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Unit 1 – General Overview 
 

 
 
 

Learning Objectives 
 

• State the physical description of ozone. 
 
• Describe where ozone comes from.  
 
• Describe what ozone is used for.   
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Physical Description 

 

 The chemical formula is O3. 

 The unit weight of ozone is 0.125 lbs./cu. ft. (at standard temperature and pressure).  This is 
heavier than air (which is 0.076 lbs./cu. ft. at standard temperature and pressure). 

 Ozone has a pungent smell.  The smell in the air after a close lightning strike comes from ozone. 

 Ozone is clear to bluish in color. 

 Ozone is chemically unstable.  It is a very strong oxidant and will react very quickly with many other 
chemicals.  

 Because ozone is a strong oxidant, it can be hazardous to handle.  Ozone safety and handling 
requirements and first aid procedures must be followed.   
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Natural Process 

 
 Ozone is generated in nature. 

 

 Passing high voltage electric arcs through air (or oxygen) converts part of the O2 into O3.  
This is what happens (and why you smell ozone) when lightning strikes. 

 
 
 

On-Site Generation 
 
 Since ozone is chemically unstable, it cannot be made and stored for later use. 

 

 Therefore, ozone for water treatment is generated on-site and used as fast as it is generated. 
 
 Ozone is generated by passing high voltage electric arcs (basically “controlled lightning”) through a 

stream of very clean and dry air or concentrated oxygen inside a closed vessel. 
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As a Strong Oxidant 

 
Since ozone is a strong oxidant, it is useful for: 
 

 Oxidation of organics in raw water. 
 
 Oxidation of iron and manganese. 

 
 Oxidation of taste and odor forming compounds. 

 
 Breaking down complex organic chemicals into simpler compounds. 

 
 Prevention or treatment of musty-earthy taste and odor problems resulting from algal blooms. 

 
 
 

As a Strong Disinfectant 
 
Ozone is also a strong disinfectant.  Inactivation of many pathogens can be obtained at lower doses and 
with less contact time with ozone than with chlorine. 
 

 Ozone is especially effective against Giardia and viruses. 
 
 Ozone is somewhat less effective against Cryptosporidium.   

 
 
 

Compared to Chlorine 
 

Ozone will inactivate many of the same pathogens and oxidize many of the same compounds that chlorine 
will.   
 

 However, when ozone reacts with these compounds, it doesn’t generate the same harmful 
byproducts, like trihalomethanes (THMs) and haloacetic acids (HAAs) that reaction with chlorine 
will generate.   

 
Therefore, ozone can be used to reduce disinfection byproducts.  However, ozone disinfection of bromide 
containing source waters may produce bromate, a harmful byproduct. 
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 Key Points for Unit 1 – General Overview 
 

 The chemical formula for ozone is O3. 
 

 Ozone has a pungent smell and is clear to bluish in color. 
 

 Ozone is hazardous to handle because it is a strong oxidant. 
 

 Ozone is generated on site. 
 

 Ozone is a strong disinfectant. 
 

 Ozone produces few disinfection byproducts compared to chlorine. 
 

 Ozone can be used to oxidize iron and manganese. 
 

 Ozone can treat musty-earthy taste and odor problems resulting from algal blooms. 
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 Unit One Exercise. 
 

1. The chemical formula for ozone is 

__________________________________________________. 

2. Ozone has a ______________ smell. 

3. Ozone is clear to ______________ in color. 

4. Ozone is chemically unstable, and must be used as quickly as it is 

_____________________. 

5. Ozone is a strong _______________ and can be ___________________ to handle. 

6. Ozone is generated in nature when high voltage electric arcs convert part of the 

_________________ in the atmosphere into __________________. 

7. Ozone is a strong disinfectant, and does not produce harmful byproducts that 

______________ does. 
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Unit 2 – Generation of Ozone 
 

 
 
 

Learning Objectives 
 

• Identify the two sources of oxygen used to generate ozone and discuss the advantages and 
disadvantages of each. 

 
• Describe the main components of the power supply and generator vessel used to generate ozone. 
 
• Describe two ways that air is dried before using it to generate ozone. 
 
• Name the equipment used to raise the supply voltage to 3,500 volts or more. 
 
• Describe the typical use of a programmable logic controller (PLC) in an ozone generator. 
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Atmospheric Oxygen (Air Prep System) 

 
 This type of system uses ambient atmospheric oxygen for generation of ozone. 

 
 The air used to generate ozone must be very clean and very dry. 

 Particles larger than 0.1 microns must be filtered out. 
 The air typically must be dried to a dew point of less than –80 degrees F. 

 
 
 

 
 
 

Figure 2.1 – Air Prep System Schematic 
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 The required air preparation equipment includes: 

 Compressor – The air fed to the ozone generator must be compressed to 15 to 20 pounds 
per square inch (psi).  This application requires a high volume compressor, as the flow rate 
through the compressor must match the gas flow rate to the point of ozone application.  
Liquid ring type compressors are often used for this purpose. 
 

 Filters – The air must be free of particles larger than 0.1 micron.  This includes dust, dirt, and 
also droplets of oil or moisture.  These are removed by particulate filters, which basically 
strain the air, and by coalescing filters, which trap droplets of oil or moisture. 
 

 Driers – The air must be extremely dry.  Two different types of driers are typically used for 
this application: 
• Refrigerant Driers work like an air-conditioner.  It uses refrigeration to cool the air below 

the dew point and causes the moisture in the air to condense. 
• Desiccant Driers use an absorbent media to absorb moisture from the air.  The air is 

forced through a closed vessel filled with granular desiccant media. 
 
 
 The advantage of an air prep system: 

 Since the system uses ambient atmospheric oxygen, the raw material used to generate 
ozone is FREE! 

 
 
 The disadvantages of an air prep system include: 

 This type of system requires more mechanical equipment than a liquid oxygen system. 
 Air prep systems can only generate ozone at concentrations up to about 3%. 
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Liquid Oxygen (LOX) System 

 
 This type of system uses purchased liquid oxygen (LOX) as the source of oxygen used to generate 

ozone.  LOX is stored on site in a bulk tank (or tanks) as a compressed liquid, the same way 
chlorine is stored in cylinders. 

 
 The LOX used for ozone generation must be pure and free of hydrocarbons (<15 ppm by volume) 

and must be dry (dewpoint lower than –76 degrees F).   
 The ozone generator manufacturer can provide specific quality and purity requirements for 

LOX to be used with their equipment. 
 Make sure the LOX supplier is aware of those quality and purity requirements and will 

guarantee their LOX meets them. 
 
 
 

 

 
 

Figure 2.2 – Liquid Oxygen (LOX) Feed System Schematic 
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 The required equipment for a LOX feed system includes: 

 LOX storage tank(s) equipped with level or weight transmitters to monitor amount of LOX in 
storage.  Tanks must also be equipped with pressure relief for safety. 
 

 Ice Racks and Evaporators in LOX systems use ambient heat to evaporate the liquid 
oxygen into gaseous oxygen, similar to the way liquid chlorine in cylinders is evaporated and 
fed as a gas. 
 

 Pressure Regulators – Pressures in LOX storage tanks can reach 200 psi.  Ozone 
generators normally operate at pressures of 15 to 30 psi.  The pressure of the oxygen being 
fed to the generator must be carefully controlled. 
 

 Nitrogen Feed System -- Ozone generators using a LOX feed system generally work best 
when there is a 3 to 5 percent concentration of nitrogen in the feed gas to the generator.  
This small amount of nitrogen helps to prevent build up inside the generator and reduces 
maintenance. 
 

 Particulate Filter – Particles larger than 10 microns must be filtered out. 
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 The advantages of a LOX feed system include: 

 LOX systems can generate ozone at concentration up to 12% (four times that of an air prep 
system).  A much smaller volume of gas is required to obtain the desired ozone dosage.  
Ozone piping and valves can be smaller.  Fewer and smaller diffusers are required.    

 There are fewer mechanical components to power and maintain.  There are no large 
electrical loads associated with the LOX evaporators and feed equipment. 

 
 The disadvantages of a LOX system include: 

• You have to buy the LOX. 
• LOX can be hazardous to handle.  Too high a concentration of oxygen in the air can be 

as harmful to humans as too low a concentration. 
 

Earlier ozone systems generally used air prep systems, as LOX is fairly expensive.  As newer technologies 
were developed and ozone generators became more efficient (i.e., could generate ozone at higher 
concentrations), LOX systems became more economical.  Many newer ozone systems use LOX. 
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Figure 2.3 – Ozone Generator Power Supply Unit1 
 
 

Inputs 
 
 The power supply takes in normal 480 volt, 3 phase, 60 hertz power and outputs high voltage 

(3,500 volts to 11,500 volts, depending upon the system) medium or high frequency current to the 
ozone generator. 

 
 

Main Components 
 
 Power converter/inverter module – This device converts the incoming 60 hertz alternating 

current to medium or high frequency current. 
 
 Transformer – The transformer converts the incoming 480 volt power supply to high voltage. 

 
 Cooling system – The cooling system rejects the heat generated by the converter/inverter module 

and the transformer, and keeps the unit cool.  If temperatures become too high in the power 
supply, the heat can damage the major electrical components and the electronic controls.  Cooling 
systems can be closed loop or open loop. 
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 Controls – The power supply includes a system of electronic control devices that monitor and 

regulate the power output to the ozone generator.  Varying the amount of power applied to the 
generator (frequency and voltage) is one way of controlling the amount of ozone generated.  
Control devices usually include: 

 The power monitor measures and monitors input and output voltage and frequency. 
 In addition to power monitors, the control system monitors cooling water temperature. 
 The power supply is generally controlled by a programmable logic controller (PLC).  The 

PLC inputs signals telling it how much ozone is required and uses that information to control 
the output of the converter/inverter module and transformer.  It also inputs the cooling water 
temperature and parameters from the power monitor and shuts down the system and/or 
generates alarms if a problem develops. 
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Figure 2.4 – Ozone Generator and Power Supply2 
 
 
 

Main Components 
 

 
 

Figure 2.5 – Cross Section of Ozone Generator 



OZONE GENERATOR 
 

Bureau of Water Supply and Wastewater Management, Department of Environmental Protection   2- 
Drinking Water Operator Certification Training 

10

 

Operation of Ozone Generator 
 

 Air or oxygen is fed in at one end of the generator and flows through the gaps between the 
dielectrics and electrode tubes. 

 
 The dielectrics provide a high voltage connection and are located inside the electrode tubes, 

which provide a grounded, low voltage connection.   
 The gap between the dielectric and the electrode tube is very uniform and precise.   

 
 The generator shell encloses the electrode tubes. 

 
 High voltage is applied to the dielectrics and discharges to the electrode tube.  This electrical 

discharge converts a portion of the oxygen in the gas flowing through the gap to ozone. 
 
 The air/oxygen/ozone mixture is then discharged from the other end of the generator and is sent to 

the point of application. 
 
 Cooling water is circulated between the tubes, inside the shell, to remove the heat generated by 

the electric arcs.   
 
 
The amount of ozone generated can be controlled by varying the amount of electrical power applied to the 
generator, as discussed in the Power Supply section, or it can be controlled by regulating the flow rate of 
air or oxygen to the generator.  
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 Key Points for Unit 2 – Generation of Ozone. 
 

 Liquid oxygen (LOX) or air can be used to generate ozone. 

 If air is used to make ozone, it must be clean and dry. 

 Air must be filtered to remove particles larger than 0.1 microns. 

 Ozone generators require high voltages of 3,500 to 11,500 volts. 

 Water is used to cool ozone generating equipment. 

 LOX is considered dangerous because it is an extremely cold liquid. 

 More equipment is needed to make ozone from air compared to using LOX. 

 A programmable logic controller (PLC) is used to control the power supply in an ozone generator. 
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 Unit Two Exercise. 

 
 
1.  What are the advantages of a LOX feed system?  
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
 
 
2.  What are the disadvantages of a LOX feed system?  
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
 
 
3.  What is the primary purpose of the power supply unit of an ozone generator?  
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
 
 
4.  What is the primary purpose of an ozone generator?  
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
 
 
5.  Describe two ways that an operator can control the amount of ozone that is generated. 
 
 a. _________________________________________________________________ 
 
 b. _________________________________________________________________ 
 



UNIT 2 REFERENCES 
 

Bureau of Water Supply and Wastewater Management, Department of Environmental Protection   2- 
Drinking Water Operator Certification Training 

13

 
 1  PCI Wedeco.  “Ozone Generator Power Supply Unit.”  2002.  North American Municipal Sales 
Meeting, Ozone Systems Presentation.  [CD ROM]  (6 May, 2002). 
 
 2  PCI Wedeco.  “Ozone Generator and Power Supply.”  2002.  North American Municipal Sales 
Meeting, Ozone Systems Presentation.  [CD ROM]  (6 May, 2002). 
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Unit 3 – Application of Ozone 
 

 
 
 

Learning Objectives 

• Identify the two main methods of applying ozone. 

• Discuss the main components of each ozone application method. 
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Overview 

 
 Since ozone is a gas, it must be dissolved into the water to react with the various compounds to be 

removed. 
 
 There are two main types of systems used to dissolve ozone into water:  diffuser system and side 

stream injection.   
 
 

Special Considerations 
 
 The facilities used to apply ozone must allow contact time after the ozone is dissolved for the 

chemical reaction and disinfection to take place. 
 
 Since ozone is hazardous, there are special safety considerations. 

 Ozone must be fed in an enclosed chamber or vessel.  No vapors can be allowed to escape. 
 All materials that may come into contact with ozone must be resistant to ozone. 
 All dissolved ozone must be destroyed before the water leaves the contact chamber or 

vessel.  Dissolved ozone can be neutralized by feeding sodium bisulfite.  
 All areas in the vicinity of where ozone is being fed must be monitored for ozone leaks. 

 
Microbiological Induced Corrosion (MIC) of 300 series stainless steels when used with fresh waters 
is becoming recognized as a potentially serious problem.  Iron utilizing bacteria are suspected of 
causing damage to stainless steel pipes and containers when water containing organic matter is 
left stagnant or has a low flow rate through the stainless steel pathways.  Pinholes may develop 
after a biofilm has formed as iron bacteria in the water start attacking a localized site on the inside 
surface of the stainless steel that is often near a weld.  The biofilm becomes encrusted which then 
tends to shield it from the bacteria inactivation capabilities of ozone or other biocides such as 
chlorine.  Numerous cases of encrusted biofilms have been reported after fresh untreated water 
was left in the stainless steel pipes and containers for several days.  The pinholes will eventually 
break through the stainless steel material and result in a leak.  The pinholes must be cleaned and 
welded.1 
 
Periodic drying and inspection of the inside surfaces of the stainless steel material will help to 
detect potential MIC caused pinholes before they become leaks.  Reduction in the amount of 
organic matter in the source water and periodic planned maintenance inspections may be needed 
to reduce MIC problems to an acceptable level.   
 
Check with your engineer if MIC is suspected in your installation. 
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Description 

 
 The diffuser method of application uses fine bubble diffusers to release ozone gas into the water.  

These fine bubbles are “transferred” (dissolved) into the water. 
 Diffusers are generally made of ceramic.  They can be rod shaped or dome shaped. 

 
 Diffusers need 18 to 20 feet of submergence for efficient transfer of gas into the water.   

 Generally about 95% of the ozone applied is transferred into the water.  The rest escapes 
into the air above the water, which is why ozone must be applied in an enclosed chamber or 
vessel. 

 
 
 

Operating Principles 
 
 Diffusers are generally used in closed concrete basins as in Figure 3.1.  A typical basin is divided 

into multiple chambers by baffle walls. 
 
 There must be isolation valves or gates for the water and ozone.  The isolation valves or gates for 

water should be submerged or “trapped” so that ozone gas from the area above the water cannot 
escape. 

 
 There must be sample taps to measure dissolved ozone at several points in the basin. 

 
 There must be provision to feed a neutralizing chemical, usually sodium bisulfite, to neutralize any 

remaining dissolve ozone before the water leaves the contact basin. 
 
 All access hatches must be sealed. 

 
 The chamber should operate under a slight vacuum to prevent the escape of ozone gas.  This is 

done using an ozone destruct unit.  The destruct unit has an exhaust blower that draws air from 
above the water in the contact basin and maintains the vacuum.  The air drawn off the basin goes 
through a catalytic destructor that destroys any ozone before discharging the air to the 
atmosphere.  The basin is equipped with a vacuum relief valve to prevent the vacuum from 
becoming high enough to damage the basin structure. 

 
 Ozone may cause foam to form on the water surface in the basin.  As a result, spray nozzles 

should be provided at several points at the top of the basins to knock down the foam. 
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Figure 3.1 – Ozone Contact Basin 
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How Ozone Is Applied 
 

 This process description pertains to the plant design shown in Fig 3.1.  Other plant designs may 
require a different set of process steps. 

 
 Ozone is generally applied in stages, i.e. not all of the ozone is fed at the inlet of the contact basin.   

 A portion of the ozone is applied by diffusers located in the first chamber in figure 3.1. 
 Contact time is provided in the second chamber (no diffusers).   
 Another portion of the ozone is applied again in the third chamber by additional diffusers.   
 Additional contact time is provided in the fourth chamber.  This pattern is continued for each 

additional stage in the ozone contact basin. 
 Ozone is usually applied in either two or three stages. 
 Ozone application techniques may vary depending on the design of the tanks. 

 
 Baffles are designed to direct water flow 1) downward (counter to upward gas flow) in areas where 

diffusers are located, and 2) upward through the contact chambers, so flow can be directed back 
downward over the next stage diffusers. 

 
 
 

Advantages and Disadvantages of Diffuser System 
 
 Advantages of diffuser systems include: 

 Are suitable for treatment processes using ozone for oxidation or for disinfection.   
 Are better for disinfection applications than side stream injection because the large volume of 

the contact basin provides much more disinfectant contact time. 
 
 Disadvantage of diffuser systems: 

 Require more space and usually have a higher construction cost than side stream injection 
systems because of the large contact basin required for a diffuser system. 
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 Exercise for Diffuser Systems. 
 
 
1.  List two types of chambers in an ozone contact basin.  Describe what occurs in each chamber. 
 
 
 a. ______________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
 
 b. _____________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
 
 
2.  List at least 3 ozone application safety controls and / or measures that must exist in a diffuser system. 
 
 
 a. _____________________________________________________________________ 
 
 
 b. _____________________________________________________________________ 
 
 
 c. _____________________________________________________________________
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Description 
 

 The side stream method of application diverts part of the main process flow and pumps it through 
an injector.  The injector operates on the same basic principle as a chlorine gas ejector.  This 
method is often used to provide oxidation and is used in smaller plants or bottled water plants. 

 The water flow creates a vacuum, which pulls the air/oxygen/ozone mixture into the flow 
stream where it is dissolved into the water.   

 The side stream, which has been dosed with ozone, is then recombined with the main 
process stream. 

 
 

 
 

Figure 3.2 – Skid Mounted Side Stream Injection System 2 
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Main Components 
 

 
 

Figure 3.3 – Side Stream Injection System Schematic 3 
 
 

Operating Principles in Application of Ozone 
 

 The recirculation pump draws off a portion of the process flow and provides the necessary 
pressure boost to push the “side stream” through the injector, reactor vessel, and degassing 
separator. 

 The side stream is pumped through a nozzle in the injector creating a high velocity jet.  The high 
velocity jet creates a vacuum, which pulls the air/oxygen/ozone mixture coming from the ozone 
generator into the water and provides very intense mixing. 

 The reactor vessel provides volume and detention time for the injected air/oxygen/ozone mixture 
to transfer (dissolve) into the water.  Transfer efficiencies for side stream injection systems can 
vary from 65% to 95%, depending upon the ratio of gas volume to liquid volume (Vg/Vl) flowing 
through the injector. 

 The degassing separator separates any bubbles of undissolved gas from the water before it is 
recombined with the main process stream. 

 The degas relief valve vents the gas removed by the degassing chamber to the ozone destruct 
unit to destroy any undissolved ozone.  The destruct unit for a side stream system works the same 
way as the destruct unit used with a contact basin system. 
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 The reactor vessel and degassing separator need to be at a certain pressure (usually 30 to 40 
psi) to function properly.  The backpressure control valve maintains that pressure. 

 After the desired ozone contact time is obtained, any residual ozone must be neutralized.  This can 
be done by feeding sodium bisulfite. 

 
 
 

Advantages and Disadvantages of Side Stream Injection 
 

 Advantages of side stream injection: 
 Usually occupy a smaller footprint (i.e., the equipment is smaller and takes up less space) 

and cost less to construct than a contact basin system. 
 Can be well suited for treatment plants using ozone for oxidation only.  The oxidation 

reactions take place very quickly, and no significant amount of contact time is needed. 
 
 Disadvantages of side stream injection: 

 Transfer efficiencies can vary significantly (65% to 95%) with a side stream system, 
depending upon the Vg/Vl ratio.  Transfer efficiencies for a contact basin remain fairly 
constant, usually between 90% and 95% for a properly designed contact basin. 

 It is difficult to obtain a significant amount of contact time for disinfection with side stream 
injection.  In order to obtain enough contact time for disinfection, a contact basin must be 
provided downstream of the side stream equipment, which offsets the lower construction cost 
and smaller footprint of the side stream system. 
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 Key Points for Unit 3 – Application of Ozone. 
 

 Ozone is applied to water by diffusers or side stream injection. 

 Ozone must be applied to water in a closed chamber since only 95% of the ozone 
dissolves in the water. 

 Diffusers are generally used in closed concrete basins. 

 Stainless steel basins are sometimes used. 

 Microbiological induced corrosion (MIC) of stainless steel piping and basins may be 
caused by a form of iron bacteria. 

 Side stream injection of ozone is often used in bottled water production. 

 Diffuser systems generally provide more contact time than side stream injection. 

 Diffuser systems are larger and more expensive than side stream injection systems. 

 Residual ozone can be neutralized with sodium bisulfite. 
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  Exercise for Side Stream Injection. 
 
 
1.  A treatment plant is looking to construct an ozone application method for oxidation use (and not 
disinfection).  You have been asked to recommend whether the plant should construct a diffuser system or 
a side stream injection system.  What would you recommend and why? 
 
 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
 
 
 
 
2.  What cautions would you give the plant about your recommendations? 
 
 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
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and Hydrostatic Testing”, The Nickel Development Institute publication #10085 (1998) 
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Unit 4 – Ozone System Operation 
 

 
 
 

Learning Objectives 
 

• Calculate ozone generation rate using the ozone dosage and plant flow. 
 
• Calculate CT (Concentration x Time) when using ozone for disinfection. 
 
• Describe the parameters that need to be monitored by the operator for each main piece of 

equipment. 
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Required Ozone Generation Rate 

 
The required ozone generation rate is calculated as follows: 

 
O3 = (Q x D x 8.34) ÷ E 

 
Where:  O3 = Ozone generation rate (lbs/day) 

 Q = Plant flow rate (MGD) 
 D = Desired ozone dose (mg/L) 
 E = Transfer efficiency (expressed as a decimal) 

 
 

 The first part of the equation is the same formula used for any chemical to convert a flow rate in 
MGD and a dosage in mg/L to a feed rate in lbs/day.   
 

 The transfer efficiency accounts for the fact that not all the ozone applied is “transferred” into the 
water.  Some is not dissolved and is vented to waste. 

 
 

 Exercise 
 

What is the required ozone generation rate if a plant is treating 14 MGD with a dosage of 2.5 mg/L 
of ozone?  The plant uses a LOX system that generates ozone at a concentration of 12% and 
contact basins with a transfer efficiency of 92%. 

 
 
 
 
 
 
 
 
 
 

Actual Ozone Generation Rate 
 
 

 Actual ozone generation rate – Once the required ozone generation rate is determined, an 
Operator must be able to verify that the required amount is actually being generated.  Five (5) 
steps and calculations, illustrated in the following Sample Exercise, must be performed to verify 
that the required amount of ozone is being generated. 
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  Sample Exercise to Verify Ozone Generation Rate  
 

 Use the required ozone generation rate (lbs/day) and measured ozone concentration (percent by 
weight to calculate the A) ozone gas flow rate in standard cubic feet per minute (scfm), and B) 
total feed gas weight (lbs/day). 

 
 A Ozone volumetric gas flow rate (scfm) -- Determine the volumetric flow rate of ozone 

being fed.  Ozone weighs approximately 0.125 lbs per standard ft3.   
 

Volume O3 = O3 lbs/day ÷ O3 weight (lbs/ft3) ÷ 1440 min/day 
 

Therefore, the volumetric flow rate of ozone is: 
 

Volume O3= 317 lbs/day ÷ 0.125 lbs/ft3 ÷ 1440 min/day = ________ scfm 
 
 

 B Total feed gas weight (lbs/day) -- Determine the total weight of feed gas by using the 
weight of ozone generated and ozone concentration in the feed gas.  The concentration of 
ozone in the feed gas is measured by an ozone residual analyzer on the ozone generator 
discharge.  The ozone concentration is given in percent by weight (12% for this example).  
Feed Gas (lbs/day) = O3 lbs/day ÷ 0.12  

Therefore, the total weight of feed gas is: 

Feed Gas (lbs/day) = 317 lbs/day ÷ 0.12 = ___________ lbs/day 
 
 

 For a LOX system as in our example, calculate the amount of nitrogen in the feed gas by A) 
weight in lbs/day, and B) volume in scfm. 

 
 A Nitrogen weight (lbs/day) -- LOX systems typically have approximately 3% nitrogen (by 

weight) added to the feed gas to help reduce build-up of deposits in the generators 
(caused by small amounts of contaminants in the LOX supply).   
N2 (lbs/day) = total weight of feed gas (lbs/day) x 0.03 
Therefore, the weight of nitrogen is: 

N2 (lbs/day) = 2,642 lbs/day x 0.03 = ________ lbs/day 
 

 
 B Nitrogen volumetric flow rate (scfm) -- Nitrogen weighs about 0.072 lbs per standard ft3.   

Volume N2 = N2 lbs/day ÷ 0.072 lbs/ft3 ÷ 1440 min/day  

Therefore the volumetric flow rate of nitrogen would be: 

Volume N2 = 79 lbs/day ÷ 0.072 lbs/ft3 ÷ 1440 min/day = ________ scfm 
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 For a LOX system, determine the volumetric flow rate of oxygen in the feed gas stream by 

calculating the A) weight (lbs/day) and B) volumetric flow rate (scfm).   
 

Hint:  Since the ozone and nitrogen amounts are already known, the oxygen amount is the amount 
needed to equal the existing total weight.   

 
 A Oxygen weight (lbs/day) 

O2 (lbs/day) = total weight of feed gas x [1 – (Ozone concentration + Nitrogen 
concentration)] 
Therefore, for this example the oxygen weight in lbs/day is: 

O2(lbs/day) = 2,642 lbs/day x [1 – (0.12 + 0.03)] = __________ lbs/day 
 
 

 B Oxygen volumetric flow rate (scfm) 

Volume O2 = weight in lbs/day ÷ weight in lbs per standard ft3 ÷1440 min/day  

Oxygen weighs approximately 0.082 lbs per standard ft3.   
Therefore, the volumetric flow rate of oxygen would be: 

Volume O2= 2,246 lbs/day ÷ 0.082 lbs/ft3 ÷ 1440 min/day = ________ scfm 
 
 

 Steps  and  were used to determine the volumetric flow rate of the two components of the gas 
flow that are not ozone.  For an air prep system, there is only one component other than ozone:  air 
at 0.076 lbs per standard ft3.  Therefore, for air prep systems:  
− Step  is not required.  

The formula in Step  A would only have ozone concentration, instead of ozone 
concentration + nitrogen concentration.  Therefore, the formula would be: 

O2 (lbs/day) = total weight of feed gas x (1 – Ozone concentration) 
− The formula in Step  B would use the unit weight of air (0.076 lbs/ft3), instead of the unit 

weight of oxygen (0.082 lbs/ft3).  
 
 

 Calculate total volumetric gas flow rate (scfm). 
 

Total volumetric flow rate = O3 scfm + N2 scfm + O2 scfm 
Therefore, for this example, the total volumetric gas flow rate would be: 
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 Compare calculated flow rate to actual measured flow rate.   

 
If the ozone generation system is measuring 21.6 scfm of feed gas at a 12% concentration of 
ozone, it should be generating the required amount of ozone.   

 
 
 

 Ozone Generation Rate Calculation Considerations  
 

Air prep system calculations are basically completed the same as LOX system calculations.  The 
only difference is that the portion of feed gas that is not ozone would be air (and not nitrogen and 
oxygen as in a LOX system), at a unit weight of 0.076 pounds per standard ft3.  

 
Gas flow meters typically provide a reading in standard cubic feet per minute.  If the gas flow 
meter in your system does not read in scfm, the flow reading must be converted to scfm before 
doing these calculations.  Consult the flow meter O&M manual or manufacturer to verify whether or 
not a particular meter reads in scfm, and to identify the calculations required for scfm conversion if 
needed.   
 
 
More information about side stream injection systems is available in Appendix 3 and your 
instructor will discuss it with you if time permits. 
 
  

 
 
 

Use of Ozone for Disinfection 
 
Ozone is a powerful disinfectant.  The level of disinfection achieved with ozone is measured by using CT 
(Concentration x Time). 
 
 Since ozone decays rapidly, it cannot maintain significant residual concentration for extended time.  

The residual concentration can vary significantly over a short contact time. 

 Because of this, CT for ozone disinfection is calculated using the beginning ozone residual, ending 
ozone residual, detention time, and a decay constant.  The decay constant must be calculated first. 
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 Decay constant is a measure of how fast the ozone residual dissipates.  

The decay constant is calculated as follows: 
 

K = ln (C2 ÷ C1) ÷ DT 
 

Where: K = Decay constant 
C2 = Ozone residual concentration at the end of the contact time (mg/L) 

C1 = Ozone residual concentration at the beginning of the contact time (mg/L) 

DT = Effective detention time 
“ln” signifies to take the natural logarithm (Base e) of (C2 ÷ C1) 

 
 C1 should be measured a few seconds after the ozone is applied because ozone will react 

with many contaminants in the water very quickly, using up part of the applied ozone.  The 
short delay between ozone application and initial residual measurement allows time for those 
chemical reactions to take place, and results in a more accurate measurement of the actual 
residual left for disinfection.   

 
 

 Ozone demand is the amount of ozone consumed by the initial chemical reactions. 

Ozone demand can be calculated as follows: 

O3 demand = Dosage of ozone applied – Initial ozone residual (C1) 
 
 

Calculating the CT 

Once the decay constant is calculated, CT can be calculated as follows: 

CT = C1 x [e(KxDT) – 1] ÷ K 
  

Where: CT = Measure of disinfection achieved (Concentration x Time) 
C1 = Initial ozone residual concentration (mg/L) 

e = Base of natural logarithms 
K = Decay constant 
DT = Effective detention time (minutes) 
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Estimating the Ozone Residual Concentration 
Using the decay constant, you can estimate the ozone residual concentration at any time after the initial 
measurement is taken.  The formula to do this is: 

Ci = C1 x e(KxDT)  
 
Where: Ci = Calculated ozone residual at any time, “i” (mg/l) 

C1 = Initial ozone residual concentration (mg/L) 

e = Base of natural logarithms 
K = Decay constant 
DT = Effective detention time at time “i” 
 

 If you calculate ozone residuals for several points in time during the detention period and plot 
them on a graph, you will see a curve. CT achieved is represented by the area under that 
curve. 

 
 
For example:  Given an ozone contact basin with an initial ozone residual of 2.2 mg/l, a total detention time 
of 4 minutes, and a decay constant of –0.22.   
 
 The ozone residual concentration formula can be used to calculate ozone residual at several points 

in time.  For this example, it will be every 30 seconds (0.5 minutes).  At 0.5 minutes, ozone residual 
is: 

Ci = 2.2 x e(-0.22 x 0.5) = 1.97 mg/l 
 

 Results of same calculation at 0.5 minute intervals for remaining detention period: 
 

Detention Time (minutes) Ozone Residual (mg/L) 
1.0 1.77 
1.5  

 1.42 
2.5 1.27 
3.0  
3.5 1.02 
4.0 0.91 

 

 Fill in the missing numbers in the above table by using the graph in Figure 4.1 on the next 
page.
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 Plotting the results on a graph will give the curve shown in Figure 4.1. 

 

CT = Area Under Curve = 5.85 mg/L-min
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Figure 4.1 CT for Disinfection 

 
 The CT, 5.85 mg/L-min in this case, is represented by the area under the curve in Figure 4.1. 
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Required Ozone CTs  
 
The following tables present required CTs to achieve various log inactivations for viruses, Giardia, and 
Cryptosporidium, at various temperatures, when using ozone for disinfection.  The units for concentration 
are mg/L and the unit for time is minutes, thus CT has units of mg/L x min.  
 

Table 4.1 – Inactivation of Viruses with Ozone   
 

% 
Inactivation 

Log  
Inactivation 

T=0.5oC 
CT 

T=5oC 
CT 

T=10oC 
CT 

T=15oC 
CT 

T=20oC 
CT 

T=25oC 
CT 

99 2 0.9 0.6 0.5 0.3 0.25 0.15 
99.9 3 1.4 0.9 0.8 0.5 0.4 0.25 
99.99 4 1.8 1.2 1.0 0.6 0.5 0.3 

 
 

Table 4.2 – Inactivation of Giardia with Ozone 
 

% 
Inactivation 

Log  
Inactivation 

T=0.5oC 
CT 

T=5oC 
CT 

T=10oC 
CT 

T=15oC 
CT 

T=20oC 
CT 

T=25oC 
CT 

68 0.5 0.48 0.32 0.23 0.16 0.12 0.08 
90 1.0 0.97 0.63 0.48 0.32 0.24 0.16 

96.8 1.5 1.5 0.95 0.72 0.48 0.36 0.24 
99 2.0 1.9 1.3 0.95 0.63 0.48 0.32 

99.7 2.5 2.4 1.6 1.2 0.79 0.60 0.40 
99.9 3.0 2.9 1.9 1.4 0.95 0.72 0.48 

 
 

Table 4.3 – Inactivation of Cryptosporidium with Ozone 
 

% 
Inactivation 

Log  
Inactivation 

T=1oC 
CT (mg/L x min) 

T=13oC 
CT (mg/L x min) 

T22oC 
CT (mg/L x min) 

 0.5 6 2 0.6 
90 1.0 12 4 1.5 

96.8 1.5 24 8 3.0 
99 2.0 40 11 4.4 

99.7 2.5 45 15 6.0 
99.9 3.0 62 22 8.0 

 
 Even under “worst case” conditions (cold water temperature and high log inactivation), ozone is 

extremely effective against viruses and Giardia, as indicated by the low CT values (1.8 mg/L-min 
for 4 log inactivation of viruses at 0.5º C and 2.9 for 3 log inactivation of Giardia at 0.5º C).   

 Ozone is not as effective against Cryptosporidium, as indicated by the higher required CTs.  
 High particle counts may require longer contact times. 
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 Exercise 
 

Given the following parameters: 
a. Plant flow = 22 MGD 
b. Ozone dosage = 3.0 mg/L   
c. Initial ozone residual = 1.9 mg/L 
d. Effective detention time = 3.5 minutes 
e. Final ozone residual concentration = 0.7 mg/l 
f. Air Prep system – generates ozone at a concentration of 3% 
g. Diffuser/contact basin system with 95% transfer efficiency 

 
 Calculate the following: 
 

1. Required ozone generation rate (lbs/day) 
2. Total volumetric gas flow rate (scfm) 
3. Ozone demand 
4. CT achieved 

 
 

1. Required ozone generation rate (lbs/day). 
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2. Total volumetric gas flow rate (scfm) 
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3. Ozone demand 
 

 
 
 
 
 
 
 
 
 

 
 
4.  CT achieved 
 

4. A) Decay Constant: 
 

 
 
 
 
 
 
 
 
 

 
 

4. B) CT Achieved: 
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General 
 
In order to effectively operate an ozone system, operators must be aware of the operational information 
that is available to them through the instrumentation and controls.  They also must know parameters 
associated with normal operations, and what actions to take if parameters differ from normal operations. 

 
 All components associated with ozone systems are usually controlled by a programmable logic 

controller (PLC), which is furnished and programmed by the equipment manufacturer. 

 Operators must become familiar with the operating procedures for their particular system. 
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Figure 4.2 – Ozone Generator and Power Supply Control Diagram 



EQUIPMENT OPERATION 
 

Bureau of Water Supply and Wastewater Management, Department of Environmental Protection 4-15 
Drinking Water Operator Certification Training 

 
Power Supply Operating Parameters 

 
The following feedback should be available to the operator from the power supply.  (Please refer to Figure 
4.2.)  The operator should be aware of the normal ranges of these parameters.   
 
 Power consumption, which relates to ozone generation rate and generator efficiency.  The operator 

should have an idea of the amount of power consumption that corresponds to various ozone 
generation rates. 

 Cooling water temperature. 

 Cooling water flow. 

 
 
 

Ozone Generator Operating Parameters 
 

The following feedback should be available to the operator from the ozone generator.  (Please refer to 
Figure 4.2.)  The operator should be aware of the normal ranges of these parameters. 
 
 Open/close status of isolation and flow control valves. 

 Air/oxygen supply gas flow rate, which is used to calculate/verify ozone generation rate. 

 Ozone concentration in generator discharge (used along with air/oxygen flow rate to 
calculate/verify ozone generation rate). 

 Gas temperature in generator inlet and discharge. 

 Gas pressure in generator inlet and discharge. 

 Cooling water temperature. 

 Cooling water flow. 
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Figure 4.3 – Ozone Contact Basin Control Diagram
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Contact Basin (Diffuser System) Operating Parameters 

 
The following information should be available to the operator from various meters and instruments 
associated with the contact basin.  (Please refer to Figure 4.3.)   
 

• Open/close status of isolation and flow control valves. 

• Gas flow split between parallel basins and first and second stages of individual basins. 

• Dissolved ozone residual at several locations in the basin.  (These are needed to calculate CT.  
See individual manufacturer’s instructions for installation, operation, and maintenance of ozone 
residual analyzers.) 

• Process water flow rate.  (This is needed to calculate CT.) 

 
 

Dissolved ozone residual in process water leaving contact basin should be measured.  (This must measure 
as zero, however the operating parameters in some large plants may have a goal of a small residual of 
approximately 0.2 mg/l for water leaving the contact basin.  Check with your engineer.) 
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Ozone Destruct System Operating Parameters 

Figure 4.4 Ozone Destruct System Control Diagram 
 
 
 
The following information should be available to the operator from various meters and instruments 
associated with the ozone destruct units.  (Please refer to Figure 4.4.)  The operator should be aware of the 
normal ranges of these parameters. 
 
 Open/close status of isolation valves. 

 Differential pressure across exhaust blower, which will give an indication that the blower is 
operating properly. 

 Inlet gas temperature. 

 Temperature in gas pre-heater. 

 Pressure drop across catalyst chamber. 

 Catalyst temperature. 

 Ozone concentration in blower discharge.  (The concentration should be below 0.1 parts per million 
(ppm), by volume.) 
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Ozone/Oxygen Leak Monitoring 

 
Since ozone is a hazardous gas, ambient atmospheric ozone levels must be monitored at several different 
locations in the ozone facility.  OSHA limits for contaminants and confined space requirements should be 
closely followed. 
 
 Ambient atmospheric ozone levels should be below 0.1 ppm, by volume.  Ozone levels above that 

should activate an alarm.   
 
 If the ambient ozone level reaches 0.3 ppm by volume, the ozone system must be shut down. The 

operator must be familiar with emergency shutdown procedures.  
 
 
 
Oxygen levels must also be monitored in facilities using LOX.  Excessively high oxygen levels are also 
hazardous to human health. 
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Air Prep Systems 

 
 Compressors and refrigerant driers – Inspect, lubricate, and adjust per manufacturer’s instructions. 

 
 Desiccant driers – Periodically replace or regenerate desiccant media. 

 
 
 

 
Power Supplies 

 
 Follow manufacturer’s recommendations. 

 
 
 

Generators 
 

 Electrodes – Periodically clean and/or replace. 
 
 Inside of generator – Inspect for evidence of corrosion and/or cooling water leaks. 

 
 Ozone generator – Measure efficiency. 

 
 

  Generator efficiency is defined as the amount of power it takes to generate a pound of ozone. 
The ozone generator manufacturer can provide you with normal expected generator 
efficiencies.  If the measured kwh/lb is higher than expected, the generator likely needs 
repair or maintenance.  Manufacturers will often guarantee certain generator 
efficiencies. 
 

Appendix 4 has an example of how to calculate ozone generator efficiency. 
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Contact Basin 
 

 Contact basin – Periodically drain for cleaning and inspection. 
 
 Diffusers – Examine for cracks, damage, or defective seals. 

 
 Ozone piping and supports – Examine for corrosion or evidence of leaks. 

 
 
 
Some ozone systems use stainless steel contact tanks and piping.  Figure 4.5 shows the bottom of two 
large stainless steel contact tanks and the water inlet pipes coming into the side of the tanks near the 
bottom.  An occasional problem in using stainless steel material is pinhole formation in the metal due to the 
activity of gallionella bacterium in the water.  These bacteria occur naturally and can cause 
Microbiologically Influenced Corrosion (MIC).  The stains on the vertical stainless steel pipe in the 
foreground of figure 4.5 are thought to be indicators of pinhole formation in the pipe.  After getting rid of the 
gallionella bacterium, pinholes in the stainless steel pipes and contact tanks must be repaired by welding. 
 
This type of bacteria can be treated by chlorine dosing or by thoroughly drying the moisture out of the tank.  
A large facility may be able to shut down, clean, and repair half of their tanks while the remaining tanks are 
supplying water for the distribution system.  
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Figure 4.5 Stainless Steel Piping Showing Evidence of MIB Pinholes 

 
 

Destruct Units 
 

 Exhaust blower – Inspect, lubricate, and adjust per manufacturer’s recommendations. 
 
 Catalyst – Inspect and replace if necessary. 

 
Instrumentation and Analyzers 

 
 Clean and calibrate per manufacturer’s instructions. 

 
Microbiologically Influenced Corrosion (MIC) Checks 

 
 Periodically dry and inspect the inside surfaces of stainless steel pipes and containers for evidence 

of MIC pinholes or evidence of encrusted biofilms that may result in pinholes. 
 

 Weld pinholes as required. 
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 Key Points for Unit 4 – Ozone System Operation 
 

 Transfer efficiency means that a small amount of ozone is not dissolved in water and must be 
vented to waste. 

 The CT or (concentration x time) must be known when using ozone for disinfection. 

 Ozone demand = ozone dosage – initial ozone residual. 

 Ozone decays rapidly making it difficult to maintain an ozone residual. 

 A 2-log inactivation means that 99% of pathogens are inactivated. 

 An ozone destruct system is used to destroy excess ozone. 

 Ozone is a hazardous gas, and ambient atmospheric ozone levels must be monitored. 

 Generator efficiency is the amount of electrical power needed to produce one pound of ozone. 

 Contact basins must be periodically drained for cleaning and inspection. 
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  Exercise for Unit 4. 
 

1.     A 2-log inactivation results in a ______________% inactivation of pathogens. 

2. A contact basin should be periodically _______________ for cleaning and inspection. 

3. Ozone piping and supports must be examined periodically for evidence 

of___________________________________________________________. 

4.  CT is an abbreviation for ___________________________________ 

5.  A PLC is often used to control equipment in a ozone system.  What does PLC stand for? 

______________________________________________________________. 

 

6. The _________________________ injection process is often used in bottled water plants. 

7.  MIC stands for ___________________________________  

____________________________  _______________________________. 
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Unit 5 – Safety and Handling 
 

 
 
 

Learning Objectives 
 

• State the materials suitable for contact with ozone. 
 
• Describe the health hazards related to ozone and the first aid steps in dealing with them. 
 
• Describe required safety equipment and procedures when dealing with ozone. 
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A Strong Oxidant 

 
 Ozone should contact suitable materials only, including 316 stainless steel for piping and PTFE 

(Teflon) for gaskets.  Silicon gaskets are sometimes used for contact with ozonated water, for 
instance, on ceramic diffusers. 
 

 Ozone can cause an explosion if it comes in contact with oil or grease.  For this reason, all piping 
and equipment must be specially cleaned to remove all traces of oil or grease before being used 
for ozone service.  This is often done at the factory and components are shipped in sealed 
packages.  (“Cleaned for oxygen/ozone service” must be specified when you order/purchase 
components.)  Extra care must be taken to avoid contamination after components are removed 
from the packaging and while they are being installed. 

 
 
A Material Safety Data Sheet (MSDS) for ozone is included as Appendix 11.    
 
 
 

Health Hazards 
 
 Exposure to high concentrations of ozone are associated with the following health hazards:  

 
 Concentrations above 0.5 ppm, by volume, will irritate eyes and respiratory organs. 
 Concentrations reaching 5 ppm, by volume, can cause serious illness and death.  
 Long-term exposure can cause chronic bronchial ailments.  The longer the length of 

exposure, the lower the concentration required to cause chronic health problems. 
 
 
 

First Aid 
 
 Plant operators in a plant using ozone must be familiar with the appropriate first aid procedures in 

the event of an accident or leak.  Proper procedures include: 
 

 Move the victim to fresh air. 
 Adjust the victim to sitting position if person is experiencing breathing difficulty. 
 Give the victim oxygen, if possible. 
 Start artificial respiration if the victim stops breathing. 

 
 Plants using ozone should have an eye wash and self-contained breathing apparatus available. 
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Safety Rules and Procedures 

 
 Fires in and around ozone equipment and facilities must be extinguished using carbon dioxide or 

dry powder fire extinguishers. 
 
 Make sure electrical power is disconnected and locked out before working on any piece of 

equipment. 

 Make sure ozone generators and/or contact basins are purged of ozone before opening.  The 
manufacturer’s Operations & Maintenance (O&M) manual should include procedures for purging. 

 Provide properly functioning ambient ozone detectors in all parts of the ozone facility where 
personnel may be present.  These ozone leak detectors must be regularly inspected and 
calibrated, in accordance with the manufacturer’s instructions. 

 Regularly inspect all seals and equipment to make sure they are sound and working properly.  

 Follow confined space entry procedures to enter any enclosed contact basin. 
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LOX Hazards 
 
Some of the hazards specific to liquid oxygen include: 
 
 Equipment in contact with oxygen must also be completely free of oil and grease.  Cleaning 

requirements are the same as for ozone. 

 Health effects associated with contact with liquid oxygen include: 

 LOX is a cryogenic liquid.  Exposure to liquid form will cause frostbite. 
 Respiratory difficulties result from breathing air with oxygen concentrations greater than 23.5 

% for extended periods.  (Oxygen levels in the atmosphere are normally about 21%.)   

 Ambient oxygen leak detectors should be provided in areas where LOX or oxygen gas is handled. 

 
A Material Safety Data Sheet (MSDS) for liquid oxygen is included as Appendix 2.2   
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 Key Points for Unit 5 – Safety and Handling. 
 

 Ozone is a strong oxidant and will react with many materials. 

 Ozone in contact with oil or grease can cause an explosion. 

 Small concentrations of ozone can irritate eyes and respiratory organs. 

 Operators in plants using ozone should be familiar with first aid and safety rules. 

 Ozone detectors should be regularly inspected and calibrated. 

 Liquid oxygen (LOX) is very cold and can cause frostbite. 

 Excessive oxygen can cause breathing problems. 

 MSDS sheets for both ozone and LOX should be kept in the working areas. 

 Appropriate OSHA rules should be followed whenever ozone or LOX are used. 
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 Unit Five Exercise. 

1.  The acronym OSHA stands for:  ____________________________   ___________________________ 

 

 

____________________________________  ______________________________. 

 

 

2.  The acronym MSDS stands for:  _____________________________ __________________________ 

 

 

____________________________________  _____________________________________. 

 

 

3.  Manufacturers are required to supply an MSDS for every chemical that they sell. 

 

 a. True __________  b.  False __________ 

 

 

4.  Confined space requirements should be followed whenever ozone or other hazardous gases are being 
used. 

 

 a. True __________  b.  False __________ 

 

5.  LOX is the liquid form of oxygen and is considered to be a _______________ liquid.
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 1  Osmonics Material Safety Data Sheet for Ozone.  
http://www.gewater.com/library/msds/index.jsp  (02 July 2004). 
 
 2  BOC Gases Material Safety Data Sheet for Oxygen, Refrigerated Liquid.  
http://www.mwsc.com/MSDS/22.PDF  (30 May 2003). 
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Appendix 1 

Sample Ozone Material Safety Data Sheet (MSDS) 
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Appendix 2 
Sample Liquid Oxygen Material Safety Data Sheet (MSDS) 
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Appendix 3 
 

Additional information for Unit 4. 
 

For side stream injection systems, the transfer efficiency will vary with the Vg/Vl ratio.  (In 
diffuser systems, transfer efficiency remains fairly constant, usually about 95%.)  The amount of 
water (Vl) going through the injector is fairly constant for a given size injector at a given pressure.  
The amount of air/oxygen/ozone mixture (Vg) going into the injector will vary with the ozone feed 
rate. Therefore, transfer efficiencies will vary with feed rate. 
 

 Transfer efficiencies generally are about 95% if the Vg/Vl ratio is less than 0.1.  

 Transfer efficiencies generally are 65% or less if the Vg/Vl ratio is greater than 0.2.   

 Side stream systems should not be operated at Vg/Vl ratios greater than 0.2.   

 Figure A.1 shows how transfer efficiency may vary for Vg/Vl ratios between 0.1 and 0.2 for a 
typical side stream system.   

 Transfer efficiencies will vary from one manufacturer’s equipment to another.  Operators 
must consult the O&M manual or manufacturer for their particular equipment to obtain this 
information. 
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Figure A.1 – Side Stream System Transfer Efficiency 
 
 

 Additional SSI Steps Required to Calculate Ozone Generation Rate  
In order to calculate required ozone generation rate for a side stream injector system, you will need 
to complete five (5) steps in addition to completing the five (5) steps outlined in the previous 
exercise (refer back to page 4-2) to calculate the actual ozone generation rate.  These additional 
steps are listed as SSI steps 1-5. 

 
SSI-1:  Estimate transfer efficiency. 
SSI-2:  Convert water flow to cubic feet per minute (cfm). 
SSI-3:  Calculate the Vg/Vl ratio. 

SSI-4:  Identify the actual transfer efficiency using the calculated Vg/Vl ratio. 

SSI-5:  Compare assumed transfer efficiency to actual transfer efficiency. 
 



APPENDICES 
 

Bureau of Water Supply and Wastewater Management, Department of Environmental Protection   A- 
Drinking Water Operator Certification Training 

13

 

 Exercise 
Work through the steps and calculations to identify the required ozone generation rate.  Use the 
previous example problem from page 4-2; however, this time, use a side stream injector (SSI) for 
the exercise.  In our example, the injector uses 1,090 gpm of water.  

 
 
SSI-1 Assume a transfer efficiency of 85% for this example.  (Operators familiar with their systems would 

be able to make educated estimates for transfer efficiencies.) 
 
 
 
Calculate required ozone generation rate using the assumed transfer efficiency.   

O3 = (Q x D x 8.34) ÷ E 

 
 
 

 
 
 
Calculate total gas volumetric flow rate  
 

 Use the required ozone generation rate (lbs/day) and measured ozone concentration (percent by 
weight) to calculate the A) ozone gas flow rate (scfm) and B) total feed gas weight (lbs/day). 

 
 A Ozone gas flow rate (scfm) 

Volume O3 = O3 lbs/day ÷ O3 weight (lbs/ft3) ÷ 1440 min/day 

 
 
 

 
 

 B Total feed gas weight (lbs/day) 
Feed Gas (lbs/day) = O3 lbs/day ÷ 0.12  
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 Calculate the amount of nitrogen in the feed gas by A) weight in lbs/day, and B) volume in 

scfm. 
 

 A Nitrogen weight (lbs/day) 
N2 (lbs/day) = total weight of feed gas (lbs/day) x 0.03 

 
 
 

 
 

 B Nitrogen volume (scfm) 

Volume N2 = N2 lbs/day ÷ 0.072 lbs/ft3 ÷ 1440 min/day  

 
 
 

 
 

 Determine the volumetric flow rate of oxygen in the feed gas stream by calculating the A) weight 
(lbs/day), and B) volumetric flow rate (scfm).   

 
 A Oxygen weight (lbs/day) 

O2 (lbs/day) = total weight of feed gas x [1 – (Ozone weight + Nitrogen weight)] 

 
 
 

 
 

 B Oxygen volumetric flow rate (scfm) 
Volume O2 = weight in lbs/day ÷ weight in lbs per standard ft3 ÷1440 min/day  

 
 
 

 
 

 Calculate total volumetric gas flow rate (scfm). 
 

Total volumetric flow rate = O3 scfm + N2 scfm + O2 scfm 

 
 
 



APPENDICES 
 

Bureau of Water Supply and Wastewater Management, Department of Environmental Protection   A- 
Drinking Water Operator Certification Training 

15

 
SSI-2 Convert the water flow rate to ft3/min (cfm). 
 

Ft3/min (cfm) = total gal/min side stream injector uses ÷ 7.48 gal/ft3 

 
 
 

 
 

SSI-3 Calculate Vg/Vl ratio. 
 

Vg/Vl = total volumetric flow rate of feed gas (scfm) ÷ water flow rate (cfm) 

 
 
 

 
 
SSI-4 Identify the actual transfer efficiency using the calculated Vg/Vl ratio and Figure A.1. 
 

 
 

 Using Figure A.1, find Vg/Vl ratio amount on the horizontal axis and move vertically until 
curve intersection. 

 From the point of intersection, move to the vertical axis and read the transfer efficiency. 
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Figure A.1 – Side Stream System Transfer Efficiency (duplicate) 
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SSI-5 Compare assumed transfer efficiency to actual transfer efficiency.   
 

Calculated transfer efficiency: 
Assumed transfer efficiency: 

 
 If the assumed and calculated transfer efficiencies are the same, the assumption was correct 

and the calculated transfer efficiency is the correct value to use to calculate required ozone 
generation rate. 

 If the assumed and calculated transfer efficiencies are not the same, a different assumed 
transfer efficiency must be used and all the steps to this point must be repeated until the 
assumed and calculated values match. 

 
 Compare calculated flow rate to actual measured flow rate.   

 

Calculated total volumetric gas flow rate (scfm): 
Actual measured volumetric gas flow rate (scfm):  Measured by ozone generator’s flow meter. 

 
 If the total volumetric flow rate calculated in step   matches the actual measured flow rate 

(which is read from the flow meter on the ozone generator), the required amount of ozone is 
being generated.  
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Figure A.2 – Side Stream Injection System Control Diagram 
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Side Stream Injector System Operating Parameters 
 
The following information should be available to the operator from various meters and instruments 
associated with the side stream system.  (Please refer to Figure A.2.)  The operator should be aware of the 
normal ranges of these parameters. 
 
 Open/close status of isolation and flow control valves. 

 Main process stream and side stream water flow rates. 

 Dissolved ozone residual immediately downstream of degassing chamber.  (See individual 
manufacturer’s instructions for installation, operation, and maintenance of ozone residual 
analyzers.) 

 Dissolved ozone residual after side stream is recombined with main process stream. 

 Dissolved ozone residual at several locations in contact basin or vessel.  (Needed to calculate CT if 
ozone is being used for disinfection.) 

 Pressure upstream and downstream of injector. 

 Pressure upstream and downstream of degassing chamber. 

 Dissolved ozone residual at end of contact pipeline or leaving contact chamber.  (This must 
measure as zero.) 
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Appendix 4  
 

Ozone Generator Efficiency 

 Exercise 
 

Given the following information from an ozone generator performance test, what is the ozone 
generator efficiency (KWH/lb)? 
 

- Feed gas flow rate to contact basins = 29.2 scfm 
- Ozone concentration in feed gas = 11% 
- LOX system with 3% nitrogen added 
- Duration of test = 40 minutes 
- Power meter readings are 1124 KWH at beginning of test and 1177 at end of test. 

 
 

 Calculate the actual ozone generation rate in lbs/day. 
 

This requires two sub-steps since we need to determine the ozone generation rate from using the 
gas flow rate. 

 
 

 A Determine total weight of feed gas in lbs/day.  Use a weighted average based on the unit 
weight of each component in the feed gas. 

 
Let “W” = the total weight of feed gas.   
Feed gas is 11% ozone at 0.125 lbs/cu.ft. and 3% nitrogen at 0.072 lbs/cu.ft.   
Since this is a LOX system, the remainder is oxygen at 0.082 lbs/cu.ft.  The portion that is oxygen 

is 100% - (11% + 3%) = 86%.  Therefore: 
 
{(0.11W/0.125)} + {(0.03W/0.072)} + {0.86W/0.082)} = 29.2 scfm x 1440 min/day 
 
Each term represents the volume of each component of the feed gas.   
For example, since the feed gas is 11% ozone, the weight of ozone would be 0.11 x W.   
To get volume, divide weight by the unit weight, 0.125 lbs/cu.ft.   
Therefore, the volume of ozone in the feed gas is (0.11 x W)/0.125. 
 
 
Factoring the equation gives:   

{(0.11/0.125) + (0.03/0.072) + (0.86/0.082)}W = 29.2 x 1440 
 

Solving for total weight gives:   

W = (29.2 x 1440)/{(0.11/0.125) + (0.03/0.072) + (0.86/0.082)} = 3568 lbs/day 
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 B Calculate ozone generation rate in lbs/day.  Feed gas stream is 11% ozone by weight. 

 
 
 
O3 Generation Rate =  
 
 
 
 

 Calculate pounds of ozone generated during the test.  Divide the generation rate in lbs/day by 1440 
min/day and multiply the result by the number of minutes the test was run. 

 
 
 
O3 Generated =  
 
 

 
 

 Measure kilowatt-hours of power consumed during the test.  Subtract the KWH meter reading at 
the beginning of the test from the reading at the end of the test. 

 
 
 
KWH =  
 
 

 
 

 Calculate generator efficiency.  Divide the total amount of power used during the test by the total 
weight of ozone generated during the test.   

 
 
 
Efficiency =  
 
 
 
 

 Efficiencies of less than 4.9 to 5.0 KWH per pound of O3 are generally considered “good.”   

Refer to the manufacturer’s information for his or her particular system to find out what efficiency to expect. 
 


