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ABSTRACT
The East End Wastewater Treatment Facility (WWTF), located in the Presumpscot watershed of
Casco Bay, is owned and operated by the Portland (Maine) Water District (PWD). The activated
sludge process previously used mechanical surface aerators that were original to the plant and
could no longer effectively deliver oxygen. Due to the low dissolved oxygen concentrations, the
facility experienced sludge settleability issues and filamentous organism growth. An in-depth
evaluation of several aeration technologies included fine bubble diffused aeration, INVENT®
mixer/aerators, and a hybrid of the two technologies. Fine bubble diffusers were ultimately
selected because of the lower capital and operational costs (Rohrbacher, 2016). In addition, an
evaluation of blower technologies was performed. PWD selected single-stage integrally geared
blowers because of lower long-term operating costs. Construction of the aeration system
upgrades were completed in October 2017. Since the upgrades have been put online, average
sludge volume index (SVI) values have dropped from 250 mL/g to 120 mL/g. As a secondary
benefit, effluent nitrogen loads have significantly decreased during the warmer months.
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INTRODUCTION
The East End WWTF was originally constructed in the late 1970s, has a design capacity of 19.8
million gallons per day (mgd), and currently treats an average flow of 17.3 mgd. The facility
incorporates preliminary screening and grit removal, influent pumping, primary clarification,
activated sludge biological treatment, secondary clarification, and chlorine disinfection. During
wet weather events, primary treated and disinfected flows are also treated and mixed with the
secondary effluent. The activated sludge process utilized mechanical surface aerators original to
the plant. The East End WWTF experienced sludge settleability problems caused by inadequate
dissolved oxygen concentrations. In addition, substantial populations of filamentous
microorganisms found in the biological process further contributed to the sludge settleability
concerns. Figure 1 illustrates the poor and widely variable settleability observed in the three
aeration trains.
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Figure 1 – Historical Sludge Volume Index (SVI) prior to Modifications
Since the mechanical aerators were nearing the end of their service life, the PWD commissioned
an evaluation of the aeration system to improve sludge settleability and process reliability.
Numerous factors were considered during the evaluation and design of the upgrades, including
required treatment capacity, existing electrical facilities and capacity, electrical costs, wastewater
strength and daily/diurnal patterns, and treatment objectives.
METHODOLOGY
Model Development and Selector Zone Design
To inform the ultimate mechanical process design, a model of the East End WWTF was
developed and calibrated in BioWin 4.0 (Envirosim Ltd.). Selector zones were implemented at
the start of the three aeration trains to restrict filamentous organism growth. Most filamentous
bacteria use readily biodegradable chemical oxygen demand (rbCOD) efficiently under aerobic
conditions but cannot store or utilize rbCOD under fully anaerobic or anoxic conditions. The
selector zones allow for the removal of rbCOD under conditions where filamentous organism
growth is restricted. Several aeration train configurations were modeled in BioWin 4.0 during
design to observe the impact on selector zone food-to-mass (F:M), mixed liquor suspended solids
(MLSS) concentrations, and nutrient removal. Four potential selector configurations were
evaluated: anaerobic selector, anaerobic selector with additional volume, anoxic selector, and
anoxic selector with a nitrogen recycle.
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The selector zones consist of three small zones and at the front of the existing aeration train. The
width of the aeration tank was divided into three, with a small zone in the center referred to as
Zone 1. Zone 1 is where the mixing of aerator influent and the return activated sludge (RAS) will
occur. When operated as an anoxic selector, the nitrified recycle (NRCY) flow is mixed in Zone
1 as well. The flow then splits and enters two selector zones, Zone 2A and Zone 2B. A swing
zone, Zone 3, was provided to serve as additional selector volume for operational flexibility. All
three selector zones are equipped with both vertical turbine mixers and fine bubble aeration.
Under normal operating conditions, the vertical turbine mixers are used to keep solids in
suspension. The fine bubble diffusers are used in the event of a process upset to create aerobic
conditions throughout the entire aeration train. Weirs and submerged ports were provided to
transport the flow between the selector zones. The flow control structures were designed to
ensure a small amount of head loss between each zone to prevent flow from the aerobic portion
of the tank from entering the selector zones. Figure 2 shows the revised configuration of the
aeration trains.

Figure 2 – Modified Aeration Tank Layout
The original intent of the design was to operate the selectors as anaerobic selectors to provide
conditions for growth of polyphosphate accumulating organisms (PAOs) and reduced
filamentous growth. Anaerobic conditions promote better settleability through higher density
microorganisms and the reduction of rbCOD in the aerobic zone. To avoid nitrification, the
design intent was to operate with a solids retention time (SRT) of less than 3 days at all times.
The selector is operated in the anaerobic mode during the colder months of the year where
existing volume is insufficient for nitrification (Figure 3).
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Figure 3 – Modified Aeration Train Layout (Anaerobic Selector Mode)
To provide additional operational flexibility, the design included the ability to operate the
selector in an anoxic mode. With the addition of a NRCY back to the head of the aeration train,
the selector can be operated anoxically to provide a Modified Ludzak Ettinger (MLE) process
(Figure 4). The anoxic selector, like anaerobic operation, reduces filamentous growth and
improves settleability. Operation of the anoxic selector requires nitrification in the aerobic zones.
Ability to nitrify is based on wastewater temperature and aerobic solids retention time (aSRT) in
the range of six to eight days.

Figure 4 – Modified Aeration Train Layout (Anoxic Selector Mode)
With the current limitations on aeration basin volume and clarifier surface area, the Biowin
model predicted effluent total nitrogen levels above 10 mg/L during peak monthly loading
periods. While the design provided for the ability to operate the selectors in an anoxic mode to
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manage sludge settleability, operation in the MLE configuration would allow the system to
recover alkalinity, reduce the overall aeration demand in the aerated zones, and reduce effluent
nitrogen in warmer weather by returning bound oxygen in the form of nitrates to the selector.
Aeration System Evaluation
Two aeration technologies were evaluated to replace the existing surface aeration system; fine
bubble diffused aeration and mixer/aerators. A third “hybrid” option consisting of providing fine
bubble diffused aeration in the main aerated zones and mixer/aerators in the upfront “swing”
zones was also considered.
Fine bubble diffused aeration is the most prevalent aeration technology used in municipal
WWTFs. Fine bubble diffused aeration technologies include ceramic domes and discs and
membrane discs, tube and panel diffusers. Nine-inch EPDM membrane disc diffusers are the
most common fine bubble diffuser technology installed at WWTFs today, and many suppliers
market this technology in North America.
The second technology evaluated was the mixer/aerator. The design and estimates for this
technology were based on the product manufactured by INVENT® Environmental Technologies.
The mixer/aerator option will be referred to as the INVENT® option in this document. The
INVENT HYPERCLASSIC® mixer/aerator consists of a vertical mixer with a hyperboloid
shaped impeller. The INVENT® aerator can be operated independently of aeration to provide
mixing only, or as an aerator in which the mixer is installed with an air sparger ring placed below
the mixer body on the basin floor. The air sparger diffuses air under the mixer, which gets
distributed across the basin as the mixer rotates.
Reported benefits of the INVENT® aerator is shearing of the air diffused by the sparger, reducing
bubble size and increasing oxygen transfer efficiency. One advantage of the mixer/aerator
technology is the ability to decouple mixing and aeration, which is particularly useful for
reducing excessive dissolved oxygen under low loading conditions, low dissolved oxygen
operation, intermittent aeration, and other operating strategies where mixing requirements may
exceed process aeration requirements.
The airflow requirements developed during this evaluation were estimated based on daily load
peaking factors that were based on the average daily load variation reported for calendar years
2011 through 2013 (Rohrbacher, 2016). Diurnal load peaking factors were developed based on
additional sampling performed by the PWD in June 2014. The airflow requirements then
informed the electrical loading and power requirements of each aeration system alternative.
Aeration systems are often the largest consumer of electricity at municipal WWTF’s. Table 1
summarizes the average annual power requirements for each alternative based on the airflow
requirements and blower power requirements. The power requirements are based on installing
single-stage integrally geared blowers. Mixing power requirements reflect selector zone mixing
of unaerated volume whereas aerator power reflects the power required for the mixer/aerators in
the aerated zones. Ultimately, PWD selected diffused air because the technology had the lowest
power consumption of the three options.
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Table 1 – Average Annual Power Requirements of Evaluated Aeration Systems
Alternative
Diffused Air
INVENT®
Hybrid

Blower Power
(kW-hr)
2,614,000
1,890,000
2,472,000

Mixing
Power (kW-hr)
78,000
65,000
43,000

Aerator
Power (kW-hr)
0
1,800,000
405,000

Total
Power (kW-hr)
2,692,000
3,755,000
2,920,000

Blower Technology Evaluation
Three blower alternatives were considered during the design phase of the East End Aeration
Upgrades: integrally-geared single-stage, multistage centrifugal with variable frequency drive
(VFD), and multistage centrifugal with inlet throttling valve control. A grant from Efficiency
Maine allowed PWD to prioritize energy efficiency and reduced power consumption. Benefits of
the multistage centrifugal blowers include simpler maintenance, lower capital cost, and multiple
suppliers on the market. Integrally geared single-stage are more energy efficient with the largest
turndown for varying loads.
In addition to estimating energy costs, a twenty-year net present worth evaluation was conducted
to estimate the long-term cost of energy and maintenance for each alternative. Multistage
centrifugal blowers require a lower initial capital investment; however, long-term costs were
approximately 18% higher than the integrally geared single stage option (Table 2). Due to the
lower twenty-year operating costs and capital investment, integrally geared single stage blowers
were selected by the PWD.
Table 2 – Blower Technology Capital and Net Present Worth Evaluation

Capital Cost: Aeration System
Capital Cost: Blowers
20-Year Net Present Operating Costs
Total Net Present Cost

Integrally
Geared Single
Stage
$1,330,000
$1,030,000
$5,290,000
$7,650,000

Multistage w/
Inlet Valve
Throttling
$1,330,000
$730,000
$6,480,000
$8,540,000

Multistage w/
VFD’s
$1,330,000
$1,010,000
$6,030,000
$8,370,000

Determining the location of the blowers was a challenge during design. The limited space at the
facility, along with added costs, deterred PWD from constructing a building to house new
equipment. Instead, a portion of the existing tunnel was utilized to house the new blowers and
electrical equipment (Figure 5 and Figure 6). To ensure the addition of blowers in the tunnel
complied with new National Fire Protection Association (NFPA) regulations, proper ventilation
and walls were added (Figure 7).
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Figure 5 – Existing Tunnel at East End WWTF

Figure 6 – Location for New Electrical Equipment
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Figure 7 – Existing Tunnel After Blower Installation
RESULTS
Construction
Construction of this project began in September 2015. Aeration trains were taken down one at a
time to ensure smooth plant operations throughout construction. Aeration Train 3 was the first to
be taken offline and was accompanied by the construction of the blower room, electrical room,
and aeration piping. Once the infrastructure was in place, Train 2 and Train 1 took seven months
and six months, respectively. The project was substantially completed with all three aeration
trains online October 2017. A timeline of construction is provided in Figure 8.

Figure 8 – East End Aeration Improvements Construction Timeline
One major challenge that project experienced during construction was during the upgrade to
Aeration Train 3. Aeration Train 3 was offline due to construction activities and a mechanical
aerator failed in Aeration Train 2. Due to flows and loads at the time Plant Operations could not
afford to take a second aeration train offline. Plant Operations rented temporary surface aerators
to supplement the two remaining surface aerators. Even with this step, the Plant Operations was
struggling to maintain permit and minimize odor impacts to the community. PWD, the
Contractor and Hazen all collaborated on additional measures and expedited action to get
Aeration Train 3 commissioned and online. This was successfully done and allowed Plant
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Operations to utilize an upgraded Aeration Train 3 and the Aeration Train 1. Aeration Tank 2
was taken offline for upgrading.
Effluent Nitrogen
With construction underway, PWD submitted a routine effluent permit renewal application to the
Maine Department of Environmental Protection (MEDEP). The State of Maine does not have
nutrient water quality standards. While there have been some isolated nuisance algal blooms,
Casco Bay is not listed as impaired for nutrient or low dissolved oxygen levels. Given this, at the
time of the permit renewal application, PWD did not anticipate that effluent nitrogen would be of
any concern during the East End WWTF’s permit renewal.
In evaluating the effluent nitrogen discharge from the facility, MEDEP employed a far-field
dilution model. This approach did not identify the need to consider effluent nitrogen limits.
However, through a series of routine comments to the preliminary draft permit, the Region 1
Environmental Protection Agency (EPA) expressed concerns over the possibility of an enriched
marine environment in Casco Bay, the far-field modelling effort by MEDEP, and urged MEDEP
to consider the inclusion of effluent nitrogen limits in the final effluent permit. The ensuing nearyear long negotiations included a number of additional stakeholders.
In the absence of a nutrient water quality standard or any designation of impairment due to
nutrients or low dissolved oxygen, the establishment of an effluent nitrogen limit was not
included in the permit. There was, however, growing regional concerns related to nitrogen
loadings in Casco Bay. Recognizing this concern, PWD ultimately agreed to the following
permit conditions:
•
•
•

Weekly monitoring of effluent nitrogen species from May through October
Implement a “Nutrient Optimization” program to reduce effluent average seasonal
nitrogen loadings
Submit an annual Nutrient Optimization Report on the program’s efforts and the effluent
average seasonal nitrogen loading

The Nutrient Optimization efforts were expected to include operation of the aeration system at a
higher SRT (8 days) during warmer months to allow nitrification, and the selector system in an
anoxic mode to allow denitrification. The stated goal of the effort was a 20 to 40 percent
reduction in the historical daily loading of 2,437 lb/d of total nitrogen from the facility.
Current SVI Values
Average SVI values have been reduced from 250 mL/g to 120 mL/g since completion of the
aeration upgrades at East End WWTF. Figure 9 illustrates the reduction of average SVI values
and improved process reliability.
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Figure 9 – SVI Values Before and After Aeration Improvements
Operational Assistance
The focus of the project shifted to optimizing plant operations upon completion of the aeration
upgrades at the East End WWTF. Bi-weekly calls were conducted to discuss plant performance
and operational issues that arose. Site visits were conducted to troubleshoot action items
developed on bi-weekly calls and optimize setpoints of the aeration system. An operations
assistance poster, Figure 10, was developed to provide an overview of selector operation and
methods for monitoring and control during operation.
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Figure 10 – Operations Guidance Poster
A week-long operational support visit was conducted in June 2018 to optimize set points,
investigate variable header pressure blower control, adjust alternative minimum mixing settings,
and develop a method to estimate diffuser fouling. When operating in variable-pressure mode the
variable header pressure is adjusted based on the position of the airflow control valves. Based on
the number of blowers online, the variable header pressure setpoint will change. Uneven loading
will lead to issues delivering enough air to where the demand is present. While onsite different
variable header pressure set points were tested to optimize air delivery to the process.
Alternative minimum mixing is used to keep the MLSS is suspension when the dissolved oxygen
demand is lower than the minimum mixing airflow. When activated, alternative minimum
mixing will allow the airflow control valves to reduce airflow below the minimum airflow for a
set period of time. After the set time duration, the airflow control valves will automatically open
to the minimum mixing airflow to resuspend mixed liquor. The purpose of this control scheme is
to reduce energy usage by curtailing blower operation during low load conditions. Under anoxic
operation, alternative minimum mixing helps to reduce dissolved oxygen levels at the end of the
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aeration trains to maintain operation of the selector while the NRCY is in use. A standard
operating procedure for alternative minimum mixing was created as a reference for the
adjustment and optimization of the minimum airflow and resuspension time.
Manual blow-off valves were installed on air lines as a back-up to the continuous purge regularly
installed on fine bubble systems. If a significant amount of water comes out of the manual purge
lines after an automatic purge cycle, this is an indication of an issue with the continuous purge
system. The manual purge lines should also be opened if there is a change to the air pattern in the
aeration trains since it is likely a buildup of condensation is restricting airflow. High humidity
can also lead to increased condensation in the aeration system. The manual purge lines can be
used to purge condensation from the aeration system outside of the automatic purge cycle. The
water coming from these drains should be clear, if the liquid being purged is discolored this is an
indication of leak in the aeration system.
One of the challenges operating fine bubble diffusers is the inevitable fouling of the diffuser
membranes. The cleaning of the membranes is disruptive to plant operations and extremely labor
intensive. Under the operational assistance phase of this project, a method to track diffuser
fouling was developed utilizing data gathered during the automated purge cycle of the system.
An automatic purge is completed at a scheduled interval and will increase the airflow in each
zone to flex the membranes of the diffusers, remove settled solids on the membranes, and empty
the continuous purge. As the diffuser begins to foul, the horsepower used by the blowers during
the purge cycle will increase. The airflow that is reached during the purge cycle will begin to
decrease indicating fouling on the diffuser membrane.
Additional items evaluated during the operations assistance phase include a flow split evaluation
supplemented by computational fluid dynamics (CFD) modeling and power consumption
evaluation during nitrifying periods.
Effluent Nitrogen Loading
In May 2018, the first season with the fully constructed aeration system operating, PWD began
its first Nutrient Optimization efforts. The SRT was increased to 8 days and the NRCY pump
system was started. As the wastewater temperature gradually increased, nitrification began. By
mid-June, the system was fully nitrifying and denitrifying.
The anoxic selector zone maintained sludge settleability, sufficiently recovered alkalinity to
prevent any noticeable decrease in effluent pH, and nearly fully denitrified.
The seasonal average total nitrogen loading, with a goal of a 20 to 40 percent reduction, was
reduced by 72 percent from May to October. The results are shown in Figure 11 below.
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Figure 11 – Effluent Total Nitrogen Loading (lb/day) since Aeration Improvements
DISCUSSION & CONCLUSIONS
Existing mechanical surface aerators at the East End WWTF could no longer effectively deliver
oxygen to the activated sludge process resulting in sludge settleability issues and filamentous
growth. In depth evaluations of available aeration and blower technologies were conducted to
ensure the design met the goals of the PWD. Factors evaluated included capital cost, treatment
capacity, train layout, existing electric capacity, required electrical upgrades, energy costs,
average loading, daily/diurnal patterns, and process flexibility.
Aeration technologies considered include fine bubble diffusers, INVENT ® mixer/aerators, and a
hybrid option. PWD selected the fine bubble diffusers because of the lower power requirements.
Integrally geared single stage and multistage centrifugal were the two blower technologies
evaluated as a part of this project. A grant from Efficiency Maine supplemented the finding
available and allowed for the prioritization of energy efficiency during the selection process.
Integrally single stage blowers were selected due to the low operating cost and low capital cost.
Selector zones were constructed at the start of the aeration trains to encourage process flexibility
and reduce filamentous growth. The addition of a NRCY allows for nitrogen removal during
warm weather months. Since the completion of the upgrades, the average SVI value at East End
is approximately 120 mL/g. During the operations assistance phase of the project, biweekly calls
and site visits assisted with the transition to fine bubble technology. Several guidance documents
were developed as a resource to supplement the traditional equipment operations and
maintenance manuals.
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The aeration system upgrades completed at the East End WWTF have assisted the PWD meet
permit requirements for conventional pollutants and to perform Nutrient Optimization to
seasonally reduce the total nitrogen loading from the facility. This flexible adaptive management
approach has allowed PWD to leverage existing systems to reduce nitrogen. Strict permit limits
would require significant further capital investment. The adaptive management approach allows
PWD to remain committed to preserving Maine’s natural resources.
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