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ABSTRACT
Wastewater collection systems have significant impacts on the performance of Membrane Bioreactors (MBRs). Gravity, grinder, and 
effluent sewers each deliver unique hydraulics and wastewater characteristics to downstream wastewater treatment facilities that 
greatly affect the design, capital costs, performance, and operational costs of MBRs. Membrane fouling and electrical consumption are 
considered the largest impediments to the widespread use of MBRs. Effluent sewers directly reduce both, and are singularly well-suited 
for wastewater collection in conjunction with MBR treatment.

The tanks in effluent sewers provide passive, long-term anaerobic digestion of primary sludge, flow equalization internal to the collection 
system, resistance to infiltration and inflow (I/I), and fine-screened effluent to the MBR wastewater treatment facility. They facilitate the 
downsizing or complete elimination of influent fine-screen processes directly upstream of MBRs. The lower organic load of effluent 
sewers and their near elimination of I/I also permit smaller bioreactors (up to ~ 57% smaller), reduce bioreactor and membrane aeration 
requirements (lowering bioprocess aeration by ~ 57%), and reduce biosolids management demands (by up to 75%). 

This paper summarizes design and operational considerations when coupling effluent sewers with MBRs. 

INTRODUCTION
Membrane fouling and electrical consumption are the two biggest challenges to 
operating an MBR in an affordable and sustainable manner. The cost differences 
associated with the cleaning and replacement of membranes, coupled with the power 
consumption of MBRs, can constitute the difference in present worth between an MBR 
and a conventional activated-sludge system (Park, Chang, and Lee 2015, 10).

In the past, membrane bioreactors were only considered for high-quality wastewater 
reuse applications, projects with site constraints, and facilities with ultra-restrictive 
discharge permits. Through recent technological advancements and associated cost 
reductions, MBRs are being selected for projects that would have traditionally used 
conventional activated-sludge processes. Regulatory endorsements, stemming from 
the membranes’ intrinsic ability to prevent bypass and provide high-quality effluent, 
also encourage designers to choose MBR technologies over conventional activated-
sludge systems. 

As stated in “Membrane Bioreactor Effluent Water Quality and Technology – Organics, 
Nutrients and Microconstituents Removal,” presented in 2010 by Zakir Hirani, et al. 
(quoted in Young 2013), the use of MBRs for municipal wastewater treatment has 
expanded dramatically in the past decade, from an estimated 10 facilities over 1 
MGD in 2001 to 166 facilities over 1 MGD in 2011. Based on the research of Frost 
and Sullivan, the MBR market was $832.2 million in 2011 and it is expected to grow 
to $3.44 billion by 2018, with a compound annual growth rate of 22.4%. Yet, even 
with recent technological advancements and growing market share, opportunities to 
improve the competitiveness and applicability of MBRs still exist. 

As reported in “Cost Effective & Energy Efficient MBR Systems,” “While capital costs of MBRs have become fairly competitive with 
conventional treatment systems, the operating costs, specifically as related to energy requirements, require additional focus. The key 
opportunities for energy reduction center on aeration both in the biological basins and the membrane tanks; however, all energy related 
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Figure 1. Membrane fouling (as shown here) 
can be reduced through use of effluent sewers  
(photo courtesy of Water Online).
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elements should be considered. Historically, the energy requirements for an MBR typically exceeded that of a conventional activated 
sludge plant by a factor of 1.5 to 3” (Wallis-Lage and Levesque 2009, 1). 

Traditionally, MBR manufacturers and engineers have focused research on MBR design – for example, strategies to improve operating 
costs, increase membrane flux rates (gal/ft2•hr), and reduce membrane area, while maintaining an acceptable pressure drop across 
the membrane – with the assumption that influent loads are fixed and unchangeable, and typically based upon the use of gravity 
sewers. In reality, the type of wastewater collection system selected (gravity, grinder, or effluent sewer) will dictate influent wastewater 
characteristics and consequently have a significant impact on up-front and long-term cost and performance of the MBR facility. 

Figure 2. Typical effluent sewer collection system overview. 

Effluent sewers – Septic Tank Effluent Pump (STEP) or Septic Tank Effluent Gravity (STEG) systems – consist of an on-lot portion and a 
right-of-way (ROW) portion. Typically, the on-lot components are a short (10-30 ft) building sewer, a 1,000-gal. tank, a pump package 
(for STEP) with a 1/8-inch or 1/16-inch mesh filter, and a 1-inch-diameter service lateral that connects to the ROW portion of the system. 
The on-lot tanks provide the following:

• Passive anaerobic digestion

• Solids separation and removal (excellent primary clarification)

• Reserve storage for 24-48 hours (minimizing the need for after-hours service calls)

• Surge capacity for daily flow modulation to the wastewater treatment facility

• Long-term sludge digestion

The ROW portion consists of small-diameter, low-pressure force mains (typically 2- to 4-inch diameter, depending on population, 
distance, and static head) that are shallowly buried, below the frost depth, in the right-of-way adjacent to the road surface, and following 
the contour of the land. This eliminates the manholes and lift stations common to gravity sewers. Figure 2 (above) illustrates an overview 
of an effluent sewer collection system, and Figure 3 illustrates typical on-lot STEP components. 
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Figure 3. Effluent sewer STEP package.

Unlike other collection systems, effluent sewers modulate flows at the source. At the same time, they capture and digest over two-thirds 
of the gross solids, grease, and oils, producing effluent that is primary clarified, treated, and fine-screened before it is conveyed to the 
wastewater facility. Table 1 lists the wastewater characteristics for various types of collection systems. 

Table 1. Typical wastewater loading rates from Orenco Effluent Sewer, grinder sewer, and gravity sewer.1

Constituent Loading Assumptions Effluent Sewer Grinder Sewer Gravity Sewer

Design Average Flow 50 gpcd 50 gpcd 120 gpcd 

Biochemical Oxygen Demand (BOD5) 150 mg/L 450 mg/L 200 mg/L

Chemical Oxygen Demand (COD) 381 mg/L 1143 mg/L 508 mg/L

Total Suspended Solids (TSS) 40 mg/L 500 mg/L 210 mg/L

Total Kjeldahl Nitrogen (TKN) 65 mg/L 70 mg/L 35 mg/L

Ammonia (NH3-N) 40 mg/L 55 mg/L 21 mg/L

Total Phosphorus 16 mg/L 17 mg/L 7 mg/L

Fats, Oils, Greases (FOG) 15 mg/L 164 mg/L 80 mg/L
1Adapted from Metcalf & Eddy 2003; Crites and Tchobanoglous 1998; USEPA 2002; Winneberger 1984.
 

Effluent sewers experience minimal I/I throughout the collection system because service laterals and mainlines are pressurized, mains 
are shallowly buried, and manholes are eliminated. As reported in the EPA’s “Alternative Wastewater Collection Systems” manual, “At this 
time, thousands of flow measurements have been made on pressure sewer systems with wide demographic spread. The result of these 
measurements has corroborated findings of the earlier studies: that flows are typically 40-60 gallons/capita/day, with little weekly or 
seasonal variation” (USEPA 1991, 41).
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EFFLUENT SEWERS AND MBRs
Despite the use of 1- to 3-mm mesh prescreens, fibrous fouling is one of the most common issues found with MBR membranes 
(Stefanski 2011, 198-199). As stated in “Terminology for Membranes and Membrane Processes” by W. J. Koros et al. in 1996 (quoted 
in Iorhemen 2016, 2), fouling is defined by the International Union of Pure and Applied Chemistry as “process resulting in loss of 
performance of a membrane due to deposition of suspended or dissolved substances on its external surfaces, at its pore openings, or 
within its pores.”

Improper screen types, improper screen installations that allow debris leakage, and the inherent limitations of screens all contribute to 
this problem (Stefanski 2011, 198-199). Effluent sewers address fibrous material and other wastewater particles by allowing them to 
settle passively, at the point of generation, in tanks equipped with filters. The long-term digestion and solids retention time or "SRT" of 
the tanks also reduces organic and oil and grease (O&G) loads, reducing or eliminating preliminary treatment requirements at the MBR 
facility. This provides the following benefits: 

• Elimination or downsizing of requirements for screening and grit removal

• Elimination or downsizing of primary, flow equalization, and treatment volume requirements

• Reduction of system footprints, sizes, and bioreactor volumes

• Reduction of electrical consumption

• Reduction of cleaning and other O&M needs

• Extension of membrane life expectancy

• Improvement of process stability and efficiency

To illustrate these benefits, Figure 4 compares the major treatment system components for effluent, grinder, and gravity sewer for a 
sample municipality. Each illustration is sized for the same population and number of households.

Figure 4. Major treatment system components sized proportionally to incoming hydraulic and organic loads from effluent, grinder, and 
gravity sewers.
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Preliminary Headworks

Properly designed preliminary treatment processes greatly decrease maintenance and recovery cleaning requirements and help maintain 
target flux rates – which are significantly affected by biomass buildup and fouling. Adequate preliminary treatment is essential to 
improving overall treatment cost-effectiveness and to extending membrane life expectancy, by decreasing the membrane’s failure rate 
and exposure time to chlorine and other cleaning chemicals.

Decreasing the fouling frequency, a derivative of adequate preliminary treatment and pre-MBR BOD removal, reduces chemical dosing 
rates, labor, storage, preparation, transportation requirements, and costs associated with routine chemical cleanings. Frequent chemical 
recovery cleanings can deteriorate the membrane material over time and will usually reduce its overall life expectancy. Exposing 
membranes to free chlorine during periodic membrane cleaning makes them prone to breakage through oxidization (Yoon 2015, 292). 
Membrane fouling increases energy use and cleaning frequencies; it also shortens the life span of the membrane (Lenntech 2016, 1). 

With traditional preliminary treatment technologies and cleaning methods, reports indicate that the predicted life of membrane elements 
is approximately ten years. Thus, it’s important to include membrane replacement costs in any present worth evaluation and operational 
budget. The Capex (capital expenditure) for the membranes can range between 40 to 60% of the overall facility costs, while membrane 
replacement is often estimated at 28% of Opex (operational expenditure), as shown in Figure 5. Clearly, membranes are a critical and 
costly component of the treatment process, and additional costs associated with improved pretreatment will typically be recovered over 
the life of the plant in terms of extending membrane life and improved long-term performance (WEF 2006, 37). 

Figure 5. MBR O&M costs (DeCarolis et al. 2007, 7).

With that said, recent evidence suggests that the membrane longevity can be 10+ years, if the membranes are properly installed 
and used under reasonable operating conditions, as stated by K. Nishimori et al. in a 2010 article from the journal Water Science & 
Technology, volume 62 (quoted in Yoon 2016,1). For example, after 14 years of continuous operation, the original membranes in Bandon 
Dunes’ MBR remain in full operation today and have never been removed for aggressive recovery cleanings. Bandon Dunes uses an 
effluent sewer for wastewater collection.

MBR Screening Requirements

Preliminary treatment requirements for MBRs vary based on the type of membrane (plates, hollow fiber tubes, nano, ultra, micro, etc.), 
membrane manufacturer, and influent wastewater characteristics. Screen sizes generally range from 0.5 mm to 3 mm. As listed in Table 
2, hollow-fiber membrane manufacturers typically require 0.5- to 2-mm screen openings, whereas plate membrane manufacturers only 
require 2- to 3-mm openings. This size range seems small, but the impacts on capital and O&M costs can be significant (Hunter and 
Cummings 2008, 45).

Table 2. Typical screening requirements for MBRs.

Type of Screening Screen Size and MBR Applicability

Coarse screening 15 mm, preferably 6 mm (headworks screening and degritting)

Fine screening 3 mm, preferably 2 mm, (flat-sheet/panel MBRs)

Ultra-fine screening 2 mm, preferably ≤1 mm, (hollow-fiber MBRs)
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Preliminary Treatment in Effluent Sewers

Effluent sewers eliminate or downsize preliminary treatment requirements and reduce fouling frequencies 
in MBR facilities by providing enhanced primary treatment and exceptional removal of solids, fats, oils, 
grease, hair, and fibers in the collection system. In effluent sewers, raw wastewater is allowed to settle 
without agitation or grinding in 1,000-gal. tanks outfitted with fine screens, which maintains particle size 
integrity and settling characteristics. Wastewater from the clear zone of each tank is then screened with 
0.125 inch (3 mm), 0.063 inch (< 2 mm), or smaller mesh openings. The total fine-screen surface area 
is typically 14.5 ft2 per connection, allowing long intervals between screen cleaning events. Figure 6 
shows an Orenco Biotube® pump vault that houses the pump, floats, and fine screen. 

Unlike deeply excavated gravity sewer mains with regularly spaced manholes, pressure sewer mains in 
effluent sewers are watertight and, therefore, avert grit intrusion. Grit can be problematic when MBRs are 
paired with gravity sewers because gravity sewers are notoriously predisposed to excessive peak flows 
from high I/I. If not removed from the waste stream, grit can reduce the life of membranes by abrading 
them, especially in the turbulent environment created by air scour. Though grinder sewers also use small-
diameter and watertight low-pressure mains, they are not recommended in front of MBR screens. Plus, 
they are very maintenance-intensive and have high O&M costs (Huber Technology 2014, 8).

Effluent Sewer Particle Size 

Grinders produce more problems downstream by allowing finely ground – and sometimes sharp – 
screenings to bypass. In an effluent sewer, properly sized tanks (with upwards of five days of retention 
time) passively retain more material than mechanical fine screens (1 to 2 mm) by removing, via settling, some particles that are less 
than 1 to 2 mm in diameter. To illustrate how well effluent sewers remove solids, TSS tests were conducted on a series of different glass 
microfiber filters ranging in size from 75 to 2000 μm (Rice et al. 2012, 66; method 2540 D used). 

During the test, 1,000 ml of grinder and effluent sewer wastewater were each passed through separate stacks of progressively smaller 
glass microfiber filters. For each sample, the residue and filter were dried in a drying oven at 105 degrees Celsius and the mass was 
recorded. The difference in mass between the post-weight and pre-weight for each filter was calculated and the TSS for the volume of 
wastewater was tabulated. In Figure 7, below, the results of the tests show that the effluent sample is very clean. Nearly all of it passes 
through typical 1- to 2-mm fine screening and 93% of the material passes through a 75-μm filter. With the grinder samples, on the other 
hand, the vast majority of the macerated material passed through even the 1-mm fine screen, but all of the material was retained on the 
75-μm filter. 

Figure 7. Sieve testing results performed on 1,000-mL samples from an effluent sewer and grinder sewer.

Figure 6. Typical Biotube  
pump vault with fine screen  
and high-head effluent pump.
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Figure 8 shows the actual quantity of material that passed through the screens and could cause fouling of the membrane. As illustrated, 
the totals for the grinder samples are approximately ten times that of the effluent samples. This finely ground material may include sharp 
objects that can damage the membrane. 

Figure 8. Sieve testing results performed on 1,000-mL samples from an effluent sewer and grinder sewer. 

The conclusion from the above data is that since MBR fine-screen requirements typically range from 1 to 3 mm, effluent sewers generally 
facilitate the removal or drastic downsizing of MBR fine-screen requirements.

Economic Considerations 

Because they can remove the demand for comminuters, grit chambers, and primary clarification at MBR facilities, effluent sewers 
eliminate up to one-third of preliminary treatment needs (Bounds 2015, 8). Long-term costs associated with operating and maintaining 
these preliminary treatment systems can also be avoided. Some typical headworks equipment costs (rotary drum screen, grit removal) 
are estimated in Table 3. 

As is often the case with wastewater treatment equipment, rotary drum screens and grit removal systems have diseconomies of scale 
for small flows. Equipment for small systems is considerably more expensive on a per-gallon basis than for larger facilities. While large 
MBR facilities typically include coarse screening, grit removal, primary clarification, and fine screening, these preliminary treatment 
systems are optional for small- and medium-scale MBR systems. However, they are often used nonetheless because they improve the 
membrane’s long-term performance. 

Table 3. Typical rotary drum screen and grit removal equipment costs (Rob Kershner, Kershner Environmental Technologies, personal  
communication).

50,000 gpd 500,000 gpd

Rotary Drum Screen $40,000 $140,000

Grit Removal $75,000 $125,000

Downsizing or eliminating preliminary headworks also affects auxiliary equipment requirements. Back-up power and odor-control systems 
that are normally required for fine-screening devices can be eliminated or downsized. Structures to house these systems are scaled 
down. The long-term O&M costs associated with preliminary treatment systems and membrane fouling control are also substantially 
reduced. 
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Nitrogen Considerations

Most wastewater treatment facilities with low total nitrogen (TN) permit requirements need exogenous carbon feed systems to meet 
denitrification demands, regardless of the collection system type. As stated in “Chemical-Biological Control of Nitrogen and Phosphorus 
in Wastewater Effluent,” published in 1968 in volume 40 of the Journal of the Water Pollution Control Federation by Barth et al. (quoted 
in Metcalf & Eddy 2014, 635), in theory, 4 lbs of BOD is needed for every 1 lbs of NO3 reduced. Actual supplemental carbon feed 
requirements vary significantly from plant to plant based on influent wastewater characteristics (BOD:TKN ratio), facility design, flow 
variability, and the effluent TN limit. In practice, upwards of 6 lbs of BOD is needed for every 1 lbs of NO3 reduced. 

The BOD:TKN ratio in municipal effluent sewers generally ranges from 2.3:1 to slightly greater than 3:1. Treatment systems with low TN 
limits (less than 10 mg/L, for example) that receive wastewater from an effluent sewer will generally require supplemental carbon-feed 
systems to satisfy denitrification stoichiometry requirements. 

As an example, a 100,000-gpd Modified Ludzack-Ettinger or “MLE” treatment facility that processes effluent sewer was modeled in 
BioWin to quantify theoretical carbon feed requirements using methanol as the carbon source. The theoretical methanol feed rate is 
roughly 15 gpd, though actual feed rates will vary based on the actual wastewater characteristics, target TN levels, and process operation 
strategies. Approximate monthly methanol costs are typically around $1.50/month per household connection, but will vary based upon 
the chemical type – methanol, ethanol, MicroC™, etc. –  and bulk purchasing options. 

The monthly cost per residential connection for carbon is minor in comparison to the major cost savings associated with lower 
electrical consumption, reduced membrane fouling, decreased overall O&M needs, and removal or downsizing of preliminary treatment 
infrastructure. 

Organic Loading

MBRs don’t specifically require primary clarification, although including primary clarifiers can reduce the total energy required for 
aeration, decrease the overall volume of the bioreactor, and alleviate fouling. While upstream primary clarification is preferred, design 
engineers usually opt for mechanical screens to meet small footprint objectives. 

Traditional settling tanks are an efficient means of removing debris and fibrous materials from wastewater (Moustafa 2011, 197-202). 
Settling tanks eliminate more BOD than mechanical screens by removing some organic particles smaller than 1- to 2-mm diameter. 
Lower BOD5 in the MBR feed can mitigate membrane fouling by lowering the food to microorganism or “F/M” ratio (Yoon 2015, 197-
204). 

Because effluent sewers provide primary treatment on-lot and convey primary-treated and clarified effluent through a watertight, 
pressurized collection system that’s largely immune to infiltration and inflow, they allow bioreactor volume reductions compared to other 
collection systems (gravity or grinder). Table 4 lists typical daily per capita loads for various types of collection systems.  

Table 4. Typical wastewater collection system daily per capita loads.

Parameter Effluent Sewer Grinder Sewer Gravity Sewer

Oxygen Requirements1

       Carbonaceous O2 (cBOD) 0.063 lbs/day 0.188 lbs/day 0.200 lbs/day

       Nitrogenous O2 (nBOD) 0.103 lbs/day 0.111 lbs/day 0.133 lbs/day

Sludge Production1

       Heterotrophic, Px,vss 0.019 lbs/day 0.058 lbs/day 0.061 lbs/day

       Autotrophic, Px,nvss 0.0014 lbs/day 0.0015 lbs/day 0.0018 lbs/day
1Oxygen demands and sludge production are based on the activated sludge kinetics from Metcalf & Eddy 2003; Crites and Tchobanoglous 1998. 

The organic load delivered to the treatment plant from an effluent sewer is approximately 35% to 40% that of a gravity or grinder sewer. 
Consequently, mixed liquor suspended solids (MLSS) and related aeration needs, as well as the bioreactor’s volume, can be significantly 
reduced when receiving effluent sewer wastewater (sometimes, by up to 57%). Refer to Figure 15 and Table 7 for additional details on 
bioreactor volume reduction projections. 
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Shock Organic Loading

In the early years of MBR design, engineers believed MBRs were resistant to wide variations in organic loading rates (OLRs). In reality, 
the frequency of membrane fouling is directly correlated to fluctuations in influent wastewater characteristics and OLRs. Fluctuations in 
OLRs dictate F/M ratios, solids retention time (SRT), MLSS, and dissolved oxygen (DO) concentrations, and as a result, influence fouling 
tendencies. 

Diurnal, daily, weekly, and seasonal variations in influent OLRs are often unavoidable, even more so in smaller communities and 
decentralized situations. Compared to gravity and grinder sewers, effluent sewers undisputedly provide a more consistent and source-
modulated organic load to downstream treatment processes. Figure 9 illustrates typical diurnal and daily BOD loading fluctuations from a 
gravity sewer (adapted from Metcalf & Eddy 2014, 197) and two effluent sewers (Glide, OR and Coburg, OR). 

Gravity (120 gpcd) Coburg STEP (~ 50 gpcd) Glide STEP (~50 gpcd)

Average (BOD5) 185.6 mg/L 125.2 mg/L 125.5 mg/L

Median (BOD5) 200.0 mg/L 125.0 mg/L 126.1 mg/L

Standard Deviation (BOD5) 56.6 mg/L 26.9 mg/L 9.0 mg/L

lbs BOD5/capita/day 0.2 0.05 0.05

Figure 9. Diurnal loading (BOD) variations from gravity sewer and effluent sewer (adapted in part from Metcalf & Eddy 2014, 197).

Any OLR fluctuations in MBRs negatively affect membrane performance by stressing microorganisms and promoting biopolymer 
production. Shock organic loading also accelerates irreversible membrane fouling in field conditions where dropping DO is unavoidable, 
to some extent (Yoon 2015, 208-213). Aerobic reactors with DO concentrations below 1-2 mg/L can induce and accelerate membrane 
fouling. Therefore, influent consistency is hugely beneficial.

Electrical Consumption

As stated in 1990 by the California Energy Commission in The Second Report to the Legislature on Programs Funded Through Senate 
Bill 880 (quoted in WEF 2009, 1-2), water and wastewater facilities are typically among the community’s largest energy consumers. They 
account for 30 to 60% of municipal government energy usage (USEPA 2008, 2) and 3 to 4% of the nation’s total energy usage (WEF 
2009). Energy consumption in wastewater treatment plants serving small communities with flows of less than one million GPD is often 
two or more times greater than in larger facilities. Energy consumption makes up 15 to 30% of the O&M budgets at large WWTPs and 
30 to 40% at small WWTPs (WEF 2009, 1-2). One reason is because small wastewater treatment plants are typically operated on a part-
time basis, requiring operators to over-aerate.
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Small systems are frequently over-designed and under-loaded, which leads to energy inefficiencies. Larger systems, in comparison, 
are often granted power factor subsidies from power companies. They also have more consistent influent flows, incorporate process 
instrumentation for DO set-point aeration, and are designed with multiple pumps or variable frequency drives (VFDs) to more closely 
match equipment capabilities to actual flows. 

The electrical usage of MBRs varies drastically based on the type and size of the membrane facility. And although the overall electrical 
requirements of MBRs continue to decline, they still consume considerably more energy than a comparable activated-sludge or fixed-film 
process facility. To a large degree, electrical consumption has thwarted the widespread application of MBRs. 

Table 5 shows average energy usage data for wastewater facilities with flows greater than 1 MGD. As the data illustrates, electrical 
consumption for MBRs is often more than double that of a typical activated-sludge facility with nitrification and denitrification processes. 
Compared to fixed-film technologies, MBRs can consume eight times the amount of electricity, or more.  

Table 5. Energy intensity values for various WWTP unit processes (Metcalf & Eddy 2014, 1812).

Technology Energy Consumption kWh/1000 gal

Trickling Filters (Fixed-Film) 0.23 to 0.35

Activated Sludge for BOD Removal 0.53 to 4.1

Activated Sludge with Nitrification/Denitrification 0.87 to 0.88

Membrane Bioreactor 1.9 to 3.8

The electrical consumption of small flow (<100,000 gpd) MBRs can be cost-prohibitively higher than the electrical consumption of 
larger-flow MBR facilities. At small wastewater treatment plants, energy intensity unit values increase, compared to larger plants, because 
of diseconomies of scale and the absence of competent, affordable, round-the-clock O&M. This is a common problem with small 
communities. As reported by Yoon (2015, 329), “Energy intensity values range from 6.77 to 22.6 kWh/1000 gal for plants with a capacity 
of less than 5000 person equivalents and 3 to 5.3 kWh/1000 gal for plants with a capacity of more than 5000 person equivalents.” 
For example, a small MBR (installed in 2008) serves Keim Lumber, a commercial facility in Ohio. The energy usage associated with air 
delivery alone was 9,980 kW, resulting in an annual electrical cost of $9,636/year for approximately 3,000 gpd. 

Electrical consumption in MBRs represents a good opportunity for cost reductions, especially compared to decentralized facilities and 
small-flow applications (< 100,000 gpd). Bioprocess aeration and membrane aeration make up approximately 76% of the overall 
electrical consumption. As shown in Figure 10, significant energy consumers in MBRs include air-scour blowers, biological process 
blowers, and recycle (Return Activated Sludge or “RAS”) pumps. As described in “Full Scale Assessment of Energy Consumption in MBRs” 
by Barllion et al. in 2011 (quoted in Park, Chang, and Lee 2015, 270), depending on the membrane type, membrane packing density, 
influent characteristics, and operational procedures, membrane aeration can approach 64% of the total energy required for MBR plant 
operation.

Figure 10. Energy requirements for an MBR (Wallis-Lage and Levesque 2009, 2).
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Bioprocess aeration is a function of the influent organic, nitrogen, and hydraulic loads. It typically represents 42% of the overall electrical 
consumption of an MBR. As stated before, effluent sewers convey primary-treated effluent at per capita flow rates of 50 gpcd to the 
treatment facility. Therefore, the organic load delivered to the treatment facility is approximately 35% to 40% less than that of a gravity 
or grinder sewer. This considerably reduces the aeration required for the bioprocess (refer to Figure 15 and Table 7 for additional details 
concerning aeration reductions). 

There are other energy- and O&M-related benefits to selecting effluent sewers and reducing the organic load to the MBR. Decreased 
organic loading on the MBR process means that for a given flow rate, the MBR process can operate at lower MLSS concentration. 
Membranes that serve gravity or grinder sewers typically operate between 8,000 and 15,000 mg/L MLSS. MBRs served by effluent 
sewers often operate between 4,000 and 6,000 mg/L MLSS. At a given transmembrane pressure or “TMP” (the pressure differential 
across the membrane), the flux is inversely related to viscosity, which increases at higher MLSS concentrations (Trussell et al. 2016, 
1). This has two key benefits: (1) decreased membrane fouling tendency, leading to longer cleaning intervals, longer membrane life, 
and a more consistent flux rate, and (2) increased oxygen transfer efficiency, leading to lower aeration-blower power consumption and 
associated operating costs (Wallis-Lage and Levesque 2009, 3). As shown in Figure 11, lower MLSS and lower viscosity are favorable 
conditions to increase the mass transfer of activated-sludge suspension (Park, Chang, and Lee 2015, 238). 

Figure 11. Relationship of TMP and flux (Park, Chang, and Lee 2015, 238).

Lower MLSS concentrations result in a lower concentration of biological activity, which also decreases oxygen demand and reduces 
power consumption. While it isn’t feasible in all MBR designs, this mode of operation could reduce the solids recycle flow rate by 50%, 
which also helps lower energy consumption 
(Wallis-Lage and Levesque 2009, 5). 

Numerous researchers have identified a correlation 
between MLSS and α-factor. OTE = α SOTE, 
where OTE is the oxygen transfer efficiency and 
α-factor is the ratio of process to clean water 
mass transfer. (A higher ratio is better.) “In general, 
α-factor declines as MLSS increases, if all other 
conditions remain identical …” (Yoon 2015, 278). 
As shown in Figure 12, although the variability 
is high, the α-factor in a typical MBR fed by 
raw wastewater is commonly 0.4 ± 0.1 (Yoon 
2015, 278). In contrast, the α-factor in MBRs 
operated at 4,000 mg/L MLSS, a typical value 
for MBRs connected to effluent sewers, is usually 
0.7 ± 0.1 (Krampe and Krauth 2003, 297-303). 
The considerably higher α-factor decreases the 
electrical intensity of the MBR process. Figure 12. Alpha-factor of fine bubble diffusers as a function of MLSS (Yoon 

2015, 278).
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The need for fine screening ahead of the bioreactor further increases energy requirements of MBRs served by gravity or grinder sewers, 
which produce greater volumes of screenings and require larger inlet works systems (WEF 2009, 172-174). Effluent sewers reduce 
influent screening requirements and associated electrical costs. 

Flow Equalization

The required membrane area and bioreactor tank volume – relative to the membrane’s flux capacity – are directly proportional to the 
fluctuations between average sustained flows and peak flow events or diurnal flow events. 

It’s often not cost-effective to install enough membrane surface area to accommodate peak flows, especially when the peaking factor 
(peak flow divided by average flow) is high. Generally, if the peaking factor is greater than 1.5, it’s more economical to install a flow-
equalization tank instead of increasing the size of the bioreactor and the number of membrane modules (Park, Chang, and Lee 2015, 
301). 

If an MBR system uses flow equalization equipment: (1) biological treatment is enhanced, because shock loadings are eliminated or 
minimized and inhibiting substances are diluted; (2) membrane surface area and bioreactor volumetric requirements are reduced; and (3) 
electrical consumption is reduced due to a more uniform and steady inflow. 

Most small communities or subdivisions have peaking factors greater than 1.5. Larger municipalities often have comparatively lower 
peaking factors, although many large communities are plagued with excessive I/I. Higher flow variability introduces inefficiencies with 
blowers and mixing devices in MBR facilities. 

There are also operational benefits associated with incorporating flow equalization and producing a constant, reasonable flux. For 
example, flow equalization reduces fouling rates, resulting in less-frequent intensive cleaning and the ability to operate with lower air-
scour rates (Wallis-Lage and Levesque 2009, 4). As shown in Table 6, the air scour required is dramatically reduced with peak day and 
diurnal flow equalization.  

Table 6. Effects of equalization on air scour requirements in MBRs (Wallis-Lage and Levesque 2009, 4).1 

No Equalization Diurnal Equalization Peak Day and Diurnal Equalization

Membrane Surface Area, ft2 1,631,809 1,274,877 1,070,901

Air Scour, ft3/h 2,139,715 1,252,258 701,349
1Peak flow to average flow ratio of 1.5 

In addition to reducing the tendency for fouling, paying more attention to equalization tank operation and effluent production schedules 
helps extend membrane life (Yoon 2015, 292-295). Flow equalization allows MBR facilities to operate at more constant flows, optimizing 
the efficiency of membrane aeration and bioprocess aeration requirements, eliminating over-aeration, and lowering energy intensity 
values. Equalization also avoids under-aeration during peak flow events, which lowers DO concentrations, negatively affects membrane 
performance, and induces fouling. 

Collection System Flow Rates

Effluent sewers use watertight tanks and low-pressure sewer mains. The mains are also watertight and do not include manholes; 
therefore, they are largely resistant to I/I. Per capita average flows are typically 50 gpcd. 

Gravity sewers, in contrast, are notorious for their inability to control I/I, and are generally designed around average per capita flows of 
100 to 120 gpcd. As stated in I. W. Santry Jr.’s “Control of Infiltration and Inflow Into Sewer Systems,” from the October 1964 issue of 
The Journal of the Water Pollution Control Federation (quoted in Bizier 2007, 22), in many gravity sewers, extraneous flow consisting 
of I/I is a major cause of hydraulic overloading of both the collection systems and the treatment plant. I/I in one Midwestern suburban 
community’s sanitary sewer system was found to be as high as 0.02 cfs/acre or in excess of 1,300 gpd/capita. Average dry weather 
flows, on the other hand, were less than 70 gpd/capita. 

Peak flows in gravity sewers present major challenges to engineers considering MBRs. High levels of I/I certainly introduce obstacles 
because the cost of membrane equipment is proportional to the peak hydraulic rate. For this reason, the use of watertight collection 
systems (grinder or effluent) is often preferred when MBRs are selected for wastewater treatment. 
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Flow Equalization in Effluent Sewers

Effluent sewers are the only collection system that, with the use of 1,000-
gal. tanks at each single-family residence, can integrate flow equalization 
directly into the collection system. As shown in Figure 3 (page 3) and 
Figure 13, the on-lot tanks typically provide ~200 gallons of emergency 
and/or modulating capacity. To modulate flows and produce a more 
consistent flow to downstream processes and MBRs, designers can take 
advantage of this volume by incorporating time-dosed programmable logic 
controllers (PLCs) into the pump package. 

Increasing the modulating volume in an effluent sewer requires proper 
float placement and function to maintain target emergency storage needs 
and avoid immediate operator response requirements. Maintaining 24 
hours of emergency storage is easily achieved even when flow modulation 
is optimized. Figure 14 shows typical diurnal flows from a gravity sewer 
adapted in part from Metcalf & Eddy (2014, 197) along with simulated 
flows from an effluent sewer designed with timed-dosed control panels. As 
illustrated in Figure 14, effluent sewers can equalize flows while only minimally surging (around twenty gallons) in a typical 1,000-gal. 
tank. All of the control panels in Coburg, Oregon’s 430+ unit STEP system use time-dosed controllers to deliver modulated flows to their 
MBR treatment facility. Diurnal influent flows at Coburg’s MBR are remarkably equalized compared to similarly sized communities with 
gravity sewers. Residential settings are typically configured to limit pump doses to 50 gal/dose or less. 

Figure 14. Generalized flowrate variations for gravity sewer and effluent sewer1 (adapted in part from Metcalf & Eddy 2014, 197). 
1Effluent sewer based upon design average flow of 150 gpd/home and timer settings that discharge 6.2 gph. 

Figure 13. Typical 1,000-gal. tank with pump package.
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Solids Management

The type of wastewater collection system also influences primary and biosolid accumulation and management requirements at MBR 
facilities. Effluent sewers, when paired with MBRs, reduce the overall volume of primary solids and waste-activated sludge generated by 
up to 75% (refer to Figure 15 and Table 7 for additional details). With the trend for more stringent regulations governing the disposal of 
solids, design options that reduce the overall amount of solids warrant close attention. 

Compared to conventional activated-sludge (CAS) facilities, MBRs operate at longer SRTs and theoretically generate less waste-activated 
sludge. Although MBRs produce somewhat less sludge due to their long SRTs, they do not lose sludge through the effluent. As a result, 
the apparent biosolids yields are not noticeably different than CAS in typical conditions (Yoon 2015, 254). Additionally, with the higher 
degree of pretreatment required, MBR facilities accumulate more primary solids than CAS systems. 

Effluent sewers provide upwards of four to five days of hydraulic detention time (on average). In the on-lot tanks, 80% of the accumulated 
volatile solids can be effectively digested without consuming electrical power. As stated by Philip et al. in the 2003 paper, “Septic 
Tank Sludges: Accumulation Rate and Biochemical Characteristics,” (quoted in Bounds and Denn 2015), studies have shown that 90% 
reductions in sludge volume are achievable and pump-out frequencies could be greatly decreased, up to 15 to 20 years in real onsite 
cases. 

Primary clarifiers serving gravity or grinder sewers are typically designed for only hours of retention time, not days. As a result, they’re 
only expected to accomplish about 90-95% settleable solids, 40-60% suspended solids, and 25-50% total BOD5 reduction. This is not as 
efficient or effective as the residential 1,000-gal. tanks integrated into effluent sewers (Bounds and Denn 2015, 8). Centralized primary 
clarification upstream of an MBR served by gravity sewers is typically not intended to digest organic material and has a short retention 
time, so solids are continually collected and moved to digesters. Therefore, overall solids reduction is considerably less efficient. 

Sludge handling and disposal facilities can be downsized by reducing the overall volume of sludge wasted (primary and waste-activated 
sludge). Compared to an MBR facility that receives wastewater from a gravity or grinder sewer, the quantity of solids generated – and 
wasted – from an MBR facility with effluent sewer collection is reduced. This is due to a lower influent substrate load (BOD5) coupled with 
the long SRT (~ 20 to 30 days) of MBRs. In comparison, CAS systems typically operate at SRTs between 4 to 10 days.

For example, Glide, Oregon’s oxidation ditch wastewater treatment facility serves approximately 1,055 EDU’s (~160,000 gpd) with an 
effluent sewer, and produces only 10 to 12 yards of dried solids annually. Currently, Glide has one of the oldest effluent sewers in the 
United States (installed in 1980). All of the solids, including the septage removed from the tanks and the waste-activated sludge from 
the oxidation ditch treatment facility, are land applied on a two-acre site. Tanks are pumped only as needed when the scum and sludge 
accumulation reaches a prescribed volume, resulting in an average pump-out frequency of approximately 15 years. In 2015, the amount 
of septage recorded from the collection system was 42,500 gallons for 1,055 connections. Based on the EPA’s suggested design value 
for TSS of 15,000 mg/L for septage, the septage from Glide’s effluent sewer is only 14.6 lbs/day.

Bandon Dunes collects its wastewater with an effluent sewer and conveys primary-treated wastewater to a Kubota/Ovivo submerged 
MBR. Since commissioning the system in 2002, all of the septage from the cottages and amenities at Bandon Dunes has been pumped 
and hauled to the wastewater treatment facility. According to the operator, solids management requirements are negligible due to the 
long-term ability of the on-lot tanks to anaerobically and passively digest solids. 



Optimizing MBR Treatment Facilities with Effluent Sewer Collection Systems Orenco® 

Orenco Systems® Inc., 814 Airway Ave., Sutherlin, OR 97479 USA  •  800-348-9843 • 541-459-4449 • www.orenco.com NIN-STP-TRB-3
Rev. 1.1, © 12/16

Page 15 of 22

MBR PROCESS SIMULATIONS
To illustrate the impact that various collection systems have on the bioprocess aeration of MBRs, two simple MBR simulations (100,000 
gpd) were modeled in BioWin (EnviroSim Associates, Ltd): one with effluent sewer influent characteristics and the other with grinder 
sewer characteristics. Figure 15 and Table 7 illustrate the process schematic, design parameters, and performance results for each 
simulation. 

Figure 15. Simple MBR process simulation in BioWin.

Table 7. Process design parameters and performance of simple MBR process simulations.

Design Parameters Grinder Sewer Effluent Sewer

Design Average Flow 100,000 gpd 100,000 gpd

Influent Carbonaceous Biochemical Oxygen Demand (cBOD5, mg/L) 450 mg/L 150 mg/L

Influent Total Suspended Solids (TSS, mg/L) 501 mg/L 40 mg/L

Influent Total Kjeldahl Nitrogen (TKN, mg/L) 65 mg/L 65 mg/L

Influent Ammonia (NH3-N, mg/L) 43 mg/L 43 mg/L

pH 7.3 7.3

Performance

Aerobic Bioreactor Volume (gal) 40,000 gal 17,500 gal

MLSS (mg/L) 10,335 mg/L 5,395 mg/L

Waste-Activated Solids (TSS, lb/day) 259 lbs/day 67 lbs/day

Collection System Septage (lb/day) NA 17 lbs/day

Power Demand (Blowers, Mechanical, Pumping) 1,712 kW/day 744 kW/day

Effluent Carbonaceous Biochemical Oxygen Demand (cBOD5) 1 mg/L 1 mg/L

Effluent Total Suspended Solids (TSS, mg/L) 0 mg/L 0 mg/L

Effluent Ammonia (NH3-N, mg/L) 0.5 mg/L 0.5 mg/L

Compared to grinder sewers, effluent sewers reduce bioreactor volume by nearly 57%, reduce wastewater treatment plant biosolids yield 
by nearly 75%, and reduce bioprocess aeration power costs by roughly ~57%. 

Septage from periodically pumping the individual 1,000-gal. tanks in an effluent sewer – typically once every 10 to 15+ years – will 
also contribute to the overall solids yield for the collection and treatment system as a whole. As an example, assuming 500 homes 
(100,000 gpd, 200 gpd/home, 1,000-gal. tanks), a TSS concentration for septage of 15,000 mg/L (EPA suggested design value), and 
a 10-year tank pump-out frequency, the additional daily solids contribution (TSS, lb/day) from septage pumping in an effluent sewer is 
17 lbs/day. Therefore, when analyzing effluent sewers and MBR systems as a whole unit, the overall reduction in solids management is 
approximately 67% when compared to grinder sewers coupled with MBRs. 
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LIFE-CYCLE COSTS OF COLLECTION SYSTEMS
The operational benefits of pairing effluent sewers with MBRs are important considerations. However, the economic impact (present 
worth evaluations) of various collection and treatment system options will ultimately govern the majority of decisions when selecting a 
wastewater management system. Historically, effluent sewers are particularly cost-effective in: 

• sparsely populated or suburban areas

• hilly or flat terrain

• poor soil conditions; areas with rock

• areas with high groundwater

• small communities that require lift station(s) or include creek or river crossings

• small communities with minimal O&M capability

• new developments with slow build-out potential, where infrastructure and on-lot costs can be deferred until homes are constructed

Capital Costs

The municipal engineering department at Orenco has collected and analyzed constructed costs from more than forty recent publicly 
funded and bid-collection systems serving small communities (see Table 8). On average, effluent sewers cost 41% less than gravity 
sewers. The bid tabulations from these collection systems showed an average cost difference of $6,692 between an effluent sewer 
($9,702/connection) and a gravity sewer ($16,394/connection). 

Table 8. Constructed collection system costs in USD 2014 (Molatore 2014, 13).

Collection Type Average Median Minimum Maximum

Gravity Sewer $16,394 $15,304 $10,247 $25,112

Grinder Sewer $11,468 $11,258 $6,488 $15,693

Effluent Sewer $9,702 $9,283 $6,666 $15,687

These figures are consistent with the costs published by the Water Environment Research Foundation (WERF) in 2010. WERF developed 
fact sheets for gravity sewers, effluent sewers, and grinder sewers. These fact sheets include design characteristics, performance, and 
approximate costs for each collection system technology. WERF’s Wastewater Planning Model (cost estimating tool) allows users to 
compare capital and life-cycle costs of gravity, grinder, and effluent sewers. Figure 16 summarizes WERF’s capital cost estimates for a 
200-unit subdivision example.

Figure 16. Constructed collection system costs for 200 homes in USD 2009 (WERF 2010).
Source: http://www.werf.org/i/c/DecentralizedCost/Decentralized_Cost.aspx
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Operation & Maintenance Costs

Over the typical thirty- to forty-year life expectancy of wastewater systems, virtually all wastewater collection and treatment system 
owners will spend more on operation and maintenance than on the initial capital costs. Consequently, a thorough understanding of O&M 
costs is critical when evaluating collection system options or establishing user rates. 

Until recently, the O&M costs of grinder and effluent sewer collection systems weren’t substantiated with long-term data. Now, after 
more than thirty years in operation, an abundance of operational and performance data is available from gravity, grinder, and effluent 
sewer systems. As reported in “Operational Costs of Two Pressure Sewer Technologies: Effluent (STEP) Sewers and Grinder Sewers” the 
uniform equivalent monthly cost estimates for effluent sewers (Orenco) and grinder sewers are $7.05/month/EDU and $16.91/month/
EDU, respectively (Molatore 2014, 12).  

Table 9. Uniform equivalent monthly cost ($/month/EDU) for grinder sewer and effluent sewer.

Proactive  
Maintenance

Reactive  
Maintenance

Equipment         
R&R

Solids  
Management

Equivalent  
Monthly Cost

Grinder Sewer $1.60 $1.90 $13.41 NA $16.91

Orenco Sewer $1.60 $0.60 $2.81 $2.04 $7.05

 
Lacey, Washington, has a hybrid collection system consisting of 12,000 gravity sewer connections – with 47 lift stations and 152 miles 
(244 km) of mainlines – 3,000 effluent sewer connections, and 102 grinder pump connections. In a paper presented at WEFTEC, Bill 
Cagle, Terry Cargil, and Roger Dickinson (2013, 1) concluded that, “With substantially lower up-front capital and repair/replacement 
costs, and with O&M costs that are virtually the same as those of gravity sewers, the life-cycle costs of Lacey’s STEP [effluent] sewer are 
clearly lower than those of a typical gravity sewer.” 

As shown in Table 8, the average cost difference between an Orenco Effluent Sewer and a gravity sewer is $6,692/connection. If this 
average difference were financed over 30 years at 3% interest, the monthly debt retirement cost per connection would be $28.44 or 
$341.28/year – an insurmountable deficit to overcome. This cost differential, coupled with the low O&M costs of effluent sewers, makes 
the economic benefits to small communities become obvious. 

Figure 17 details WERF’s (2010) annual O&M estimates for grinder and effluent sewers, derived from their technology fact sheets and 
cost-estimating tool. The results generally show that effluent sewers are the lowest-cost alternative, with costs typically ranging between 
$63 and $78/year. WERF estimates annual grinder sewer O&M costs of between $224 and $336/year. 

Figure 17. Wastewater planning model: pressure sewer (grinder) and effluent sewer annual O&M cost (WERF 2010).
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EFFLUENT SEWER AND MBR CASE STUDIES
Coburg, Oregon (Zenon/GE MBR)

Coburg, Oregon (pop. 1,037) is a small, rural community located just north of Eugene. The city consists of residential homes, small 
businesses, apartment complexes, an RV park with over 200 spaces, and even some industrial buildings. 

Wastewater is collected from each connection using an Orenco Sewer system. Each connection has a properly sized watertight tank and 
Orenco Pump Package. The pump package includes an effluent filter that retains solids greater than 1/8-in. in the tank. A high-head 
effluent pump conveys primary-treated effluent through a network of shallowly buried, small-diameter force mains. 

There are approximately 430 connections, one subdivision currently under construction, and plans for future subdivisions. The RV park 
is also expanding. The wastewater treatment plant receives an average of 93,000 gpd, but can see occasional peaks of 120,000 gpd 
during wet weather. The majority of the I/I originates from the RV park, which has old gravity sewer connections throughout. 

Sized for redundancy and future capacity, the arguably unnecessary preliminary treatment system consists of two rotating drum fine 
screens with 2-mm mesh. Solids are captured and sent to a collection bin located below the drum screen. Approximately one pound of 
solids is collected per month (~ 0.033 lbs/day). Effluent from the rotary drum screen is eventually conveyed to the pre-anoxic zones and 
ultimately, to the submerged Zenon/GE membranes. Table 10 shows the design summary for the Coburg MBR facility.  

Table 10. Coburg MBR design summary.

Commission Date 2013

Pretreatment (Collection) Orenco Effluent Sewer Collection

Pretreatment (Treatment Facility) Rotating Drum Screen (2-mm mesh)

MLSS ~ 5,800 mg/L

MBR Manufacturer Zenon/GE

Permeation Direction Out ➔ In

The treatment facility employs two full-time employees that operate and maintain both the effluent sewer collection system and 
wastewater treatment facility. Installed in July 2013, the treatment facility is designed to handle a total design flow of 400,000 gpd at full 
build out. 

The MBRs are cleaned on a routine maintenance schedule as 
recommended by Zenon/GE. The regular maintenance cleanings 
consist of two hypochlorite cleanings per week and one acid cleaning 
per week. Zenon/GE recommends removing the membranes from 
the system and doing an aggressive recovery cleaning two times 
per year but based upon actual membrane performance, only one 
recovery cleaning per year has been necessary. 

After three years of operation, the membranes are in very good 
condition. The operational staff, GE Water & Process, and public 
works director firmly believe that with reduced organic loading 
attributed to the effluent sewer collection system, membrane life will 
considerably exceed Zenon/GE’s recommended life expectancy of 7 
to 10 years. 

The bioreactor operates at an MLSS of approximately 4,000 to 
5,800 mg/L. The dissolved oxygen concentration in the bioreactor 
generally ranges between 1.0 and 1.4 mg/L. Electrical consumption 
is minimized and waste-activated sludge yields are kept well below 
typical MBR levels.

The Coburg MBR plant produces Class A effluent, the highest quality of water rated by Oregon DEQ. The effluent is currently discharged 
into a nearby creek, but once a storage pond is constructed, the effluent will be reused locally for irrigation.

Figure 18. Membrane inspection after three years of  
operation.
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Bandon Dunes, Oregon (Kubota/Ovivo MBR)

Consistently ranked among the best golf courses in the US (with green fees that approach $250), Bandon Dunes Golf Resort is situated 
on the Oregon coast, ten minutes north of Bandon. Amenities and accommodations include four golf courses, five restaurants, a golf 
shop, locker rooms, lounges, hot tubs, saunas, exercise room, and several one- to four-bedroom cottages (189 rooms total). Depending 
upon the time of year, the resort accommodates from 100 to 350 caddies and 350 to 500 employees. 

Wastewater is collected at each facility using an Orenco effluent sewer system. Properly sized individual tanks at each facility convey 
primary-treated and screened effluent through a network of small-diameter force mains. There are a total of 48 connections throughout 
the resort. In addition to the primary tanks, all of the restaurants include a series of grease tanks that remove and collect fats, oils, and 
grease from kitchen waste. Wastewater flows are highly seasonal, ranging from 50,000 to 60,000 in the peak season, to 20,000 to 
30,000 during the winter months. 

At the treatment facility, the wastewater is initially filtered through relatively small, 1/8-in. mesh bag filters. Solids, hair, and fibrous 
material are captured in the tanks throughout the collection system and therefore do not pose a problem in the treatment facility. The bag 
filters are redundant and perhaps unnecessary, but are nonetheless removed and replaced infrequently, often no more than once every 
six months. After passing through the bag filters, wastewater is immediately transferred to the bioreactor. 

The facility, Kubota/Ovivo’s first installation in the US, employs a submerged MBR process. Commissioned in 2002, the MBR replaced an 
existing aerated lagoon and wetlands system and is designed for an average flow of 125,000 gpd. The membrane process consists of 
five membrane racks (three original, two new), each of which has a capacity of 25,000 gpd. Recent plant improvements also included a 
new controls building and chlorine contact chamber. Table 11 details the basic design summary for the MBR facility. 

Table 11. Bandon Dunes MBR design summary.

Commission Date 2002

Pretreatment (Collection) Orenco Effluent Sewer Collection

Pretreatment (Treatment Facility) Bag Filters (1/8-in. mesh)

MLSS ~ 4,000 mg/L

MBR Manufacturer Kubota/Ovivo

Permeation Direction Out ➔ In

The three original membrane cassettes remain in operation fourteen years after system start-up and have not been removed for more 
aggressive recovery cleanings. As a result of the high degree of primary treatment and screening that occurs in the collection system 
and upstream of the membranes, membrane fouling is infrequent and easily reversed to pre-fouling conditions with a routine chlorine 
backwash process. Reversible (routine chemical) cleanings occur infrequently, sometimes every four months. 

In 2015, Kubota/Ovivo inspected the membranes to verify membrane integrity and performance. The stress tests revealed no appreciable 
degradation in permeate flow rate (0.7 gpm/membrane plate) or membrane performance. Kubota/Ovivo recommended that the facility 
continue to use and operate the original membranes at full capacity. 

The bioreactor operates at an MLSS between 4,000 and 5,000 mg/L, and dissolved oxygen concentration typically ranges between 0.5 
and 1 mg/L. This allows the system to decrease bioprocess and membrane aeration rates by turning down controls. Waste-activated 
sludge production is insignificant.  

Eagle Crest, Oregon (Kubota/Ovivo MBR)

Eagle Crest is a resort complex located six miles west of Redmond, Oregon, on the west side of the Deschutes River. The resort has 
a hotel, three golf courses, and three major housing developments with several subdivisions each, for a total of 1,400 residences. 
Commissioned in 2004 and operated by Cline Butte Utility, wastewater is collected with an Orenco effluent sewer collection system and 
treated with a Kubota/Ovivo MBR system. 

Effluent from the collection system is conveyed to a 120,000-gal. flow-equalization tank before being introduced immediately thereafter 
to the bioreactor. As a result of individual settling tanks and screening at each residential and commercial connection, the MBR facility 
does not require influent fine screening systems. Table 12 shows the design summary for the MBR facility.  
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Table 12. Eagle Crest MBR design summary.

Commission Date 2004

Pretreatment (Collection) Orenco Effluent Sewer Collection

Pretreatment (Treatment Facility) No Influent Headworks or Fine Screen

MLSS ~ 10,000 to 12,000 mg/L

MBR Manufacturer Kubota/Ovivo

Permeation Direction Out ➔ In

Wastewater flow rates are largely unaffected by precipitation and typically fluctuate seasonally between 80,000 gpd and 120,000 gpd. 
Treated effluent is commonly stored in an effluent storage pond and then reused for irrigating adjacent agricultural lands. Influent BOD5 is 
typically between 100 and 160 mg/L, whereas influent TSS is usually around 40 mg/L. Effluent BOD5, TSS, and NH3-N are normally non-
detect. 

The membranes underwent integrity testing performed by Kubota in 2015. Tests concluded that after ten years of operation, the 
membranes maintained 80 to 85% of their original capacity. Five (5) of the twenty-two (22) cassettes were proactively replaced 
nonetheless, mainly because replacements had been budgeted for and surplus funding was available. 

CONCLUSION
The type of collection system selected will directly impact the design and performance of MBRs. MBRs still consume up to eight times 
(or more) energy than activated-sludge or fixed-film technologies, and membrane fouling control continues to demand energy-intensive 
membrane air scour and onerous manual cleaning protocols. These shortcomings present opportunities for improvement.

Unfortunately, when evaluating MBRs, manufacturers and design engineers often assume the influent loads are fixed and based upon 
gravity sewers. MBR facilities are usually evaluated separately from the collection system. The effects of the various collection system 
options (gravity, grinder, and effluent sewers) and their influence on MBR design, capital costs, and operational costs haven’t been 
thoroughly investigated.  

As experience and the data show, coupling effluent sewer collection with MBRs can be extremely beneficial. Because effluent sewers 
integrate primary treatment, passive settling, flow equalization, and fine screening into the collection system, they offer numerous 
advantages. Effluent sewers reduce fouling frequencies, increase membrane life expectancy, and downsize or eliminate the need for 
primary treatment, flow equalization, and influent screening. Lower organic and hydraulic loads from effluent sewers reduce infrastructure 
and operational demands. The cost savings and operational benefits of effluent sewers on MBR systems are clear. As more designers and 
engineers become aware of these advantages, increasing numbers of MBRs will be paired with this collection system technology. 
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