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Introduction

• Mukilteo Water & Wastewater District’s 
Wastewater Treatment Facility

• Oxidation ditch activated sludge plant with brush rotor • Oxidation ditch activated sludge plant with brush rotor 
aeration

• Capacity expansion study: turbo blowers with diffused 
aeration gave significant energy efficiency improvement

Introduction

Mukilteo Water & Wastewater District’s Big Gulch 
Wastewater Treatment Facility

Oxidation ditch activated sludge plant with brush rotor 
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Oxidation ditch activated sludge plant with brush rotor 

Capacity expansion study: turbo blowers with diffused 
aeration gave significant energy efficiency improvement



Big Gulch Wastewater Treatment Facility

• Originally built in 1970; 
Upgrades in ‘84, ’89

• Oxidation-ditch 
secondary treatment

Big Gulch Wastewater Treatment Facility
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Big Gulch Treatment Facility was originally built in 1970 with upgrades in 84 and 89



Hydraulic Profile of the Big Gulch WWTFHydraulic Profile of the Big Gulch WWTF
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Treatment Plant loading design is 2.6 MGD, tsslbs 3605, bodlbs 4492
We have 5mm perforated plate screen with washer compactor unit, 
grit removal design for 60mesh and better,
 ras mixes with raw influent. Is pumped up to a selector box/flow distribution to the ditches, 
flow splitter to the 3 clarifiers. 
Then onto UV disinfection, 
WAS is thickened and put into aerobic digester, dewatered with a belt filter press. 
Solids are then land applied.





Don’ t Always Focus On Your RearDon’ t Always Focus On Your Rear-end 
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Don’t just focus on the final effluent quality, we were humming along just fine then we made an equipment change and the  next thing I knew I was getting a warning letter from the state, saying that we were exceeding our loading parameters. 




Don’ t Always Focus On Your Rear
Influent Loading Trends at MWWD
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Don’ t Always Focus On Your Rear-end 
Influent Loading Trends at MWWD
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2003 2004 2005 2006 2007 2008

Average Annual TSS
Maximum Monthly TSS
TSS Limitation

Be that all watchful eye keep track of your influent loadings (flow, tss and bod) make trend graphs and try to smooth out the valleys and peaks by using a 7 day moving average. 

Compare one year to another by printing  on transparencies and overlaying them or look at the % of increase or decrease from one year to the next.





Capacity Study and Engineering Report

• Intermittent soluble BOD loading spikes in 2006
• New sampler revealed TSS loadings much higher 
than previously measured

• Long-term trend of increasing 
loading rates

Capacity Study and Engineering Report

Intermittent soluble BOD loading spikes in 2006
New sampler revealed TSS loadings much higher 
than previously measured
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term trend of increasing 



Capacity Study and Engineering Report

Report Recommendations:

• Loading source investigations in collection sys.
• Grit removal improvements• Grit removal improvements
• Activated sludge aeration capacity expansion
• Aerobic digester aeration capacity expansion

Capacity Study and Engineering Report

Report Recommendations:

Loading source investigations in collection sys.
Grit removal improvements
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Grit removal improvements
Activated sludge aeration capacity expansion
Aerobic digester aeration capacity expansion



Activated Sludge Aeration Alternatives

1. Additional brush rotor

2. Converting one oxidation ditch to diffused 2. Converting one oxidation ditch to diffused 
aeration with positive displacement blowers

3. Converting one oxidation ditch to diffused 
aeration with turbo blowers

Activated Sludge Aeration Alternatives

Additional brush rotor

Converting one oxidation ditch to diffused 
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Converting one oxidation ditch to diffused 
aeration with positive displacement blowers

Converting one oxidation ditch to diffused 
aeration with turbo blowers



Fundamentals of Turbo Blowers

• Introduced to U.S. 
market in past two 
years

• Single-stage 
centrifugal blower

• Integrated high-
frequency VFD

K-Turbo blower at Mukilteo WWD

Fundamentals of Turbo Blowers

10Turbo blower at Mukilteo WWD



Fundamentals of Turbo Blowers

Image per K-Turbo Inc.

Impeller directly mounted on motor shaft

High-speed permanent magnet

Fundamentals of Turbo Blowers
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Impeller directly mounted on motor shaft

motor (up to 60,000 rpm)



Fundamentals of Turbo Blowers

Contact-less airfoil journal bearing
•

•

•

Image per K-Turbo Inc.

•

•

•

Fundamentals of Turbo Blowers

less airfoil journal bearing
• 10 times larger diameter than 
oil bearing

• 10 times length than oil 
bearing

• Light load only
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bearing
• Light load only

• Bump structure and Flexible 
top foil gives maximum 
supporting force

• Dry lubricant coating protect 
bearing surface during On/Off 
(20,000 time with Teflon)



Fundamentals of Turbo Blowers

Image per K-Turbo Inc.

Fundamentals of Turbo Blowers
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Fundamentals of Turbo Blowers

• Reduced owner maintenance: no maintenance 
required for seals, lubrication, etc.

• Low power at motor start

• Can run unloaded at 1% of rated power

Fundamentals of Turbo Blowers

Reduced owner maintenance: no maintenance 
required for seals, lubrication, etc.
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Low power at motor start

Can run unloaded at 1% of rated power



Comparison of Aeration Alternatives

Oxidation Ditch “A” peak
Parameter

Actual Oxygen Demand (lb/day)
Standard Oxygen Demand (lb/day)
Diffuser Air Flow Rate (scfm)
Max. Motor Power (hp)
Max. Motor Power (kW)
Power Savings at Max. Load vs. Brush Rotor (%)

Power Savings at Max. Load vs. PD Blower (%)

Comparison of Aeration Alternatives

peak energy consumption
Aeration Method

Brush 
Rotors

Diffused 
Aeration with 

PD Blower

Diffused 
Aeration with 
Turbo Blower
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PD Blower Turbo Blower
4,527 4,527 4,527 
6,658 7,611 7,611 
N/A 1,300 1,300 
115 60 50 
86 45 37 

Power Savings at Max. Load vs. Brush Rotor (%) 48% 57%

Power Savings at Max. Load vs. PD Blower (%) 17%



Comparison of Aeration Alternatives

Oxidation Ditch “A” annual avg.
Parameter

Actual Oxygen Demand (lb/day)
Diffuser Air Flow Rate (scfm)
Average motor power req'd (hp)
Avg. Annual Power Consumption (kWH)
Annual Power Savings (kWh)
Annual Power Cost Savings ($)
Annual Power Savings vs. brush rotor (%)
Annual Power Savings vs. PD blower (%)

Comparison of Aeration Alternatives

annual avg. energy consumption
Aeration Method

Brush 
Rotors

Diffused 
Aeration with 

PD Blower

Diffused Aeration 
with Turbo 

Blower
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PD Blower Blower
2,440 2,440 2,440 
N/A 665 665 
58 28 21 

380,000 183,000 137,000 
197,000 243,000 
$13,800 $17,000 
52% 64%

25%



Comparison of Aeration Alternatives

Oxidation Ditch “A” annual O&M costs

Item
A. Brush Rotor Alternative

Power 380,000
Repair and MaintenanceRepair and Maintenance
Total

B. Diffused Air with PD Blower Alternative
Power 183,000
Repair and Maintenance
Total

C. Diffused Air with Turbo Blower Alternative
Power 137,000
Repair and Maintenance
Total

Comparison of Aeration Alternatives

Oxidation Ditch “A” annual O&M costs

Quantity Unit Price Amount

380,000 kWH $0.07 $26,600 
1 LS $2,300 $2,300 

17

1 LS $2,300 $2,300 
$28,900 

B. Diffused Air with PD Blower Alternative
183,000 kWH $0.07 $12,800 

1 LS $2,100 $2,100 
$14,900 

C. Diffused Air with Turbo Blower Alternative
137,000 kWH $0.07 $9,600 

1 LS $1,800 $1,800 
$11,400 



Comparison of Aeration Alternatives

Oxidation Ditch “A” lifecycle cost comparison

Alternative
Construction 

Brush Rotor Alternative $261,000 
Diffused Air with PD Blower 
Alternative $279,000 
Diffused Air with Turbo Blower 
Alternative $321,000 

Comparison of Aeration Alternatives

Oxidation Ditch “A” lifecycle cost comparison

Total 
Construction 

Cost

Annual 
O&M Cost 
Estimate

20-year Net 
Present 
Value
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Cost Estimate Value
$261,000 $28,900 $808,000 

$279,000 $14,900 $507,000 

$321,000 $11,400 $490,000 



Comparison of Aeration Alternatives

• Selected alternative: Diffused air with turbo blower

• Despite higher capital cost, energy efficiency resulted in 
a payback period of 4 yearsa payback period of 4 years

• Lowest 20 year lifecycle costs (3% lower than PD 
blower)

• 65% energy savings compared to brush rotors

• 25% energy savings compared to PD blower

Comparison of Aeration Alternatives

Diffused air with turbo blower

Despite higher capital cost, energy efficiency resulted in 
a payback period of 4 years
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a payback period of 4 years

Lowest 20 year lifecycle costs (3% lower than PD 

65% energy savings compared to brush rotors

25% energy savings compared to PD blower



Electric utility rebate

• Snohomish County PUD No. 1 monitored 
electricity consumption before and after Ditch 
“A” project construction

• Rebate for construction costs equal of 
$0.17/kWH of annual electricity savings

• District to receive PUD Incentive Rebate of 
$39,171

Electric utility rebate

Snohomish County PUD No. 1 monitored 
electricity consumption before and after Ditch 
“A” project construction
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Rebate for construction costs equal of 
$0.17/kWH of annual electricity savings

District to receive PUD Incentive Rebate of 



Electric utility rebate

Pre-Metering Results: Ditch “A” Week 2 Rotor 1

Electric utility rebate

Metering Results: Ditch “A” Week 2 Rotor 1
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Electric utility rebate

Pre-Metering Results: Ditch “A” Week 2 Rotor 2

Electric utility rebate

Metering Results: Ditch “A” Week 2 Rotor 2
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Electric utility rebate

Post-Metering Results: Ditch “A” Blower

Electric utility rebate

Metering Results: Ditch “A” Blower
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Installation of Blower & Diffusers

• Dewatering of  Existing Tankage
• Removal /Disposal of Accumulated Grit and 
Debris

• Demolition/Removal of Old Equipment
• Locating Plumbing and Electrical
• Installation of  New Equipment
• Testing of New Equipment

Installation of Blower & Diffusers

Dewatering of  Existing Tankage
Removal /Disposal of Accumulated Grit and 
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Demolition/Removal of Old Equipment
Locating Plumbing and Electrical
Installation of  New Equipment
Testing of New Equipment



Installation of Blower & Diffusers

• Dewatering of  
Existing TankageExisting Tankage

Installation of Blower & Diffusers
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We dewatered existing tankage during periods of low flow to minimize effect on effluent quality. 

This was accomplished by pumping from “A Ditch” into our second aeration basin that we call “B Ditch”

This meant beginning after the dinner hour and continuing until it was done.



Installation of Blower & Diffusers

• Removal /Disposal 
of Accumulated 
Grit and DebrisGrit and Debris

Installation of Blower & Diffusers
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After dewatering we were able to visualize the amount of grit and debris that remained. 
Approximately 60 cubic yards of material was removed utilizing a bob cat and Vactor truck. 



Installation of Blower & Diffusers

• Demolition/Removal 
of Old Equipment

Installation of Blower & Diffusers
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Surface aerators were removed along with there support structures



Installation of Blower & Diffusers

• Locating 
Plumbing

Installation of Blower & Diffusers
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We had challenges locating  drainage lines. 
As you know As-builts are not always AS  Built



Installation of Blower & Diffusers

• Locate 
Electrical

Installation of Blower & Diffusers
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Where is that 
empty conduit?

Document, document, document. 
You can never take too many pictures and if GPS equipment is available, use it.




Installation of Blower & Diffusers

• Installation

Installation of Blower & Diffusers

•And Protection 
of New Equipment
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of New Equipment

Know the equipment that you are getting, think about how you are going to use it as well as how to pull maintenance on the equipment.  We added this tall base to the design after we saw where the HMI screen was located on the blower.

You really need to protect these new style blowers from the elements due to the fact that they have all of the electronic gear to drive and control the blower functions.




Installation of Blower & Diffusers

• Testing of  New Equipment

Installation of Blower & Diffusers

Testing of  New Equipment
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Blower and diffusers were tested for function and leaks



Operational Considerations  
Brush Aerators vs. Turbo Blower 
With Fine Bubble Diffusers

• Ease of  Repair
• Hydraulic Limitation
• DO Transfer Efficiency• DO Transfer Efficiency
• Need for Submersible Mixer
• Lubrication Required 
• Aerosol Production
• Noise

Operational Considerations  
Brush Aerators vs. Turbo Blower 
With Fine Bubble Diffusers

DO Transfer EfficiencyDO Transfer Efficiency
Need for Submersible Mixer
Lubrication Required 
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When comparing Brush Aerators to Turbo Blowers with Fine Bubble Diffusers we considered
 Ease of repair
 Hydraulic level limitation
 DO transfer efficiency and control
 Whether or not there was a need for a submersible mixer
 Lubricant requirements
 Aerosol Production
 Noise Level




Operational Considerations  
Brush Aerators

Pro
•Simple “In-House” 
Repair
•Submersible Mixer Not 
Needed

Operational Considerations  
Brush Aerators

Con
•Limits Hydraulic Level
•Damages Floc Structure
•Lubrication Required 
•Exposes Operators to 
Aerosols 
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Aerosols 
•Energy inefficient
•Difficult to Control D.O. 

With Brush Aerators repairs were simple and could be done “In-House” and we had no need for a submersible mixer.

But, it was limited for hydraulic level for example; December 07 we had a heavy rain event that saw 6 ½ MGD in a plant that is rated for 2 MGD and aeration basins backed up a good 11 inches, forcing us to shut down surface aerators.

Turbulents damage floc structures 

Petroleum based lubricants are required for the transmission adding to maintenance and cost of purchase and removal of a hazardous waste product 

Aerosols are created that expose operators to a potentially hazardous environment

As Chad told us, Brush aerators are much less energy efficient

It is also more difficult to controll DO levels



Operational Considerations  
Turbo Blower With Fine Bubble 

Diffusers
Pro

•Unlimited Hydraulic Level
•No Damage to Floc 
Structure
•No Lubrication Required
•Minimal Maintenance•Minimal Maintenance
•Minimal Aerosols
•Energy Efficient
•Good D.O. Control
•Low Noise

Operational Considerations  
Turbo Blower With Fine Bubble 

Diffusers
Con

•Needs Submersible Mixer
• Blower Repairs Proprietary
•Diffuser Inspection/Repair 
Requires Dewatering of 
Basin  
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Basin  

When we looked at the Turbo Blowers with fine bubble diffusers

We knew that even given a large rain event fine bubble diffusers would continue to be effective

There is virtually no damage to floc structure

None of the lubricants are required 

Maintenance is changing of the air filters which takes only minutes 

There are minimal aerosols produced with a side benefit of the area walkways and railings staying cleaner 

It’s an energy efficient system 

We have much finer DO control

And much less noise


On the down side;

We did need to add submersible mixers

Blower repairs will require the manufacturer to be contacted

And, diffuser inspections or repair would require that we pump down the basin.



Conversion of Ditch “B”

• District is converting Oxidation
diffused air with turbo blowers

• Operational advantages; consistency

• 35% reduction in annual energy consumption for 
the oxidation ditch system

Conversion of Ditch “B”

Oxidation Ditch “B” to 
diffused air with turbo blowers
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Operational advantages; consistency

35% reduction in annual energy consumption for 
the oxidation ditch system



Conversion of Ditch “B”

• Removal of four 30-hp brush rotors (120 hp total)
• Installation of two additional 50
(one duty, one standby)

• Installation of two new 6

• Equipment has been pre
• Construction is underway with startup in October

Conversion of Ditch “B”

hp brush rotors (120 hp total)
Installation of two additional 50-hp turbo blowers 
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Installation of two new 6-hp submersible mixers

Equipment has been pre-purchased
Construction is underway with startup in October



Conversion of Ditch “B”Conversion of Ditch “B”
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Conclusion

Blowers and diffused air may be advantageous for 
oxidation ditch operation:

• Significant energy savings
• Operational flexibility 
Turbo blowers offer further energy savings in 
comparison with positive displacement blowers 
(25% in the case of Mukilteo)

Conclusion

Blowers and diffused air may be advantageous for 
oxidation ditch operation:
Significant energy savings
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Turbo blowers offer further energy savings in 
comparison with positive displacement blowers 
(25% in the case of Mukilteo)


