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Facility Description

Owned and Operated by the 
Portland Water District (PWD)

Located in Portland, ME

Activated Sludge Treatment

Design Capacity: 19.8 MGD

Wet Weather Capacity: 80 MGD 
(secondary treatment: 36.8 MGD)



Project Drivers

Mechanical Surface Aerators could no longer efficiently deliver 
oxygen to the activated sludge process

Improve sludge settleability
Sludge Volume Index (SVI) average values of 250 mg/L
Filamentous Microorganisms

Increased process and energy efficiency



Process Model Development & Calibration
BioWin 4.0 (Envirosim Ltd.)



Process Model Development & Calibration

Four potential selector scenarios developed:
1. Anaerobic Selector 

2. Anaerobic Selector with Additional Volume

3. Anoxic Selector 

4. Anoxic Selector w/ NRCY

BioWin 4.0 (Envirosim Ltd.)



Aeration System Evaluation

Three options considered:
1. Fine Bubble Diffusers 

2. INVENT Mixer/Aerators

3. Hybrid of 1 and 2

Invent Hyperclasic Mixing and Aeration System Brochure



Aeration Technology Evaluation

Aeration Technology Advantages Disadvantages
Fine Bubble Diffused 
Aeration

• Can be competitively bid
• Not tied to single vendor 
• Well established 

technology 
• Research to limit fouling 

and degradation underway

• Diffuser maintenance & 
replacement requires 
taking basins out of 
service 

• Membranes need to be 
protected when basin is 
out of service 

• Efficiency decreases with 
time due to fouling 

• Pressure through diffuser 
can increase with time due 
to fouling 

INVENT Mixer/Aerator • Limited fouling of air 
sparger ring expected 

• Tank draining reduced
• Can decouple mixing from 

aeration to avoid 
excessive aeration

• Additional energy & 
electrical requirements

• Limited installation base
• Effective process volume 

reduced if mixer fails 
• Limited 3rd party validation 

of air transfer efficiency



Aeration Technology Evaluation

Aeration processes are often the largest consumer 
of electricity at WWTF’s

Alternative Blower Power 
(kW-hr)

Mixing Power 
(kW-hr)

Aerator Power 
(kW-hr)

Total Power 
(kW-hr)

Diffused Air 2,614,000 78,000 0 2,692,000

INVENT® 1,890,000 65,000 1,800,000 3,755,000

Hybrid 2,472,000 43,000 405,000 2,920,000



Blower Technology Evaluation

Three options considered:
Integrally Geared Single Stage

(3) 9,440 scfm (450 hp) blowers

Multistage Centrifugal with and without VFDs
(2) 8,500 scfm (500 hp) and (2) 5,660 (300 hp) scfm blowers 



Blower Technology Evaluation

Blower Technology Advantages Disadvantages
Multistage Centrifugal 
Blowers

• Simple Lubrication 
System

• Low Capital Costs 
• Mechanically Simple 
• Multiple Vendors 
• Can be efficient when 

unthrottled
• Easy to maintain 

• Low efficiency at 
turndown 

• Can have low range of 
turndown 

Integrally Geared Blowers • Most energy efficient 
blower

• Greatest turndown 
• Most efficient turndown 

• Complex lubrication 
system 

• Complex maintenance 
• High capital cost 
• Typically sole sourced



Blower Technology Evaluation

Integrally 
Geared Single 

Stage

Multistage w/ 
Inlet Valve 
Throttling

Multistage w/ 
VFD’s

Capital Cost: Aeration System $1,330,000 $1,330,000 $1,330,000

Capital Cost: Blowers $1,030,000 $730,000 $1,010,000

20-Year Net Present Operating Costs $5,290,000 $6,480,000 $6,030,000

Total Net Present Cost $7,650,000 $8,540,000 $8,370,000

Alternatives Capital and Net Present Worth Cost Comparison

Grant funding was received from Efficiency Maine



Process Air Blower Location – Existing Tunnel



Process Air Blower Location



Process Air Blower – Suction/Discharge



Electrical Room
Existing Primary Tank Gallery



Selector Zones



Construction Timeline

Construction 
Start – Sept. 

2015

Aeration Train 
3 online –

August 2016

Aeration Train 
2 online –

March 2017

Aeration Train 
1 online -

Sept. 2017

Substantial 
Completion –

Oct. 2017



Initial Results



Initial Results
SVI Historical and Current Values
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Operational Assistance

Site Visits and Conference Call
Minimum and Alternative Minimum Mixing
Optimize Setpoints 
Power Consumption Evaluation
Flow Split
Diffuser Fouling Tracking with Purge Cycle





The East End WWTF



2017 EEWWTF Effluent Permit - Nitrogen

Effluent Monitoring

Nutrient Optimization 
Report

Nutrient Optimization Efforts 
Goal of 20 – 40% reduction
(Based on design estimates)

Integrated Planning with Portland



Effluent Nitrogen Loading



Casco Bay and Nitrogen – my thoughts

Holistic view of water quality issue is needed
CBEP Nutrient Council
Non-point sources and point sources

Water quality modelling 
Significant issue during permitting process
“What if” scenarios – demonstrate benefit/impact

Nutrient Criteria development
Waste load allocations, target for overall reduction, etc.
Education and involvement of stakeholders
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Questions

Benjamin Levin, PE, PMP
blevin@hazenandsawyer.com

Scott Firmin, PE
sfirmin@pwd.org
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