
ANSI/AWWA F120-18
(First Edition)

AWWA Standard
®

SM

Ozone Systems for 
Water

Effective date: July 1, 2018.
This first edition approved by AWWA Board of Directors Jan. 20, 2018.
Approved by American National Standards Institute March 16, 2018.

Copyright © 2018 American Water Works Association. All Rights Reserved. 
Copyright American Water Works Association 
Provided by IHS Markit under license with AWWA Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AWWA F120 2018

http://www.avadocuments.com/doc/awwa-f120-2018
http://www.avadocuments.com/doc/awwa-f120-2018


ii

AWWA Standard
This document is an American Water Works Association (AWWA) standard. It is not a specification. AWWA standards 
describe minimum requirements and do not contain all of the engineering and administrative information normally 
contained in specifications. The AWWA standards usually contain options that must be evaluated by the user of the 
standard. Until each optional feature is specified by the user, the product or service is not fully defined. AWWA publication 
of a standard does not constitute endorsement of any product or product type, nor does AWWA test, certify, or approve 
any product. The use of AWWA standards is entirely voluntary. This standard does not supersede or take precedence 
over or displace any applicable law, regulation, or codes of any governmental authority. AWWA standards are intended 
to represent a consensus of the water industry that the product described will provide satisfactory service. When AWWA 
revises or withdraws this standard, an official notice of action will be placed in the Official Notice section of Journal – 
American Water Works Association. The action becomes effective on the first day of the month following the month of Journal 
AWWA publication of the official notice.

American National Standard
An American National Standard implies a consensus of those substantially concerned with its scope and provisions. An 
American National Standard is intended as a guide to aid the manufacturer, the consumer, and the general public. The 
existence of an American National Standard does not in any respect preclude anyone, whether that person has approved 
the standard or not, from manufacturing, marketing, purchasing, or using products, processes, or procedures not 
conforming to the standard. American National Standards are subject to periodic review, and users are cautioned to obtain 
the latest editions. Producers of goods made in conformity with an American National Standard are encouraged to state 
on their own responsibility in advertising and promotional materials or on tags or labels that the goods are produced in 
conformity with particular American National Standards.

Caution Notice: The American National Standards Institute (ANSI) approval date on the front cover of this standard indicates 
completion of the ANSI approval process. This American National Standard may be revised or withdrawn at any time. ANSI 
procedures require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from the 
date of ANSI approval. Purchasers of American National Standards may receive current information on all standards by 
calling or writing the American National Standards Institute, 25 West 43rd Street, Fourth Floor, New York, NY 10036; (212) 
642-4900, or e-mailing info@ansi.org.
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Foreword
This Foreword is for information only and is not a part of ANSI*/AWWA F120.

I.	 Introduction.
I.A.	 Background.  Ozone treatment is accepted for oxidation of organic 

compounds, taste and odor control, disinfection, pathogen inactivation, enhanced 
particulate removal, and other potable water, wastewater, or reclaimed water treatment 
uses. Ozonation is used with other treatment processes to achieve regulatory and 
aesthetic water quality goals. Ozone processes and equipment are often used with other 
equipment and chemicals including coagulation, filtration, and biofiltration that are 
covered by AWWA standards.

I.B.	 History.  The need for a standard addressing ozone disinfection systems 
was recognized by the American Water Works Association (AWWA) in 2004. The new 
standard was originally assigned to the UV Disinfection Committee. The Standards 
Council reassigned the development of the new standard to the Oxygen for Ozone 
Generation Committee in March 2009. This first edition of ANSI/AWWA F120 was 
approved by the AWWA Board of Directors on Jan. 20, 2018.

I.C.	 Acceptance.  In May 1985, the US Environmental Protection Agency 
(USEPA) entered into a cooperative agreement with a consortium led by NSF 
International (NSF) to develop voluntary third-party consensus standards and a 
certification program for direct and indirect drinking water additives. Other members of 
the original consortium included the Water Research Foundation (formerly AwwaRF) 
and the Conference of State Health and Environmental Managers (COSHEM). The 
American Water Works Association and the Association of State Drinking Water 
Administrators (ASDWA) joined later.

In the United States, authority to regulate products for use in, or in contact with, 
drinking water rests with individual states.† Local agencies may choose to impose 
requirements more stringent than those required by the state. To evaluate the health 
effects of products and drinking water additives from such products, state and local 
agencies may use various references, including

1.	 Specific policies of the state or local agency.

* American National Standards Institute, 25 West 43rd Street, Fourth Floor, New York, NY 10036.
† Persons outside the United States should contact the appropriate authority having jurisdiction.
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2.	 Two standards developed under the direction of NSF*, NSF/ANSI 60, 
Drinking Water Treatment Chemicals—Health Effects, and NSF/ANSI 61, Drinking 
Water System Components—Health Effects.

3.	 Other references, including AWWA standards, Food Chemicals Codex, Water 
Chemicals Codex,† and other standards appropriate to the state or local agency.

Various certification organizations may be certifying products in accordance with 
NSF/ANSI 61. Individual states or local agencies have authority to accept or accredit 
certification organizations within their jurisdiction. Accreditation of certification 
organizations may vary from jurisdiction to jurisdiction.

Annex A, “Toxicology Review and Evaluation Procedures,” to NSF/ANSI 61 does 
not stipulate a maximum allowable level (MAL) of a contaminant for substances not 
regulated by a USEPA final maximum contaminant level (MCL). The MALs of an 
unspecified list of “unregulated contaminants” are based on toxicity testing guidelines 
(noncarcinogens) and risk characterization methodology (carcinogens). Use of Annex 
A procedures may not always be identical, depending on the certifier.

ANSI/AWWA F120 does not address additives requirements. Therefore, users of 
this standard should consult the appropriate state or local agency having jurisdiction 
in order to

1.	 Determine additives requirements, including applicable standards.
2.	 Determine the status of certification by all parties offering to certify products 

for contact with, or treatment of, drinking water.
3.	 Determine current information on product certification.

II.	 Special Issues.
II.A.	 Safety.  The National Fire Protection Association (NFPA) rating for oxygen 

and ozone indicates that there are potentially serious health hazards and flammability 
and reactivity hazards associated with this product. These chemicals are oxidizers and 
affect the skin, eyes, lungs, and other body tissues. Oxygen and ozone present unusual 
fire and explosion hazards. For information on the health hazards, fire and explosion 
hazards, and reactivity hazards with oxygen, consult the Safety Data Sheet (SDS).

It is important for operations and maintenance personnel at potable water, 
wastewater, and reclaimed water facilities with ozone generation equipment to 
understand the safety risks of both oxygen and ozone. Proper safety training for 
both of these gases is required for all personnel before beginning any operational 

*	NSF International, 789 N. Dixboro Road, Ann Arbor, MI 48105.
†	 Both publications available from The National Academies Press, 500 Fifth Street NW, Keck 360, 

Washington, DC 20001.
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or maintenance task involving oxygen storage/generation, ozone generation, or ozone 
contacting equipment.

Vaporized liquid oxygen is typically used as a feed gas in the production of ozone. 
Liquid and gaseous oxygen present several unique safety aspects to personnel at 
potable water, wastewater, and reclaimed water facilities. Oxygen is nonflammable but 
readily supports combustion. All materials that are flammable in air burn much more 
vigorously in oxygen. Some combustibles, such as oil and grease, burn with nearly 
explosive violence in oxygen if ignited. Safety precautions and procedures for potential 
exposure to oxygen should be understood and followed including cryogenic safety for 
liquid oxygen and fire hazards for gaseous oxygen.

Since ozone cannot be stored prior to use, it must be generated onsite. Ozone as 
a concentrated gas is classified as a highly toxic material that presents potential risks 
where ozone is generated and used. Ozone odor is very distinctive, and even minor 
ozone leaks are readily detected by smell. Unlike chlorine, ozone does not produce a 
flee response at low concentrations and may actually smell sweet or be easily tolerated. 
However, even at low concentrations ozone may be a health hazard. At a concentration 
of 10 ppm, death can occur in exposures as short as one hour. High concentration 
ozone exposure is very unpleasant. All ozone leaks should be identified and corrected 
immediately to reduce risk associated with exposure.

Ozone systems have typical safety considerations for chemical feed systems including 
electrical hazards and confined space entry that require specific training and awareness 
that is typically outlined in general plant hazard and risk management training.

There are many important safety considerations when working with oxygen and 
ozone including handling, storage, leak detection, and exposure limits. A detailed 
discussion on safety considerations is provided in Appendix A.

II.B.	 Adherence to Codes and Regulations.  Due to the nature of oxygen and 
ozone, there are a number of regulations and codes that must be followed. Please refer 
to Sec. 2 and the codes summary in Appendix B.

II.C.	 Assumed Ozone System Configuration.   This standard is intended to address 
a particular type of ozone treatment system with an assumed basis of configuration 
with liquid oxygen (LOX) as the source for ozone production. A typical process flow 
diagram is shown in Figure F.1 at the end of this section.

The ozone treatment system configuration generally includes the following 
equipment:

•	 LOX storage, LOX vaporization, and feed gas preparation equipment.
•	 Ozone generator and power supply unit.
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•	 Ozone dissolution system.
•	 Ozone destruct system.
•	 Control system.
•	 Cooling loop for ozone generator and power supply unit.

LOX is vaporized to gaseous oxygen (GOX) before use for ozone generation. The 
GOX is passed through a filter to remove any particulate before the ozone generators. 
Nitrogen may be added to improve ozone generation efficiency. As an alternative 
to using vaporized LOX as a feed gas, oxygen can be concentrated onsite using air 
separation technology.

GOX enters the ozone generator where electricity is applied through a discharge 
within the generator’s interior elements to create ozone gas. A mixture of oxygen gas 
and ozone gas, typically 4 to 15 percent ozone based on weight, along with trace levels 
of other atmospheric gases such as nitrogen and argon, leaves the ozone generator 
at the concentration of ozone required for treatment and within the constraints of 
the generator. The power to create the ozone formation reaction within the ozone 
generator is provided by the power supply unit. There is typically one power supply 
unit connected to each ozone generator. The power supply unit provides the electrical 
current to the elements within the ozone generator.

The electrical energy required to create ozone causes the ozone generator elements 
and the power supply unit to heat up. Therefore, the ozone generator and power 
supply unit are equipped with cooling water connections that allow cooled water to 
flow around the internals of these pieces of equipment to remove heat. The cooling 
water system typically includes an open-loop system and a closed-loop system. Flows 
from both systems are connected to a heat exchange unit to remove heat from the 
closed-loop water system. The temperature of the ozone generator has an impact on 
the efficiency with which the ozone generator can produce ozone gas; keeping the 
system cooler improves generator efficiency.

When ozone gas leaves the ozone generator, it is conveyed to the ozone dissolution 
system where ozone gas is transferred into the liquid phase. Obtaining dissolution 
of ozone gas within the process water is typically done by one of the two following 
methods:

•	 Contact basin with fine bubble diffusers.
•	 Side stream injection with a gas/water mixing device.

Ozone dissolution systems will place the ozone gas into solution within the process 
water. Based on the limited solubility and mixing constraints of the dissolution system, 
there will be a certain amount of ozone that does not dissolve into solution. This 
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undissolved ozone is referred to as ozone vent gas. The ozone that is not dissolved can 
create safety, hydraulic, and treatment issues by building up a gas bubble within the 
contacting system; therefore, the undissolved ozone gas needs to be removed from 
the process water stream. Since ozone gas is a chemical that poses a health hazard 
to humans (see Part II.A), the ozone vent gas that is undissolved must be treated. 
Treatment of ozone vent gas involves an ozone destruct unit.

See Figure F.1 for a typical process flow diagram of the ozone treatment system 
discussed previously.

II.D.	 Power Supply Unit.  This standard does not address issues associated 
with the ozone generator power supply units (PSUs) or the safety concerns related 
to the supply of power to the PSUs. Recommendations regarding supply of power, 
operations, maintenance, and safeguards for the PSUs should be obtained from the 
ozone generator manufacturer.

Liquid Oxygen (LOX)
Storage Tanks

LOX
Vaporizers

Ozone
Generators

Power Supply
Units

Supplemental Nitrogen
System (as needed)

Gaseous Oxygen (GOX)

Ozone Product Gas

Closed-loop 
Cooling Water System 
With Heat Exchangers

Power

Closed-loop
Pumps

Pressure Regulation 
and GOX FilterLiquid Oxygen (LOX)

Ozone Destruct System

Ozone Vent Gas

Treated Gas 
to Atmosphere

Open-loop
Pumps

Ozonated Water

Ozone Dissolution System

Open-loop
Cooling Water

ReturnOpen-loop
Cooling Water

Supply

Heat
Exchanger

Influent Water

Legend

Liquid Oxygen 
Gaseous Oxygen
Ozone Product Gas
Ozone Vent Gas 
Open-loop Cooling Water
Closed-loop Cooling Water
Nitrogen Gas
Ozonated Water
Influent Water

Figure F.1  Process flow diagram
Note: Number of units and piping configuration can vary based on project needs.
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II.E.	 Other Considerations.  The user of the standard may want to consider 
additional requirements for ozone systems that are not addressed in the standard as 
follows: buildings housing the ozone system, contactor structures, ozone system power 
distribution equipment, emergency ventilation, and regulatory permits. The user 
may want to refer to other appropriate standards and consult with an ozone system 
professional for further technical details on these items if they are required.

III.	 Use of This Standard.  It is the responsibility of the user of an AWWA 
standard to determine that the products described in that standard are suitable for use 
in the particular application being considered.

III.A.	 Purchaser Options and Alternatives.  The following information should be 
provided by the purchaser:

1.	 Standard used—that is, ANSI/AWWA F120, Ozone Systems for Water, of 
latest revision.

2.	 Ozone system configuration requirements (Sec. 4.2.2).
3.	 Request for a required number of training materials (Sec. 4.3.8).
4.	 Performance test report (Sec. 4.3.12).
5.	 Details of federal, state, and local requirements (Sec. 4.4).
6.	 For applications other than potable water, whether compliance with 

NSF/ANSI 61, Drinking Water System Components—Health Effects, is required 
(Sec. 4.4.1.1).

7.	 Ozone generator and power supply monitoring options (Sec. 4.5.5.3.3).
8.	 Request pre-installation equipment storage requirements (Sec. 5.2.3).
9.	 Certificate of proper installation (Sec. 5.3.8).
10.	 Training of operation and maintenance personnel (Sec. 5.4).
11.	 Number of printed or electronic operation and maintenance (O&M) 

manuals (Sec. 5.5.1.3).
12.	 Request for factory test results (Sec. 6.1).
13.	 Request for functional test results (Sec. 6.2).
14.	 Notice of nonconformance if applicable (Sec. 6.4).

III.B.	 Modifications to Standard.  Any modification to the provisions, definitions, 
or terminology in this standard must be provided by the purchaser.

IV.	 Major Revisions.  This is the first edition of this standard.

V.	 Comments.  If you have any comments or questions about this standard, 
please call AWWA Engineering and Technical Services at 303.794.7711, FAX at 
303.795.7603, write to the department at 6666 West Quincy Avenue, Denver, 
CO 80235-3098, or email at standards@awwa.org.
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1

®

Ozone Systems for Water

SECTION 1:	 GENERAL

Sec. 1.1	 Scope
This standard describes the minimum requirements for ozone systems and 

equipment used to treat potable water, wastewater, reclaimed water, and storm 
water. This standard covers high concentration ozone generation equipment 
using discharge dielectrics and modular-type ozone generators fed from oxygen 
gas vaporized from a liquid oxygen (LOX) storage system. Equipment under this 
standard includes ozone generators with associated ancillary equipment, design 
considerations, and testing requirements. Both fine bubble diffusion and sidestream 
ozone dissolution systems are described in the standard. For ozone destruct systems, 
both thermal-catalytic and thermal systems are described.

1.1.1	 Systems and facilities not included in this standard.  Ozone systems 
provided by the ozone system supplier per this standard do not include the 
following systems or facilities:

1.	 Interconnecting piping, electrical and control wiring, and conduits.
2.	 Structure or housing for the ozone system including normal and 

emergency HVAC systems.
3.	 Quenching agent storage and feed facilities.
4.	 Regulatory agency permits.

ANSI/AWWA F120-18
(First Edition)

AWWA Standard
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2 AWWA F120-18

Sec. 1.2	 Purpose
The purpose of this standard is to provide a minimum set of requirements 

for ozone systems for the treatment of potable water, wastewater, reclaimed water, 
and storm water. This standard is intended to assist with the design, procurement, 
installation, and commissioning of ozone systems.

Sec. 1.3	 Application
This standard can be referenced for design, procurement, installation, and 

commissioning of ozone systems equipment used in water treatment.

SECTION 2:	 REFERENCES

This standard references the following documents. In their latest editions, 
they form a part of this standard to the extent specified within the standard. In any 
case of conflict, the requirements of this standard shall prevail.

ANSI*/ASME B31.3—Process Piping.
ANSI/AWWA B304—Liquid Oxygen for Ozone Generation for Water, 

Wastewater, and Reclaimed Water Systems.
ASME†—Boiler and Pressure Vessel Code, Section VIII.
ASTM‡ B88—Standard Specification for Seamless Copper Water Tube.
ASTM MNL36—Safe Use of Oxygen and Oxygen Systems: Handbook for 

Design, Operation, and Maintenance, 2nd edition.
CGA§ (Compressed Gas Association) G-4.1—Cleaning Equipment for 

Oxygen Service.
CGA G-4.4—Oxygen Pipeline and Piping Systems, 5th edition (harmonized 

with EIGA IGC Doc 13/12).
CGA P-9 The Inert Gases: Argon, Nitrogen, and Helium.
CGA P-34—Safe Handling of Ozone-Containing Mixtures Including the 

Installation and Operation of Ozone-Generating Equipment, 2nd edition.
CGA S-1.3—Pressure Relief Device Standards Part 3—Stationary Storage 

Containers for Compressed Gases.

* American National Standards Institute, 25 West 43rd Street, Fourth Floor, New York, NY 10036.
† American Society of Mechanical Engineers, 2 Park Avenue, New York, NY 10016.
‡ ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428.
§ Compressed Gas Association, 14501 George Carter Way, Suite 103, Chantilly, VA 20151.
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EIGA* IGC Doc 13/12—Oxygen Pipeline and Piping Systems (harmonized 
with CGA G-4.4).

IEEE† 519—Recommended Practice and Requirements for Harmonic 
Control in Electric Power Systems.

NCPWB‡ No. 8-32-1—Welding Procedure Specification for Gas Tungsten 
Arc Welding (GTAW) and Shielded Metal Arc Welding (SMAW) of Austenitic 
Stainless Steel Pipes, Valves, Fittings and Flanges Using F-5 Electrode Without 
Postweld Heat Treatment.

NFPA§ 50—Standard for Bulk Oxygen Systems at Consumer Sites.
NSF¶/ANSI 60, Drinking Water Treatment Chemicals—Health Effects.
NSF/ANSI 61, Drinking Water System Components—Health Effects.
Rakness, K.W., G. Gordon, B. Langlais, W. Masschelein, N. Matsumoto, 

Y. Richard, C.M. Robson, and I. Somiya. 1996. “Guideline for Measurement 
of Ozone Concentration in the Process Gas From an Ozone Generator.” Ozone: 
Science & Engineering, 18:3:209–229.

WRF**, Report #4431—Guidelines for the Use of Stainless Steel in the Water 
and Desalination Industries.

SECTION 3:	 DEFINITIONS

The following definitions shall apply in this standard.
1.	 Catalyst:  The material contained within the ozone destruct unit to 

convert any remaining ozone in the contactor vent-gas back to oxygen. Catalyst 
is typically manganese dioxide.

2.	 Closed-loop:  The portion of the ozone generator cooling water system 
that is not open to the atmosphere and supplies water directly to the ozone 
generators. This system typically runs through a heat exchanger that transfers heat 
generated in the ozone generator to an open-loop cooling water system that returns 
water to a cooling tower or other open source.

* European Industrial Gases Association, Avenue des Arts 3-5, B-1210 Brussels, Belgium.
† IEEE, 3 Park Avenue, 17th Floor, New York, NY 10016.
‡ National Certified Pipe Welding Bureau, 1385 Piccard Drive, Rockville, MD 20850
§ National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02169.
¶ NSF International, 789 North Dixboro Road, Ann Arbor, MI 48105.
** Water Research Foundation, 6666 W. Quincy Ave., Denver, CO 80235.
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3.	 Contactor:  A structure or vessel that allows residence time for the ozone 
to react in the water (typically a basin, tank, or pipeline).

4.	 Constructor:  The party that provides the work and materials for 
placement or installation.

5.	 Conventional type ozone generator:  An ozone generator with a separate 
power supply unit. Ozone is generated by conveying an oxygen-laden gas across an 
electrical field induced by placing a dielectric material between two electrodes.

6.	 Dew point temperature:  A measure of moisture content of a gas based 
on the temperature at which water condenses from a gas. This is specifically a 
concern for the feed gas to an ozone generator as excessive moisture will reduce 
generation efficiency.

7.	 Dielectric:  The material or component inside an ozone generator that 
provides the necessary electrical resistance between the electrode and the ground to 
create an electrical field.

8.	 Diffuser:  A piece of equipment that disperses the ozone gas into small 
bubbles for dissolution into the water. Typically installed inside the contactor.

9.	 Electrode:  The component inside an ozone generator that carries the 
electrical current throughout the length of the generator.

10.	 Gaseous oxygen (GOX):  A gas stream enriched with oxygen compared 
to ambient air (approximately 21% oxygen by weight). Can be concentrated from 
ambient air or vaporized from liquid oxygen. Most often the gas from which ozone 
is generated.

11.	 Liquid nitrogen (LIN or LN2):  Cryogenic storage of nitrogen in the 
liquid state on site, which when vaporized is added at low concentrations to GOX 
to improve ozone generator efficiency.

12.	 Liquid oxygen (LOX):  Cryogenic storage of oxygen in the liquid state 
onsite, which is then vaporized into GOX for use in an ozone generator.

13.	 Manufacturer:  The party who manufactures, fabricates, or produces 
materials or products.

14.	 Modular type ozone generator:  Incrementally sized ozone generators 
based on the same standardized modules of discharge reactors and power supplies.

15.	 Open-loop:  An open cooling water system that supplies water to 
the closed-loop cooling water system. This system typically runs through a heat 
exchanger in the closed-loop cooling water system that absorbs heat generated in 
the ozone generator.
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16.	 Oxygen concentrated onsite:  Concentrating oxygen from air to generate 
high-purity oxygen using vacuum swing adsorption (VSA), pressure swing 
adsorption (PSA), or vacuum-pressure swing adsorption (VPSA). This method of 
producing oxygen is an alternative to vaporizing liquid oxygen.

17.	 Ozone concentration:  The concentration of ozone in a gas. Usually 
measured as percent by weight (%wt) for ozone product gas and ozone vent gas. 
Ambient ozone is generally measured in parts per million on a volume basis.

18.	 Ozone destruct system:  The system used to remove remaining ozone 
from the contactor vent gas before atmospheric discharge and one of the last steps 
in the ozone generation system.

19.	 Ozone dissolution system:  The system used to transfer generated ozone 
into the main flow stream at a potable water, wastewater, or reclaimed water 
treatment plant. The ozone dissolution system can use fine-bubble diffusion or 
side stream contacting equipment.

20.	 Ozone dose:  The amount of ozone being applied to the treated water, 
typically measured in milligram per liter (mg/L),

21.	 Ozone product gas:  The gas discharge from an ozone generator that is 
conveyed to the ozone dissolution system.

22.	 Ozone production:  The amount of ozone produced over a period of 
time, usually measured in terms of a mass flow rate, such as pounds per day or 
kilograms per hour.

23.	 Ozone system supplier (OSS):  The term used to describe the 
manufacturer or supplier of the ozone generation system.

24.	 Ozone vent gas:  The undissolved ozone that remains after ozone 
dissolution and is conveyed to the ozone destruct system.

25.	 Potable water:  Water that is safe and satisfactory for drinking and 
cooking.

26.	 Power supply unit (PSU):  The equipment that converts the incoming 
power to a form used inside the ozone generator to create the electrical field where 
ozone is generated. The PSU typically houses the control equipment associated 
with each ozone generator.

27.	 Programmable logic controller (PLC):  An industrial digital computer 
that has been adapted for the control of processes, such as those commonly used in 
the potable water, wastewater, and reclaimed water industry.

28.	 Promoted ignition:  A term used to describe a situation or ignition 
mechanism in which a substance with relatively low compatibility with oxygen 
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ignites and in turn ignites or supports the combustion of a more oxygen-compatible 
material. The “promoter” is the substance with low oxygen compatibility that ignites, 
and the most common example of a promoter is hydrocarbon contamination from 
non–oxygen-compatible lubricants or nonmetallic components.

29.	 Purchaser:  The person, company, or organization that purchases any 
materials or work to be performed.

30.	 Reclaimed water:  Wastewater that becomes suitable for beneficial use 
as a result of treatment.

31.	 Specific energy:  The amount of energy required to produce a specific 
mass of ozone, typically stated in kilowatt-hours per pound of ozone.

32.	 Supervisory control and data acquisition (SCADA):  The main 
communication system at the plant that allows the operator to monitor and control 
all process components at the facility.

33.	 Supplemental nitrogen system:  A system component only required 
when LOX is used for the ozone feed gas; it feeds a small amount of nitrogen 
into the GOX to improve the ozone generator’s efficiency (energy consumed per 
unit mass of ozone) in converting GOX into ozone. Typically, this is a small air 
compressor skid, although nitrogen gas can be used as well. The system can also be 
termed a “nitrogen boost system.”

34.	 Supplier:  The party that provides materials or services. A supplier may 
or may not be the manufacturer.

35.	 Transfer efficiency:  The ratio of ozone consumed within the ozone 
dissolution system to the amount of ozone being applied into the ozone dissolution 
system.

36.	 Vaporizer:  The equipment that is supplied as part of a liquid oxygen 
system and acts as a heat exchanger in order to allow liquid oxygen to boil, or 
vaporize, into gaseous oxygen.

37.	 Wastewater:  A combination of the liquid and water-carried waste 
from residences, commercial buildings, industrial plants, and institutions, together 
with any groundwater, surface water, and stormwater that may be present.

38.	 Wet chemistry testing:  A manual method for determining the ozone 
concentration, usually in order to calibrate ozone in gas analyzers. The method is 
the Unbuffered Potassium Iodide Test Procedure as presented at the March 1992 
International Ozone Association Symposium and described by Rakness et al. 
(1996).
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SECTION 4:	 REQUIREMENTS

Sec. 4.1	 Required Equipment
Ozone systems shall include LOX storage and vaporization equipment, GOX 

filters, pressure-reducing valves, ozone generators and power supplies, cooling 
systems for generators and power supplies, ozone dissolution systems, ozone 
destruct systems, ozone systems piping and valves, supplemental nitrogen systems, 
control systems and instrumentation, related safety equipment and spare parts.

Sec. 4.2	 Data to Be Provided by the Purchaser
4.2.1	 Introduction.  Purchaser should provide information on proposed 

ozone generation facilities to establish design requirements for the ozone generation 
units and related facilities.

4.2.2	 General ozone system configuration requirements.
4.2.2.1	 Production requirements.  Purchaser shall provide ozone 

production requirements for the facility. The production requirements shall include 
the minimum, rated, and maximum production rates at the maximum or average 
cooling water temperature and the rated ozone product gas concentration.

4.2.2.2	 Number of ozone generators.  The purchaser shall indicate the 
number of ozone generators required, including the number of duty and standby 
generators to meet the capacity requirements of the system. The purchaser shall 
also indicate the number of duty and standby units needed for the ozone generator 
support systems including the LOX storage and vaporization systems, GOX 
pressure-reducing valves and fittings, cooling water pumps, ozone dissolution 
systems, ozone destruct systems, and other related facilities.

4.2.2.3	 Ozone product gas concentration.  The purchaser shall indicate 
the ozone concentration range from minimum to maximum and the rated ozone 
concentration.

4.2.3	 Plant water flow and water quality.
4.2.3.1	 Maximum, average, and minimum treatment plant flow rates.  The 

purchaser shall indicate the maximum, average, and minimum treatment plant 
flow rates.

4.2.3.2	 Upstream treatment.  The purchaser shall provide data on the 
upstream treatment system being used by the plant prior to the ozone application 
point.
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4.2.3.3	 Water quality.  In situations where the OSS is responsible for 
design of the dissolution system, the purchaser shall provide applicable historical 
and expected water quality data including raw water and treated water characteristics 
including expected minimum, maximum, and average water quality parameters.

4.2.4	 Ambient environmental and site conditions.
4.2.4.1	 Indoor and outdoor temperatures.  Purchaser shall provide 

available historical minimum and maximum outside air temperatures and planned 
indoor minimum and maximum air temperatures.

4.2.4.2	 Relative humidity.  Purchaser shall provide available historical 
minimum and maximum outdoor relative humidity levels and planned maximum 
and minimum indoor relative humidity levels.

4.2.4.3	 Site altitude.  Purchaser shall provide site altitude data.
4.2.5	 Design and operation requirements.
4.2.5.1	 System operation and control descriptions.  Purchaser shall 

provide system operation control descriptions for both manual and automatic 
operational modes including overall system architecture, instrumentation, and 
programming services to be provided by the OSS.

4.2.5.2	 Control system interface with supervisory control and data 
acquisition (SCADA).  The level of monitoring and control shall be specified by 
the purchaser.

4.2.5.3	 Characteristics of power provided.  The purchaser shall indicate 
the voltage, frequency, and number of phases available to the ozone generators and 
ancillary equipment.

4.2.5.4	 Ozone dissolution system design criteria.  The purchaser shall 
provide the ozone dissolution system design criteria including type, general 
arrangement drawings, and transfer efficiency requirements.

4.2.6	 Cooling water.
4.2.6.1	 Water quality.	 Purchaser shall provide water quality data on the 

planned cooling water.
4.2.6.2	 Open-loop temperature range and design requirements.  The 

purchaser shall provide temperature data on the cooling water including maximum 
and minimum temperatures and temperature level for development of the rated 
ozone generator production capacity.

4.2.7	 Testing requirements.
4.2.7.1	 Factory testing.  Factory testing shall include mechanical 

inspection, operation at the specified range of conditions, and testing of control 
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