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Most often used controls for mussels by Most often used controls for mussels by 
facilities on the Great Lakesfacilities on the Great Lakes

�� Preventative chlorine application in the form Preventative chlorine application in the form 
of sodium hypochlorite for piping systemsof sodium hypochlorite for piping systems

�� Periodic treatment with proprietary chemicals Periodic treatment with proprietary chemicals 
or chlorine for piping systemsor chlorine for piping systems

�� Mechanical cleaning for external structuresMechanical cleaning for external structures



Why Consider Alternatives?Why Consider Alternatives?

�� Current chemical treatment methods have Current chemical treatment methods have 
environmental risksenvironmental risks

�� Regulatory requirements for use of Regulatory requirements for use of 
chemicals tend to be extensivechemicals tend to be extensive



Concurrent Evaluations of Promising Concurrent Evaluations of Promising 
Technologies by Ontario Power Technologies by Ontario Power 
GenerationGeneration

�� Fine Pore FiltrationFine Pore Filtration

�� UV LightUV Light

�� Ozone Ozone -- intermittentintermittent

�� Ozone Ozone -- continuouscontinuous



Evaluation PreEvaluation Pre--requisitesrequisites

�� Proven in lab or small scale pilotsProven in lab or small scale pilots

�� SystemSystem--sized equipment availablesized equipment available

�� Evaluate efficacy, constructability, Evaluate efficacy, constructability, 
operabilityoperability



FilterFilter

�� Manufacturer Manufacturer –– KinetricsKinetrics, Ontario, Ontario

�� 790 790 l/sl/s (12,500 (12,500 usgpmusgpm))

�� 40 micron mesh40 micron mesh

�� automatic backwashautomatic backwash

�� StartStart--up  November 15up  November 15thth,1999,1999



Nanticoke GS on Lake Erie



Site Selection CriteriaSite Selection Criteria

�� Sufficient room for the large filter in the Sufficient room for the large filter in the 
pumphousepumphouse

�� Large variation in  water quality at the site Large variation in  water quality at the site 
likely to challenge the filterlikely to challenge the filter

�� Only 2 of the 3 service water  pumps  normally Only 2 of the 3 service water  pumps  normally 
required  in winter allowing for easier  pump required  in winter allowing for easier  pump 
outages for installation and testingoutages for installation and testing



The System ArrangementThe System Arrangement

�� Filter size Filter size -- 6 feet in diameter, 12 feet long6 feet in diameter, 12 feet long

�� Filter was installed on a byFilter was installed on a by--pass loop in the pump pass loop in the pump 
discharge, downstream of the existing 127 micron discharge, downstream of the existing 127 micron 
service water strainerservice water strainer

�� The 127 micron strainer elements were removed The 127 micron strainer elements were removed 
at various times during  the testing program to at various times during  the testing program to 
challenge the filterchallenge the filter













Monitoring EquipmentMonitoring Equipment

�� Two sample panels monitored the water on  Two sample panels monitored the water on  
the inlet and outlet of the filterthe inlet and outlet of the filter

�� Turbidity, pH, conductivity, dissolved Turbidity, pH, conductivity, dissolved 
oxygen and water temperature were oxygen and water temperature were 
recordedrecorded

�� BioBio--boxes were installed on  the inlet and boxes were installed on  the inlet and 
the outlet of the filterthe outlet of the filter





OperationOperation

�� The filter operated in the  315 The filter operated in the  315 l/sl/s to 380 to 380 l/sl/s
range since this was the demand during range since this was the demand during 
the test period.the test period.



ResultsResults

�� Filter operated well when inlet water  was Filter operated well when inlet water  was 
below  15 PPM TSSbelow  15 PPM TSS
�� The  backwash system was not effective The  backwash system was not effective 

when inlet water was very high in TSS when inlet water was very high in TSS -- 60 60 
PPM PPM 
�� VeligerVeliger removal > 90%removal > 90%
�� VeligersVeligers passing thru filter all severely passing thru filter all severely 

traumatized. traumatized. 



Lessons Learned and Lessons Learned and 
RecommendationsRecommendations

�� Requires large space to retrofit.Requires large space to retrofit.

�� Filter may plug requiring manual cleaning Filter may plug requiring manual cleaning 
during periods of high solids content. during periods of high solids content. ––
byby--pass recommendedpass recommended

�� Analyze your silt load and particle sizeAnalyze your silt load and particle size

�� Particle size may change with change in Particle size may change with change in 
TSSTSS



Typical Low Solids Loading Particle Size Distribution (TSS = 4.5 mg/L)
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Typical Intermediate Solids Loading Particle Size Distribution (TSS = 13.5 mg/L)
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Typical High Solids Loading Particle Size Distribution (TSS = 57 mg/L)
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Test of Ultra Violet (UV) Test of Ultra Violet (UV) 



Test of Ultra Violet (UV)Test of Ultra Violet (UV)

�� Installed in Bruce 5Installed in Bruce 5--8 CSW8 CSW

�� 760 760 l/sl/s (12000 (12000 usgpmusgpm))

�� 20 medium pressure lamps20 medium pressure lamps

�� manufacturer manufacturer -- ElsagElsag--Bailey (now Trojan)Bailey (now Trojan)

�� StartStart--up:  December 6, 1999up:  December 6, 1999



UV Light EvaluationUV Light Evaluation

Evaluation PreEvaluation Pre--requisites lead to requisites lead to 
installation on the Common Service installation on the Common Service 
Water Water SytemSytem::
�� Ability to RetrofitAbility to Retrofit

�� Maintain Operation Maintain Operation -- flowflow

�� Accessible for MaintenanceAccessible for Maintenance

�� ““SystemSystem--sizesize””



Installation & CommissioningInstallation & Commissioning

Sample
Point

Sample
Point

UV Lights



ResultsResults

�� EquipmentEquipment
�� operation operation -- lamp trips, leakslamp trips, leaks

�� maintenance maintenance -- lamp failurelamp failure

�� life life -- tube discolorationtube discoloration

�� BiologyBiology
�� 85% reduction in settlement85% reduction in settlement



UV Light BankUV Light Bank



DiscolouredDiscoloured Lamp SleevesLamp Sleeves



Lessons Learned and Lessons Learned and 
RecommendationsRecommendations

�� OM&A cost of UV is higher relative to OM&A cost of UV is higher relative to 
chlorinechlorine
�� At the time it was difficult to get vendors At the time it was difficult to get vendors 

interested.  Not a traditional market.interested.  Not a traditional market.
�� Efficacy of 85 %  may require end of season Efficacy of 85 %  may require end of season 

chemical treatment depending on chemical treatment depending on 
population size  of mussels and system population size  of mussels and system 
vulnerabilityvulnerability



Intermittent Ozone Intermittent Ozone 

�� Host Site: Bruce A Power Plant on Lake HuronHost Site: Bruce A Power Plant on Lake Huron



Intermittent OzoneIntermittent Ozone

�� manufacturer manufacturer –– Mitsubishi ElectricMitsubishi Electric

�� 2 kg/day ozone2 kg/day ozone

�� 1 kg injected for 5 minutes, 2 times/day1 kg injected for 5 minutes, 2 times/day

�� Design: 630 Design: 630 l/sl/s (10,000 (10,000 usgpmusgpm))

�� In service: variable flows as low as 250 In service: variable flows as low as 250 l/sl/s
but not greater than 630 but not greater than 630 l/sl/s



MABOS System

� This unique system allows a small ozone 
generator to continuously produce ozone 
and store the output in a silicone gel filled 
tower which is kept at –40C°. Once or twice 
per day, the entire ozone content of the 
tower can be released into the service 
water stream.



Ozone Addition System LayoutOzone Addition System Layout



Issues Addressed for Ozone useIssues Addressed for Ozone use

�� Efficacy, Constructability and OperabilityEfficacy, Constructability and Operability

PlusPlus

�� Ozone offOzone off--gassinggassing

�� Compliance with discharge limitsCompliance with discharge limits

�� Corrosion / degradation of materialsCorrosion / degradation of materials



ResultsResults

�� Some Some veligersveligers were able to settle between were able to settle between 
ozone additions, ozone additions, 

�� No No veligerveligerss survived subsequent exposure survived subsequent exposure 
to ozone resulting in 100% mortalityto ozone resulting in 100% mortality

�� Live juvenile and adult mussels in Live juvenile and adult mussels in 
sidestreamsidestream samplers became detachedsamplers became detached





ElastomerElastomer DegradationDegradation

�� Exposure too short to assess effectExposure too short to assess effect

�� Results from lab tests indicate some Results from lab tests indicate some 
reduction in elongation and some loss of reduction in elongation and some loss of 
tensile strengthtensile strength



ConstructibilityConstructibility

�� MABOS system was skid mounted MABOS system was skid mounted ––
installation was straightforwardinstallation was straightforward

�� Injection piping was complex so as to cater Injection piping was complex so as to cater 
for multiple injection pointsfor multiple injection points



OperabilityOperability

�� Little operator attention requiredLittle operator attention required
�� Will need flow feedback with injection turn Will need flow feedback with injection turn 

down down –– due to variable service water flow due to variable service water flow 
ratesrates
�� Injection into open inlet channels is not Injection into open inlet channels is not 

practical due to offpractical due to off--gassing.gassing.
�� OffOff--gassing at service water drains in main gassing at service water drains in main 

power house is main draw back. power house is main draw back. 



Operating CostsOperating Costs

�� The initial capital outlay is the largest cost The initial capital outlay is the largest cost 
factor to consider.factor to consider.

�� Low operating costs Low operating costs -- electricity, oxygen electricity, oxygen 
and minor repairs were $14k/annumand minor repairs were $14k/annum



Intermittent Ozone ConclusionIntermittent Ozone Conclusion

�� System achieved 100% control of zebra System achieved 100% control of zebra 
musselsmussels

�� Injection must be into closed vessels or Injection must be into closed vessels or 
piping due to offpiping due to off--gassing and high gassing and high 
concentrations needed at the injection concentrations needed at the injection 
points.points.



Lennox GS Lennox GS --
ContinuousContinuous
OzoneOzone



Continuous OzoneContinuous Ozone

�� manufacturer manufacturer -- HankinHankin Atlas OzoneAtlas Ozone

�� 160 kg/day(350 lb/day)  ozone160 kg/day(350 lb/day)  ozone

�� Service water flow varies:Service water flow varies:
�� Design Design –– 2700 2700 l/sl/s (43,000 (43,000 usgpmusgpm))

�� Range during test Range during test –– 600 600 l/sl/s to 1300 to 1300 l/sl/s





The System LayoutThe System Layout
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Diffuser Diffuser –– vertical vertical 
portionportion



Diffuser Diffuser –– section at bottom of section at bottom of 
channelchannel



OperationOperation

�� Ozone levels immediately after the Ozone levels immediately after the 
injection in the inlet channel were 300 ppb injection in the inlet channel were 300 ppb 

�� Ozone levels within the piping system were Ozone levels within the piping system were 
between 50 between 50 –– 80 ppb.80 ppb.



Inlet Channel ResultsInlet Channel Results

�� Concrete walls of the intake channel remained Concrete walls of the intake channel remained 
clean in areas exposed to the 300 ppb levels.clean in areas exposed to the 300 ppb levels.

�� Greater than 98% reduction in settlement of Greater than 98% reduction in settlement of 
veligersveligers within the piping system even at the 50 within the piping system even at the 50 
ppb levelppb level

�� Efficacy =100 %, all settled mussels dead.Efficacy =100 %, all settled mussels dead.

�� Cooler cleaning has gone down dramatically. Cooler cleaning has gone down dramatically. 



BioBio--boxbox



Corrosion Coupon PanelCorrosion Coupon Panel



Constructability & OperabilityConstructability & Operability

�� Installation of diffusers requires inlet Installation of diffusers requires inlet 
channel to be drained.channel to be drained.

�� All other components can be installed with All other components can be installed with 
no interruption of station power.no interruption of station power.

�� Manual process control is too labor Manual process control is too labor 
intensive for a station with variable service intensive for a station with variable service 
water flow.water flow.



Ozone OffOzone Off--gassinggassing

99No difficulties at the injection channelNo difficulties at the injection channel

⌧⌧Unacceptable offUnacceptable off--gassing at some drains, gassing at some drains, 
sumps and sumps and tuntun dishes.dishes.
99Fixes have been designedFixes have been designed



Ozone in Station OutfallOzone in Station Outfall

99Station discharge ozoneStation discharge ozone--inin--water levels water levels 
below detection limit of sampling below detection limit of sampling 
equipment. < 10ppbequipment. < 10ppb

99Live fish toxicity tests passed Live fish toxicity tests passed 



Impact of Ozone on Materials of Impact of Ozone on Materials of 
Construction and Construction and ElastomersElastomers

�� No No Corrosion Corrosion observed on carbon steel observed on carbon steel 
couponscoupons

�� Little degradation of Little degradation of elastomerselastomers



Summary & ConclusionsSummary & Conclusions

�� An open inlet channel can be protected An open inlet channel can be protected 
from mussel settlement at 300 ppb ozone from mussel settlement at 300 ppb ozone 
concentration (concentration (““Wall of DeathWall of Death”” ))

�� Mussel control in piping systems is Mussel control in piping systems is 
generally very good at 50 ppb in the service generally very good at 50 ppb in the service 
water pump discharge. water pump discharge. 

�� Plant equipment maintenance is lower.Plant equipment maintenance is lower.



Summary & ConclusionsSummary & Conclusions

�� Higher residuals are desirable for greater Higher residuals are desirable for greater 
assurance of control but require more assurance of control but require more 
extensive offextensive off--gas management solutions.gas management solutions.
�� OffOff--gas management is the most gas management is the most 

significant safety concern for an significant safety concern for an ozonatedozonated
water system.water system.
�� Compliance with discharge limits Compliance with discharge limits 

demonstrateddemonstrated
�� System still in Service!!!System still in Service!!!
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