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APPENDIX S: 
Municipal Wastewater Treatment 
Technologies 

Wastewater infrastructure changes are expensive, difficult, and tend to take multiple years to 

accomplish; consequently, master facilities planning is conducted periodically, as needs arise. 

Further, given that significant capital investments are made in infrastructure, it is not simple to 

completely redesign a facility, even when there appear to be substantial potential benefits. 

Consequently, integration of new technologies into long-lived capital infrastructure tends to be 

opportunistic. 

Wastewater treatment technologies have evolved considerably over the past few decades. Many 

processes are now more efficient and consume less energy. In addition, some new treatment 

technologies and processes have emerged.  

Table S-1 below lists and briefly describes “conventional” biological wastewater treatment 

technologies and processes that are currently used or planned to be used by wastewater 

treatment facilities within Tulare County.  

Table S-1:  Municipal Wastewater Treatment Technologies 

Headworks 

Bar Screen 
Permeable vertical conveyor that catches large solids on bars, lifting 

them out while allowing water to pass through a mesh screen. 

Grinder 
Machine that breaks large solids into smaller pieces, typically with 

rotating metal teeth. 

Compressor 
Mechanical press that compresses ground up solids into dense cakes for 

subsequent disposal. 

Grit Chamber 

Basin that prevents abrasive materials such as sand and eggshells from 

entering into primary treatment. Typically composed of a spiral flow 

aeration tank that allows for rapid settling of solids. 

Parshall Flume 

Open channel device that measures volumetric flow rate. The flume 

constricts flow, drops in elevation, and then expands. Flow can be 

extrapolated by measuring the height of water at the inlet of the flume. 

Magnetic Flow 

Meter 

An open channel device that measures volumetric flow rate. Creates a 

magnetic field that requires an induction fluid. Uses the potential 

difference in fluid flow to determine flow rate. 
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Primary Treatment 

Conventional 

Treatment Pond 

Basic lagoon used to remove BOD303 and settleable solids. They have 

been used to effectively treat domestic wastewater for over 3,000 years 

and are considered optimal for small community wastewater systems that 

lack construction funding for more advanced treatment. Conventional 

treatment ponds require minimal energy inputs and maintenance, but 

must deal with sludge deposits and algal growth over time. 

Aerated Pond 
Modified lagoon that uses blowers to diffuse air bubbles throughout the 

pond, facilitating aerobic microbial growth.  

Oxidation Pond 

Modified lagoon designed to facilitate algal growth at the surface. The 

algae produce oxygen for aerobic microbes lower in the water column 

that degrade contaminants. 

Oxidation Ditch 

Raceway-style lagoon designed to facilitate algal growth throughout the 

water column, using mixers to bring nutrients to the surface. The algae 

produce oxygen for aerobic microbes lower in the water column that 

degrade contaminants. 

Clarigester 

Type of anaerobic digester utilized as both primary treatment and 

digestion. Two-storied tank with differential retention times for solids and 

liquids. 

Primary Clarifier 

Settling tank that allows heavy solids to fall to the tank’s floor while light 

contaminants like oils and grease rise to the surface. skimming each off 

and separating water with a weir. 

Secondary Treatment 

Activated 

Sludge 

Basin seeded with aerobic microbes that are effective at degrading 

organic components of wastewater. The basin is aerated by compressed 

air bubbles which encourage microbial growth and uptake of 

contaminants. 

Anoxic Basin 
Low-oxygen basin used to encourage denitrification by anaerobic 

microbes. Utilized in cases of high nitrogen loads in effluent. 

Trickling Filter 

Aerobic treatment system that utilizes microbes attached to some 

medium in order to degrade contaminants. A thin film on the surface of 

the media oxidizes the organic load in the water. 

                                                 
303 Biochemical oxygen demand (BOD) is a measurement of the amount of oxygen needed to degrade the amount of 
organic contaminants in the wastewater. A higher oxygen demand signifies that there is a higher level of organic waste 
present. Source: Rimbach, Raquel. “Naturally Reducing BOD, COD, and FOG Discharge with Bioaugmentation.” Pollution 
Equipment News. March 28, 2018. 
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Secondary 

Clarifier 

Settling tank that allows heavy solids to fall to the tank’s floor while light 

contaminants like oils and grease rise to the surface. skimming each off 

and separating water with a weir. 

Tertiary Treatment 

Membrane 

Bioreactor 

The combination of a membrane process such as microfiltration and a 

biological process like activated sludge. 

Sand Filter 
Tank filled with a dense medium in which percolation and biological 

degradation remove contaminants. 

Disinfection 

Ultraviolet Eliminates pathogenic microbes through UV radiation. 

Chlorination 
Eliminates pathogenic microbes through chlorine contact, in either liquid 

or gas form. Typically followed by dechlorination. 

Solids Management 

Dissolved Air 

Flotation 

Tank that uses microbubbles as well as polymers and chemical 

coagulators to attach to solids, concentrating them at the surface and 

separating them from fluid components. 

Gravity Belt 

Thickener 

Horizontal conveyor belt with micropores that allow water, but not solids, 

to drip through, thickening the solids. 

Aerobic 

Digester 

Container in which air flows are introduced and solids are heated to 

facilitate the breakdown of solids by aerobic bacteria. This process 

releases heat, water, and carbon dioxide. 

Anaerobic 

Digester 

Container in which solids are heated in the absence of air to facilitate the 

breakdown of solids by anaerobic bacteria. This process releases 

primarily methane gas 

Disintegrative 

Digester 

Digester with a compressed input mechanism that physically breaks 

down solids before digestion. 

Screw Press 
Dewatering press the slowly pushes solids against a screen or filter 

where water can pass through but solids remain. 

Sludge Bed 

(lined or 

unlined) 

Groundwork basin where sludge can dry by solar evaporation. Basin can 

be lined with soil concrete, concrete, plastic, or other liner or it can be 

unlined, allowing moisture to percolate into the ground. 
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Energy Generation 

Fuel Cell 

Cell that converts biogas into electricity using an electrochemical 

reaction. The chemical reaction requires a continuous source of fuel and 

oxygen. 

Biogas 

Generator 
Generator that combusts biogas to turn a turbine and generate energy. 

Solar PV Photovoltaic panels that use solar energy to generate electricity. 

Effluent Disposal 

Storage Pond Lined pond used to store water for irrigation or other recycled water use. 

Percolation 

Pond 

Unlined pond that allows recycled water to percolate out of the basin for 

groundwater recharge. 

Leach Field 
Perforated pipes laid in underground trenches that allow water to filter 

through gravel or other medium. 

Spray Field Area designated for effluent discharge via a fine mist. 

Purple Pipe 
Recycled water distribution pipe system designated by its purple color or 

signage. 

Miscellaneous Systems and Equipment 

Centrifugal 

Pump 

Water pump that uses a rotational impeller that takes advantage of 

centrifugal force to move water through a pipe at a specified flow rate. 

Cavitation Pump 

Water pump that uses a rotating augur to create positive displacement, 

pushing water through cavities in the cylinder. Can accommodate 

variable flows. 

Variable 

Frequency Drive 

A motor controller that drives an electric motor by varying the frequency 

and voltage supplied. Can be utilized to match motor energy 

expenditures to the specific needs of a plant. 

Supervisory 

Control and 

Data Acquisition 

(SCADA) 

A software system that manages information input/output in order to 

provide central control over a network of systems or processes and 

potentially automation of systems. 

 
Table S-2 lists some new/emerging wastewater treatment technologies that may be candidates 

for Tulare County wastewater treatment facilities. The technologies are mapped to types of 

water and energy benefits and are briefly described on the next and subsequent pages. 
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Table S-2:  Drought Resilience and Energy System Benefits of Identified Technologies 

 
Technology 

On-site Water Benefits 
On-site Energy 

Benefits 
By-Product 
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Algae 
Photobioreactor 

✔ ✔ ✔  ✔     

Algae Raceway 
Pond 

✔ ✔ ✔  ✔ ✔  ✔ ✔ 

Membrane 
Bioreactors 

✔ ✔ ✔  ✔     

Pyrolysis and 
Biochar 

     ✔ ✔ ✔ ✔ 

Reactive 
Filtration 

✔ ✔ ✔ ✔ ✔ ✔  ✔ ✔ 

Vermifiltration ✔ ✔   ✔ ✔   ✔ 

✔ Indicates the types of benefits offered by these technologies. 

Interestingly, many new technologies don’t just treat wastewater—they also provide valuable 

by-products and other benefits. Examples include the Algae Photobioreactor and Algae Raceway 

Ponds that produce algae for a wide range of products and applications. Some technologies, 

such as biochar and reactive filtration, create a soil amendment that increases water retention, 

reducing erosion and groundwater degradation. Biochar is being explored as a means of 

keeping forests healthy and reducing soil erosion, risks of landslides during periods of heavy 

precipitation, and the frequency and magnitude of wildfires.304 

Algae Photobioreactor 

New designs for algae production use artificial light to produce algae within small footprint. 

Algae photobioreactors use clear cylindrical tubes to maximize light exposure for algae. LED 

lights promote photosynthesis independent from solar radiation. Many models are self-

cleaning, which has the added benefit of mixing the water within the reactors to encourage 

algae growth. The process then uses filters to separate clean tertiary standard water from the 

algae. Some algae is returned to seed the reactors and the remaining algae is collected for use 

as fertilizer, biofuel, animal feed, pharmaceuticals, and other applications.305 

                                                 
304 “Biochar & Forest Ecosystems.” U.S. Biochar Initiative. http://biochar-us.org/biochar-forest-ecosystems.  

305 Singh, R.N. and Shaishav Sharma “Development of suitable photobioreactor for algae production—A review.” 
Elseveir—Renewable and Sustainable Energy Reviews, Vol.16, Issue 4, Pages 2347-2353. May 2012.  

http://biochar-us.org/biochar-forest-ecosystems
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High-Rate Algal Pond (HRAP)306 

Algae ponds have been around since the mid-20th century. They have been primarily used as 

oxidation ditches that grow algae to produce oxygen for aerobic bacteria. The bacteria then 

reduce biochemical oxygen demand (BOD) and suspended solids (measured as “TSS”, “Total 

Suspended Solids”). High-rate algal ponds are designed to optimize algae biomass growth, 

rather than bacterial growth. Algae in HRAP systems take advantage of the nutrient content of 

wastewater, treating water to tertiary quality while producing algal biomass for commercial 

purposes.  

Raceway ponds are shallow circular or oval ponds with a baffle in the middle and a 

paddlewheel to move the water around the pond, like a racecar on a track. Algae production 

decreases rapidly with depth because it requires sunlight. For this reason, algae ponds that 

treat a large volume of water require a large footprint. The paddlewheel mixes the water so 

algae growing at the surface doesn’t shade algae growing below the surface. Carbon dioxide 

(CO2) is bubbled through the pond for the algae to absorb for photosynthesis. The CO2 can be 

scrubbed from other processes at the wastewater treatment plant to decrease the facility’s 

emissions. 

Algal biomass can be used as fertilizer, biofuel, animal feed, pharmaceuticals, and other 

applications. (See description of HRAP on p. S-8.) 

Membrane Bioreactors (MBRs)307 

MBRs combine a biological process like activated sludge with microfiltration. Microfiltration 

tubes are placed in a biologically active tank, allowing bacteria on one side of the membrane to 

break down BOD and TSS. The membranes’ outer surfaces are covered with billions of pores 

that allow water to enter the microtubes, where water is transported from within the tubes to 

the effluent pipe. Aeration is used to keep contaminants from clogging the pores. Sludge from 

the bioreactor is either recycled to a facility’s secondary treatment process or managed for 

energy generation or disposal.  

Visalia recently implemented the largest MBR process in California. It is made up 

of ten trains, each with eight cassettes. The success of Visalia’s process has made 

the technology attractive to other facilities in Tulare. Porterville is considering 

following in Visalia’s footsteps by implementing MBR for tertiary treatment. The 

number of MBR projects in the region will likely increase in the coming years. MBR 

is energy intensive, requiring blowers for both the biological treatment process 

and aeration of the membranes. A modular design can mitigate this to an extent, 

allowing the trains to be active only when needed. 

                                                 
306 “Oilgae Guide to Algae-based Wastewater Treatment.” Oilgae. 
http://www.oilgae.com/ref/report/wastewater_treatment/wastewater_treatment.html 

307 “GE Introduces New Membrane Technology to Generate Renewable Energy from Wastewater.” GE News Release. 

September 29, 2014. 

http://www.oilgae.com/ref/report/wastewater_treatment/wastewater_treatment.html
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Pyrolysis and Biochar 

“Biochar is a solid, charcoal-like material formed by heating biomass in the absence of oxygen 

in a process known as pyrolysis. Though not a fertilizer, biochar—when applied to soil—boosts 

fertility by helping to retain water in the soil when it is dry, and it helps to promote drainage 

when conditions are wet and retain soil nutrients. This kiln can transform over 100 pounds of 

waste an hour, and it is agile enough to allow rapid testing of different inputs and production 

conditions.”308 (See description of Biochar on p. S-9.) 

Reactive Filtration309 

The University of Idaho invented reactive filtration technology, a process that simulates how 

nature cleans water. Reactive filtration mixes wastewater with iron ions, and pumps it up 

through a moving bed sand filter. As the water travels up through the sand, the iron ions coat 

the substrate and enhance its ability to remove contaminants from the wastewater. Wastewater 

that rises through the surface of the substrate is then exposed to ozone to eliminate pathogens 

and other contaminants before passing it through a biochar filter, which pulls nutrients onto 

the surface of the biochar. The water comes out clean and the nutrient-saturated biochar can be 

used as a soil amendment. 

When applied to soil, the biochar reduces the need for nitrate fertilizers, and allows the soil to 

hold more water, increasing the uptake of irrigated water into plants and preventing 

groundwater degradation. (See description of Biodryers and Sludge Pyrolysis (Bioforce) on p. S-10 

and UC Idaho’s Clean Machine on p. S-11.) 

Vermifiltration310 

Vermifiltration is the use of earthworms within a filter media to remove biological 

contaminants. Vermifiltration requires pretreatment to separate large solids. Water is then 

sprayed over the surface layer of the filter media, which is home to thousands of earthworms. 

The earthworms digest the water, removing contaminants and converting them into earthworm 

casings. Water continues to filter down through different substrates such as woodchips or 

gravel. Water that leaves the filtration process is treated to secondary standard and can be 

reused for agricultural irrigation. (See description of Biofiltro technology on p. S-12.) 

                                                 
308 “Biochar Pyrolysis Kiln.” May 17, 2018. Cornell University. http://www.cornell.edu/video/biochar-pyrolysis-kiln.  

309 “Clean Water Machine.” University of Idaho. https://www.uidaho.edu/cals/clean-water-machine.  

310 Samal, K., Rajesh Roshan Dash, and Puspendu Bhunia. “Treatment of wastewater by vermifiltration integrated with 
macrophyte filter: A review.” Journal of Environmental Chemical Engineering, Vol. 5, Issue 3, Pages 2274-2289. June 
2017.  

http://www.cornell.edu/video/biochar-pyrolysis-kiln
https://www.uidaho.edu/cals/clean-water-machine
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