MARI NE WASTEWATER TREATMENT FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates generally to wastewater treatnent, and in particular to
the on-site treatnent and purification of marine wastewater. BACKGROUND
[0002] On-site treatnment of wastewater is generally utilized at those

| ocations where there is limted access to a nunicipal water treatnent

pl ant or equivalent facility. Exanples of such |ocations are ships and

of f-shore drilling platf i wast ewat er typically
flows through a biol ogfl\égﬁ‘ﬁﬁ‘ﬁ’tm&tﬁﬁ%ﬁ%ﬁéﬁ oard, and then into a
hol di ng tank. \Wen the effluent in the holding tank reaches a certain

| evelFIELD ORYHBINMBNEHIONhr ough a sterilizing unit. [0003] A principal
problemin the on-site treatnment of wastewater is the reduction of
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by bi ol ogi cal or fernentation-type degradation, the reduction of such
particulate matter to limts considered safe to the environnment has been
mar gi KGR Y [0004] One or nore enbodi nents of the present invention
rel ate to nethods and systens for treating wastewater onboard a marine
vessel and/or stationary offshore platforns. | n _one enbodinment of the,
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oxi dagdrginaland di sinfection of the macerated slurry in the electrolytic cell
is significantly inproved. A defoam ng agent is added to the oxidized and

disinfected slurry prior to piping it to an el ectrocoagul ation cell. The
di si uspended solids may be aggl onerated or flocculated in the
el ectrocoagul ation cell. The flocculated slurry is routed to a primry

settling tank for separation of a floc-containing sludge and a
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wastewater collection tank. When the wastewater slurry reaches a pre-determined upper



m xed with the wastewater slurry in the collection tank. This maintains a
honbgeneous blend within the wastewater collection tank. In one enbodi ment,
a mxing punp nay be positioned adjacent the macerator punp to continuously
mx and recirculate the nmacerated slurry streamwi th the wastewater slurry
In the wastewater collection tank. [0006] A controlled vol une of seawater
may be m xed with the macerated slurry as it enters the electrolytic cell.
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level of the discharged sludge is continually monitored. When the turbidity level equals a pre-

determined low value, the sludge discharge is stopped by automatically closing the valves on the
sludge discharge pipe. The substantially clarified supernatant may discharged as a treated

effluent.

[0005] The macerated slurry stream diverted back to the wastewater collection tank may be
mixed with the wastewater slurry in the collection tank. This maintains a homogeneous blend
within the wastewater collection tank. In one embodiment, a mixing pump may be positioned
adjacent the macerator pump to continuously mix and recirculate the macerated slurry stream

with the wastewater slurry in the wastewater collection tank.

{0006] A controlled volume of seawater may be mixed with the macerated slurry as it enters
the electrolytic cell. The volume of seawater introduced may be dependent on the specific
treatment capacity of the marine wastewater treatment system. The macerated slurry may be

oxidized and disinfected by an electrochemical reaction occurring inside the electrolytic cell. In



el ectrocoagul ation cell and sludge and the particul ate contam nants

di sl odged during the automated air and water purge are piped to a

degasi ficati on chanber. The gases produced during the el ectrolysis reaction
and ot her residual gases emtted fromthe slurry are diluted with anbient
air and vented to the atnosphere. An electric air blower nmay be used to
force the anbient air into the vent lines. [0011]In another enbodi nent of
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aggl onerate clusters. The polynerized aggl onerated solid clusters
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DESCRI PTI ON OF THE DRAW NGS [0014]Fig. 1 is a flow diagramillustrating a
wast ewat er treatnment system according to one enbodi ment of the present
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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.



pur poses i s recogni zed as including equivalents to the various el enents or
limtations specified in the clains. Depending on the context, al

ref erences below to the "invention" may in sonme cases refer to certain
specific enbodiments only. In other cases it will be recognized that
references to the "invention" will refer to subject matter recited in one
or nore, but not necessarily all, of the clains. [0016] Various terns as
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and gases. One of the nbst commonly neasured constituents of wastewater is
t he I§EBcheni cal oxygen demand, or BOD. The anmpunt of oxygen required for

m crobes to break down organic contam nants is known as the biochem cal
oxygen demand or BOD. The five-day BOD, or BOD5, is neasured by the |
quantity of oxygen consuned by m croorgani sns during a five-thy period, and
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in, or strength of, sewage. Sewage high in BOD can depl ete oxygen in
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treatnent of wastewater is generally utilized at those | ocations where
theré’mb&d}m‘?ﬂtf’gg‘%éﬁémc"ﬁng"%ni cipal water treatnment plant or equival ent
facility. Exanples of such |ocations are ships and off-shore drilling
platforns. [0021] Referring back to Fig. 1, wastewater slurry is piped 50
into a wastewater collection




tank 12. The wastewater collection tank 12 incorporates a wastewater |evel
sensor (not shown) to determ ne wastewater |level. This | evel sensor nay
automatically initiate the start and stop sequences of the wastewater
treatment system 10 when the wastewater treatnment system 10 is set to an
automati c node and pre-determ ned threshold | evels are reached. |In another
enbodi nent, wastewater treatnent may be nmanual ly commenced. [0022] The
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in the wastewater collection tank 12 thereby, maintaining a honmbgeneous
wast ewat er bl end. [0023] The remai ning macerated slurry is piped 54 to an
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harnful coliform bacteria and oxidize the organic conmpounds in the
macerated slurry. One pass through the electrolytic cell 16 may kill nearly
100% of resident bacteria and oxidize between 90 to 95% of the organic
conpounds found in wastewater. [0027] 5The el ectrical power required to
operate the electrolytic cell 16 is derived fromthe internal D.C. power
supply of the marine wastewater treatnent system 10. One or nore

enbodi nents of the mari ne wastewater treatnment system 10 have a specific,




[ 0029] The oxidi zed and disinfected slurry may include a m nimal anount of
resi dual oxidizing agent. In one enbodi nent, the oxidized and di sinfected
slurry may include fromabout 1 ng/L to about 250 ng/L residual oxidizing
agent and residual chlorine. [0030] In another enbodi nent of the invention,
the macerated slurry may be oxidized by any nethod known to one skilled in
the art, such as contacting the nacerated slurry with ozone within an
oxidizing cell. It |s to be ngted that the oxidatjon w thin.t xidi.zi ng
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enbodi nent . of, .t he | nventi el ectrocoagul ation cell 18 nmay be
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el ectrocoagul ation cell 18 nay be periodically cleansed with an aut omated

air purge 57a, a water purge 57b or .a conmbi ned . aiy and ter purge 57¢c to
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aut onag: Lhed, air . ; IR he
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wast tovatiens @t shiipy aidoffrshdrerdriling platfoonstal operati on of the wast ewat er
treatnment system 10. The purge is done forwards and backwards for a brief
pre-determned tinme period in each direction. The contents of the purge are
di Vegé@d 58 R&eRifiCSRY thifa! | ORagBARLLEIRY- is [P Pisowl wasewstst collection
def oam nl] agent may be added 67 to the oxidized and

tank 12. The wastewater collection tank 12 incorporates a wastewater level sensor (not shown) to

determine wastewater level. This level sensor may automatically initiate the start and stop
sequences of the wastewater treatment system 10 when the wastewater treatment system 10 is set
to an automatic mode and pre-determined threshold levels are reached. In another embodiment,

wastewater treatment may be manually commenced.



disinfected slurry before it enters the el ectrocoagul ation cell 18 to
mnimze or elimnate foamng in the primary settling tank 22. The

def oam ng agent nmay al so help with gas renoval fromthe flocculated slurry
exiting the electrocoagul ation cell 18. [0036] The flocculated slurry is

pi ped 58 to a degasification chanber 20. The degasification chanmber 20
utilizes known falling filmtechnology to facilitate residual gas renoval
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form a 2-3 %total solids waste streamto be off |oaded from dt el
wast ¢hwaugh theredeatiobytic epflsiéin 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.



10 by the system operator. The substantially clarified supernatant may be
di scharged 62 as a treated or disinfected effluent. [0041] 1 n anot her
enbodi ment of the invention, the sludge may be di scharged 59c to and
collected in a polynerization tank or vessel (not shown). Cationic polyners
may be either manually or nmechanically introduced into the polynerization
tank. The polyners may pronote dewaterability of the floccul ated sl udge
produci ng one or nore |arge polynerized clusters. These |arge polynerized
clusters may contain a greater percentage, from8%- 25% nore, of solids.
The @@by]ﬁer e deahvitst BaS EBIadiqhél iia@EratadsliRy ik avatibesfugddastabgi 1410 In
conparison to the floccul ated sludge. Beneficially, the volume of the
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28. e dechlorrnation 28 conprises a chemcal “injection punp or a netering
punp .29. The substantially clarified supernatant nay be dechlorinated 63 by
addition of optinmal anobunts of one or nore chemcals. In one enbodi nent,
sodi (o8] Eilahbther esstdidirresubf ithe, insadionmthdi oddizingt egent may f comtigduexiodbe may
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to the marine environnent w thout further processing. The dechl ori nated
effluent may be environnentally safe and substantially free of residual

chl orine. The dechlorinated effluent may be gravity drai ned overboard

t hrough piping. As shown in Fig. 1, the system 10 nmay conpri se a stainless
steel centrifugal overboard punp 30 to discharge 64 the dechl orinated

ef fl uent overboard. The di scharged ef§luent may conprise | ess thanl00
cfu/100 M coliform BOD | ess than about 25 ng/L, COD | ess than 120 ng/L
and TSS |l ess than 35 ng/L. [0045] Test Results: Land-based test was carried
out at a Wastewater Treatnent Plant in Katy, Texas. Katy is a suburb of
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International Maritime Organization (IMO) in resolution MEPC 2 (VI)
Recommendati on of International Effluent Standards and Cui delines for
Performance Tests for Sewage Treatnment Plants in 1976 and nodifications as
adapted at MEPC. 159(55) on October 13, 2006. All operation of the system
was carried out by trained personnel. Proper operation and nonitoring of
the systemduring the 12 day test was done by these sane personnel. System
operation_and | ab results_were authenticated by.an i ndependen hird.party
comp&®R29 i’[hetomcgzeéaag@,&ggfeg%l sharry poay)inclp %ﬁé?‘%%gtaé%?‘g'?\ﬂgfeé‘%ﬁi pPridizing.t  at

S pec%éérﬁ BRI dahddt B8 oxidised 4dl disiffectedAldmy\aay indsde F6MaBOUCPRRFEtd Ng

of fagcal nmatter, urine, toilet paper, and flush water; to which sludge was
addedbout 250 Mgl eesdnah gridizing agentiand msiduabechddrisyspended sol i ds concentrati on
appropriate for the nunber of persons and hydraulic |oading for which the
sewage treatnent plant will be certified. The wastewater treatnent system
tested was designed for a hydraulic.loading of 13.6.cu, day...The duration
of ¢ 033 3p apanioemiedei gh e yefiost afe Mhefeises ST Sl P GG 40
Sanpl,Geh @ LnARE 16 ohB Sk RldGi Ve Bard udh N8 Ceodtdcihg The dheefat@l Sluegnwithiozose had
been reached by the wastewater treatnent system [0047] Sewage of required
qual iwtithimas opidizingl eell.flt tniot beenoted thandheoxidation within thePxidizingecellasizonan
treat nept. syst n cont i nugus basis. There. e | tigken over
12 dQy¥ipe eé‘g g}r‘”’?ﬁe*gmf’ﬁ?re‘:“%ﬂ%e;" “efec usuéﬁlz%\%{ndtgg%fer%ﬁﬁg}ﬁﬁg%gllgboI i form
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effluent) to determ ne TSS, BOD5, COD, pH, and chlorine. Fecal Coliform
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some heavy metal cations and may also electrocute microorganisms in the water. It may also

precipitate charged colloids and remove significant amounts of other ions, colloids, and

emulsions.

[0032] The electrocoagulation cell 18 may be used in line with the electrolytic cell 16. In one
embodiment, the electrocoagulation cell 18 may be operated in a vertical configuration. This
allows gas to escape while providing a gas lift through the electrocoagulation cell 18 for reduced

flow fluctuations and reduced operating voltage.

[0033] In one embodiment of the invention, direct electrical current is introduced via
electrode plates into the oxidized and disinfected slurry collected within the electrocoagulation
cell 18. The electrodes may be made of iron or aluminum. Metal ions are split off the electrodes
and are sacrificed into the oxidized and disinfected slurry. These metal ions may form metal

oxides that electromechanically attract solid particles that have been destabilized. As this occurs,



272.5 6.8 Mninum 618.0 658.0 186.0 6.2 Maxi mum 1350.0 1376.0 366.0 7.3

the solids form charged entities that agglomerate or flocculate and may separate from a
supernatant fluid. Residual chlorine in the slurry may also be electrolytically destroyed in the

electrocoagulation cell 18.

[0034] Some solid particles and contaminants may accumulate in the electrocoagulation cell
18 with time. In one embodiment of the invention, the electrocoagulation cell 18 may be
connected to an air purger 17a and a water purger 17b. The electrocoagulation cell 18 may be
periodically cleansed with an automated air purge 57a, a water purge 57b or a combined air and
water purge 57c to flush out the particulate contaminants accumulated on the electrodes. The
automated combined air and water purge 57c¢ may be done during each cycle when the
wastewater collection tank 12 may be filled or refilled with wastewater slurry 50 or during the
normal operation of the wastewater treatment system 10. The purge is done forwards and
backwards for a brief 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



TSS (ng/L) COD (ng/L) BOD (nmg/L) pH MEPC 159 (55) standard Req. M n. 500

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 59¢ the flocculated sludge from the
settling tank 22 and the clarifying tank 24.

[0039] The sludge withdrawal 59c 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 59¢ 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
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A (Wastewat er |nfluent) [0049] After the wastewater was treated in
accordance wth the one or nore enbodi nents of the nethod descri bed
earlier, the dechlorinated effluent ("B") was tested. The effluent net the
criteria of Resolution MEPC. 159(55). This effluent represents the overboard
effluent exiting the wastewater treatnent process. As shown in Table 2
bel ow t he geonetric nean value for Fecal Coliformwas 8.7 nunber of col ony

formn it 100 ni |1 bel he. 100 i red '
O et haths sve et oneglon T s pyksiaRiaLy clegiis poproaant Biey i dehtrerd B pne
geonggéwop;ﬁggf%ggdgfﬁ%,g@s 16.3 ng/L, COD value was 30.3 ng/L, BOD5 val ue

.5 ng/L, pH was 7.

was with a range of 6.1 to 7.7, and Chl ori ne ranged
fromO0.01 to 0.40. These results neet criteria of MEPC. 159(55). Tabl e 2:

Sys_t[&r)g Ef f gn;no%? el\r{l%%ﬁin%egt 01t6 thg ig’\ge'n lon,7 th% squc?ge may be discharged 59¢ 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
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without requiring the addition of polymer to coagulate the particles, followed by subsequent
filtration. The discharged sludge stream 59c from the settling tank 22 and the clarifying tank 24
comprises agglomerated solids (2-3 wt% solids), and since it is sufficiently heavier, it may be
further 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 méy 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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18.0 7.7 0.40 FC (#/100m) TSS (ng/L) COD ng/L) HOD (nmg/L) pH CU (ng/l)
MEPC 159 (55) standard Req. 100

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, BODS, 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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35 125 25 6 to 8.5 Max. 0.5 B (Dechlorinated Effluent) [0050] Al though
not shown herein, the wastewater flow may be nodified based on system
optim zation so long as the nodification conplies with the spirit of the
invention, as defined by the clains. Additional process equipnent, such as
punps, pipes or additional electrolytic cells or filtration units, my be
enpl oyed t hroughout the processes described herein. [0051]It is

contenpl ated that th di
f aci[pg&]es The mﬂuen(t% fgr % elnrtTEcr:] ttesst (rjnee% %el pe%glrgr%ggtsnofaﬁesoyu% % I@ItEP@Hﬂ?S)

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.

Goo Mean | 8886 |9596 | |2725 |68

Minimum | 618.0 658.0 186.0 6.2

Maximum | 1350.0 1376.0 366.0 73
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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such as marine vessels, including ships and platforns, for exanple. Tight
quarters in the marine facilities generally nmake installation of wastewater
treatment systens difficult, if not inpossible for many commerci al
applications. However, enbodiments of the invention further provide a
purification systen1having a small footprint and overall size, thereby

easi ng i nst CANCH [UszjV\mle the Toregm ng I's dlrected to
enbodi nent s égﬁe t?@‘a.. Jm‘f'cr‘.t Fep—othetrTart—furth drmgnt s of the
i nventi on rra?%é’l@é\/ 824 wi t hd6E depdf-Binly | 7om t hel Hlsi d Q@ pe |t her eof and

the scope thgigRiumS| ot er m n%chby f@ocl ai g ot hat ff@ll ow.0.0he ijnventions
are not | i nted—to—the—deseribed—enpotirent ver-st J[,I?l o1 ;-Zg&npi es, which

are incl udefdMaxiengy 200.9er 438-thav| 3%00r Hi haBP ski 15 art| to make
and use the| I nventiophgcwhen tilyasg nf pCod i pn| BODhi s| pHt enftCR2s cgnbi ned with

avail abl e ipformati op Q H@[Eﬂ/ Al et hod (neg/Ly rieatin
mar i ne wast pwater—t .gﬁ%@lﬁngup. m_g/ﬁ- Vﬁnglz))ﬁ” T ) ter gl urry
into a wast PXREE col 1¥tion t3§nk E%Ssl g gsconpr gfcgg Md solid
particles, ol@aﬁﬁb ahd inorganic majter, pagteria ahp Sent|r%? ned gases;

aut omat i cal | standamdenti ng routling the slurfy|by a mageratdr punp |f or

macer ati on | Reqesponge to a wastewajer | elel sensor| detedting a
pre-det erm ped upper ’Bmﬁgmghqatgg‘fgﬂu&ﬁ)the slurry in the wastewater

col l ecti on bank: gvefrtrg—a—streamof—macerated—sturTy—tO t he

wast ewat er coll ection tank, the nmacerated slurry streamcontinually m xed

Wi t h rpdi)Was ARHBESH ndtl showh heteinl theRadionatefloGoibg beimedifisd based omsystann a
hom)éeneous wast ewat er bl end; piping the macerated slurry to an

el ectoptimjzationsellong axibgimedifeatinn eanaplies avith the spi ofdbe nseation| aidefingd B¥d t o

t he ectroly ”m and
i 5i APECREE SUREGREl prapes sapieBiey el o5 U, BRef OE Bl udt ekl s
faci lgr tratioa uniitd, hiEbe b Idy@ﬁﬂ&guglﬁtutd{eprebésses‘desmhdddtamn of the solid
particles suspende int e oxi di zed and disinfected slurry;

[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 proyide a
purification system having a small footprint and overall size, thereby easing installation

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.

16



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

pi ping the substantially clarified supernatant to a secondary clarifying
tank to facilitate further separation of the sludge and the substantially
clarified supernatant; wthdraw ng the sludge through basal ports on the
settling and clarifying tanks; continually neasuring turbidity |levels
of the wi thdrawn sludge, the sludge withdrawal autonmatically halted on the
condition that the turbidity |evel nea ﬁ{enent equal s a pre-determ ned

val ue; and di schargi ng the suﬁgfé E;Ially clarified supernatant from
the clarifying tank as a treated effluent. 2. The nethod of claim1,
further comgriginfghsdofot ﬁ@éth%gnéﬂﬁ% Wat@vae themehodt@tpdding:ry with a
controll ed anount of an oxidizing agent  in the electrolytic cell. 3. The
met hod of claim 2, mWRepiBE A aREwaler slustyiptodguaniewaterallestigndanks. (e sluEX vat er

or brine. 4. T Q i : : G, LiNg nRRt od

subj ecti ng the&grfpre%irlréoscggegﬁ?%ﬁl@rﬂagé{l%%’g&gﬁ: %ﬁp%b 'lfngg con%i(?ﬁbetgﬁg??{d and

wat er purge, tdmrafied@asek] ushi ng particul ate contam nants accunul ated on one
or nore electrodes in the electrocoagulation cell. 5. The nethod of claim
1, further conprising di.scharqing t. t I H&ﬂ]ﬁ mari ne
vessel. 6. The net h%%org?m@pyafﬁmg,%n%lggtréﬁetr %éggﬁlﬁ@ibxga%%%gﬁ{)l ng Igf]dg or nore
chem cal s to thgeerdtRatif despbhdetis atwastdvakertievell sasbadgecting anpeerdeiatminedr esi dual
chlorine to less than 0.5 ng/L. 7. The nethod of cl in16! p@erein t he

di schar ged ef funpenthreshedrle §fﬂ@§§1r€3h’élﬁh‘25’aﬁ§WEteBF‘b®‘?Bﬂ’i‘ > Oxygen Demand
(BOD). 8. The nethod of claim®6, wherein the discharged effluent conprises

less than 35 ny/ L Tav@ingdsRenedmactrad s(ul§Sb.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;
piping the macerated slurry to an electrolytic cell;

oxidizing and disinfecting the macerated slurry piped to the electrolytic

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;

17



9. The nethod of claim6, wherein the discharged effluent conprises |ess
than 120 ng/L Chem cal Oxygen Denmand (COD). 10. The nethod of claim6,
wherein the discharged effluent conprises |less than 100 cfu/ 100 m

coliform 11. The nethod of claim11, further conprising facilitating
degasification of the entrained gases by piping the flocculated slurry to a
degasi fication chanber. 12. The nethod of claim6, further conprising
control ling the dosagédefwihgeheahelge tabagh bysebpats amthe bettlingeatl ethrdyiuent .
13. The method of claim 11, further conprising diluting with anmbient air
the gases entr#%&d in the floccul ated slurry. 14. The nethod of claim 11,
further conprising disposing the sludge at an offshore | ocation. 15. The

met hod of claim 11, cyher@il nicasurimaaradiorlepelspf fhievathdray slddget, e sol i d
particles suspended in the wastewater slurry to facili taﬁe i'éii nlf ection in
the el ectrol yt siadgewithdragal atoameticadly hakedomthsrcopdibion tat estyg%l H leVele system

conpri si ng: cgl ﬁgegglﬁ%&ﬁ;eﬁ%ﬂsla%?é—h&@rrﬁiﬁ%i/alﬂe;%gerat or punp connected to the

wast ewat er 1 on a mxing punp adjacent the nacerator punp,
the m xing punp further connected to the wastewater collection_tank,
wherein a stream of disshargimgdbe substantialiysclaified supgrnatn Femihe claiifing
collection tank, .the m xi.n unp continually m xing the macerated slurry
streamw th thé%?é@%@gr&@&ﬁl}'ry in the wastewater collection tank to
mai nt ai n a honogeneous wast ewat er bl end; an electrolytic cell
configured t2 aeeieledecirin kduthes comatising touastingtheranesining masarged an

el ectrocoagul atsfu?rr;' v%% él cgrg}oqfég %}no%pxte of alneog(ticsi%ln taiggnt%? Me; electrolytic cell.

3. The method of claim 2, wherein the oxidizing agent is generated from seawater

or brine.

4, The method of claim 1, further comprising periodically subjecting the
electrocoagulation cell to an automated combined air and water purge, the purge
flushing particulate contaminants accumulated on one or more electrodes in the

electrocoagulation cell.

5. The method of claim 1, further comprising discharging the treated effluent

overboard a marine vessel.

6. The method of claim 5, further comprising injecting one or more chemicals to

the treated effluent prior to discharge to neutralize residual chlorine to less than

0.5 mg/L.

7. The method of claim 6, wherein the discharged effluent comprises less than 25

mg/L Biochemical Oxygen Demand (BOD).

8. The method of claim 6, wherein the discharged effluent comprises less than 35

mg/L Total Suspended Solids (TSS).
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a degasification chanber connected by piping neans to the
el ectrocoagul ation cell; a primary settling tank adjacent the
degasi fication chanber; a secondary clarifying tank in fluid
communi cation with the settling tank, the settling tank and the clarifying
tank each having a pair of conical sidewalls and at | east one basal port
for sludge w thdrawal; a turbidineter installed on a comon sl udge
di tstc Ihar ge | ijm.eiThé hf%tmmiﬁi 6idgeerelh smugsgmgeidméﬂm nemprskstlesshtbarhl 2the
se ing and cl arifying tanks; a _dechlorination unit, the
dechl or i nat i onmghk ChemqahOxyeanPematdh$ @k heni cal i njection punp; and an
ef fl uent discharge punp. 17. The system of claim 16, further conprising an

air and wat efo, pur gerrhe esth®of elainh @, Mhefdin GrodigtHagdddsfflaaitlcombBisesThes syst em
of claim 17, further conprising a seawater supply source connected to the
electrolytic cﬂwmloﬂgﬁﬂ;&%ﬁ%yﬁﬂéﬁﬁof claim 18, wherein the degasification
chanber further conprising a blower and venting neans to permt rel ease of

gases producgd duri nge iehddl iRl 1 Fidhek Compasiag fRsRBeiEdegasification of

the entrained gases by piping the flocculated slurry to a degasification chamber.

12. The method of claim 6, further comprising controlling the dosage of the

chemicals injected in the treated effluent.

13. The method of claim 11, further comprising diluting with ambient air the

gases entrained in the flocculated slurry.

14. The method of claim 11, further comprising disposing the sludge at an

offshore location.

15. The method of claim 11, wherein the macerator pump finely grinds the
solid particles suspended in the wastewater slurry to facilitate disinfection in the

electrolytic cell.
16. A marine wastewater treatment system, the system comprising:
a wastewater 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, wherein a stream of macerated
slurry is diverted to the wastewater collection tank, the mixing pump
continually mixing the macerated slurry stream with the wastewater slurry in
the wastewater collection tank to maintain a homogeneous wastewater

blend;
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17.

18.

19.

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.

The system of claim 16, further comprising an air and water purger

coupled to the electrocoagulation cell.

The system of claim 17, further comprising a seawater supply source

connected to the electrolytic cell.
The system of claim 18, wherein the degasification chamber further

comprising a blower and venting means to permit release of gases produced

during the electrolysis to the atmosphere.
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