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	Chapter One: Introduction


Purpose of the Living Machine® 1
The purpose of the Living Machine at Oberlin’s Adam Joseph Lewis Center For Environmental Studies is to demonstrate an ecologically innovative method of wastewater treatment and water conservation.  The system will treat 2,470 gallons per day of sewage generated in restrooms.  The final treated effluent from the Living Machine will be of advanced quality, suitable for re-use as flush water in the restrooms.  In conjunction with its treatment goals, the Living Machine will serve as a focus for water quality and ecological programs at Oberlin.

Purpose and Use of Manual

This document is provided to the operators of the Living Machine to serve as a guide and resource in the operation of a safe and effective wastewater treatment facility.  The purpose of this manual is to:

1. Present and describe the responsibilities of the operator.

2. Describe proper operation and maintenance procedures.

3. Provide a guide to the physical and biological treatment processes.

4. Draw attention to safety issues and requirements.

5. Provide a trouble-shooting guide for problems that may arise.

In addition to this manual, the operator may refer to the following reports, manuals or drawings for more detailed information.  

1. Record design drawings entitled “A Living Machine for the Environmental Studies Center, Oberlin College” dated April 19, 1999, Final Revision date January 28, 2000.

2.  “Oberlin Equipment Manual” dated January 28. 2000.

3. Record drawings for electrical; architectural; structural; mechanical and site/civil drawings.

4.  “Preliminary Engineering Report for a Living Machine for Wastewater Treatment at the Environmental Studies Center at Oberlin College,” April, 1997.

5.  “Design Calculations, a Living Machine for the Wastewater Treatment, the Environmental Study Center, Oberlin College”, April, 1998.

1 Living Machine® is a registered trademark of Ocean Arks International

	Chapter Two: Introduction to Wastewater Treatment


Overview

This chapter presents a general overview of basic wastewater treatment principles.  To gain a more detailed understanding of these principles or processes, the reader may refer to the list of related literature presented in Appendix I.

What is Wastewater?

Wastewater is formally potable or clean water from a community or industry that has been polluted by a variety of uses.  Sources of wastewater include water from toilets, sinks, showers, drains, industrial wash water, water used during the production of products, etc.

Wastewater is categorized as sanitary or industrial.  Sanitary wastewater is the liquid material collected from residences, business buildings, and institutions.  Industrial wastewater is the liquid material that is collected from industrial facilities such as food processing plants, laundromats, car washes, dairies, etc.  Municipal wastewater is a combination of both sanitary and industrial wastewater that flows into a municipal treatment system.

Why Treat Wastewater?

The majority of the wastewater flowing from domestic or industrial sources is discharged to the environment.  The goal of a wastewater treatment facility is to minimize the impact the wastewater has on a receiving body of water or groundwater, and thereby protect public health.

Several physical, chemical and biological wastewater properties can adversely affect the environment or be harmful to humans.  Those of primary concern include biodegradable organic material, suspended solids, pathogens, and nutrients such as nitrogen and phosphorus.

The Living Machine treatment process relies mainly on biological and physical processes to treat the wastewater.  A Living Machine combines many of these processes to achieve the desired effluent wastewater quality. 

Biodegradable Organics

Biodegradable organic material, measured as biochemical oxygen demand (BOD5), that enters a receiving body of water is a food source for many microorganisms living in the water.  The microorganisms utilize the dissolved oxygen in the water to metabolize the organics for there own growth.  As the biodegradable organics are consumed the oxygen level in the receiving water may be depleted to a level that does not support fish and other higher organisms.  By removing the biodegradable organics in the wastewater treatment facility before discharge to the environment, the aquatic life in the receiving water will be protected.

Suspended Solids

If untreated, wastewater containing high levels of suspended solids, (measured as total suspended solids or TSS) may leave deposits or solids along the banks of receiving waters, may float to the surface of the water, or may sink to the bottom forming deposits of sludge.  More than being unsightly, the solids generally contain organic material that depletes the oxygen levels in the water.  This can lead to fish-kills and other environmental destruction.  The solids also can contain disease-causing organisms that are harmful to humans.  If the wastewater is discharged into the soil, the suspended solids may clog the disposal piping and surrounding soil.

Human Health

One of the driving factors behind wastewater treatment is the effect wastewater has on human health.  Human waste may contain disease-causing organisms that can be transported in the wastewater and eventually come in contact with or be consumed again by humans.  Although the environment of the wastewater treatment facility or receiving body of water is not favorable to the growth and reproduction of organisms found in the intestinal tract of humans, sufficient numbers of organisms may survive to be a threat to human health.  Treatment and disinfection of the wastewater prior to discharge minimizes this threat.

Nutrients

Nutrients such as phosphorus and nitrogen are essential to the growth of healthy plants and animals in the aquatic environment.  However, excess amounts of these nutrients can be detrimental to the aquatic environment.  Phosphorus is generally the limiting nutrient in the growth of algae.  Even small amounts can give rise to excessive algal blooms, which can choke out other species and upset the balance of the ecosystem.  Excess amounts of ammonia nitrogen become toxic to fish.  Excessive amounts of nitrate nitrogen are hazardous to small children if consumed in drinking water.  Treatment units in a wastewater facility can be tailored to remove or reduce the concentration of these nutrients entering the environment.

Wastewater Microbiology

The term microorganism covers the many and varied types of organisms found in wastewater.  Most of the treatment in a Living Machine is performed by the microorganisms, specifically by bacteria.  Treatment is the break down or conversion of the organic material and nutrients in the raw wastewater to cell biomass, energy, gases and water.  

Some microorganisms found in wastewater treatment processes are more desirable than others.  The goal of a Living Machine operator is to create and maintain an environment that encourages the growth of the desirable microorganisms, to optimize treatment performance. 

One useful method of classifying microorganisms in wastewater is by whether they require the presence of molecular or dissolved oxygen (O2) for their metabolism. Table 2.1 describes the classification of microorganisms based on their use of molecular oxygen and list which biological processes to which they are best suited. The levels of dissolved oxygen can be manipulated in a treatment facility in order to achieve a particular biological process, such as promoting the growth of floc forming bacteria, nitrification or denitrification.

Table 2.1 Classification of Microorganisms Based on O2 Usage

	Classification
	Definition
	Biological Process

	Obligate Aerobes
	Organisms which require the presence of O2 for growth.
	Aerobic Organic Reduction.

(Filamentous bacteria)

	Obligate Anaerobes
	Organisms which cannot survive if O2 is present.
	Anaerobic organic reduction.

Denitrification 

	Facultative Anaerobes
	Organisms that can grow in the presence or absence of O2.
	Organic reduction.

(Floc forming bacteria)


Another useful way to classify the microorganisms found in wastewater treatment is by whether they are floc forming or filamentous bacteria.  Floc forming bacteria have the capability to clump together and form gelatinous clusters, which are heavy enough to settle.  Settling of floc forming bacteria is important for wastewater treatment because it is the mechanism used to remove the microorganisms from the wastewater.  

Filamentous bacteria are extremely lightweight, do not settle well and are easily washed out of a clarifier.  Filamentous bacteria are the main bacteria type responsible for  "solids bulking" which is described in more detail in Chapter 5.  When filamentous bacteria become the dominant bacteria the effluent quality may suffer and odors may result.

In order to re-establish floc-forming bacteria as the dominant bacteria, the operator can manipulate the oxygen levels to create an environment in which the majority of the filamentous bacteria cannot survive.  One method of doing this is to create an anoxic reactor and recycle or pass the wastewater through it before it reaches the clarifier.  An anoxic environment may be created by temporarily turning off the air to a reactor in the beginning of the process.  In this environment the facultative anaerobes, or predominantly floc forming bacteria, will survive and the obligate aerobes, or predominantly filamentous bacteria, will be destroyed.  There are some filamentous bacteria that are not obligate aerobes.  If these bacteria dominate the waste stream, more drastic measures may need to be employed to regain control of the treatment process.

The growth rate of microorganisms is categorized in several phases.  The removal efficiency of the organic material is dependent on the growth phase the majority of the bacteria are experiencing.  The initial growth phase is referred to as the lag phase.  The lag growth phase occurs when a new food source or wastestream is introduced to the bacteria.  There is a “tooling up” period in which the bacteria acclimate to the new food source.  Bacterial growth is slow in this phase and is not optimum for removal of organic material in the wastewater.  This growth phase is typical during start-up of a system.

The next phase of growth is referred to as the log phase.  The bacterial population is growing rapidly in this phase and growth is not limited by the food source available.  Often times the bacterial population present is unable to utilize all the food or organic material available resulting in a higher BOD concentration.

The next growth phase is referred to as the stationary phase.  At this point the bacterial population has reached a steady state between growth and utilization of the organic material.  This generally is the optimum operating phase for a wastewater treatment facility.

The final growth phase is the death phase.   In this phase of growth the external food source is low and the bacteria begin to consume stored food reserves, including their own cell tissue and dead bacteria.

Aerobic Removal of Carbonaceous Organic Material

The removal of organic material from wastewater is measured as a reduction in the biochemical oxygen demand (BOD5) in the wastewater.  Wastewater with high concentrations of organic material requires more oxygen as the microorganisms consume the waste than a wastewater with less organic material present.  For instance, a typical BOD5 measurement for raw sewage may be 300 mg/l. Wastewater that has undergone tertiary treatment may have a BOD5 of 10 mg/l.

There are three basic steps in the removal of organic material, or reduction in BOD, from the wastewater stream.  These include:

1)
The transfer of organic matter from the water to the microorganisms.

2) The conversion of organic matter to cell matter through the microorganism’s

      metabolic processes.

3)
The flocculation, settling and removal of the microorganisms after they have metabolized the organic material

The operator of a wastewater treatment facility must keep in mind these three steps and manipulate the system to achieve the most efficient BOD5 removal possible.  

The transfer of organic matter to the cell and its subsequent conversion into cell matter generally occurs in the aerated reactors in the treatment process.  Sufficient detention time in the aerated reactors should be provided to allow the microorganisms time to adjust to the food source and eventually break it down.  There must also be sufficient microorganisms present to metabolize the incoming food.  The system should be well mixed to ensure the microorganisms come in contact with the incoming food source.

Another critical element needed to optimize the conversion of organic material by the microorganisms in the aerated tanks is the presence of oxygen.  Generally there is not enough oxygen available in the influent wastewater to support the conversion of all the organic material or food present.  The importance of oxygen is discussed in more detail in a later section.

Good flocculation and settling is the final step in the removal of organic material from the wastewater.  Flocculation occurs when the bacteria have grown large enough to settle.  As the settling bacteria come in contact with other bacteria, clumps or floc will form thus enhancing the settling process.  Another very important factor to good flocculation and settling is the character of the dominant microorganisms.  As discussed earlier, the goal of an operator is to provide and maintain an environment where the floc forming bacteria can dominate.

A key to good settling of the biomass is the quiescent environment of the clarifier.  It is important that the residence time and surface overflow rate of the clarifier is such that the biosolids can settle to the bottom before the clarified water exits the overflow.  Hydraulic surges through the clarifier have the potential to decrease the residence time and increase the overflow rate allowing solids to wash out of the clarifier.

Another important factor affecting biosolids removal is the age of the sludge in the bottom of the clarifier. Generally the bacteria that are in the stationary growth phase are preferred.  Sludge that has been sitting in the clarifier bottom too long will begin to denitrify, causing nitrogen gas bubbles to float settled solids to the surface.  In addition, as the age of the biosolids increases the metabolic rate of the microorganisms decreases.  The age of the biosolids can affect the BOD5 removal efficiency when the older microorganisms are sent back to the beginning of the system to begin consuming the incoming organic material. The operator must control the wasting and recycle rate of biosolids from the clarifier to optimize BOD5 removal.

Anaerobic Removal of Carbonaceous Organic Material

Often an anaerobic reactor is used on the front end of a Living Machine if the incoming wastewater has a very high BOD5 (>2000 mg/l) or if primary settling is desired.  The type of anaerobic reactors varies from a suspended growth reactor to a supported growth reactor or some hybrid combination of both.  A hybrid reactor may be an up flow anaerobic sludge blanket and a supported growth reactor may be a fixed bed process.

The anaerobic degradation of organic material can be broken down into three steps.  The first step involves hydrolysis and fermentation of the larger organic compounds into compounds suitable for use as a source of energy and cell carbon.  In the second step, "acid formers", bacteria consisting of facultative and obligate anaerobes, ferment the products from the first step into simple organic acids.  In the final step "methane formers", bacteria consisting of obligate anaerobes, convert the organic acids to methane and carbon dioxide.

In an anaerobic treatment process, it is important to maintain a balance between the acid formers and the methane formers.  Without one or the other the process will break down.  To achieve this relationship the anaerobic reactor must be free of dissolved oxygen.  The pH of the aqueous environment should range between 6.5 and 7.5 and sufficient alkalinity should be present to ensure that the pH will not drop below 6.2.  In addition, sufficient amounts of macro and micronutrients should be available to promote proper microbial growth.

Temperature has a major impact on the efficiency of anaerobic treatment.  The methane formers typically have a slow growth rate, which reduces with colder temperatures.  This results in longer detention times for anaerobic reactors. 

One of the simplest forms of the suspended growth reactors used for pretreatment prior to the aerobic portion of the Living Machine is a septic tank.  The septic tank provides an anaerobic environment where incoming solids can settle and the initial break down of organic matter begins.  This type reactor is often used on systems with relatively low BOD5 (<2000 mg/l) such as municipal sewage and some food processing wastes.  Often these reactors are sized to store the solids that are produced in the aerobic portion of the treatment process.  The supernatant from this reactor is passed on to the aerobic treatment elements.

Biological Nitrogen Removal

Nitrogen in municipal wastewater is predominantly in the form of organic and ammonium nitrogen.  Approximately 60% of the nitrogen in raw sewage is in the organic form and 40% is in the ammonium form (1).  Industrial wastewater nitrogen concentrations and forms may vary widely.

In a biological treatment process, organic nitrogen is transformed to ammonium nitrogen through bacterial decomposition.  A portion of the ammonium nitrogen is assimilated into bacterial cell mass.  Under the appropriate conditions the remaining ammonium can be biologically oxidized into nitrite then nitrate.  This latter conversion of ammonia to nitrate is called nitrification.  The final step in removing the nitrogen from the wastewater is called denitrification.  This occurs when the nitrate is biologically transformed into gas.

Nitrification

The nitrifying bacteria, Nitrosomonas and Nitrobacter, are responsible for the oxidation of ammonia to nitrate.  Nitrosomonas oxidizes the ammonia to the intermediate product, nitrite.  Nitrobacter converts the nitrite to nitrate.  Nitrifying bacteria are considered autotrophic bacteria, or bacteria that utilize CO2 as their carbon source for growth.

The nitrifying bacteria are environmentally sensitive organisms.  A variety of environmental factors can inhibit their growth.  These inhibiting factors include high ammonia concentrations, low temperatures, pH outside of the 7.5 to 8.6 ranges and low dissolved oxygen (<1 mg/l) (1).  

The pH of the system can change dramatically due to the nitrification process.  The alkalinity in the wastewater is consumed at a rate of 7.14 mg of alkalinity, as CaCO3, for every milligram of ammonia oxidized.  If there is not a sufficient alkalinity concentration in the wastewater, the pH will be depressed as the ammonia is oxidized.  Eventually the pH will become low enough to inhibit the growth of the nitrifying bacteria, eventually slowing or stopping the nitrification process.  As a rule of thumb the alkalinity concentration should be 10 times greater than the ammonia to be nitrified.  Alkalinity addition may be necessary if the incoming alkalinity is not sufficient.

The nitrification process places an additional oxygen demand on the system.  Typically 4.6 mg of oxygen are required for every milligram of nitrogen oxidized.  Nitrification rates have been shown to increase with increased dissolved oxygen in the wastewater.  As a minimum the dissolved oxygen levels should be greater than 1 mg/l and preferably greater than 3 mg/l.

The rate of nitrification is also significantly affected by the fraction of nitrifiers present in the wastewater.  When the concentration of biodegradable organics, measured as BOD5, is high the heterotrophic bacteria, or bacteria that use organic carbon as a carbon source, dominate the bacterial population.  Typically when the BOD5 is reduced below 40 mg/l the population of nitrifying bacteria is large enough to begin the nitrification process.

Denitrification

Denitrification is the biological conversion of nitrate to nitrogen gas, nitric oxide or nitrous oxide.  These compounds are gaseous compounds and are not readily available for microbial growth; therefore they are typically released to the atmosphere with no significant environmental effect.  

The bacteria responsible for the conversion of nitrate to the gaseous forms use the oxygen bound with the nitrate for their respiratory process as they break down carbonaceous organic matter.  Because this group of bacteria can use either dissolved oxygen or the oxygen bound in the nitrate, an anoxic environment must be present for the denitrification process to occur.  That is, there must be no molecular or dissolved oxygen present so that the nitrate rather than the oxygen is used by the bacteria.  The rate of the denitrification reaction is relatively fast when there is no oxygen present.  The rate drops to zero when the dissolved oxygen level reaches 1.0 mg/l. 

As noted above, the denitrification process occurs during the breakdown of carbonaceous organic material.  Hence, a carbon source must be present in the system.  The carbon source is typically present in the influent wastewater.  This requires recirculating nitrified wastewater from downstream treatment processes through an anoxic reactor at the beginning of the treatment system.

Both pH and temperature have an effect on the denitrification process.  The bacteria responsible for the denitrification process thrive within a pH range of 6 to 8.  The organisms are sensitive to temperature changes.  At lower temperatures the denitrification process slows.

The denitrification process partially reverses the effects of the nitrification process in regards to alkalinity concentration.  For every milligram of nitrate reduced to nitrogen gas, approximately 3 milligrams of alkalinity, as CaCO3, are created. Approximately half of the alkalinity consumed during the nitrification process is  restored in the denitrification process.

Environmental Factors Affecting Treatment Performance

Effective and efficient operation of the biological process depends on steady state conditions.  That is, the system will operate best with no sudden changes to the operating variables such as temperature, pH, flow, organic loading etc.  This ideal steady state condition rarely exists all the time in a treatment system.  The operator should be aware of the indicators and effects that sudden changes can have on the treatment performance and be prepared to take appropriate action if needed.  The following sections describe some of the more common variables that an operator may encounter.

Shock Organic or Hydraulic Loading

One of the most common operating problems encountered is shock organic or hydraulic loading.  A shock loading can be described as sudden and large increases or decreases in BOD5 strength or hydraulic flow.  A change in the type of organic loading also may result in a shock to the biological system.

Each treatment system has a built in resiliency to shock loadings.  The typical Living Machine consists of several individual reactors or ecosystems in series.  This enhances the resiliency or recoverability of the biological system.  Recirculation of organisms from the end or middle of the process to the beginning also increases the recoverability.

Major effects of organic shock loadings may not be noticed immediately.  A time lag of several hours may exist from the time the slug or shock load enters the facility until an operator sees a measured effect.  Some of the indicators of a shock load include:

· A decrease in the dissolved oxygen levels (typically seen in the first reactors).

· A decrease in the settled solids concentration.

· An increase in the BOD and TSS concentrations in the effluent.

The effects of shock loadings will be dampened if some type of flow equalization method is upstream of the Living Machine.

Effects of pH

Biological growth occurs best in a neutral pH environment.  A pH value of 7 is neutral; pHs below 7 are considered acidic and pHs above 7 are considered alkaline.  Oxygen uptake is optimized in a neutral pH environment.  Although microbial growth can occur at pHs of 6 or 9, the rate of growth is reduced.  It is also likely that undesirable organisms will form at these outside ranges and cause solids bulking problems.

If changes in pH are gradual, normally there will not be any serious change in the process until the pH reaches the outer limits of what is required for microbial growth.  An example of a gradual change in pH is the depression of pH due to the nitrification process.  Increasing the alkalinity of the system will alleviate this problem.

Sudden or abrupt pH changes, typically due to spills, are the most damaging and may result in destruction of some or all of the microorganisms in the system. Daily monitoring of the pH can alert the operator to potential problems and a neutralization scheme may be implemented to save the treatment process.

Toxic Loads

Toxic loads are defined as elements or compounds that enter the treatment process in sufficient concentrations to kill some or all of the microorganisms or plants. Typically toxic loads result from industrial spills or cleaning agents.  It is very difficult to detect a toxic loading before it has done its damage.  Isolation and pumping out of affected treatment units may be the best procedure to deal with this problem.  It is advisable to be knowledgeable about the sources of wastewater entering your system and monitor the influent daily.

Temperature Effects

The effect of temperature has been discussed briefly in previous sections as it relates to specific biological processes.  In general, the rate of microbial activity will decrease as the temperature decreases.  This will be evident in the amount of time it takes to process the same amount of BOD5 during the warm months versus the cold months.  The retention times of individual Living Machines are based on the coldest expected wastewater temperatures.  This allows for adequate treatment throughout the year.

Other effects of temperature may be evident in slower recovery times from shock loadings at lower temperatures or growth of filamentous bacteria during warmer summer months.  The temperature also has an effect on the solubility of oxygen in the water and is described in more detail in the next section.  Seasonal changes can also create unstable operations for a period of time due to changes in microbial population.  Increasing the biosolids recirculation can help to stabilize the system more quickly.

Oxygen and Mixing Effects

Oxygen is necessary for microbial synthesis and oxidation of organic matter in the wastewater.  Molecular oxygen (O2) is provided by forcing air into the wastewater using a blower and diffuser system.  The volume of air required is a function of the BOD5 loading, nitrification, and mixing demands.  More air is needed when the BOD5 loading or nitrification demand increases.  In addition, the aeration system must provide adequate turbulence or mixing to achieve a high degree of oxygen transfer and to keep the solids in suspension and in contact with the microorganisms.

Oxygen is transferred from the air into the water by a diffusion process in which temperature, pressure and turbulence are the chief factors in the rate of transfer.  As the air temperature increases the air expands and becomes less dense.  Thus a cubic foot of warm air will contain less oxygen than a cubic foot of cold air.  Similarly, as the humidity rises a given volume of air will contain less oxygen.  Therefore, a drop in the dissolved oxygen level will be observed if the air input is not increased to compensate for seasonal changes.

The temperature of the water also has an effect on the solubility of oxygen in the water.  Oxygen is more soluble in colder water than it is in warmer water. 

The dissolved oxygen in the wastewater should be maintained between 0.5 mg/l and 4.0+ mg/l depending on the treatment unit.  Insufficient oxygen in the aerobic reactors will decrease metabolic activity and promote possible formation of filamentous bacteria.  Typical causes of insufficient oxygen are an increase in BOD5 concentrations, an increase in biosolids recycling or an increase in nitrification demand.

Surfactants

Surfactants are derived from soaps and detergents and tend to reduce the oxygen transfer efficiency by making it harder for oxygen to move from the diffuser air bubbles into the wastewater.  Detergents should be used sparingly, especially those containing phosphorous or environmentally harsh cleaners.

Disinfection

Disinfection of wastewater is the destruction of disease-causing organisms.  The disease-causing organisms of greatest concern for humans originate in the human digestive track and can be categorized as selected water borne bacteria, viruses, and amoebic cysts. These organisms are generally referred to as pathogens.  Some of the diseases caused by these organisms include typhoid, cholera, dysentery, poliomyelitis and infectious hepatitis.

The Living Machine environment is cooler than that found in the human digestive tract making the conditions unfavorable to most human pathogens. Many of the weakened pathogens may be eliminated in the Living Machine through predation, competition, adsorption and settling.  When treated wastewater is discharged into surface water or reused for irrigation or toilet flush water, destruction of the remaining pathogens is necessary to protect the public health.  Treated wastewater that is discharge into the soil generally does not require additional pathogen destruction due to the minimal risk of contact with humans and the added destruction of organisms the soil environment provides.

Because the numbers of pathogenic organisms present in wastewater are few and difficult to isolate, testing for all pathogens that may be present in a sample of wastewater is generally difficult and cost prohibitive.  The method of testing for an “indicator organism” has been widely accepted as a technique to measure the relative contamination of a sample with human fecal matter and therefore the possible presence of pathogenic organisms of human origin.

The indicator organisms commonly used are bacteria known as coliform organisms.  Coliform organisms are harmless to humans, are found in abundance in the intestinal tract of humans and can be tested for easily.  The presence of coliform organisms in a sample is generally an indication that pathogenic organisms may also be present.  However, there are some organisms that are classified as coliform bacteria but are not found in humans.  Thus the presence of coliform organisms does not always mean the sample is contaminated with human waste.  

A separate strain of coliform, called fecal coliform, can be determined separately from total coliform.  The sources of fecal coliform include human intestines as well as those of dogs, cats, and livestock.  Fecal coliform are quickly destroyed in soil, therefore the concentration of fecal coliform in a sample of water has become a regulatory parameter to determine the level of disinfection.

The regulatory limits are based on studies that have estimated the maximum quantity of fecal coliform found in sample with no associated health concern.  The same is true if the regulatory limit is based on total coliform.  The limits are set based on the end use of the water.  For example, a fecal coliform limit of 200 coliform units (cfu) per 100 ml of sample may be a set for wastewater entering a body of water.  If the treated wastewater is to be used for landscape irrigation or toilet flush water the limit may be 2 cfu/100 ml of sample.

Typically two disinfection treatment options are used with Living Machines.  These include ultraviolet (UV) disinfection and chlorination.

UV disinfection is the preferred method of disinfection because it does not physically or chemically alter the wastewater sample and does not leave any potentially harmful compounds in the water.  The DNA of organisms is altered when it is exposed to ultraviolet light, thus preventing organisms from reproducing.  A UV disinfection unit is typically designed for a certain exposure intensity at a given flow rate.  For example, an exposure rate for wastewater may be 30,000 to 45,000 ( wsec/cm2.  Solids in the wastewater may shield disease-causing organisms from the ultraviolet light. In order for UV disinfection to be effective it is important that the total suspended solids concentration in the wastewater is very low (5 to 10 mg/l).

The second method of disinfection that may be employed after a Living Machine is chlorination.  Chlorine is highly toxic to microorganisms.  For effective disinfection with chlorine good mixing is required at the injection point.  Sufficient contact time between the chlorine and the wastewater is also essential. The longer the contact time the greater the kill.  In addition to killing microorganisms, chlorine reacts with other compounds in the wastewater such as ammonia.  High concentrations of ammonia in the effluent wastewater may reduce the efficiency of the chlorine.

One benefit of chlorination, as viewed by regulatory agencies, is the ability to measure chlorine residual in the wastewater.  The presence of a residual is an indication that the water has been sufficiently chlorinated to kill disease-causing organism.  Because UV disinfection does not leave a residual, it is difficult to quickly determine the effectiveness of the process.

Reference

1.  Clark, John W., Viessman, Warren, Jr., Hammer, Mark J.:  “Water Supply and Pollution Control”, 3rd ed., Harper & Row, NY, NY, 1977.

	Chapter Three: Living Machine Treatment Process Description


Overview

Living Machines accelerate nature's own water purification processes by employing a series of diverse and ecologically engineered environments.  Microorganisms, plants, and snails found in the treatment units thrive by breaking down and digesting organic pollutants present in the wastewater.

Living Machines are tailored for specific wastewater streams and site discharge requirements.  As the wastewater passes through each treatment unit the water quality progressively improves until a high quality effluent, suitable for re-use or discharge, is achieved.

Design Criteria

The influent and effluent wastewater characteristics used as the basis for the design of at Oberlin are summarized in Table 3.1.  Refer to the Glossary of Wastewater Treatment Terms, presented in Appendix B, for a definition of each design parameter.

The treatment goal of this Living Machine is an advanced quality effluent suitable for reuse in restroom flushwater.  Since the wastewater can be discharged back to the sewer, no discharge permit has been issued.
Table 3.1 Oberlin Living Machine Basis of Design

	Design Parameter


	       Design

       Influent
	       Design

      Effluent
	Regulatory Limit 1

	Flow (gpd)
	         2,470 

(9 gpm peak)
	         2,470
	

	Biochemical Oxygen Demand, BOD5 (mg/l)
	         300
	           10
	

	Total Suspended Solids, TSS (mg/l)
	         285
	           10
	

	Fecal Coliform (cfu/100 ml)
	       1 X 107
	         <500
	

	Minimum Temperature (deg. C)
	          10
	            - 
	

	Average Temperature (deg. C)
	          14
	            - 
	

	Average Temperature (deg. C)
	          18
	            - 
	

	pH
	      6.5 – 8.5
	      6.5 – 8.5
	


1 No initial limit has been set.

Oberlin Living Machine Description

The Process Flow Diagram shown in Figure 3.1 illustrates the flow path of the wastewater through the Living Machine at Oberlin.  A summary of the functions of the major treatment units may be found in Table 3.2.

The raw wastewater leaves the building restrooms and flows by gravity to the buried anaerobic reactor located to the east of the greenhouse.  The flow diversion valves located on this line allow diversion of the effluent directly to the sewer.  This diversion should be used to take the Living Machine off-line during maintenance or upset conditions.  From the anaerobic reactor, flow passes into the buried two-cell closed aerobic reactor.  From there, a duplex submersible pump system transfers the partially treated wastewater to the planted open aerobic reactors located in the greenhouse.  Flow passes through the three open aerobic reactors under gravity.  A portion of the third open aerobic flow is recycled back to the closed aerobic, to aid process control.  The effluent from the open aerobics gravity flows to the adjacent clarifier.  The clear clarifier supernatant flows through the collection trough to the wetland distribution header located at the east end of the greenhouse.  Excess biosolids are taken from the bottom of the clarifier and are either recycled to the closed aerobic or are wasted to the anaerobic reactor.  The wetland flow path is east to west.  The wetland effluent is collected at the west end of the greenhouse and gravity flows to the buried re-use holding tank, located east of the greenhouse.  The water is pumped on an as-needed basis through the UV filter and on to the boosted storage and re-use system.  All control functions – for the Living Machine and the re-use system, are performed by the PLC (Programmable Logic Controller).   Please note, the boosted storage and re-use system is outside the scope of the Living Machine project.  Detailed operation and maintenance information for those items, is covered by their respective designers.  

Table 3.2 Living Machine Treatment Component Functions

	Treatment Component
	Function

	Manual Bypass Valves
	1.

2.
	Controls raw wastewater leaving building.  Flow can be directed to either the Living Machine or the City sewer.

	Anaerobic Reactor (2 cell)
	1.

2.

3.
	Primary clarification to settle out solids and removes fats and grease by floatation.

Primary treatment using anaerobic bacteria to biologically metabolize organic material.

Biosolids storage and partial digestion.


	Treatment Component
	Function

	Closed Aerobic Reactor (2 cell)
	1.

2.

3.

4.

5.
	Biologically metabolizes organic material.

Adapts wastewater from an anaerobic

environment to an aerobic environment.

Retains pungent odors.  

Recycle from open aerobic allows biosolids conditioning by selection and denitrification.

Provides flow equalization and pumping cycle pump volume.

	Pump System No. 1
	1.


	Transports wastewater to open aerobic reactors in the greenhouse.

	Open Aerobic Reactors (3 reactors)
	1.

2.

3.
	Biologically metabolizes organic material.

Nitrifies ammonia nitrogen.

Recycle to closed aerobic allows biosolids conditioning by selection.

	Clarifier
	1.

2.


	Removes waste biosolids from wastewater.

Recycles active organisms back to the

beginning of the system.

	Constructed Wetland
	1.

2.
	Polishes wastewater by removing particulate material.

Begins denitrification process.

	Water Re-Use Holding Tank
	1.
	Allows non-potable water to be stored and re-used on an as needed basis.  Provides a location for make-up water to be added if the Living Machine is off-line and there is a re-use water demand. 

	Pump System No. 2
	1.


	Transports Re-Use Holding Tank non-potable water to the UV disinfection, and on to the boosted storage tank and re-use system.

	Ultraviolet Disinfection Unit
	1.
	Removes pathogens from wastewater, prior to treated effluent going to the boosted storage tank and re-use system (by others).

	Carbon Filter
	1.
	Removes odors from gases vented from the

closed aerobic reactor and anaerobic.

	Reuse Boosted Storage Tank System
	1.
	Provides a pressurized source of treated L-M effluent for reuse.  The system operates on pressure switch settings – see the O&M information supplied as part of the reuse system (by others).  See Section 4 for a general description of how this component functions.


Figure 3.1 Process Flow Diagram

	Chapter Four: Component Descriptions 


Introduction

This chapter describes the mechanical operation of the Living Machine components and the logic behind the design of these systems.  For example, this chapter will describe how to set Pump Station No.1 float switches and how to set the time intervals on biosolids wasting and recycle.  The operator should refer to these descriptions as well as manufacturers’ operating manuals for the operation of each component.  In addition, the Living Machine is controlled by the building PLC (Programmable Logic Controller).  The PLC O&M manual should be referenced when making adjustments to the PLC settings.  Only authorized personnel should be given access to the PLC.

The following sections in this chapter are organized in the sequence of the “influent to effluent” flow path.  The site plan presented in Appendix A may be folded out and will aid in the understanding of the component descriptions.  In addition, the Living Machine record drawings should be referenced.

Anaerobic Reactor

The Anaerobic reactor is the first treatment step in the Living Machine as shown in Figure 3.1 and Figure 4.1.  The purpose of the Anaerobic reactor is to remove the particulate portion of the incoming organic loading (BOD) without aeration and to retain gross solids and floatable material, preventing them from creating nuisance conditions in downstream reactors.  The products of the anaerobic breakdown of organic wastes are also beneficial in the next step of the process, the Anoxic reactor.

The anaerobic reactor is divided into two chambers.  The first chamber (AN1) acts as a settling zone for solids in the influent wastewater.  Scum in the influent (oil and grease and other floatable materials) is also retained in this chamber.  The second chamber of the Anaerobic reactor (AN2) provides further treatment using more suspended growth anaerobic bacteria.  The reactor has a gas-tight cover system vented through carbon odor control.

Raw sewage slows by gravity into AN1.  An influent tee below the water surface introduces flow about 12 inches below the water surface.  The reactor has a gas tight removable panel at either end.  The panels provide access for monitoring and solids removal.  Also, there is a 2” sample port in both AN1 and An2 for easy monitoring of solids accumulation or reactor chemistry.

Gases generated in the reactor are piped through an activated carbon adsorption system and discharged to the atmosphere.  The activated carbon system is covered in greater detail in the subsection “Carbon Filters”.  Settled solids and scum are stored for later removal.  Organic solids, oil and grease retained in the Anaerobic reactor will undergo some degradation before removal, thereby reducing the amount of septage requiring disposal.

Figure 4.1 Anaerobic Reactor

Table 4.1 Anaerobic Reactor Features

	Tank Features

	1. Two compartments AN1 and An2.

2. Reactor total liquid volume = 3000 gal.

3. Connected gas space above water in compartments

4. Sealed cover over entire reactor with removable panels

5. A sample port through cover in AN1 and AN2.

	Piping Features

	1. 4" influent enters AN1 above water line

2. Flow is introduced into AN1 by a submerged inlet tee AN1 approx. 12” below water line

3. Partition separating AN1 from AN2 has 1-6” square opening for flow between compartments

4. Effluent flow leaves AN2 via a submerged outlet tee.  A 4” line connects to the closed aerobic

5. 4” emergency high level overflow to city sewer.


The hydraulic residence time in AN1 is approximately 19 hours and there is no mixing in this compartment.  Influent settleable solids will settle out and floatable materials (oil and grease and floating solids) will float to the top of the reactor liquid column.  A partition separated AN1 from AN2, the second compartment in the reactor.  This partition is designed to retain the settleable and floatable materials in AN1.  The accumulated material will be removed periodically by a septic hauler.

In the second Anaerobic reactor compartment, AN2, the hydraulic residence time is approximately 10 hours.

Anaerobic Reactor Operation

The main operational requirements for the anaerobic reactor is monitoring and periodic removal of solids accumulating on the reactor bottom and scum accumulating at the water surface.  The depth of both of these layers can be monitored using the core sampler (sludge judge) inserted to the reactor bottom through the sample ports.  The solids and scum should be removed by a septic hauler when the solids accumulate to 3 feet deep or when the scum layer reaches 2 feet thick, whichever is first.

Closed Aerobic Reactors

The closed aerobic reactor receives the wastewater by gravity flow from the anaerobic reactor.  The main purpose of this reactor is to begin the breakdown of the organic material present in the wastewater and to capture pungent gases released from the wastewater.  

A diagram of the closed aerobic reactor is shown in Figure 4.2.  Table 4.2 summarizes its features.  A detailed description of the table’s highlighted features follows.
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Figure 4.2 Closed Aerobic Reactors

Table 4.2 Closed Aerobic Reactor Features

	Tank Features

	1. 12' long by 6’ wide by 8’ high pre-cast concrete.

2. Sealed cover.

3. Two cells separated by a flow through baffle.

4. A sample port in the cover.

	Piping Features

	1. 4" influent gravity line from the upstream discharging on surface of first cell.  This serves as the emergency overflow pipe, since any back-up in level in either the anaerobic or the closed aerobic, will exit the via the anaerobic tank overflow connection to sewer.

2. 4" vent pipe connected to the carbon filter located in yard, adjacent to the greenhouse.

3. Recycle discharge pipes.

a. 4" solids airlift from clarifier and OA3 recycle.

b. 3/4" pond recycle.

4. 3/4" air supply.

	Other Features

	1. Four EDI 21 T tubular style membrane diffusers (two in each cell).

2. Dedicated air supply lines (from the blower room) each with an air flow meter.


The wastewater from the anaerobic reactor enters the closed aerobic reactor just above the water line.  

The tank itself is split into two cells by a dividing baffle.  A 6” square notch in the center area of the central baffle allows the wastewater to flow from the first cell to the second cell.  

One removable diffuser assembly (consisting of 2 cells) is located in each cell.  To remove a diffuser, airflow to the tank should be shut off at the ball valve located on the dedicated air supply line at the blower room.  The union on the appropriate air supply line should be disconnected and the diffuser assembly may be raised using the attached pull cord.

An airflow meter is located on each of the diffuser air supply pipes.  The ball valves below these meters should be used to regulate the flow rate of air.  Table 5.1 in Chapter 5 presents the normal operating range for this reactor.  (Note: adjusting the airflow on one diffuser will affect the airflow to the remaining diffusers).

There are two recycle lines discharging (through a common line) into the closed aerobic reactor: the solids recycle from the clarifier and the OA3 recycle.  The solids recycle pipe re-seeds the closed aerobic with active microorganisms from the clarifier.  The solids are pumped from the bottom of the clarifier using an airlift located at the clarifier.

The airlift pump operates by injecting air into the bottom of the recycle pipe.  This creates a mixture of water and air that is less dense; therefore, it moves to the top of the pipe and spills out into the gravity pipe leading to the closed aerobic reactor.  When the airlift is on, the solids are pulled from the clarifier to the closed aerobic reactor.

Three solenoid valves (SV1, SV2 and SV3) that regulate air lifts are controlled by the PLC.  SV1 regulates air to the OA3 to CA1 recycle.  SV2 regulates air to the clarifier recycle/wasting.  SV3 regulates air to the scum wasting.  MV1 is the 3-way motorized ball valve that directs flow to either GA1 (recycle) or Anaerobic (wasting).  Appendix J presents the suggested settings.  The ball valve on each air supply line controls the flow rate.  Increasing the airflow will increase the recycle flow rate.  The reverse is true for decreasing the flow rate. 

The solids recycle flow rate from the clarifier to CA1 may be determined by following this “bucket and stopwatch” procedure:

1. Turn on airflow to the solids recycle airlift.

2. Place a 5-gallon bucket or one of a known volume under discharge pipe in closed aerobic reactor.

3. Determine the time it takes to fill bucket.

4. Flow rate (gpm) = volume of bucket (gal)/time to fill bucket (min.)

To determine the total volume of solids recycled per day multiply the calculated flow rate by the minutes the airlift pump is on.

The OA3 recycle pipe discharges into the top of the first cell of the closed aerobic.  The “bucket and stopwatch” procedure described above can be used to calibrate the flow rate.

There are two sample ports located in the cover of the closed aerobic reactor, one over each cell.  These may be used to take daily dissolved oxygen or pH measurements as outlined in Chapter 5.

A gas vent is located above the water line in the closed aerobic reactor and is connected to a carbon filter.  The gas is passively vented through the 4" diameter pipe section that is filled with caustic impregnated activated carbon.  The odor causing compounds, such as hydrogen sulfide, adsorb to the carbon.  Once all the adsorption sites are used an odor may be detected.  The presence of an odor is an indication that the carbon must be replaced. 

To replace the carbon, the union above the filter and flange below the filter should be disconnected.  Once the filter unit is free, the spent carbon may be dumped out and replaced with new carbon.  The filter should then be reconnected.  It is expected that the carbon will need replacement every three to four months.

A small condensate trap is located below the carbon filter.  This allows the condensate to spill out and not flood the filter.  The trap should always be full of water to prevent odors from escaping.

Pump Station No. 1

Pump Station No. 1 is located at the end of the second closed aerobic cell.  The main purpose of this unit is to transfer up to 2,470 gallons per day of partially treated sewage to the planted open aerobics, located inside the greenhouse.  A diagram of the pump station is shown in Figure 4.3.  Table 4.3 summarizes the features of the pump station.  A more detailed description of the table’s highlighted features follows.
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Figure 4.3 Pump Station No. 1

Table 4.3 Pump Station No. 1

	Sump Features

	1. Approximately 12’ x 6’ (inside) or 530 gallons per vertical foot.

2. Sealed cover with vent.

3. Duplex pump system with threaded connection on discharge piping at top and lifting chain.

4.  6" square opening from first closed aerobic cell.

	Pump and Piping Features

	5. Sewage pump: 2-Myers model SRM4 pumps, 2” solids passing

6. Power requirements: 230 V, 1 ph, 60 Hz.

7. Capacity:  15 gpm at 11' TDH 

	Control Features

	8. PLC control.  Alternating, with pump run hour meters for service information.  Float switch signals go to the PLC to control the pump function.  PLC flexibility allows for pump to be controlled based on float switches and cycle times – if required.   

9. “Pumps Off”, “Lead Pump On” and “Lag Pump On/High Level Alarm” float switches.

10. Discharge line passes through influent magnetic flow meter located in the greenhouse on the north wall.  Magnetic flow meter sends a 4-20 mAmp signal to the PLC.


The initial float switch settings are provided in Figure 4.3.  The objective is to minimize the pumping duration and resulting flow peak.  This is achieved by setting the pumping dose volume to the minimum value of approximately 2 inches, or about 90 gallons per dose.  The frequency of pump cycles should not exceed 6 starts per hour per pump, otherwise pump life will be reduced.

An alternative method of controlling flow requires that the float switches maintain their level control function, except that the PLC turns the lead pump on and off based on programmed maximum pump duration.  This method has not been employed for initial operation, since the flows are not likely to be that high most of the time and this form of flow control adds complexity to operation.  However, the PLC has sufficient capacity to be programmed to run in this mode if needed.

The pump may be manually turned on and off using the ON/OFF switch located in the Living Machine electric room.  The switch should be in the Auto position during normal operation.  The power to the pump should always be turned off at the breaker when the pump is being worked on and the lock-out/tag-out procedure detailed in Chapter 7 should be followed.
To remove either pump for maintenance or repair the discharge piping may be disconnected  at the ball valve union.  The lifting chain may be used to pull a pump from the basin.  When replacing the pump make sure the union is properly sealed and follow the start-up instructions in the pump manufacturer's manual.

Maintenance and trouble-shooting procedures for the pumps are described in Chapter 5 and Appendix C of this manual and in the manufacturer's instructions.

Open Aerobic Reactors

The open aerobic reactors (OA1, OA2 and OA3) receive pump flow from the closed aerobic reactor.  The purpose of this reactor is to continue the breakdown of the organic material in the wastewater and begin the nitrification process.

A diagram of the open aerobic reactor is shown in Figure 4.4.  The following Table 4.4 summarizes its features.  A more detailed description of the table’s highlighted features follows.
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Figure 4.4 Open Aerobic Reactors

Table 4.4 Open Aerobic Reactor Features

	Tank Features

	1. 8' diameter by 6’-6” high density polyethylene

2. Open top.

	Piping Features

	1. 4" inlet and outlet pipe.

2. 3/4" air supply

	Other Features

	1. EDI 22T Tubular diffusors 2 per open anaerobic removable diffuser.

2. (1) air flow meter.

3. Plant rack.
4. Recycle from OA3 to closed aerobic (CA1) controlled by PLC timer and Solenoid valve (SV1) located at OA3.  See settings in Appendix J.


The wastewater is pumped by PS No. 1 from the closed aerobic reactor to the OA1.  

Each open aerobic contains one removable diffuser unit (composed of 2 EDI 21T membrane diffusers) located on the bottom of the tank.  To remove the diffuser, airflow to the tank should be shut off at the ball valve located on the air supply line on the outside of the tank.  The union on the air supply line should be disconnected and the diffuser assembly can be raised using the piping.

An airflow meter is located on the diffuser air supply pipe.  The ball valve after the meter may be used to regulate the flow rate of air to the reactor.  Table 5.1 in Chapter 5 presents the normal operating range for this reactor.  (Note: adjusting the airflow on one diffuser will affect the airflow to the remaining diffusers.)

A plastic pipe plant rack is secured to the tank rim with a thin adjustable cable.  The height of the rack may be adjusted using the fasteners on the cables.

It is important to note that the open aerobic reactors are not anchored to the floor and must not be dewatered when the wetland is full of water.  In order to empty the open aerobics, the wetland must be pumped down.  See wetland section.  Partial dewatering so tank contents are still about six inches above the wetland is acceptable.

Clarifier

The wastewater from the last open aerobic reactor (OA3) flows into the clarifier.  The purpose of this tank is to settle and concentrate the biosolids that have been generated in the upstream treatment units.

A diagram of the clarifier is shown in the Figure 4.5.  Table 4.5 summarizes its features.  A detailed description of the table’s highlighted features follows.
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Figure 4.5 Clarifier

Table 4.5 Clarifier Features

	Tank Features

	1. 5' diameter by 6’ high fiberglass high density polyethylene

2. Open top.

3. Cone bottom.

	Piping Features

	1. 4" inlet header.
2. Baffles and effluent weir box  assembly.

3. Solids removal airlift assembly.  See Appendix J for PLC settings on Solenoid Control (SV2).

4. Solids recycle to closed aerobic reactor.  Solids wasting to the anaerobic reactor.  Flow direction by 3-way motorized ball valve located at the clarifier.

5. Scum removal airlift solenoid valve (SV3) pipe connects to solids line to the 3-way ball valve.  See Appendix J. for PLC settings.


The wastewater enters the clarifier through a slotted inlet header located just below the surface of the water.  The purpose of the header is to reduce the velocity of the incoming wastewater and distribute the flow over the width of the tank.  A standpipe in the center of the header may be used to clean out the header if it becomes clogged.  The joint at the bottom of the assembly is not glued; therefore, the whole assembly may be removed if necessary.

The clarified wastewater exits the tank through a baffled overflow assembly.  The baffle surrounding the overflow pipe and the baffle below the pipe help to prevent short-circuiting of the water through the tank and help to retain the floating plants in the tank.  The height of the overflow pipe is fixed and sets the height of the water level in the clarifier and open aerobic tank.

The solids that settle to the bottom of the cone section may be removed from the system or recycled back to the closed aerobic reactor.  The removal of solids from the system is controlled by two airlift assemblies.  PLC controls the solenoid valve operation.  SV2 and SV3 are connected to the airlift air supply line.  Appendix J presents the suggested PLC settings.  Using the ball valve on the air supply line to increase or decrease the air supply to the airlift can control the flow rate of the solids.  Increasing the airflow will increase the solids flow rate.  The reverse is true for decreasing the flow rate.

To determine the flow rate of the solids airlift the following procedure may be used:

1. Shut off flow to the system by manually turning off the influent pump (PS No. 1), pond

pump and solids recycle airlift.

2. Plug open aerobic outlet pipe.

3. Turn on solids removal airlift.

4. Record the amount of time it takes to drop the water level in the clarifier 3 inches (36.7 gallons).

5. Flow rate (gpm) = 36.7 gal/time (minutes) to drop water level 3 inches.

6. Remove plug from open aerobic, turn on pumps and airlifts.

The intake for the solids recycle piping to the closed aerobic is attached to the solids removal assembly in the clarifier.  Discussion of the solids recycle system is presented previously in the description of the closed aerobic reactor.

An automated scum removal pipe is used to remove scum from the system.  Scum and wasted solids are piped to the anaerobic reactor.  A more in-depth discussion on the causes of floating solids and overall solids handling procedures is presented in Chapter 5.

It is important to note that Clarifiers are not anchored to the floor and must not be dewatered when the wetland is full of water.  In order to empty the Clarifiers, the wetland must be pumped down.  (See wetland section.)  Partial dewatering so tank contents are still about six inches above the wetland is acceptable.

Constructed Wetland

Flow from the clarifier effluent box flows by gravity to the distribution sump of the constructed wetland.  The wetland acts as the final treatment unit.  The wastewater is partially denitrified and organic material and solids are reduced prior to disinfection.

A diagram of the constructed wetland is shown in Figure 4.6.  Table 4.6 summarizes its features.  A more detailed description of the table’s highlighted features follows.
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Figure 4.6 Constructed Wetland

Table 4.6 Constructed Wetland Features

	Containment Features

	1. 3' treatment media depth; 200 sf surface area (approx).

2. Concrete containment (waterproofed by concrete installer).

3. Filled with varying sizes of crushed stone.  (see Record drawings for specifications.)

	Other Features

	1. Inlet sump and inlet zone with distribution header.
2. Treatment zone.

3. Collection sump and collection zone with collection header.

4. Level control in collection sump.


The constructed wetland is a subsurface flow wetland.  The water surface should be approximately 2" to 4" below the top of the stone.  Wastewater enters the wetland through a perforated distribution header located in the inlet zone.  Two cleanouts mark the ends of the header.

The inlet zone consists of an area of larger stones.  This larger stone helps to distribute the flow across the width of the wetland.  This area should be kept free of plants to prevent clogging of the distribution header by plant roots. 

The treatment zone is planted with a variety of wetland species.  The root and stone surface areas provide sites for microorganisms to attach.  The microorganisms will continue to consume any organic material that is remaining in the wastewater.  

Throughout the treatment zone there will be areas where no molecular oxygen is present.  It is in these areas that the denitrification process will take place.  The decaying vegetation in the wetland will provide a source of carbon needed for the denitrification process.

Larger stone also surrounds the perforated collection header and level adjust sump.  The level control collection sump has a vertical standpipe.  The standpipe can be replaced with a different length pipe (four are supplied) to maintain a different water surface elevation.  See Figure 4.6.  Lowering the water level may be necessary if water is visible above the stone.  Gloves should always be worn when adjusting the standpipe to prevent contact with wastewater that has not been disinfected.  Refer to Chapter 7 for a more detailed discussion of safety.  

It is important to note that the open aerobic reactors (OA - OA3) as well as the clarifier are not anchored to the floor and must not be dewatered when the wetland is full of water.  Partial dewatering so the tank contents are still about six inches about the wetland is acceptable.  In order to dewater any open aerobic tank or clarifier, the operator will have to use a portable sump pump and pump the wetland down – place pump suction in collection sump and discharge to sewer.

Wetland Effluent Holding Tank and PS No. 2

The purpose of this tank and pump station is to store and transport wetland wastewater effluent through the ultraviolet disinfection unit and onto the reuse system (by others).  A diagram of the tank and pumps is shown in Figure 4.7.  Table 4.7 summarizes the features of the pump station.  A detailed description of the table’s highlighted features follows.
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Figure 4.7 Wetland Effluent Holding Tank and Pump Station No. 2

Table 4.7 Wetland Effluent Holding Tank and PS No. 2 Features

	Holding Tank Features

	1. 12’ L X 6’ W x 4’-6” pre-cast concrete.

2. 4" diameter gravity overflow pipe to the municipal sewer system.

3. Make-up potable water supply (by others) where a float valve replenishes water for reuse in the event that the level in the wet well falls below a set level.

4. The gravity overflow discharges excess water not required for reuse.

	Pump and Piping Features

	1. Submersible duplex pump:  Berkeley J Series, with flow inducer sleeves

2. Power requirements:  230 V, 1 ph, 60 Hz, ¾ hp

3. Capacity:  10 gpm (min) at 150' TDH.

4. PLC controlled based on boosted storage tank pressure switches, float switch override and effluent flow motor signal.


The pumps in PS No. 2 operate on a lead/lag basis.  Should the boosted storage system call for water via the PLC, the PLC starts the lead pump (provided the low level cut-off float switch is up.)  The said pump pumps until the booster storage system signals the PLC that the pressure tank is replenished (via pressure switch), at which point the lead pump is shut off.  The next pump cycle has the pumps switching roles, and the lag pump becomes the lead pump.  This evens out pump use.  In the event that the lead pump is turned on by the PLC, but no flow is detected at the influent motor (after a programmable delay at PLC), an alarm is sent by the PLC and the lag pump is turned on.  (The lead pump is turned off.)  Also, if the high level float switch is raised, the PLC alarm is sounded.

For servicing, the pump station power supply should be disconnected.  A union on the discharge piping can be disconnected to remove each pump.  Prior to working on the system the electricals should be locked out at the electrical room.

A 4" emergency gravity overflow will discharge wastewater to the municipal sewer if both pumps should fail.  Shutting the pump off and allowing the wastewater to overflow to the sewer will also bypass the downstream treatment units.

Ultraviolet Disinfection Unit

The treated wastewater is pumped through the ultraviolet disinfection unit (UV).  The purpose of this unit is to kill pathogens (or disease causing organisms) that may be present in the wastewater.

The UV unit is located on the north wall of the greenhouse.  Table 4.8 summarizes the features of this unit.  Please refer to the Equipment Manual for UV unit details.  A more detailed description of the table’s highlighted features follows.

Table 4.8 Ultraviolet Disinfection Unit Features

	Unit Features

	1. UV Sterilizer unit, Sterilight Model S24Q-Gold

2. (2) 39-watt UV bulbs in quartz sleeves. (95 watts for device)
3. Up to 24 gpm capacity.
4. 254 nm UV monitor.

5. Control box with UV and lamp failure indicator lights.

6. Power requirements, 115 V.

7. 316L SS Reactor chamber material.

8. Easy servicing – no need to disconnect water flow to change UV lamp.

9. Drain port for reactor chamber flushing.

	Piping and Housing Features

	1. 2" inlet and outlet pipes.

2. (2) 2" disconnecting unions.

3. Wood frame with polycarbonate cover.


Two UV bulbs are housed within a PVC casing.  The wastewater flows into one side of the casing, around the UV bulbs and out the other side.  As the wastewater passes around the bulbs, organisms in the wastewater are exposed to ultraviolet light.  The UV light damages the DNA of the organisms thus preventing them from reproducing.

Quartz sleeves surround the bulbs.  These protect the bulbs from cold water thus enhancing their output.  The intensity of the bulbs diminishes over time, making replacement necessary.  Refer to the manufacturer's literature for recommended replacement intervals and procedures.

The unit should be on continuously.  A bulb indicator light is located on the control box and the unit casing.  After the power is shut off the unit may be disconnected from the piping using the two unions on the inlet and outlet pipes.

The unit is always on, even when flow is off.  For long periods of no flow, turn off UV unit.

Boosted Storage and Re-Use System

These components were designed and built by others.  A general overview of the operation follows, but please refer to the O&M provided for the components for details on operation and maintenance.

The general principle of operation uses a set of pressure switches located at the boosted storage tank.  The pressure switches are set to call for UV filtered water when the boosted storage tank (supplying the re-use system) is low.  Once the boosted storage tank is replenished to the full position by the pumps in PS No. 2 (see that preceding section, above).  The high pressure switch tells the PLC to stop PS No. 2 pumping.  In this way a continuous supply of re-use toilet flush water is sent to the toilets and urinals via the boosted storage tank.  See Figure 3.1 for general schematic detail of these components, and how they connect to the Living Machine.

Support Systems

Blower

Six Sweetwater Air Pumps, Model L-70, supply air to the Living Machine.  The blowers are mounted on shelves on the second floor, above the Living Machine electrical room.  The blowers are to be kept above the water level in the Living Machine to prevent flooding of the units when the power is off.  The blower units are plugged into wall outlets.  The units contain air filters that must be cleaned on a regular basis.  Refer to the manufacturer's instructions for cleaning procedures and frequency.  Each blower is rated for 2.9 CFM at 4 psi pressure.

Influent and Effluent Flow Meters

The effluent flow meter is located on the north wall of the greenhouse.

The meter is a Great Lakes Model F1-1001-102 1” paddle meter.  The capacity of the meter is 1 to 20 gpm.

The flow totals and instantaneous flow rate are recorded and displayed at the PLC.  When comparing daily flows, the same time of day and day of the week should be used to make comparisons.  To determine the actual amount of wastewater treated, the amount of water recycled from the open aerobic 3 and the clarifier  should be subtracted from the total influent.  To find the effluent total, the amount of water (if any) added by the make-up potable water system should be subtracted from the effluent meter reading.  Also, any flow sent to gravity sewer overflow, and evaporation need to be considered.

Programmable Logic Controller (PLC)

A programmable logic controller is located in the Environmental Studies Building.  The PLC controls all building functions, and a portion is reserved for control of the Living Machine – including an additional 25 percent spare capacity.  The PLC, the PLC interface laptop computer, software and programming are all designed and supplied by others.  The interface has a GUI (graphical user interface) which allows the operator to adjust settings as need be.  Because the PLC operates components in addition to the Living Machine, care must be used not to alter non-Living Machine settings.  Also, only authorized PLC access should be allowed.

The PLC provides control and data acquisition functions.  Flow rates and totals are displayed, recorded and stored.  The operation of the following components is controlled by the PLC (see the respective component sections for the operation details):

1. Influent PS No. 1

2. Influent Flow Meter

3. OA3 process recycler to CA1 (via SV1)

4. Clarifier biosolids wasting to Anaerobic (via SV2, MV1)

5. Clarifier biosolids recycle to CA1 (via SV2, MV1)

6. Clarifier scum wasting to anaerobic (via SV3, MV1)

7. Effluent PS No. 2

8. Effluent Flow Meter

9. Boosted storage tank and reuse system (by others)

Other building-related controls (heating, lighting, security, etc.) are controlled by the PLC, but are not in the scope of this O&M manual.  The PLC is configured to allow general control settlings to be tailored to low (start-up), average and high wastewater flow conditions.  These settings shall be determined at the time of start-up and shall be modified as the facility ramps up to accommodate actual flows.  The operator needs to become fully versed in the operation of the PLC so as to allow easy setting changes.  Training on the PLC (by others) is necessary at the time of Living Machine ramp up and training.  Appendix J identifies the PLC control function settings that require adjustment at time of start-up.  Consideration should be given to actual versus design flows; time of day and building use and frequency of building shut-down for vacations and such.  At the end of system start-up, the Living Technologies’ operations specialist shall produce revised Appendix J to reflect settings programmed into the PLC.

	Chapter Five: Living Machine Operation


Introduction

This chapter approaches the Living Machine as a system: the sum of its components.  The Living Machine will operate optimally when each component is performing within design parameters.  Each component is interconnected; a change in the operation of one component may change the operation of other components.  The following sections outline the normal operation levels, as well as the monitoring, mechanical maintenance, and start-up/shut down procedures required for efficient operation of the Living Machine.

Normal Operating Ranges

Operating the Living Machine within the acceptable operating range optimizes the efficiency.  Table 5.1 outlines the Living Machine's acceptable operating ranges.  If a parameter does not fall within the acceptable range, the operator should investigate the cause and refer to the Trouble Shooting Guide presented in Appendix C.

Process Control Monitoring 

A process control-monitoring program is needed to operate the Living Machine effectively.  In many instances it is also legally required to meet the terms of a discharge permit.  Process control monitoring is done by observation, measurement and analytical testing.  The following sub-sections describe elements of a process control and monitoring program.

Record Keeping

The operator should maintain accurate and complete records resulting from the process control and monitoring program. Operational actions, particularly those in response to an atypical condition such as pest problems, odors, bulking solids, color changes and biological indicators should also be recorded.  A sample Operations Log is provided in Appendix D to help record this information.  The historical data collected from such a program serves as a vital tool in the operation of the Living Machine.

Table 5.1 Normal Living Machine Operating Ranges

	Operating Parameters
	Location
	Acceptable Operating Range

	Dissolved Oxygen (DO)
	
	DO Range (mg/l)
	Expected Meter Setting Air Flow (CFH)

	
	Closed Aerobic

   Cell 1

   Cell 2
	0.5 to 2

1 to 2
	60

45

	
	Open Aerobics (1-3)
	2 to 4+
	45

	
	Clarifier
	1 to 2+
	n/a

	pH 
	All Reactors
	6.5 to 8.5

	Alkalinity

(mg/l as CaCO3)
	Closed Aerobic

      Cell 1
	300 – 500

	Settleable Solids Volume (SSV)
	Open Aerobic
	10% - 30%

	Sludge Wasting
	Clarifier
	1 per week when SSV > 30%

	Sludge Level
	Clarifier
	< 1 foot

	Recycle Flows
	Clarifier to Closed Aerobic 1

Open Aerobic 3 to Clarifier
	Approximately 25% of Average Daily Flow

0-100% Average Daily Flow

	Flow
	Effluent Flow Meter
	Up to 2,470 gal/day (adjusted for added makeup water, evaporation and flow to sewer)


Sampling

An effective sampling program is the cornerstone of a good process monitoring and control program.  Each sample taken should be representative of the wastestream.  Table 5.2 offers some guidelines for effective sampling techniques.1
               Table 5.2 Sampling Guidelines

	•  Collect samples at points where the sample stream is well mixed.

•  Avoid taking samples where settling occurs or where large chunks of floating debris

   exist.

•  Collect influent samples at a point upstream of any recycle stream discharge.

•  Always sample in the same location.

•  Clearly mark sample containers for each sample location.  Do not rotate containers

   from location to location.

•  Rinse sampling and measuring devices with the sample before transferring the sample

   to the sample container.

•  If using a probe begin at the downstream tanks and work upstream (cleanest to

   dirtiest). 

•  Keep samples thoroughly mixed throughout the collection and measuring procedure to

   prevent settling.

•  After collection, store the samples so that their composition will not change before

   testing.  Refrigeration at 4°C is typically appropriate.


There are typically two types of sampling methods employed in a monitoring program.  These include a grab/probe sample or a composite sample.  Table 5.3 describes each technique.

             Table 5.3 Sampling Method

	Grab/Probe
	

	Definition
	Discrete sample that is collected manually (1).  Generally used for process monitoring.

	Purpose
	· Characterize wastewater stream over time.

· Allow analysis of unstable parameters after sample collection.

	Example
	· pH, DO, temperature, indicator bacteria.

	Composite
	

	Definition
	Single sample prepared by combining a number of grab samples during a specific period of time (1).

· Time Composite: Fixed volume sample at specific time intervals.

· Flow proportioned composite: Vary volumes or sample frequency to weight the final sample in proportion to the several flow rates measured during the sample period.

	Purpose
	Provides information on the average characteristics of the prepared sample.

	Example
	BOD5, TSS, TN


Safety

Sampling and analysis of wastewater exposes personnel to a variety of hazards, including risk of infection.  As a minimum, the operator should wear appropriate protective gear such as latex gloves and face shield.  If laboratory analyses are conducted in-house, personnel should be knowledgeable about the proper handling of chemicals and should be informed of potential exposure hazards.  A more detailed safety discussion is provided in Chapter 7.

Process Chemistry

Analysis of specific chemical and physical wastewater properties is a key component in a process-monitoring program.  The results of such analyses can be used to show the system is meeting regulatory requirements and provides information to the operator, which will aid in the daily operation of the Living Machine.  Table 5.4 outlines a program of sampling and analysis of key wastewater parameters.  A sample collection procedure form may be found in Appendix F.

Table 5.4 Process Chemistry Requirements

	Frequency
	Sample

Location
	Analysis
	Sample

Method
	Process Control Range
	Permit Requirement

	Daily
	Closed Aerobic Reactor Cell 2
	DO

pH
	Grab/probe

Grab/probe
	1 - 2 mg/l

6.5 – 8.5
	None

	
	Open Aerobics (1-3)
	DO
	Grab/probe
	2 - 4+ mg/l
	None

	
	Clarifier
	DO
	Grab/probe
	1 - 2 mg/l
	None

	
	Wetland Effluent Holding Tank
	TSS
	Grab/probe
	< 10 mg/l
	None (1)

	1/Week
	Open Aerobic
	Nitrate
	Grab
	20 mg/l
	None

	
	Open Aerobic3
	SSV
	Grab
	10% - 30%
	None

	
	Wetland Effluent Holding Tank
	Nitrate
	Grab
	35 mg/l
	None

	
	Wetland Effluent Holding Tank
	Nitrate
	Grab
	35 mg/l
	None

	1/Month
	Anaerobic Reactor
	BOD5
	Grab
	<500 mg/l
	None

	
	Anaerobic Reactor
	TSS
	Grab
	<500 mg/l
	None

	
	Anaerobic Reactor
	TN
	Grab
	<50 mg/l
	None

	
	Closed Aerobic Reactor Cell 2
	Alkalinity
	Grab
	300 - 500 mg/l (CaCO3)
	None

	
	Wetland Effluent Holding Tank
	BOD5
	Grab
	10 mg/l
	None

	
	Wetland Effluent Holding Tank
	TSS
	Grab
	10 mg/l
	None

	
	Wetland Effluent Holding Tank
	Alkalinity
	Grab
	50 - 100 mg/l (CaCO3)
	None

	
	Boosted Storage Re-use Water
	Fecal Coliform
	Grab
	200 cfu/100 ml
	None (1)


(1) UV disinfection unit requires <10mg/l TSS to disinfect at rated capacity of 24 gpm.

Inspection & Maintenance

An inspection and maintenance program is an essential element for the continued operation of the Living Machine system.  A successful program has several benefits including (1):

· Reduced emergency repair,

· Reduced unexpected equipment downtime,

· Reduced process upsets,

· Extended equipment life,

· Optimized cost of operation and maintenance,

· Safer facility for operation personnel, and 

· Better budget preparation.

The program should include planned inspection and maintenance of the system and emergency maintenance procedures.  A suggested inspection and maintenance program is presented below.  The emergency maintenance procedures are outlined in the Trouble Shooting Guide in Appendix C and in the manufacturer's literature.  Another element of the inspection and maintenance program is horticultural maintenance and is presented in more detail in Chapter 6.  

Inspection and Maintenance Documentation 

Equipment maintenance documentation is an important part of a successful maintenance program.  Documentation includes identifying and tagging equipment, assembling spare parts information, writing inspection and preventive maintenance procedures and schedules, maintaining equipment history files, and maintaining a library containing operation and maintenance manuals with the manufacturer's literature on specific pieces of equipment (1).  To aid in the documentation of equipment maintenance, a sample Equipment Maintenance Form is provided in Appendix E.  Many of the inspection observations may be recorded on the Operations Log sheet provided in Appendix D.

Planned Inspection and Maintenance Program

The planned inspection and maintenance program consists of routine inspection and periodic maintenance of the Living Machine equipment and tanks.  Table 5.5 serves as a general guide for this program.  It is suggested that the operator develop a monthly calendar that details specific maintenance activities based on this table and the manufacturer’s literature.  This calendar should be checked daily prior to making the daily inspection of the system.

The manufacturer's operation manuals are a good source for detailed maintenance procedures of a particular piece of equipment.  The manufacturer's service personnel can also provide correct maintenance intervals and procedures for their equipment.  A list of equipment suppliers and manufacturers is provided in the Equipment Manual.  

Table 5.5 Inspection and Maintenance Schedule

	Inspection and Maintenance Activity
	Frequency

	
	Daily
	Weekly
	Monthly
	Other

	Anaerobic Reactor
	
	
	
	

	    Check scum and sludge volumes/levels
	
	X
	
	

	    Inspect for odors in immediate vicinity
	X
	
	
	

	Closed Aerobic Reactors (1-2)
	
	
	
	

	    Listen for solids recycle flow
	X
	
	
	

	    Listen for pond recycle flow
	X
	
	
	

	    Visually inspect tank 
	X
	
	
	

	    Visually inspect air delivery at airflow meter
	X
	
	
	

	Influent Pump Station No. 1
	
	
	
	

	    Listen to pump operation for abnormal noises
	X
	
	
	

	    Check pump timer settings
	
	
	X
	

	    Inspect for odors in immediate vicinity
	X
	
	
	

	Open Aerobics (1-3)
	
	
	
	

	    Visually inspect tank for leaks, floating

    solids, water depth
	X
	
	
	

	    Visually inspect air delivery at meter and

    diffuser air pattern
	X
	
	
	

	Clarifier
	
	
	
	

	    Visually inspect solids removal
	
	X
	
	

	    Check inlet header for clogging
	X
	
	
	

	    Check overflow weir for debris accumulation
	X
	
	
	

	    Check scum removal assembly operation
	
	X
	
	

	    Visually check tank for leaks, floating

    solids, water depth
	X
	
	
	

	Constructed Wetland
	
	
	
	

	    Visually inspect wetland for ponding
	X
	
	
	

	    Visually inspect water level in collection

      sump
	X
	
	
	

	Effluent Pump Station No. 2
	
	
	
	

	    Observe pump operation during pump down

      Cycle
	X
	
	
	

	UV Disinfection Unit
	
	
	
	

	    Visually inspect lamp operation light
	X
	
	
	

	    Replace bulbs
	
	
	
	Up to 12 months as per manual


Table 5.5 Continued

	Inspection and Maintenance Activity
	Frequency

	
	Daily
	Weekly
	Monthly
	Other

	Blowers
	
	
	
	

	    Listen to blowers for abnormal noises

    Clean air filter
	X
	
	
	Quarterly as per manual

	Carbon Filter
	
	
	
	

	    Inspect for odor breakthrough
	X
	
	
	

	    Inspect condensate trap and fill if necessary
	X
	
	
	

	    Replace activated carbon
	
	
	
	as needed

	Valves

	    Open and close valves (reset to original position)
	
	
	X
	

	Calibration

	    Influent pump rate
	
	
	
	quarterly

	    Solids recycle rate
	
	
	
	quarterly

	    Solids removal rate

    Influent and effluent flow motors
	
	
	
	quarterly

quarterly

	Diffusers/Airstone
	
	
	
	

	    Flex membrane diffusers
	
	
	X
	

	Horticulture
	
	
	
	

	    Check Plant Health

    Inspect leaves for pests
	X

X
	
	
	

	    Prune Heavily
	
	
	
	Spring/Fall


System Start Up 

Prior to introducing sewage to the system, sufficient numbers of the appropriate microorganisms must be present in the Living Machine.  If there are insufficient microorganisms the performance of the system will be compromised.  Odors, foaming, or inadequate settling of solids may result.  Refer to the Trouble-Shooting guide for possible remedies.

When introducing sewage for the first time or starting the system up after a 48-hour shut down the following procedures should be followed.

1. Slowly introduce activated sludge into the first treatment reactor.  Activated sludge may be obtained from a local wastewater treatment facility.  If activated sludge is not available, a commercially available bacterial solution, such as D-500C may be used.  USA Bluebook stock #45046, Tel. 1-800-548-1234.  Contact the operations specialist or manufacturer for instructions on the use of this commercial product.

2. If the total suspended solids (TSS) concentration in the open aerobic reactor(s) is between 500 and 1000 mg/l, the full design flow may be introduced to the system.

3. If the TSS concentration is below 500 mg/l, the influent flow should be gradually introduced to the system at an approximate rate of 20% a day until the full design flow is reached.

The following example illustrates the calculations necessary to determine the gallons of activated sludge to be added to the closed aerobic and open aerobic reactors to achieve a TSS concentration of 500 mg/l.  An operator will need to know the concentration of the activated sludge they are using and the volume of their reactors to determine the appropriate volume of sludge for their own system.

Example:

1. TSS concentration of activated sludge = 4,000 mg/l (The TSS should be measured for each sample obtained from the local treatment facility).

2. Total water volume of reactors before the clarifier (including closed aerobics, open aerobics, and clarifier volumes)


10,000 gallons *3.78 liters/gallon = 37,800 liters.

3. Mass of solids needed to achieve 500 mg/l TSS concentration in reactors.


500 mg/l * 37,800 liters = 18,900,000 mg of solids needed.

4. Volume of activated sludge needed to achieve 500 mg/l concentration in each reactor

18,900,000 mg ÷ (4,000 mg/l ÷ 3.78 liters/gallon) = 1,250 gallons of sludge needed.

System Shut Down

In the event of extreme low flow or no flow conditions of more than 48 hours, the lack of a substrate or nutrient source will adversely affect the system's biology.  If the organic loading into the Living Machine is reduced by 75% or more, an artificial food supplement should be added to help maintain the health of the system.

An inexpensive and readily available food supplement is cow feed.  For approximately 1.5 kg of BOD needed, 1 kg of cow feed is added.  The following example illustrates the calculations necessary to determine the amount of cow feed to be added daily.  For this example, this effluent would be sent back to the front end of the system and the cow feed mixed at that point.

Example: (assume no inflow)

1. Influent BOPD desired in kg/day


(25% X 300 mg/l * 3.78  l/gal * 2,470 gal/d) / 1,000,000 mg/kg = 0.71 kg/day BOD

2. Cow feed needed to achieve desired influent BOD

0.71 kg/day BOD / (1.5 kg BOD/ kg cow feed) = 0.5 kg cow feed needed per day

This cow feed should be added in the second closed aerobic and the air turned up for five minutes to provide good mixing.

After addition of the food supplement, the wastewater should be continuously recirculated back to the beginning of the system from the clarifier.  Settling test should be carried out daily.  If necessary, the system may need to be re-seeded as described previously in the System Start-Up section.

If the system is to be shut down for less than 48 hours, the operator can continue normal operation without adding an additional food source.  If the system is shut down for a prolonged period of time, it may be desirable to turn off the aeration and periodically fertilize the plants to maintain their health.  When it is time to begin introducing wastewater to the system again, the operator should follow the procedures outlined in the System Start-Up section.

Biosolids Management

Biofilms and suspended biological solids must be maintained in combination to achieve optimal treatment in the Living Machine.  From a conventional wastewater treatment perspective, a Living Machine is a hybrid treatment system, using both suspended and fixed film processes for treatment.  Plant roots are a structure on which biofilms grow.  Suspended biosolids are managed, with or without solids recycle, as an extended aeration system.  Biosolids management of a system is typically the weak link in the operation of any wastewater treatment system.  An upset due to biosolids management often compromises effluent quality and is generally the source of odors.

Plant Root Biosolids

Biosolids on plant roots are vital to treatment.  As the Living Machine matures, total root surface area will increase until attached biofilms are responsible for much of the treatment in the open aerobic tanks.  Biofilms will continually slough off and settle in the clarifier.  A portion of the attached biofilms will be consumed by invertebrate grazing organisms.  The key to biofilm management is to maintain vigorous growth of perennial plants that produce long root systems.  A more detailed discussion of horticultural management is presented in Chapter 6.

Suspended Solids

Floc-forming suspended biosolids are also critical to system performance.  All biological treatment in the closed aerobic is done by suspended bacteria.  They continue to be important in the open aerobics.  Virtually any bacterial growth in the system will remove nutrients, but only floc-forming suspended bacteria can be easily removed in the clarifier.  Microscopic examination of the sludge will help the operator gain a better understanding of the quality of sludge.

Solids recycle from the clarifier should be used to enhance the settleability of suspended biosolids.  Solids recycling favors growth of floc-forming bacteria.  The operator can control settleability by recycling biosolids from the clarifier to the closed aerobic (refer to Chapter 4 for a mechanical description of this process).  Measuring the settleable solids volume (SSV) can be used to manage suspended biosolids concentration and thus settleability.  The target SSV in the open aerobics is 10% to 30%.  Table 5.6 describes the procedure to measure the SSV.  The flow chart presented in Appendix I can be used to determine type of settling.

             Table 5.6 Settleable Solids Volume Procedures

	Equipment

	    1000 ml settleometer beaker or Imhoff cone

    Sample Jar

    Protective gloves and eye shield

	Procedure

	    Take grab sample from last open aerobic

    Place 1000 ml into settleometer or Imhoff cone

    Wait 30 minutes

    Measure volume of solids in bottom of apparatus

	Results

	    %SSV = (volume of solids in bottom / total volume) * 100


If there is an unsettled fraction of biosolids or high turbidity visible in the water column above the settled sludge, then recycling of biosolids from the clarifier should be increased, as long as there is a measurable sludge blanket in the clarifier bottom, to increase the dominance of floc-forming bacteria.  If there is no measurable sludge or solids in the clarifier bottom, the recycle rate should be decreased to allow time for floc-forming bacteria to settle.  The ideal recycle rate is achieved when the solids inventory in the clarifier is low and the SSV in the last open aerobic tank is between 10% and 30%.  The final choice of the recycle rate is empirically determined by the operator checking clarifier performance and settleability of biosolids.

Solids Bulking and Rising 

Solids on the surface of the clarifier can cause a major system upset and should be dealt with immediately.  The types of solids on a surface of the clarifier can be divided into two categories: Rising solids and bulking solids.  Table 5.7 describes each of these.

Solids bulking is a serious problem requiring determined effort to resolve.  The filamentous bacteria tend to be obligate aerobes, meaning they cannot survive in an environment where elemental oxygen is not available.  The preferred floc-forming bacteria are facultative and can survive in either environment.  To re-establish dominance of settleable, floc-forming bacteria in the system, the solids recycle from the clarifier to the closed aerobic should be increased.  In addition, the air should be cycled on and off in the first cell of the closed aerobic in order to provide a mixed anoxic environment.  This mode of operation should continue until the problem is resolved.  If the problem persists more drastic measures may need to be employed. 

              Table 5.7 Solids Bulking and Floating

	
	Bulking Solids
	Rising Solids

	Symptom
	· Persistent cloudiness in clarifier.

· Poor performance in settling test of effluent taken from last open aerobic.

· Solid uniform blanket of sludge on surface of clarifier.

· Can only be broken up after prolonged spraying.
	· Appears "chunky" on surface of clarifier.

· Quickly breaks up and smells when agitated or sprayed.

	Cause
	· Non-settling, filamentous bacteria dominate treatment biology.
	· Denitrification in the sludge blanket resulting in rising nitrogen bubbles, which carry solids to the surface.

· Typically occurs when water is warmer.

	Remedial Action
	· Remove solids with surface skimmer.  Do not attempt to resettle them by spraying.

· Increase solids recycle to an anoxic or anaerobic environment.

· Increase aeration to open aerobics if DO is less than 1.5 mg/l.

· Bioaugment with floc-forming bacteria.

· Supplement deficiency of nutrients so that BOD to nutrient rations is  <100 mg/l BOD to 5 mg/l TN; to 1 mg/l P; to 0.5 mg/l F

· Increase pH to 7 by addition of lime.

· Reduce loading to system until sludge is oxidized.

· As a last resort, add 5-10 mg/l chlorine to return sludge and monitor with microscopic examination to preclude the destruction of beneficial organisms.
	· Remove floating solids with surface skimmer.

· Increase solids recycle rate while remaining in target SSV range.


Foaming

The presence of foam in the aerobic tanks may burn plant leaves, clog plant pores, or slime equipment with difficult to clean scum.  Maintaining control over foam is always desirable for good operation.

There are typically two types of foam: bacterial or surfactant foams.  Table 5.8 below describes these conditions.

Table 5.8 Foaming Types

	
	Biological Foaming
	Surfactant Foaming

	Symptom
	Stable dark tan foam that spray cannot break up.
	Thick billows of white sudsy foam.

	Cause
	Sludge age too old.
	Too low mixed liquor suspended solids.

Presence of surfactant.

	Remedial Action
	Increase biosolids wasting.
	Increase solids recycle.

Spray with a silicon de-foaming agent.

Stop input of surfactant to system.


One key to maintaining control over foam is maintaining careful notes of its occurrence correlated with possible causes.  In particular, a significant change in influent composition should be investigated as possible sources of foaming.

Foaming

The presence of foam in the aerobic tanks may burn plant leaves, clog plant pores, or slime equipment with difficult to clean scum.  Maintaining control over foam is always desirable for good operation.

There are typically two types of foam; bacterial or surfactant foams.  Table 5.8 below describes these conditions.

Table 5.8 Foaming Types

	
	Biological Foaming
	Surfactant Foaming

	Symptom
	Stable dark tan foam that spray cannot break up.
	Thick billows of white sudsy foam.

	Cause
	Sludge age too old.
	Too low mixed liquor suspended solids.

Presence of surfactant.

	Remedial Action
	Increase biosolids wasting.
	Increase solids recycle.

Spray with a silicon de-foaming agent.

Stop input of surfactant to system.


One key to maintaining control over foam is maintaining careful notes of its occurrence correlated with possible causes.  In particular, a significant change in influent composition should be investigated as possible sources of foaming.

Foaming often occurs during start-up when the bacterial population is not large enough to process the incoming food.  If this occurs, adding a; small amount of olive oil or commercial silicon defoaming agent to the tanks will temporarily alleviate the problem.  Additional activated sludge should be added to the tanks to increase the bacterial population.  This condition is temporary and should subside when a steady state is reached.

pH Levels

Normal effluent pH values should be expected to fall within the range of 6.5 to 8.5.  Most aquatic organisms in the Living Machine will thrive within this range.  More acidic or alkaline conditions will adversely affect the organisms.  A sudden or wide variation in pH should be interpreted as an unusual and potentially problematic condition.  Under stable operating conditions, pH measurements should be taken daily (refer to Table 5.4).  One biological indicator of extreme pH levels (and other upset conditions) is when large numbers of snails climb out of the tanks or die.  Table 5.9 lists the conditions under which a high or low pH may be observed.

Table 5.9 pH

	
	Possible Cause
	Remedial Action

	Low pH
	· Insufficient oxygen

· Low alkalinity in influent (<50 g/l)

· Consumption of alkalinity due to nitrification of high ammonia concentrations in influent.
	· Increase oxygen to aerated tanks.

· Add alkalinity to influent

· Add alkalinity to influent

	High pH
	· Caustic cleaning solution in influent wastewater.
	· Determine source and eliminate.


A more detailed discussion of the affects of alkalinity and nitrification is presented in Chapter 2.  If the addition of alkalinity becomes necessary, the operator should discuss the location and method with Living Technologies operating personnel or operating consultant.

Reference
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	Chapter Six: Horticultural Health & Management


Introduction

The ecological health of a Living Machine is tied to the health and management of its plant species.  Healthy and vigorous plant life provides a habitat for the microorganisms necessary for a biological treatment process.  The plant root systems provide a large surface area on which microorganisms can attach and consequently aid in the wastewater treatment by consuming the pollutants.

Plant Growth and Management

Plants are dynamic, continually changing and adjusting to their environment.  In order for plants to continually produce healthy and thriving roots and shoots, periodic maintenance is required.  This is a continuous process.  The operator should observe and take note of those species that thrive and produce robust root mass.  The planted reactors require full plant rack coverage and any voids caused by dying or dead plants should be replaced immediately.  Treatment is the primary goal of the Living Machine.  Therefore, plants which do not produce large root systems (and hence do not contribute to treatment) should not be included in the plant list.

Regular pruning and removal of dead, diseased or overgrown plant tissue reduces the incidence of pest insects and disease.  Regular pruning also limits the amount of "green compost" dropping into the wastestream, which could potentially clog the connection between tanks.  Decomposing plant matter can serve as a habitat for harmful insects and disease organisms.  These preventative maintenance measures will help promote the efficient and productive functioning of the Living Machine.

Regular and individual attention given to each plant optimizes plant health and appearance.  Species such as deciduous willows and many evergreen tropicals should be pruned back heavily when becoming overgrown or heavily infested with insects.  Heavy pruning twice a year is recommended.  Early spring and autumn are usually the best times for pruning.

The following list presents the suggested tools for horticultural maintenance.  The majority of the species present in Living Machine may be chopped back to near the base of the plant with no long-term impact.

Suggested horticultural maintenance tools include:

· 10” - 14" knife

· hand pruners

· telescopic pruners

· scissors

· appropriate gloves

The edges should be kept sharp; dulled blades can result in injury to the plant.  Clean, sterile blades are also important.  In order to reduce the possibility of spreading disease (e.g. microscopic fungal spores), it is recommended that the tool blades be frequently dipped into a 1% bleach solution.  At the very minimum, wash tools in hot water and dish detergent.

Pest and Disease Management

Pest insects represent a challenge to plants in the Living Machine by consuming appreciable amounts of plant tissue.  The impact on visual appeal notwithstanding, pest insects may also act as vectors for disease transmission.  Control of insects reduces the likelihood of serious problems developing.  Plants experiencing any type of stress (drought, temperature extremes, disease, etc.) are more susceptible to insect attack.  Also, plants under severe stress do not grow.  Growth often slows down or ceases until the stress has been alleviated or the plant perishes, therefore, pest infestation adversely impacts wastewater treatment.

Living Machines generally experience four types of predominant insect pests.  Each insect presents a variety of challenges to healthy plant growth.  The four primary pests include aphids, spider mites, thrips, and whiteflies.  Each pest appears to favor specific plant types, although adjoining species may periodically be infected when population density exceeds the carrying capacity of the original 'target' plant.

Summertime insect management is more critical.  In winter, thrips and spider mites generally disappear.  Aphid and white fly infestations also drop dramatically during the winter.

The goal of pest management is to minimize insect damage.  Total elimination of pests is not ecologically sound.

It is recommended that you inspect the leaves of plants at least weekly for insects or other problems.  If you notice a problem early, before it erupts into a real challenge, control will be easier.  Keep a record of species encountered, on which plant, the date, the tank, etc.  This information can be used to help defend against infestation.

An environmentally sound approach should be used for insect control.  Chemical insecticides should never be used to control pest populations.  These chemicals may harm organism that reside in the wastewater, such as beneficial wastewater bacteria.  They may also linger in the effluent as a harmful pollutant to receiving waters.

Populations of pests depend on the time of year, the presence of natural predators, the regularity of scouting, as well as the method of control.  When potentially harmful insects are observed, such as aphids on stems and leaves, first use a forceful spray of water from a hose to dislodge insects from affected plant parts.  Alternatively, it is safe to remove and compost any affected leaves, a practice commonly utilized on species which produce prodigious growth throughout the growing season.

If insect pest problems continue or worsen, the next recourse should be an application (usually weekly) of insecticidal soap, or other natural insecticide such as bacterial or fungal insecticides.  The following is a list and description of insecticides found to be effective in Living Machine pest management.

· BotaniGard - a naturally occurring fungus for control of white fly, aphids, thrips, and mealy bugs.

· Myco - insecticides use a genus of fungi that has insecticide properties.

· M-Pede brand insecticide soap - a concentrated contact insecticide containing natural occurring fatty acids effective on adult and immature stages of labeled insects.

These compounds are commonly available in concentrated form at local garden centers.

Spray must make contact with the insect to be controlled or it will not be effective (i.e. do not use as a preventative measure).  Insect carcasses will likely remain attached to the leaves and stems for several days to weeks after spraying.  Use a small hand lens to determine that the insecticide has killed the insects.  Spray infested sections of plants only when the temperatures are below 32°C.  Do not spray newly rooted cuttings or plants suffering from transplant shock.  Insecticide soap is not systemic, and therefore does not provide long-term protection.

Insecticide soap, used according to package directions, causes no damage to plant foliage.  To test the effect of the soap on new plant species, apply the material to a small leaf section and wait a couple of days.  If the leaf is not damaged, it is probably safe to use.

A lightweight, plastic backpack sprayer is the recommended delivery system for efficient and effective coverage of plants.  It is critical to follow all manufacturers' application instructions and safety precautions.  It is important that the sprayer be dedicated solely to the Living Machine to avoid the introduction of other harmful chemical insecticides.

Biological controls, using pest predators, can be a viable option for persistent problems that have not yielded to methods previously discussed.  Their expense, however, should be taken into account before relying on their regular use.  Predators are often very specific to a pest species and will not prey on others, therefore consultation with a local integrated pest management (IPM) specialist before considering biological controls is highly recommended.

It is also recommended that the operator encourage the presence of spiders and other natural predators (ladybugs, damselflies, praying mantis, etc.).  Avoid spraying these species with high-pressure water or insecticide soap.

Plant diversity serves to reduce insect populations.  The operator may wish to add species from the local wetland area to increase the diversity in the Living Machine.  The operator may contact Living Technologies for a list of recommended wetland plant species.

	Chapter Seven: Safety and Emergency


General Safety Precautions

Sewage treatment has several inherent safety issues which require the attention of all personnel entering a treatment area.  All personnel associated with the Living Machine should be trained in the proper Occupational Safety and Health Act (OSHA) procedures associated with general safety and wastewater treatment plant operation. 

It is important to maintain the facility in such a manner as to always provide a safe working environment for employees and visitors.  This includes developing and implementing safety procedures for the facility.

The operator should be trained to recognize potentially hazardous situations and act immediately to eliminate these hazards.

This manual provides an overview and general insights to safety, but should not be considered a substitute for a site-specific health and safety procedures manual.

Risk Management of Wastewater Operations

There are several types of risks or hazards an operator may be exposed to while working at the facility.  It is important that the operator be aware of these situations and is equipped to respond in an emergency.  These hazards include:

· Physical injury,

· Drowning,

· Infections and infectious diseases,

· Toxic or suffocating gases,

· Confined space entry,

· Noise,

· Electrical Shock, and

· Fire.

Physical Injury

This is the most common type of risk the operator will face.  Physical injury such as cuts and strains typically result from improper use of machinery, tools, ladders or handling heavy materials.  Table 7.1 identifies some of these hazards and precautionary measures.

             Table 7.1 Physical Injury Hazards

	Machinery

	· Do not operate any machinery without having received proper training.  If you have any questions or doubts about the hazards or operation of any machine, do not run it before your questions are answered.

· The motor safety switch must be OFF before you work on a machine.  The lock-out/tag-out procedure must be followed so the machine cannot be inadvertently started.

· No machine should be oiled, cleaned or adjusted while it is in operation.

· Safety devices should not be by-passed, blocked or tied down.

· Guards are placed at hazardous points on the machine and must be in place when the machinery is in operation.

· Wait for the machine to stop.  Do not try to slow down or brake a moving machine by hand or with a makeshift device.

· Make sure everyone is clear of the machine before it is started.

· Adjusting tools or keys should not be left in places where they can fall, slide or be thrown into the machine when started.

· Do not wear jewelry, neckties, long sleeves or loose clothing around machines.  Hair should not be loose.

· Machines should always be clean and free of rags, tools or other devices.  The floor around the machine must be clean and dry to avoid stumbling, slipping or bumping.

· Use the proper brush, hook or tool to remove residue such as chips or shavings. Never use your hands.

	Tools

	· Tools are to meet safety standards and should be in good condition.

	· Faulty tools are to be labeled as unsafe and immediately removed from work area.

	· The proper tool should be used for the job.

	· Check all electrical tools before use.  Inspect electrical cord and components.

	· Metal parts which do not carry currents (handles, housing, etc.) must be effectively grounded when connected to a power source.

	· Electrical tools should be used in accordance with the manufacturer’s instructions and within their capacity.

	· Always disconnect electrical tools when making adjustments or repairs.

	· Do not use extension cords except when absolutely necessary.  If extension cores are needed, the cords should be sized correctly and used with an electrical ground fault interrupter.

	Ladders

	· Ladders and scaffolds must be strong enough for intended use.

	· Do not use portable metal ladders near energized electrical circuits.  Use non-conducting ladders in these areas.

	· Portable ladders when in use must be firmly placed, held, tied or otherwise secured to prevent slipping or falling.

	· Do not use chairs, boxes, etc. as ladders.

	· Have both hands free when ascending and descending ladders.

	· Only one person should be on a ladder at one time.

	· Do not climb to the top step of a step ladder or climb higher than the third step from the top on a straight ladder.

	Materials and Handling

	· When lifting materials take a firm grip, obtain secure footing, place feet in a comfortable distance apart, keep back straight, bend from the knees, tuck in chin, lift using leg muscles and keep load close to body.

	· When lifting objects of more than 45 lbs., use power-lifting equipment or get other help.


Infections and Infectious Disease

Many pathogenic organisms can be found in wastewater.  The best protection against infections and infectious diseases such as typhoid, dysentery, hepatitis, and tetanus is personal hygiene.  The following table outlines steps that will minimize the risks associated with wastewater.

            Table 7.2 Infections and Infectious Disease Precautions

	1. As a minimum, operators should be immunized against typhoid and tetanus.

2. Thoroughly wash hands after working around the Living Machine and

Especially before eating or smoking as well as before and after using the restroom.

3. ALWAYS wear protective gloves and eye wear when in contact with process fluids, sludges or any related materials or equipment.


Drowning

The aerated tanks present a potential drowning threat to a person working above or near the tanks.  Aerated water is less dense than non-aerated water; therefore if a person should fall into a tank they may sink to the bottom.  If it is necessary to work above an aerated tank, the proper OSHA-approved securing and recovery devices should be used.

Noise Exposure

Wastewater treatment facilities contain some equipment that produces high noise levels, intermittently or continuously.  Exposure to high levels of noise can cause hearing damage (1).  This occurs when there is a continuous exposure to different noise levels or exposure to loud impulse or impact noise.  In situations where employees are exposed to excessive noise, ear protection should be worn to comply with OSHA regulations.

            Table 7.3 Noise Levels

	Decibel Level
	Example

	60 dBA

70 dBA

80 dBA

90 dBA

110 dBA

120 dBA
	Conversation 

Busy street

Motorcycle

Sports car

Jet aircraft at 300 ft.

Threshold of pain


The most likely sources of loud noises in the Living Machine are the blowers or pumps.  Proper hearing protection should be worn when working in these areas or other areas where the decibel level exceeds 85 dBA.  The adequacy of the protective device should be evaluated against the intended use area.  Each device should have a noise reduction rating or NRR.  This rating should be compared to the noise level in the intended working environment.

Electrical Safety

Electrical shock frequently causes serious injury.  Ordinary 120-volt electricity may be fatal and 12-volt electricity has the potential to cause injury.  Any electrical system, regardless of voltage should be considered dangerous unless you know positively that it is de-energized (CSU 1990).  Only qualified and authorized personnel should work on electrical equipment.  Personnel must comply with OSHA and local electrical codes and safety regulations.

Fire

For any fire, no matter how small, the operator should call the fire department immediately.  The first five minutes constitute the most critical period for controlling a fire; if appropriate, operating personnel should try to extinguish or control small fires until firefighters arrive.  However, personal and public safety is of paramount concern.  It is important that all persons inside the burning structure be evacuated.  In case of a major fire, the area must be evacuated immediately (WEF 1996).

Laboratory Safety

Many potential hazards are present in a wastewater treatment facility laboratory.  Dangers include (1): infectious materials, poisons, explosions, cut and bruises, electrical shock, toxic fumes, fires and burns.

Good safety practices in the laboratory will minimize the risk associated with laboratory work.  Occupational Safety and Health Act (OSHA) details the proper safety procedures to be followed in a laboratory.  

Emergency Response

Emergency planning is defined as the continued development and documentation of actions and procedures aimed at dealing with all hazards, both natural and those caused by humans, that could adversely affect the environment or the efficient operation of the facility (3).

Natural emergencies can result from floods, earthquakes, tornadoes or storms.  Other emergencies that may or may not be caused by humans include chemical spills, fire, equipment or pipe failures, or power outages.

Emergency activities occur in the following four phases (3):

1.
Preparedness:

· Develop an emergency plan for the facility.

· Inventory local resources.

· Initiate emergency management contacts (individuals, state and federal programs, and private and public organizations).

2.
Mitigation:

· Train personnel in emergency preparedness procedures.

· Correct improper O&M practices such as deferred preventive maintenance.

3.
Response:

· Alert the public when necessary

· Mobilize emergency personnel and equipment

· Evacuate plant personnel and nearby residents when necessary.

4.
Recovery:

· Reconstruct or rehabilitate structures and equipment.

· Conduct public information and education programs.

· Develop hazard reduction programs.

Each facility should develop an emergency operating plan.  As a minimum, this plan should include the following:

· Emergency flow chart.

· Emergency contact list.

· Chain of command.

· Emergency equipment list.

· Clean-up or repair contractors.

· Public information procedures.

Appendix H presents samples of several of these charts.

Many emergencies at a wastewater treatment facility are non-life threatening but have the potential to adversely affect treatment.  It is best to take immediate action when these situations arise to avoid complete failure of the treatment system.  Some of the more common non-life threatening emergencies are described below.

Power Failure

A power failure is serious but not life threatening.  The main concern is damage to the process ecology associated with the loss of dissolved oxygen and mixing.

When an outage occurs, restore power to the Living Machine as quickly as possible.  If power is out more than eight hours, a generator should be brought on line to power the critical components of the system.  These components are listed in Table 7.4.  It is critical that only a qualified electrician connect and disconnect a generator to/from the system.
           Table 7.4 Critical Operating Components

	Critical Component
	Power Requirement

	Blowers
	0.124 Kwatts (each), 120 V, 1 phase, 60 Hz


Pump Failure

Pump failures should be addressed immediately but do not constitute a life-threatening emergency.  Influent and effluent pumps have duplex units that can be activated manually if necessary.  In the event failure of pumps P2 or P3, repair immediately or replace the equipment with like hardware.  The makes, models, and suppliers of each pump are listed in the Equipment list at the end of Appendix K and in the Equipment Manual.  This list should be kept up to date.

Process Failure

Process failures can include clarifier upsets, loss of dissolved oxygen levels, foaming, odors, overflows, etc.  Any of these emergencies may result in discharge of inadequately treated wastewater.  Many of these emergency situations and remedial actions are described in Chapter 5 of this manual or in the Trouble Shooting Guide presented in Appendix C.  If these remedial actions do not alleviate the problem contact the Living Technologies Operations Department at (802) 865-4460 or your operating consultant.  During non-office hours contact key personnel at home.  Upsets that require notice to local officials are noted in the discharge permit.
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