
Feasibility StudyFeasibility Studyy yy y
Reducing Concentrations of Dissolved Metals Reducing Concentrations of Dissolved Metals 

and Ammonia in Large Passenger Vessel and Ammonia in Large Passenger Vessel 
Wastewater DischargesWastewater Discharges

Prepared byPrepared byPrepared for Prepared for epa ed byepa ed byepa ed oepa ed o
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MilestonesMilestonesMilestonesMilestones

Initiative Passed 2006Initiative Passed 2006Initiative Passed 2006Initiative Passed 2006
Permits Issued March 2008 w/ interim limits Permits Issued March 2008 w/ interim limits 
for Cu Zn Ni and ammoniafor Cu Zn Ni and ammoniafor Cu, Zn, Ni and ammoniafor Cu, Zn, Ni and ammonia
Data Collection 2008Data Collection 2008
Feasibility Assessment (2009)Feasibility Assessment (2009)
Deadline for Compliance Established (2010)Deadline for Compliance Established (2010)p ( )p ( )
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The 2010 criteriaThe 2010 criteriaThe 2010 criteriaThe 2010 criteria
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[1]
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What Treatment Systems are CurrentlyWhat Treatment Systems are CurrentlyWhat Treatment Systems are Currently What Treatment Systems are Currently 
Used?Used?

55
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Do Vessels Currently MeetDo Vessels Currently MeetDo Vessels Currently Meet Do Vessels Currently Meet 
Standards?Standards?

Vessels are unable to consistently Vessels are unable to consistently 
meet 2010 standards for Cu, Ni, Zn meet 2010 standards for Cu, Ni, Zn , ,, ,
and ammoniaand ammonia

Cruise lines are having the mostCruise lines are having the mostCruise lines are having the most Cruise lines are having the most 
difficulty meeting the 2010 copper and difficulty meeting the 2010 copper and 
ammonia standardsammonia standardsammonia standardsammonia standards



2008 Sampling Results2008 Sampling Resultsp gp g

3 vessels met zinc standard3 vessels met zinc standard
3 l t i k l t d d3 l t i k l t d d3 vessels met nickel standard3 vessels met nickel standard
1 vessel within margin of error for copper1 vessel within margin of error for copper
1 l t i t d d1 l t i t d d1 vessel met ammonia standard1 vessel met ammonia standard
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Do Any Vessels in the World Do Any Vessels in the World 
Meet the Standards?Meet the Standards?

Data for vessels not operating in AlaskaData for vessels not operating in AlaskaData for vessels not operating in Alaska Data for vessels not operating in Alaska 
were not available for reviewwere not available for review
In general Alaska standards are the mostIn general Alaska standards are the mostIn general, Alaska standards are the most In general, Alaska standards are the most 
stringent in the worldstringent in the world
U lik l th l tU lik l th l tUnlikely many other vessels meet Unlikely many other vessels meet 
standards, but data to assess is not standards, but data to assess is not 

il bl f iil bl f iavailable for reviewavailable for review



Feasibility CriteriaFeasibility CriteriaFeasibility CriteriaFeasibility Criteria

Compliance with permit stipulationsCompliance with permit stipulationsCompliance with permit stipulationsCompliance with permit stipulations
Technology Capability and AvailabilityTechnology Capability and Availability
M i C tifi ti f N S tM i C tifi ti f N S tMarine Certification of New SystemsMarine Certification of New Systems
CostCost
Available Space on VesselsAvailable Space on Vessels
Waste ManagementWaste ManagementWaste ManagementWaste Management



Why a Workshop?Why a Workshop?Why a Workshop?Why a Workshop?

Provide a forum to discuss wastewater Provide a forum to discuss wastewater 
treatment technologies and findings fromtreatment technologies and findings fromtreatment technologies and findings from treatment technologies and findings from 
in the draft feasibility studyin the draft feasibility study
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Feasibility Study ResearchFeasibility Study ResearchFeasibility Study ResearchFeasibility Study Research

Contacted more than 45 vendorsContacted more than 45 vendorsContacted more than 45 vendors, Contacted more than 45 vendors, 
academics, or consultantsacademics, or consultants
Internet SearchInternet SearchInternet SearchInternet Search
EE--mail Solicitations, thousands of contactsmail Solicitations, thousands of contacts
WebWeb--sitesite
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Feasibility Study Research Feasibility Study Research 
(Cont)(Cont)

Involvement of wastewater treatment andInvolvement of wastewater treatment andInvolvement of wastewater treatment and Involvement of wastewater treatment and 
marine experts marine experts 
Selected technical experts to provide inputSelected technical experts to provide inputSelected technical experts to provide input Selected technical experts to provide input 
from  a list of 20 national and from  a list of 20 national and 
internationally recognized firmsinternationally recognized firmsinternationally recognized firmsinternationally recognized firms
Evaluation of existing land based Evaluation of existing land based 
t h l it h l itechnologiestechnologies
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Results for Existing Results for Existing 
Land Based TechnologiesLand Based Technologies

Effluent standards can be met based on Effluent standards can be met based on 
vendor, academic data, and system vendor, academic data, and system 
performance performance 

RO, IX, EDR for metals and ammoniaRO, IX, EDR for metals and ammonia
Bio and air stripping for ammoniaBio and air stripping for ammonia
Chemical precipitation followed by RO or IX Chemical precipitation followed by RO or IX p p yp p y
for metals onlyfor metals only



Land Based Results (Cont)Land Based Results (Cont)Land Based Results (Cont)Land Based Results (Cont)

Installed land based systems are capableInstalled land based systems are capableInstalled land based systems are capable Installed land based systems are capable 
of achieving nonof achieving non--detect limits for all metals detect limits for all metals 
Applying a land based technology to aApplying a land based technology to aApplying a land based technology to a Applying a land based technology to a 
vessel can be challenging vessel can be challenging 
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Systemic ApproachSystemic ApproachSystemic ApproachSystemic Approach

Metals and ammonia removal part ofMetals and ammonia removal part ofMetals and ammonia removal part of Metals and ammonia removal part of 
overall systemoverall system
MultiMulti stage evaluation and implementationstage evaluation and implementationMultiMulti--stage evaluation and implementation stage evaluation and implementation 
recommendedrecommended
S d ti & b tit tiS d ti & b tit tiSource reduction & substitutionSource reduction & substitution
Recycle & reuse considerationsRecycle & reuse considerations
Waste characterization & treatabilityWaste characterization & treatability
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Properties of ContaminantsProperties of Contaminants

Copper Nickel and ZincCopper Nickel and ZincCopper, Nickel, and ZincCopper, Nickel, and Zinc
BioaccumulatingBioaccumulating to marine lifeto marine life
All form divalentAll form divalent cationscations in waterin waterAll form divalent All form divalent cationscations in waterin water
Are present primarily in dissolved phaseAre present primarily in dissolved phase
Stable in solution in typical waterStable in solution in typical waterStable in solution in typical waterStable in solution in typical water
Sources are vessel source water, Sources are vessel source water, 
evaporators leaching or impingement fromevaporators leaching or impingement fromevaporators, leaching or impingement  from evaporators, leaching or impingement  from 
pipes and fixtures, chemical usepipes and fixtures, chemical use
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Properties of Contaminants Properties of Contaminants 
(Cont)(Cont)

AmmoniaAmmoniaAmmoniaAmmonia
Both a nutrient and toxinBoth a nutrient and toxin
Exists as a gas at STPExists as a gas at STPExists as a gas at STPExists as a gas at STP
Forms ammonium Forms ammonium monovalentmonovalent ion in waterion in water
Ammonia/ammonium ratio is pH dependentAmmonia/ammonium ratio is pH dependentAmmonia/ammonium ratio is pH dependentAmmonia/ammonium ratio is pH dependent
Main source is hydrolysis of human urea in Main source is hydrolysis of human urea in 
black waterblack waterblack waterblack water
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Treatment AlternativesTreatment AlternativesTreatment AlternativesTreatment Alternatives

Ammonia OnlyAmmonia Only
Air/Steam Stripping Air/Steam Stripping 
Aerobic Biological Oxidation / Nitrification Aerobic Biological Oxidation / Nitrification 
Breakpoint Chlorination Breakpoint Chlorination 
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Treatment Alternatives (Cont)Treatment Alternatives (Cont)

Metals OnlyMetals Only
Surface Clay FiltrationSurface Clay Filtrationyy
ElectrowinningElectrowinning
Chemical PrecipitationChemical Precipitationpp
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Treatment Alternatives (Cont)Treatment Alternatives (Cont)Treatment Alternatives (Cont)Treatment Alternatives (Cont)

Metals and AmmoniaMetals and Ammonia
R O iR O iReverse OsmosisReverse Osmosis
Ion ExchangeIon Exchange
ElectrodialysisElectrodialysis
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Feasibility CriteriaFeasibility CriteriaFeasibility CriteriaFeasibility Criteria

DescriptionDescriptionDescriptionDescription
Where UsedWhere Used
C biliti / iC biliti / iCapabilities/sizeCapabilities/size
Waste StreamsWaste Streams
Effluent QualityEffluent Quality
Vessel ApplicationVessel ApplicationVessel ApplicationVessel Application

2222



Air/Steam StrippingAir/Steam Stripping

DescriptionDescription
Steam or air bubbled through water to 
volatilize ammoniavolatilize ammonia

Where Used
Industrial applications and some municipalIndustrial applications and some municipal 
wastewater plants
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Air/Steam Stripping (Cont)Air/Steam Stripping (Cont)

CapabilitiesCapabilities
Removes ammonia only
Requires pH adjustment and would beRequires pH adjustment and would be 
capable of treating wastewater
Tanks to store chemicals neededTanks to store chemicals needed

Waste Streams
A i i i di hAmmonia in air discharge

2424



Air/Steam Stripping (Cont)Air/Steam Stripping (Cont)

Effluent QualityEffluent Quality
Capable of meeting permit limits for ammonia

Vessel ApplicationVessel Application
Not considered suitable for a vessel because 
of the need for alkaline and acid treatmentof the need for alkaline and acid treatment 
chemicals, and ammonia air emission
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Aerobic Biological Aerobic Biological 
Oxidation/NitrificationOxidation/Nitrification
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NitrificationNitrificationNitrificationNitrification

DescriptionDescriptionDescriptionDescription
Removal of ammonia by microorganisms Removal of ammonia by microorganisms 
Conversion to nitrateConversion to nitrateConversion to nitrateConversion to nitrate

Where UsedWhere Used
ffThis technology is widely used for ammonia This technology is widely used for ammonia 

removal in municipal and industrial removal in municipal and industrial 
wastewater applicationswastewater applicationswastewater applicationswastewater applications
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Nitrification (Cont)Nitrification (Cont)

Waste StreamsWaste Streams 
Generates biological sludge disposed by 

• Land applicationLand application
• Composting
• Dewatering followed by landfilling/incineration
• Anaerobic digestion followed by energy recovery

Effluent Quality
Removal of ammonia to values less than 1.0 
mg/L possible



Nitrification (Cont)Nitrification (Cont)Nitrification (Cont)Nitrification (Cont)

Capabilities/SizeCapabilities/SizeCapabilities/SizeCapabilities/Size
Space requirements depend Space requirements depend 
on flow rates and ammonia on flow rates and ammonia 
concentrations.concentrations.
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Nitrification (Cont)Nitrification (Cont)
Vessel ApplicationVessel Application

Could be compact if membrane Could be compact if membrane 
technology is used for solids technology is used for solids 
separation (MBR) separation (MBR) 
M t i hi l d hM t i hi l d hMost cruise ships already have Most cruise ships already have 
installed MBR.  Modify as installed MBR.  Modify as 
needed to meet new limitsneeded to meet new limitsneeded to meet new limitsneeded to meet new limits



Breakpoint ChlorinationBreakpoint ChlorinationBreakpoint ChlorinationBreakpoint Chlorination

DescriptionDescriptionDescriptionDescription
Oxidation of ammonia using high Oxidation of ammonia using high 
concentrations of active chlorineconcentrations of active chlorineconcentrations of active chlorineconcentrations of active chlorine

Where UsedWhere Used
Treatment of drinking water and swimmingTreatment of drinking water and swimmingTreatment of drinking water and swimming Treatment of drinking water and swimming 
pools and in pulp and paper industry for pools and in pulp and paper industry for 
bleachingbleachingbleachingbleaching
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Breakpoint Chlorination (Cont)Breakpoint Chlorination (Cont)Breakpoint Chlorination (Cont)Breakpoint Chlorination (Cont)

CapabilitiesCapabilitiesCapabilitiesCapabilities
Treatment of ammonia onlyTreatment of ammonia only
Requires storage of chlorine or chlorineRequires storage of chlorine or chlorineRequires storage of chlorine or chlorine Requires storage of chlorine or chlorine 
compoundscompounds

Waste StreamsWaste StreamsWaste StreamsWaste Streams
Free chlorine remains in water, potentially Free chlorine remains in water, potentially 
exceeding permit limitsexceeding permit limitsexceeding permit limitsexceeding permit limits
DechlorinationDechlorination may be requiredmay be required
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Breakpoint Chlorination (Cont)Breakpoint Chlorination (Cont)Breakpoint Chlorination (Cont)Breakpoint Chlorination (Cont)

Effluent QualityEffluent Quality
Complete oxidation of ammoniaComplete oxidation of ammoniaComplete oxidation of ammoniaComplete oxidation of ammonia
Effluent will contain residual chlorineEffluent will contain residual chlorine

V l A li tiV l A li tiVessel ApplicationVessel Application
Limited application because of the need for Limited application because of the need for 
hl i d dditi l t t t thl i d dditi l t t t tchlorine and additional treatment to remove chlorine and additional treatment to remove 

chlorine from treated waterchlorine from treated water
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Surface Clay FiltrationSurface Clay FiltrationSurface Clay FiltrationSurface Clay Filtration

DescriptionDescriptionDescriptionDescription
Adsorption of metal ions onto clay filter media Adsorption of metal ions onto clay filter media 
surface via ion exchangesurface via ion exchangesurface via ion exchangesurface via ion exchange
Older technologyOlder technology

Where UsedWhere UsedWhere UsedWhere Used
Mining and chemical industriesMining and chemical industries
D i ki t t t t i d l iD i ki t t t t i d l iDrinking water treatment in developing Drinking water treatment in developing 
countriescountries
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Surface Clay Filtration (Cont)Surface Clay Filtration (Cont)Surface Clay Filtration (Cont)Surface Clay Filtration (Cont)

CapabilitiesCapabilitiesCapabilitiesCapabilities
Metal removal rates of 95% possible, but Metal removal rates of 95% possible, but 
difficult to achieve because of low effluentdifficult to achieve because of low effluentdifficult to achieve because of low effluent difficult to achieve because of low effluent 
limitslimits
Media is inexpensiveMedia is inexpensiveMedia is inexpensiveMedia is inexpensive

Waste StreamsWaste Streams
Depleted clay filter media with metal ionsDepleted clay filter media with metal ionsDepleted clay filter media with metal ionsDepleted clay filter media with metal ions
Media is not regeneratedMedia is not regenerated
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Surface Clay Filtration (Cont)Surface Clay Filtration (Cont)Surface Clay Filtration (Cont)Surface Clay Filtration (Cont)

Effluent QualityEffluent QualityEffluent QualityEffluent Quality
Unlikely to meet permit standards consistentlyUnlikely to meet permit standards consistently

Vessel ApplicationVessel ApplicationVessel ApplicationVessel Application
PrePre--treatment of source water ontreatment of source water on--shore shore 
considered for applicationconsidered for applicationconsidered for applicationconsidered for application
May require additional treatment for drinking May require additional treatment for drinking 
waterwaterwater.water.

3636



ElectrowinningElectrowinningElectrowinningElectrowinning
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ElectrowinningElectrowinningElectrowinningElectrowinning

DescriptionDescriptionDescriptionDescription
Electrodepositing metals from solution onto a Electrodepositing metals from solution onto a 
cathode using DC currentcathode using DC currentcathode using DC currentcathode using DC current

Where UsedWhere Used
Mi i li ti l t l ti hMi i li ti l t l ti hMining applications, electroplating shops, Mining applications, electroplating shops, 
circuit board mfg. with high dissolved metals circuit board mfg. with high dissolved metals 
concentrations in waterconcentrations in waterconcentrations in water concentrations in water 
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ElectrowinningElectrowinning (Cont)(Cont)ElectrowinningElectrowinning (Cont)(Cont)
CapabilitiesCapabilities

Works best with high concentrations. Surface Works best with high concentrations. Surface 
area would need to be higher for low area would need to be higher for low 

iiconcentration systems concentration systems 
Requires large storage tanks and heaters, Requires large storage tanks and heaters, 

h li ti t t t t dh li ti t t t t dmay have application to waters concentrated may have application to waters concentrated 
by other processesby other processes
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ElectrowinningElectrowinning (Cont)(Cont)ElectrowinningElectrowinning (Cont)(Cont)

Waste StreamsWaste StreamsWaste StreamsWaste Streams
Cathode can be removed and Cathode can be removed and 
recycledrecycled\\disposed as a soliddisposed as a solidrecycledrecycled\\disposed as a soliddisposed as a solid

Effluent QualityEffluent Quality
Suitable only for metals effluentSuitable only for metals effluentSuitable only for metals, effluent Suitable only for metals, effluent 
concentration generally much higher than concentration generally much higher than 
permit limitspermit limitspermit limitspermit limits
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ElectrowinningElectrowinning (Cont)(Cont)ElectrowinningElectrowinning (Cont)(Cont)

Vessel ApplicationVessel ApplicationVessel ApplicationVessel Application
Limited to preLimited to pre--treatment or treatment of treatment or treatment of 
concentrated metals waste streamsconcentrated metals waste streamsconcentrated metals waste streamsconcentrated metals waste streams
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Chemical PrecipitationChemical PrecipitationChemical PrecipitationChemical Precipitation

DescriptionDescriptionDescriptionDescription
pH, precipitate metal hydroxide, clarify, filter pH, precipitate metal hydroxide, clarify, filter 
out metal wasteout metal wasteout metal wasteout metal waste

Where UsedWhere Used
90% of Metal Finishing processes use this for90% of Metal Finishing processes use this for90% of Metal Finishing processes use this for 90% of Metal Finishing processes use this for 
heavy metal removal including Cu, Ni, and Zn. heavy metal removal including Cu, Ni, and Zn. 

CapabilitiesCapabilitiesCapabilitiesCapabilities
Handle mixed chemistries of metals with high Handle mixed chemistries of metals with high 
concentrationsconcentrationsconcentrations. concentrations. 



Chemical Precipitation (Cont)Chemical Precipitation (Cont)Chemical Precipitation (Cont)Chemical Precipitation (Cont)

Waste StreamsWaste StreamsWaste StreamsWaste Streams
Generates a heavy metal sludge which on Generates a heavy metal sludge which on 
land can be disposed as hazardous waste or land can be disposed as hazardous waste or 
recycled. Can dry further to reduce qty recycled. Can dry further to reduce qty 

Effluent QualityEffluent Quality
On land based systems can consistently get On land based systems can consistently get 
Cu & Ni to below levels of 1 Cu & Ni to below levels of 1 ppmppm. Zn can be . Zn can be 
removed to levels around 0 1removed to levels around 0 1 ppmppm May notMay notremoved to levels around 0.1 removed to levels around 0.1 ppmppm.  May not .  May not 
meet permit levels.meet permit levels.



Chemical Precipitation (Cont)Chemical Precipitation (Cont)Chemical Precipitation (Cont)Chemical Precipitation (Cont)

Vessel ApplicationVessel ApplicationVessel ApplicationVessel Application
More difficult to adapt than RO or IX because More difficult to adapt than RO or IX because 
of inclinationof inclinationof inclination.of inclination.
May still need to be combined with other May still need to be combined with other 
technology to meet specific effluenttechnology to meet specific effluenttechnology to meet specific effluent technology to meet specific effluent 
requirementrequirement
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Reverse OsmosisReverse OsmosisReverse OsmosisReverse Osmosis
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Reverse Osmosis (RO)Reverse Osmosis (RO)Reverse Osmosis (RO)Reverse Osmosis (RO)

DescriptionDescriptionDescriptionDescription
Use of Membranes under pressure to physically Use of Membranes under pressure to physically 
separate compounds and ions.separate compounds and ions.
O iO i W t ill b i tW t ill b i tOsmosis Osmosis -- Water will move across membrane into Water will move across membrane into 
wastewater until the contaminant concentrations of wastewater until the contaminant concentrations of 
both liquids are equal. both liquids are equal. 
Reverse Osmosis Reverse Osmosis –– Apply pressure to contaminant Apply pressure to contaminant 
side of membrane to allow water to flow in reverse. side of membrane to allow water to flow in reverse. 
Contaminants will be blocked by pore size of theContaminants will be blocked by pore size of theContaminants will be blocked by pore size of the Contaminants will be blocked by pore size of the 
membrane filter and/or the electrostatic charge on the membrane filter and/or the electrostatic charge on the 
membrane membrane 



Reverse Osmosis (Cont)Reverse Osmosis (Cont)Reverse Osmosis (Cont)Reverse Osmosis (Cont)

Where UsedWhere UsedWhere UsedWhere Used
RefineriesRefineries
Metal Finishing including recycling of water toMetal Finishing including recycling of water toMetal Finishing including recycling of water to Metal Finishing including recycling of water to 
processprocess
Groundwater RemediationGroundwater RemediationGroundwater Remediation Groundwater Remediation 
Cruise shipsCruise ships



Reverse Osmosis (Cont)Reverse Osmosis (Cont)Reverse Osmosis (Cont)Reverse Osmosis (Cont)

Effluent QualityEffluent QualityEffluent QualityEffluent Quality
Depending on influent qualities, Depending on influent qualities, ppmppm or ppb or ppb 
levels can be achievedlevels can be achievedlevels can be achieved.levels can be achieved.
Capable of using to recycle treated Capable of using to recycle treated graywatergraywater
andand blackwaterblackwater for other usesfor other usesand and blackwaterblackwater for other usesfor other uses



Reverse Osmosis (Cont)Reverse Osmosis (Cont)( )( )
CapabilitiesCapabilities

T h l b dT h l b dTechnology can be used on source or Technology can be used on source or 
wastewater.wastewater.
Application can req ire a single or m ltipleApplication can req ire a single or m ltipleApplication can require a single or multiple Application can require a single or multiple 
pass setup of equipment.pass setup of equipment.
May have to be used in conjunction with otherMay have to be used in conjunction with otherMay have to be used in conjunction with other May have to be used in conjunction with other 
technologies like Ion Exchangetechnologies like Ion Exchange



IonIon--Exchange (IX)Exchange (IX)IonIon Exchange (IX)Exchange (IX)
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Ion ExchangeIon ExchangeIon ExchangeIon Exchange

DescriptionDescriptionDescriptionDescription
Adsorb contaminant Adsorb contaminant -- release exchange release exchange 
element.element.
Well established technology, uses an Well established technology, uses an 
engineered resin as exchange medium in a engineered resin as exchange medium in a g gg g
reactor vesselreactor vessel

Where UsedWhere Used
Currently used in water and wastewater Currently used in water and wastewater 
treatment and as a polishing process in treatment and as a polishing process in p g pp g p
industryindustry
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Ion Exchange (Cont)Ion Exchange (Cont)

CapabilitiesCapabilitiesCapabilitiesCapabilities
Competing ions affect treatment achieved and Competing ions affect treatment achieved and 
unit sizingunit sizinggg
Treat both metals and ammonia.Treat both metals and ammonia.
May have to be used in conjunction with otherMay have to be used in conjunction with otherMay have to be used in conjunction with other May have to be used in conjunction with other 
technologies like Reverse Osmosistechnologies like Reverse Osmosis
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Ion Exchange (Cont)Ion Exchange (Cont)Ion Exchange (Cont)Ion Exchange (Cont)

Waste StreamsWaste Streams
Resin is regenerated as needed, 
concentrated waste must be disposedconcentrated waste must be disposed
Resin can be contracted for regeneration.
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Ion Exchange (Cont)Ion Exchange (Cont)Ion Exchange (Cont)Ion Exchange (Cont)

Effluent QualityEffluent Quality
In land based systems nearly complete 
metals removal possiblemetals removal possible
Ammonia removal to meet limits. 

Vessel ApplicationVessel Application
Relatively few vessel related issues identified, 
dependent upon amount of media requireddependent upon amount of media required
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ElectrodialysisElectrodialysisElectrodialysisElectrodialysis
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ElectrodialysisElectrodialysisElectrodialysisElectrodialysis

D i tiD i tiDescriptionDescription
Membrane filtration with addition of current to Membrane filtration with addition of current to 

h t t th t t tenhance treatmentenhance treatment
Where UsedWhere Used

Metal finishing for recovery of nickel and Metal finishing for recovery of nickel and 
copper and purification of drinking watercopper and purification of drinking water
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ElectrodialysisElectrodialysis (Cont)(Cont)ElectrodialysisElectrodialysis (Cont)(Cont)

Capabilities/sizeCapabilities/sizeCapabilities/sizeCapabilities/size
Treats both metals and ammoniaTreats both metals and ammonia
Chlorine tolerantChlorine tolerantChlorine tolerantChlorine tolerant

Waste StreamsWaste Streams
Metals concentrated solutionMetals concentrated solution
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ElectrodialysisElectrodialysis (Cont)(Cont)ElectrodialysisElectrodialysis (Cont)(Cont)

Effluent QualityEffluent QualityEffluent QualityEffluent Quality
Technology is capable meeting permit limitsTechnology is capable meeting permit limits

Vessel ApplicationVessel ApplicationVessel ApplicationVessel Application
Treatment would be post tertiaryTreatment would be post tertiary
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Vendor ProposalsVendor ProposalsVendor ProposalsVendor Proposals

Several vendors provided proposals or Several vendors provided proposals or 
information regarding conceptual systemsinformation regarding conceptual systemsinformation regarding conceptual systems.information regarding conceptual systems.
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CASTionCASTionCASTionCASTion

Combination TreatmentCombination TreatmentCombination TreatmentCombination Treatment
Ammonia recovery process followed by Ion Ammonia recovery process followed by Ion 
exchangeexchange

•• Multimedia FiltersMultimedia Filters
•• Cartridge FiltersCartridge Filters

Softener UnitSoftener Unit•• Softener UnitSoftener Unit
•• Ammonia Recovery UnitAmmonia Recovery Unit
•• CationCation ExchangerExchangergg
•• Metal Ion ExchangerMetal Ion Exchanger
•• Sulfate Concentration UnitSulfate Concentration Unit



DetDet NorskeNorske VeritasVeritas AS withAS withDetDet Norske Norske VeritasVeritas AS with AS with 
Norwegian University of Norwegian University of g yg y
Science and TechnologyScience and Technology

Combination moving bed Combination moving bed biofilmbiofilm bioreactor bioreactor gg
with membrane filtration unitwith membrane filtration unit
Applicable to ammonia removal onlyApplicable to ammonia removal onlyApplicable to ammonia removal only.Applicable to ammonia removal only.



EvacEvac OyOyEvacEvac OyOy

MBR System with integrated metalsMBR System with integrated metalsMBR System with integrated metals MBR System with integrated metals 
precipitationprecipitation
Inconclusive chemical addition agentsInconclusive chemical addition agentsInconclusive chemical addition agents Inconclusive chemical addition agents 
other than hydrogen sulfideother than hydrogen sulfide



Ferrate Treatment TechnologiesFerrate Treatment TechnologiesFerrate Treatment TechnologiesFerrate Treatment Technologies

Oxidation of Ammonia and Zinc withOxidation of Ammonia and Zinc withOxidation of Ammonia and Zinc with Oxidation of Ammonia and Zinc with 
FerrateFerrate



Filter Flow TechnologyFilter Flow TechnologyFilter Flow TechnologyFilter Flow Technology

Electrochemical technology to removeElectrochemical technology to removeElectrochemical technology to remove Electrochemical technology to remove 
trace metals and the ammonium iontrace metals and the ammonium ion
ElectroElectro oxidationoxidationElectroElectro--oxidationoxidation
ZeoliteZeolite PrePre--filterfilter
AerationAeration
Sorbent DosingSorbent Dosinggg
PrecipitationPrecipitation



GE Water and Process GE Water and Process 
T h l i (T h l i (ZZ ))Technologies (Technologies (ZenonZenon))

Reverse OsmosisReverse OsmosisReverse OsmosisReverse Osmosis
Electro DialysisElectro Dialysis
MBR U d S tMBR U d S tMBR Upgrade SystemsMBR Upgrade Systems



NORAM Engineering NORAM Engineering 
(Presenter)(Presenter)

Stage 1 Ammonia Oxidation by ozone or Stage 1 Ammonia Oxidation by ozone or 
hypochlorite or breakpoint chlorinationhypochlorite or breakpoint chlorinationhypochlorite or breakpoint chlorinationhypochlorite or breakpoint chlorination
Stage 2 Metal oxidation via iron particles.Stage 2 Metal oxidation via iron particles.



Ohio University (Presenter)Ohio University (Presenter)Ohio University (Presenter)Ohio University (Presenter)

Electrolysis to oxidize ammoniaElectrolysis to oxidize ammoniaElectrolysis to oxidize ammonia.Electrolysis to oxidize ammonia.
Potential for electrolysis for metals Potential for electrolysis for metals 
treatmenttreatmenttreatment.treatment.



ROCHEM (Presenter)ROCHEM (Presenter)ROCHEM (Presenter)ROCHEM (Presenter)

MultiMulti--membrane (MF UF NF and RO)membrane (MF UF NF and RO)MultiMulti membrane (MF, UF, NF and RO) membrane (MF, UF, NF and RO) 
stack for independent and MBR units to stack for independent and MBR units to 
remove ammonia and metalsremove ammonia and metalsremove ammonia and metalsremove ammonia and metals



Emerging TechnologiesEmerging Technologies

Removal of Ammonia as MagnesiumRemoval of Ammonia as MagnesiumRemoval of Ammonia as Magnesium Removal of Ammonia as Magnesium 
Ammonium PhosphateAmmonium Phosphate
Ammonia Removal by Thermally ActivatedAmmonia Removal by Thermally ActivatedAmmonia Removal by Thermally Activated Ammonia Removal by Thermally Activated 
Charcoal Charcoal 
A bi A i O id tiA bi A i O id tiAnaerobic Ammonium Oxidation Anaerobic Ammonium Oxidation 
Electrolytic Treatment of Aqueous Media Electrolytic Treatment of Aqueous Media 
BiosorptionBiosorption by Immobilized Microorganismby Immobilized Microorganism
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Implementation StagesImplementation StagesImplementation StagesImplementation Stages

System balance and source evaluationSystem balance and source evaluationSystem balance and source evaluationSystem balance and source evaluation
Source substitutionSource substitution
O ti i tO ti i tOptimize water sourcesOptimize water sources
Evaluate wastewater collection and useEvaluate wastewater collection and use
Ship constraintsShip constraints
Pre and post treatment optionsPre and post treatment optionsPre and post treatment optionsPre and post treatment options
Source reduction, substitution, Source reduction, substitution, 
optimizationoptimizationoptimizationoptimization
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Summary of Technology StatusSummary of Technology StatusSummary of Technology StatusSummary of Technology Status
Emerging technologies Emerging technologies 

Likely not solutions for 2010 because of shortLikely not solutions for 2010 because of shortLikely not solutions for 2010 because of short Likely not solutions for 2010 because of short 
timeframe available to field systemstimeframe available to field systems
May offer effective solutions based on furtherMay offer effective solutions based on furtherMay offer effective solutions based on further May offer effective solutions based on further 
evaluation to demonstrate effectivenessevaluation to demonstrate effectiveness

Land based technologiesLand based technologiesLand based technologies Land based technologies 
Are able to meet standardsAre able to meet standards
Req ire marine reg lator appro alReq ire marine reg lator appro alRequire  marine regulatory approvalRequire  marine regulatory approval
Need to be modified for marine environment Need to be modified for marine environment 
and waste streamsand waste streamsand waste streamsand waste streams



Summary of TechnologySummary of Technology
Status (Cont)Status (Cont)

Ship safety and space limitations must be Ship safety and space limitations must be 
accommodatedaccommodated
Unintended effects, e.g.  new waste Unintended effects, e.g.  new waste 
streamsstreams
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ImplementationImplementationImplementationImplementation
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Implementation Implementation 
ConsiderationsConsiderations

GeneralGeneralGeneralGeneral
Implementation is cruise line responsibility Implementation is cruise line responsibility 
Implementation will be very specific to eachImplementation will be very specific to eachImplementation will be very specific to each Implementation will be very specific to each 
vessel and each technologyvessel and each technology
Implementation discussed here to give nonImplementation discussed here to give non--Implementation discussed here to give nonImplementation discussed here to give non--
maritime readers and idea of the processmaritime readers and idea of the process
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Implementation Implementation 
Considerations (Cont)Considerations (Cont)

General (Cont)General (Cont)
More data to follow once technology isMore data to follow once technology isMore data to follow once technology is More data to follow once technology is 
narrowed down and classification agencies narrowed down and classification agencies 
weigh inweigh inweigh inweigh in
Once identified, needed technologies usually Once identified, needed technologies usually 
adapt for marine use over time.adapt for marine use over time.pp
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Implementation Implementation 
Considerations (Cont)Considerations (Cont)

Selection of Treatment SystemsSelection of Treatment Systems
Systematic Vessel Wastewater EvaluationSystematic Vessel Wastewater EvaluationSystematic Vessel Wastewater EvaluationSystematic Vessel Wastewater Evaluation

•• System Balance and Source EvaluationSystem Balance and Source Evaluation
•• Source Substitution/optimizationSource Substitution/optimization
•• Pre and post treatment optionsPre and post treatment options
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Implementation Implementation 
Considerations (Cont)Considerations (Cont)

Selection of Treatment Systems (Cont)Selection of Treatment Systems (Cont)
Selection of Preferred Treatment AlternativSelection of Preferred Treatment Alternativee

•• Analyze multiple treatment alternativesAnalyze multiple treatment alternatives
Each alt. contains source, influent, effluent treatment +Each alt. contains source, influent, effluent treatment +
V i t t t d iV i t t t d iVarious treatment devicesVarious treatment devices

•• Select Optimum AlternativeSelect Optimum Alternative
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Implementation Implementation 
Considerations (Cont)Considerations (Cont)

Regulatory Approval of DeviceRegulatory Approval of DeviceRegulatory Approval of DeviceRegulatory Approval of Device
Device “approved” prior to being installedDevice “approved” prior to being installed
If device is defined as sewage treatmentIf device is defined as sewage treatmentIf device is defined as sewage treatmentIf device is defined as sewage treatment

•• International agreement IMO Annex 26 International agreement IMO Annex 26 
MEPC.159(55) states discharge standardsMEPC.159(55) states discharge standards( ) g( ) g
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Implementation Implementation 
Considerations (Cont)Considerations (Cont)

Regulatory Approval of Device (Cont)Regulatory Approval of Device (Cont)
If device not sewage treatmentIf device not sewage treatmentIf device not sewage treatmentIf device not sewage treatment

•• Classification agency is likely approval authority for Classification agency is likely approval authority for 
foreign flagged vesselforeign flagged vessel

•• General marine machinery approval rules applyGeneral marine machinery approval rules apply
Temperature, humidity, inclinations, construction and Temperature, humidity, inclinations, construction and 
standardsstandards
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Implementation Implementation 
Considerations (Cont)Considerations (Cont)

Installation of DeviceInstallation of DeviceInstallation of DeviceInstallation of Device
Concept DesignConcept Design

•• Laboratory based treatability studyLaboratory based treatability studyLaboratory based treatability studyLaboratory based treatability study
•• Comprehensive  review of all design parameters and costs Comprehensive  review of all design parameters and costs 

Performance ConformationPerformance Conformation
•• If concept design cannot adequately quantify risks, use If concept design cannot adequately quantify risks, use 

onboard testingonboard testing
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Implementation Implementation 
Considerations (Cont)Considerations (Cont)

Final SelectionFinal Selection
InstallationInstallation

•• Installation DesignInstallation Design
•• Plan Submittal to Classification AgencyPlan Submittal to Classification Agency
•• Construction and TestingConstruction and Testing•• Construction and Testing.Construction and Testing.
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Summary of FindingsSummary of Findings

8282


