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Presentation Summary

1. MF/UF Membrane Operation

2. Tools for Sustaining Operation

3. Key Components of a Pilot Protocol

4. Results from the City of Lynden

5. Conclusions
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Micro- & Ultrafiltration (MF/UF) 
Membranes Remove Particles

Na+

Ca2+ CO3
2-Cl-

Ca2+CO3
2-

Cl-Na+

Microfiltration - 0.1 µµµµm
>99.9999% Removal of Cryptosporidium

Ultrafiltration - 0.01 µµµµm
Up  to 99.9999% Removal of Virus

Nanofiltration
Up to 90% Calcium Rejection

Reverse osmosis
Up to 90% Sodium Rejection
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Driving force is Pressure –
Positive or Negative (Vacuum)

MacromoleculeMacromolecule

ParticleParticle

PorePoreMembraneMembrane

PERMEATEPERMEATE
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Tools for Sustaining 
Production

1. Reverse flow (backwash) and air scour for 
removing particles from the membrane 
surface

2. Chemical cleanings for Remove Sorbed or 
Precipitated Particles attached to the 
Membrane Surface

a. Chemically Enhanced Backwashes (CEB)

b. Clean-in-Place (CIP)
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Typical Membrane Filtration 
Cycle

Transmembrane Pressure Trends 
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Typical Membrane Filtration 
Cycle
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Typical Membrane Filtration 
Cycle
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Typical Membrane Filtration 
Cycle
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Pressure-Driven System in 
Deposition Mode

Raw

Water

Prescreen

Backwash Waste 

Backwash (Permeate)

Permeate or Filtrate

Feed

Pump

Air
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Vacuum-Driven in Suspension 
or Deposition Mode

Air

Permeate
Pump

Drain

Coagulant

Flash Mixer
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City of Lynden and the 
Nooksack River in Northwest 
Washington

wa.water.usgs.gov/realtime/htmls/nooksack.html
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Impetus for the Project

1. Original plant constructed in 1924 with 
various phases of upgrades since

a. Conventional WTP with tube settlers

2. New round of upgrades and capacity 
expansion required

3. WDOH required Water System Update

4. The City wanted to evaluate membrane 
filtration as one the alternatives
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Drivers for Membranes

1. If proven feasible, membrane filtration of 
raw water (no clarification) would provide 
significant footprint and cost reduction

2. Modular expandability and flexibility to 
phase construction
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Membrane and Media Filtration 
Processes Considered 

1. Coagulation/Flocculation/Plain 
Sedimentation/Media Filtration

2. Coagulation/Flocculation/High Rate 
Clarification/Media Filtration

3. Coagulation/Membrane Filtration

4. Coagulation/Flocculation/Sedimentation/
Membrane Filtration
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Raw Water Quality Data 
Review
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Total Organic Carbon Varies 
Seasonally
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Source Water Temperature is 
Seasonally Variable and Cold
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Data Gaps for Assessing the 
Feasibility were Identified
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Pilot Test was Scheduled for 
Fall & Winter 2008

1. Pilot timing selected to coincided with maximum 
turbidity and TOC – the most challenging feed 
water condition
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Testing Allows Data to be 
Evaluated in Distinct “Runs”
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Challenging Feed Water 
Required Adequate “Tuning 
Period”
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Three Membrane Suppliers 
Selected for Feasibility 
Evaluation and Pilot Study

1. Request for Qualifications

a. National Experience

b. Regional Experience

c. Existing state-accepted third-party 
verification (NSF/ETV, State of California)

d. Budgetary estimates and conceptual layouts

2. Three systems selected

a. Two vacuum-driven (Siemens and Zenon)

b. One pressure-driven (Pall) 
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Siemens - Phase 1 at 33 gfd 
(Raw Water)
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Pall - Phase 1 at 50 gfd (Raw 
Water)
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Zenon - Phase 1 at 24 gfd and 
27 gfd (Raw Water)
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Post-Turbidity Event 
Membrane Examination

1. Fine Sand Buildup in 
Tank Bottoms



Filename.ppt

Water Quality – Raw Water 
Operation
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Raw Water TOC Peaks with 
Turbidity
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Raw Water True Color Peaks 
with Turbidity Too!
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Siemens Results –
Coagulated Water 39 gfd
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Pall Results –
Coagulated Water 50 gfd 
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Pall Results –
Coagulated Water 46 gfd
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Zenon Results –
Coagulated Water 30 gfd
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Zenon Results –
Coagulated Water 35 gfd
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Water Quality - Coagulated 
Water Operation
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Pall Results –
Settled Water 65 gfd
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Siemens Results –
Settled Water 39 gfd
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Water Quality –
Settled Water Operation
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Conclusions

• A well defined data set beyond what is typically 
maintained at WTP is required to characterize 
membrane performance. If possible begin 
developing this data set well in advance of pilot 
testing. 

• 30-day run times can be achieved on raw 
Nooksack River water with turbidities exceeding 
400 NTU and 4 mg/L of TOC

• A minimum of in-line coagulation is needed to 
control color in the Nooksack R.; however, when 
combined with elevated turbidity rapid fouling 
can occur.
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Conclusions

• Coagulation/flocculation/sedimentation 
was shown to reduce solids and TOC to 
levels where extended runs could be 
sustained
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Current Work

• Development of cost comparisons of 
membrane and conventional process 
trains is in progress


