian sam beoapetedaetisitore oaenwmhesef dravddeksry treatment,
associated with conventional land-based wastewater 15 treatment

digjBlsichgh<Rd i DRt B PSR in i CBS I SoEH VI FNEHRLI R Rece ther

disftdisedasgifiteeatestivasiewataidcan hatitigasedshiascasisasthe Thschatgeng
can be dispersed over a much %%%tlzﬁ area in many offshore locations-

slugSecaIRAHIRthe fracid WAl AtsPosirdt T RiRAShter frth etee
mighiresoding ijvdten fochi thefareadisaharge. dipadiiiondayassakdagshn the

treatment system can increase the efficiency of 20 the treatment process
V%P&iﬁ?&f&%ﬁ%ﬁ%ﬁ&f&ﬂ?ﬁ%ﬁé}éﬂ} n time due tg rocking of the vesseﬁ ina
bodyRdcaaiethbTpsiriasilysiterisend oifshode viastewmatatisaatinat operated
stems reduces the amount of shore-side land required to treat
OB B P S AT o R sl ot S water
trehhecppefriigolitespabcod ibrlcaffdharmaysiemsoidba snerntioneaan depact of
.extended though modular upgrading- a.25 process that can be difficult to
R o ORI e A S i A, s GBI be
digssoaiatedrvitnsamessassalebdsad systenisoiacittatestheispdsalin where the
emergency and.mijlitary apglications. Accordjngly, the invention feature
UL R S ORGP IROL AoPer iR WIS MG RN YL R re
ditbkavesseh intlitilas a wastbwalet treatieantysmysieinaapabireaiftieriiog of
at least 20 million liters.per day, Qf astlewater' a wastewater intake.in flugd
g}g%frﬁ the

(O SRR St thd WSt e e e G e e S St
versahdving fprdcessedtaras ienymieafigmttirense ss o ffitmwastawaigier treatment
systems reduces the amount of shore-side land required to treat wastewater, and
eliminates nuisances from the area such as foul odor. The operation lifespan of the
offshore systems of the invention can be extended though modular upgrading- a
process that can be difficult to implement in conventional land-based facilities. In
addition, the mobility associated with some vessel-based systems facilitates their use
in emergency and military applications.

Accordingly, the invention features a vessel (or other offshore facility) for
treating wastewater offshore, wherein the vessel includes a wastewater treatment
system capable of treating at least 20 million liters per day of wastewater; a
wastewater intake in fluid communication with the wastewater treatment system; and
an outlet for removing processed wastewater from the vessel. The wastewater
treatment system can include a primary treatment system for reducing the amount of

suspended solids or greases from wastewater; a secondary treatment system including

2



10

15

20

25

30

treatment system can include a primary treatment system for reducing the
amount of suspended solids or greases from wastewater; a secondary
treatment system including 2 bacteria capable of reducing the amount of
organic matter contained in wastewater; a disinfecting treatment system

balftelitding e aRsI{RI KRG AVIGHON GREUAN rRatHESTh RGN A SYSIeer; a
_including a means for removing a nutrient including nitrogen or

digRESHRG JTRS s SRR Al U W SRsi kTl St s yRighoPEZRPism: 2

nuifMHER A S BIUYUR AMPEARSING SHRSD 16 HiDYing 8 naufRaanRf@ing nitrogen
removing water from sludge, a bacteria-mediated means for

Or RRSWINBSHG B FaMESHARES arldo M e RISt RS e S EEL iRy aclude a
sluaeapsoads kit ingya: sniciRandaisee Thenaasabmighbalag inslede athgudge, a
components such as a power-generating means, a propulsion system for

baieRihg e s SBF AR DT ACHAPROEM forRiiNG T8 treaftfiRhstedistBicoHNE

systesidacnithnvataidieote ROl watriospargsnding the vessel. In another
aspect the invention features a wastewater treatment facility situated in a.

body TiwaieiclJAsBl BHARTE fo ML TG0 BIREl WS e PRBREETBArating
mEMHEM pIhg RS eWaten treatmenhiaeHiyveastincher (@)chaNasieWalehixing
treatment componfnt capagﬁ]le of treating at Iegst 20 million Iitgeisrs per day

S A EASITARFT @) A8 TREEhY A5 SO AP AR RAWATEF HEFRL MG dsad-
wastewalesthot eqlieot sysem ientos Wastewater Waatwert faglitnéatgfaaility

. pipeline or shuttle vessel); (c) a means for removjng treated wastewater .
ST S A AT G N At Colection
syS@mmUurieaiiasnomtiicingdaadymffadiayg, aapipatinge o(Hhutiasvesasl; tefiiment

d) a means for removing sludge from the wastewater treatment facilit
cofBh ST CHRRRI &1 S0 SHTR JESLD PR o HEAm ek, 4 o
méassintventiovinpighkalsatsiciusge t|easl byesapaiateanasielvaiRin system to

treatment components thﬁi differ in their manner of treating w sstewater.
1 e A df

therPiVeai\t/%V%tgbé‘r%Sné’Bﬁ%S ¥t canhBIRENK e B th& B8 viagans for

ref@oginee e dets tvessal srilaatitgvan tveahodyeafveateihailigycenneatesutlet in
ch that wastewater can floci/v rom at least one to at least another). 2 EH
i Nt @

f
" sttt Bieisteshone s mBREer Yol wisiella
méhat finclogesihe Stejgs ofvittans parttoy wasteamien fianilays(tegoralpiydliae or

hatvi/astew?ietrﬁreatmtent f{aciltitg Itocatte Q shotgehin.a bo<t:ly of w ter,lan.d lud
SHHER Subfettng the" WasteWate? BN piin trEkme Rt LRI 1Hf1sC melude

at ledstcing epanouniisaiveuspeanaedtmalidspongneades tidfarirastewatarnm@r of
condary treatm stem including bacteria 30

b SABIEE Ha SRR e LA VREAR oG GBI P e Body of
water (e.g., two or more vessels floating on the body of water and connected such that
wastewater can flow from at least one to at least another).

In another aspect, the invention features a method of treating wastewater that
includes the steps of: transporting wastewater from a site on land to a wastewater
treatment facility located offshore in a body of water, and then subjecting the
wastewater to: a primary treatment system for reducing the amount of suspended
solids or greases from wastewater; a secondary treatment system including bacteria
capable of breaking down organic matter contained in wastewater; a disinfecting
treatment system including a means for killing a microorganism; and/or a nutrient
removal system including a means for removing a nutrient including nitrogen or
phosphorous from wastewater. The resulting treated wastewater and sludge can be

removed from the wastewater treatment facility to a site on land to the wastewater
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treatment system including a means for killing a microorganism; and/or a

nutrient removal system including a means for removing a nutrient

including nitrogen or phosphorous from wastewater. The resulting treated

wastewater and sludge can be removed from the wastewater treatment
rdaehity; thhaiisile on dandddhavastRgy S tieatment faeilit@r case, the end

discharged into the body of water. In the latter case, the end product can

Prdugh G YR s AP gH s pEsfuIO BRSPS AP BACHN S RG FBHROSHRENT.
Unlessatheywsevdedined; il teghnicaliginsenusgduisie it Rayenthe Sii8ame

meaning as commonly understood by one of ordinary skill in the art to, ]
MGHRHOR AN BIRANLY SR SRS X ISLGh MrsY s it e el Qimhighathis
inf&ivaleBligsthose described herein can be used in the practice or

testing of the present invention, suitable methods and materials are

descb EoMe RIS BRLa e IHS eHPHBHIRaGORY 2l5ie ios (o dereribed

hefigfgrences usantipnehheielp arekicerppratesthyrefevencenstheible methods
entirety. In 10 the case of conflict, the present specification, inclu;ié%g
£8l5gand

anddRATRIGAS A LeIFEd PeLrtiition! BHETAHRR AP ¥R ARRNEHICT:

otheleufaeadiysiiativmeniyeand et ildteporgetpiertifiinge BRIRH entirety. In
DESCRIPTIQON OF THE DRAWINGS FIG. 1 is a side view of a water

the, £83 8he)LS 1BF tRESHVE ARSHTICRE Prdng iding ’\‘/‘?é\ﬁ“éf‘é{lﬁéf&}m’l- In

addRESmQnt Sysiamaf Bheouamion didéassbds ReRevSpectiugyieWeobalyairr not

. treatment system of the invention. FIG. 4A is a side view of a vessel of

intendad IOROHMEBE 4B is a side view of another vessel of the invention.
DETAILED DESERIRTHHNCRIFIEONESE THE/BRIQWpKeyiles offshore
facilijes, systems, and methods for treating wastewater. In brief overview,
the ShREr b SR BT BTG WA LIRS Biahore
wasteEn@teriireataeant factlifywatneansdait @ ving oMastewaieinfrom a
land- e? Site to the offshore wastewater treatment facjflét

i){ a. means for
remoVivg AT RS ASAA HATALHORE WAL e hvsaHPDs

facilityl@nthaisneads fawenovingeslotige fioehtioa.offshore wastewater
treat t Ecility.. he inveption encompasses an offshore wastewater
treatihSht 30 J9F A MG UALEANERS) SIRARMEHEM a site on land.

The wastewater that is DETAILED DESCRIPTION

The present invention provides offshore facilities, systems, and methods for
treating wastewater. In brief overview, the systems and methods of the invention
include or utilize an offshore wastewater treatment facility, a means for moving
wastewater from a land-based site to the offshore wastewater treatment facility, a
means for removing treated wastewater from the offshore wastewater treatment
facility; and a means for removing sludge from the offshore wastewater treatment
facility.

The invention encompasses an offshore wastewater treatment facility for
treating wastewater originating from a site on land. The wastewater that is
transported from land to the offshore wastewater treatment facility can come from
several sources, including consumer, industrial, government facility, or agricultural
sources. An offshore wastewater treatment facility of the invention may be equipped
to treat wastewater from any of these sources, and may be designed or altered to treat

a particular type of wastewater.
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transported from land to the offshore wastewater treatment facility can
come from 30 several sources, including consumer, industrial,
government facility, or agricultural sources. An offshore wastewater
treatment facility of the invention may be equipped to treat wastewater

from gninefdhBsaifRuisahodnf MBS designedaspbierediR Wt featment
particular type of wastewater. 4 In the embodiments shown in FIGS. 1-4,

fagilib s ool hvas et tHeafn Hcilahty 1S SHAHR HeriRrd SampPats 20a,

20pcludesyasiavatRh FGRINAN dpRRacRithaDte 201, 2Dofaned vQdedtio. In
bolé%ads:tggartially disposed within the hull 11 of the vessel 10. In both FIGS.

bW ator POV FISh b B CRH R LRSS e 6 i

detiglyereebtopndiiResssedhy A land-hasad pealiminayy WasteWwader treatment
treatment component 200. The resultant treated wastewater is than

compoitteifo e VESUHNGTRA S SASERIATDS, T HoasteRiratdp inessel 10

vifuitheletiiected. tonnasiewaiatdf eatimentufABNARRIE 203N LéiCiramchent
20d aboard vessel 10 for further processing. In the embodiments shown

COMRASELS 1 28ne Rradonater PeathoaH procels il EiliigR %S iteanty the

entitARE W SIRWAER BSGSIA 13 oBkIGEsstWese easnEatPEissayibRISSIUaR®D 75
anbo land for further processing or dispgsal, or can be discharged in t

h
JHPEEAMASEE L S SRR Ve Ssel 78S RIRgUdFren ?ﬂ’?é“ff?gté‘a land
fowastviaigoisdisehargedpoial, the badpefdiwieraQ anditetslugdas AVads 30

returned to land uysing a tug boat drawn barge 70. In the embodiment .
SUCOSRN RS ,z?ésgf @an@%@gﬁ%éﬁu&g@‘i?gﬁﬁ% YR A St eg into
thantsoistwnedite Bnanti3he halgifsore wastawateritieaimerst facdityoat thawn

invention can be any apparatus.t ) can ocated on the surface of
g i St G R TR IR ey
wikeatmenieapandnt Adilndber of such facilities are known in the art,

e.g., a vessel such as a ship (as shown in FIGS. 1-4), a barge, a 20 series

o Dh LS RSN AIDB o HB B BT Syt ah e any
apiedieothaf thechody tiomate onStiehuessels maydieosalfapopall€b)) is capable

on-selfﬁrl%jpelled, manned, or unmanned. Generally, the watgr trjﬁgggﬁnt

Of Qe of (R -V AR SR HGEVRE o AP BFSheer IRARDSE Qletifb s
arenidiowr{érgthgtegterthavelngilihrusd shilicas Shovillidn, AIG/illian, 4 barge, a
ilion, 20 miion 75 milion, S0 milion, 100 25 millon 200,miion, 340 1,
Hiihioh o6 Hfis ST sBE HANKRT 886D HifibSBh BRI OftArES
ofwihstéwaieopewatay. ASwhe exaehplmathéeftehbpeopelsidywater-ietatpaeptlled,
m!t%‘r:liéi }/gf %r?rqu I?léc?.r Generally, the water treatment system of the invention is
configured to treat greater than about three million (e.g., greater than 2.5 million, 3
million, 5 million, 10 million, 15 million, 20 million, 25 million, 50 million, 100
million; 200 million, 300 million, 400 million, 500 million, or 600 million or more)
liters of wastewater per day.

As one example, the offshore wastewater treatment facility is a single- or
double-hull vessel that has, e.g., a dead weight tonnage (dwt) of between about 10,000
to 500,000; 30,000 and 50,000; 65,000 and 80,000; about 120,000; or about 250,000
and 300,000. The preferred dwt will depend on the particular design of a given
system (e.g., the volume of wastewater to be treated per period of time), but should be
sufficient to maintain the minimum draft required to keep the vessel afloat, and/or
match the desired production capacity of the vessel. Vessels of the invention might

further include those features described in U.S. provisional patent application number
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double-hull vessel that has, e.g., a dead weight tonnage (dwt) of between
about 10,000 to 500,000; 30,000 and 50,000; 65,000 and 80,000; about
120,000; or about 250,000 30 and 300,000. The preferred dwt will depend
on the particular design of a given system (e.g., the volume of wastewater

cUBhedreated Rafenariadefiine)aRibshidibe rsulticiantie iteainiaie iR rrage
minimum draft required to keep the vessel afloat, and/or match the

tapfss (B e T Bl ERiRd Yassdator BEIOK (81 gRANVeiaBh thigiseseD:
powEhesiRey e thoseriaatune o @ssHibem R ddsSoPRvisiendl palitkion devices

application number. 5 60/564,921, e.g., one or more noise and/or vibration
forahptisn e vicss! WatePsrabd H5hIANHPTHE LS YIF RS R G treilipe the
opdRSSVIErtREOTiAJRMeyatemdhe vesseliicRawerisakcas {ampoweidgted
one or more functions of the vessel, propulsion devices for moving the

waNewaish disapess WALER: ahdIGREntBP S s IO EEntSIRRY tHilsa power

soQReadiHb althe vakius systems (e.g., a wastewater intake system, a
treated wastewater discharge system, a treated wastewater transfer

systefty, SHOVA PolilrSsduiredy drtbaratriPvesBIoAY RGP IR EEsiEyater

trefheast adeptiasnef Qe asanaleeidnelanie wrtemdieaiRant FoRmROBER D e
can be disposed a’ggﬂve the main deck of the offshore éo wastewater

WSS T RAEMER F RN a8 CEARRIF nIBFe b IRE WA SIE WA st HEHment

cotgippenentsic it beoagmpaidmaniaizad toeanainersdanadntorceRBrRact®d one
to.one anoth?r nd co%%l,ed to thi main deck. rI#: addition, at least a

aGHIIOHGIGHR'ST HREPE BRthEkstBLRy e atrtdht EBRTBBRGhE or more of

thélispgsadbelosithenmaimpaciefithé Yiisbo el svasie water dsertofiend offshore
facility. The one or more of the wastewater treatment 15 coméoonents can
W BeT AR b Wikbve ARG BB RiSirhelie oF L B0 Ecatment

conpsitwatenireltnmentiipoliy bblicablisbarel Welsie waiendreduvieot tacibtyshore
can further includ% at least one (e.g., 1, 2, 3, 4, 5, 10 or more) wastewater

W?ﬁi%%t%fo%%ea{ 8%%&%‘% (e.g., 1, 2, 3,4, 5,10, or more) treated
wastdivateffsischargerpoitedr wscihatingariuty-pan dispersiaal2detaroegst one
which treate stewater is discharged from the offshore wastewater

(onlorirt fachit) T B YA LLARE RO LNt oo &

5,dtlleashnine) wastdwaisevarinkhaoraponect ssdllamyanitivpder dispersion
trea mgvr}lt ct(l)rrg ope%nts 20a, 20b .ZOé:ls

ui

th e fewater ' | ' aﬁ]d 2 déhr%wyen F%%l?drl-& tewater
W% ewa 8I’ treaﬁmen‘fv%%&p%ﬁen S fa%]fé r uge 251 the InV%ntﬁ arg

treanyaagadilécnf performing at least one step in a wastewater

The offshore wastewater treatment facility can includes at least one
wastewater treatment component such as wastewater treatment components 20a, 20b,
20c, and 20d shown in FIGS. 1-3. Wastewater treatment components suitable for use
in the invention are any capable of performing at least one step in a wastewater
treatment protocol, e.g., removing one or more non-water substances such as solids,
oils, waxes, organic matter, and dissolved solids from the wastewater. Components

used in land-based wastewater treatment are well known in the art. See, e.g.,

Wastewater Treatment Plants: Planning, Design, and Operation, Second Edition, Syed

R. Qasim, Ed., CRC Press, 1998; and Design of Municipal Wastewater Treatment

Plants (Asce Manual and Reports on Engineering Practice), 4th edition, American
Society of Civil Engineers, 1998. These components can be used in the vessel-based

systems and methods of the invention with slight or no modifications.
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treatment protocol, e.g., removing one or more non-water substances
such as solids, oils, waxes, organic matter, and dissolved solids from the
wastewater. Components used in land-based wastewater treatment are
well known in the art. See, e.g., Wastewater Treatment Plants: Planning,

Desigh.sahié SlRB6AtaBaSFARE fdiiedn SHRA RAVid@BsHMpEebns Riaking up

Press, 1998; and Design of Municipal Wastewater Treatment Plants

the XQERPARLN Y AP SHA R PEHMEEH EXYie&fn gl PraBitiBydA earighmore vessels.
TypoeNigaRoweEelysehe v BRIINRersiuvk WnIhinsa s OMAGRENES ¢8E B&mplete

used In the vessel-based systems and methods of the invention with

WaSIGHEST HEPRTDARICAYRRE. 87 SGHR HBYEIRBAEToMITE inUsheisn Miwe water

trdREhitiURLNANBH MBI oMaking: Upcdhe apBHRlStenwasian@iniHealonads. See,
system are all contained on one or more vessels.  Typically, however,

- Bofe SRR BBt naKhEe bR RSB <t sdiespaitapnent

2(lneabRanieyYstem are located aboard one or more offshore wastewater 5
treatment facilities, while others are located at one or more land-based

facilitfeengles o gvaeaiRhSERAHERM SRBRANFNE ERSL £a8 PRelelyded in the
inpEaticHN Yl iRAt et HATHRSN e¥mPdadEt O [rEnhaP . tosamplesOfponent, a
wastewater treatment components that can be included in the invention

SRR Lo pYEHiRAR OB boh ERE ABATRSR) HBRNHE cBMsbrRBREddreement

copgssaarieatrsenteynposienteahioal teapoaaitcompongitabArrangement,
advanced treatmen cotlrmgo ent, and a revers osmosisatreatment
n[%)l‘é’ a

WEREGTER SRS G %%%H‘Efie\‘iv% t ef%edtentially treated
in thawer ahboditacagointhiishventiog, afbadinrentaf thatinventieps What are

wastewater treatment steps that are performed on a body of water are all.
ey e R T e R et st

théfeatmehicrepane nisdengtitesbiopaaenmpighitbe aforesaithbtepthdmforesaid
other em odimgn , the W?}s?tewater treatment steé)s thz:‘;gare erfarmed,on
i (B AfoRecly

S5 WAIBPAFESE o et B R IEL S RHBBHrHbre P tteReLlogmed on

bdag\bngy atcleastpentoraitie mniniastewateffiatment ¢enrpomn @avifoit least one
ample, a first vessel can include the comgon?ntsiortperfor in
3R

AR AN RO AR TPE SRR Bk T S LU RA et SE iR 5 Ehiglydsane

congpopenerits ferfoerargpngniinabiieatowdiadhandblarmevanced teminderkskl can
the. latter exam%%,t e wastewater re?ted on the fir tveCfseI woul
e

db
co L AT B BT BR8P LA SRaR e PR DI ealy 1

cCold VESLapfdf
thir&atenenthaogriep dnenasfes swastawaie oireldnient wystéwailthee invsspioted to
h S EHE S IT A ARGPvSE seable for removing large objects or

The preliminary treatment component of a wastewater treatment system of the
invention can take the form of any device suitable for removing large objects or
impurities such as sticks, rags, large food particles, sand, and gravel from wastewater.
An example of a suitable system for pretreatment is a series of grates or screens
through which a wastewater stream is flowed. As the wastewater passes through the
grates/screens, the large objects/impurities are caught, while the remainder of the
wastewater flows through for possible further processing. In a preferred arrangement,
a plurality of grates or screens are used to remove objects larger than about 5, 4, 3, 2,
I, 0.5, or 0.2 cm. Wastewater processed through a pretreatment component can
further be subjected to primary treatment.

The primary treatment component of a wastewater treatment system can take

the form of any device suitable for removing undissolved solids or liquids from
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25 impurities such as sticks, rags, large food particles, sand, and gravel
from wastewater. An example of a suitable system for pretreatment is a
series of grates or screens through which a wastewater stream is flowed.
As the wastewater passes through the grates/screens, the large

wakiSaiRIMAW diespe 68dgNNladNes aMmaiBgRitiNen WARRWASEE. In this

flows through for possible further processing. In a preferred arrangement,

SYS6T8 pil FIRE oF gl Soidissriedrdniect Rl vnknfatta [Brger tehfime
sufpQehOi A aBow, phrttbRs ab G noMasematar MPeessed HH@WHeA materials

pretreatment component can further be subjected to primary treatment.

witha (s e SR L8Rkt Be4 (056 0Rtel R sthts e aaHayy off

théakswedhe derm ah A yiemeesRilitablgmip b eragnendigsaliedisolidsmated off
liquids from 7 wastewater. An example of a suitable device is a

the depmE AN M 85 PhUiaE 1Ry RTOATHY Y RIS A HipaiRegss-

THBtRcABO Wingetankfesmapanshohtimeksuffice né i adewwastislesigpsaitiaed
to the bottom and greases and other materials  with a density less than

thifuglyf REIT HOHRBGHS 180 TR SiLIsrthish Brawk s S aHeeBbttom

of theartrnleasidlitie geeases aoehpdhehfloptingamakeltica srasemimyeeholf the
. the top. Flocc Ian#‘s ight also be used in this pror(f‘ess to improve the .
Iyttt 6?8c@3‘§. PhetFental HRsERATE FRBIRIAGTMHEASRIS hgpediated

reh@iReVetoMiastervaier pnessaewiieoushich RIMasy pRIVIdeNLBieeRMNand other
further be subjected Wﬁon&ary treatment. The secondary treatment ;
m’(%?r?b%%]éﬂ%féﬁ%aﬁ P HRARTIS S H Fihet T RR/ERTArgent Tor

fatakadhg threpedany, devicensuitableréofoniginesornismieeialed aemaval.g.,
of organic matter from wastewater. Such devices provide bacteria and
SR R ARG BT SR Tat 5P o B stlole The
addinvbiomet farciasifitaivigsthis rooessseag:r @ae didndee foastainers withns,
a mixer and aerator (e.g., . Sequencing Batch Reactors, Aqua-Aerobic
SR SRSk T B akNHE R of 120 GBI G a5 A
travastamaispoasnnie dee AxecMiB1 wysie marksuspended filnesystesistems Inc.
angd/or 0 stems. An example of a secandary. treatment co t
RS TS S A By AT ReOB e ARy PAL Eorp.
(Adroskdordydl). This system includes a microfiltration unit produced by
PAL CoEp Cortland NYg. 20 In sEcondaré treatment systems, the

micr B RO I 24 LA M Ly S A i W ber
asahelynitistehtsrirativ theeasieivateic fiftérose ver al inoessitde . gA fleiSseX @aPlvurs
(e 30132 DOUZk OLSSPERIN I TSI OAAN RS SE NS Sh8Rs settle out as
sludge. Some of this sludge is removed for disposal or processing, and some is
retained in the system as “seed” microorganisms for processing additional
wastewater.

Once wastewater has undergone treatment in the secondary treatment tank, it
can be directed to a number of different places. In some embodiments of the
invention, wastewater subjected to secondary treatment is removed from the system
(e.g., returned to the environment) or retained in the system for additional treatment
such as final treatment or advanced treatment.

The final treatment component of a wastewater treatment system of the
invention can take the form of any device or agent suitable for disinfecting
wastewater. For example, wastewater subjected to secondary treatment may be

disinfected using chlorine or ultraviolet irradiation. When chlorine is used to disinfect
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sludge. Some of this sludge is removed for disposal or processing, and

some is retained in the system as "seed" microorganisms for processing

additional 25 wastewater. Once wastewater has undergone treatment in

the secondary treatment tank, it can be directed to a number of different
thelases:, I sane ambadimenis ofitoadoviaptigminastemvater sl stedritizing

secondarégeatment is removed from the system (e.qg., returned to the

cheRifd iR FctYANA YR e SDERBAF YR bt radhn SR 1 ah Kertpwater

cafSptivaplraatmentios advabaedireadment. ihn@dinaliiteameneeomeanash the
of a wastewater treatment system of the invention can take the form of

tregiRA PRIV BB SESSRAtSBTE for disinfecting wastewater. For example,

wastqyatedwiieried eisaepndanniteatoyenidnen ke gdisinlesiatt$iBftment
chlorine or ultraviolet irradiation. When chlorine is used to disinfect 8 the

SYRIET CatakE LAt R RAAICE Vit e aiB alARIR (i gemoving nutrients from
triddrinesiaviratizingd chemicaldaiadreated wasiewalelias kighirRwestof the
chlorine in the treated wastewater can precipitate negative environmental
Ireaifek A EE b dR MR RRIS B WK RO He BROSRRAK IV Qe Piogen. - For
exdisphargresphdidasaghianced (emertiarbireatmentcompanent 8 sulant, and

wastewatey treatment ?ﬂsj stem can take the form of any device or agent

Aot FOMEY TS HERI "freated wastewater. Advanced

treatmentviaighl inyoveaddeings ghiemieaistHe theedtRatadiwasiawader ttration
help settle Oélt or strip out phosphorous or nitra%%en. or example
8l F08

le, .
CORMERIHETANS O Be TR Ve BT s tER Pig"d e gtaaNtlted o

sedéhamynandzomighiabecte maned Ry mipistriepiagiddh evasieyatemiseatmeiion
system of the invention m%iht include filtration com%onents nd a revers
2B

SIS m LI EBSo S 1Y , WASteWATEPStlietied to setdnbERPP 4"Y
endhsiionadyancedhitieatRigidrighbbs tleatedeatiiane wsamase: fikratigientially
.steps to remove undissolved solids. and mjcroorganisms. In an exemplary .
g 5] BN ALeS 50 5 TR LA Ay (iR vize
fils&quewthaltyy dtke radadietb ug hiaisl raniaconmpigie Hze diliabrnddhenrtbudugil or
0.1 micron pore size filter. Wastewater treated in this manner might be
UiEBIE' 6t agricultural or industrial use. In the invention, wastewater can

be furitheiedurifieibusiwgstewatseaanedisriber2puriis s idis sohect SBlinlssis to

A reverse psmo is system useful in the inventionti cludﬁ:s a ..
remove dissolved solids.” A reverse osmosis system useful 1n the invention includes a

in

high pressure pump and a reverse osmosis membrane. A high pressure pump
operable to push the wastewater through the reverse osmosis membrane includes any
pump suitable to generate the hydraulic pressure necessary to push the wastewater
through the reverse osmosis membrane. Wastewater treated in this manner might be
rendered potable.

The wastewater treatment systems of the invention also include a means for
moving wastewater from a land-based site to an offshore facility having thereon at
least one wastewater treatment component. Wastewater to be treated generally comes
from a land-based sewage collection system. A sewage collection system is a system
by which municipal wastewater and sewage is collected. A sewage collection system
includes one or more structures (e.g., buildings) outfitted for wastewater and sewage
collection. A number of means for moving a fluid from a site on land (e.g., sewage
collection system) to an offshore facility are known. Any means suitable for use in

the invention might be used. For example, wastewater might be transported from a
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high pressure pump and a reverse osmosis membrane. A high pressure
pump operable to push the wastewater through the reverse osmosis
membrane includes any pump suitable to generate the hydraulic pressure
necessary to push the wastewater through the reverse osmosis

siteMiRNG WMasienateraalekindhismanngtimioht hearendessthr barge

potable. The wastewater treatment systems of the invention also include a

OYERLEHS TN IS PIgTARISISINERST FRBN 2 ich BUYERIBENSI TG SHTRIiShaRd ejecting
wiseidtdrayig thespernAndfasiinie TasieyaiereateNtLaMPPANIIGS. 1-

Wastewater to be treated generally comes from a land-based sewagi:e

3, AoRECRBRCS S T SaViR TSRSy Sidint 1008y apdhioahySRIFERO on a

boiBiCipakWRSIABh@NdBePaoeimGalertad Y sexvpge1aRllectian used as a
system includes one or more structures (e.g., buildinﬁs) outfitted for

cophutethEat ISR sk B SRS ATRD LS B SRS HPbYTY Al or

prii@mRSite endwatk(@Bansenagemsolaationosystemide v &ffshare fasility on
are known. Any means suitable for use in the invention might be used.

the ¥eesel Hple TR B AF GG Y T tF SO &/as'eitateh iy Hogipe:
subfiRhase facllitensiny arshutieshintaigedtpandiaeyessel) or barge

outfitted with one qr more storage tanks and equipment for accepting and

e i Bttt il vt i et KT
suﬁ%@@ﬁ/rtﬂig R}l@ﬁ@r 1- 3ha pretered trzlsledan@ffwarﬂ@wingtabﬁluliddrq;m@iﬁaeis in

140 on land to the vessel 10 on a.5 body of water is a pipeline 120. For
COByRHIBFALPRYED 1?%??%5%%%&% %Eé{ti’ égv§n88ﬂdlﬁ$ %F8B§ﬁ flfhe sea-
flovastevnied pipeaadram Beséwrgedcpiadiianesystren ol andédrsite (e.g., water

reliminary wastewater treatment component 200 to a wastewater intake

rRieh rorl

iR YRYARE £6!FHHOAKHIAher Thidite LPBRSHNERR foRRTYEN Of the
sewdasiawaibilizempiipatirgproxbnaer gedhe fixstsarbpaiseQrtbrarfivdie permanent

stabilized pipelines. 10 A first end of sea-floor stahilized pipeline can
S T S Y € SR S T
to stelfflizechpipsiing:ialini¢omepenication Wity the offshore facility of the

invention. A secondfnd C]]: the %e - floor stabilizedgi eline can be

disposd WrOSIPatl o SRR B alisa BHenEOY. pAaI e st n vty v ater
in8&kwagenpoltediient systéimpniingneastewadime ntha4ppripriné thealrhent system

sea-floor stabilized pipeline roximaE?eﬁto the first endg?asses through the

( BerRRURY BS) T SrioteP emES En: S BBRIEn S I sdetsy Ueatment
systahilizad thipeinerpngximatewitcihie tissbendbidniegrabsvithding permanantor
oxDUOX: The SYSieme.and metiods of e Nenion AP IR eatmen
component (e.g., one or more Sequencing Batch Reactors, Aqua-Aerobic System,
Inc., Rockford, IL). As another example, if the incoming wastewater is to be
subjected to reverse osmosis, the wastewater intake pump sends the wastewater to the
high pressure pump of the reverse osmosis system. The high pressure pump pushes
the wastewater through the reverse osmosis membrane to treat or purify the
wastewater while the microorganisms and other impurities remain on the opposing
side of the membrane.

The land-based site is typically a wastewater treatment facility which can
include a partial wastewater treatment facility wherein only preliminary and primary
wastewater treatment occurs. Alternatively, the wastewater treatment facility can
include a complete wastewater treatment facility that has become disabled with regard

to secondary and final wastewater treatment steps. The received wastewater includes
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intake pump to direct the incoming wastewater to the appropriate
treatment system 20 (e.g., primary treatment system, secondary
treatment system, tertiary treatment system). If the incoming wastewater
is to be subjected to secondary treatment, for example, the wastewater

wibiakePuUmRSaRdS He WaSIRWALET adbeSRCORHATYHRAMAENt The received

component (e.g., one or more Sequencing Batch Reactors, Aqua-Aerobic

WaSIRBSHAT O, IRERTO A HIWAS a3t BTN Y YRESFRCIipg iminary and

privasiewaiahintiads EhewaiRaleddqdeVersR RSMes SciRMAHIRWAIS! In this
intake pump sends the wastewater to the high pressure pump of the

eBodite s mbSis YFSTERAShe HiH BFestifre PaMDBIRneQIHkE wWelter AN

mibYesrahnib/ I RUBIEH AFINASIS thesrbsans - iokeai &t PARIXtBR awastewater
while the microorganisms and other impurities remain on the opposing

side SR retapicRentr SRy Baottiute gy eubirsie} to the

appRspmentfagititynt§jchiCantyipiialde Rkl osiewaterieatnerilfacilityhis
wherein only preliminary and primary wastewater treatment occurs.

IRtk ,Wﬁé%&’ﬁ&?ﬁ?@ﬁ?é%ﬁﬁéﬂﬁéﬁ@ﬁ& YRGS ebmgtdacility.

it wastewaigsftiealnieat facsityshat hasdecrme misrbiec yrice gRd ail-based
. secondar% and final wastewater treatment steps. The received WaStewglft{e{{le
T

Sl BRACH BV ARSI BRI TP A Gt IRSUIASER, oy B e Wy eshim
trehhRdiaceivedt vastewieihaied ifgludesmwasiem@ies: thalubaempipyiaiasiyns. If

ndergone preliminary and primary treatment at a land-based site (e.g.,
SURISS TR é‘?etﬁé’élﬁ%%ﬁﬁ%%gﬁﬁﬁg’.efﬁstrﬁ?sg'eﬁ%%ﬁﬁ’éﬁt‘?ﬁ%’ Waklkyypsievater can
beaniasiag-ébeonvabiaveissdRigkenchik e idainudnicraargani&nsumption. Land-
corresponding to the secondary treatment of wa tewaéer..gnce e
b AR ERe Bt SHORre it R beldn SFiBjbcta VR States
prappiopiigifdreappltien Beisadyiieaiyt ersovegbirom the offshore facility.
This treated wastewat n be dischar \(}\hinto the water surroundin thef
offsnBFRHUIRY ISR AR B AR o WAl EERHEN GRTBA<S: % B e o1
rethanifgrredita avtancshasellold) sitesdoiettediwastewricintramsfesathitiation

S o STt o1 L oab iR S e e
mayepiBphate: tpeaknaends fesgd Ieviersmiosrn o8k V@a&d@\ta&bq‘glﬁtehieamreated
B ER AERE e  ME  p
padlgtailin dayted Jispesed nprieyisidhall pateht applidationsdridlanuhebéischarge
po%oé %@’%Zr%h%?&?ﬁry"‘l%c%?é‘d%?o@%flabaoéé’ RSN SR THO NGBS e
means may further include a pump to increase the water pressure of the treated
wastewater prior to being discharged through the discharge port(s) 40.

In the invention, the offshore wastewater treatment facility might include a
mixing system in communication with the wastewater treatment component(s) and the
means for removing treated wastewater from the vessel. The mixing system mixes
treated wastewater with water taken directly from the surrounding body of water
before discharging the treated wastewater. Such a system is operable to dilute and/or
cool the treated wastewater before returning it to the surrounding body of water. A
mixing system can include a mixing tank having an inlet, an outlet, a mixing water
intake system including a water intake and a pump, a series of baffles, and a mixing
barrier having a plurality of apertures, wherein water taken in through the mixing

water intake system (i.e., water from the body of water surrounding the offshore
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removing treated wastewater from a vessel 10 via an outlet in fluid
communication with the water 30 surrounding the vessel 10 (FIG. 1). The
outlet can include one or more discharge ports 40 disposed in the hull 11
of the vessel 10 through which treated 20 wastewater is discharged into

fathgryyaled aR shieuningthacressalokediedsiise IREARi RRE s A MRY Rfked
disposed in the hull 11 of the vessel 10 such that the discharge port(s) 40

befor e, 1 E2RRCARIFRF SERRSING tHANFATACT A BY the AfEdue faciife The

siZBESIpANBLAdhennelusies pEaR iQiRcRaseIfR IR eipRiasaUrgi ahthef the
treated wastewater prior to being discharged through the disqharaée?C
Br fiyshore

UGBSy A A YHE iR MGH, tHRMOHSHBAE Yk i ST FaLRtEst

faBNigNt MIGRUGR @u i IHIG &Y SIS0 h &OM My At ithrtg Nvastewater barrier.
treatment componen'%s) and the means for removing treated wastewater

Thegmitg Regder i AR SrGsifentkdl PadtEn RS IQIATPRIRN Matisle of
théakexisliresiky froduteaissiroensio @ hglydobvepisssiagfi dischrraingibeank.

treated wastewater. Such a system is gperable to dilute and/or 30 coql the

Thechatile A aTASF Ut ore PERSTRME O IR R SHEL i RSty P lueteh. AT

oVRHIRG SHELaM LRI ENE BalFla. MIKa gl tad hauadias iNeheamiitiebarier must
mixing water intake 5éstem inc:lﬁdinrgF a water intake and a pump, a series

foBP WSV HHCH FRRHEC 15T Fet ARG U SRIPI B AT BT s W raniem:
wateldakeshier thigighnibe mhdngiMiatesyibakersystemaigix watenif Mving a
theg}[jody of water furroundin the offshore 11 facility) and the treated
USHESIVFAtEY e f8rekbdt WHEFRIAG PYrflerta S ipefgfake system
infloving to thetenemisktorairmavingnpasiawaigy fiquvitbe ifsbrereofadiithing a
The size, shape, location. and number of a&;{rﬁures are selected to
SBT3 G HGES AL (RRIMER SR ISl it Y G040 78 Ui iy gk
frovatidie suiket Baling idm e b @kshdaciiisilify)e Bparipleasoncuge devivge negude
h.in quid;l flo%jgg thrOLgr??E(({she mixii?l% barrier. The mixing barrier extends
I%Fﬁ’e& LU IPHE Mk P TE the opposing side of the mixing tank.
Adjadenidinéflembodiaauipie drtaep peakignsidesi of tthrsfaixédg tank wiilee borne
baffles are arranged in a staggered relatjonship such that a gortion qf
V3 Gatfle Jo BB S A SEIARIT o0 RS SIaC AR BB cher
sumdxindiarier oifisiold folloenateonveluteatrdutdippforehedahuigidhe therefore
treated Wastewa}er discharge system. In another embodiment, the rfnixing
aciity to

PrayidEim It 8 miSiHG AR K UG e WRKH e Y

anverieckysablewate nautifel; ecmetingecivater intakersysi@iReinclsdingatwatkimnd-
A S S T AR LR
one or more wastewater treatment components 20a, 20b, 20c, 20d and a means for
removing treated wastewater from the vessel 10 to a land-based facility 140 (e.g.,
wastewater treatment or distribution facility 80). If the offshore facility is located off-
shore as shown in FIG. 2, the system 20 of the invention preferably includes a single
pipeline 120 (e.g., floating, seabed pipeline) but can also include a plurality of
pipelines for removing the treated wastewater from the vessel 10 and transporting it to
another vessel or to a land-based facility. In some embodiments, the means can
include a transfer vessel (e.g., a tugboat drawn bargeunit or a converted single or
double hull tanker). In the system shown in FIG. 3, treated wastewater is removed by
a conveyor belt 50 that is in communication with the vessel 10 and the land-based

facility 140. The conveyor belt 50 can be configured to deliver the treated wastewater

to a vehicle 220 (e.g., truck) that then delivers the treated wastewater to the land-
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15 from the water surrounding the offshore facility. Examples of such
devices include high speed paddle mixers and a static mixer. In some
embodiments, treated wastewater is transferred to a water-borne vessel
or to a land-based facility rather than being discharged into the water

baSbdrgun dinohihe Ot RS VLeT deeatnant faatity whbewivandieettly from
therefore 20 provides a means for removing treated wastewater from the

thefrehtsie! thtitlrdrnehbingdt Ve déle QnyastipRifoPasseh el as g2y be used
toHEnBRIOB ARIKRLVRSSRE: @6 to1adandshipseé fagilityhd he-s¥StRMI2hsed," "on

shown in FIG. 2 generally includes a vessel 10 having one or more

lagstshptsPtied it QBhIpBieHEics08 SHIE MO LBE SHERS TS Reimarily

or@mevingifratacbwasie watesfsaoadheo/essel 10 to a land-based facility
140 (e.qg., 25 wastewater treatment or distribution faciliﬁty[?%? If the
&

offshBte EARAMENSarathish. LrvRd AEasIToNRI T FiEnSietrRe! dyats nopffshore

wibewiventienReateralliineludead-shate veipdlire: 1 20uameedlealibbor shuttle
seabed pipeline) but can also include a plurality of pipelines for removin

SBiR f AR SR ALt Hates UM B e L08) Her e RIS RS T S5 dRB R shore

wxgssalartetnandhesed fadilibs thsseveReIodinpisiihesslcamacaanster
. 30 include a transfer vessel (e.g., a tugboat drawn bargeunit or a

lincorfoapBHTTLS o BRI NIAEMHER. SIPHE sYSBRTSHSHN # £itg, gffshore

wikeataewasianateris liemoeNed b agonyay@uleelitdfh faatdmpartment internal
cgmmunrication vi/itg*tjhe vessel Jtsgan the land-based fac\;\%ty.mo. The
tod §'c

AVEVSHBES BROELRTSE 8a{bol’&e‘1‘i WAGFE5ety Wieltibiaflr fgoster
ofvabigld 226k (exatcirbek) taat thendaliversithecdreaedrapsiewatasilioythed the
land- 12 base%site 40 qr the cs(jnve%or belt 50 can deli\c/]gr the treﬁted fsh
Sl ST WARST ol AR S m ¥R AT URYEE O PR KN ALE PSRECEA DA, ffshore
wslitabler reans i QuENsr antbghderatser tedvensie bl gaitshwastieniaienta are
. aland-based site 140. The terms "land-based,” "on land," "shore-based,"
i SR B o Rt L S e Rt Bt Sreh oty B hore
wasitikaly disposedofadding 30 osshore frd3dutingnilkadimentscwadtidaring the
i« tr%ated wastewater is transferred from an offshore wastewater treatment

My 185 Water-borne vessel (e.g., a transfer vessel or shuttle ship), a
transtieliledfniccaninyufiicatesadfes ireatedwaatewalsy hetweed thd stored at

thoffﬁlg%rPe Wasttewa%er treattment acilit arid the transfer ¥essel. is{gf icalkl h
B8P YAVSHSHT0 R BSRHAtired h WEatel TThelAer sidrage™ e
slutpapattaient abie oéigh Q&0 wasiesvaidpireaiment fhaily wilbcett eliieol the
WA AR HERTRAT nf]é‘ﬁé”é?nrf}ﬁi 12 e ANt Ve SehnskthRA o o
vessels can be us as needed 1o facilitate the’transter

digestion tank (which can be located on the offshore wastewater treatment facility, at
another offshore facility, or on land) wherein aerobic and anaerobic digestion
techniques are used to decompose organic components in the sludge. The digestion
stabilizes the sludge and reduces odors. To kill disease-causing organisms, the sludge
may also be treated with caustic chemicals or ultraviolet light. After treatment, the
sludge can be reintroduced into the environment, e.g., by discharge into the body of
water surrounding the offshore wastewater treatment facility or by disposal at land-
based dump. Sludge can also be used a as fertilizer. To facilitate handling, the mass
of sludge can be reduced by dewatering, e.g., using a belt filter press to remove water
from sludge and produce a non-liquid cake.

To discharge or transfer treated sludge, the invention provides a means for

removing treated sludge from an offshore wastewater treatment facility. In
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of treated wastewater between the offshore wastewater treatment facility
and the transfer vessel. Generally, the transfer of treated wastewater
between the offshore 15 wastewater treatment facility and the transfer
vessel can be performed while both are in motion with respect to shore or

erNWEHRGIR SKEWRORI et anghoresh: TheRfishare Jpastawale bHRRIMEN used

. facilitg/ can continue producing treated wastewater during the transfer
(0]

&treMecdsHiRE rSUItRTY Frafisfa R ariPdrstinenpldivsibution facility

300rocessadpadiaipibatnZPithesoishnrecyastrvaerirasdmenifasitity t#hated
the 2/7stem shown in FIG. 4A, the sludge treatment components 280

sl Ftptocssel tbiem dydacoisers (s Han Wrsdidwadr

treatme s RE0eHIHIMeRE efrhadi R dhe slvd 0@ dentianafarst ¥ offshore
digestion tank (which can be located on the offshore wastewater treatment

WRSENRFCEt ABHEF oFSHEMe 12t Or B AR hERN fdrofiGing In these

endREASIG HBE Rilon LR eMINNe S i@ SR CHICTPIRPRSR RIGRMET treatment
components in the sludge. The digestion stabilizes the sludge and

fardndBs!biio e, Bk Hislers b Bigan g Shidgedivyasaort is

anR&s tiiedRG Withgawsiici che oysaifpichitsavalat dighfluAbie riraatene obiipenents
sludge can be reintrodu%ed i#é the environment, e.g., b%/ discharge into

angh 06 ¥t SWERMPS LIS SIRARHG R SYASHOVE GraLealat (sttent i igpated
sll%dglél)/i@iscﬁ&ﬁ%' ailskamel%?@ b?ﬁﬁdtﬁum@teﬁlwa#g@llmamglaﬁ%e)ﬁmd @ ;Jlsblstewater
ertilizer, T facilitate handling, the mass of sludge can be reduce )
tfea‘éwatafﬁ%?“&g{t iR %{%angﬁ ufeghd &?é?ﬁ%(%&wagfemmwa@ﬁlaﬁahe
of piastdceRtewardioticheake: foillischege beiiianttenhtigated Fhedgadpaecan be
jnvention provides a means for removing treated §IHd e from an offshore
e o B e B Rg1Sh ST A R i TSP TS s Biggtgent
faflitgXampla]a thighealsdrasndeacgbedlatsousgor initiapsfentteaiadesiudgeayith

275 f | 10 t sl i I/distribution facility .300. A
W O SRR S B ST o R B PL aN remted

sludgeesthiiponpaivessdlll to, asludgedispasalidistebiution (tagilitye30Qe b is
some embodiments, treated sludge can be dischar from the
oo R A B S T R o A e BB e o =
prifithi@sey esbadimantsdhaennd@anstiereane\ubakicgh trosnithe edishaiavel,
tWastewater trea hentt fatcHitX]includ%esatE ated slud te itschar e ?IOEtO )
CTHEGrEAN S udgeedé%ef'lgrgeap%em e%lﬁﬁ/ ATRBRDRILSUE Ralismn ¥ Va2
pipaimmupicalibe withethetal wdgedthatimart chmponeins ¢h endeheOwaiere it is
aifgnging dhe,offehore wasie e usatmeab Rk, RE FRdnere e

wastewater undergoes one or more wastewater treatments, resulting in treated

wastewater and sludge 275. Before being discharged from the vessel 10, the treated
wastewater is diluted with water 30 from the water surrounding the vessel 10. This is
accomplished via a mixing system that is in communication with the wastewater
treatment means and a means for removing treated wastewater from the vessel 10.
The mixing system includes a water intake 39 for taking up water from the water 30
surrounding the vessel. The water intake 39 has a plurality of apertures through
which water is taken up from the water 30 surrounding the vessel 10. Once mixed,
the treated wastewater is discharged through an outlet in fluid communication with
the water surrounding the vessel. The outlet has a discharge port 40 disposed in the
hull 11 of the vessel 10 through which the treated wastewater is discharged from the
vessel 10 into the water 30 surrounding the vessel 10. The sludge 275 that results
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sludge is being discharged into the water surrounding the offshore
wastewater treatment facility, it is preferably diluted with water from the
water surrounding the offshore wastewater treatment facility before being
discharged. The sludge can be mixed with water from the water

fr&wrEaLREIBE Whe-PHshRRWRBIRWASS Heatmentdm failvy Yy Sima maaddat
as those described above for mixing treated wastewater with water from

drisenhater J0rtBtnuMgRRES dherbrdsh e e dpatkParsdiient 9cittyyehicle 220 is
usBefeing R {ube 215 NaEnsstambdd Wasievales 16-& aSanaeses site.

collected at a sewage collection system 60 (located on land 130), and

transfelretMBY BN nFh &N tratin diftildntBohehs dol i e et paif et bitjdBidhe

fosmeh asgligks, wandwataved, RevelcaIe ramaeed the treatedvater treatment
wastewater is then tr,an?#iirted to a vessel 10 via a pipeline 120. The

ang/or diSHIBP deRe R ifiAk & ehBiRbh P 3 20 BR VBsBePeia Sy AisRl3rsgd into the
walte SR dut@ovAGiRVAER bRamentupaneniscA0af 200, 206, XPdwherdat of

the wastewater undergoes one or more wastewater treatments, resulting

Flifirdatad waierbdbat i siiahe 2 iPs Ogurc Wit didkenarb sy trdnrather

th¥eserhdOothadreaterbbauianianrainicts dilivedswit \wadek & fiempébarom the
water surrogL%nding the vessel 10. Thisis a complisheﬁgia a mixing

vessdth BYathe FRS MY WATiRE KabiSivater e Sira: WSkmgater is
mansl aoneansrfat semayingitoe diedinAare Water oo e vesgelntQlud&ein this

mixing system includes g water intake 39 for taking up water from the
CrDSHUITS BRGSO, i AIER RS R DL 25700 t
usapetums dhopigh 30. whichsvetrists daleraldibieituthe algity3800, the sludge
surroynding the vessel 10, Once mixed, the treated wastewater is
o GO EH R T GO SIS o o for TS can be
trafisponnt logatiehee skstinknieo ke h rscutndibchialgéuperilddselisposeanipld)evia
V%@%ﬁ%@f the vessel 10 through which the treated wastewater is

ed from the vessel 10 into the water 30 surrounding the vessel

10. TRefstidgendwb thaFiesults, b4 diomnthe wastewatesitreatigseelt 10 having
rocess is r%moved froE{n the C}c/iessel 10 via a tuggboat. dregwn bar&,e 70 thtat )

PP SHEOME S e 10 VAN BB it SR TR HAc R 9% is VUG Eter 18

reteansientbelsivdge PTG fiannthea dkigbbahdeadPObheges 40 fduddlaoakibasedtion

sﬁte.g.he embf)dinﬁ:(}t of FIG. 2 its sirpila&lto that of(lizlG.lthexceR;[ tha{t int )
Wie? 5 TS RIS S ated wastewatEF 15 o VEd 188 95d- Baded Bitdngip treatmen

se(thiate roireatiireaitaid/ondks 2k tiohetacilitdiS)l vial pipedi24réatbeiotiean  The

b igxgdtdischar ed intoéis‘lewwgii% 30 surclioundin the veEseI 10. Th;i

Waesrﬁ“boo‘?Fnet%l of PIESe55% S|m|Itar to’t ot FIEE! %IHd I%rfggf) rtha‘tl(gheWhere

mivesselahsisd adatat) affghoike mdjaceatdormdieaksrdtber the wastewater.  After
several hours of suspension, the microorganisms settle out as sludge 275. Some of
this sludge 275 is removed and directed to the sludge treatment components 280 for
processing and discharge from the vessel 10 while some of the sludge 275 is retained
in the secondary treatment bioreactor 240 for treating additional wastewater. The
wastewater then proceeds to the secondary treatment tank 260 for further secondary
treatment. From there, the wastewater proceeds to the final treatment tank 270 where
it is disinfected. The treated wastewater can be discharged from the vessel at this time
via passage through the discharge chamber 340 and a pipeline that moves the treated
wastewater from the vessel 10 to a land-based facility140 where it can be disposed of
or distributed. The treated wastewater can also be discharged from the vessel 10 into

the water 30 surrounding the vessel 10 via the discharge port 40 shown in FIG. 1.
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than further offshore. The wastewater enters the vessel 10 and is
discharged from the 10 vessel 10 by the same means as the systems of
FIG. 2. The treated wastewater is moved to a water treatment and/or
distribution facility 80. The resultant sludge in this embodiment is moved

Afigmdhelyessel Qe Wdae wishosal gsttbution faciity (R0 teedésiegt dank to
conveyor belt 50. At the,sludg,e dis&osal/distribution facility 300, the =
tedjatgdealnenk Wikgssid brPifdatetPrehfBicHotetnigcantyine, wifbin the

cheludlae 1248 Z50 ents thianshestesdpnneher deninatien favagugulimalar, it

industrial use, for example, via vehicle 220. Referringégow to FIG. 4A, a

is A s ORRP PP el S Ha\THG D IR AT S etbitiary ihpe the vessel

10e6VANS REkHIRRAERE fiir6a MRS HErS P QWM WYASIENAE iAso FEFRIVEELINTD that
the vessel 10 via an intake chamber 320 that is.in fluid communication 20

M 4 & piokhinied 45 ik (helRsiatbrand prrased StondiSHmSH

treatiReft 5N FICr. sERlimentationy tak 23Qmbtese, sidisso ed sokdsoatRiry
removed. The wastewater then proceeds to the secondary treatment

U RERCRRA AR MHRPGbrgd R MEBEBIY dHRit Rt drghdubIected to

prolithiaats fiam phienwgsteaiRntAfierraavesal heersottisuspansienl thgids and
microorganisms settle out as sludge 275. Some of 25 this sludge 275 is .
ngéFﬁB\%tgeéW Wédcﬁioo{b%f&@hé?’d‘éef%afﬂ?emsé%in%ﬁ%ﬁ@%d%ﬁ’cewed into

thprassssiny vndidlisahrege fiapete yessels1i Wihile somehtaedsiudge a first
275 is retained in the secondary treatment bioreactor 240 for treating
(e i

PiReliifio WARSTWRHE R RREEET tHEN KT JUBEUS 1 the WG aFprate

mixeairasatdank oadoicrinems eaoodawnttredtime itabtianiibieifidi@rganisms
astewater proceeds to the final treatment tank 270. where 3Q it i

ang SANYAETHRUPESTRY DARRSR Seadtien e drd nurg ey th‘é’\?égséirﬁf‘mc
milnis time niaipassagertmough thandiseharge-chambey 3Qrandng pigebine and

that moves, the tregted. wastewater from.the vessel 10 to a land-based .
NRHIGHPERG Wher ?ﬂS&H“&e ABISERY SFUUPistBUIR G Fhd PRty reactor is

transiievdatercansalsichaitiscioargail fomthdanesstd I0iinéa thehmvateli3dilter.
1

urroundin e vessel 10 via the, discharge part 40 shown in FIG. 1.
Rt RS Nyt Y g (LA Pl
wistek toetestimecedtinent wvnaerenbidsssidbgeictaddioechaimicalsupysil ateannel that

contained within tl% chemical %%8(1 0. Once th%waste ater hﬁtbeen
1 t Vé 1

fegofbatanth BUVSRELH R MM TS S URReP i SERAd Sl st gRaon 350
unvesserd hintpollievw pieks Sbesteiiblesdhirgvihaaresse kd g orhibisetiiaghlarged of
o [Pigugh e discharae charber 340 andinto.a pipeline 130 that moves i,

' Ra-DaSed 158 1ty’fL b Wiert'it £An'5e cf;lesposed1 of or 'c}is]tTrlill%u?ed. '
Water filtered through the membranes is taken directly from the top of the second
microfiltration unit 350 and is discharged from the vessel 10 via the discharge
chamber 340. This treated wastewater can be discharged into the water 30
surrounding the vessel 10 or it can be moved to a land-based 140 site for further
treatment (e.g., reverse osmosis), distribution, or disposal.

While the above specification contains many specifics, these should not be

construed as limitations on the scope of the invention, but rather as examples of
preferred embodiments thereof. Accordingly, the scope of the invention should be

determined not by the embodiments illustrated, but by the appended claims and their

legal equivalents.
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Referring to FIG. 4B, a cut-away side view of a vessel 10 having
secondary treatment components is shown. The wastewater has already
been subjected to preliminary and primary treatments to remove large
solids, suspended solids and 10 greases either on land or on another
wwaterbareimessel. Wastewater is received into the vessel 10 via an
intake chamber 320 that is in fluid communication with a first. pipeline 120.

The WastéWittelHER [5TaUB MLt IR BiSHERsy Sroviseldgagaiatiioned on

thejx i aBe Aesalion Wancasdadamptigreontents of the reactor (i.e.,
microorganisms and wastewater) to undergo biomass conditioning and

nutri duction (i.e., organic 15 matter and nutrients are removed from

the wasigiwaiar biralieenatipaaarakisosd aanaxicrRaiiods wieHpwiethull, the
quiescent settling, wastewater from the reactor is transferred to a first

WEEPGRRT AR SEUMRNRG S FRhIerSh Eratirmabistie) WHLRBUEE: per
dai difteeseaattriasserl tiopetithe LompaaneRicmadiardaideredstewater;

wastewater is collected in a center tube where it is directed to a supply
chanfel " fettaks JBCINY RPSHIRLHRGI LMY BsBonw4rdr BAtd Jrifgment

sySe@@nd microfiltration 350 unit where low positive pressure enables the
wastewater to pass thr,ouqh a plurality of 0.1 micron membranes,

excl IR Tl JARiRaMRssater Yo rr SRS Yesssh Al filtered

throug ik gnepnbrates s take atdeaethhremntecetapebtetsecondvater from
microfiltration unit 350 and is discharged from the vessel 10 via the

thelisehprgendtechionbexiddGyJbia veaimtwasienwaiey eak becaiseloargedvessel
into the water 30 surrounding the vessel 10 or it can be moved to a

anl@ooniiasanlA0isite fod iurtharedreatment (e.g., reverse osmosis),
distribution, or disposal. While the above specification contains many
specifics, these should not be construed as limitations on the scope of the
invention, but ratier exam rh%s of EO referred embodiments thereof. .
Accofding!§, 'tHa® 8&?@8& e NVEHRd eﬁ{&i}f%&%gfe@fmﬁ?éa%%m@mes

a eriniat menisctiusisaiadidoutbycthe dppenslad cfaimpandddRelidsegatreases in
equivalents. 16 What is claimed is: 1. A vessel for treating wastewater

W Sﬁ%‘ﬁ%ti%; the vessel being positioned on the surface of a body of water
and comprising: a hull; 5 a wastewater treatment system disposed at least

parti Ilyﬂlithin t% I:II, the wastewater treatment system being capable of
treatifg o Govess (?fmu clpm I}t’e‘ﬁsﬁ%ree}n the Wwastew ater treatment sygtem comprises
a secondary treatment system comprising bacteria capable of reducing the amount of

organic matter contained in wastewater.

4. The vessel of claim 1, wherein the wastewater treatment system comprises

a disinfecting treatment system comprising a means for killing a microorganism.

5. The vessel of claim 1, wherein the wastewater treatment system comprises
a nutrient removal system comprising a means for removing a nutrient comprising

nitrogen or phosphorous from wastewater.

6. The vessel of claim 1, wherein the wastewater treatment system comprises
at least two of the following systems: a primary treatment system for reducing the
amount of suspended solids or greases in wastewater; a secondary treatment system

comprising bacteria capable of reducing the amount of organic matter contained in
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day of wastewater to yield end products comprising sludge and treated

wastewater; a wastewater intake in fluid communication with the

wastewater treatment system; 10 an outlet for removing treated

wastewater from the vessel; and a mixing system for mixing at least one
waitheend pradustswith WaienBamsy e o NAET athadRsing SYSIER: o

comprising a mixing tank located on the vessel and comprising an inlet

MIGHPEFBIHEL 20S & MHHC)LISRMBPERINCT GBRSIHIBM PAABW HEremoving a
nUiESHMSRtYSIRMIEITR ISEFhS PRERALY fiatmandwygiem for reducing the

amount of suspended solids or greases in wastewater. 3. The vessel of
claim 1, wherein the wastewater treatment system comprises 20 a

secondarydreatiyesit GYEtem ¢aeBHSing Waatsriacarait-af (oouaiNdistises
amount of organic matter contained in wastewater. 4. The vessel of claim

at feqih s Shéh detiananer syelsthent SySTRY (PO SYS'csitte ey ne the
anbkRAINMENHUSYSHRIBH GO ISHNE e §86 AN SvEREKILRG, & RUEHRARSRME MRt Bystem
The vessel of claim 1, wherein the wastewater treatment system , ,
CO@&H&H%E%%&&@H?‘P%@%&&&P&WH@faoﬁgéﬁﬁslf’&?tf‘érﬁ%?f&eél n
waNKHRR e oMk HTac iy o ge Rt e phasPRaiodsHgminasiewater 30:6kiineg a
vessel of claim 1, wherein the wastewater treatment system comprises at

SO B Bt GHSWIHG Ly SRME & BHiTA P RSN S0 Yy removing a

nuieddcirRgnifiesiagnauopeh suppessiedaglidsrngieasesin wastewater; a
secondary treatment system comprising bacteria capable of reducing the
amount of organic matter contained in 17 wastewater; a disinfecting

treatiieMheysiai 6001pIHsiNgwheRaanbdavkitingter tRiaraeigayNem, @mipaises:
nutrient removal system comprising a means for removin nutrient
" REIRSIFG R BLER 5 hATSERARANS ot VAR Radi PEPAC R Qb g ases
frehain dsremhesginthe cvagieyvatestireatmsiesy Stemming! i basteaialeaglable of
%ﬁree of the following systems: a%rimarg trea%rent system for redycin

e Bl BN i BER S B BI G ERRELH WA IR S sttt aryetine

trdfieabme Y systavmpeRipgsing&astaia kapaple alicedugingdime andonnufient
organic matter contained in was%ewater; a disinfecting treatment Séstem

TERSTHBSHG FERE YR RiMSES 187 FREKSYERAIBHISRUCR HBTHAN FEHRSSA O
piRyplertvcofprisingtawaeans for removing a

9. The vessel of claim 1, further comprising a sludge processing system.

10. The vessel of claim 9, wherein the sludge processing system comprises a

means for removing water from sludge.

11. The vessel of claim 9, wherein the sludge processing system comprises a

bacteria-mediated means for decomposing organic matter.

12. The vessel of claim 9, wherein the sludge processing system comprises a

disinfecting system comprising a means for killing a microorganism.

13. The vessel of claim 1, further comprising a power-generating means.
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nutrient comprising nitrogen or phosphorous from wastewater. 8. The

vessel of claim 1, wherein the wastewater treatment system comprises: a

primary treatment system for reducing the amount of suspended solids or

greases 15 from wastewater; a secondary treatment system comprising

bacteria qapakigaf seeleing tha-dent i drganizdpalRINCRIBINES: ifoving

wastewater; a disinfecting treatment system comprising a means for
th?(i"?ﬁéeh microorganism; and a nutrient removal system comprising a

means for removing a nutrient comprising nitrogen or phosphorous from

wastewater. 20 9. The vessel of claim 1, further comprising a sludge

N dg
processing sy aler Hiratnsdlelastgminitedtihdreih Badyigdgyater located

of HIRGESHNE AYRIRMbEFAPKgasWwatBieaNRAbRENNNG NatRE fiowh &t @@8iment
25 11. The vessel of claim 9, wherein the sludge processing system

prieBR ™Y 'Bacteria-mediated means for decomposing organic matter.

12. The vessel piclaitr Soathesiaindhp ShedgBeniocapablg Sy&tRing at least 20
comprises a 30 disinfecting system comprising a means for killing a

miHeRo GRS Of MEAVERALF o B TR PR P8R SHSHig atrom the group
copoM@iggeneratingniepi®athitdd s Jdienvessetohciamnt, fuithel GIpkisinged
ropulsion system for moving the vessel. 15. A wastewater treatment
SO?&&HW SHEREE Th WS EA W ARSI TS UREALY Ot SPRRH R Sgcteria
cap@stewnlesrIRetion Sysiem: tbe W@&ﬁﬁwaiﬁftﬁéﬁadmbﬁﬁhef@ciﬂt)&vast?water; a
.comprising: (a) a wastewater treatment component being capable qQ
dlﬂ@%ﬂ&%&é&‘fﬁbSﬁ?ﬁ%ﬁﬂf@?&ﬂ&% &aweé‘l"\%%%‘ti% Pe%r,atgﬁéc BRipHER; and a
nubebng salesield fyerhitheogiptifingonsiséing abrarpridvang tiealimesit SySigprising
.for reducing the amount of suspended 10 solids or greases in wastewater;
MY %%Eﬁ(’éﬂ}é’i’éf‘ﬁeg’&}ﬁﬁrising bacteria capable of reducing
the agppunt of aeganidanatioreentameshineovasiawaties; Bindisinectingstewater
eatment system comprising a means for killing a microorganism; and a
Coﬁﬁfff@ﬂts ﬁ%/gbﬁ QVS%%&E%# rf%?ﬁﬁ“&% Hor removing a nutrient
comptsing Mitiegas dophaesphdrmusdkaeiwastesvaier; Itoth) ehenesnsdwtter

moving waIstewa?r from the land-based wastewater
treatment facility; an

fa

(d) a means for removing sludge from the wastewater treatment facility;

wherein neither the means for removing treated wastewater from the
wastewater treatment facility nor the means for removing sludge from the wastewater
treatment facility operate to discharge sludge or treated wastewater into the body of

water.

16. The wastewater treatment facility of claim 15, wherein the means for
moving wastewater from the land-based wastewater collection system to the

wastewater treatment facility comprises a pipeline.
17. The wastewater treatment facility of claim 15, wherein the means for

moving wastewater from the land-based wastewater collection system to the

wastewater treatment facility comprises a vessel.
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collection system to the wastewater treatment facility; (c) a means for
removing treated wastewater from the wastewater treatment facility; and
(d) a means for removing sludge from the wastewater treatment facility;
20 wherein neither the means for removing treated wastewater from the

wastgwatghiregifienhiackibmemhemasnstieraigmeyingreivtoenrontine for
wastewater treatment facility operate to discharge sludge or treated

refautagAtER o tREBBEHS of WhtElS I8 VAHE WAatERRtetafikinfeppPrises a

pif)@gilljéy of claim 15, wherein the means for moving wastewater from the
land-based wastewater collection system to the wastewater treatment
facility comprises a pipeline. 17. The wastewater treatment facility of claim

15, whereih¢he ieansforrcativaviagi Mastewaien figmvhertandiRagedns for
wastewater collection s%/stem to the wastewater treatment facility

TeRSHHBRsEE U SEICTY9R R Wigst iR Rs M IcARY Sp cisimprises a

vewdaerein the means for removing treated wastewater from the wastewater
treatment facility comprises a pipeline. 5 19. The wastewater treatment
facility of claim 15, wherein the means for removing treated wastewater

from e wastewatekteataaenthcility GOMPISRY dnvesbely20f Avater located
astewater treatment facility situated jn a body of WatEr located 10

OTHORD AL BRI SE S HATREHH SR ICEHRE Y st Ve WAt eRpent

fatigaimenprigieility comprising: (a) at least a first wastewater treatment
component and a secogd wastewater treatment com%onent, each of the

comé&%enté’b 5 icdpdhidt o FESHAL bt TEHRDS RPN s E)‘é‘il d%ySSFOHd
wavastewatera@ana beinpsatactestiromitbe arigidncdsassinistngn bl afafmany at

tregtment system for reducing.the amount of suspended soljds or greases
e B ACCo BBy b St o BRBH NG Bt the 2roup
cobspdhle of regdyeingitharenmownt of atgartia matiergoainatimt of suspended
E}/ﬁlstewater; a .disinfectin%treatments stemtcomprisin ameans.forb eri
SORMInG" BRI SORy VISR AR & MUY Ye HEVRICEY SEHT oM BHEY G Dacterta
capaddnsofor¢emetuingha nutient edm@idsing 2Atwiragamoephasphaseuaiter; a
.from wastewater; . . : .
disinfecting treatment system comprising a means for killing a microorganism; and a
nutrient removal system comprising a means for removing a nutrient comprising
nitrogen or phosphorous from wastewater;
(b) a means for moving wastewater from the land-based wastewater
collection system to the wastewater treatment facility;
(©) a means for removing treated wastewater from the wastewater

treatment facility; and

(d) a means for removing sludge from the wastewater treatment facility.

21. The wastewater treatment facility of claim 20, wherein the first and

second components differ in their manner of treating wastewater.

22. The wastewater treatment facility of claim 20, wherein the first and

second components are separated by the body of water.
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(b) a means for moving wastewater from the land-based wastewater

collection system to the wastewater treatment facility; (c) a means for

removing treated wastewater from the wastewater treatment facility; and

25 (d) a means for removing sludge from the wastewater treatment facility.

21. The wastewateewraaimentiagitity.efiriaior 20aiwhereimthgefirebanflising a

second components differ in their manner of treating wastewater. 30 22.
copflaitydate WARSFAFEREMBMREIRRAIRS of CRiniS0, Witer R RS HYst Khdhe  second
cop@ssgdcomponents are separated by the body of water. 20 23. The

wastewater treatment facility of claim 22, further comprising a conduit for

transferring wastewater from the first component to the second

component. 21
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