Dreissenid MussellControl fior
Large Flow, Once-through
Systems

Evaluation of Alternativesto Chlorine
Jlom Prescott PEng., RNIF Consulting Inc.



Vost eften used controls for mussels by
facilities on the Great [Llakes

Preventative chlorine applicationiin the form
of sodium hypochlorite for piping systems

Periodic treatment with proprietany chemicals
or chlorine for piping systems

Mechanical cleaning for external structures



Why ConsiderAlternatives?

= Current chemical treatment methods have
environmental risks

= Regulatery reguirements for use of
chemicalstenditobe extensive



Concurrent Evaluations or Pramising
Jlechnologies by Ontario Pewer:
Generation

= F[ne Pore Flltration
= UV Light

= Ozone - Intermittent
= 0zone - continuous



Evaluiation Pre-requisites

= Proveniin lakersmalliscale pilots
= System-sizedieguipment availanle

= Evaluate efficacy, constructability,
operanility



Filter

= Vlanuftacturer— Kinetrics, Ontario
= 7901/s/(12,500/usgpm)

= 40 micron mesh

= automatic backwash

= Start-up November 151999






Site Selection Criteria

Sufificient reom for the large filter in the
pumphouse

Largevariationin water guality at the site
Ikely toichallenge the filter

Only 2 of the 3 service water pumps: normally
required inwinterallowing/fior easier pump
outages for installation andtesting




The System Arrangement

= Filter size - 6feet in diameter, 12 feet long

= Eflterwas installed oniaby-pass/loop inthe pump
discharge, downstream of the existing 127 micron
service water strainer

= The 127 micron strainer elements were removed
atvarious times during thetesting programitoe
challenge the filter
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Monitoring Equipment

= [wo sample panels monitered the water on
the inlet and eutiet of the filter

= [urbidity, pH, conductivity, dissolved
oxygen and water temperature were
rfecorded

= Bio-boxes were installed on the inlet and
the outlet ofithe filter






Operation

= The filter operated in the 315 1/s to 38011/s
range sincethiswas the demand during
the test period.



Results

= Eilter operatedwell when inletwater was
pelow: 15 PPMTISS

= The backwash system was not effective
wheniinlet waterwas very high in 1SS - 60
PPM

= Veliger removal > 90%

= \/eligers passing thrufilteralliseverely
traumatized,



Lessons Learned and
Recommendations

= Reguires large space to retrofit.

= Eilter may plug reguiring manual cleaning
during perioeds of nigh selids content. —
Py-pass recommended

= Analyze your silt lead andiparticle size

= Particle size may change withichange in
TSS












Jiest of Ultra Vielet (UV)




Jiest of Ultra Vielet (UV)

= |nstallediin Bruce 5-8 CSW

= 7/601/s/(12000/usgpm)

= 20/mediumipressure lamps

= Manufiacturer - Elsag-Bailey (now: Trojan)
= Start-up: December 6, 1999



UV Light Evaluation

Evaluation Pre-reguisites lead to
Installation onithe Common Service
Water Sytem:

= Ability to Retrofit

= Maintain Operation - flow.

= Accessible for Maintenance
= “System-size”



Installationi& Commissioning

UV Lights

/




Results

= Equipment
operation - lamp trips, leaks
maintenance - lamp failure
life - tube discoleration

= Biology.
85% reduction in settlement
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Lessons Learned and
Recommendations

= OM&A cost of: UV'Is higher relative to
chilorine

= Atthe time it was difficult te.get vendors
Interested. Not a traditional market:.

= Efficacy of 85 % may require end of Season
chemical treatment depending on
pepulation size of mussels and system
vulnerability



Intermittent Ozone

= Host Slte Bruce A Power Plant on Lake Huron
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Intermittent Ozene

= manufacturer—MitsubishiElectric

= 72 kg/day ozone

= | kg/injected for S minutes, 2 times/day.
= Design: 63011/s (10,000/usgpm)

= |niservice: variable flows as low'as 250 /s
but not greater than 630 1/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 Layout

‘ To Plant Service Water ‘
Demands | |
=]
Old Water Treatment Bldg. Pump House #3 Pump House #4
/ \ 032
MABOS
Booster Pump 03
Ozone Injector

.

Ozonhated Water
P8 Po P10

Intake Tunnel -

CSW C5W2



|Issues Addressed for Ozone use

= Efficacy, Constructability andiOperanility
Plus

= Ozone off-gassing

= Compliance with discharge limits

= Corrosion / degradation of materials



RS

= Some veligers were able to settle between
eZone additions,

= Noveligers sunvivedisubseguent exposure
teozone resulting 1n 100% mortality

= [ve juvenile and adult musselsin
sidestream samplers became detached
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Elasteomer Degradation

= EXposure too short teiassess efifect

= Results firom lab tests indicate some
reductioniin elengationiand seme loss of
tensile strength



Constructioiity

= MABOS system was skid moeunted —
Installation was straightforward

= [njection piping was complex seas to cater
for multiple injection points



Operability

= | |ttle operator attention reguired

= Will needflow feedback with injection turmn
down — due to variable service water flow
rates

= |njection inteopen inlet channels is not
practicalldue to off-gassing,

= Ofif-gassing at service water drains in main
POWEr heuse IS main draw back.



Operating Costs

= The initial capital outlay is the largest cost
flactor te/.consider:.

= [ ow operating costs - electricity, oxygen
and minor repairs were $14k/annum



Intermittent Ozone Conclusion

= Systemiachieved 100% controliof zebra
mussels

= |njection must be into closed vessels or
pPIpINg due tooff-gassing and high
concentrations needediat the injection
points;



Lennox GsS -
Continuous
0)40)8]=




Continueous Ozone

= manufacturer - Hankin Atlas Ozone
= 160 kg/day(350/1b/day) ozone

= Sernvice water flow varies:
Design—2700i1/s (43,000 usgpm)
Range during test—6001/s te 1300 /s
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The Systermn Layout

Service Water Pumphouse with Ozonated Water System

Sampling point #2

To Ozone Injector

Ozonated Water from. injector |I‘IjElItil.'ll‘I pﬂil‘lt Y

Injection peoint #

Sampling peoint #4
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Operation

= Ozone levels immediately after the
Injectionin the inlet channel were 300 pph

= Ozone levels within the piping systemwere
hetween 50— 80/ pph.



Inlet Channel Results

Concrete walls of the intake channel remained
clean iniareas exposed tothe 300 pphilevels.

Greater than 98% reduction In settlement ofi
veligers within the piping system even at the 50
pphilevel

Efficacy =1001%, all settled mussels dead.

Cooler cleaning has gone dewn dramatically.
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Constructanility & Operanility

= |nstallation of diffusers requires inlet
channel to be drained.

= All'ether components canibe installed with
nointerruption of station power.

= Vanualiprocess controlis too labor
Intensive for a station withvariable service
water flow.



Ozene Off-gassing

v'No difficulties at the injection channel

XlUnacceptable off-gassing at some drains,
Sumps and tun dishes.

FIxes have beenidesignead




Ozone In Station Outfall

v Station discharge ozone-in-water levels
helow detection limit of sampling
equipment. < 10pph

v [ive fish toxicity tests passed



Impact of Ozone on Materials of
Construction and Elastemers

= NoCorrosion observedon carbon steel
COUPONS

= [ittle degradation of elastemers



Summary & Cenclusions

= An open inlet channel can be protected
from mussel settlement at 300 pph ozone
concentration (\Wall'ef Death™ )

= Mussel control In piping systems Is
generally very good at S0/ pphiin the service
water pump discharge.

= Plant equipment maintenance is lower.



Summary & Conclusions

= Higher residuals are desirable for greater
assurance oficontrol but require more
extensive off-gas management selutions.

= Ofif-gas management IS the most
significant safety concern for an ezonatead
Wwater system:.

= Compliance with discharge limits
demonstrated

= Systemistill in Servicelll
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