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	Biological treatment checklist
suspended growth – activated sludge
NPDES/SDS Permit Program
National Pollutant Discharge Elimination System (NPDES)/
State Disposal System (SDS)
Doc Type: Plan/Specification Review Summary


Purpose: This checklist is intended for use by design engineers, to assist an efficient review of planning and design documents by Minnesota Pollution Control Agency’s (MPCA) review engineers. The information requested is the minimum technical data necessary for MPCA staff to review proposed designs and to determine whether there is reasonable assurance that the treatment system, when constructed, will comply with permit conditions, regulations, and criteria of the MPCA.
Instructions: The information in this checklist is based on the Recommended Standards for Wastewater Facilities published by the Great Lakes Upper Mississippi River Board of State and Provincial Public Health and Environmental Managers (Ten State Standards) 2025 Edition, other accepted engineering references, and MPCA recommendations. Specific references, other than Ten State Standards, are listed where appropriate. The checklist is organized according to the numbering sequence found in Ten State Standards to allow for ease in locating the entire content and text of the recommendations.
The checklist is designed so that a “yes” answer indicates compliance with Ten State Standards, et al.
A “no” answer indicates a deviation from Ten State Standards, et al. Answering “no” to any question will require justification that can be provided at the end of the checklist and possibly supporting information, from wastewater treatment plant operational data, to demonstrate how the intent of the recommendation will be met. Additional information may be requested based on-site specific conditions.
An “N/A” answer means not applicable because the equipment associated with the question is not included in the design.
Wastewater treatment facility information
	Date (mm/dd/yyyy):
	     
	MPCA project no: 
	[bookmark: Text119]     

	Title of project:
	     


Permittee information
	Facility name:
	     

	Contact name and title:
	     
	NPDES/SDS Permit No:
	MN 
	[bookmark: Text2]     

	Email:
	     
	Phone number:
	     


Design engineer information
	Contact name:
	[bookmark: Text120]     
	Address:
	     

	Email:
	     
	Contact phone number:
	     


Phase:	|_| Planning phase	|_| Design phase
[bookmark: Check37][bookmark: Check38]Activated sludge system:	|_| New activated sludge 	|_| Rehabilitation
Type of process:
|_| Conventional	|_| Step feed	|_| Tapered aeration	|_| Complete mix	|_| Contact stabilization
|_| Extended aeration	|_| Pure oxygen	|_| SBR	|_| MBR	|_| Oxidation ditch	|_| Other:      
	Description of facility – Provide a short description of the proposed facility:

	     


Introduction
The activated sludge process and its various modifications are commonly used for biological treatment of wastewater. It is a suspended growth process that includes an aerobic biological reactor and relies on a solids-liquid separation system for removal of effluent suspended solids while producing concentrated return activated sludge (RAS) for return to the biological reactor. The various modifications of activated sludge that can be used to meet specific treatment requirements are defined as follows:
Conventional activated sludge – The conventional activated sludge process consists of an aeration tank, a secondary clarifier and a sludge recycle line. Both influent sewage and recycled sludge enter the tank at the head end, move through the tank in plug flow and are aerated for a period of time.
Step feed activated sludge – The Step feed process (sometimes called Step Aeration) is a modification of the activated sludge process in which sewage is introduced at two or more points in the aeration tank while return sludge is introduced only at the head end of the aeration tank. In this modification, the oxygen demand is more uniformly spread over the length of the aeration tank.
Tapered aeration activated sludge – The tapered aeration activated sludge process is a modification of the conventional activated sludge process. Tapered aeration affects only the arrangement of the aeration devices in the aeration tank. In tapered aeration the diffusers or aeration devices are spaced closer together at the head end of the tank to match the oxygen demand.
Complete mix activated sludge – The complete mix activated sludge process is characterized by distributing the influent sewage, return sludge and air equally throughout the aeration tank to form a nearly homogeneous mixture in the tank. The organic load and thus oxygen demand is uniform from one end of the tank to the other.
Contact stabilization activated sludge – The contact stabilization activated sludge process utilizes two aeration compartments to divide the two phases of BOD removal. The first phase, adsorption, takes place in the first aeration tank (contact tank). Mixed liquor from the contact tank then flows to the clarifier. Return sludge flows to the second aeration tank (reaeration tank) where the second phase, absorption, occurs. The reaeration tank provides detention time before flowing into the contact tank.
Extended aeration activated sludge – The extended aeration activated sludge process operates in the indigenous respiration phase of the growth curve, which necessitates a relatively low organic loading (low food to microorganism F/M) and long aeration time.
Oxidation ditch activated sludge – The oxidation ditch activated sludge process is an extended aeration process utilizing a ring-shaped channel and aeration that provides continuous flow around the channel.
Pure oxygen activated sludge – Pure oxygen activated sludge is characterized by the use of high purity oxygen instead of air for aeration.
Sequencing batch reactor – Sequencing batch reactor is the fill-and-draw mode of the activated sludge process. It treats wastewater in batches within a single timed basin rather than a continuous flow system.
Membrane bioreactors – The membrane Bioreactor process consists of a suspended growth biological reactor integrated with a membrane filtration system for retention of the MLSS. The membrane system typically involves microfiltration or ultrafiltration with respective membrane nominal pore sizes of 0.1-0.4 µm and 0.01-0.1 µm, producing virtually suspended solids-free treated effluent.
Activated sludge design parameters, influent, and effluent characteristics
A. Hydraulic load [mgd]
	[bookmark: _Hlk149308049]Average wet weather (AWW) flow
	     

	Peak hourly wet weather (PHWW) flow
	     

	Peak instantaneous wet weather (PIWW) flow
	     


B. Organic load [mg/L and lbs/d]
	Design avg. BOD5
	     
	&
	     

	Design max BOD5
	     
	&
	     

	Design peak hourly BOD5
	     
	&
	     


(For strong industrial waste consideration should be given to using peak loading)
C. TKN load [mg/L and lbs/d]
	Design avg. TKN
	     
	&
	     

	Design max TKN
	     
	&
	     

	Design peak hourly TKN
	     
	&
	     


(For strong industrial waste consideration should be given to using peak loading)
D. Explain primary modification of activated sludge:
	     


E. Type of aeration:
	     


F. Aeration tank design parameters:
	Detention time in aeration basin (hrs)
	[bookmark: Text259]     

	Aeration tank organic volumetric loading (lbs BOD5/d/1000 ft3)
	[bookmark: Text260]     

	Design SRT (days)
	[bookmark: Text261]     

	Design F/M ratio (lbs BOD5/d/lbs MLVSS)
	[bookmark: Text262]     

	Design MLSS (mg/L)
	[bookmark: Text263]     

	Design MLVSS (mg/L)
	     

	Process preceded by (specify process)
	     

	Process followed by (specify process)
	     


G. Final effluent limitation
	CBOD5 (mg/L)
	     

	TSS (mg/L)
	     

	NH3 - N (mg/L)
	     

	TN (mg/L)
	     

	TP (mg/L)
	     


H. Are calculations and/or documentation submitted to justify the basis of design for the following:
	
	Yes
	No
	N/A

	Process efficiency
	|_|
	|_|
	|_|

	Aeration tanks
	|_|
	|_|
	|_|

	Aeration equipment (including oxygen and mixing requirements)
	|_|
	|_|
	|_|

	Secondary clarifiers
	|_|
	|_|
	|_|

	Return sludge equipment
	|_|
	|_|
	|_|

	Waste sludge equipment 
	|_|
	|_|
	|_|

	Sludge handling facilities
	|_|
	|_|
	|_|


92. Activated sludge
(Only use a “NA” answer if the equipment associated with the question is not included in the design)
	
	Yes
	No
	N/A

	92.1 General
	
	
	

	Is the wastewater amenable to biological treatment and biological solids separation? 
	|_|
	|_|
	|_|

	Has consideration been given to any industrial discharges that may cause nutrient imbalance, variable pH or temperature, or toxic or slug discharge? (M and E, 2014) 
	|_|
	|_|
	|_|

	If applicable, have dairy, paper or potato waste been examined for nutrient deficiencies?
	|_|
	|_|
	|_|

	92.11 Operational and energy requirements
	
	
	

	92.111 Operational requirement
	
	
	

	Does the City have sufficient equipment, including routine laboratory testing for monitoring and process control, a trained operator, and financial resources to properly operate and manage the system? 
	|_|
	|_|
	|_|

	92.112 Energy requirements
	
	
	

	Particular attention should be given to initial operation when oxygen demands may be significantly less than the design oxygen demand. The design should always maintain the minimum mixing levels; mixing may control power requirements at low oxygen demands.
	
	
	

	Have energy costs and potential mandatory emergency public power reduction events in relation to critical water quality conditions been carefully evaluated? 
	|_|
	|_|
	|_|

	Does the activated sludge process design include capability of energy phasedown while maintaining process viability, both under normal and emergency energy availability conditions? Refer to Paragraph 56.12
	|_|
	|_|
	|_|

	Have energy conservation measures been considered in design of aeration systems? (TN DEC, 2016)
	|_|
	|_|
	|_|

	Have duplication of critical units (pumps, aerators, motors) as well as standby units (tanks, generator, etc.) been provided? (MPCA, 2017) 
	|_|
	|_|
	|_|

	Identify the type of standby or auxiliary power provided for aeration and pumping equipment:
     
	
	
	

	Have the following been considered for diffused aeration systems: (TN DEC, 2016)
	
	
	

	a. Use of smaller compressors and more units
	|_|
	|_|
	|_|

	b. Variable-speed drives on positive-displacement compressors
	|_|
	|_|
	|_|

	c. Intake throttling on centrifugal compressors
	|_|
	|_|
	|_|

	d. Use of high-efficiency diffusers
	|_|
	|_|
	|_|

	Have the following been considered for mechanical aeration systems: (TN DEC, 2016)
	
	
	

	a. Use of smaller aerators
	|_|
	|_|
	|_|

	b. Variable aeration tank weirs
	|_|
	|_|
	|_|

	c. Multiple speed motors
	|_|
	|_|
	|_|

	d. Use of timers
	|_|
	|_|
	|_|

	92.12 Specific process selection
	
	
	

	The activated sludge process and its several modifications may be employed to accomplish varied degrees of removal of suspended solids and reduction of carbonaceous and/or nitrogenous oxygen demand. Choice of the process most applicable will be influenced by the degree and consistency of treatment required, type of wastewater to be treated, proposed plant size, anticipated degree of operation and maintenance, and operating and capital costs. All designs should provide flexibility in operation and should provide for operation in various modes, if feasible.
Flexibility allows for at least three modes of operation (two for extended aeration). Flexibility refers to providing several modifications, series and parallel operation, numerous return and waste sludge flow options, etc.
	
	
	

	Does the design provide flexibility in operation and operation in various modes? 
	|_|
	|_|
	|_|

	Is aeration tank system, except extended aeration, designed to accommodate at least three modes of operation (such as plug flow, complete mix, contact-stabilization, step feed etc.)? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	Identify modes of operation:
     
	
	
	

	Are two modes of operation for extended aeration systems larger than 0.5 mgd considered? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	Identify modes of operation:
     
	
	
	

	92.13 Winter protection
	
	
	

	Winter protection for the aeration tanks may consist of wind walls, earthen bank insulation, and extra freeboard.
	
	
	

	Is protection against freezing provided to ensure continuity of operation and performance? 
	|_|
	|_|
	|_|

	Are secondary clarifiers and aerobic digesters covered?
	|_|
	|_|
	|_|

	Is the insulation of the aeration tanks considered to protect against freezing or adverse process impacts due to heat loss? 
	|_|
	|_|
	|_|

	Is other equipment such as blowers, pumps, etc. protected from freezing?
	|_|
	|_|
	|_|

	Are walkways located away from or sufficiently elevated above water levels and are grated walkways used to prevent ice buildup?
	|_|
	|_|
	|_|

	92.2 Pretreatment
	
	
	

	Where primary settling is used, are provisions made for discharging raw wastewater directly to the aeration tanks to facilitate plant start-up and operation during the initial stages of the plant’s design life? 
	[bookmark: Check43]|_|
	[bookmark: Check54]|_|
	[bookmark: Check65]|_|

	Where primary settling tanks are not used, is effective removal or exclusion of grit, debris, excessive oil or grease, and screening of solids accomplished prior to the activated sludge process?
	[bookmark: Check44]|_|
	[bookmark: Check55]|_|
	[bookmark: Check66]|_|

	Where primary settling tanks are not used, are screening devices with clear openings of ¼ inch or less or other devices of equal effectiveness for removal of solids provided? 
	[bookmark: Check45]|_|
	[bookmark: Check56]|_|
	[bookmark: Check67]|_|

	92.3 Aeration
	
	
	

	92.31 Capacities and permissible loadings
	
	
	

	Is the size of aeration tank for any particular adaptation of the process determined by full scale experience, pilot plant studies, or rational calculations based mainly on SRT, F/M ratio and MLSS levels?
	[bookmark: Check48]|_|
	[bookmark: Check59]|_|
	[bookmark: Check70]|_|

	Are other factors, such as size of treatment plant, diurnal load variations, and degree of treatment required, also considered when making a determination on the size of the aeration tank for any particular adaption of the process?
	[bookmark: Check49]|_|
	[bookmark: Check60]|_|
	[bookmark: Check71]|_|

	When designing for nitrification, are the temperature, alkalinity, pH and reactor dissolved oxygen considered?
	[bookmark: Check50]|_|
	[bookmark: Check61]|_|
	[bookmark: Check72]|_|

	Are the calculations to justify the basis of the aeration tank capacity design attached?
(Design calculations using process design values differing substantially from those in the Permissible aeration tank capacities and loadings table below should reference actual operational plants)
	[bookmark: Check51]|_|
	[bookmark: Check62]|_|
	[bookmark: Check73]|_|

	When aeration tank organic volumetric loading rates exceed the values in the Permissible aeration tank capacities and loadings table, has the utilization of flow equalization facilities been considered?
	[bookmark: Check52]|_|
	[bookmark: Check63]|_|
	[bookmark: Check74]|_|

	Permissible aeration tank capacities and loadings table
(Applies to plants receiving diurnal load ratios of design peak hourly BOD5 to design average BOD5 ranging from 2:1 to 4:1)
	
	
	

	
	
	
	Aeration Tank
	
	
	
	
	

	
	Process
	SRT
days
	Organic Volumetric Loadinga
lb BOD5/d/1000 ft3
	F/M Ratio
Ib. BOD5/
d/lb MLVSSb
	MLSSc
mg/L
	
	
	

	
	Conventional, step aeration, complete mix
	3-10
	40
	0.2-0.5
	1,000-3,000
	
	
	

	
	Single-stage nitrification
	>10
	20
	0.1-0.2
	2,000-5,000
	
	
	

	
	Contact stabilization
	5-10
	50d
	0.2-0.6
	1,000-3,000
	
	
	

	
	Extended aeration
	>15
	15
	0.05-0.1
	3,000-5,000
	
	
	

	
	aOrganic Volumetric loadings are based on the influent organic load to the aeration tank at design average BOD5
bMLVSS is the mixed liquor volatile suspended solids content in the aeration tank
cMaximum MLSS values are dependent upon the surface area provided for sedimentation in the secondary settling tank(s), sludge settling characteristics, the rate of RAS flow, and the aeration process
dTotal aeration capacity includes both contact and reaeration capacities. Normally the contact zone equals 30-35% of the total aeration capacity.
	
	
	

	When design MLSS > 5000 mg/L, is adequate data attached showing the aeration and clarification systems are capable of supporting such levels?
	|_|
	|_|
	|_|

	Are there any unusual factors that affect design such as excessive diurnal load (> 4:1, < 2:1) variations, stricter degree of treatment than 25 mg/L BOD5, 30 mg/L TSS, Temperatures, pH, etc.?
	|_|
	|_|
	|_|

	Are wastes with high concentrations of BOD diurnal load ratios or peak hourly BOD5 to average BOD5 of greater than 4:1 handled by complete mix activated sludge?
	|_|
	|_|
	|_|

	Is an activated sludge treatment process selected, other than contact stabilization, to handle wastewater with a high soluble BOD such as dairy waste?
	|_|
	|_|
	|_|

	Have lab tests been performed on mixtures of industrial and domestic wastes?
	|_|
	|_|
	|_|

	Is conventionally activated sludge designed for slightly higher organic loadings when the system has the capability to operate in a mode that can handle higher loadings?
	|_|
	|_|
	|_|

	For step feed plants, does influent hydraulic design allow all flow to enter any single controllable pass?
	|_|
	|_|
	|_|

	92.32 Arrangement of aeration tanks
	
	
	

	92.32a. Dimensions
	
	
	

	Do dimensions of each independent mixed liquor aeration tank or return sludge reaeration tank allow for effective mixing and utilization of air to be maintained?
	|_|
	|_|
	|_|

	Is the liquid depth equal or greater than 10 ft or equal and less than 30 ft? 
	|_|
	|_|
	|_|

	For horizontally mixed aeration tanks, is the liquid depth equal or greater than 5.5 ft?
	|_|
	|_|
	|_|

	[bookmark: Text276]Identify liquid depth:         ft
	
	
	

	[bookmark: _Hlk214108445]Are deep aeration tanks utilizing surface aeration avoided unless there is assurance of adequate mixing? 
	|_|
	|_|
	|_|

	Have fillets been provided around the bottom of aeration tanks where the wall and bottom meet to eliminate dead spots? (TN DEC, 2016)
	|_|
	|_|
	|_|

	92.32b. Short-circuiting
	
	
	

	Does the shape of the aeration tank, location of influent and sludge return, and installation of aeration equipment provide positive control to prevent short-circuiting of wastewater through the tank? 
	|_|
	|_|
	|_|

	92.321 Number of units
	
	
	

	Is total aeration tank volume divided among two or more units, capable of independent operation? 
	|_|
	|_|
	|_|

	Is the dual aeration tank requirement met as specified in the MPCA Reliability for Mechanical Wastewater Treatment Plants Guidelines? (MPCA, 2017)
There must be a sufficient number of units of a size such that, with the largest unit out of service, the remaining units will have a design load capacity of at least 50% of the total design loading to that unit operation.
	|_|
	|_|
	|_|

	If additional aeration tanks are designed specifically for nitrogen removal, are these tanks not considered when determining if the requirement for dual aeration for secondary treatment activated sludge is satisfied? (M and E, 2014)
	|_|
	|_|
	|_|

	[bookmark: _Hlk157501404]For plants with initial flows of less than one-half (1/2) design flow, does the plant have two or more aeration basins? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	92.322 Inlets and outlets
	
	
	

	92.322a. Controls
	
	
	

	Are the inlets and outlets for each aeration tank equipped with valves, gates, stop plates, weirs, or other devices to allow for flow control to any unit and to maintain a reasonably constant liquid level? 
	|_|
	|_|
	|_|

	Is the effluent weir for a horizontally mixed aeration tank system easily adjustable by mechanical means? 
	|_|
	|_|
	|_|

	Is the effluent weir for a horizontally mixed aeration tank system sized based on the design peak instantaneous flow plus the maximum return sludge flow? Refer to Paragraph 92.41 
	|_|
	|_|
	|_|

	Do the hydraulic properties of the system permit the design peak instantaneous flow to be carried with any single aeration tank unit out of service? 
	|_|
	|_|
	|_|

	Do all flow splitting devices have a vertical inlet into the splitter and is the flow split by overflowing horizontal surfaces capable of being adjusted to the same elevation? (MPCA, 2017)
	|_|
	|_|
	|_|

	When two or more tanks are installed, are both series and parallel flow schemes available? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	Does each train of aeration tank(s) and clarifier(s) have its own separate return and waste sludge pumping facilities, as well as intergroup return and wasting sludge capabilities? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	92.322b. Conduits
	
	
	

	Are channels and pipes carrying liquids with solids in suspension designed to maintain self-cleansing velocities or agitated to keep such solids in suspension at all rates of flow within the design limits? 
	|_|
	|_|
	|_|

	[bookmark: Text277]Identify self-cleansing velocity:         ft   minimum of 2 fps
	
	
	

	Are adequate provisions made to drain segments of channels which are not being used due to alternate flow patterns? 
	|_|
	|_|
	|_|

	Is access in aeration tank and settling, scum collection, level weirs, etc. in clarifier available to allow for observing aeration tank contents, mixing pattern, sampling etc.? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	Does each compartment have load-bearing walls for individual compartment dewatering? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	Is the bottom of each compartment sloped so that complete drainage is possible? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	Is each aeration tank drainage discharged upstream of the activated sludge process? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	For each individual compartment, is piping for bypassing and dewatering provided? (U.S. EPA, 1978a)
	|_|
	|_|
	|_|

	Are pressure relief valves provided in each compartment? (M and E, 2014)
	|_|
	|_|
	|_|

	92.323 Freeboard
	
	
	

	When no mechanical surface aerator is used, do all aeration tanks have a freeboard of not less than 18 inches? 
	|_|
	|_|
	|_|

	When a mechanical surface aerator is used, do all tanks have a freeboard not less than 3 ft to protect against windblown spray freezing on walkways, etc.? 
	|_|
	|_|
	|_|

	Identify freeboard depth:         ft
	
	
	

	Do tanks with freeboard greater than 18 inches provide rails, steps, or other means of egress from each aeration tank? 
	|_|
	|_|
	|_|

	Are additional freeboard or windbreak provided to protect against freezing or windblown spray?
	|_|
	|_|
	|_|

	92.33 Aeration equipment
	
	
	

	92.331 General
	
	
	

	Oxygen requirements generally depend on maximum diurnal organic loading (design peak hourly BOD5 as described in Paragraph 11.251), degree of treatment, and level of suspended solids concentration to be maintained in the aeration tank mixed liquor.
	
	
	

	Is aeration equipment capable of maintaining a minimum of 2 mg/L of dissolved oxygen in the mixed liquor at all times and provide thorough mixing of the mixed liquor? 
	|_|
	|_|
	|_|

	Identify minimum dissolved oxygen concentration that can be maintained by aeration equipment:         mg/L
	
	
	

	In the absence of experimentally determined values, are the design oxygen requirements for all activated sludge processes (except extended aeration process) 1.1 lb O2/lb design peak hourly BOD5 applied to the aeration tanks? 
	|_|
	|_|
	|_|

	Identify design oxygen requirement:        lb O2/d
	
	
	

	In the absence of experimentally determined values, are the design oxygen requirements for extended aeration process 1.5 lb O2/lb design peak hourly BOD5 to include endogenous respiration requirements?
	|_|
	|_|
	|_|

	Identify design oxygen requirement:        lb O2/d
	
	
	

	Where nitrification is required or will occur, is the oxygen requirement for oxidizing ammonia added to the above design oxygen requirements for carbonaceous BOD5 removal and, where applicable, endogenous respiration requirements?
	|_|
	|_|
	|_|

	Where nitrification is required or will occur and the oxygen requirement for oxidizing ammonia is added to the design oxygen requirements, is the nitrogenous oxygen demand (NOD) taken as 4.6 times the diurnal peak hourly TKN content of the influent? 
	|_|
	|_|
	|_|

	Identify design nitrogenous oxygen requirement:
       lb O2/d
       lb O2/ lb BOD5
	
	
	

	Are the oxygen demands due to the recycle flows (e.g., digester, thickener, or sludge storage facilities supernatant, sludge dewatering centrate/filtrate, wet oxidation return stream, etc.) considered due to high concentrations of BOD5 and TKN associated with such flows? 
	|_|
	|_|
	|_|

	Identify total design oxygen requirement of recycle flow:
       lb O2/d
       lb O2/ lb BOD5
	
	
	

	Is careful consideration given to maximizing oxygen utilization per unit of power input? 
	|_|
	|_|
	|_|

	Unless flow equalization is provided, is the aeration system designed to match the diurnal organic load variation while economizing on power input? Refer to Paragraph 92.31
	|_|
	|_|
	|_|

	92.332 Diffused air systems
	
	
	

	Is the diffused air system designed according to either of the two methods described below in (a) and (b), and augmented as required by consideration of items (c) through (h)? 
	|_|
	|_|
	|_|

	a. Are the air requirements determined by using any of the well-known equations and incorporating such factors as follows?
	|_|
	|_|
	|_|

	1. [bookmark: Text283]Tank depth:         ft
	
	
	

	2. and 3. Alpha and Beta factors
(In absence of experimentally determined alpha and beta factors, assume wastewater oxygen transfer efficiency <50% of clean water efficiency where +90 % of waste is domestic sewage. Higher industrial percentages should have lower percentage of clean water efficiencies
	
	
	

	[bookmark: Text264]Alpha:      
	
	
	

	[bookmark: Text265]Beta:       
	
	
	

	Are calculations justifying Alpha and Beta factors percentages attached for wastewater containing higher percentages of industrial wastes?
	[bookmark: Check75]|_|
	[bookmark: Check76]|_|
	[bookmark: Check77]|_|

	4. [bookmark: Text278]Certified aeration device oxygen transfer efficiency:       
	
	
	

	Is the design oxygen transfer efficiency included in the specifications?
	[bookmark: Check598]|_|
	[bookmark: Check599]|_|
	[bookmark: Check600]|_|

	5. [bookmark: Text279]Minimum aeration tank dissolved oxygen concentration:         mg/L
	
	
	

	6. [bookmark: Text280]Critical wastewater temperature:         0F
	
	
	

	7. [bookmark: Text281]Altitude of plant:         ft
	
	
	

	b. Are the air requirements for activated sludge processes1,500 ft3/lb BOD5 aeration tank loading at standard conditions of pressure, temperature, and humidity?
	[bookmark: Check601]|_|
	[bookmark: Check602]|_|
	[bookmark: Check603]|_|

	For extended aeration process, Are the air requirements 2,050 ft3/lb BOD5 aeration tank loading?
	[bookmark: Check595]|_|
	[bookmark: Check596]|_|
	[bookmark: Check597]|_|

	Identify air requirements for diffused air systems:         ft3/lb BOD5
	
	
	

	c. Is the air required for channels, pumps, aerobic digesters, or other air-use demand and to satisfy oxygen demands due to recycle flows (e.g., digester, thickener, or sludge storage facilities supernatant, sludge dewatering centrate/filtrate, wet oxidation return system, etc.) added to the air requirements calculated above? 
	[bookmark: Check78]|_|
	[bookmark: Check79]|_|
	[bookmark: Check80]|_|

	Identify the total air requirements:         cfm
(Total air requirements = air requirements for diffused air system and additional air requirements for channels, pumps, digesters etc.)
	
	
	

	d. Does the specified capacity of blowers or air compressors, particularly centrifugal blowers, consider that air intake temperature may reach 115oF or higher and that the pressure may be less than normal?
	[bookmark: Check81]|_|
	[bookmark: Check82]|_|
	[bookmark: Check83]|_|

	Does the specified capacity of the motor drive also consider that the intake air may be -20oF or less and may require oversizing of the motor or a means of reducing the rate of air delivery to prevent overheating or damage to the motor?
	[bookmark: Check84]|_|
	[bookmark: Check85]|_|
	[bookmark: Check86]|_|

	[bookmark: Text266]Identify the high air intake temperature for blower or air compressor:         0F
	
	
	

	Identify the low air intake temperature for motor drive:         0F
	
	
	

	e. Are blowers in multiple units so arranged and, in such capacities, to meet maximum air demand (both oxygen and mixing requirements) with the single largest unit out of service?
	[bookmark: Check87]|_|
	[bookmark: Check88]|_|
	[bookmark: Check89]|_|

	Does the design of blowers provide for varying the volume of air delivered in proportion to oxygen demand of the waste load to the activated sludge process?
	|_|
	|_|
	|_|

	Is the aeration equipment easily adjustable in increments and can the equipment maintain solids in suspension within these limits?
	[bookmark: Check90]|_|
	[bookmark: Check91]|_|
	[bookmark: Check92]|_|

	f. Are the diffuser systems capable of providing 200% of the design average day oxygen demand, at a minimum?
	[bookmark: Check93]|_|
	[bookmark: Check94]|_|
	[bookmark: Check95]|_|

	Are air diffusion piping and diffuser systems capable of delivering normal air requirements with minimal friction losses?
	[bookmark: Check96]|_|
	[bookmark: Check97]|_|
	[bookmark: Check98]|_|

	Are air piping systems designed such that total head loss from blower outlet (or silencer outlet where used) to the diffuser inlet does not exceed 0.5 psi at average operating conditions?
	[bookmark: Check99]|_|
	[bookmark: Check100]|_|
	[bookmark: Check101]|_|

	Identify total head loss:         psi
	
	
	

	Is the spacing of diffusers in accordance with the mixing (especially where mechanical mixing is not provided) and oxygen requirements through the length of channel or tank and designed to facilitate adjustment of their spacing without major revisions to air header piping?
	[bookmark: Check102]|_|
	[bookmark: Check103]|_|
	[bookmark: Check104]|_|

	Does the design incorporate removable diffusers that can be serviced and/or replaced without dewatering the tank if the plant has less than four independent aeration tanks?
	[bookmark: Check105]|_|
	[bookmark: Check106]|_|
	[bookmark: Check107]|_|

	g. Are individual diffusers equipped with control valves with indicator markings for throttling or for complete shutoff?
	[bookmark: Check108]|_|
	[bookmark: Check109]|_|
	[bookmark: Check110]|_|

	Do diffusers in any single assembly have substantially uniform pressure loss?
	[bookmark: Check111]|_|
	[bookmark: Check112]|_|
	[bookmark: Check113]|_|

	h. Are air filters provided in numbers, arrangements, and capacities to furnish at all times an air supply free from dust to prevent damage to blowers and clogging of the diffuser system used?
	[bookmark: Check114]|_|
	[bookmark: Check115]|_|
	[bookmark: Check116]|_|

	Is adequate workspace provided around each blower and other equipment for easy maintenance access?
	[bookmark: Check117]|_|
	[bookmark: Check118]|_|
	[bookmark: Check119]|_|

	Is a minimum air flow of 20-30 cfm/1000 ft3 provided for adequate mixing velocities and to avoid depositing of solids? (M and E, 2014)
	[bookmark: Check120]|_|
	[bookmark: Check121]|_|
	[bookmark: Check122]|_|

	Identify minimum air flow:         cfm/1000 ft3
	
	
	

	For a grid aeration system, are mixing rates of 10-15 cfm/1000 ft3 provided? (M and E, 2014)
	[bookmark: Check123]|_|
	[bookmark: Check124]|_|
	[bookmark: Check125]|_|

	Identify mixing rate:         cfm/1000 ft3
	
	
	

	Is a bypass to the atmosphere installed to avoid surging and arranged to be open at starting and at all times when the airflow is less than that at the surge point? (M and E, 2014)
	[bookmark: Check126]|_|
	[bookmark: Check127]|_|
	[bookmark: Check128]|_|

	Is the use of aluminum pipe avoided due to corrosion issues? (MOP 8, 2018)
	[bookmark: Check129]|_|
	[bookmark: Check130]|_|
	[bookmark: Check131]|_|

	Identify type of material(s) used:       
	
	
	

	Are the centrifugal blowers and rotary positive displacement blowers provided with both inlet and discharge silencers to reduce the high-pitched whine that is transmitted to the piping? (M and E, 2014)
	[bookmark: Check132]|_|
	[bookmark: Check133]|_|
	[bookmark: Check134]|_|

	Is a hoist provided to raise diffusers? (TN DEC, 2016)
	[bookmark: Check135]|_|
	[bookmark: Check136]|_|
	[bookmark: Check137]|_|

	Are air filters with easy access provided for blowers? (MOP 8, 2018)
	[bookmark: Check592]|_|
	[bookmark: Check593]|_|
	[bookmark: Check594]|_|

	Is soundproofing provided between blower room and other work areas?
	[bookmark: Check138]|_|
	[bookmark: Check139]|_|
	[bookmark: Check140]|_|

	Are airflow rate meters provided for each aeration compartment in addition to a total air flow rate meter? (U.S. EPA, 1978)
	[bookmark: Check141]|_|
	[bookmark: Check142]|_|
	[bookmark: Check143]|_|

	92.333 Mechanical aeration system
	
	
	

	a. Oxygen transfer performance
	
	
	

	Are the mechanism and drive unit designed for the expected conditions in aeration tank in terms of power performance?
	[bookmark: Check144]|_|
	[bookmark: Check145]|_|
	[bookmark: Check146]|_|

	Is certified testing provided to verify mechanical aerator performance? Refer to applicable provisions of Paragraph 92.332
	[bookmark: Check148]|_|
	[bookmark: Check149]|_|
	[bookmark: Check147]|_|

	In the absence of specific design information, are the oxygen requirements calculated using a transfer rate not to exceed 2 lbs of O2/hp/hr in clean water under standard test conditions?
	[bookmark: Check150]|_|
	[bookmark: Check151]|_|
	[bookmark: Check152]|_|

	What are the calculated oxygen requirements?         lbs O2/hp/hr
	
	
	

	Are the design transfer efficiencies included in the specifications?
	[bookmark: Check153]|_|
	[bookmark: Check154]|_|
	[bookmark: Check155]|_|

	b. Design requirements
	
	
	

	Will a minimum of 2.0 mg/L of dissolved oxygen in the mixed liquor be maintained by the mechanical aeration system at all times in the aerated zone?
	[bookmark: Check517]|_|
	[bookmark: Check531]|_|
	[bookmark: Check538]|_|

	Can the mechanical aeration system maintain all the biological solids in suspension?
	[bookmark: Check518]|_|
	[bookmark: Check527]|_|
	[bookmark: Check539]|_|

	For a horizontally mixed aeration tank system, will an average velocity of 1 fps be maintained?
	[bookmark: Check519]|_|
	[bookmark: Check529]|_|
	[bookmark: Check540]|_|

	Can the mechanical aeration system meet maximum oxygen demand and maintain process performance with largest unit out of service?
	[bookmark: Check520]|_|
	[bookmark: Check530]|_|
	[bookmark: Check541]|_|

	Does the mechanical aeration system provide for varying the amount of oxygen transferred in proportion to the oxygen demand of the waste load to the activated sludge process?
	[bookmark: Check521]|_|
	[bookmark: Check532]|_|
	[bookmark: Check542]|_|

	Does the mechanical aeration system allow for motors, gear housing, bearings, grease fittings etc., to be easily accessible and protected from inundation and spray as necessary for proper functioning of the unit?
	[bookmark: Check522]|_|
	[bookmark: Check533]|_|
	[bookmark: Check543]|_|

	Are mixing requirements vary from 0.75 to 1.5 hp/1000 ft3 tank volume for complete mixing? (Crites & Tchobanoglous, 1998)
	[bookmark: Check523]|_|
	[bookmark: Check534]|_|
	[bookmark: Check544]|_|

	Are aeration devices in small plants have time minute increments?
	[bookmark: Check524]|_|
	[bookmark: Check535]|_|
	[bookmark: Check545]|_|

	For mechanical aerators, are adjustable aeration tank outlet weirs provided for varying submergence of the aerators?
	[bookmark: Check525]|_|
	[bookmark: Check536]|_|
	[bookmark: Check546]|_|

	If there is only one aeration tank, can aerators be replaced without dewatering the tank? (MPCA, 2017)
	[bookmark: Check547]|_|
	[bookmark: Check559]|_|
	[bookmark: Check571]|_|

	For single mechanical aerator systems, are additional motor and bearings for brush aerator systems provided?
	[bookmark: Check548]|_|
	[bookmark: Check560]|_|
	[bookmark: Check572]|_|

	Are there at least two aerators per unit so that replacement can be accomplished without dewatering the tank? (MPCA, 2017)
	[bookmark: Check549]|_|
	[bookmark: Check561]|_|
	[bookmark: Check573]|_|

	c. Winter protection
	
	
	

	Are the aerator mechanisms and associated structure protected from freezing and ice buildup due to splashing and spray?
	[bookmark: Check551]|_|
	[bookmark: Check563]|_|
	[bookmark: Check575]|_|

	Are the subsequent treatment units protected from freezing due to high heat loss?
	[bookmark: Check552]|_|
	[bookmark: Check564]|_|
	[bookmark: Check576]|_|

	92.4 Return sludge equipment
	
	
	

	Do airlift pumps used for return sludge and waste sludge have air flow regulators with gauged handles for control of return sludge and waste sludge rates?
	[bookmark: Check554]|_|
	[bookmark: Check566]|_|
	[bookmark: Check578]|_|

	Is the Return sludge added to the influent wastewater prior to entering the aeration tank or added to the aeration tank in a manner and location that assures adequate mixing with the influent waste?
	[bookmark: Check555]|_|
	[bookmark: Check567]|_|
	[bookmark: Check579]|_|

	Is chlorination flexibility provided for chlorination of return sludge? (M and E, 2014)
	[bookmark: Check556]|_|
	[bookmark: Check568]|_|
	[bookmark: Check580]|_|

	92.41 Return sludge rate
	
	
	

	The minimum permissible withdrawal rate of return sludge from the final settling tank is a function of the concentration of suspended solids in the mixed liquor entering it, the settling characteristics of these solids, and the length of time these solids are retained in the settling tank
	
	
	

	Is the rate of sludge return expressed as a percentage of design average flow of wastewater variable and between limits set in the % Design Average Flow table below?
	[bookmark: Check583]|_|
	[bookmark: Check584]|_|
	[bookmark: Check585]|_|

	
	% of Design average flow
	

	Type of process
	Minimum
	Maximum
	

	Conventional, step aeration, or complete mix
	15
	100
	

	Contact stabilization
	50
	150
	

	Single-stage nitrification
	50
	150
	

	Extended aeration
	50
	150
	

	Carbon oxidation stage of separate-stage nitrification
	15
	100
	

	Nitrification stage of separate-stage nitrification
	50
	200
	

	Can the rate of sludge return be varied by means of variable speed motors, drives, or timers (small plants) to pump sludge at the above rates?
	[bookmark: Check156]|_|
	[bookmark: Check157]|_|
	[bookmark: Check158]|_|

	Does the design provide for flexibility in operation and operation in various process modes?
	[bookmark: Check159]|_|
	[bookmark: Check160]|_|
	[bookmark: Check161]|_|

	Identify minimum return sludge rate as percentage of design average flow:         %
	
	
	

	Identify maximum return sludge rate as percentage of design average flow:         %
	
	
	

	Identify method of varying rate of sludge return (variable speed motors, drives or timers; timers for small facilities and as a last resort only) obtained with largest return pump:
       type
	
	
	

	92.42 Return sludge pumps
	
	
	

	Is access provided at top of airlifts to remove accumulated debris?
	[bookmark: Check162]|_|
	[bookmark: Check167]|_|
	[bookmark: Check172]|_|

	If motor drive return sludge pumps are used, can maximum return sludge capacity be obtained with largest return pump out of service?
	[bookmark: Check163]|_|
	[bookmark: Check168]|_|
	[bookmark: Check173]|_|

	Is a positive head provided on pump suctions?
	[bookmark: Check164]|_|
	[bookmark: Check169]|_|
	[bookmark: Check174]|_|

	Do pumps have at least a 3-inch suction and discharge openings?
	[bookmark: Check165]|_|
	[bookmark: Check170]|_|
	[bookmark: Check175]|_|

	Is the diameter of air lifts at least 3 inches?
	[bookmark: Check166]|_|
	[bookmark: Check171]|_|
	[bookmark: Check176]|_|

	When air lifts are used for returning sludge from each settling tank hopper, do the design of the air lifts facilitate their rapid and easy cleaning and are other suitable standby measures provided so that no standby unit is required?
	[bookmark: Check177]|_|
	[bookmark: Check178]|_|
	[bookmark: Check179]|_|

	92.43 Return sludge piping
	
	
	

	Is the discharge piping at least 4 inches in diameter?
	[bookmark: Check180]|_|
	[bookmark: Check183]|_|
	[bookmark: Check186]|_|

	Is the return sludge piping designed to maintain a velocity of not less than 2 fps when return sludge facilities are operating at normal return sludge rates?
	[bookmark: Check181]|_|
	[bookmark: Check184]|_|
	[bookmark: Check187]|_|

	Are suitable devices for observing, sampling, measuring, and controlling return activated sludge flow from each settling tank hopper provided as outlined in Paragraph 73.24?
(list type separately)
	[bookmark: Check182]|_|
	[bookmark: Check185]|_|
	[bookmark: Check188]|_|

	Observing
	     
	
	
	

	Sampling
	     
	
	
	

	Measuring
	     
	
	
	

	Controlling
	     
	
	
	

	Identify locations for return sludge discharge:
[bookmark: Text282]     
	
	

	92.44 Waste sludge facilities
	
	
	

	[bookmark: Text274]What is the type of waste sludge handling?       
	
	
	

	[bookmark: Text275]What is the type of waste sludge control (manual, timer, % of return sludge, etc.)?       
	
	
	

	Do waste sludge control facilities have a capacity of at least 25 percent of the design average rate of wastewater flow?
	[bookmark: Check195]|_|
	[bookmark: Check196]|_|
	[bookmark: Check197]|_|

	Do waste sludge control facilities function satisfactorily at rates of 0.5% of design average wastewater flow or a minimum of 10 gpm, whichever is larger?
	[bookmark: Check189]|_|
	[bookmark: Check190]|_|
	[bookmark: Check191]|_|

	Is the waste sludge discharged to the primary settling tank, sludge digestion tank, sludge thickening or dewatering process, storage tank, or any practical combination of these units?
	[bookmark: Check193]|_|
	[bookmark: Check194]|_|
	[bookmark: Check192]|_|

	Identify locations for waste sludge discharge:
     
	
	
	

	Are suitable devices for observing, sampling, controlling, and measuring WAS flow provided?
(list type separately)
	
	
	

	Observing
	     
	
	
	

	Sampling
	     
	
	
	

	Measuring
	     
	
	
	

	Controlling
	     
	
	
	

	92.5 Measuring devices
	
	
	

	Measurement devices should be located to measure flows to each tank unit. This means if flow splitting is utilized, measurement should be located downstream of the flow splitting device to measure flows after splitting. When a totalizer and recorder are available to measure flows prior to flow splitting, a weir may be sufficient to satisfy flow measurement after splitting.
	
	
	

	When a totalizer and recorder are available to measure flows prior to flow splitting, is a weir used to satisfy flow measurement after splitting?
	[bookmark: Check198]|_|
	[bookmark: Check199]|_|
	[bookmark: Check200]|_|

	Are devices installed in all plants for indicating flow rates of raw wastewater or primary effluent, RAS, WAS, and air to each tank unit?
	[bookmark: Check201]|_|
	[bookmark: Check202]|_|
	[bookmark: Check203]|_|

	For facilities with a design average wastewater flow of 1 mgd or more, can measuring devices for return and waste sludge totalize and record, as well as indicate flows?
	[bookmark: Check204]|_|
	[bookmark: Check205]|_|
	[bookmark: Check206]|_|

	Where the design provides for all return sludge to be mixed with raw wastewater (or primary effluent) at one location, is the mixed liquor flow rate to each aeration unit measured?
	[bookmark: Check207]|_|
	[bookmark: Check208]|_|
	[bookmark: Check209]|_|

	92.6 Biological nutrient removal (BNR)
	
	
	

	Do vital components for internal mixed liquor recycle and mechanical mixing systems meet the guidelines for continuity of treatment established by the MPCA?
	[bookmark: Check586]|_|
	[bookmark: Check587]|_|
	[bookmark: Check588]|_|

	If a proprietary BNR system is proposed, was the manufacturer consulted for design details?
	[bookmark: Check210]|_|
	[bookmark: Check211]|_|
	[bookmark: Check212]|_|

	Is the BNR design based on experience at other BNR facilities and does it meet the applicable requirements under Chapters 50, 70 and 90, except as modified in this Paragraph?
	[bookmark: Check213]|_|
	[bookmark: Check214]|_|
	[bookmark: Check215]|_|

	Has consideration been given to wastewater composition, type of BNR treatment process, peak wastewater flow rates, actual nutrient loading relative to the plant design capacity (with all recycle flows excluded), effluent requirements, presence of biological inhibitors or toxic constituents, initial low flow conditions, anticipated treatment efficiency, sidestream recycle flows (e.g., digestor, thickener, or sludge storage facilities supernatant, sludge dewatering centrate/filtrate, wet oxidation return stream, etc.), internal recycle flows (e.g., mixed liquor, RAS), chemical usage, process control and maintenance requirements, optimum operation for water quality protection, and many other factors?
	[bookmark: Check216]|_|
	[bookmark: Check217]|_|
	[bookmark: Check218]|_|

	Is an external carbon source included in the organic loadings used for wastewater treatment plant design? 
	[bookmark: Check219]|_|
	[bookmark: Check220]|_|
	[bookmark: Check221]|_|

	Does the BNR system provide flexibility in operation and for operation in various BNR modes?
	[bookmark: Check222]|_|
	[bookmark: Check223]|_|
	[bookmark: Check224]|_|

	92.61 Definitions
	
	
	

	Aerobic (or Oxic) condition – A condition in which free oxygen (i.e., O2) is available in an aqueous environment.
	
	
	

	Anoxic condition – A condition in which oxygen is only available in a combined form, such as NO3-, NO2-, or sulfate SO4-2 in an aqueous environment.
	
	
	

	Anaerobic condition – A condition in which neither dissolved free oxygen nor dissolved combined oxygen are in an aqueous environment.
	
	
	

	92.62 Enhanced biological phosphorus removal (EBPR)
	
	
	

	Phosphorus accumulating organisms (PAOs) in EBPR process biological solids incorporate phosphorus into their cell mass in excess of their metabolic requirements, allowing them to achieve enhanced removal of phosphorus from wastewater. Exposure of activated sludge microorganisms to alternating anaerobic and aerobic conditions allows PAOs to proliferate in numbers sufficient to remove phosphorus.
	
	
	

	Does the design ensure readily biodegradable organic matter in sufficient quantities is available in an anaerobic environment to promote proliferation of PAOs?
	[bookmark: Check225]|_|
	[bookmark: Check226]|_|
	[bookmark: Check227]|_|

	Is the amount of readily biodegradable organic matter increased by fermentation of wastewater, sludge or a fermentable supplemental carbon source or by the addition of supplemental VFAs such as acetic acid? 
	[bookmark: Check228]|_|
	[bookmark: Check229]|_|
	[bookmark: Check230]|_|

	Identify additional biodegradable matter source (external carbon source, VFA etc.):
     
	
	
	

	Is the volume of the anaerobic zone large enough to accommodate EBPR without switching off mechanical mixers? 
	[bookmark: Check231]|_|
	[bookmark: Check232]|_|
	[bookmark: Check233]|_|

	Is the amount of sludge subjected to anaerobic conditions relative to total mass of sludge in all of the BNR reactor zones (i.e., design anaerobic mass fraction) more than 12%, with 20-25% being desirable? 
	[bookmark: Check234]|_|
	[bookmark: Check235]|_|
	[bookmark: Check236]|_|

	Are timers and/or VFDs for mechanical mixers provided for all plants to allow for process optimization?
	[bookmark: Check237]|_|
	[bookmark: Check238]|_|
	[bookmark: Check239]|_|

	Is baffling to maintain zone integrity and prevent any short-circuiting and back-mixing considered?
	[bookmark: Check240]|_|
	[bookmark: Check241]|_|
	[bookmark: Check242]|_|

	Are both dissolved oxygen and combined oxygen (e.g., NO3-) excluded to create truly anaerobic conditions?
	[bookmark: Check243]|_|
	[bookmark: Check244]|_|
	[bookmark: Check245]|_|

	Does the EBPR process configurations include the denitrification process to limit the NO3- concentration in the anaerobic zone?
	[bookmark: Check246]|_|
	[bookmark: Check247]|_|
	[bookmark: Check248]|_|

	In cases where readily biodegradable organic content in the influent wastewater is low (i.e., low rbCOD to TP ratio), is the intermittent mixing in the mainstream anaerobic zone for settling and fermentation of MLSS or the alternative of a sidestream anaerobic fermentation tank(s) for RAS considered?
The MPCA should be contacted for design guidance and criteria where such systems are being considered.
	[bookmark: Check249]|_|
	[bookmark: Check250]|_|
	[bookmark: Check251]|_|

	Is the sludge containing excess accumulated phosphorous from EBPR process wasted or removed and recovered from the waste sludge by a sidestream sludge treatment process?
	[bookmark: Check252]|_|
	[bookmark: Check253]|_|
	[bookmark: Check254]|_|

	Identify sidestream treatment process:
     
	
	
	

	Is phosphorous chemical treatment used as a backup system or for polishing to achieve very low effluent phosphorus levels?
	[bookmark: Check255]|_|
	[bookmark: Check256]|_|
	[bookmark: Check257]|_|

	Is the EBPR process combined with nitrification and denitrification processes?
	[bookmark: Check258]|_|
	[bookmark: Check259]|_|
	[bookmark: Check260]|_|

	92.63 Biological nitrogen removal
	
	
	

	Biological nitrogen removal is accomplished by biological oxidation of ammonia to nitrate (nitrification) followed by biological denitrification of nitrate to nitrogen gas.
	
	
	

	92.631 Nitrification
	
	
	

	Biological nitrification is used to remove ammonia to meet effluent requirements or as the first step in nitrogen removal.
Ammonia is oxidized to nitrite and then to nitrate by nitrifying bacteria in an aerobic environment.
Nitrification consumes alkalinity.
	
	
	

	Is nitrification achieved with either a single stage nitrification process (combined carbon oxidation and nitrification) or with a separate-stage nitrification process?
	[bookmark: Check261]|_|
	[bookmark: Check262]|_|
	[bookmark: Check263]|_|

	Identify how nitrification is achieved:
     
	
	
	

	Is the biological nitrogen removal system suspended growth, attached growth or hybrid?
	[bookmark: Check264]|_|
	[bookmark: Check265]|_|
	[bookmark: Check266]|_|

	Identify the biological nitrogen removal system:
     
	
	
	

	Are temperature, alkalinity, pH and dissolved oxygen considered in nitrification design, in addition to the capacities and permissible loadings specified in Paragraph 92.31?
	[bookmark: Check267]|_|
	[bookmark: Check268]|_|
	[bookmark: Check269]|_|

	For plants subject to high wet weather flows, often also associated with low temperatures, is flexibility in design and operation to periodically aerate additional zones (i.e., swing zones) provided to ensure nitrification is consistently achieved and maintained as part of BNR process?
Swing zones are zones in a biological reactor that can be operated in multiple modes such as anaerobic, anoxic, or aerobic conditions, depending on the operational strategy.
	[bookmark: Check270]|_|
	[bookmark: Check271]|_|
	[bookmark: Check272]|_|

	92.632 Denitrification
	
	
	

	Denitrification is the biological process where facultative bacteria (i.e., most heterotrophs and some autotrophs) convert nitrate to nitrogen gas under anoxic conditions.
Denitrification generates alkalinity and therefore restores up to half of the alkalinity consumed during nitrification.
	
	
	

	Are the carbon requirements for denitrification provided by either influent wastewater, sludge fermentation, or by an external source such as methanol, ethanol, acetate, or glycerin?
	[bookmark: Check273]|_|
	[bookmark: Check274]|_|
	[bookmark: Check275]|_|

	Identify carbon source(s): 
     
	
	
	

	For BNR processes that have both a pre-anoxic zone before the nitrification zone and a post-anoxic zone, is denitrification in the post-anoxic zone driven by either carbon from endogenous activity or an external carbon source?
	[bookmark: Check276]|_|
	[bookmark: Check277]|_|
	[bookmark: Check278]|_|

	Does an aerobic zone follow the post-anoxic zone?
	[bookmark: Check279]|_|
	[bookmark: Check280]|_|
	[bookmark: Check281]|_|

	Is the anoxic zone(s) of a BNR process divided into two or more cells, one of which can be equipped with both mixers and aerators designed to operate independently to allow for operation in either anoxic or oxic mode (i.e., swing zone)?
	[bookmark: Check282]|_|
	[bookmark: Check283]|_|
	[bookmark: Check284]|_|

	Is flexibility in operation provided to address potential fouling of aeration devices during extended periods of anoxic operation?
	[bookmark: Check285]|_|
	[bookmark: Check286]|_|
	[bookmark: Check287]|_|

	Is baffling to maintain zone integrity and prevent any short-circuiting and back-mixing considered?
	[bookmark: Check288]|_|
	[bookmark: Check289]|_|
	[bookmark: Check290]|_|

	92.64 Combined biological nitrogen and phosphorous removal
	
	
	

	Does the biological nutrient removal include combined biological nitrogen and phosphorous removal using combinations of anaerobic, anoxic and aerobic zones or compartments?
	[bookmark: Check291]|_|
	[bookmark: Check292]|_|
	[bookmark: Check293]|_|

	92.65 BNR Monitoring
	
	
	

	Is monitoring equipment provided to routinely measure ortho-phosphate, NO3-, NO2-, DO, and ammonia in all zones (i.e., anaerobic, anoxic, and aerobic) at appropriate locations?
	[bookmark: Check294]|_|
	[bookmark: Check295]|_|
	[bookmark: Check296]|_|

	Is Oxidation Reduction Potential (ORP) monitoring for process control provided?
	[bookmark: Check297]|_|
	[bookmark: Check298]|_|
	[bookmark: Check299]|_|

	92.7 Sequencing batch reactors (SBR)
	
	
	

	The design of SBR shall be based on experience at other SBR facilities and shall meet the applicable requirements under chapters 50, 70 & 90, except as modified in this Paragraph.
Continuity and reliability of treatment equal to that of the continuous flow through modes of the activated sludge process shall be provided.
The design shall meet effluent limitations and applicable reliability guidelines.
The MPCA should be contacted for design guidance and criteria where such systems are being considered.
Section 65 for in-line flow equalization units in addition to the decantable volume should be reviewed.
	
	
	

	Is the F/M ratio in the range of 0.05 to 0.1 lbs of BOD5/d/lbs, of MLVSS?
	[bookmark: Check300]|_|
	[bookmark: Check301]|_|
	[bookmark: Check302]|_|

	Is the aeration tank organic volumetric loading less than or equal to 15 lb BOD5/d/1000 ft3?
	[bookmark: Check303]|_|
	[bookmark: Check304]|_|
	[bookmark: Check305]|_|

	Are the reactor MLSS and MLVSS concentrations and aeration tank organic volumetric loading calculated at the low-water level?
	[bookmark: Check306]|_|
	[bookmark: Check307]|_|
	[bookmark: Check308]|_|

	Are more than two tanks provided?
	[bookmark: Check309]|_|
	[bookmark: Check310]|_|
	[bookmark: Check311]|_|

	Identify number of tanks:       
	
	
	

	Are the decantable volume and decanter capacity of SBR system with the largest tank out of service sized to pass at least 75% of design maximum day flow without changing cycle times?
	[bookmark: Check312]|_|
	[bookmark: Check313]|_|
	[bookmark: Check314]|_|

	Will there be a minimum of three operating basins so that with the largest unit out of service, the remaining two basins can accommodate AWW design flows for treatment and can hydraulically pass PIWW design flows? (MPCA, 2017)
	[bookmark: Check315]|_|
	[bookmark: Check316]|_|
	[bookmark: Check317]|_|

	Is the decantable volume of at least four (4) hours with the largest basin out of service based on 100% of design maximum day flow provided?
	[bookmark: Check318]|_|
	[bookmark: Check319]|_|
	[bookmark: Check320]|_|

	Identify decantable volume with largest basin out of service based on 100% of design maximum day flow:         hours
	
	
	

	Is the system reliability with any single aeration tank unit out of service and the instantaneous delivery of flow evaluated in design of decanter weirs and approach velocities? Refer to Paragraphs 11.28(b), 53.411, and 72.5
	[bookmark: Check321]|_|
	[bookmark: Check322]|_|
	[bookmark: Check323]|_|

	Are solids-excluding decanters included in the design?
	[bookmark: Check324]|_|
	[bookmark: Check325]|_|
	[bookmark: Check326]|_|

	Is the treated effluent from each reactor free of scum and have a suspended solids concentration no greater than 30 mg/L at any time?
	[bookmark: Check327]|_|
	[bookmark: Check328]|_|
	[bookmark: Check329]|_|

	Is scum removal provided?
	[bookmark: Check330]|_|
	[bookmark: Check331]|_|
	[bookmark: Check332]|_|

	Is an adequate zone of separation between sludge blanket and decanter(s) maintained throughout decant phase?
	[bookmark: Check333]|_|
	[bookmark: Check334]|_|
	[bookmark: Check335]|_|

	Do decanters draw treated effluent from near the water surface throughout decant phase?
	[bookmark: Check336]|_|
	[bookmark: Check337]|_|
	[bookmark: Check338]|_|

	Is solids management to accommodate tank dewatering considered?
	[bookmark: Check339]|_|
	[bookmark: Check340]|_|
	[bookmark: Check341]|_|

	Are the blowers provided in multiple units?
	[bookmark: Check342]|_|
	[bookmark: Check343]|_|
	[bookmark: Check344]|_|

	Identify number of blowers:       
	
	
	

	Are the blowers arranged and, in such capacities, as to meet maximum air demand in the oxic portions of the fill (i.e., aerated fill) and react (i.e., aerated react) phases of the cycle with single largest unit out of service? Refer to Paragraph 92.332(e)
	[bookmark: Check345]|_|
	[bookmark: Check346]|_|
	[bookmark: Check347]|_|

	Is mechanical mixing independent of aeration provided for all systems where EBPR removal and/or biological nitrogen removal is required?
	[bookmark: Check348]|_|
	[bookmark: Check349]|_|
	[bookmark: Check350]|_|

	Is mixing equipment sized to thoroughly mix entire tank from a settled condition within five (5) minutes without aeration?
	[bookmark: Check351]|_|
	[bookmark: Check352]|_|
	[bookmark: Check353]|_|

	Are the design effluent quality performance requirements for the plant sufficiently stringent to ensure acceptable effluent quality from any reactor?
	[bookmark: Check354]|_|
	[bookmark: Check355]|_|
	[bookmark: Check356]|_|

	Is flow paced composite sampling equipment and continuous turbidity metering to separately monitor the effluent quality from each tank provided?
	[bookmark: Check357]|_|
	[bookmark: Check358]|_|
	[bookmark: Check359]|_|

	Are all 24-hour effluent quality composite samples for monitoring process operations flow-paced and include samples collected at the beginning and end of each decant phase?
	[bookmark: Check360]|_|
	[bookmark: Check361]|_|
	[bookmark: Check362]|_|

	Is continuous turbidity metering to separately monitor the effluent quality from each tank provided?
	[bookmark: Check363]|_|
	[bookmark: Check364]|_|
	[bookmark: Check365]|_|

	Is a fail-safe timer control provided in the design to ensure adequate settling between the react and decant phases?
	[bookmark: Check366]|_|
	[bookmark: Check367]|_|
	[bookmark: Check368]|_|

	Is a PLC provided?
	[bookmark: Check369]|_|
	[bookmark: Check370]|_|
	[bookmark: Check371]|_|

	Are multiple PLCs provided to ensure rapid process recovery and minimize the deterioration of effluent quality from the failure of a single controller?
	[bookmark: Check372]|_|
	[bookmark: Check373]|_|
	[bookmark: Check374]|_|

	Is an uninterruptible power supply with electrical surge protection provided for each PLC to retain program memory (i.e., process control program, last-known set points and measured process/equipment status, etc.) through a power loss?
	[bookmark: Check375]|_|
	[bookmark: Check376]|_|
	[bookmark: Check377]|_|

	Is a hard-wired backup for manual override provided in addition to automatic process control?
	[bookmark: Check378]|_|
	[bookmark: Check379]|_|
	[bookmark: Check380]|_|

	Do both automatic and manual controls allow independent operation of each tank?
	[bookmark: Check381]|_|
	[bookmark: Check382]|_|
	[bookmark: Check383]|_|

	Is consideration to be given to pretreatment, positive flow division control, measures for creating uniform waste loadings to each tank, diffusers suitable for cyclic aeration, type of decanter, emergency overflow, effect of peak discharge flow rates on downstream process units, sludge wasting and transfer, etc.?
	[bookmark: Check384]|_|
	[bookmark: Check385]|_|
	[bookmark: Check386]|_|

	92.8 Membrane bioreactors (MBRs)
	
	
	

	The design of MBR shall meet the applicable requirements under Chapters 50 & 90, except as modified in this Paragraph.
The potential for removal of pathogens resulting from membrane filtration shall not eliminate/replace the need for providing a downstream disinfection process.
	
	
	

	92.81 Configurations
	
	
	

	a. Membranes Immersed Directly in the Bioreactor
	
	
	

	Are membrane modules in direct contact with the aerated mixed liquor in the bioreactor?
	[bookmark: Check388]|_|
	[bookmark: Check396]|_|
	[bookmark: Check404]|_|

	Is vacuum created within hollow fibers or flat-plate membranes by the suction of a permeate pump, or is filtration driven by gravity (i.e., hydraulic head)?
	[bookmark: Check389]|_|
	[bookmark: Check397]|_|
	[bookmark: Check405]|_|

	Does the treated effluent pass through the membrane, enter a permeate collection zone, and is it conveyed by the permeate pump or by gravity?
	[bookmark: Check390]|_|
	[bookmark: Check398]|_|
	[bookmark: Check406]|_|

	Is supplemental air flow introduced at the bottom of the membrane module to create turbulence that scours and physically cleans the membrane surface to maintain a satisfactory permeate flux?
	[bookmark: Check391]|_|
	[bookmark: Check399]|_|
	[bookmark: Check407]|_|

	Can the membranes be periodically removed or isolated for more intensive cleaning using chemicals?
	[bookmark: Check392]|_|
	[bookmark: Check400]|_|
	[bookmark: Check408]|_|

	b. Membranes Immersed in a separate process tank
	
	
	

	Are membranes contained in a separate tank into which the mixed liquor from the bioreactor requiring filtration constantly flows?
	[bookmark: Check394]|_|
	[bookmark: Check402]|_|
	[bookmark: Check410]|_|

	Does recirculation of the mixed liquor flow which is typically at 3-6 times the MBR process influent flow rate, together with air flow to the bottom of the membrane modules, provide the required membrane surface scouring for flux control?
	[bookmark: Check411]|_|
	[bookmark: Check415]|_|
	[bookmark: Check419]|_|

	Can the membranes be periodically cleaned by evacuating the membrane tanks and introducing a chemical cleaning solution(s)?
	[bookmark: Check412]|_|
	[bookmark: Check416]|_|
	[bookmark: Check420]|_|

	As an alternative to a & b configurations above, are non-immersed membrane systems pressurized and externally coupled to the bioreactor used?
	[bookmark: Check413]|_|
	[bookmark: Check417]|_|
	[bookmark: Check421]|_|

	For non-immersed membrane systems, does recirculated mixed liquor provide the required crossflow velocity for membrane surface scouring to control fouling and permeate flux?
	[bookmark: Check414]|_|
	[bookmark: Check418]|_|
	[bookmark: Check422]|_|

	92.82 Anoxic tanks
	
	
	

	Does an anoxic zone(s) precede the membrane tank to promote either pre-anoxic denitrification or both pre-anoxic and post-anoxic denitrification, and to recover alkalinity?
	[bookmark: Check423]|_|
	[bookmark: Check424]|_|
	[bookmark: Check425]|_|

	92.83 Pretreatment
	
	
	

	For MBR utilizing immersed membrane system, is an adequate pretreatment of wastewater by either microscreening or fine screening upstream of the MBR process provided to prevent buildup of non-biodegradable matter in the membrane modules and/or integrated aeration devices?
	[bookmark: Check426]|_|
	[bookmark: Check427]|_|
	[bookmark: Check428]|_|

	For MBR with flat-plate membrane systems, do fine screens consist of perforated openings of one-eighth (1/8) inch or less?
	[bookmark: Check429]|_|
	[bookmark: Check430]|_|
	[bookmark: Check431]|_|

	For MBR with hollow fibers, do fine screens consist of perforated openings of one-twelfth (1/12) inch or less?
	[bookmark: Check433]|_|
	[bookmark: Check434]|_|
	[bookmark: Check432]|_|

	Is upstream grit removal provided for the protection of membranes from abrasive components of raw wastewater and to maintain membrane system integrity?
	[bookmark: Check435]|_|
	[bookmark: Check436]|_|
	[bookmark: Check437]|_|

	Is upstream removal of fats, oils, and grease provided to prevent membrane surface fouling?
	[bookmark: Check438]|_|
	[bookmark: Check439]|_|
	[bookmark: Check440]|_|

	92.84 Sizing and number of units
	
	
	

	Is the design flux sufficient to permeate the design peak hourly flow through the membrane system, to prevent bypassing?
	[bookmark: Check441]|_|
	[bookmark: Check442]|_|
	[bookmark: Check443]|_|

	Are two or more membrane units (typically, an individual bank, cassette, or rack of membrane modules) provided?
	[bookmark: Check444]|_|
	[bookmark: Check445]|_|
	[bookmark: Check446]|_|

	Is design flux calculated based on the total membrane filtration surface area available with the largest membrane unit out of service?
	[bookmark: Check447]|_|
	[bookmark: Check448]|_|
	[bookmark: Check449]|_|

	Are the typical elevated MLSS concentrations and characteristic long SRTs associated with the MBRs considered in sizing the aeration tank(s)?
	[bookmark: Check450]|_|
	[bookmark: Check451]|_|
	[bookmark: Check452]|_|

	Is the MBR manufacturer consulted for design parameters and modes of operation?
	[bookmark: Check453]|_|
	[bookmark: Check454]|_|
	[bookmark: Check455]|_|

	92.85 Aeration
	
	
	

	Does the aeration capacity take into consideration the typical elevated MLSS concentration associated with MBR process design and operation, as well as requirements for air scouring for immersed membrane systems?
	[bookmark: Check456]|_|
	[bookmark: Check457]|_|
	[bookmark: Check458]|_|

	92.86 Membrane integrity
	
	
	

	Does each membrane unit (i.e., bank, cassette, or rack of membranes) have a monitoring system in place to alert staff of membrane failure?
Typically, this is accomplished with in-line turbidity meters that will trigger an alarm should membranes fail, resulting in solids loss in the permeate.
	[bookmark: Check459]|_|
	[bookmark: Check460]|_|
	[bookmark: Check461]|_|

	Oxidation Ditches (Not located in 10 States Standards)
	
	
	

	In addition to the applicable criteria in this checklist concerning activated sludge processes, oxidation ditches should conform to the following recommendations.
	
	
	

	Are sidewalls and bottoms of oxidation ditch channels tied together with reinforcing bar or poured as on slab to eliminate frost heave?
	[bookmark: Check462]|_|
	[bookmark: Check463]|_|
	[bookmark: Check464]|_|

	Will sand backfill that will allow for adequate drainage be used for the oxidation ditch channel?
	[bookmark: Check465]|_|
	[bookmark: Check466]|_|
	[bookmark: Check467]|_|

	Will the ground cover between channels be an impermeable material to prevent rainwater from entering the ground between channels?
	[bookmark: Check468]|_|
	[bookmark: Check469]|_|
	[bookmark: Check470]|_|

	Are the influent and return sludge lines located upstream with respect to rotor for best mixing? (TN DEC, 2016)
	[bookmark: Check471]|_|
	[bookmark: Check472]|_|
	[bookmark: Check473]|_|

	Is the location of the ditch discharge to final clarifier upstream from the rotor and far enough upstream of influent and return sludge to prevent short circuiting? (Mackenzie Davis, 2010)
	[bookmark: Check474]|_|
	[bookmark: Check475]|_|
	[bookmark: Check476]|_|

	Is the discharge weir designed to withdraw mixed liquor from below the channel water surface such as through the use of a baffle in front of the weir or use of a floating draw off weir?
	[bookmark: Check477]|_|
	[bookmark: Check478]|_|
	[bookmark: Check479]|_|

	Is there an adjustable weir for water level control in aeration channel? (Mackenzie Davis, 2010)
	[bookmark: Check480]|_|
	[bookmark: Check481]|_|
	[bookmark: Check482]|_|

	Is the weir length of channel discharge based on maximum raw flow plus maximum recirculated flow to prevent excessive rotor immersions?
	[bookmark: Check483]|_|
	[bookmark: Check484]|_|
	[bookmark: Check485]|_|

	Identify weir length of channel discharge:         ft
	
	
	

	Are walkways located upstream of rotor and to prevent spray from rotor on walkway to have access to rotor for maintenance? (TN DEC, 2016)
	[bookmark: Check486]|_|
	[bookmark: Check487]|_|
	[bookmark: Check488]|_|

	Are horizontal baffles located within 15 ft downstream of brush aeration in channels with water depth over 6 ft to provide proper mixing of entire depth of the basin? (Mackenzie Davis, 2010)
	[bookmark: Check489]|_|
	[bookmark: Check490]|_|
	[bookmark: Check491]|_|

	Do channels using jet aeration have a deeper water depth as recommended by the manufacturer?
	[bookmark: Check492]|_|
	[bookmark: Check493]|_|
	[bookmark: Check494]|_|

	In a single channel, is rotor drive assembly on outboard side?
	[bookmark: Check495]|_|
	[bookmark: Check498]|_|
	[bookmark: Check501]|_|

	Are drive and gear assembly elevated out of water for safe and easy access?
	[bookmark: Check496]|_|
	[bookmark: Check499]|_|
	[bookmark: Check502]|_|

	Is equipment requiring normal maintenance housed and /or heated?
	[bookmark: Check497]|_|
	[bookmark: Check500]|_|
	[bookmark: Check503]|_|

	Protective and service facilities (Not located in 10 States Standards)
	
	
	

	Are ladders, hoists, and walkways provided for easy access to equipment, pipes and valves for normal operation, routine maintenance or repair?
	[bookmark: Check607]|_|
	[bookmark: Check608]|_|
	[bookmark: Check609]|_|

	Is hoisting equipment available for blowers, pumps and other heavy equipment? (U.S EPA, 1978a)
	[bookmark: Check604]|_|
	[bookmark: Check605]|_|
	[bookmark: Check606]|_|

	Explain:
     
	
	
	

	Are adequate remote and local controls provided for mechanical equipment, especially waste sludge pump, return sludge control, sludge loadout, etc.? (M and E, 2014)
	[bookmark: Check504]|_|
	[bookmark: Check505]|_|
	[bookmark: Check506]|_|

	Is laboratory equipment (MLSS, Settleometer, settleability and dissolved oxygen) provided for process control testing? (M and E, 2014)
	[bookmark: Check507]|_|
	[bookmark: Check508]|_|
	[bookmark: Check509]|_|

	Are railings or other protective walls placed around all aeration tanks? (TN DEC, 2016)
	[bookmark: Check510]|_|
	[bookmark: Check511]|_|
	[bookmark: Check512]|_|

	Is a list of safety equipment, to include safety vests, lifelines, and rings and safety poles, provided near aeration tanks and clarifiers? (TN DEC, 2016)
	[bookmark: Check513]|_|
	[bookmark: Check514]|_|
	[bookmark: Check515]|_|

	Is sufficient lighting provided to permit safe working conditions near aeration tanks and clarifiers at night? (TN DEC, 2016)
	[bookmark: Check589]|_|
	[bookmark: Check590]|_|
	[bookmark: Check591]|_|

	Justification for all questions answered with a “no”:
	
	
	

	[bookmark: Text272]     
	
	
	

	Additional comments:
	
	
	

	[bookmark: Text273]     
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Acronyms
	Acronym
	Definition

	ADW
	Average Dry Weather

	AWW
	Average Wet Weather

	BNR
	Biological Nutrient Removal

	BPR
	Biological Phosphorus Removal

	BOD5
	5-day Biochemical Oxygen Demand

	0C
	Degrees Celsius

	CBOD5
	Carbonaceous 5-day Biochemical Oxygen Demand

	cfm/1000 ft3
	Cubic Feet per Minute per 1000 Cubic Feet

	d
	Day

	DO
	Dissolved Oxygen

	EBPR
	Enhanced Biological Phosphorus Removal

	0F
	Degrees Fahrenheit 

	F/M ratio
	Food to Microorganism Ratio

	fps
	Feet per Second

	ft
	Feet

	ft3
	Cubic Feet

	ft3/lbs BOD5
	Cubic Feet per Pounds of Biochemical Oxygen Demand

	gpm
	Gallons per Minute

	gpd
	Gallons per Day

	hrs
	Hours

	hp
	Horsepower

	hp/1000 ft3
	Horsepower per 1000 Cubic Feet

	lb
	Pound

	lbs BOD5/d
	Pounds of Biochemical Oxygen Demand per Day

	lbs BOD5/d/1000 ft3
	Pounds of Biochemical Oxygen Demand per Day per 1000 Cubic Feet

	lbs/d
	Pounds per Day

	lbs O2/hr
	Pounds of Dissolved Oxygen per Hour

	lbs O2/lbs BOD5
	Pounds of Dissolved Oxygen per Pounds of Biochemical Oxygen Demand

	lbs O2/(hp.hr)
	Pounds of Dissolved Oxygen per Horsepower per Hour

	lbs BOD5/(lb MLVSS. d)
	Pounds of Biochemical Oxygen Demand per Pound of Mixed Liquor Volatile Suspended Solids per Day

	Kpa
	Kilopascal

	MBR
	Membrane Bioreactor

	mgd
	Million Gallons per Day

	mg/L
	Milligram per Liter

	MLSS
	Mixed Liquor Suspended Solids

	MLVSS
	Mixed Liquor Volatile Suspended Solids

	NO3-
	Nitrate

	NO2-
	Nitrite

	NH3 - N
	Ammonia as Nitrogen

	NOD
	Nitrogenous Oxygen Demand

	ORP
	Oxidation-Reduction Potential

	PAOs
	Phosphorus Accumulating Organisms

	PHWW
	Peak Hourly Wet Weather 

	PIWW
	Peak Instantaneous Wet Weather

	PLC
	Programmable Logic Controller

	psi
	Pound per Square Inch

	RAS
	Return Activated Sludge

	rbCOD
	Readily Biodegradable Chemical Oxygen Demand

	SO4-2
	Sulfate

	SRT
	Solids Retention Time

	SVI
	Sludge Volume Index

	TKN
	Total Kjeldahl Nitrogen
(TKN = Total Organic Nitrogen + Total Ammonia)

	TN
	Total Nitrogen
(TN = TKN + NO2- + NO3-)

	TP
	Total Phosphorus

	TSS
	Total Suspended Solids

	WAS
	Waste Activated Sludge

	VFAs
	Volatile Fatty Acids

	VFDs
	Variable Frequency Drive

	VSS
	Volatile Suspended Solids
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