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Chapter 1 Dissolved Oxygen in Wastewater Treatment 

1.1 Introduction 

Wastewater treatment plants use large amounts of energy to treat our wastewater.  A large 

portion of the cost of energy, of chemicals, and of the maintenance and operation of the plant is 

paid by the community that uses it.  Reducing the amount of energy used at these plants is, 

therefore, beneficial to the entire community.   

At any wastewater treatment plant the blowers and the motors that run them are some of the 

larger draws on energy usage.  Often these motors run continuously so their surroundings have 

to be optimized for best efficiency.  The motors should be monitored to make sure they are 

getting the job done without wasting too much energy.  The motors run the blowers that are 

used for the aeration process at the plant.  The organisms that break down all the contaminants 

in the wastewater use oxygen as a part of their metabolism process.  During the aeration 

process the blowers force oxygen into the water so the microorganisms can consume the 

oxygen when they eat the organics in the water.  The blowers push the same amount of air 

through the water at all times of the day, however there are some times when there are not as 

many organics flowing through the water therefore the bugs are not eating as much nor 

consuming as much oxygen.  When the oxygen is not consumed by the organisms it can be 

assumed that it either dissolves into the water, referred to as the Dissolved Oxygen (DO) or it 

exits into the atmosphere(Grady et al. 1999).  This dissolved oxygen is therefore essentially a 

measure of excess oxygen in the system; if the organisms are not using the oxygen then it 

doesn’t really need to be there. 

Generally there are several areas where improvements may be made in the way of energy, and 

chemical, conservation at a wastewater treatment facility.  A wastewater treatment plant can 

be broken into the following categories where energy and chemical conservation are likely: 

processes and equipment involved (motors, pumps, chemical additions, etc.), types of 

equipment in plant (ages), heating and cooling, transportation equipment, standby generator, 

monitoring and controls system (Supervisory Control and Data Acquisition system), lighting, and 

industrial waste and source control (pretreatment) (Jenkins 1999).  Within each of these areas 

there are numerous possibilities for energy conservation, depending on the plant.  My project 

focuses on aeration processes and equipment and the possibility for improvements to energy 

conservation through adjustment in the operating strategy. 

1.1.1 Hypothesis  

The first goal of this research was to better understand the best strategies for monitoring and 

controlling Dissolved Oxygen (DO) for the lab sized sequencing batch reactor treatment tanks.  

The second goal was then to see if these methods were applicable to full scale facilities by 

comparing the results of the lab study to studies in the field.  The prediction was that there 
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would be a few ways to optimize control of the system, first with aeration method (when the 

system is aerated), and second with aeration control (how much air the system is receiving). 

1.1.2 Objectives  

The objectives of this research were to first determine the optimal aeration strategy for two lab 

sized wastewater reactors.  Once this was determined the second objective was to compare 

these strategies to those of full scale treatment operations.  The third objective was to then use 

all of this information to advise wastewater treatment facilities in choosing the best aeration 

scheme and energy saving techniques for their facility. 

1.1.3 Scope 

First a design of the lab sized reactors will be needed.  Once the design was completed, and any 

necessary changes made, the reactors were constructed.  The reactors were operated for 

approximately 10 months and several tests were completed during that time period.  The 

testing consisted of track studies for dissolved oxygen and oxidation-reduction potential, 

nutrient testing, and a variety of other typical wastewater tests. 

The second part of this research was to study a full scale operation in the same manner as the 

lab sized reactors.  Data was gathered from the Vehicle Service Center treatment facility which is 

a part of Jackson County Public Works (JCPW) in Missouri.  This data was interpreted in the same 

manner as the lab data to determine if there were any similarities.  As with most facilities JCPW 

was already struggling with how to best operate their facility, first for treatment completeness, 

and second for optimal energy efficiency. 

The third part of this research was to better understand motor and blower usage at wastewater 

plants in a more mechanical way.  Time was spent reading about different motor and blower 

strategies for better motor and blower control.  With all of this information compiled along with 

the lab data and the JCPW data this paper could be used as an outline for how to best control 

motor and blower operation strategies at wastewater treatment plants. 

1.2 Dissolved Oxygen in Wastewater Treatment  

1.2.1 Typical Wastewater Treatment Process Dissolved Oxygen Levels  

Oxygen is a very important part of the activated sludge wastewater treatment process.  The 

oxygen in the water is used primarily by the aerobic heterotrophic microorganisms, which make-

up the majority of the microorganisms in an activated sludge process, as the electron acceptor 

in their metabolic process.  The supply must be great enough to keep the microorganisms alive 

and metabolizing various constituents in the water.  This is often referred to as the reaction 

portion of the overall treatment process, where the microorganisms are transforming or 

breaking down the constituents in the water.  The duration of the aeration phase for domestic 

wastewater treatment usually ranges from 0.5 to 2.0 hours (Irvine Robert L and Jr. 1989).  In a 

SBR this is very well defined, in an aeration basin at a conventional wastewater treatment plant 

this can be more difficult to measure and confirm.  The oxygen not consumed by the 

microorganisms at any point in can be measured as the dissolved oxygen (DO). Alternating 



4 
 

conditions of low and high dissolved oxygen concentrations may be required to best treat the 

water (Irvine Robert L and Jr. 1989).   

 
The appropriate range of DO required to sustain the biological process has been debated among 

wastewater researchers.  Schlegel and Lohman (1981) considered that the range of dissolved 

oxygen concentrations which guaranteed favorable growth conditions for the activated sludge 

was between 0.5 and 2.0 milligrams of oxygen per liter of water (mg O2/L).  Chapman et al 

(1976) estimated that pilot plants operating at typical ranges of substrate levels and oxygen 

uptake rates needed to run with DO levels between 2.0 and 3.5 mg O2/L and that full scale units 

need to run at 3.0 to 5.0 mg O2/L.  Kalinske (1976) cited a number of investigations to support 

the idea that 2.0 mg O2/L was a proper minimum DO level to assure oxygen penetration to the 

interior of the activated sludge floc.  In support of this idea Parker and Merrill (1976) considered 

that for air activated sludge processes operating at conventional ranges, a minimum DO level of 

2.0 mg O2/L should be maintained in the aeration basin to produce a sludge with good settling 

characteristics (Vargas 1999).  This 2.0 mg O2/L minimum is often used in practice and many 

treatment plants aim to keep their DO levels above it. 

 
Conventional wastewater treatment spatially sequences treatment processes while the 

sequencing batch reactor (SBR) sequences processes in time that take place in the same space. 

Each plant design can have a different aeration process, some plants have aeration basins where 

the oxygen is pumped all of the time, some have a batch reactor where the oxygen is only 

pumped in during the aeration phase.  A sequencing batch reactor (SBR) system is different than 

the typical aeration basin because it is only aerated during the react phase, therefore the 

aeration process and DO levels vary in a SBR.  There are many growth rate variations in a SBR as 

well.  A static fill operation conveniently allows substrate to accumulate in the SBR so that, when 

mixing and/or aeration is provided to the system, the organisms grow at a rate that is much 

greater than is possible if the substrate were allowed to be utilized throughout a completely 

aerated fill.  Thus static fill is frequently used to establish feast conditions in the SBR.  Famine 

conditions naturally result during react when the substrates are being utilized without the input 

of raw waste (Irvine Robert L and Jr. 1989). Mixed fill conveniently allows alternative electron 

acceptors such as nitrite and nitrate to be utilized.  Thus, if oxidized forms of nitrogen are 

generated by nitrification in the SBR during aerated fill de-nitrification will take place during 

mixed fill.  Of course, the organism distribution established by forcing organisms to survive 

under wide swings in feast and famine conditions and to compete for the substrates under 

alternating aerobic, anoxic, and anaerobic periods should be expected to be markedly different 

from the distribution established under strictly aerobic conditions. 

 
The maximum specific oxygen uptake rate to be expected for domestic wastewater is 

approximately 40g oxygen consumed/h/kg MLVSS present.  This rate would likely be possible 

almost any time after the first hour of static fill.  For a MLVSS concentration of 2000g/m^3, this 

corresponds to an oxygen consumption rate of roughly 80g/m^3-h.  This rate is seldom 
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observed.  A supplied oxygen consumption rate of 40g/m^3h is satisfactory, provided the 

remaining substrate that has not yet reacted is consumed during react (Vargas 1999). 

1.2.2 Monitoring of Dissolved Oxygen 

Monitoring the amount of dissolved oxygen in an aeration process is an important factor in 

determining efficiency of the process and energy usage.  Optimizing energy usage starts with 

accurate monitoring and control of dissolved oxygen in the system.  Most wastewater treatment 

facilities use handheld DO meters and measure the amount of dissolved oxygen once or twice a 

day.  This does not portray an accurate picture of the amount of dissolved oxygen in the system, 

especially in a sequencing batch reactor where the amount of DO changes as the phase changes.   

Recently some plants are switching to systems that measure the DO constantly and controlling 

the amount of air pumped into the system based on these measurements.  One of the new ways 

to accurately measure DO is to use a luminescent probe.  New luminescent technology for 

online measurement and control of DO at a wastewater treatment plant in Garland, Texas has 

“greatly improved process accuracy and long term reliability of instrumentation, reduced power 

and operational costs, and improved process efficiency” (Dabkowski 2010).  Several meter 

vendors now sell luminescent dissolved oxygen (LDO) probes with their meters, advertising it as 

the new approach to DO measurement.  

The vendors claim the advantage of their LDO probe is that it uses no anodes, cathodes or 

electrolyte solutions, which suffer from high failure rates and break down over time. The LDO 

probe has no membrane to clean or replace, no electrolyte solutions to replenish and does not 

require frequent calibration. The LDO probe can be used in many places throughout the 

wastewater treatment plant, such as aeration basins, aerobic and anaerobic digesters and 

nitrification and de-nitrification tanks. The LDO probe utilizes a sensor coated with a 

luminescent material. Blue light from an LED is transmitted to the sensor surface and excites the 

luminescent material, which emits red light as it relaxes. The time from when the blue light was 

sent to when the red light is emitted is measured. The more oxygen that is present the shorter 

the time it takes for the red light to be emitted. This time is measured and correlated to the 

oxygen concentration (Hach 2010) . 

The real time monitoring of DO can tell a lot about the biological system and give hints of what 

is happening.  Studies have been completed using real-time aeration duration control based on 

pH and DO monitoring in a low DO system.  The real-time monitoring of pH and DO had 

significant effects on stable partial nitrification and energy saving.  These studies have found 

that the variations of nitrogen species were similar with those results attained at high DO (Guo 

et al. 2009).  The DO increased slowly during nitrification and the average DO during a cycle was 

less than 0.5 mg/l.  At the end of the ammonia oxidation process, DO increased sharply, then 

aeration was stopped in order to prevent excess aeration. Because the real-time aeration 

duration control based on monitoring pH and DO could detect the completion of ammonium 

oxidation, the nitrite accumulation could be maintained after the long time acclimation. On the 
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other hand, aeration consumption would be saved by preventing the transformation of nitrite to 

nitrate by real-time monitoring pH and DO (Guo et al. 2009).   

1.2.3 Studies Conducted at Low Dissolved Oxygen (DO) Concentrations 

Another option to be energy efficient is to simply keep the dissolved oxygen in the system low, 

assuming the microorganisms are given the oxygen they need, but little excess.  To be 

considered a low dissolved oxygen operation, the DO should run between 0.1 and 0.5 mg/L.  

Therefore low DO operations do not usually meet the 2mg/L standard minimum; however there 

is plenty of evidence to suggest this is not a problem.  Research done in 1953 showed that there 

was no effect on the sludge’s oxygen utilization rate for DO levels varying from 0.2 to 6.0 mg/L 

and that a significant decrease in the activity of the sludge with increasing sludge concentrations 

was evident, since the oxygen uptake rate measured in milligrams of oxygen per minute per 

gram of sludge was inversely related to the sludge concentration (Vargas 1999).  In 1971 it was 

found that DO levels of 0.1 to 0.3 mg/L were shown to be sufficient to permit individual aerobic 

cells to respire and grow at their maximum rate if other nutrients were not limited (Vargas 

1999).  Several studies show that simultaneous nitrification and de-nitrification could occur in a 

low dissolved oxygen environment.  Low DO processes have also been shown to effectively 

remove COD (Pang and Shi 2009).   

Vargas’s study (1999) concluded that operating the activated sludge process in a SBR at a 

constant 0.5mg/L DO increased process efficiency and was compliant with effluent discharge 

limits.  This study also found that operation of the activated sludge at 0.1mg/L DO was not 

efficient as it yielded high BOD effluent concentrations and violated discharge standards (Vargas 

1999). 

A similar study looked at the Fresno-Clovis regional Wastewater Reclamation Facility located in 

California and their approach at using low dissolved oxygen concentrations in their aeration 

tanks.  The plant found that operating at a DO lower than 0.5 mg/L allowed for simultaneous 

nitrification and de-nitrification while minimizing the proliferation of low DO filaments.  It was 

also found that using optical DO sensors significantly improved the operator’s ability to control 

the DO levels (Vargas 1999). 

1.2.4 Key points  

The accepted amount of dissolved oxygen necessary in the aeration process at a wastewater 

treatment plant is 2mg/L.  There are several studies that show it is possible to operate a plant at 

a lower amount but it can be more difficult to do so.  For this research the goal will be to stay 

right at the 2mg/L mark, but to not exceed it whenever possible.  Therefore the water will be 

properly aerated but the energy will not be wasted on giving the water more DO than necessary 

for proper operation of the reactors. 
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1.3 Nutrient Fate in Wastewater Treatment  

1.3.1 Nutrient chemistry at wastewater treatment 

Biological Nutrient Removal (BNR) processes are modifications of the activated sludge process 

that incorporate anoxic and/or aerobic zones to promote conditions for nitrogen and/or 

phosphorus removal.  BNR systems typically incorporate four common features: a flocculent 

slurry of microorganisms, quiescent sedimentation, settled solids recycle, and solids retention 

time control (Grady et al. 1999).  Therefore, for biological nutrient removal to occur there is a 

need to switch between anaerobic/anoxic conditions and aerobic conditions.  The bioreactor of 

a BNR system is often divided into anaerobic, anoxic, and aerobic zones, with a provision for 

mixed liquor recirculation.  In aerobic zones oxygen is the terminal electron acceptor, in anoxic 

zones nitrate-nitrogen (NO3-N is the electron acceptor, and in anaerobic zones neither oxygen 

nor NO3-N is present (Grady et al. 1999).  Alternating between these zones helps to fully treat 

the nutrients present in the water.  For this process to complete to its best the zones are as 

follows: anaerobic, anoxic, aerobic, anoxic, aerobic, all with mixed liquor recirculation.  The 

aerobic zone is a necessary component of all BNR systems, while the anaerobic zone is 

necessary to accomplish phosphorus removal, and the anoxic zone is necessary for nitrogen 

removal. 

 
Nitrogen removal occurs through the process of nitrification and de-nitrification.  Nitrification is 

an aerobic process and will occur only in aerobic zones.  De-nitrification is the conversion of 

NO3-N to nitrogen gas by heterotrophic bacteria that utilize NO3-N as their terminal electron 

acceptor as they oxidize organic matter in the absence of dissolved oxygen; therefore it occurs 

in anoxic zones.  The denitrification rate in the first anoxic zone is relatively rapid because the 

bacteria use readily biodegradable substrate added by the influent wastewater as the electron 

donor.  Denitrification in the second anoxic zone is much slower because exogenous substrate 

concentrations are normally low due to their oxidation in the upstream anoxic and aerobic 

zones.  Consequently endogenous substrates must be used as electron donors, although some 

slowly biodegradable substrate may be available.  The primary function of the final aerobic zone 

is stripping of nitrogen gas generated in the preceding anoxic zone and the addition of oxygen 

prior to passage of the mixed liquor suspended solids (MLSS) to the clarifier (Grady et al. 1999).   

 
Another benefit to this style of system is minimizing the growth of filamentous bacteria through 

metabolic selection in the initial anoxic zone.  Most filamentous bacteria are not capable of 

utilizing nitrate-N as an electron acceptor, whereas many floc-forming bacteria can(Grady et al. 

1999). 

 
Nitrogen removal processes incorporate aerobic zones for nitrification, anoxic zones for 

denitrification, and mixed liquor recirculation (MLR) to transfer the NO3-N generated in the 

aerobic zone back to the initial anoxic zone.  Many configurations are possible, resulting in a 

wide variety of performance capabilities and operational characteristics (Grady et al. 1999).   
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A long solids retention time (SRT) can increase removal efficiencies as explained by the 

possibility of greater microbial diversity and the presence of specific slow-growing 

microorganisms such as ammonium oxidizing bacteria (AOB) (Pholchan et al. 2008).  Systems 

capable of producing nitrite are a novel idea in the nitrogen removal processes, where nitrogen 

removal is conducted via nitritation and denitritation (eg. anaerobic ammonium oxidation) 

(Pholchan et al. 2008).  These processes are most useful for removing estrogens during the 

biotreatment step. 

 
SBR processes for nitrogen removal may be divided into an aerobic stage and an anoxic stage.  

In the aerobic stage the carbon oxidation and nitrification are combined into the single process 

to achieve ammonia oxidation and COD removal.  During the anoxic stage denitrification is 

accomplished (Lyles et al. 2008).  

 
Denitrification can be affected by a number of factors including nitrate load, availability of 

readily usable carbon substrates, pH, temperature, microbial viability, and the like (Isaacs S. et 

al. 1998).  The ability to control denitrification starts with the ability to assess and control these 

parameters. 

1.3.2 Simultaneous nitrification and de-nitrification (SND) 

 
Simultaneous nitrification and de-nitrification (SND) may occur when the two microbial 

reactions occur at the same time in the same reactor.  There is a debate over whether the SND 

process is physical or microbiological. SND occurs within microbial flocs as a result of DO 

concentration gradients arising from diffusion limitations and has recently become a new 

approach for nitrogen removal (Liu et al. 2009).  

Simultaneous nitrification and de-nitrification via nitrite is a new biological nitrogen removal 

process that takes advantage of anoxic tanks and carbon source dosage (Guo J. et al. 2009). 

Partial nitrification, also known as shortcut nitrification, via nitrite reduces the energy 

consumption of the process and saves the carbon source when compared with conventional 

nitrification and de-nitrification. The enrichment of ammonia oxidizing bacteria (AOB) and 

limitation-inhibition-washout of nitrite oxidizing bacteria (NOB) is the critical point for 

maintaining stable partial nitrification via nitrite. Several process parameters, such as dissolved 

oxygen (DO) concentration, temperature, sludge retention time (SRT), substrate concentration, 

aeration pattern, aeration duration, and inhibitors, have been found to selectively inhibit or 

washout NOB. DO concentration and aeration duration are economically feasible control 

parameters, since low DO concentration and appropriated aeration duration can save aeration 

consumption. On-line monitoring DO is recommended to be an efficient means in controlling a 

SND process (Guo J. et al. 2009).  

1.3.4 Key points 

Nutrients play an important role in wastewater treatment, and they are also slowly becoming a 

subject to permit requirements for facilities.  This research would like to incorporate nutrient 
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study as a part of the efficiency of the treatment process.  The focus of wastewater treatment is 

to first remove COD, for this research we would like for the COD to be removed, the nutrients to 

be removed, and for the process to reach its optimum energy efficiency. 

1.4 Redox Potentials  

1.4.1 Oxidation-Reduction Potential Definition  

Oxidation reduction potential (ORP) is a measure of the tendency of a given system to donate 

electrons (reducers) or receive electrons (oxidizers) involved in solutions.  ORP is represented as 

a single voltage.  A positive voltage, or ORP, shows that the solution is attracting electrons i.e., 

oxidizing conditions.  A negative voltage indicates that the solution is in reducing conditions (Li 

and L. 2004). 

For aerobic biological wastewater treatment systems, free oxygen, nitrite, and nitrate are 

typically the oxidizer species in aeration tanks; the biomass and many organic pollutants are 

typically the reducers.  From the ORP definition formula, the higher the concentrations of the 

reductive compounds, the lower the ORP values (Li and L. 2004). When a molecule loses an 

electron it is said to be oxidized, when it gains an electron it is reduced.  Therefore Oxidation 

reduction potential is a measure of free electrons in the water either being lost or gained by 

other molecules in the water.  ORP is the activity or strength of oxidizers and reducers in 

relation to their concentration (Buddhavarapu and Inniss 2006).  

1.4.2 Use of Redox Potentials in Wastewater Treatment 

Use of oxidation reduction potential (ORP) has gained attention as a possible control parameter 

for wastewater treatment systems in conjunction with or possibly in place of DO.  Specifically in 

low dissolved oxygen concentrations, or anoxic/anaerobic environments, significant changes in 

redox potential can occur in response to changing biochemical conditions.  There are studies to 

suggest that ORP may comprehensively indicate changes in many factors in wastewater such as 

COD, DO and nitrate or ammonium concentrations ((Holman J. B. and G. 2003; Li and L. 2004)).  

Some have developed correlations between ORP and COD, on a plant by plant basis, to calculate 

COD from the ORP value(Li and L. 2004).  The effluent quality can be predicted based on ORP 

values and a few other environmental conditions, such as temperature.  The activity of many 

biological substances, like enzymes and vitamins, and most metabolic processes are redox 

systems and therefore correlate strongly with ORP.  These biological substances are all a part of 

the activated sludge process (Li and L. 2004).  Using ORP as a process control for an activated 

sludge system could help to conserve energy through better understanding of the process and 

controls directly related to the system.  Another advantage of an ORP-based system control is 

that the range of an ORP electrode is much greater than that of DO probe, therefore at lower 

oxygen levels the ORP probe can still give an accurate reading.   

An ORP-time profile provides indications of specific events taking place during a process, but the 

actual ORP values for each event may vary by the probe being used or over time with same 

probes.  This means then that absolute ORP values may not have a significant meaning for the 
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process as temperature or pH may have; rather the relative changes in ORP value should be 

used. 

As an example, Holman (2003) produced a time profile of ORP for a wastewater that goes from 

anoxic to anaerobic conditions reveals a distinctive nitrate “breakpoint” or “kink” (nitrate knee) 

in the ORP-time curve.  The nitrate breakpoint feature is relative in the sense that different ORP 

probes may show the breakpoint occurring at different absolute values of ORP (due to 

irregularities in the mixing regime, individual probe characteristics, localized oxidation-reduction 

reactions occurring in the vicinity of the tip of the probe, etc.); however, most probes will tend 

to show the breakpoint occurring at the same moment in time.  The nitrate breakpoint 

corresponds to the point at which bacteria pass from highly efficient respiration (i.e., using 

nitrate as a terminal electron acceptor in the electron transport chain) to less efficient (eg 

anaerobic fermentative) processes.  The nitrate breakpoint therefore signals the point where 

the denitrification reaction is complete (i.e., all nitrates have been eliminated) (Holman J. B. and 

G. 2003).  

The measured ORP is an overall result of the microbial and chemical activities of every 

component in the system during testing, therefore the ORP values comprehensively represent 

the redox-potential level of all the biochemical reactions in the system.  The higher the 

concentration of reducing compounds in the system the lower the ORP value will be. ORP, 

therefore, can be used to indicate a wider variety wastewater quality conditions in the system 

during treatment (Li and L. 2004).  

The ORP values comprehensively represent the total redox-potential level of all the biochemical 

reactions occurring in the system.  From the ORP definition formula, the higher the 

concentrations of the reducing compounds, the lower the ORP values.  Based on this feature, 

ORP can be used to indicate the wastewater quality at different treatment phases (Li and L. 

2004).  Based on Li’s studies simultaneous nitrification and denitrification may occur at an ORP 

range of 118 to 150 mV, but at a DO range of only 0.1 to 0.3mg/L. Dissolved oxygen (DO) is 

commonly used for process control of aeration tanks.  There is evidence to suggest however 

that DO measurements neglect the metabolism of all of the microorganisms involved in a 

sustainable process (Li and L. 2004).    

1.4.3 Correlations between DO and ORP 

While DO is a measure of the oxygen dissolved into the water in mg/L the ORP is a measure of 

the tendency of a given system to donate electrons in voltage.  These two values at first seem 

like completely different measurements, however they are two ways of describing something 

similar.  When working with wastewater the goal is to have an understanding of how the system 

is operating, in laymen terms: what is going on?  We want to know how the system is operating 

on a molecular level, the DO tells us one part of the story, and the ORP another.  When used 

together there is a more complete understanding of what the system is doing.  We can make 

assumptions about what the levels of oxygen mean but the ORP is a more direct measurement 

of the actual organism interaction. 
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When a positive ORP is read the system is oxidizing, this means it wants to take on more oxygen, 

therefore the DO needs to be high.  However, when the ORP turns negative it is a sign that the 

system is reducing, or that the organisms are no longer metabolizing or using oxygen.  The DO 

and ORP measurements correspond but clearly give different information. 

1.5 Membrane Bioreactors (MBRs)  

1.5.1 Understanding MBRs: With increasingly stringent standards from the U.S. 

Environmental Protection Agency (EPA) and a demand for reliable infrastructure, engineers and 

researchers are constantly trying to find new and better ways to treat both water and 

wastewater.  The development of membrane technology has been helpful with these demands.  

“A membrane is a thin layer of material that is capable of separating materials as a function of 

their physical and chemical properties when a driving force is applied across the 

membrane”(Mallevialle et al. 1996).  Membranes can work in a variety of ways, but they are all 

essentially forming a physical barrier through which certain particles in the water cannot pass, 

therefore producing cleaner water as an outcome.  Pathogens are almost completely removed 

from the effluent and treated wastewater is suitable for beneficial reuse.  

Membrane bioreactors (MBR) have been around since the 1980s and are used to treat 

municipal, industrial, and commercial wastewaters for discharge and reuse applications 

(Enviroquip 2009).  Submerged in each MBR are membranes that physically reject pathogens 

and other suspended solids.  However, usually the membrane is only a part of the treatment 

system that biologically treats wastewater. It is the biological process that removes 

contaminants such as biochemical oxygen demand (BOD), nitrogen, and phosphorous 

(Enviroquip 2009).   Membrane bioreactor (MBR) technology is characterized as a combination 

of biological wastewater treatment and membrane separation, by which biomass can be 

retained in the system without conventional gravity sedimentation (Itokawa et al. 2008).  The 

benefits of an MBR are that it allows for the size of the plant to be much smaller, as there is no 

need for a separate clarifier tank, there is less sludge production, and there is a higher effluent 

quality.  Another benefit of a membrane system is that the treatment is physical, there are 

physical barriers preventing solids and pathogens from entering the effluent flow, therefore 

there is no addition of chemicals necessary (Poyatos et al. 2008).  Although many types of 

membranes have been developed, cellulose acetate and polyamide (nylon) are currently the 

most widely used membrane materials (Qasim 1999). 

Membrane filtration can be used as a substitute for flocculation, sedimentation, adsorption, 

extraction, and distillation. There are two factors that determine the affectivity of a membrane 

filtration process; selectivity and productivity. Selectivity is expressed as a parameter called 

retention or separation factor (expressed by the unit l/m2·h). Productivity is expressed as a 

parameter called flux (expressed by the unit l/m2·h).  Membrane systems are built very densely 

to allow for maximum membrane surface area, with minimal system volume, they are divided 

into two main types of modules, ‘tubular’ membrane systems and ‘plate and frame’ membrane 

systems.  Tubular membrane systems are divided up in tubular, capillary, and hollow fiber 
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membranes.  Plate and frame membranes are divided up in spiral membranes and pillow shape 

membranes (Sagle and Freeman 2005).  These different systems have comparable effluent 

quality and are usually chosen based on the needs of the plant and the design type the engineer 

prefers.   

Membrane processes include microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), 

reverse osmosis (RO), dialysis, and electrodialysis (ED).  There are a number of different ways 

membrane processes can be classified including; the type of material from which the membrane 

is made, the nature of the driving force, the separation mechanism, and the nominal size of the 

separation achieved (Metcalf and Eddy 2003).   

Micro filtration and ultra filtration are used for the removal of larger particles.  The open 

character of the membranes encourages higher productivity while the pressure differences are 

low.  Nano filtration and reverse osmosis are most often applied when salts need to be removed 

from the water.  Nano filtration and reverse osmosis membranes do not work according to the 

principle of pores; separation takes place by diffusion through the membrane.  The pressure 

required to perform nano filtration and reverse osmosis is much higher than the pressure 

required for micro and ultra filtration, while productivity is much lower (Sagle and Freeman 

2005).  A comparison between membrane sizes and common constituents found in wastewater 

are shown below in figure 1.1 . 
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Figure 1.1  Comparison of membrane size to common materials found in wastewater. 

European countries have been playing a pioneering role in the practical application of MBRs  to 

municipal wastewater treatment plants (WWTP), since the first full-scale installation at Porlock 

WWTP, UK in 1998 (Itokawa et al. 2008).  However, membrane systems have recently been 

appearing all over the US, following the European example.  While the technology is still very 

costly it appeals to engineers and plant operators cause of its efficiency and the never ending 

need to meet stringent water quality standards expected by government agencies.  This is true 

all around the world and MBR plants are becoming increasingly popular; this is obvious by the 

amount of manufacturers that now produce membranes for MBR processes. 

1.5.2 Membrane Bioreactor Design  

A MBR process generally consists of a conventional activated sludge process but a redesigned 

version.  The process starts just like any other conventional treatment, with pretreatment.  

Pretreatment is essential when working with a MBR plant.  Membranes can be susceptible to 

different types of fouling or damage caused by materials naturally in wastewater.  Substances 

like oil and grease can deteriorate membrane performance.  Addition of a fine screen or sieve 

following traditional pretreatment such as coarse screen and grit chamber is a generally 

acceptable type of pretreatment found in practice (Itokawa et al. 2008). In general a MBR can be 

added to any conventional activated sludge treatment process.  

After the pretreatment the water flows into the membrane chamber.  In this chamber the water 

is often aerated around the membranes.  The membranes usually work with some type of 

vacuum pulling the water through the membrane and out the effluent channel.  There are many 

theories on what exactly should take place in this membrane chamber to make the process most 

efficient.  In most reactors a bio-film tends to accumulate on the membranes themselves, there 

are arguments for and against this process.  These bio-films can act as an extra protective layer 

on the outside of the membrane, helping the membrane block particulates.  They can also act as 

a self healer if the membrane happens to get torn, pieces of the bio-film that have built up can 

fill in the hole in the membrane helping to keep the effluent of high quality until the membrane 

can be repaired or replaced.  However, if this bio-film becomes too thick it can cause problems 

with clogging and membrane pressure, causing the system to have to work much harder to pull 

the water through the membranes (Pavasant et al. 1996).  Irrespective of the type or shape of a 

membrane, biofilms do most of the filtering and create the most resistance to water flow. 

Maintaining biofilm thickness and porosity through effective air scouring and proper biological 

process control is the key to optimizing the hydraulic performance of any submerged membrane 

technology in MBR applications. 

One difficulty with membranes is the issue of fouling.  Membrane fouling is a major obstacle 

that hinders faster commercialization of MBRs. Membrane fouling is anything that prevents the 

membrane from working properly such as clogging, or tearing.  Membrane fouling in MBRs can 

be attributed to both membrane pore clogging and sludge cake deposition on membranes which 
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is usually the predominant fouling component. Membrane fouling results in a reduction of 

permeate flux or an increase of trans-membrane pressure (TMP) depending on the operation 

mode (Meng et al. 2009).  Fouling can be limited if the proper design and maintenance 

techniques are followed.  It is also minimized with new membrane technologies, such as 

reinforced fiber membranes. 

Membrane bioreactors are still a new technology in the wastewater field but they are quickly 

finding their place as effluent standards become more stringent.  Membranes are an excellent 

alternative for wastewater treatment because they eliminate chemical treatment and take up 

much less space than most treatment plants.  The technology is still evolving and will probably 

continue to be a hot topic in design and research as more plants are built and more can be 

understood about the processes.  Membrane bioreactors are likely to play a huge part in 

wastewater treatment in the future. 

1.6 Sequencing Batch Reactors (SBRs)  

1.6.1 Understanding a SBR system  

The purpose of all biological wastewater treatment is to use microorganisms to convert 

contaminants present in the waste to new cell mass, carbon dioxide, water and other end 

products which depend on the nature of the contaminants and the organism present (Irvine 

Robert L and Jr. 1989).  A sequencing batch reactor is a mixed culture, suspended growth system 

and is broadly classified as activated sludge.  A SBR can simulate any conventional continuous-

flow activated sludge system, from contact stabilization to extended aeration, by properly 

designing tank volumes and aeration times. 

A SBR system combines a series of procedures, each lasting a defined period of time, into one 

process.  The procedures generally include fill, mix, aerate, settle, decant, and idle.  Figure 1.2 

shows the phase process for a SBR system. 
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Figure 1.2 SBR process phases 

Sludge wasting normally takes place after settle but can take place near the end of react or 

during settle and can take place weekly, daily, or during each cycle (Wilderer et al. 2001).  In 

addition to these six phases  for a SBR the fill and react phases can have several sub-phases 

based on the energy input into the system which results in various aeration and mixing 

operating strategies.  These sub-phases are described in table 1.1. 

Table 1.1 Sub-phase descriptions (Wilderer et al. 2001). 

Sub-Phase Description 

Static Fill No energy input to the system; allows 
accumulation of substrate 

Mixed Fill Mixing without forced aeration, minimal 
aerobic activity; typically allows either anoxic 
or anaerobic reactions 

Aerated Fill Mixing with forced aeration; typically allows 
aerobic reactions; often allows simultaneous 
anoxic and aerobic reactions 

Mixed React Mixing without forced aeration, minimal 
aerobic activity; allows anoxic and possibly 
anaerobic reactions 

Aerated React Mixing with forced aeration; allows aerobic 
reactions 
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The influent to the SBR tank may either be raw wastewater, screened and de-gritted, or primary 

effluent.  There are times when SBRs are operated in a group, one plant using several SBR tanks 

simultaneously.  In this case some device must be operated such that the flow is diverted to one 

tank or the other.  During the fill process the influent wastewater is added to the biomass which 

remained in the tank from the previous cycle.  The initial volume of the tank is determined by 

desired loading, and detention time, and expected settling characteristics of the organisms.  Just 

about any aeration system can be used in an SBR but must provide a range of mixing intensities 

and the option to mix without aeration.  These various aeration/mixing modes were achieved by 

setting float switches between the minimum and maximum liquid volumes which, when tripped, 

signaled control of the aeration system (Irvine Robert L and Jr. 1989).   

SBR systems often use intermittent aeration, meaning the aerators are regularly switched on 

and off.  This is a contrast to a continuous flow system which is aerated at all times.  Jet aerators 

have been used at virtually all of the SBRs in operation today.  The jets offer the convenience of 

providing mixing when the blowers are off and aeration when the blowers are on.  Aerobic 

reactions take place during aerated fill and both anoxic and anaerobic reactions during mixed 

fill.  Separate recirculation pumps, however, can be installed to provide periods of mixing.  The 

highest oxygen demands for the organisms are at the beginning of the aeration phase, 

specifically directly after a static fill phase or when a low fill time ratio is chosen.  These peaks in 

oxygen demand must be covered by the aeration system.  To avoid an unnecessary use of 

oxygen later on in the cycle there should be a decrease in the aeration rate so only the actual 

demand is met (Wilderer et al. 2001). 

A sequencing batch reactor minimizes the capital costs by incorporating both aerobic and 

anaerobic processes into a single reactor (Lyles et al. 2008).  The SBR belongs to the broad 

category of unsteady-state activated sludge systems which by definition imposes growth rate 

variations and/or alternating oxygen environments (i.e., aerobic, anoxic, or anaerobic 

conditions) on the organism consortium on a regular basis (Irvine Robert L and Jr. 1989).  The 

SBR naturally mimics the ideal unsteady-state activated sludge system where a continuous flow 

stir tank reactor is followed by a plug flow reactor, this has been found to be the theoretically 

ideal reactor design for biological wastewater treatment.  The issue with this ideal theory is that 

a true PFR cannot be achieved in practice (except by constructing tanks in series) while and ideal 

batch reactor can.  A second more subtle difference is that the steady-state mass balance for 

substrate in a PFR with the hydraulic residence time replaced by real time can be adjusted by 

implementing different times for static mix and aerated fill.  The corresponding initial condition 

for the PFR is not as flexible being tied heavily to the effluent concentration and the recycle rate 

(Irvine Robert L and Jr. 1989).   

1.6.2 SBR versus MBRs Conventional continuous flow activated sludge system  

Several configurations are available for the secondary treatment stage of wastewater treatment. 

Conventional treatment, illustrated in Figure 1.3 includes an aeration/biological treatment 

process unit for oxidation of organics and nitrogen and a sedimentation unit for separation of 

the biological floc from the treated supernatant. Other configurations include membrane 
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bioreactors and sequencing batch reactors. The set up and operation for each of these will be 

discussed further with particular emphasis on how the aeration strategy may differ from 

conventional treatment. 

 

Figure 1.3 Conventional wastewater treatment process train. 

The essential difference between a SBR system and a conventional continuous flow activated 

sludge system is that each SBR tank carries out functions such as equalization, aeration, and 

sedimentation in a time sequence rather than in a space sequence.  This allows for more 

flexibility of operation.  Basically the fraction of time devoted to a specific function in the SBR is 

equivalent to some corresponding tank in a space oriented system.  In a conventional 

continuous flow facility the relative tank volumes are fixed and cannot be shared or 

redistributed as easily as in the SBR.  With this flexibility of working in time, rather than working 

in space, the SBR can be operated very differently.  The operating policy can be adjusted in 

accordance with prevailing economic conditions. 

A membrane bioreactor differs from conventional activated sludge treatment also.  In a 

membrane system configuration the first stages of treatment, such as bar screens and grit 

chambers and even primary clarifiers, remain the same.  The main difference is that in a 

membrane bioreactor the biological treatment tank contains a membrane that filters particles 

from the water.  The membrane essentially acts as the secondary clarifier, removing all the 

organics and much smaller particles from the water as the final phase of treatment.  This clearly 

differs from conventional treatment because the membrane replaces the secondary clarifier and 

in some cases other tertiary treatment. 

1.6.3 The Jefferson City, Missouri Wastewater Treatment Process: A full-scale SBR 

facility 

Jefferson City’s wastewater treatment facility is a modified Sequencing Batch Reactor (SBR) 

plant.  Water is pumped from all over Jefferson City to the wastewater plant, there are various 

pump stations in the city that the wastewater treatment plant is responsible for.  The 
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wastewater enters the plant and is sent through a bar screen and then directed to a grit removal 

station where any particles small enough to fit through the initial bar screen, but large enough 

to be bothersome to the system, are removed.  The water then flows through a channel and is 

forced downwards and back up to where the flow is distributed to the four treatment basins, 

this design ensures that each basin receives the same amount of flow.  Basin 3 is shown below in 

figure 1.4. 

 

Figure 1.4 Treatment basin number three during aeration process. 

This photograph of basin three provides some perspective on where the bulk of the research 

took place.  Each of these basins, all identical to basin 3 pictured in figure 1.4, performs all the 

tasks that at a conventional wastewater treatment plant would take place in separate basins.  

First the tanks aerate the water, then they let the water settle and then the top water is 

decanted and the solids are removed from the bottom.  At Jefferson City’s wastewater treatment 

plant there are three blowers and motors used to operate the aeration basins, two of which run 

continuously and a third which is for maintenance or repair circumstances.   

The decanting phase is shown below in figure 1.5 in basin 3. 
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Figure 1.5 Basin 3 during Decant phase 

The baffles in figure 1.5 are in place to protect anything that floats to the top of the basin from 

leaving the basin with the water that is being decanted.  From the basins the water travels to 

one of three simulated wetlands tanks for further treatment and is then discharged into the 

Missouri River.   The simulated wetland tanks are shown below in figure 1.6.   

 

Figure 1.6 Simulated wetland tanks 

The solids are removed from the bottom of the basins and sent to a solids tank, a thickener, 

solids processing and maintenance and then are used for field application.  

1.6.4 Key points  

There are a variety of wastewater treatment facility configurations, all of which involve most of 

the same processes.  All of these configurations have a high cost associated with their biological 

treatment processes; this cost is related to the amount of oxygen being added to the water and 

the efficiency of the motor and blower operation.  This issue of dissolved oxygen control, and 

motor and blower efficiency impacts all wastewater treatment facilities. 
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1.7 Use of Blowers in wastewater treatment  

1.7.1 Operation of Blowers in wastewater 

Blowers are used in wastewater treatment to aerate the water.  This air that is blown into the 

water is used to keep the microorganisms alive so they can degrade the components in the 

wastewater with clean water as the outcome.  Most wastewater treatment facilities operate 

more than one blower, most often one blower is used continuously and the second is for the 

case of maintenance or emergency.  Blowers are responsible for 70% of the energy costs at the 

average wastewater treatment facility (Dobrowolski and Mendelsohn 1978).  This is a huge 

chunk of the cost of operation at a wastewater treatment facility, therefore it is in the best 

interest of any operator, or any design engineer, to make sure the motors and blowers chosen 

are appropriate for the plant size and need of air.   

1.7.2 Improvements in blower efficiencies 

Widely publicized estimates show that systems driven by electric motors consume more than 

half of the electricity produced in the United States and more than 70 percent of the electricity 

used in many industrial plants. Now that energy and operating costs are at a premium, it makes 

more sense than ever to increase motor efficiency (Noria 2010). 

Many facilities find it makes sense to divide their motor efficiency strategy into three phases: 

overall assessment, immediate improvements, and long term.  The overall assessment usually 

involves documenting the number, type, age, ratings and horsepower, and critical loads of the 

motor.  This overall assessment helps to determine general energy-consumption for motors in 

the facility.  Immediate improvements most often involves repairs or changes to the units.  The 

changes may include replacing some motors with higher-efficiency or better-sized models, 

adding controls to others to right-size output, and rescheduling which motors run when 

compared to demand and utility rates (Noria 2010).  The U.S. Department of Energy has a motor 

efficiency calculator (MotorMaster+) that can help determine how the motors are operating and 

whether changes are needed. 

1.7.4 Key points  

The operation of the blowers at a wastewater treatment process is for the purpose of sustaining 

the aeration process.  The aeration process is where most of the actual treatment takes place 

and is therefore an extremely important part of the process, but unfortunately it is also the 

most expensive because of the energy required to operate the motors and blowers used.  This is 

why it is so useful to find way to optimize this aeration process and also optimize motor and 

blower control. 
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Chapter 2 DO and ORP profiles of Efficient/Sustainable Treatment Plant 

Performance at a Mid-Missouri Treatment Process 

 

Abstract 

This chapter discusses the construction and operation of two lab sized sequencing batch 

reactors for wastewater treatment.  The reactors were operated using different aeration 

strategies during the REACT phase for periods of 3 weeks per strategy.  There was a control 

strategy that included aerating the reactors for the full two hours, a strategy that cut the last 

half hour of air, a strategy that cut the first half hour of air, and a strategy where their air was 

on/off/on.  During all of these REACT phases there was still mixing even when the air was cut 

off. 

The results concluded that the most productive aeration strategy was a cyclical operation, 

where the REACT period was two hours long but the aeration was only during the first and last 

45 minutes of the phase. This strategy had a chemical oxygen demand (COD) removal 

comparable to that of the control situation and had increased nutrient removal.  There was also 

the added benefit of reduced energy usage due to the aeration periods being shortened. 

Keywords 

Dissolved oxygen (DO), Oxidation Reduction Potential (ORP), Sequencing Batch Reactor (SBR) 

2.1 Background  

The focus of this paper is to correctly describe what happens with the dissolved oxygen (DO) and 

oxidation reduction potential (ORP) during treatment at a mid Missouri wastewater treatment 

facility.  During treatment in two lab sized reactors the DO and ORP were measured during 

different stages of the treatment process and at different times during the day.  These results 

were compared with chemical oxygen demand (COD) and ammonia and nitrogen amounts in the 

water.  These experiments were designed to consider variations in the aeration strategy for a 

wastewater treatment process similar to that of Jefferson City and, therefore, to determine an 

appropriate strategy for potentially obtaining cost saving in the operation of the process in 

Jefferson City without compromising performance. 

2.1.1 Common Uses of DO at a WWTP  

Oxygen is a very important part of the activated sludge wastewater treatment process.  The 

oxygen in the water is used primarily by the aerobic heterotrophic microorganisms as the 

electron acceptor in their metabolic process.  The aeration process is often referred to as the 

reaction portion of the overall treatment process, where the microorganisms are transforming 

or breaking down the constituents in the water.  The oxygen not consumed by the 

microorganisms at any point in can be measured as the dissolved oxygen (DO).  
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The appropriate range of DO required to sustain the biological process has been debated among 

wastewater researchers.  Schlegel and Lohman (1981) considered that the range of dissolved 

oxygen concentrations which guaranteed favorable growth conditions for the activated sludge 

was between 0.5 and 2.0 milligrams of oxygen per liter of water (mg O2/L).  Chapman et al 

(1976) estimated that pilot plants operating at typical ranges of substrate levels and oxygen 

uptake rates needed to run with DO levels between 2.0 and 3.5 mg O2/L and that full scale units 

need to run at 3.0 to 5.0 mg O2/L.  Kalinske (1976) cited a number of investigations to support 

the idea that 2.0 mg O2/L was a proper minimum DO level to assure oxygen penetration to the 

interior of the activated sludge floc.  In support of this idea Parker and Merrill (1976) considered 

that for air activated sludge processes operating at conventional ranges, a minimum DO level of 

2.0 mg O2/L should be maintained in the aeration basin to produce a sludge with good settling 

characteristics (Vargas 1999).  This 2.0 mg O2/L minimum is often used in practice and many 

treatment plants aim to keep their DO levels above it. 

Historically the primary purpose of wastewater treatment has been to (1) remove organic 

constituents and compounds to prevent excessive DO depletion in receiving waters from 

municipal or industrial point discharges, (2) remove colloidal and suspended solids to avoid the 

accumulation of solids and the creation of nuisance conditions in receiving waters, and (3) 

reduce the concentration of pathogenic organisms released to receiving waters.  The removal of 

Biochemical Oxygen Demand (BOD) requires sufficient contact time between the wastewater 

and heterotrophic microorganisms and sufficient oxygen and nutrients(Metcalf and Eddy 2003) 

p. 608.  The chemical equation that describes aerobic biological oxidation is shown below 

(Metcalf and Eddy 2003): 

COHNS (organic matter) + O2 + nutrients  CO2 + NH3 +C5H7NO2 (new cells) + other end 

products 

This reaction takes place with the help of bacteria.  This equation shows how bacteria consume 

organic matter with the help of oxygen and nutrients.  It then releases carbon dioxide and 

ammonia as well as creates other new cells which will continue the process.  This is essentially 

how the wastewater is treated. 

2.1.2 Common Uses of ORP at a WWTP  

Oxidation reduction potential (ORP) is a measure of the tendency of a given system to donate 

electrons (reducers) or receive electrons (oxidizers) involved in solutions.  ORP is represented as 

a single voltage.  A positive voltage, or ORP, shows that the solution is attracting electrons i.e., 

oxidizing conditions.  A negative voltage indicates that the solution is in reducing conditions (Li 

and L. 2004). 

For aerobic biological wastewater treatment systems, free oxygen, nitrite, and nitrate are 

typically the oxidizer species in aeration tanks; the biomass and many organic pollutants are 

typically the reducers.  From the ORP definition formula, the higher the concentrations of the 

reductive compounds, the lower the ORP values (Baikun Li 2004).  When a molecule loses an 
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electron it is said to be oxidized, when it gains an electron it is reduced.  Therefore Oxidation 

reduction potential is a measure of free electrons in the water either being lost or gained by 

other molecules in the water.  ORP is the activity or strength of oxidizers and reducers in 

relation to their concentration (Srivalli Buddhavarapu).   

There are studies to suggest that ORP may comprehensively indicate changes in many factors in 

wastewater such as COD, DO and nitrate or ammonium concentrations (Baikun Li 2004; J.B. 

Holman 2003).  Some have developed correlations between ORP and COD, on a plant by plant 

basis, to calculate COD from the ORP value (Baikun Li 2004).  The effluent quality can be 

predicted based on ORP values and a few other environmental conditions, such as temperature.  

The activity of many biological substances, like enzymes and vitamins, and most metabolic 

processes are redox systems and therefore correlate strongly with ORP.  These biological 

substances are all a part of the activated sludge process (Baikun Li 2004). Using ORP as a process 

control for an activated sludge system could help to conserve energy through better 

understanding of the process and controls directly related to the system.  Another advantage of 

an ORP-based system control is that the range of an ORP electrode is much greater than that of 

DO probe, therefore at lower oxygen levels the ORP probe can still give an accurate reading. 

2.1.3 The Fate of Nutrients at a typical WWTP 

Biological Nutrient Removal (BNR) processes are modifications of the activated sludge process 

that incorporate anoxic and/or aerobic zones to promote conditions for nitrogen and/or 

phosphorus removal.   For biological nutrient removal to occur there is a need to switch 

between anaerobic/anoxic conditions and aerobic conditions.  The bioreactor of a BNR system is 

often divided into anaerobic, anoxic, and aerobic zones, with a provision for mixed liquor 

recirculation.  In aerobic zones oxygen is the terminal electron acceptor, in anoxic zones nitrate-

nitrogen (NO3-N) is the electron acceptor, and in anaerobic zones neither oxygen nor NO3-N is 

present (C.P Leslie Grady Jr. 1999).  The aerobic zone is a necessary component of all BNR 

systems, while the anaerobic zone is necessary to accomplish phosphorus removal, and the 

anoxic zone is necessary for nitrogen removal. 

 
Nitrogen removal occurs through the process of nitrification and de-nitrification.  Nitrification is 

an aerobic process and will occur only in aerobic zones.  Nitrification is the conversion of 

ammonia to nitrite as shown in the below equation from p.612 of Wastewater Engineering 

(Metcalf and Eddy 2003): 

2NH4+ +3O2 2NO2- +4H+ +2H2O 

De-nitrification is the conversion of NO3-N to nitrogen gas by heterotrophic bacteria that utilize 

NO3-N as their terminal electron acceptor as they oxidize organic matter in the absence of 

dissolved oxygen; therefore it occurs in anoxic zones.  The de-nitrification is shown in the 

equation below from p.619 of Wastewater Engineering(Metcalf and Eddy 2003): 

NO3- NO2- NON2ON2 
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The de-nitrification rate in the first anoxic zone is relatively rapid because the bacteria use 

readily biodegradable substrate added by the influent wastewater as the electron donor.  

Denitrification in the second anoxic zone is much slower because exogenous substrate 

concentrations are normally low due to their oxidation in the upstream anoxic and aerobic 

zones.  Consequently endogenous substrates must be used as electron donors, although some 

slowly biodegradable substrate may be available.  The primary function of the final aerobic zone 

is stripping of nitrogen gas generated in the preceding anoxic zone and the addition of oxygen 

prior to passage of the mixed liquor suspended solids (MLSS) to the clarifier (C.P Leslie Grady Jr. 

1999). 

2.1.3 Jefferson City WWTP 

Jefferson City’s wastewater treatment facility is a modified Sequencing Batch Reactor (SBR) 

plant.  Water is pumped from all over Jefferson City to the wastewater plant, there are various 

pump stations in the city that the wastewater treatment plant is responsible for.  The 

wastewater enters the plant and is sent through a bar screen and then directed to a grit removal 

station where any particles small enough to fit through the initial bar screen, but large enough 

to be bothersome to the system, are removed.  The water then flows through a channel and is 

forced downwards and back up to where the flow is distributed to the four treatment basins, 

this design ensures that each basin receives the same amount of flow.   

Each of these basins performs all the tasks that at a conventional wastewater treatment plant 

would take place in separate basins.  First the tanks aerate the water, then they let the water 

settle and then the top water is decanted and the solids are removed from the bottom.  At 

Jefferson City’s wastewater treatment plant there are three blowers and motors used to operate 

the aeration basins, two of which run continuously and a third which is for maintenance or 

repair circumstances.   

From the basins the water travels to one of three simulated wetlands tanks for further 

treatment and is then discharged into the Missouri River.   The solids are removed from the 

bottom of the basins and sent to a solids tank, a thickener, solids processing and maintenance 

and then are used for field application.  

2.2 Materials and Methods 

2.2.1 Physical Configuration The first thing that needed to be done was to come up with a 

fairly complete design for the laboratory setup, to figure out how the system would work and 

what it would need to work.  The project was modeled after Jefferson City’s wastewater 

treatment facility, which is a sequencing batch reactor (SBR).  A SBR uses all the functions of a 

regular treatment train in one tank.  The system fills with wastewater, the air kicks on and the 

system aerates and mixes for a set period of time, the air turns off and the system is left to 

settle, then the effluent is pumped out of the tank.  The solids are wasted at determined 

intervals.  The design setup for the SBR lab reactors is shown below in figure 2.1.   
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Figure 2.1 Setup design for sequencing batch reactors in lab 

The design included two reactors with the same configuration, with both drawing from the same 

wastewater influent.  The reactors were modeled to imitate the Jefferson City SBR facility.  For 

design we needed to have influent and effluent containers.  The influent container needed to 

hold enough wastewater to feed the reactor for about a week at a time.  For all design purposes 

the effluent container was considered to be the sink in the lab, any effluent needing to be tested 

could be gathered in a small plastic bottle during decant whenever necessary.  Each reactor 

would need two pumps into the tank for water, influent and effluent, and an air pump to aerate 

the system.  There would need to be inlets through the top for all of these things.  Each tank 

would also need to allow for monitoring with DO and ORP probes, as well as a way to retrieve 

samples for testing. 

The design of the system was important to help determine what the actual system would need 

and how it would be possible to lay it out.  The actual setup is shown below in figure 2.2. 
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Figure 2.2 Actual Reactor Setup in lab 

This setup was based off the design but included a few extras to help the system process 

smoothly.  First, there is a timer for each reactor.  The timers provide all the power needed for 

the all the pumps, stirrers, and anything else used for the system except for the meters.  The 

influent and effluent pumps were plugged into these timers as well as the magnetic stirrers used 

to mix the reactors and the air pumps used to aerate the reactors.  A simple Rubbermaid 

container was used to hold the synthetic waste which is the influent into the system, and the 

effluent simply runs into the sink. 

 

2.2.2 Operational Timing: 

For the first several weeks the reactors were running in sync with each other.  The purpose for 

running them with the same timing schedule was to make sure there were no, even subtle, 

differences between the two.  After several weeks of running the reactors identically changes 

were made to the timing schedule for reactor two.  Tests were then run on both reactors to 

establish what the changes and differences were. 

As shown in Table 2.1 a typical cycle for the SBRs was 5 hours, mix and aerate take place at the 

same time for the original timing cycle. The cycle starts with a 28-minute FILL period to increase 

the reactor volume from 500mL up to a working volume of 1200mL. This is followed by two 

variable periods of operation for these SBRs. The Mixed REACT and Aerated REACT periods of 

the cycles were varied throughout the experiment to determine the effects of aeration schemes 

on reactor performance. During any aeration period the mixing always took place, however 

there were times when the reactors were mixed and not aerated.  The baseline operation of the 

system includes 2 hours of Mixed/Aerated REACT. These variable periods are followed by a 1 
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hour SETTLE period to allow the biological sludge to settle to the bottom of the reactor so that 

treated water may be removed from the top. After a 28-minute DECANT of the treated effluent, 

which lowers the volume in the reactor from 1200mL to 500mL, there is a 1 hour 4 minute IDLE 

period.  Naturally, a 24 hour day cannot be divided by 5 hour cycles, so the last IDLE time of the 

day lasted only four minutes. 

Table 2.1: Cycle Operation for the laboratory SBR (*Idle times between decant and fill  vary) 

Process Time Period 
(hh:mm:ss) 

Original 

Time Period 
(hh:mm:ss) 
Mod 1 (AM) 

Time Period 
(hh:mm:ss) 
Mod 2 (MA) 

Time Period 
(hh:mm:ss) 

Mod 3 (AMA) 

FILL 0:28:00 0:28:00 0:28:00 0:28:00 

Aerated REACT 2:00:00 1:32:00 1:32:00 0:45:00 

Mix REACT -- 0:28:00 0:28:00 0:30:00 

Aerated React -- -- -- 0:45:00 

SETTLE 1:00:00 1:00:00 1:00:00 1:00:00 

DECANT 0:28:00 0:28:00 0:28:00 0:28:00 

IDLE 1:04:00 1:04:00 1:04:00 1:04:00 

Total cycle time 5:00:00 5:00:00 5:00:00 5:00:00 

 

The amount of mixed liquor suspended solids (MLSS) in the tanks varied a little upon 

circumstance, but the goal was to maintain and MLSS count of around 2500mg/L to model the 

average MLSS at the Jefferson City wastewater treatment facility.  The figure below shows the 

MLSS counts taken during the operation of the reactors. 

 

 

Figure 2.3 Mixed Liquor suspended solids data for both reactors. 

From figure 2.3 it is clear that the MLSS only had minor variations which were often do to small 

errors in operation or maintenance of the reactors, such as a pump breaking or an air diffuser 
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clogging.  Overall the MLSS was maintained at a stable 2500 mg/L for the majority of the time. 

The tanks were always receiving about 6 liters of air per minute. 

2.2.3 Synthetic Wastewater Recipe 

Because it was not plausible to use real wastewater for these small reactors, a synthetic 

wastewater recipe was used.  It was important to include many of the things that would be 

found in real municipal wastewater, so as to model the reactors after Jefferson City’s process as 

best as possible and also to make sure the organisms in the system were receiving everything 

they needed to survive.   

Ingredients per liter - 500 mg/L milk powder, 115 mg of NH4Cl, 41 mg of MgSO4, 26 mg of 

Na2HPO4, 13 mg of CaCl2·2H2O, and 1 mL of trace metals solution. Trace metals solution 

ingredients per liter – 2 mg of FeCl2·4H2O, 3.4 mg of MnSO4·H2O, 1.2 mg of (NH4)6Mo7O24·4H2O, 

0.8 mg of CuSO4, 1.8 mg of ZnSO4·7 H2O, and 0.3 mg of NiSO4·6 H2O. The synthetic wastewater 

was prepared with de-ionized water in 60 L stock solutions and stored in a Tupperware tub. The 

trace metals solution was prepared separately and the appropriate volume added to the 

synthetic wastewater. 

2.2.4 Seeding of the reactor 

The reactors were seeded using a waste sludge from Jefferson City’s wastewater treatment 

facility.  800ml of waste sludge was added to 400mL of synthetic waste water to have a full tank 

at 1200mL.  After seeding, the system ran as normal for a week, except for additional wasting in 

the settle phase.  The purpose of the extra wasting was to encourage the growth of the 

organisms that were most suitable to the system.  To keep track of all of the changes in the 

system for the first few weeks of operation a by date account of the system operation was kept.  

The dates that significant notable changes happened in the system are noted below. 

When the system first ran with wastewater, as opposed to sink water, but yet without seeding, 

it ran fine.  However, a few days in the system began to bubble as shown in figure 2.4. 
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Figure 2.4 Foaming problem encountered during the startup of the SBRs 

This bubbling problem was attributed to some component of the synthetic wastewater and we 

hoped the problem would fix itself once the reactor was seeded.  Once the reactor was seeded 

the bubbling only got worse and made a daily mess as well as released a lot of the sludge so that 

the reactors were left nearly empty.  In the end the bubbling appeared to be a problem with not 

washing the synthetic waste container between uses and having too much air pumped into the 

system.  To make sure the problem did not happen again I consistently washed the waste 

container before refilling it.  Also, I attached flow meters to both reactors to make sure I had 

more control over the air flowing into the system.  

(2/22/10) I walked into the lab to check on my reactors.  For once, there was no spillage and no 

bubbling issues however; the tanks appeared to have turned septic.  The tanks were both dark 

charcoal grey in color and had a very unpleasant smell about them.  This appearance was far 

from ideal and made me question what was happening in my system. 

To troubleshoot this issue the timing on the system was changed so that during fill there is no 

mix.  The air was also turned up in both tanks and there was extra wasting during settling.  The 

hope was for new organisms to grow in the system with these changes and reduce the need for 

re-seeding. 

 (2/24/10) The reactors appear to have come back a little from the dark coloring, as shown 

below in the picture.  I believe this is due to the increase in air and have made no further 

adjustments but to waste a lot during settle (about 200mL) for a few days. 

2.2.6 Sample Collection 

There were many ways to collect samples from the reactors, but for the purposes of these 

experiments samples were only collected during the aeration phase, with the exception of the 

DO and ORP data.  To gather data to assess the system samples were gathered during the 

aeration phase to be used for COD, ammonia, and nitrogen testing.  During the aeration phase 

there is also mixing, so the system is assumed to be well mixed which means the sludge is mixed 

in with the water so the samples must be filtered.  The samples were collected using a turkey 

baster, the suction pulled the sample from the approximate center of the tank. 

2.2.7 Supplies  

The supplies used for sampling consisted of a turkey baster, to draw a sample from as close to 

the center of the tank as possible.  The samples were then stored in small plastic bottles until 

the tests were completed, usually within two hours of sample retrieval.  

For the DO and ORP testing a Hach 2100 meter was used along with a DO probe and an ORP 

probe. 

For the nutrient testing a spectrophotometer was used. 
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2.2.8 Analytical Methods 

Dissolved Oxygen (DO) Measurements:  The dissolved oxygen (DO) profile was measured using 

the standard method Membrane Electrode Method #4500-O G (Standard Methods 1992). The 

dissolved oxygen measurements were used to determine whether oxygen-saturated conditions 

were accomplished during all phases of the process. The DO profile is assumed to be typical of 

the reactor environment because the probe was located near the approximate spatial center of 

the liquid volume. At a room temperature of 22ºC the oxygen-saturated condition is defined as 

approximately 8.8 mg/L oxygen in solution (Standard Methods 1992). 

Oxidation-Reduction Potential (ORP) Measurements: The oxidation reduction potential (ORP), 

often referred to as the redox potential, for the reactors were determined using procedure 

#2580 in Standard Methods. The ORP electrode was calibrated using ZoBell’s solution and 

cleaned using aqua regia. ORP measurements were used as a general indication of reaction 

conditions. The higher reaction potentials indicate reaction conditions that promote oxidation 

or aerobic conditions (reactions taking place that tend to incorporate oxygen). Lower reaction 

potentials indicate conditions more likely to yield reduction or anaerobic conditions (reactions 

taking place that tend to incorporate hydrogen). Most aquatic chemistry texts, e.g., Stumm and 

Morgan (1996), show a scale of redox couples that generally delineate the various redox ranges. 

A fine-tuned convention for these ranges used during this research and adapted from Sheker 

(1992) is oxidating/aerobic ORP conditions above +200 mV (millivolts) and reducing/anaerobic 

ORP conditions below -200 mV with the anoxic region between +200 mV and -200 mV.  

Chemical Oxygen Demand (COD) The COD is used as a measure of the amount of organics 

present in the solution. More commonly used as most wastewater treatment facilities is 

biochemical oxygen demand (BOD). COD is similar to BOD in that both are a measure of oxygen 

demand, which is a roundabout way of measuring how many organisms are present and 

consuming oxygen. COD was measured using a spectrophotometer and following Hach Method 

8231. 

Ammonia-Nitrogen (NH4
+-N): Raw wastewater typically has a ammonia concentration of 

30mg/L. Because conventional wastewater treatment is aerobic, during secondary treatment for 

a well aerated system the ammonia is typically oxidized to nitrate. Ammonia was measured 

following Hach Method 8155 and used as an indicator of the reactor performance.  

Nitrate-Nitrogen(NO3
--N): Nitrate is a product of a fully aerated wastewater treatment process. 

Nitrate was measured following Hach method 8039. These measurements were used to 

determine the effectiveness of nitrogen conversion from ammonia to a more oxidized form. 

Nitrite-Nitrogen (NO2
- -N): Nitrite is a product of a fully aerated wastewater treatment process.  

Nitrite was measured following Hach method  8507.  These measurements were used to 

determine the effectiveness of nitrogen conversion from ammonia to a more oxidized form. 

Mixed Liquor Suspended Solids (MLSS):  Mixed liquor suspended solids (MLSS) were measured 

to determine microorganism concentration and to estimate growth rate in the reactor. 
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Determination of MLSS was done following procedure #2540 in Standard Methods. The trend of 

the MLSS numbers helps to determine whether more organisms are needed to sustain 

operation or whether a wasting strategy is required to maintain a manageable population. 

Sludge Volume Index (SVI):  Sludge Volume Index (SVI) was measured following standard 

method 2710 D in Standard Methods.  The SVI helps to determine how fast the sludge settles 

during the settle phase by measuring the level of the sludge blanket at different intervals. 

Solids Retention Time (SRT or Mean Cell Residence Time, MCRT): The solids retention time 

(SRT) was calculated following the method outlined on p.727-728 in Wastewater Engineering 

Treatment and Reuse by Metcalf & Eddy Inc.(Metcalf and Eddy 2003). 

Oxygen Uptake Rate (OUR): Oxygen uptake rate (OUR) was evaluated by determining the slope 

of the observed DO readings versus time (Pierson and Pavlostathis 2000).  The OUR is helpful in 

determining how quick acting the microorganisms in the tank are when it comes to consuming 

oxygen. 

2.3 Results and Discussion 

2.3.1 Typical trends for the SBR system 

The Dissolved Oxygen (DO) in the tank would be expected to vary in any SBR, especially 

considering that the air is only on during two hours of each four hour cycle, or only 10 hours in 

every 24 hours.  The other thing that has an effect on the amount of oxygen in the water is the 

amount of microorganisms, and their activity, in the mix.  The activity of the microorganisms is 

measured using ORP.   

Several 24 hour track studies were done on the reactors measuring DO and ORP at 15 minute 

intervals.  The DO profiles over the 24 hour period (Figure 2.4) provide an indication of reactor 

performance during all phases of the process and at all times of the day.    

A baseline reactor cycle is illustrated, in figure 2.4, from 1:00am until 6:00am.  During the fill 

phase (1:00:00 to 1:28:00) the amount of DO in the reactors rises a very small amount, it is still 

close to zero, but it starts to bounce around a little bit.  This can easily be attributed to the fact 

that during fill the drips are disturbing the otherwise still water and thereby introducing air into 

the system.  During the aeration phase (1:28:00 to 3:28:00) of the system there are two 

noticeable slopes for change in the amount of DO in the system.  When the air is first turned on 

there is definitely an immediate increase followed by the effects of the microorganisms in the 

water are consuming the food that was added during the fill cycle creating an oxygen demand 

that is slightly lower than the amount of the air that is being pumped into the water.  As the 

organisms grow full, or as most of the food supplies are consumed, the metabolism process 

slows and less of the air is consumed by the microorganisms, raising the DO measured.  This 

process is where the third slope of the DO during the aeration phase comes from.  At the end of 

Aerated React, the air and mixer are both turned off to initiate the SETTLE period.  At this point 
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the DO quickly drops and remains very low throughout the SETTLE, DECANT, and IDLE phases.  

This entire process is repeated five times every day. 

As can be seen in figure 2.4 the DO has a small jump when the air is first turned on, then slows 

in the rise and then jumps up right before the air is turned off, essentially the plot has three 

slopes.  The first sharp jump can be attributed to the air being turned on, the reason it does not 

reach complete saturation quicker is the fact that the microorganisms also use the air as a part 

of their metabolism process.  The dissolved oxygen in the water rises slowly but continuously 

after that as the organisms become full and they stop processing the food.  In the end the 

second step slope most likely represents where all the food is gone and the microorganisms are 

no longer eating, therefore the air is not being used up and is dissolving in the water.  This is 

consistent with the data presented in chapter one of this thesis (Irvine Robert L and Jr. 1989; 

Vargas et al. 2009). 

The third aeration period in Figure 2.5 shows what would happen if during one of these regular 

cycles the air was turned off twenty eight minutes earlier than usual, at 12:00 as opposed to 

12:28.  This last hump on the graph shows that the DO still followed a similar pattern but the air 

was cut off before it increased its slope above 3.5mg/L of DO. 

 

Figure 2.5 Track study of dissolved oxygen (DO) versus time. Modified: air turned off at 11:45.  The black vertical 
lines on the graph indicate a new phase of treatment (fill, aerate/mix, settle, decant, idle). 

When COD measurements are overlaid on the DO plot during the aeration phase (Figure 2.5) the 

use of air becomes even more obvious.  Most of the COD is taken up within the first few minutes 

of the aeration phase.  
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Figure 2.6 DO vs. COD during the aeration phase for a typical process 

When the air is first turned on the DO increases at a rate of 0.147mg/L/min.  As the organisms 

start to utilize the oxygen supplied in order to consume the organics the DO increase reduces to 

0.012mg/L/min implying a Specific Oxygen Uptake Rate (SOUR) of 0.135 mg/L/min.  As microbial 

activity decreases we once again see a rapid increase in the DO level at a rate of 0.093 mg/L/min 

which continues until the air is turned off.  At this point, the start of SETTLE, the rate of DO loss 

from the bulk fluid is -0.163mg/L/min.  The conclusion to be drawn from this rapid DO loss once 

the air is turned off is that there are still some organisms in the water consuming the air, and 

once there is no longer an avid supply the organisms consume what is left quite quickly.  This 

trend is similar to those observed in the literature (Irvine Robert L and Jr. 1989; Vargas 1999; 

Zhen et al. 2009). 

The following figure, 2.7 shows the relationship between ORP and DO in the control reactor.  

The advantage of measuring ORP is the range of values; it can go positive and negative, so even 

at a DO of zero ORP has readable numbers.  This can tell us what is happening with the 

microorganisms more directly. 
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Figure 2.7 ORP measurements for the original timing setup during one cycle of the SBR system. 

The expectation is that an ORP value greater than 200mV is aerobic conditions and a value less 

than -200mV is anaerobic conditions.  Figure 2.7 shows that for this reactor the ORP values are 

actually within the anoxic range under normal operational conditions.  During the fill cycle the 

ORP decreases because the volume of the reactor is increasing.  Once the air is turned on the 

ORP increases at a rate of 4.727 mV/min similar to the increase in DO of 0.147mg/L/min to head 

toward aerobic conditions.  However, as oxygen consumption predominates the reactor the 

increase in DO is 0.017mg/L/min and the increase in ORP slows considerably to 0.877mV/min.  

As figure 2.7 shows any change in the DO is followed a few seconds later by a similar change in 

trend to the ORP.  This shows that DO and ORP are directly related, because in wastewater they 

are both an indicator of microbial activity, but the ORP measures the reactions of the DO 

changes therefore it is slightly lagged.  These trends are fairly standard for wastewater 

treatment and are referenced in the literature (Vargas 1999; Zhen et al. 2009). 

2.3.2 Modified Aeration Period DO and ORP Trends 

The over-arching question when it comes to blower use in a wastewater treatment facility is 

how can the cost of energy be minimized?  Is it possible to reduce the amount of air used, to 

reduce motor and blower usage?  There are certain reactions that must take place for the 

process to be considered complete, but is there a way to better understand and study those 

processes, so we know when they are complete and can cut off the air?  The track studies from 

the previous section gave some idea of how the system was working and whether or not the 

process could be completed quicker.  

The modified track study shown in figure 2.5 shows that even when the air is turned off, 

represented by the last hump in the picture, the reaction is the same.  As discussed above the 

sharp increase in dissolved oxygen is most likely due to the fact that the oxygen is no longer 

being used for the metabolism of the organisms, therefore is dissolving into the water.  If the air 
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is cut off at this point, or as close to this point as possible, there should be no change in the 

effluent water quality, as the microorganisms have already completed their metabolism process.  

The rest of the track studies performed are to determine if this shortened aeration process 

works long term as well as if there is a best time in the phase to shorten the aeration.  It is 

important to note that at any time when the air is on the reactors are receiving 6 liters of air per 

minute.   

The modifications to the aeration scheme as shown in table 2.1 were made to reactor two and 

run for three weeks at a time.  The results of these modifications on the DO, the ORP, and the 

nutrient counts in the system were studied.   None of the literature researched for this thesis 

contained these sorts of experiments; therefore these results are somewhat unique. 

The oxygen uptake rate for the system without modification was 0.1633 mg O2/min.  The 

oxygen uptake rates were 0.0.1547 mg O2/min , and 0.0.2280 mg O2/min for the air then mix 

operation and the mix then air operation respectively.  The air mix then air again operation had 

two oxygen uptake rate counts, one for each time the air turned on, they were 0.1940 

mgO2/min and 0.0963 mgO2/min in order. 

The affect of the operational changes on the ORP are shown below in figure 2.8.  Because of the 

lessening of aeration during a cycle, the ORP trends more toward anaerobic conditions at the 

start of each cycle.  Placing the aeration on the front end of the REACT phase forces the ORP 

upward much faster therefore the maximum value is higher.  The other two strategies curiously 

appear to achieve the same max value at about the same time despite the differences in how it 

gets there.  The start and end of the cycles are more similar to each other than they are to the 

control.  These differences should also play out in the efficiency in which the COD is removed, to 

be discussed later.   

 

Figure 2.8 Oxidation Reduction Potential trends for all four timing operations. 
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This first modification, as shown in table 2.1, was made by cutting back the aeration period a 

half hour by rearranging the timers so the air cut off early, however the mixing continued for the 

full two hours.  It was assumed that the mixing still brings in a small amount of air entrained 

from the headspace.  The purpose of this timing setup was not to change how long the react 

phase was but to instead complete the reactions with less air. 

The tanks were operated with this phase timing for a period of about three weeks and there 

were no problems with odor, smell, becoming septic, or any other issues.  The dissolved oxygen 

and oxidation reduction potential were monitored for several 24 hour track study periods along 

with track studies of the COD, and nutrients. The DO trend shown in figure 2.9 is the DO results 

after the reactor has had some time to acclimate to the new aeration strategy.  The rate of 

oxygen increase remains consistent with the rate observed during the control and therefore 

more of a function of the bulk liquid.  The period of oxygen consumption approaching oxygen 

supply that was seen in the control trend appears to be much shortened under this strategy.  

There continues to be a point during these cycles where the slope of the DO changes into a 

more rapid increase, evidence that the oxygen is no longer being consumed at the same rate 

and may not be necessary beyond that point. 

 

Figure 2.9 Dissolved Oxygen trends for air mix (AM) track study 

The next change that was made to the reactor was to see if they would perform as well if the air 

was still cut by a half hour, but it was cut in the beginning of the process instead of the end.  

Figure 2.10 shows the DO trend for the mix then aeration process.  The DO stays low until the air 

turns on, but then increases much more rapidly than before to near saturation level.  Once the 

air is turned off the DO quickly decreases.  There are no slope variations in this version of the 

process, therefore it seems as though it may not even be necessary to turn the air on at all.  

However, during mix alone, the DO does not seem to get above zero, which means the system 

would be likely to turn septic if the air wasn’t turned on. 
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Figure 2.10  Dissolved Oxygen Track Study MIX AIR (MA) 

The next timing change mentioned in table 2.1 was for a pulsed aeration period with the air on 

for 45 minutes, off for 30 minutes and on again for the last 45 minutes of the react phase.  The 

reactors were mixed during the entire two hours, as usual, so only the air was being turned on 

and off. Figure 2.11 shows the DO trends for this cycle.  The system does not ever appear to be 

over aerated during this operation, as there is no lagging hump in the DO trend for this 

operation.  Later, with the review of the COD removal trends, this strategy’s removal efficiency 

more closely matches that of the control.    

 

Figure 2.11 Dissolved oxygen track study 

2.3.4 COD and Nutrients 

After plotting and trying to understand what is happening with the organisms it is important to 

also look at the COD and nutrient trends for confirmation of assumed organism behavior.   In 
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other words, this is a good way to draw the relationship between DO and ORP with the 

effectiveness of the treatment during those times. 

Figure 2.12 shows the COD results for the control vs. the modifications to the aeration process.  

The COD removal is  -17.1mg/L/min in the control operation, -13.4mg/L/min for the Air Mix Air 

operation, -10.5 mg/L/min for the Air then Mix operation, and -7.05 for the Mix then Air 

operation.  Therefore the control and the AMA operations have the best COD removal 

efficiencies. 

 

Figure 2.12 COD tests for all three aeration modifications and the control 

The nitrogen species results are shown in the following figures for each of the modified aeration 

strategies starting with the Air then Mix operation (figure 2.9), then the Mix then Air operation 

(figure 2.10), and finally the cyclical Air then Mix then Air (figure 2.11) operation. Because 

gathering samples for nutrient testing requried removal of water from the system these tests 

were only run on samples during the REACT phase of operation to avoid removing large 

amounts of sludge from the reactors.  Because of the drastic fluctuations in ammonia results, a 

best fit line is drawn to try to demonstrate a more general trend of the data. 
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Figure 2.13 NH4
+
, NO3

-
, NO2

-
  over time in the system for the Air Mix (AM) operation 

 

 

Figure 2.14 NH4
+
, NO3

-
, NO2

-
  over time in the system for the Mix Air (MA) operation 
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Figure 2.15 Nutrient Track Study for the Air Mix Air (AMA) operation 

Comparison of these three nutrient plots shows that there are general downward trends with 

the ammonia and there is an, often small, increase in nitrate.  These are typically the desirable 

nutrient patterns.  As discussed above in section 2.1.1 ammonia may be oxidized to nitrate in 

the presence of oxygen and the nitrate may turn into nitrogen gas which then exits into the 

atmosphere, conditions are present to promote its reduction.  For the ORP trends AM had the 

higher range of ORPs and AMA had the lower range of ORP values, however the AMA ORP trend 

had a dip between aeration times during mixing.  This dip could be representative of creating 

two zones, aerobic and anaerobic, except that because this is an SBR unit, these are not zones 

but phases in time.  This would be moving more towards the ideal type of treatment where 

anaerobic and aerobic treatment happens in the same location. 

For the AM treatment operation the DO followed a very similar pattern to the control, it was 

just shortened in time.  The COD as shown in figure 2.9 for the AM operation was not reduced as 

quickly as the control operation, though it eventually fell at a slower rate and figure 2.13 

showed some reduction in ammonia with an increase in nitrate. 

For the MA treatment operation the DO showed a quick increase but then stabilized with the 

ORP following a similar trend.  Comparison with figures 2.10, COD comparison, and 2.13, 

nutrient removal for the MA operation, showed that there was some microbial activity to a 

certain point but then for some reason it appeared to trail off.  The COD was not removed as 

efficiently as with the control operation and there was little to no ammonia being converted to 

nitrate.  This shows that the microbial activity does not work as well with just a mixing 

operation; it may need the air to jumpstart the processes. 

Based on figures 2.9 through 2.12 the AMA strategy has the most microbial activity, the COD 

reduction for this operation, shown in figure 2.12, is comparable to the control operation and 

also, there is a lot of nutrient activity.  As discussed above in section 2.3.2 the DO trends for this 
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operation show a very quick increase in DO each time the air is turned on, and then it nearly 

plateaus.  The ORP trend for this operation shows an increase in activity in the beginning when 

the air is first turned on, and then a slight decrease when it is turned off.  There appears to be 

activity on the microbial level throughout the entire mix phase, with or without air, during this 

operation. 

2.4 Conclusions 

All of the experiments performed presented aeration schemes that cut down the amount of air 

used during the treatment process and avoided over aerating the system.  However, only the 

cyclical air, mix, air (AMA) strategy did so without compromising the system’s performance.  The 

AMA strategy also increased the amount of ammonia-nitrogen removal during the process 

which is evidence of a BNR process like the ones described in the background section of this 

report. 

The mix then air (MA) strategy seemed to have severely limited the population of aerobic 

organisms to the point where the aeration did not help the COD removal and the air did not 

appear to be utilized by the microorganisms at all.  This is a significant finding because this 

operation essentially wastes all the air during the aeration process as it is not at all utilized by 

the organisms. 

The air then mix (AM) strategy did not reduce the COD to the same effectiveness of the control 

system as we had originally had hoped, therefore while it reduced the air usage it also reduced 

the efficiency of the operation. 
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Chapter 3 Considerations for Balancing of Process DO requirements with Blower 

Operation at Full-Scale Systems 

 

Abstract 

This chapter discusses the observations made during visits to two full scale facilities.  The first 

full scale facility was located in Jefferson City, Missouri and treats nearly 30 MGD, while the 

second facility was located outside of Kansas City in unincorporated Jackson County works, and 

treats around 500 gpd.  The observations made centered around the Dissolved Oxygen (DO) 

control at the facilities as well as general operations of the plants.  The goal was to determine 

the methods for current operations in place and to see if changes could be made to improve 

those operations. 

The conclusions drawn in this chapter showed that over aeration is an issue at both of the 

facilities observed and is likely something that can be fixed.  Information was drawn from a 

variety of sources to determine methods to lessen over aeration with more appropriate aeration 

schemes, better motor and blower control, and a better understanding of the plant operation 

on a microbial level. 

Keywords 

Dissolved Oxygen (DO), Oxidation Reduction Potential (ORP), Jackson County Public Works 

(JCPW), Wastewater Treatment Plant (WWTP) 

3.1 Background  

3.1.1 Uses of Blowers at WWTPs  

Blowers are used in wastewater treatment plants to move fixed volumes of air in the form of 

bubbles.  These bubbles deliver oxygen to the bacteria feeding on the organic waste present in 

the wastewater.  Generally, there are two types of blowers used in wastewater treatment: 

positive-displacement blowers and centrifugal blowers.  Positive-displacement blowers are able 

to provide a constant volume of air per revolution via its lobes while centrifugal blowers operate 

much the same way most other centrifugal fans do.  Centrifugal blowers excel at operations that 

require an 'always-on' state and are generally more energy efficient than positive-displacement 

blowers.  However, positive-displacement blowers are able to deliver higher compressed air 

with more ease than centrifugal blowers can (WEF 2006). 

Blowers are responsible for 70% of the energy costs at the average wastewater treatment 

facility (Dobrowolski and Mendelsohn 1978).  This is a huge chunk of the cost of the operation of 

a wastewater treatment facility, therefore it is in the best interest of any operator, or any design 

engineer, to make sure the motors and blowers chosen are appropriate for the plant size and 

need of air.  The blowers are the driving force for the entire aeration process, which is the 

biological treatment for a conventional wastewater treatment plant (Metcalf and Eddy 2003). 
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3.1.2 Efforts to Improve Blower Efficiency  

Motor efficiency strategies can be divided into three phases: overall assessment, immediate 

improvements, and long term life of the motor.   

 The overall assessment usually involves documenting the number, type, age, ratings and 

horsepower, and critical loads of the motor.  This overall assessment helps to determine 

general energy-consumption for motors in the facility.   

 Immediate improvements most often involves repairs or changes to the units.  The changes 

may include replacing some motors with higher-efficiency or better-sized models, adding 

controls to others to right-size output, and rescheduling which motors run when compared 

to demand and utility rates (Noria 2010).  The U.S. Department of Energy has a motor 

efficiency calculator (MotorMaster+) that can help determine how the motors are operating 

and whether changes are needed. 

There are several studies that show it’s possible, as well as beneficial, to simply use smaller or 

less powerful blowers and thereby less air supply as opposed to the on/off operation of blowers 

(Guo et al. 2009; Schuyler R. G. et al. 2009; Vargas 1999).  It may even be possible to do both, 

less air with an on/off operation.  The issue with this idea is that generally small plants looking 

to improve their energy efficiency have already invested in blowers and motors, and may not 

have the funds to buy a whole new system.  Although it may save them money in the long run, 

the initial investment may be too high and they simply can’t afford it.  Also, there are different 

design considerations and quality considerations when it comes to running a low DO system, 

they can be difficult to maintain and there are likely to be odor issues.  

For these reasons it is more practical to go with the on/off approach with the blowers.  The 

on/off operation has improved ammonia removal, which is an upcoming requirement for most 

wastewater treatment plants, and is just as efficient at removing COD as the continuous 

process.  This is specifically true for an SBR treatment design, but could also translate well to a 

conventional process. 

The other side of this argument is about the motors and blowers and whether or not they can 

handle an on/off operation.  Most pumps and blowers are not built to work this way, so it again 

becomes an issue of locating the proper equipment to get the job done. 

For example, Universal RAI blowers appear to be a popular choice among Missouri plants.  

These blowers are designed to run continuously with flows up to 2370 cfm (GEC 2007).  This 

continuous operation would be great if aeration was needed all the time, but in most cases it is 

not and this is where the problem begins.  For those wastewater plants that already have these 

kinds of blowers in place but would still like to turn off or down the air at certain points in time 

the issue becomes how can this be controlled without losing the efficiency of the blower? 

There are options for better control of the blower. Methods to achieve regulation or turndown 

are (1) flow blowoff or bypassing, (2) inlet throttling, (3) adjustable discharge diffuser, (4) 

variable-speed driver and (5) parallel operation of multiple units (Metcalf and Eddy 2003).   
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Air flow blowoff or bypassing is generally for when too much air is being delivered, the pressure 

is too high, and it simply must not enter the system.  This process is used for the purpose of 

regulating pressure to avoid mechanical problems in the blower, but it is not used to help with 

energy conservation. This is not a good suggestion for energy conservation because the air is still 

flowing somewhere; it’s just not being used in any way therefore the blowers are using just as 

much energy as before. 

Inlet valve throttling of the blowers is commonplace because it is less energy-intensive than 

discharge throttling and has historically been significantly less expensive than variable speed 

control. Airflow enters on the motor end of the machine and discharges at high pressure at the 

opposite end. There is a manual inlet control valve for blower capacity adjustment.  If a variable 

speed drive is used to adjust the speed of the blower, then no control of the blower inlet valve is 

needed (Harris et al. 2000).  A closed inlet valve may result in mechanical damage to the 

compressor. The throttling of the intake gas of a dynamic compressor will reduce the density of 

the inlet gas.  This lowering of the density causes reduction of the gas volume delivered at 

compressor discharge.  The simplest method is the use of a butterfly valve on the compressor 

inlet.  The more efficient method is the use of adjustable inlet guide vanes instead of the 

throttling valve.  These devices pre-rotate the incoming gas resulting in a reduction of both 

discharge capacity and pressure (WPCF). 

Adjustable Discharge Diffuser:  For a centrifugal compressor equipped with radial-type impeller, 

the adjustable discharge diffusers can provide capacity regulation without reduction in 

discharge pressure.  These discharge diffuser vanes adjust the flow passage area ahead of the 

discharge nozzle without any impediment to the gas flow.  This device will have a surge limit at 

about 45% of the rated capacity.  When working in conjunction with an adjustable inlet guide 

vanes the combination will provide a very efficient capacity regulation system.  The surge limit 

will be about 30% of the rated capacity (WPCF). 

Centrifugal blowers commonly used for activated sludge aeration processes are normally run at 

a constant speed. One option for better operation of these one speed motors is to use a 

Variable Frequency Drive (VFD).  Before designing a system using VFDs, a study is made in which 

the effects of static pressure, friction losses in piping and diffusers, blower performance, and 

motor data are analyzed. The system head loss curve would be plotted. Blower performance 

curves then are corrected to site conditions at full and reduced speed and superimposed on the 

system curve. This identifies the minimum blower speed that will provide adequate pressure to 

overcome static head. Then, the savings from using VFDs are calculated.  Blower energy 

consumption with VFDs is typically 10% to 20% lower than consumption using conventional 

controls. Instead of a low-amperage switch for protecting against blower surge (damaging air 

flow pulsations), an air flow transmitter and low flow detection logic are used to prevent 

operation below the surge point. This technique provides more accurate equipment protection 

and extends the usable operating range of the blower.  Integrating air flow control logic for all 

basins into a unified strategy eliminates the need for discharge pressure control. Special Most-

Open-Valve logic eliminates wasteful discharge throttling and distributes air flow 
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proportionately in spite of upsets and equipment limitations (Jenkins 1999). The use of a 

variable speed driver is an efficient method of capacity regulation for positive displacement 

compressors.  For centrifugal compressors, the variable-speed driver is seldom used.  A small 

change in rotating speed will produce a relatively large change in the discharge pressure of a 

centrifugal compressor.  Because most aeration systems operate within a small range of 

pressures, the use of an expansive variable-speed driver is not economical (WPCF).   

Parallel Operation of Multiple Units: For small wastewater treatment plants, a single blower with 

a standby and device for capacity turndown may be adequate.  In larger plants the range of 

required operating capacity can be very large.  In many cases a single blower will not have the 

capacity to cover the wide range required.  The design engineer must provide at least two or 

more blowers, one of which is a standby (WPCF). 

When it is not economically feasible to replace existing motors and blowers one of these options 

can be used to increase the amount of control the operator has on the range of blower 

operation.  They may not make it so that the blowers can be turned off completely, but it can 

help with reducing the amount of air the blower is producing at times, thereby reducing the 

amount of energy the blower requires. 

3.1.3 Online monitoring of water quality parameters such as DO and ORP 

The idea of online monitoring of DO and/or ORP is not totally new, wastewater plants have 

often tried to install systems that will do just that.  The problem is that often times these 

systems do not work properly and do not provide reliable data that plants feel confident using.  

It is important to, on an individual plant level, determine the best way to monitor DO and ORP 

and how to best use that information to improve that specific process.  There are several 

available DO monitors available from companies like Hach and YSI, the difficult part is figuring 

out which system makes the most sense for each plant, where to place it in the basin, and 

determining what kind of maintenance is necessary for the system.  If all of these things are 

done correctly there is no reason that every plant can’t have a successful, real time, continuous 

DO monitoring system. 

3.1.4 Jackson County Public Works (JCPW) 

Jackson County is located just outside of Kansas City on the Missouri side.  Jackson County public 

works is responsible for several small flow wastewater treatment plants, all 2000 gallons per day 

or less including; Trophy Estates wastewater treatment, Vehicle Service Center wastewater 

treatment facility, and Carriage Oaks wastewater treatment facility.  None of the systems were 

being monitored for dissolved oxygen because their DO sensor had broken five years before.  In 

an effort to save energy all the processes were running on a cyclical aeration treatment, the 

aeration basins were, for the most part, receiving air for one hour, then the air was off for one 

hour.  This was the case in all of their treatment facilities.  The blowers used were all Universal 

RAI blowers with a size 24 frame., the Universal RAI blowers range in frame size from 22 to 718 

(Crocker 2009). 
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Due to the small size of the treatment plants in Jackson County Public Work’s jurisdiction there 

was not much money for upgrades or improvements, nor was there much staffing to monitor 

and control the sites.  All of the sites are Norweco plants, which are a manufacturer that 

specializes in small plant building.  The plants were all operated within permit requirements but 

had several issues with storm overflows, or issues with not enough flow during everyday events.  

The plant had settled on the cyclical operation of the blowers without having studied whether 

or not this would affect the biological operation or the blowers that were currently in use.  The 

Universal RAI blowers in use at the plant are meant, and rated, for continuous use.  The cyclical 

operation of turning the blowers on and off may be very hard on the blowers and decrease the 

lifespan. 

3.1.5 Jefferson City Wastewater Treatment Facility (JC) 

Jefferson City’s wastewater treatment facility is a modified Sequencing Batch Reactor (SBR) 

plant that treats approximately 10MGD.  Water is pumped from all over Jefferson City to the 

wastewater plant, there are various pump stations in the city that the wastewater treatment 

plant is responsible for.  The wastewater enters the plant and is sent through a bar screen and 

then directed to a grit removal station where any particles small enough to fit through the initial 

bar screen, but large enough to be bothersome to the system, are removed.  The water then 

flows through a channel and is forced downwards and back up to where the flow is distributed 

to the four treatment basins, this design ensures that each basin receives the same amount of 

flow.   

Each of these basins performs all the tasks that at a conventional wastewater treatment plant 

would take place in separate basins.  First the tanks aerate the water, then they let the water 

settle and then the top water is decanted and the solids are removed from the bottom.  At 

Jefferson City’s wastewater treatment plant there are three blowers and motors used to operate 

the aeration basins, two of which run continuously and a third which is for maintenance or 

repair circumstances.   

From the basins the water travels to one of three simulated wetlands tanks for further 

treatment and is then discharged into the Missouri River.   The solids are removed from the 

bottom of the basins and sent to a solids tank, a thickener, solids processing and maintenance 

and then are used for field application.  

3.2 Objectives 

During my first visit to Jefferson City wastewater treatment facility I asked what their pressing 

issues and concerns were.  Jefferson City was built with DO probes in place in the aeration 

basins, but they had determined that the data gathered was not correct, so due to frustration 

they felt it was more practical to use the handheld meter once a day.  During the process of 

working with the lab reactors and trying to understand the Jefferson City facility we were 

contacted by Jackson County works with a simple question, “what is the best aeration scheme 

to use for small plants”?  It seemed that determining the best aeration scheme and the most 
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efficient use of energy was on the minds of both these plant operators, and probably many 

more.  The objective of this research then became to help these plants, and any plants we could 

beyond that, by understanding how facilities are currently operated and what changes could be 

made to make them as efficient as the lab reactors operated in chapter 2 of this thesis. 

This was a difficult objective to carry out, it started with visits to each of the plants to better 

understand the processes and happenings.  Secondly some data was gathered to understand 

how these operations were functioning within the wastewater itself.  Thirdly research was 

completed to determine the best methods available to control the situations currently at the 

plant, opposed to suggesting they acquire new equipment. 

3.3 Materials and Methods 

3.3.1 Field Survey Worksheet 

The field survey worksheet presented in figures 3.1 and 3.2 were used at the all of the small flow 

Jackson County Public Works treatment facilities as well as Jefferson City’s wastewater 

treatment plant.  This data was used to describe details about the facility’s operation and 

aeration control as well as the mechanics behind these systems.  This gave us a good idea of the 

treatment operation at 3 full size but small facilities as well as one full size large facility.   
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Figure 3.1 Field Survey worksheet page 1 
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Figure 3.2 Field Survey Worksheet Page 2 

The operating parameter worksheet shown below in figure 3.3 was developed to be used for 

laboratory testing for these facilities to further the understanding of the operation. 
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Figure 3.3 Operating Parameter Worksheet for laboratory testing. 

 

3.4 Results and Discussion 

Each of the JCPW plants were visited, along with Jefferson City Missouri’s wastewater treatment 

facility, and a field survey worksheet was completed for each plant.    The field survey worksheet 

was created to help gather information about the plants that can be compared to the 

information known about the lab reactors.  JCPW had several concerns and questions about the 

operation of their wastewater plants, and were interested in learning about how to best 

optimize each of the facilities performance.  The field survey worksheet helps to determine how 

the plant is currently being operated as well as what type of mechanics are involved in the 

operation.   
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3.4.1 Dissolved Oxygen Trends at Full Scale Facilities 

Along with this initial field survey worksheet information, track study information was gathered 

from the JCPW Vehicle Service Center (VSC) as well as the Jefferson City treatment facility using 

a handheld Hach DO meter. 

3.4.1.1 Jefferson City, Missouri Wastewater Treatment Facility 

The Jefferson City, Missouri wastewater treatment facility was also studied, however due to 

limited access to the facility 24 hour track study data was not available.  The following figure, 

figure 3.4 shows the DO data gathered from Jefferson City during the aeration periods along 

with some flow data for the plant.  

 

Figure 3.4 Flow rates and field dissolved oxygen readings taken from the Jefferson City Wastewater Treatment 
Plant to develop preliminary observations of the performance of the process 

The data presented in figure 3.4 is not complete track study information, but sufficient so that 
some observations can still be made from this information. These include: 
For Basin 1: 

 During the AERATED phase of operation the DO is observed to quickly increase from ~ 
1.0 mg/L to ~ 5.0 mg/L (starting at 14:24) 

 During the SETTLE phase of operation the DO appears to remain between 1 and 2 mg/L 
For Basin 2: 

 The DO values observed remain high. 
For Basin 3: 

 The DO values were steady between 5 and 6 mg/L 
For Basin 4: 

 The DO numbers are low. 
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Assuming these readings are correct (there is some concern about error in the taking of some of 
the measurements), When the flows are higher (a maximum of 7 MGD during normal operating 
hours) the DO behaves as expected, i.e., lower when air is turned off, but steady near 5 or 6 
mg/L when air is on. Overnight, however, when flows lower to 3.5 MGD the DO values 
measured are consistently higher, approaching saturation. This suggests potential over-aeration 
during the time of operation, when the strength of the wastewater is likely much lower.   

3.4.4.2 Jackson County Public Works (JCPW) Vehicle Service Center (VSC) 

Figure 3.5 shows the temperature for the VSC during the DO track study.  About the same time 

that the temperature begins to drop in the tank, the minimum DO trends begin to increase. This 

may be a function of the increasing capacity of the water to hold oxygen as the temperature 

lowers 

 

Figure 3.5 Temperature of the water at VSC during DO monitoring. 

As shown in figure 3.5, for this facility the outside temperature can range from 100 ˚F (38 ˚C), as 
it was the day these measurements were taken, to freezing (0 ˚C), during the winter. The 
temperatures during these measurements were consistently between 27 and 27.5 ˚C (~ 81 ˚F) in 
the basin. At these warm conditions the DO saturation would approach 8 mg/L in fresh water. 

Figure 3.6 below shows the pH ranged from 6.0 to 6.5. The slight drop in pH occurs at the same 

time when the day shift shows up to work and therefore at the time of the “first flush” of the 

day. The overall pH range for this system is a little lower than desired, suggesting that the 

production of acids earlier in the process (i.e., in the grit chamber) may be contributing to this 

observation. 
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Figure 3.6 pH of water at VSC during DO monitoring. 

Figure 3.7 below shows the results of the DO monitoring at the VSC wastewater facility.  The 

maximum and minimum DO values range from 0.5 to 8 mg/L. The calculated average is about 6 

mg/L. These values were also observed in Jefferson City whose basin size, biomass 

concentrations, and wastewater strength are all much higher. The first observation made for 

this facility is that the average DO value appears too high. When the air is turned on DO values 

quickly approach saturation at a rate of 0.088 mg/L/min. Similarly, as soon as the air is turned 

off, the DO values decrease at a rate of 0.081 mg/L/min. Although the DO values are higher for 

this system, based on laboratory reactor experience the system conditions more likely resemble 

the MA experiments, described in chapter 2, which selected for organisms that did not 

efficiently utilize the oxygen being supplied. Discussions with Jackson County Public Works 

personnel suggested that the sludge age at the facility is very long, with little, if any, wasting 

occurring. This would be consistent with the trends observed here 
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Figure 3.7 Dissolved Oxygen 24 hour track study at JCPW Vehicle Service Center. 

3.5 Conclusions 

As was discussed above there is evidence of over-aeration at each of the full scale operations 

observed. If these wastewater plants were constantly monitoring DO and ORP in real time it 

would give them the best advantage on understanding and controlling their system to the best 

of their ability.  Any plant may have to do a quick study to determine exactly what operation 

best fits that plant, those blowers and motors, and the bugs in the system.  However, once 

those relationships are determined it is simple to coordinate the best possible aeration scheme 

and then the setup for a corresponding blower operation based on the real time monitoring of 

DO and ORP.  There are suggestions that even nutrient removal could be controlled and 

monitored using DO and ORP profiles (Tanwar et al. 2008).   

As discussed above the pH at the VSC plant suggested the production of acids early in the 

process, for this particular plant, because this problem is specific to it, the best aeration scheme 

may involve aerating the grit chamber.  This could be done by using the blow off from the 

blowers of the aeration basins and redirecting that air flow to the grit chamber. 

To go about determining an individualized aeration scheme and blower operation for a plant the 

operators would first need to do a study with several 24 hour track studies on DO and ORP to 

understand their specific process.  This information is used to determine when the system is 

getting too much air, or when the system isn’t using the air it’s receiving and how consistent 

these patterns are.  Each individual plant will be likely to have its own determination of set 

points for when there is enough air. 

The second part in this process is then to understand what motors and blowers are being used, 

and how they can be run to maintain their efficiency, using the suggestions from section 3.3.1 in 

this Thesis.  The performance curve of the blower must be considered during this process to 
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help determine what the best operation for that specific blower is. The operating point of the 

blower is determined, similar to a centrifugal pump, by the intersection of the head-capacity 

curve and the system curve(Metcalf and Eddy 2003).   

Real time Dissolved Oxygen (DO) and Oxidation Reduction Potential (ORP) monitoring is not 

currently a typical find at wastewater treatment plants.  Most facilities only measure DO once or 

twice a day and rarely measure ORP.  These numbers are most often used as evidence that the 

system is functioning properly however they are not used as a control parameter.  The 

advantage of using DO and ORP tracking as a control parameter is the savings in energy cost due 

to not over aerating the system as well as having good control of system operation.  These 

savings can be from using smaller, less expensive, motors because it is found that larger more 

expensive motors only over aerate the systems.  These savings could also come from using the 

DO monitoring in conjunction with the energy saving techniques mentioned in section 3.3.1 to 

optimize a blower for the individual facility operation.   
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Chapter 4 Conclusions and Future Research Considerations 

4.1 Summary 

The research contained in this thesis consisted of several parts.  First, lab reactors were 

constructed and operated to mimic the operation of a full scale wastewater treatment facility.  

The aeration of these reactors was closely studied to observe what type of aeration scheme lead 

to the best treatment efficiency as well as the most efficient use of energy for the operation.  

The reactors were modeled after similar research  (Lyles et al. 2008; Vargas 1999) but the studies 

completed varied from the norm by using a variety of aeration schemes as opposed to turning 

the air down to decrease motor and blower usage. 

The second part of this research included visits to four full scale treatment operations, three 

Jackson County Public Works plants outside of Kansas City all of which were conventional 

operation, and a visit to Jefferson City, Missouri wastewater treatment facility.  During these 

visits a field survey worksheet was completed.  The purpose of these visits, and field survey 

worksheets, was to attempt to understand the current operation of the blowers at these 

facilities and to see what would need to be done to optimize the treatment in terms of 

treatment efficiency and energy efficiency. 

The third portion of this research was to outline the options for controlling the efficiency of 

blowers already in place for treatment facilities that determine they would like to better control 

their energy usage through aeration operation control.  The hope was that treatment facilities in 

any location could study their DO and ORP values like the track studies completed for the lab 

sized reactors and use the conclusions to determine a treatment strategy operation that best 

suited their plant.  From here the suggestions outlined in 3.3.1 would help to make these 

operations possible Using suggestions from all of the available sources (Dabkowski 2010; GEC 

2007; Noria 2010). 

4.2 Conclusions  

For the lab reactors the best aeration operation was the cyclical operation, with the air being 

turned off and on during the aeration phase of the cycle.  This was evident from the facts that 

the COD removal efficiency was not hindered, and the ammonia-nitrogen removal was 

increased.  Not to mention that the cyclical aeration cut the aeration time down by 25%. 

The studies of Jackson County Public Works (JCPW) Vehicle Service Center (VCS) facility, and 

Jefferson City’s treatment facility showed that full scale plants could use these observations to 

better their treatment operations as well as the energy efficiency of their aeration process.  Both 

treatment facilities showed evidence of over aerating, which means they are spending too much 

money on energy for operation. 

There are a variety of ways to increase energy efficiency at wastewater treatment plants.  This 

could first be by determining the most appropriate aeration scheme for a plant, likely a cyclical 

operation with the air turning off and on during operaton.  The second portion of this is to then 
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attune the motors and blowers to best fit this type of operation through any of the methods 

described in chapter 3 of this thesis. 

4.3 Practical Implications  

All of the research activities contained herein was for the purpose of helping full scale treatment 

operations optimize their aeration strategies.  While the lab reactors modeled a sequencing 

batch reactor type treatment, aeration control strategies apply to any kind of treatment strategy.  

Optimizing the aeration strategy at any plant can save energy as well as improve the effluent 

quality of the water.  This research relates directly to facilities anywhere that are concerned with 

energy conservation, and effluent quality therefore I think any facility could benefit from 

following the advice contained in this thesis. 

4.4 Recommendations/Future Work 

Future Lab Work 

 Try additional on/off aeration schemes during the 2 hour aeration phase 

Jefferson City Wastewater Treatment Facility 

 I recommend the Jefferson City Wastewater Treatment Facility gather more DO and ORP 

data, then use that data to determine a more specific aeration scheme, use that aeration 

scheme for a while documenting all of the results, including the DO and ORP data. 

Jackson County Public Works 

 I recommend JCPW also continue to gather additional data for each of the three plants 

and to determine the best aeration scheme for them.  While they are currently using an 

on/off aeration I think they could use even shorter time periods as well as rotate 

between basins for the plants that have more than one. 

 I recommend JCPW aerate the grit chamber at the VSC, to avoid acid production in the 

grit chamber. 
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