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TREATMENT FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates
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treatnment and purification of marine wastewater. BACKGROUND [ 0002]On-site
treatment of wastewater is generally utilized at those |ocations where
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saf edéggg@@md]onnent has been margi nal. SUMVARY [ 0004] One or nore
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[0003] A principal problem in the on-site treatment of wastewater is the reduction of
biological oxygen demand (BOD), chemical oxygen demand (COD), and particulate matter
suspended in the water, i.e., Total Suspended Solids (TSS). Even with the maceration of such
particulates, which may be followed by biological or fermentation-type degradation, the
reduction of such particulate matter to limits considered safe to the environment has been

marginal.
SUMMARY

[0004] One or more embodiments of the present invention relate to methods and systems for
treating wastewater onboard a marine vessel and/or stationary offshore platforms. In one
embodiment of the invention, a method for treating wastewater comprises pumping wastewater
slurry into a wastewater collection tank. The wastewater comprises raw sewage, black water,
gray water, galley waste and combinations thereof. The wastewater slurry further comprises
suspended solid particles, organic and inorganic matter, bacteria and entrained gas. A wastewater
level sensor installed on the wastewater collection tank monitors the wastewater level in the

wastewater collection tank. When the wastewater slurry reaches a pre-determined upper



threshold | evel, the sensor triggers automati c commencenent of operation.
The punpi ng of the wastewater slurry may be stopped when the wast ewater
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oxidized and disinfected by an electrochemical reaction occurring inside the electrolytic cell. In



[0009] I n one or nore enbodinents of the invention, the discharged effl uent
may conprise less than 25 ng/L Biol ogical Oxygen Denand (BOD), |ess than 35
ng/ L Tot aWoSospsmded Sol i ds (TSS), |ess than 120 ng/ L Cremiusadooueigen
Demand (COD) and | ess than 100 cfu/100 m coliform [0010]In another

enbodi nent of the invention, the flocculated slurry fromthe

el ectrocoagul ation cell and sludge and the particulate contam nants

di sl odged during the automated air and water purge are piped to a
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[0010] In another embodiment of the invention, the flocculated slurry from the
electrocoagulation cell and sludge and the particulate contaminants dislodged during the
automated air and water purge are piped to a degasification chamber. The gases produced during
the electrolysis reaction and other residual gases emitted from the slurry are diluted with ambient
air and vented to the atmosphere. An electric air blower may be used to force the ambient air into

the vent lines.



enbodi mrent of the present invention. WD 2010/ 059208PCT/ US2009/ 006183

DETAI LED DESCRI PTI ON [ 0015] Each of the appended clains defines a separate
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equi valents to the various elements or |imtations specified in the clains.
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[0013] In one embodiment of the invention, the wastewater treatment system comprises a
rigid base frame, wherein the rigid base frame is configured and disposed to carry the weight of
the wastewater treatment system. In another embodiment of the invention, the wastewater
treatment system comprises an air and water purger connected to the electrocoagulation cell. In
yet another embodiment of the invention, a seawater supply source is connected the electrolytic

cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a flow diagram illustrating a wastewater treatment system according to one

embodiment of the present invention.



10 may require a small installation floor space or occupy a small system
footprint. The marine wastewater system 10 may be capabl e of operating 24x7
wi t h contwourou®semBl ection and treatment of the col |l ect @dTMesst00m04183 . | n
one enbodi nent of the invention, the mari ne wastewater treatnent system 10
may be capabl e of being operated automatically with Iimted operator

i ntervention. [0019] Mari ne wastewater streans general ly include sewage,

bl ack_wat er ray water and conbi nati ons thereof As used herein, the term
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herein. [0024] The nacerated slurry may contact an oxidi zi ng agent source
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treatment capacities from 3.0 to 65.0 cubic meters/day. The marine wastewater treatment system



cell 16 to disinfect and neutralize the coliformpresent therein and reduce
BOD. Since the nacerated particles occupy a larger surface area within the
el ectr ol yWwoeonalsh2086, oxi dation and di sinfection is sigmrcfriusasmvlogeiehhanced.
I n one enbodi nent of the invention, the oxidizing agent is generated by
seawat er or brine. The oxidizing agent may be produced by passing seawat er
55 through the electrolytic cell 16 in the presence of the nacerated
slurry. A controlled volume of seawater may be mixed with the macerated
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enbodnatendlSn,adr strhegthef] seevaga SSesvazt dight ind3DDenah depleteconyton mveeeivirgpeatefsi C,
fixed curr q% ﬁfsogiated wth its electrolytic cell 16. The anmount of D.C.
curréﬁP“ﬁ%ﬁF'E SR LAWYRPBLEBES™ i ¢ cel | 16 determines the amount of sodium
hypochl orite produced. During electrolysis, small anounts of hydrogen and
other gases may al so be produced as byproducts. The gases nmay be em tted

f r om[802@nt r Binhearditreatthentmfi wistesvhtemia ganerphy atitieed af tgweyl.ocgmathrﬂ thenot her
enbodj, n: of .t he inventi i di zi n ti to b

cont attBaeseeret i “HSTHRA el reRhet B o SOV ARy B Brb s el or
t ank 16¢udions rewhjps ahb effcshivkaddilling Peatfomysbe as little as 2 minutes, for
exanmple. WD 2010/ 059208PCT/ US2009/ 006183 [ 0029] The oxi di zed and
disinfected slurry may include a m nimal anmount of residual oxidizing

agent on i #.h Wl di.si nf i de
P omi9pa1), CTREEAIRELREL s Fie)d, WEPHARE SRS IR IR Sl W bRboll Bt
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slurry may be oxidized by any .nmethod known to one ski.lled [.n the art, such
s c ol Gt iR Ievel B R R e Al Bl 9 et T
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oxidizing agent that is stronger than the oxidizing agent utilized in the
el ecttp@nyaufamaiis modepand pesdaterpunesd thagsheld lgvels @resteaehad: &y angther gmbadimepled 56
to a i . idized and disinfected slurry is
sub13€¥%§&%%q§§§§ #g%¥93€%%%§8§§8 |d%wg%sulting in the floccul ation or

aggl oneration of the solid particles suspended therein. Electrocoagul ation
cells are known in the art and using a variety of anode and cat hode
geonetries, including electrode plates, balls, fluidized bed spheres, wre
mesh, rods and tubes. The el ectrocoagul ati on process is based on scientific
principles involving responses of wastewater contam nants to strong
electrically induced oxidation and reduction reactions. This process my

t ake out over 99% of sonme heavy netal cations and nay al so el ectrocute

m croorganisns in the water. It may al so precipitate charged coll oids and
remove significant anounts of other ions, colloids, and emnul sions.
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enbodi nment, the electrocoagulation cell 18 may be operated in a verti cal
configuration. This allows gas to escape while providing a gas lift through
t he el ectwocongsbmsi on cell 18 for reduced flow fl uct uatrcons2eadosiesiuced
operating voltage. [0033]1n one enbodi nent of the invention, direct

el ectrical current is introduced via electrode plates into the oxidized and
disinfected slurry collected within the el ectrocoagul ation cell 18. The

el ectrodes may be nmade of iron or alumnum Metal ions are split off the

el ect[POMs arbe avastesatari flirce andynbeorquited 530 Y fenraegratodipaimpt bt whgnghe devgl
These _netal. ions form,metal, oxi t ha | ec I r

ol + dopy Arieh 82 prateRRYRRR wlhoTeld 2 VGl IF SR GVay RSt
2010/950208 PRI /niT2RRSY PRAREA: tihelysedrddssolias Busfeaderth e masesvatdraurry to

aggl onerate or flocculate and may separate froma supernatant fl uid.
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may accumulate 1 n e el ectrocoagul atron cel wth time. I'none
enbodhagpdtedkluityestrgave i icontinddily mixedt with othg uvastévanerc elukrylih tiry wastewater
connected to an _air purger 17a and a water purger 17b, The, )

el ectsodestiog ak il 4o fem 2 wmagenequs &é@q\ﬁgaﬁ PRNNg PEMPal isPatitioned disgendiths ed
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aut onfaettie coiximgreumai 13.ahke wekimg pumpd 35dperatay chetinlpmslydior revgrcalatsh Stythe e
when th stewater .collection,tank 1 be filled or refilled wth
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t r eattAEeby, Sisih@Midda hdMeg@idods waste@REbleAd War ds and backwards for a brief
pre-determned tinme period in each direction. The contents of the purge are
diverted 58 to a degasification chanber 20. [0035] A small anount of a

def oam ng agent may be added 67 to the oxidized and disinfected slurry

bef orl8021] enflbe gempming eeacerstashglurmat isopipe®|SH tbgan @leptnalyticzeelbrl 6ethrorighat e
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chanber 20. The degasification chanber 20 utilizes known falling film
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| ines using a ower . is anbient alr utes the resi ases and gases
pr odumedeatuthe ngodd ant thel gathade. Thes derdtempldtedi thati anyvea¢tealytid ce¢lb khéren to one

t . .Jhe d d, fl | At I ttl tank 22 wh
71 oo- RN Hreis BRD A aoresyearshe e aebi deralan e SRerb e Phe bottom
[ 0037] Si nce the sludge or agglonerated solids are heavier, it separates

fromthe substantially clarified supernatant and it settles at the bottom
of tHE0ZH: t | iThe magaratabslupy fapy gortpet an oxidizing agent source within the electrolytic

cell 16 to disinfect and neutralize the coliform present therein and reduce BOD. Since the
macerated particles occupy a larger surface area within the electrolytic cell 16, oxidation and
disinfection is significantly enhanced. In one embodiment of the invention, the oxidizing agent is
generated by seawater or brine. The oxidizing agent may be produced by passing seawater 55
through the electrolytic cell 16 in the presence of the macerated slurry. A controlled volume of
seawater may be mixed with the macerated slurry as it is pumped 54 through a calibrated orifice
plate to the electrolytic cell 16 or, alternatively the controlled volume of seawater may be
separately introduced into the electrolytic cell 16 via a strainer and flow controller (not shown).
This flow controller limits the seawater flow to a predetermined value based on the specific

treatment capacity of the wastewater treatment system 10.



substantially clarified supernatant to be displaced upward. The sl udge may
be discharged 59a to WD 2010/ 059208PCT/ US2009/ 006183 an opti onal sl udge
col | ecti omotarks¢aeet shown). The substantially clarifi egC3aseosmav@ns nay be
passed 60 into a clarifying tank 24 in fluid comrunication with the
settling tank 22. The substantially clarified supernatant nay be allowed to
settle further in the clarifying tank 24. Residual sludge nay be allowed to
settle to the bottomof the clarifying tank 24. The residual sludge may

al so be discharged 59b to the optional sludge collection tank. [0038] Both

t he i ng 22 and th A {0 ed.or
coni g(ﬁztsgl deTf;1 ésga,wa%efar?lg)éfgstagn@ hré%é\?gﬂ e(? Qf(;}ﬁg,z g‘l ??{% Q%Rtalea egbgiﬁdg\aval Pp
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tank 22 and the clarifying tank 24 further conpris asal ports that
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sl udg rom-t sett Ing t arifying tan 9] The

sl udgfmnmlbdmlﬁawaboﬁ%ortfaynlabomﬁrﬁ toodboet8 fpr exeenmle. nore val ves on the common
di scharge pipe. Wien the turbidity |level of the sludge discharged equals a
pre-determ ned optinmal |ow value, the valves may be automatically shut off

and frooie) ahe Shadafed sReRamae beWxidiged @hd agmfé&Q&l@L Re&LE MG éleak)chanl@agur e

1, in oné enbodi nent of 'the invention, a turbidineter 26 is installed on
t he ceastion inlite hlaﬁtg@lypc sell Tour Bhelieleptroeheatieal crﬁaqtr@nbs dherpesattsofnid &5 oltag@t er
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Tur bi d|ty analysis is an ogptical neasurenent of scattered |jight. Wen |ight
i s palestradesnr Biggteawaigapeevidemgadium chloride agd watertand actyph mbakeﬁtr@mnf@é%
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part idebmpczsleﬂ dm&lttdm@l)psasr to ﬁjrmssotlonﬂnéypkmim{tednd mrabhammntsrof nt¥xed c»chtamts

turbidinmeter 26 installed o he mmndschar cts

or c- PSGREHRSHEISH FetPRGS HE (PSHDBE R EHEn COnRORETS Sahdgang: salifer
aut orgtieRalanll &Jl&l%@qihe J;Fga@uoswaﬁoﬁdar tifethe dhaeRAsDIuRfy. t TeSpddd dBroadk thelhe
sludge fromthe clarifying tank 24 may be conbined with sludge fromthe

set t |elastyolysinlceR4 6troay killmearty- W0kt of rastdght basteribsandaestidizs beeeaent®® o586 pf

ggigﬁg%@ggﬁé?%@%?m%‘g%&gﬁg&% Ehzygg/g?emvgper ator. The substantially

clarified supernatant may be discharged 62 as a treated or disinfected

effluent. [0041] 1 n another epbodi nent of the inventign, the, sl u&i%
di SCHQQ?QQ lgg@legtgcgngower required to operate the electrolytic cell 16 is derived Trom t e

internal D.C. power supply of the marine wastewater treatment system 10. One or more
embodiments of the marine wastewater treatment system 10 have a specific, fixed current
associated with its electrolytic cell 16. The amount of D.C. current applied to the electrolytic
cell 16 determines the amount of sodium hypochlorite produced. During electrolysis, small
amounts of hydrogen and other gases may also be produced as byproducts. The gases may be

emitted from or entrained in the oxidized and disinfected slurry.

[0028] In another embodiment of the invention, the oxidizing agent may continue to be
contacted with the macerated slurry in another vessel, such as a conduit or tank (not shown).

The contact time may be as little as 2 minutes, for example.



collected in a polynerization tank or vessel (not shown). Cationic polyners
may be either manually or mechanically introduced into the polynerization
tank. Thewpabywessmsnay pronote dewaterability of the fl ectaisatedoaBudge
produci ng one or nore |arge polynerized clusters. These |arge pol ynerized
clusters may contain a greater percentage, from8%- 25% nore, of solids.
The polynerized clusters may be drier and may have reduced weight in
conparison to the floccul ated sludge. Beneficially, the volune of the

sl udg¥02@phd exidiged had duinfaeted skuryahay inshsleraminimal enavedfbrysidpal toxidiziog

which in turn may r.edu t he ,costs assaociated wth .the treatnent.an

i s potett of ofs RodiRHF Fnd SaR83 nia BRRIEEL fliny ey hei§ab B5H Rt LW
filtraoudnsoimistl fedidualStiquiing dgeRadld kbadidl lchlogfnbOn unit may conprise a

mul tiple station filtration and drying unit. The filtration and drying unit
is a conpact unit for easily and safely handling captured particul ate
waste, unlike the currently avail abl e wastewater treatnent systens that
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filter bags dewatering the fluids, conpacting and drying_the partlculate

mass PXdizieRgsnt thids sironast thanithe pxidizigeasent wilizsd in the sleqtalysiceced 1 i on
filtration and drying unit. The nultiple station filtration and drying unit
further conprises a dedicated filter bag renoval or discharge station for

par 1A 0. ABE g dndSiareaRel ok FEpiok oo SR el B RO Tk S

t 0 opexidized tehﬂ daveectad $lbayf id tsebjetisd @ SRRBOBECS bodduRiliond ResORBIgAH P the
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i nvenplates, ballbeflddizeld) bedrephebes, dirsahashgmds 8¢ tubes.a Tae slecirbe@gulatioh ptoress is
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devoi ¢inakioge! i ds and a sludge with greater than 10 wt % sol ids. The solids
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normal trash/waste. Special internal scraper knives may be used to
physirggbhy di | f ' into
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conprises a chem cal injection punp or a netering punp 29. The
substantially clarified supernatant nmay be dechlorinated 63 by addition of

optinal anounts of one or nore chemcals. In one enbodinent, sodium
bi sull®§33¢, sdaians gmbﬂdln@,nt s&dtmmmnnmldlmé edgctraeal fanrrent dx i ideoduegd bea
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MEPC159( 55) of _the |nternatjonal ime Organization for effluent release
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t hrough piping. As shown in Fig. 1, the system 10 nay conpri se a stainless
steel centrifugal overboard punp 30 to discharge 64 the dechl orinated

ef fl uent overboard. The discharged effluent may conprise |ess thanl00
cfu/100 mM coliform BOD | ess than about 25 ng/L, COD |ess than 120 ng/L
and TSS | ess than 35 ng/L. [0045] Test9Results: Land-based test was carried
out at a Wastewater Treatnent Plant in Katy, Texas. Katy is a suburb of
Houston. The plant handles 3.2 mllion gallons per day (M3) w th maxi num
capaC|ty of 13 3 NGD The narlne mastemater treatnent systen1mas operated
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[ 0046] The tests were carried out at specific sewage qualities. The influent
("A") was fresh sewage consisting of faecal matter, urine, toilet paper,
and fl ushwoabaveso18 whi ch sl udge was added to achi eve se@ags20000b6183 m ni mum
total suspended solids concentration appropriate for the nunber of persons
and hydraulic | oading for which the sewage treatnent plant wll be
certified. The wastewater treatnent systemtested was designed for a
hydraulic | oading of 13.6 Cu. Mday. The duration of the test period was 12
days the sehés demn ghprgsdeentitiesntiat @gglemeraiesor Samlleé@ andd nsypye peparatgy fokmaa wer e

CreachaneaehChul REGH GO0 b i RS A1GTRs R ABEieRl PR T e

wast el@tetodputivnapld 18ed to the wastewat er treat ment system on a continuous
basis. There were 232 sanpl es taken over 12 days at prescribed intervals;
94 were used to determ ne Fecal Coliformconcentration (half inlet and hal f
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and chlorine. Feca rm sanpl es were conveyed by-courier to
t he N@r wvithWimer IDi srher ieﬁtbotlmhmnaifomy iBesntioagshe tlectrodoNglilafdn toehh B8 paayabe

ti mes a day, so anal ou erfor thin 8 hours .fro npl e
col | ecefmw#ydt foRn alsa le7 pGn tahafa fﬁlé‘igeg‘ligli’ “theselﬁ;‘etrfém@&wéﬁorb;@&ligrwr bSnce
per %noaiealwm%sed\ulﬂﬁmtsnﬁ@dl a@xcﬁdr@@ 5800, &5@9@&@5 58 BR4 &%tha@a@&dar d

chai n of custody. is recogni zed by the Uni St at es Environnent al
Pr ot exatéropurggéiic o (ﬂi@h\)out ahrd paticnlatti ccmﬂarbtylanﬂsacmanubtmil orrhd elepmedesallhe

Labor at or ccredi t,ation ram an on ,on Envi nt al
oo 1Rl ot AL A RGP ovist B9 B HoPe i R eyl whelh T 1 o
test waevidi@ doBEstidreBBRTIS by Be el tor aBfiMaPith S seater’ Hug{ G0rori durihghhe 1
bel ow, the TSS geonetric nean was 888.6 ng/L and m ni num val ue for the

ent i mormal gagratiens of \ihe Baste\pater featmeabsestam. | Gif The pursy e dancdorvasdn agbs. 6
959. 8,ac04d? & Porief pre-determined time period in each direction. The contents of the purge

are diverted 58 to a degasification chamber 20.

[0035] A small amount of a defoaming agent may be added 67 to the oxidized and
disinfected slurry before it enters the electrocoagulation cell 18 to minimize or eliminate foaming
in the primary settling tank 22. The defoaming agent may also help with gas removal from the

flocculated slurry exiting the electrocoagulation cell 18.

[0036] The flocculated slurry is piped 58 to a degasification chamber 20. The degasification
chamber 20 utilizes known falling film technology to facilitate residual gas removal. In one
embodiment of the invention, ambient air is forced 61 into the degasification chamber’s vent
lines using a blower. This ambient air dilutes the residual gases and gases produced during
electrolysis. The diluted air is vented 65 to the atmosphere. The degassed flocculated slurry
enters a settling tank 22 where floc-containing sludge is precipitated or allowed to settle at the

bottom.
[0037] Since the sludge or agglomerated solids are heavier, it separates from the

substantially clarified supernatant and it settles at the bottom of the settling tank 22, causing the
substantially clarified supernatant to be displaced upward. The sludge may be discharged 59a to

10
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an optional sludge collection tank (not shown). The substantially clarified supernatant may be
passed 60 into a clarifying tank 24 in fluid communication with the settling tank 22. The
substantially clarified supernatant may be allowed to settle further in the clarifying tank 24.
Residual sludge may be allowed to settle to the bottom of the clarifying tank 24. The residual
sludge may also be discharged 59b to the optional sludge collection tank.

[0038] Both the settling tank 22 and the clarifying tank 24 have a pair of sloped or conical
sidewalls, 22a, 24a. The heavy sludge slides down the sidewalls 22a, 24a and settles to the
bottom of the tanks 22, 24. Both the settling tank 22 and the clarifying tank 24 further comprise
basal ports that connect to discharge pipes. These discharge pipes may be enjoined and the
enjoined or common discharge pipe withdraws or removes 59c the flocculated sludge from the
settling tank 22 and the clarifying tank 24.

[0039] The sludge withdrawal 59¢ may be controlled by one or more valves on the common
discharge pipe. When the turbidity level of the sludge discharged equals a pre-determined
optimal low value, the valves may be automatically shut off and further sludge discharge 59c is
halted.

[0040] Referring back to Figure 1, in one embodiment of the invention, a turbidimeter 26 is
installed on the common discharge pipe. Turbidity meters or turbidimeters measure water clarity
or turbidity. Turbidity is an aggregate water property caused by suspended particles in water. At
high concentrations, turbidity is perceived as cloudiness, haze, or an absence of clarity in the
water. Turbidity analysis is an optical measurement of scattered light. When light is passed
through a water sample, particles in the light path change the direction of the light, scattering it.
If the turbidity is low, most of the light will continue in the original direction. Light scattered by
the particles allows the particles to be detected in the water. When the turbidimeter 26 installed
on the common discharge pipe detects a pre-programmed low reading, the valves on the common
discharge pipe are automatically closed. This stops further discharge of the sludge 59c. The
sludge from the clarifying tank 24 may be combined with sludge from the settling tank 24 to

form a 2-3 wt% total solids waste stream to be off loaded from the wastewater treatment system

11
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10 by the system operator. The substantially clarified supernatant may be discharged 62 as a

treated or disinfected effluent.

[0041] In another embodiment of thé invention, the sludge may be discharged 59c to and
collected in a polymerization tank or vessel (not shown). Cationic polymers may be either
manually or mechanically introduced into the polymerization tank. The polymers may promote
dewaterability of the flocculated sludge producing one or more large polymerized clusters. These
large polymerized clusters may contain a greater percentage, from 8% - 25% more, of solids.
The polymerized clusters may be drier and may have reduced weight in comparison to the
flocculated sludge. Beneficially, the volume of the sludge comprising the polymerized clusters
may be reduced by up to 75% which in turn may reduce the costs associated with the treatment
and disposal of the effluent. The polymerized clusters may be filtered in a filtration unit (not

shown).

[0042] The filtration unit may comprise a multiple station filtration and drying unit. The
filtration and drying unit is a compact unit for easily and safely handling captured particulate
waste, unlike the currently available wastewater treatment systems that require multiple pieces of
equipment to provide the same end result. In one embodiment, the multiple station filtration and
drying unit comprises a support grid configured to multiple industry standard filter bags. One or
more processes comprising introducing the fluid to be treated into the filter bags, dewatering the
fluids, compacting and drying the particulate mass is accomplished in-situ to the operation of the
multiple station filtration and drying unit. The multiple station filtration and drying unit further
comprises a dedicated filter bag removal or discharge station for removing soiled but dry and
liquid-free filter bags comprising compacted particulate mass. By using a clear cover and a
safety interlock mechanism to operate the cover at the filter bag discharge station, an operator’s
exposure to biological hazards, inherent to wastewater treatment facilities, is controlled. The
soiled or spent filter bags can be removed and replaced with a clean filter bag while the multiple

station filtration and drying unit is in operation.

[0043] In yet another embodiment of the invention, the sludge may be discharged 59¢ to a

centrifuge unit (not shown). Solid/liquid separation may be achieved by using a centrifuge

12



[ 0049] After the wastewater was treated in accordance with the one or nore
enbodi nents of the nethod described earlier, the dechlorinated effluent
("B") waswoDestoad9208he ef fluent net the criteria of ResolPaTiuse00nERI8I159(55) .
This effluent represents the overboard effluent exiting the wastewater
treatnment process. As shown in Table 2 bel ow the geonetric nean val ue for
Fecal Coliformwas 8.7 nunber of colony formng units per 100 m, well

bel ow t he 100 required geonetric nean val ue. O her anal ){si s of system

ef f | waghourequitiagvthe addition of podyrdercontqagiaten thegpastieles.i tollongd HyopubrgBianhs
16. 3 [k V. : / V. . / 7
w t 1 Do, TSI Bl 35nag® sdel¥issy S el i UAR 22 e clarBilgb R a
I esuldospfiged agdlohéerated idVERG. WHA(sdhds), aMiDsidel 0/ 10 59 ABENTN hiaR (091t 0A6/1 BS
Tabl e 2; System Effluent Geo Mean 8.7 16.3 30.3 7.5 7.0 0.08 M ni mum,
her separated from interstitial water in a centrifuge to form two separate streams: a fluid
stream relatively devoid of solids and a sludge with greater than 10 wt% solids. The solids
discharge is not considered a bio-hazard and it may be then combined with normal trash/waste.
Special internal scraper knives may be used to physically dislodge the solids from the centrifuge
and drop the solids into a container. The container may comprise waterproof cardboard for

handling. The centrifuge unit may remove the solids in a batch mode and it may further comprise

a recirculation tank that provides the 2-3 wt% feed stream.

[0044] Referring back to Fig. 1, the wastewater treatment system 10 may further comprise a
dechlorination unit 28. The dechlorination 28 comprises a chemical injection pump or a metering
pump 29. The substantially clarified supernatant may be dechlorinated 63 by addition of optimal
amounts of one or more chemicals. In one embodiment, sodium bisulfite, sodium sulfite, sodium
thiosulfate or sulfur dioxide may be injected 63 into the substantially clarified supernatant by the
metering pump 29 at concentrations which ensure that the chlorine content of the substantially
clarified effluent may meet the requirements of Resolution MEPC159(55) of the International
Maritime Organization for effluent release to the marine environment without further processing.
The dechlorinated effluent may be environmentally safe and substantially free of residual
chlorine. The dechlorinated effluent may be gravity drained overboard through piping. As
shown in Fig. 1, the system 10 may comprise a stainless steel centrifugal overboard pump 30 to
discharge 64 the dechlorinated effluent overboard. The discharged effluent may comprise less
than100 cfu/100 ml coliform, BOD less than about 25 mg/L, COD less than 120 mg/L and TSS
less than 35 mg/L.

[0045] Test Results:

Land-based test was carried out at a Wastewater Treatment Plant in Katy, Texas. Katy is a
suburb of Houston. The plant handles 3.2 million gallons per day (MGD) with maximum
capacity of 13.3 MGD. The marine wastewater treatment system was operated under conditions

and testing protocol adopted by the Marine Environment Protection Committee (MEPC) of the
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International Maritime Organization (IMO) in resolution MEPC.2 (VI) Recommendation of
International Effluent Standards and Guidelines for Performance Tests for Sewage Treatment
Plants in 1976 and modifications as adapted at MEPC.159(55) on October 13, 2006. All
operation of the system was carried out by trained personnel. Proper operation and monitoring
of the system during the 12 day test was done by these same personnel. System operation and
lab results were authenticated by an independent third party company (in this case, Bureau

Veritas).

[0046]. The tests were carried out at specific sewage qualities. The influent (“A”) was fresh
sewage consisting of faecal matter, urine, toilet paper, and flush water; to which sludge was
added to achieve sewage with a minimum total suspended solids concentration appropriate for
the number of persons and hydraulic loading for which the sewage treatment plant will be
certified. The wastewater treatment system tested was designed for a hydraulic loading of 13.6
cu. M/day. The duration of the test period was 12 days to capture all operational conditions.
Samples and operating data were obtained after steady-state conditions had been reached by the

wastewater treatment system.

[0047] Sewage of required quality was provided from the wastewater plant and fed to the
wastewater treatment system on a continuous basis. There were 232 samples taken over 12 days
at prescribed intervals; 94 were used to determine Fecal Coliform concentration (half inlet and
half effluent) and 138 (half inlet and half effluent) to determine TSS, BODS5, COD, pH, and
chlorine. Fecal Coliform samples were conveyed by courier to the North Water District
Laboratory Services, Inc. (NWDLS) two separate times a day so analysis could be performed
within 8 hours from sample collection time. Samples for the other analysis were taken by
courier once per day to NWDLS. All sample collection and transfer complied with standard
chain of custody. NWDLS is recognized by the United States Environmental Protection Agency
(EPA), and accredited by the National Environmental Laboratory Accreditation Program and the

Texas Commission on Environmental Quality.
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[0048]
As shown in Table 1 below, the TSS geometric mean was 888.6 mg/L and minimum value for

the entire 12 day test was 618.0 mg/L.

The influent for the entire test met the requirements of Resolution MEPC.159(55).

Table 1: Influent Stream =~~~ =~ =

Geo Mean | 888.6 959.6 272.5 6.8

Minimum | 618.0 658.0 186.0 6.2

Maximum | 1350.0 1376.0 366.0 7.3
TSS COD BOD (mg/L) | pH
(mg/L) | (mg/L)

MEPC 159 | Min.

(55) 500

standard

Req.
A (Wastewater Influent)

[0049] After the wastewater was treated in accordance with the one or more embodiments of the
method described earlier, the dechlorinated effluent (“B”) was tested. The effluent met the
criteria of Resolution MEPC.159(55). This effluent represents the overboard effluent exiting the
wastewater treatment process. As shown in Table 2 below the geometric mean value for Fecal
Coliform was 8.7 number of colony forming units per 100 ml, well below the 100 required
geometric mean value. Other analysis of system effluent are shown in Table 2 and confirm the
geometric mean for TSS was 16.3 mg/L, COD value was 30.3 mg/L, BODS value was 7.5 mg/L,
pH was 7.0 with a range of 6.1 to 7.7, and Chlorine ranged from 0.01 to 0.40. These results meet
criteria of MEPC.159(55).
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[0050] Although not shown herein, the wastewater flow may be modified based on system
optimization so long as the modification complies with the spirit of the invention, as defined by
the claims. Additional process equipment, such as pumps, pipes or additional electrolytic cells

or filtration units, may be employed throughout the processes described herein.

[0051] It is contemplated that the embodiments described herein are used at marine facilities,
such as marine vessels, including ships and platforms, for example. Tight quarters in the marine
facilities generally make installation of wastewater treatment systems difficult, if not impossible
for many commercial applications. However, embodiments of the invention further provide a
purification system having a small footprint and overall size, thereby easing instaliation

concerns.

[0052] While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope
thereof and the scope thereof is determined by the claims that follow. The inventions are not
limited to the described embodiments, versions or examples, which are included to enable a
person having ordinary skill in the art to make and use the inventions when the information in

this patent is combined with available information and technology.
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further enbodinents of the invention nmay be devised wi thout departing from
the basic scope thereof and the scope thereof is determ ned by the clains

t hat fol Iwe20lms9ioaventi ons are not limted to the descrChas2@gvodsirent s,
versions or exanples, which are included to enable a person having ordinary
skill in the art to nmake and use the inventions when the information in
this patent is conbined with available information and technol ogy. WO
2010/ 059208PCT/ US2009/ 006183 CLAIMS 1. A nethod for treating marine

wast evlbABYIS t he net hod conpri sing: punpi ng a wastewater slurry into a
wast ewat er col |l ection tank, the slurry conprising suspended solid
particles, organic and inorganic matter, bacteria and entrai ned gases,

aut omat ilcah W%wrﬁ%ﬁ@atn@ NAURG Wgstewates [the mothed campaisi@gat or punp for

maceration in r : . t]

pre-determ ned upp@?ggﬁ%égﬁgw%%hgggP&%?k?#§®§?ﬁ§§§kpgﬁkﬁ%’gggpgﬂéter

col | ect i orcohghisinguppended balidpaticias,edgsliciand/inbrpaait mhtea| badteria andcel |
oxi di zing and. di sinfecting the macerated slurry piped to the electrolytic
cel | ; addisigaued&rtsdni ng agent to the oxidized and disinfected slurry prior
to piping it t 1.0 t 1O loj Ll j j g

el ect rocoagul aﬁu@tﬂn@éﬁ%ﬁ? c? '%gi%glr%trgoglﬁlhé(ﬁkts}ﬁlgysb& ? giaggt?ﬁr??gfg r}gfjrsﬂggenrggﬁj in

t he oxi di Zedespnosedbsi whstewettr &dvel sepsor detecting e pré-defetrhined pparthmskeald &vet r y

to a primary, settling tank for s ration of a floc-containing sludge and a
subst ant i aqf?%e g}"ﬂi"? &@d’v \ ?Fa“toig? }o%ﬁa%lf’ng the substantially clarified

supernat ant to @pseeRahatsraianirfyiona dalite cepci litate further separation
of the sludge and the substantially clarified supernatant; w thdrawi ng the

sl udge t hr ough axadizingoddésiniectingths enacerateg Burey pipgd ite therpdeatmphis; cell;
adding a defoaming agent to the oxidized and disinfected slurry prior to piping it

to an electrocoagulation cell;

facilitating, in the electrocoagulation cell, flocculation of the solid particles
suspended in the oxidized and disinfected slurry;

routing the flocculated slurry to a primary settling tank for separation of a floc-
containing sludge and a substantially clarified supernatant;

piping the substantially clarified supernatant to a secondary clarifying tank to
facilitate further separation of the sludge and the substantially clarified supernatant;

withdrawing the sludge through basal ports on the settling and clarifying tanks;

continually measuring turbidity levels of the withdrawn sludge, the sludge
withdrawal automatically halted on the condition that the turbidity level measurement
equals a pre-determined value; and

discharging the substantially clarified supernatant from the clarifying tank as a

treated effluent.

2. The method of claim 1, further comprising diverting a stream of macerated slurry to the
wastewater collection tank, the macerated slurry stream continually mixed with the
wastewater slurry in the wastewater collection tank to maintain a homogeneous

wastewater blend.
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continually neasuring turbidity |levels of the w thdrawn sludge, the sl udge
w t hdrawal automatically halted on the condition that the turbidity |evel
measur enewo 2eguEb®8a pre-det ermi ned val ue; and di Charsgiagodine
substantially clarified supernatant fromthe clarifying tank as a treated
effluent. 2. The nethod of claim 1, further conprising diverting a stream
of macerated slurry to the wastewater collection tank, the nmacerated slurry
streamcontinual ly mxed with the wastewater slurry in the wastewater

col | ect BonTheamrthpd ofrpliaim i firthen eorppisieg centogiingahpremaiping mepcerated sSfWEY et hod
of claiml,.f{fur onpr.i si I [ LQk: cerated slurry
with a con Fégféﬁﬁgﬁgjﬁgngiog%ng&@%@%%%%ggggﬁ?eﬁgaéﬁgggﬁggtroIytic cell. 4.
The met hod of claim 3, wherein the oxidizing agent is generated from
seawat ef, ' . f &l al f I doSi .

er od cal 1} Db EEd oPrlabfB, WRERAEIS Cxfl A font 1 hafiic L AORIcEn B or bine.
conbi ned air and mater_pur%e, the purge flushing particul ate contam nants
accumul at eBheomethed of claipr le Tartkertcoptpaisingperigdically sebisetighe stectaceagulation

The net hod_ of , cl ai r . LSk j r gy e ent
over board %ﬂhg}ﬁﬁéﬂgégg%_54ﬁ%q%£@ﬁ£%ﬁ%§ﬂggj?ﬁgﬁh?%?Qw} tﬁ%@ﬁ§%§%¥@éﬁﬁg
i nj ecti ng cméandiham® aecuihgited ahont or inoee ¢leaadded irefhiel eleocgagutationaeli schar ge
to neutralize residual chlorine to less than 0.5 ng/L. 8. The nethod of

claim?7, i i.sGh . . I /

51 achenoal s ek CBehlid” RiE <SibhFEkisERRRREIFE upaSE ANl SRy

di schar gedmefifid wssdl. conpri ses | ess than 35 ng/L Total Suspended Solids
(TSS). 10._The nethqd of claim7, wherein the discharged effluent conprises
| ess t hdn TBOmAwed ofsiat Oafurthey GemPHRIAR HIeqtiBBe OIEE?OT‘Tﬁ'éerWEE]ﬁ(S‘EiﬂB‘f““@FCQi m 7,
wherein tNandes iRk aPgisGlatedBtcub B 8851 BRIk N8 Test Akl bl 00
coliform 12. The nethod of claim1, further conprising facilitating

degasi fi cation of the entrained,gases,bx pigin the floccul ated slurry
degasi f Seathomethpdnfeplaim 7, wherein the discharged effluent comprises less than 25 mg/L

Biochemical Oxygen Demand (BOD).

to a

9. The method of claim 7, wherein the discharged effluent comprises less than 35 mg/L
Total Suspended Solids (TSS).

10. The method of claim 7, wherein the discharged effluent comprises less than 120 mg/L
Chemical Oxygen Demand (COD).

11. The method of claim 7, wherein the discharged effluent comprises less than 100 cfu/100

ml coliform.

12. The method of claim 1, further comprising facilitating degasification of the entrained

gases by piping the flocculated slurry to a degasification chamber.

13. The method of claim 7, further comprising controlling the dosage of the chemicals

injected in the treated effluent.

14. The method of claim 12, further comprising diluting with ambient air the gases entrained

in the flocculated slurry.
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13. The nmethod of claim7, further conprising controlling the dosage of the
chemcals injected in the treated effluent. 14. The nmethod of claim 12,
further cwoppioispaysdi | uting with anbient air the gases entrnseeedodinsthe
flocculated slurry. WD 2010/ 059208PCT/ US2009/ 006183 15. The net hod of
claim12, further conprising disposing the sludge at an offshore | ocation.
16. The nmethod of claim 12, wherein the macerator punp finely grinds the
solid particles suspended in the wastewater slurry to facilitate

di si nf et}.ildwe methohet dhiar i 2 dlugthercomeirlsingldisposingethe sladgeatt anveffsdiore loeatioment
system the system conprising: a wastewater collection tank; a nacerator

punp copgeglghethOd Bf‘&ﬁ%ﬁ,%rgfn tﬁ@l‘r%a@&% of BuinHirely %ri srfhé(lﬁq(ﬂﬁi e&dj acent
t he macerat or Eucm) ht e mﬁng urrt'gf U{.t ef. .C nﬁect t:l) i"F ) csi‘?hewater

col | ect i otU$REARSE In the wagtewater “&yl RN YHPIGHPR Y 1§ SELONE Sricer at ed
wast ewater fromthe macerator punp; an el ectrocoagul ation cell adjacent the
el ect r ol YtA ea€iak Wastewater Geg@msdrt sgsadrh Ohe syseheompasingct ed by pi pi ng neans to
the el ectrocoagul ation cel]; .a prinmary settling tank adjacent the

degasi fi cat i on acHasigegter collection tank;

a macerator pump connected to the wastewater collection tank;

a mixing pump adjacent the macerator pump, the mixing pump further connected

to the wastewater collection tank;

an electrolytic cell configured to receive macerated wastewater from the

macerator pump;

an electrocoagulation cell adjacent the electrolytic cell;

a degasification chamber connected by piping means to the electrocoagulation

cell;

a primary settling tank adjacent the degasification chamber;

a secondary clarifying tank in fluid communication with the settling tank, the
settling tank and the clarifying tank each having a pair of conical sidewalls and at least
one basal port for sludge withdrawal;

a turbidimeter installed on a common sludge discharge line, the common sludge
discharge line connected to both the settling and clarifying tanks;

a dechlorination unit, the dechlorination unit further comprising a chemical
injection pump; and

an effluent discharge pump.

18. The system of claim 17, further comprising an air and water purger coupled to the

electrocoagulation cell.

19. The system of claim 18, further comprising a seawater supply source connected to the

electrolytic cell.
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a secondary clarifying tank in fluid comrunication with the settling tank,
the settling tank and the clarifying tank each having a pair of conical

si dewal | swandioatsotogast one basal port for sludge w t hdr @ealUs2009/00618&
turbidinmeter installed on a conmon sl udge discharge |ine, the comon sl udge
di scharge |line connected to both the settling and clarifying tanks; a
dechlorination unit, the dechlorination unit further conprising a chem cal

i njection punp; and an effluent dischar punp. 18. The system of claim 17,
further 2@ rsystnemgofamalm i9 amlcprmﬂb‘t dmns @ﬂtl@bglpw@hbrtf@rthmzomprlsmg a blower

I I I 1 h
o oot cosgl ALAD 55k g el 9N D BHAN fun Ll BTS2
2010/0592Q&H§§ﬂk§2009/006183 20. The systen10f cIa|n119 wherein the

degasi fication chanber further conprising a blower and venting neans to
permt release of gases produced during the electrolysis to the atnosphere.
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