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Placing Vapor Distribution Systems
and Appliances into Operation
Placing Vapor Distribution Systems and Appliances into Operation was developed by the Propane Education & Research
Council (PERC) and many others as part of the industry’s commitment to promote the safe and efficient use of propane gas
as a preferred energy resource.
This course provides an overview of key concepts and strategies for field personnel and will aid in preparing for NPGA’s
CETP certification. Placing Vapor Distribution Systems and Appliances into Operation is an essential tool for ensuring
employee safety and continuing success.

Course Objectives
nn

Identify the different vapor distribution system and appliance checks and tests and recognize the steps to perform
them.

nn

Explain the general procedure for placing a vapor distribution system into operation and when to make the final
connection to turn on the system.

nn

Identify how to validate container, pipe and tubing, regulator, and vapor meter installations.

nn

Understand the importance of proper venting, combustion air, and purging.

nn

Identify appliance controls and safety devices and understand their purpose.

nn

Understand the basic characteristics of burning propane to include the components of a burner, air adjustments, and
flame abnormalities.

nn

Understand the importance of communicating customer safety information.
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NOTICE AND DISCLAIMER CONCERNING LIABILITY
The Propane Education & Research Council (PERC) is a non-profit 501(c)6 trade organization authorized by the Propane Education and Research
Act of 1996 (PERA), Public Law 104-284. PERC was created “to enhance consumer and employee safety and training, to provide for research and
development of clean and efficient propane utilization equipment, and to inform and educate the public about safety and other issues associated
with the use of propane.”
PERC is governed by a 21 member Board of Directors appointed by the National Propane Gas Association (NPGA) and the Gas Processors
Association (GPA). PERC program beneficiaries include propane retail marketers, producers, transporters and agricultural cooperatives, as well as
representatives of allied service and supply industries (industry members).
The recommendations, standards, or recommended practices, as reflected in this document, were developed by independent consultants retained
by PERC. While PERC administers the process of obtaining the information, it does not independently test or verify the accuracy of the information
or methods used to collect the data that supports the conclusions or recommendations reflected in this document. PERC, NPGA, GPA and the
industry members disclaim any liability for any personal injury, property damage, business losses or other damages of any nature whatsoever,
whether special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use, or reliance on this document, or
any information, apparatus, method, process, or similar item disclosed in this document. This disclaimer of liability shall apply even if such loss or
damage results, in whole or in part, from any acts or omissions of or by any negligence on the part of PERC, NPGA, GPA or industry members or
any persons who contributed to the development of the information contained in this document.
PERC, NPGA, GPA and industry members make no warranty or guaranty as to the accuracy or completeness of any information published in this
document.
Text and code references found in this document are based on the 2015 edition of NFPA 54: National Fuel Gas Code and the 2017 edition of
NFPA 58: Liquefied Petroleum Gas Code. The procedures and information in this document are intended to implement the standards set forth in
the documents referenced with capabilities of the personnel and equipment available. It does not create new standards or criteria for compliance.
The order of steps in any procedure may or may not be of importance. This material is not sold nor is it a product of any consulting or engineering
activity.
Users of this document should consult the law of their individual jurisdictions for codes, standards and legal requirements applicable to them.
This document is not intended nor should it be construed to (1) set forth policies or procedures which are the general custom or practice in the
propane industry; (2) to establish the legal standards of care owed by propane distributors to their customers; or (3) to prevent the user from
using different methods to implement applicable codes, standards or legal requirements.
By disseminating or publishing this document, PERC is not undertaking to render any professional or other service to or on behalf of any person
or entity. PERC, NPGA, GPA and the industry members are not undertaking to perform any duty owed by any person or entity to any third party.
Anyone reading or using this document should rely on his or her own judgment or, as appropriate, should seek the advice of a competent
professional in determining the exercise of reasonable care in any and all circumstances.

Propane Education & Research Council
1140 Connecticut Ave., NW, Suite 1075
Washington, DC 20036
http://www.propanecouncil.org | http://www.propane.com

©2019 Propane Education & Research Council. All Rights Reserved. No part of this document may be reproduced or transmitted in any form or
by any means, electronic or mechanical, including photocopying, recording, or by any information storage and retrieval system, without written
permission.
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How to Use this Book
Each module is organized into lessons and pages that cover key topics. You will also find:
nn

Checks for Understanding
These mini-quizzes provide a chance for you to periodically check your knowledge. Answers and helpful feedback
are found in the Check Your Work section in the back of the book.

nn

End of Module Quizzes
Your instructor may ask you to take this quiz as a pre-assessment, or you may take it once you have completed a
module to help better prepare you for your CETP certification.

nn

Learning Activities
These have been provided to give you the opportunity to become more active in your learning. Answers and helpful
feedback can be found in the Check Your Work section in the back of the book.
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MODULE 1

Module 1:
Introduction to Placing Vapor Distribution
Systems and Appliances into Operation
WELCOME
Welcome to Placing Vapor Distribution Systems and Appliances into Operation, which focuses primarily on the checks and
tests required when installing new piping and regulators or restoring service to an existing vapor distribution system. This
course will instruct you on the specific steps in these important tests and checks.
This course has been developed in partnership with the Propane Education & Research Council (PERC), experts and other
propane safety professionals, to promote the safe and efficient use of propane as a preferred energy resource.
The propane industry is committed to providing the highest level of safety and service to its customers, employees, and the
entire propane community.
Safety is at the heart of our commitment, and high-quality training is an essential tool for ensuring your safety and continuing
success.
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MODULE 1

Lesson 1.
Course Overview and Objectives
SAFETY MISSION
Safety is an industry-wide responsibility that extends to everyone
who handles propane. The more you know about dispensing,
storing, and using propane the more you help reduce the risk of
accidents.
Each of us in the propane industry can contribute to a shared
mission by doing all we can to increase public confidence in the
safety and value of propane.

Safety Goals
To fully achieve this safety mission, the propane industry has
established five critical goals:

Prevent accidents and incidents.
Improve safety awareness.
Increase consumer confidence.
Strengthen propane employees’ skills and knowledge.
Improve regulatory compliance.
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WHO SHOULD TAKE THIS COURSE?
MODULE 1

Since safety and reliability are everyone’s business, employees throughout the propane industry will find this training
useful, and perhaps even life saving. This course is designed to train:

Installation and service personnel
Sales personnel
Managers and supervisors
The information, learning activities, and quizzes are designed to help you safely install appliances and interior vapor
distribution systems. However, all personnel in the propane industry will gain a basic overview of key concepts and safety
strategies for working with propane systems.
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COURSE PURPOSE
MODULE 1

The purpose of this course is to provide current information,
practices, and procedures to safely and efficiently to install
propane appliances and interior vapor distribution systems.
This course is designed to be both a learning resource and
a career development tool. Additionally, this course will help
prepare you for NPGA’s CETP certification.

è Talk with your supervisor to learn about which

certification program your company offers or visit the
NPGA website: www.npga.org to learn more about CETP
certification.
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COURSE OBJECTIVES
MODULE 1

After completing this course, you will be able to:

Identify the different vapor distribution system and
appliance checks and tests and recognize the steps to
perform them.
Explain the general procedure for placing a vapor
distribution system into operation and when to make
the final connection to turn on the system.
Identify how to validate container, pipe and tubing,
regulator, and vapor meter installations.
Understand the importance of proper venting,
combustion air, and purging.
Identify appliance controls and safety devices and
understand their purpose.
Understand the basic characteristics of burning
propane to include the components of a burner, air
adjustments, and flame abnormalities.
Understand the importance of communicating
customer safety information.
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COMPLIANCE TRAINING
MODULE 1

This course provides information, practices, and procedures
that support employees in the propane industry and will aid
you in preparing for NPGA’s CETP certification.
This course does not fulfill compliance requirements for local,
state, or federal purposes. You should refer to your company
compliance program to determine what compliance training
and testing requirements you need to follow.
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COURSE FORMAT
MODULE 1

Placing Vapor Distribution Systems and Appliances into
Operation is divided into 12 modules, each with one or more
lessons. Each module includes:

Up-to-date information, procedures, and regulations;
effective as of the date of publication.
Interactive learning activities to apply your knowledge.
Questions to check for understanding.
End-of-module quiz.
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MODULE 1

COURSE RESOURCES AND
REFERENCES: CODES
Many organizations and the federal government play major
roles in developing regulations, codes, and standards to
ensure the safe transportation, storage, handling, and use of
propane, including:

The American National Standards Institute (ANSI).
The National Fire Protection Association (NFPA).
Each of these organizations develops regulations, codes,
or standards referenced throughout this course. Here is the
most common reference used:

NFPA 54, National Fuel Gas Code: This publication
provides standards for the installation of fuel gas
piping systems, appliances, equipment, and related
accessories.
Always check with your supervisor to determine all of the
safety codes that apply to your job responsibilities.
As a general rule, it is important that you follow the
manufacturer’s instructions when installing and using
products.
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MODULE 1

COURSE RESOURCES AND
REFERENCES: HANDBOOKS
The NFPA 54 code handbook helps explain codes within the
industry and provides commentary that brings the legalistic
language of the code to life. The handbook can be used to
help company managers, supervisors, and you apply code
requirements on the job.
The references to NFPA 54 and other codes and standards,
are included in this training to:

Increase your awareness of these important
resources.
Provide a general overview of how these codes and
standards govern your work.
Show you how these codes and standards relate to
concepts presented in the training.
Provide background for you to better understand
rules and regulations at your place of work.
Familiarize you with codes that can be used as
resources during your certification test.

CERTIFIED EMPLOYEE TRAINING PROGRAM

11

MODULE 2

Module 2: Vapor Distribution Systems
INTRODUCTION
In order to safely install and place a vapor distribution system and its appliances into operation, several system checks and
tests must be performed. These checks and tests must also be performed when restoring service to an existing system. This
module will focus on how to perform these checks and tests.

After completing this module, you will be able to:
Recognize when and how to perform each check or test on a newly installed system or an existing system whose
service has been restored.

Document the results of all system checks and tests.
Perform an inspection to validate container, piping, regulator, and vapor meter installations.
Perform an interior site assessment.
It is important to understand that your company policy or supervisor will provide specific instructions in regards to
documentation and procedures. Throughout this course we refer to following your company policy or checking with your
supervisor for additional information because of varying jurisdictional requirements and practices.

CERTIFIED EMPLOYEE TRAINING PROGRAM

12

Module 2: Vapor Distribution Systems

MODULE 2
CERTIFIED EMPLOYEE TRAINING PROGRAM

13

MODULE 2

Lesson 1. Vapor
Distribution System Tests
INTRODUCTION
As a propane professional, one of the most important
things you must do is ensure customer safety. The way
to do this is by making sure your customer’s vapor distribution
system is leak-free and operating effectively. To do this, you must
perform a series of checks and tests.
In this course, you will learn about all the checks and tests
required when installing new piping and regulators or restoring
service to existing systems. You will also learn the specific steps
to each test. This module will explain what checks or tests are
required and when.

After completing this lesson, you will be able to:
Identify when each check or test should be performed.
Recognize the basics of how to perform a particular
check or test.
Identify the importance of documenting each check or
test.
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SYSTEM TESTS
MODULE 2

In this lesson we will discuss the following tests which
are listed in the order they should be performed

Test for leakage
Pressure Test
Leak Check
Flow Test
Lock-Up Test
Leak Test
Be aware that the terms used for the various propane
system tests are often misused or confused, due to code
changes, various industry literature, and “jargon” used in
different geographical areas.
This course uses industry-standard terminology when
describing the various vapor distribution tests. It aligns
with code regulations and strives to standardize these
terms within the propane industry.
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TEST FOR LEAKAGE PER NFPA 58
MODULE 2

According to NFPA 58, a test for leakage checks for
propane leaks at the exterior portion of the piping only.
Exterior piping is subject to the National Fire Protection
Association (NFPA) 58 requirements.
This test for leakage is most commonly performed by
applying pressure on the exterior piping to see if a leak
occurs. This test must be performed between the tank
and the final-stage regulator inlet on all newly installed
exterior piping, including manifold tank installations. It
shall be done after assembly of the exterior piping, and
should be done before the trench is covered.
Any new gas piping system, including hoses governed by
NFPA 58, must be tested and proven to be free of leaks
at or above normal operating pressure. Be sure you are
familiar with the requirements of the Authority Having
Jurisdiction (AHJ) and your company policies.
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PERFORMING A TEST FOR LEAKAGE PER NFPA 58
MODULE 2

To meet NFPA 58 requirements, a test for leakage is most commonly performed by installing a T-block and a 300 lb pressure
gauge between the container service valve and the first-stage regulator. Once the exterior piping is connected to the firststage regulator, and the regulator or meter is capped or plugged, slowly open the service valve allowing vapor pressure to fill
the line.
Then close the service valve and reduce the pressure reading on the block gauge by 10 pounds per square inch gauge (psig)
lower than the container pressure, using the connector installed between the service valve and the first-stage regulator.
Make sure this is done in an area where there are no ignition sources.

You must watch for any increase or decrease of pressure
in the line by monitoring the pressure gauge. Contact
the AHJ in your area for specific code requirements
pertaining to pressure gauge monitoring.

A decrease indicates a leak somewhere in the
system. An increase indicates either that the
service valve is not shut off entirely or that
the valve seat may be damaged allowing gas
to leak through. If a leak is detected, you must repair
it and you must test the line(s) again using the same
procedure.
NOTE: Refer to your company policy or supervisor for
requirements on when to perform a test for leakage.
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CHECK FOR UNDERSTANDING

Which of the following is NOT true about the test for leakage just covered in this lesson?
The test for leakage can be performed by applying pressure on the exterior piping to see if a leak occurs

The test for leakage is governed by NFPA 58

The test for leakage checks for propane leaks at the interior portion of the piping only
Any new gas piping system must be tested and proven to be free of leaks at not less than the normal
operating pressure
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 373.
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PRESSURE TEST PER NFPA 54
MODULE 2

According to NFPA 54, a pressure test applies an
elevated pressure to the interior portion of the vapor
distribution system to check for leaks. This test is
performed only on newly-installed interior piping
systems or segments, and on systems repaired or
modified according to NFPA 54 regulations. This test is
done prior to placing the system into operation and is
performed using an inert gas or air, not propane vapor.
A pressure test is normally performed on the interior
lines by installing a pressure-gauge adapter and a
pressure gauge suitable for the line pressure. Suitable
gauges must be within the proper pressure range. For
example, a 0–60 lb pressure gauge could not be used
when performing a 3 lb pressure test.
You will learn how to determine the proper pressure
range for a system later in this course. To perform the
test, you must isolate all appliances on the system or
segment being tested using an approved method.
Disconnecting or isolating each appliance is important
because many appliances are not designed to withstand
the amount of pressure that will be used during the
pressure test. The minimum test duration for most
residential and small commercial gas systems is 10
minutes.
NOTE: Refer to your company policy or supervisor for
requirements on when to perform a pressure test.
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A pressure test is done prior to placing the system
into operation and is performed using an inert gas or
air, not propane vapor.
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LEAK CHECK
MODULE 2

A required NFPA leak check tests for propane leaks by
applying pressure to the system downstream from the
point of delivery. It basically checks up to the outlet of
the equipment or appliance shutoff valve. However, many
propane marketers check the entire vapor distribution
system, including the appliance connectors, and the
appliance gas controls. This test is normally conducted
using fuel gas instead of air.
You are required to perform a leak check
immediately after turning on the gas in a new vapor
distribution system or when a system has been
restored after an interruption of service.
NOTE: Refer to your company policy or supervisor for
requirements on when to perform a leak check. You will
learn more about how and when to perform a leak check
later in this course.

A leak check checks up to the outlet of the equipment
or appliance shutoff valve.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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CHECK FOR UNDERSTANDING
MODULE 2

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 373.

A leak check looks for propane leaks by applying pressure to what part of the piping system?
Everything upstream of the first-stage regulator

The entire gas piping system

Only the interior piping system

Only between the first-stage and second-stage regulators
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FLOW AND LOCK-UP TESTS
MODULE 2

When the gas appliance is turned on, gas flows through
the line to the appliance where it is burned. The regulator
ensures that the proper amount of gas is flowing to
the appliance and that the pressure is not too high or
too low. When the appliance is shut off, gas pressure
will continue to build in the line unless the regulator
automatically turns off the flow of gas.
“Flow” and “lock-up tests” as they are commonly
known, are typically performed on vapor distribution
systems during start up to determine if the piping system
and regulator are sized correctly for the intended British
thermal unit (Btu) load and that the regulator properly
stops the flow of gas when there is no more demand
from the appliance.

Flow Test
A flow test measures the propane pressure downstream
of the regulator and at the appliance to determine if
the regulator can supply the amount of gas the system
demands and that the piping system is properly sized to
deliver the amount of propane vapor that the appliance
requires.

Lock-Up Test
“Lock up” is the pressure at which the regulator inlet
orifice seat disc stops the gas from flowing when there
is no gas demand. A lock-up test measures the amount
of pressure delivered to the gas appliance with no gas
demand to ensure that the regulator will shut off the flow
of propane when the appliance is turned off and ensures
that the propane piping does not become overpressurized.

NOTE: Refer to your company policy or supervisor for requirements for when to perform a flow and lock-up test. These tests
are explained in further detail later in this course.
CERTIFIED EMPLOYEE TRAINING PROGRAM
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LEAK TEST
MODULE 2

A leak test uses a leak detection solution or electronic
leak detector to determine the location of a leak found
by the pressure test or leak check test. Once located, the
leak must be repaired and the system must be retested
until it is deemed to be leak-free.
NOTE: Refer to your company policy or supervisor for
specific procedures on how to perform a leak test.
Never use an open flame to check
for leaks. Serious injury may
result.
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MODULE 2

DOCUMENTING SYSTEM
TESTS AND CHECKS
All system checks and tests performed at any time and
by any employee should be documented showing the:

Date and time the test or check was performed.
Pressure data and duration.
Signature or name of the employee performing
the test.
Signature or name of the customer, if available.
(If the customer is not available to sign, you
should document this.)
NOTE: Refer to your company policy or supervisor for
requirements on when and how you are required to
document system checks and tests.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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CHECK FOR UNDERSTANDING
MODULE 2

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 373.

Which test is performed upstream of the appliance connectors?
Pressure test

Leak check

Both pressure test and leak check

Both pressure test and leak test
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What is Its Purpose?

When Is It Performed?

Where is It Performed?

Ensure the portion of the vapor
distribution system governed by
NFPA 54 is free of leaks.

Before the vapor distribution
system is placed in operation
for the first time or when a new
branch line is installed for a
new appliance. Minor repairs or
additions do not require a pressure
test but must be inspected and
then tested with a non-corrosive
leak detection fluid.

After exterior piping has been
installed, but before back filling of
the trench occurs.

NFPA 54 Pressure Test

Ensure that no leakage exists in
the portion of the vapor distribution
system governed by NFPA 58.

NFPA 58 Test For Leakage

A piping system is being
placed in operation for the
first time
A modified vapor piping is
placed into service for the first
time
An out-of-gas (interruption of
service) condition occurs

•

•

•

When:

Ensure that the entire system
from the point of delivery by the
gas supplier to the outlet of the
equipment (appliance) shutoff valve
is leak free. Note: Some marketers
include the appliance connector and
the appliance and piping system,
including the first-stage regulator, in
their leak check.

Leak Check

At the initial start up of a vapor
distribution system, when a change
has been made in the effective
Btu load, when a new regulator is
installed or any time a regulator,
or piping systems is suspected of
causing a problem.

Ensure that the regulator and piping
system supply a sufficient amount
of propane to meet the appliance
requirements and that the regulator
will shut off the flow of propane
when there is no demand by the
appliances or equipment.

Flow and Lockup

Any time a gas leak is suspected
both in the interior or exterior
portions of a vapor distribution
system.

Pinpoint the leak in the vapor
distribution system found during
another test.

Leak Test

LEARNING ACTIVITY
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INTRODUCTION
When placing a new vapor distribution system into operation, or
when modifying an existing installation, NFPA 54 requires you to
perform an inspection to ensure the safe operation of the system.
Refer to your company policy for inspection requirements for
existing systems.
During your inspection, you must consider and validate a number
of factors, including:

Container sizing and installation
Piping installation
Regulator installation
Vapor meter installation
Interior site assessment
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SYSTEM VALIDATION
MODULE 2

The CETP courses Designing and Installing Exterior
Vapor Distribution Systems and Installing Appliances
and Interior Vapor Distribution Systems contain detailed
information on the design and installation of exterior
and interior vapor distribution system components. This
lesson will focus on validating a new or existing system.
Once you have verified the system is ready, you can then
connect the regulator or vapor meter for gas service.
After completing this lesson, you will be able to:

Explain the general procedure for placing a
vapor distribution system into operation.
Explain how to validate container, pipe and
tubing, regulator, and vapor meter installation.
Identify common vapor distribution system
installation problems.
Explain how and when to make the final
connection to turn on the vapor distribution
system.
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VALIDATING CONTAINER INSTALLATION
MODULE 2

When validating a container installation, you must ensure
the container is large enough to supply the required
system demand under the most severe conditions
anticipated for the installation location. You should also
ensure the ability to make safe and efficient deliveries.
The propane vapor from the container must be provided
at a rate that will meet the gas appliance manufacturer’s
input design specifications for pressure and volume. In
addition, the volume of propane gas supplied must meet
the total gas demand of all appliances in the system
operating at full capacity.
When validating the distance requirements for the
container, you must consider both NFPA and local code
requirements, access for delivery, type of container
selected, underground utilities, and special location
considerations.
NOTE: If you discover problems in the container
installation, fix the problem if you are trained and
qualified to do so. If you are not, contact your supervisor.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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CHECK FOR UNDERSTANDING
MODULE 2

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 373.

The volume of propane gas supplied by a container must meet the total gas demand of all appliances
operating at full capacity.
True

False
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MODULE 2

VALIDATING PIPING AND
TUBING: EXTERIOR
As a service technician, you must verify that all exposed
exterior and interior pipe and tubing is made of proper
material and installed according to code. You must
follow all local codes for design, installation, and testing.
NFPA 58 has charts that specify the requirements for
the piping working pressure if you need additional
information.

Exterior Piping Requirements
When checking the exterior piping, verify that:

The pipe is constructed of wrought iron, black
iron, galvanized steel, or copper.
The tubing is constructed of steel, copper,
corrugated stainless steel tubing (CSST) or
polyethylene (PE). Remember that PE tubing is
for underground use only.

PIPING AND TUBING

The fittings are made of steel, brass, copper,
malleable iron, or ductile iron.
Anodeless risers are used for PE piping runs.
Review the CETP course Designing and Installing Vapor
Distribution Systems for details on all the requirements
for exterior gas piping.

FITTINGS

CERTIFIED EMPLOYEE TRAINING PROGRAM
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MODULE 2

VALIDATING PIPING AND
TUBING: INTERIOR
Interior Piping Requirements
When checking the interior piping of a new piping
system, verify that:

The piping does not cause structural stresses
within building components.
The piping inside any building is not installed in
or through a clothes chute, chimney or gas vent,
dumbwaiter, or elevator shaft. Piping should not
be installed in or through an air duct, other than
a combustion air duct.
Concealed gas piping is not entering into solid
partitions.
Gas piping is not used as a ground for an
electrical system.
All gas outlets in the piping, including any valve
outlets, are closed “gastight” with a plug or cap.
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ADDITIONAL INTERIOR PIPING VALIDATION
MODULE 2

When checking the interior piping of a new piping system,
also verify that:
Piping supports are of adequate strength and located at
proper intervals.

Drip legs, although not required by NFPA code for propane
systems, are installed properly if required by the AHJ.
Sediment traps are installed properly at all non-attended
appliances. These will be discussed later in this course.
Gas piping materials are: steel and wrought iron pipe,
copper pipe or tubing, or CSST.

èA drip leg is a component used to trap condensation

before it reaches the piping system and is used where the
gas is “wet” or contains liquids.

See Resources for more information regarding drip legs.

Refer to NFPA 54 for other approved piping materials. Review the
CETP course Installing Appliances and Interior Vapor Distribution
Systems for details on all the requirements for interior gas piping.
NOTE: PE tubing and piping are not permitted for use in the interior
portions of buildings.
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MODULE 2

VALIDATING EXTERIOR
TO INTERIOR PIPING
Before placing any system into operation, make
sure the exterior vapor distribution lines are
properly connected to the interior lines.
While examining the connection between the two sets of
piping, verify that the meter and regulator are mounted
securely and are in the proper position.
In addition, you must verify the following code
requirements:

The piping entering the structure is protected
from corrosion, any open areas around the pipe
are sealed with caulk, or equivalent sealant, and
that metallic piping running through masonry is
sleeved.
Be certain to seal the annular space between
the pipe or tubing and the sleeve as well as the
space between the sleeve and the wall.
When dissimilar metals such as steel and copper
are connected in piping, a dielectric union or
insulating coupling is used to prevent corrosion.

STEEL PIPE WITH PROTECTIVE COATING

If PE tubing is used for the buried exterior lines,
one end of the tracer wire or tape must be
brought aboveground at a building wall or riser.
If steel piping is used for the exterior lines and
is installed underground, ensure that it is coated
or wrapped and protected from corrosion by
cathodic protection.

è Review the CETP course Designing and Installing

Exterior Vapor Distribution Systems for details on pipe and
tubing sizing, selection, and installation.

NOTE: If you discover problems in the pipe and tubing
installation, fix the problem if you are trained and
qualified to do so. If you are not, contact your supervisor.
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CHECK FOR UNDERSTANDING

When validating interior piping, you must verify that the piping is not installed in, under, or through
________.
a combustion air duct

a gas vent

a wall

a window
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question’s appropriate response. Check your work on page 373.
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VALIDATING REGULATOR SELECTION
MODULE 2

To verify the appropriate regulators have been selected,
you must consider the inlet and outlet pressure and the
total gas demand of the system. All of these factors are
charted on a regulator performance curve, which shows
the capacity of a regulator at different delivery pressures
given the factory setting for outlet pressure.

è Review the CETP course Designing and Installing

Exterior Vapor Distribution Systems for details on
regulator performance curve. Refer to the resource
document for more information on reading regulator
performance curves.

Check to ensure that each regulator:

Has the flow capacity to meet the total
gas demand of all the appliances and any
anticipated future demand.
Is able to supply the gas at the minimum
required operating pressure when the inlet
pressure is at its minimum level.
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VALIDATING REGULATOR INSTALLATION
MODULE 2

Verify these code requirements are met when inspecting
regulators:

Regulator vents are a minimum of 3 ft from any
building opening that is below the level of the
vent, with the vent pointing down or piped away
when necessary.
Regulator vents are a minimum of 5 ft from any
source of ignition, direct vent appliance intake
opening, and mechanical ventilation intakes.
In areas where the ground snow load may equal
or exceed 100 psf, protection from the forces of
accumulated snow is required.
NOTE: The delivery pressure of the first-stage regulator
is pre-set at the factory and is typically 5-10 psig. Since
the delivery pressure of most first-stage regulators
remains relatively constant, it ensures a steady inlet
pressure to the second-stage regulator. Therefore, you
can use the outlet pressure of the first-stage regulator as
the minimum inlet pressure to a second-stage regulator.
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MODULE 2

VALIDATING REGULATOR
SELECTION SAFETY
NFPA 58 code requires you to follow proper safety
precautions when validating regulator selection.

A 2-stage regulator system is required on
all fixed piping systems that serve ½ psig
appliance systems.
The installation of single-stage regulators is
prohibited in new or modified fixed piping
systems, except for outdoor cooking appliances
and small portable appliances with input
ratings of 100,000 Btu/hr or less. Refer to your
company policies and procedures to determine
if they permit the continued use of single-stage
regulators in unchanged, existing vapor delivery
systems.
A high-pressure regulator should not be used in
place of a first-stage regulator for residential or
small commercial installations. High-pressure
regulators operate at one psig or higher.

è Fixed piping normally refers to pipe or tubing

installed in a building and attached to either a
permanently installed appliance or to a plugged or
capped line.

NOTE: If you discover problems in the regulator
installation, fix the problem if you have been trained
and qualified by your employer to do so. If you are not,
contact your supervisor.

CERTIFIED EMPLOYEE TRAINING PROGRAM

Lesson 2. Validating Vapor Distribution System Installations

39

VALIDATING METER INSTALLATION
MODULE 2

When validating a meter installation before placing a
system into operation, you should verify that:

The meter is not located in an area where it
could be subject to damage, such as adjacent
to a driveway, under a fire escape, in public
passages, in coal bins, or where it could be
subject to excessive corrosion or vibration.
The meter is not installed where it will be
subjected to water, snow, or ice damage. If
mounted on posts or walls, the meter is located
approximately 12” off the ground for ease of
reading and maintenance.
If installed in ventilated spaces, the meter is
readily accessible for examination, reading,
replacement, or maintenance.
If installed in a freestanding set-up, the meter
is installed on the riser so that the bottom of
the meter is completely off the ground to help
prevent corrosion.
For existing single-stage vapor distribution
systems, a 2-stage regulation system has been
installed to ensure that the meter can receive a
constant inlet pressure.

è In a freestanding installation, a meter is not

attached to a bracket or some other device for
support. A freestanding installation is used only if the
distribution line is assembled from rigid pipe. If an
installation uses tubing for the distribution lines, the
weight of a freestanding meter will cause the lines to
sag. This sag could damage the tubing or meter, and
could cause a leak.

NOTE: If you discover problems in the vapor meter
installation, fix the problem if you are trained and
qualified to do so. If you are not, contact your supervisor.
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COMMON VALIDATION PROBLEMS
MODULE 2

When validating a vapor distribution system installation, be aware of these common problems:

The installed propane storage container does not
conform to the NFPA distance requirements.

The vapor meter or regulator is not properly installed. It
may be positioned incorrectly, tilted, installed too close to
a building opening, or located too close to the ground.

The underground tank is not protected from corrosion.

The gas appliances inside the house are not converted to
work with propane.

The exterior lines are not protected from corrosion.

The gas appliances are not installed according to code.
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ADDITIONAL PROBLEMS
MODULE 2

When validating a vapor distribution system installation,
also be aware of these common problems:

The gas controls are not working properly.
The venting system is not installed properly
according to code. It may be the wrong size, the
wrong type (single wall, double wall, etc.), or
installed at the wrong angle.
The interior gas lines are too small to handle the
volume of propane gas.
The interior gas lines are not installed per code.
NOTE: Refer to the CETP courses Designing and
Installing Exterior Vapor Distribution Systems and
Installing Appliances and Interior Vapor Distribution
Systems respectively for details on installing exterior and
interior vapor distribution system components.
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CHECK FOR UNDERSTANDING
MODULE 2

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 373.

Installing a single-stage regulator is acceptable in new or modified fixed piping systems.
True

False
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INTERIOR SITE ASSESSMENT
MODULE 2

Your vapor distribution system start-up plans must
include a full assessment of the interior portion of the
system, which is under the jurisdiction of NFPA 54. This
assessment will be conducted just prior to placing the
system into operation.
You should consider the safe and leak-free operation
of the total system, including the interior piping, line
pressure regulators (if applicable), and appliances.
Before placing a new system into operation you must
verify that:

The service valve on the propane storage
container is turned off.
No code violations are present with the interior
vapor distribution system installation.
No visible gas lines are damaged.
Exposed venting is installed per code.
Sufficient combustion air is provided where
appliances are located, which will be discussed
in further detail later in this course.
Any other deficiency that would prevent the
proper operation of the system has been
repaired.
There are no open lines and all valves are shut
off and plugged or capped.
NOTE: Refer to your company policy for specific
guidance regarding an interior site assessment.
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WALK-THROUGH
MODULE 2

The current version of NFPA 54 requires a walk-through
of the customer’s residence or structure in a new vapor
distribution system. It does not require a walk-through
to look for open and uncapped lines in existing vapor
distribution systems.
The purpose of a walk-through is to visually inspect all
lines and branches for obvious sources of a gas leak,
such as open lines that have not been properly closed
or capped. A walk-through will also help you identify
all visible and accessible manual shutoff valves so the
entire piping system can be leak-checked.
Make sure the service valve on the propane storage
container is turned off before conducting a walk-through.
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OPEN LINES AND FITTINGS
MODULE 2

While conducting your walk-through, check for open
or uncapped lines in each room. Be aware that it may
be difficult for you to see open lines because new
appliances are usually placed in front of old connections.
Plug or cap all open lines whether they are equipped
with a shutoff valve or not.
Open fittings or ends can occur both in new construction
and in existing systems. In new systems, it is possible
that the pipe installer did not have the proper size plug
or cap and left a system outlet open, assuming the
appliance would be installed before the system is first
pressurized.
In existing systems, prior occupants may have removed
appliances and valves after the gas was shut off. There
have been incidents in which a gas range, dryer, or other
appliance was removed, along with the gas connector
and the shutoff valve, after the gas service was
discontinued.
If the new occupant is not aware that a gas appliance
existed at the location previously, especially if
remodeling has been done, an uncapped end could
remain open after gas is turned on for the new occupant.
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APPLIANCES
MODULE 2

Be sure to identify which appliances are fueled by
propane during your walk-through and whether the
customer has altered the position of the manual gas
shutoff valve.
Ask the customer for the location of all gas appliances
and whether any appliances have been replaced
recently. Walk through the customer’s house and
inspect all propane appliances to ensure each 100%
safety shutoff valve is in the “ON” position. This will
allow propane to flow through the system so you can
ensure each shutoff valve is not allowing any propane
to the appliance combustion chamber. Check with your
supervisor and company policy.
Check appliances that don’t have 100% safety shutoff
valves to ensure manual shutoff valves are in the “OFF”
position.

Ensure each 100% safety shutoff valve is in the “ON”
position.

NOTE: Safety shutoff valves will be discussed later in the
Appliance Controls and Safety Devices lessons.

Check appliances that don’t have 100% safety shutoff
valves to ensure manual shutoff valves are in the
“OFF” position.
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TURNING THE GAS ON
MODULE 2

As a final check to your walk-through and before
introducing gas into the system, make sure there are
no sources of ignition or open flames. You must also
ensure that any appliances do not call for heat.
Standing pilots must not be burning, and appliances
equipped with electronic control ignition systems must
be turned off at their thermostats, or otherwise set so
there will be no call for heat to the appliance control
valve during the leak check. If an appliance calls for gas
during the test, the leak check instrument would show
leakage.

è A standing pilot is a small flame that burns
constantly usually with a safety device.

NOTE: Always refer to your company policy for additional
walk-through guidelines.
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MODULE 2

CONNECTING VAPOR METERS
FOR LP-GAS SERVICE
For the purpose of this lesson, assume the vapor meter
and integral 2-stage or second-stage regulator have
already been installed.
You can find installation procedures for vapor meters and
second-stage regulators in this course.
To begin, first verify that either a first- and second-stage
regulator or an integral 2-stage regulator is installed
upstream of the vapor meter before connecting it to the
interior gas piping.
Failure to regulate the gas pressure to the vapor meter
can cause the system to become overpressurized, which
can create a potentially unsafe condition.
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CONNECTING VAPOR METERS FOR LP-GAS SERVICE: STEPS 1-10

Step 1: Close the propane container service valve (or the
manual shutoff valve, if it is installed in the line upstream of the
meter.)

Step 2: If necessary, carefully remove the cap, or plug, from
the meter outlet. If the meter is pressurized, allow it to bleed off
slowly until there is no pressure in the meter. Ensure there are
no sources of ignition or openings into the building within 10
ft before bleeding off the meter. If there are openings into the
building, take appropriate steps to exhaust the pressure at a
distance that is at least 10 ft from the building opening.

Step 3: Connect the outlet of the meter to the interior vapor
distribution piping (stub out) using the appropriate fittings and
thread-sealing compound or Teflon tape. Do not apply threadsealing compound or Teflon tape to the connection parts of
unions. Only apply the compound or tape to the male threads of
the pipe nipples after the two leading threads.
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Follow these steps to connect the meter for service to the interior portion of the vapor distribution line:
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MODULE 2

Step 4: Carefully tighten the fittings that join the meter
outlet to the interior (stub out) or downstream gas piping.

Step 5: Be certain the meter and gas piping is properly
supported. If necessary remove any temporary meter
supports.

Step 6: Before the gas is turned on, you are required to
perform a leak check of the vapor distribution system.
Leak checking a gas distribution system will be covered
later in this course.
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Step 8: If the meter is operating properly, leave the system
operating or turn the system off according to your company
policy. If the system is not operating properly, shut it off and
contact your supervisor.

Step 9: Record all information as required by your company
policy.
Step 10: Clean and store all tools, supplies, and equipment.
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Step 7: Start the appliances and leave them in operation.
Return to the vapor meter and check the index to verify
whether the meter is registering gas flow. Many vapor meters
are equipped with a one half cubic foot dial and while gas is
flowing through the meter, the dial should be turning. Appliance
startup will be covered later in this course.
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CONNECTING REGULATORS FOR LP-GAS SERVICE
MODULE 2

For the purpose of this lesson, assume the integral 2-stage or second-stage regulator has already been installed. You can find
installation procedures for gas regulators in the CETP course Designing and Installing Exterior Vapor Distribution Systems.

To connect the integral 2-stage or second-stage regulator for service to the interior distribution line,
perform the following steps:
Step 1: Close the propane container service valve(s) or the
manual shutoff valve if installed in the line upstream of the
regulator.

Step 2: If necessary, carefully remove the cap or plug
from the regulator outlet. If the regulator is pressurized,
allow it to bleed off slowly until there is no pressure in
the regulator. Ensure there are no sources of ignition or
openings into the building within 10 ft before bleeding off
the regulator. If there are openings into the building, take
appropriate steps to exhaust the pressure at least 10 ft
from the building opening.
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Do not apply thread-sealing compound to the
connection parts of unions; apply the compound only
to the male threads of the pipe nipples after the two
leading threads.

Step 4: Carefully tighten the fittings that join the
regulator outlet to the interior (stub out) or downstream
gas piping.
Step 5: Make sure the regulator is located or mounted
properly with the vent pointed downward or that its
vent extends away from the structure to protect it from
snow or ice. Also, be sure the vent is not too close to the
opening of a building.
Remote regulator vents must be made of pipe or tubing
no smaller than the regulator vent opening and should be
wrought iron, steel, brass, copper, or polyvinyl chloride
(PVC) pipe which meet the requirements of ANSI/UL 651
(Standard for Schedule 40, 80, Type EB and A Rigid PVC
Conduit and Fittings), ANSI/UL 1660 (Standard for LiquidTight Flexible Nonmetallic Conduit, with nonmetallic
fittings meeting the requirements of ANSI/UL 514B
(Standard for Conduit, Tubing, and Cable Fittings), and
ANSI/UL 1660 Standard with metallic or nonmetallic
fittings as part of a manufactured assembly.
NOTE: Any rigid PVC conduit and fittings (UV resistant
gray PVC) or any flexible Liquid-Tight conduit and fittings
that meets the requirements of ANSI/UL 661 or 1660 is
permitted outdoors but must not be installed indoors.
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Step 3: Connect the outlet of the regulator to the interior
vapor distribution piping (stub out) using the appropriate
fitting and thread-sealing compound.
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Step 6: Before the gas is turned on into the interior vapor
distribution system, you are required to perform a leak
check of the system. Leak checking a gas distribution
system will be covered later in this course.

Step 7: Regulator and system flow and lock-up testing should
be conducted after starting up the appliances. Regulator flow
and lock-up testing will be covered later in this course.

Step 8: If the regulator(s) are operating properly, leave the
system operating or turn the system off according to your
company policy. If the system is not operating properly, shut it
off and contact your supervisor.
Step 9: Record all information as required by your company
policy.
Step 10: Clean and store all tools, supplies, and equipment.
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TESTING INTERIOR PIPING,
APPLIANCES, AND VENTING
After making the final connection, you should proceed
with the required tests for ensuring the proper operation
of the interior piping, appliances, and venting. These
tests, including a leak check and spillage test, will be
covered in detail later in this course.
After all tests have been completed and you have verified
the system is functioning properly, provide your customer
with instructional materials and safety information.

Provide your customer with instructional materials
and safety information.
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MODULE SUMMARY
MODULE 2

Some important points to remember from this module are:

Know when and how to perform system checks and tests.
Document all checks and tests.
Understand the general procedures for placing a vapor distribution system into operation including how to validate a
container, the pipe and tubing, regulators, and vapor meter installation.
Identify common vapor distribution system installation problems.
Explain how and when to make the final connection to turn on the vapor distribution system.
The next lesson discusses gas appliances, how they are configured and their categories.
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Module 2 Quiz
1. The NFPA 58 test for leakage checks for propane leaks at the __________ portion of the piping only.
a.
b.
c.
d.

interior
exterior
downstream
None of the above

2. You are required to perform a leak check on a vapor distribution piping system immediately after turning on the gas in a
new gas system but not after a system has been restored after an interruption of service.
a. True
b. False

3. Which of the following measures the amount of delivered pressure to the gas appliances with no gas demand to ensure
that the regulator will shut off the flow of propane when the appliances are turned off?
a.
b.
c.
d.

Flow test
Pressure test
Lock-up test
Leak test

4. When conducting a an NFPA 54 pressure test, what type of gas should never be used?
a.
b.
c.
d.

Propane
Inert gas
Air
Inert gas or air

5. Which check or test pinpoints a leak found during another test in the vapor distribution system?
a.
b.
c.
d.

Test for Leakage
Leak Check
Pressure test
Leak Test
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Let’s take a moment to check how well you understand the information presented. Select the appropriate answer for each of
the following questions.
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6. What test determines if the regulator and piping system are sized correctly to handle the Btu load of the system?
MODULE 2

a.
b.
c.
d.

Flow test
Lock-up test
Test for leakage
Pressure test

7. It is not necessary to document the results of your system checks and tests.
a. True
b. False

8. When validating exterior to interior vapor distribution lines, make sure that all piping entering a structure is protected
from_________.
a.
b.
c.
d.

copper tubing
drip legs
corrosion
sediment traps

9. Polyethylene (PE) tubing and piping are not permitted for use in the interior portion of gas systems.
a. True
b. False

10. To verify that the appropriate regulators have been selected, you must consider the inlet and outlet_________, and the
total gas demand of the system.
a.
b.
c.
d.

venting
pressure
combustion
flow

11. Regulator vents must be a minimum of __________ft from any source of ignition, direct vent appliance intake opening,
and mechanical ventilation air intakes.
a.
b.
c.
d.

2
10
5
12

CERTIFIED EMPLOYEE TRAINING PROGRAM

Module 2 Quiz

61

12. Before turning the gas on into an interior vapor distribution system when connecting both vapor meters and regulators
a.
b.
c.
d.

MODULE 2

for LP-Gas service, you must perform a ________________of the system.
test for leakage
pressure test
leak test
leak check

13. When conducting an interior site assessment prior to placing a system into operation, you must check to make sure
there are no open lines and that all ________are shut off and plugged or capped.
a.
b.
c.
d.

valves
gas lines
vents
cylinders

14. Which of the following is NOT a consideration when validating the distance requirements for a container during
installation?
a.
b.
c.
d.

NFPA and local code requirements
Access for delivery
Type of container selected
Inlet pressure of the regulator

15. Failure to regulate the gas pressure to the vapor meter can cause the system to become overpressurized, which can
create a potential unsafe condition.
a. True
b. False
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MODULE 3

Module 3:
Validating Vapor Distribution Systems
INTRODUCTION
Appliances are a key component in a vapor distribution system. Understanding how some appliances work with propane and
others with natural gas and what appliances can be converted to use propane will be explained in this module. You will also
be given basic information on how to verify whether an appliance has been installed according to industry standards and
requirements.
After completing this module, you will be able to:

Understand the differences between propane and natural gas and dedicated and convertible appliances.
Identify and verify different appliance categories and general installation requirements.
State the requirements for installing vented and unvented appliances and appliance connectors and components.

CERTIFIED EMPLOYEE TRAINING PROGRAM

64

Module 3: Validating Vapor Distribution Systems

MODULE 3
CERTIFIED EMPLOYEE TRAINING PROGRAM

65

MODULE 3

Lesson 1.
Introduction to Gas Appliances
INTRODUCTION
Propane and natural gas are most commonly used in residential
and commercial installations. Many appliances are designed for
use with either of these gases with minor modifications.
This lesson provides details on identifying the type of gas an
appliance is configured to use.
After completing this lesson, you will be able to:

Differentiate between propane and natural gas.
Distinguish between dedicated and convertible
appliances.
Identify whether an appliance has been converted.
Let’s start by looking at the similarities and differences between
propane and natural gas.
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PROPANE VS. NATURAL GAS
MODULE 3

Although propane and natural gas both produce heat energy,
there are some important differences between these two
gases.
First of all, if a gas appliance that is built to run on natural
gas is supplied with propane, incomplete combustion may
occur. In other words, soot and harmful byproducts could
build up creating a potentially unsafe condition. The same is
true if a gas appliance that is built to run on propane gas is
supplied with natural gas.
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SPECIFIC GRAVITY AND HEAT CONTENT
Specific gravity is a system of comparison used to determine the weight of a liquid or gas relative to water or air,
respectively. Propane vapor is heavier than air and natural gas vapor is lighter than air. When propane vapor leaks
into the air, it tends to sink, whereas natural gas vapor tends to rise.

èFor more information on specific gravity review the CETP course Basic Principles and Practices of Propane.

It is important to know the specific gravities of different gases when lighting a pilot light, trying to find the source of a
leak, or working in an area where a leak has occurred.
Propane has a higher heat content, or Btu content, than natural gas. The heat content of propane vapor is approximately
2,500 Btu/cubic foot, while the heat content of natural gas vapor is 1,000 Btu/cubic foot. This means that more energy
can be derived from one cubic foot of propane vapor than from one cubic foot of natural gas vapor.

SPECIFIC GRAVITY

HEAT CONTENT
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DEDICATED GAS APPLIANCES
MODULE 3

Some gas appliances are designed to be used with only
one fuel gas. These appliances are called “dedicated” gas
appliances. Typical dedicated gas appliances include water
heaters, pool heaters, space heaters, hearth products, and
outdoor living products. The manufacturer’s name plate
attached to an appliance will indicate the type of fuel gas, or
gases, that can be used with that appliance.
Other gas appliances, called “convertible” appliances, can use
either propane or natural gas to operate. Typical convertible
gas appliances include ranges, furnaces, and boilers.
NOTE: NEVER attempt to convert a dedicated natural gas
appliance to propane gas. And, NEVER attempt to convert
a dedicated propane gas appliance to natural gas. Only
appliances that are designed for use with either fuel should be
converted from one fuel to the other.

Typical dedicated appliances include water
heaters, pool heaters, space heaters, hearth
products, and outdoor living products.

Typical convertible gas appliances include
ranges, furnaces, and boilers.
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CONVERTIBLE GAS APPLIANCES
MODULE 3

Convertible appliances are designed to be used
with either propane or natural gas.
When converting the gas used in a convertible appliance,
you will probably need to make some modifications.
Most convertible gas appliances require that the gas
orifices be replaced with an orifice that is compatible
with the new gas. This may mean that the gas control
regulator spring or the gas control regulator must also be
replaced. Other appliances do not require replacement
parts, but you will need to make adjustments to one
or more of their installed components. These typically
include the orifice and regulator.
To ensure that an appliance has been converted for
use with propane, look for a conversion sticker with the
letters “LP” on the appliance gas control or regulator, as
well as a label affixed to the appliance data plate.
NOTE: Do not attempt to convert an appliance until
you have been trained to do so. Before converting, you
should refer to the appliance rating plate and consult
the manufacturer’s installation instructions. Contact your
supervisor if you are unsure about any of the NFPA 54 or
manufacturer’s requirements.

LP CONVERSION KIT

CONVERSION STICKER
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NFPA 54 AND GAS APPLIANCES
MODULE 3

When a new appliance is added to a system, an appliance is
replaced, or an appliance is converted to work with another
type of fuel, it must comply with federal, state, and local codes.
NFPA 54 requires verification that:

Air for combustion and ventilation are provided as
needed.
The installation components and appliances are at a
safe distance from combustible materials.
The installation and operation of additional or
replacement appliances will not cause the current
appliances to be unsafe for continued operation.
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CHECK FOR UNDERSTANDING
MODULE 3

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 375.

Which selection makes the following statement accurate?
__________ fuel gas appliances are designed to operate only on natural gas or propane, and no attempt should be
made to convert them to a different fuel gas.
Outdoor

Central heating

Dedicated

Indoor
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INTRODUCTION
In this course, you have learned about validating a vapor
distribution system for a customer, and how to verify whether an
appliance is designed to use propane. Now, we’ll examine the
standards and considerations you must apply when verifying how
an appliance is installed into a vapor distribution system. This
lesson addresses NFPA 54 requirements for verifying appliances,
appliance connectors, and components.
This lesson does not address the precise installation procedures
for different appliances. You should consult each manufacturer’s
installation manual and your company’s policies for that
information. Instead, we will focus on the broader regulations that
could affect installation of different appliances and how to verify
their implementation.
After completing this lesson, you will be able to identify and verify:

General appliance installation requirements.
Different appliance categories.
Requirements for installing vented and unvented
appliances.
Requirements for installing appliance connectors and
components.
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APPLIANCE STANDARDS VERIFICATION
MODULE 3

Certain NFPA 54 standards apply when placing a system into
operation.
This lesson will examine the standards that apply specifically
to appliance verification including:

Appliance configuration.
Safety requirements for shutoff valves.
Sediment traps.
Clearance from combustibles.
Appliance connectors.

CERTIFIED EMPLOYEE TRAINING PROGRAM

Lesson 2. Appliance Categories and Requirements

75

MODULE 3

ADDITIONAL VERIFICATION
CONSIDERATIONS
Although not discussed in detail in this lesson, these are
other considerations you should be aware of when verifying
appliances:

Service access.
Electrical requirements.
Physical protection and location.
Proper venting system.
Vapor distribution system components.
Specific gas appliances and their installation,
operation, and safety requirements.
Installation and operating instructions.
In addition, you must comply with any federal, state, and local
standards that apply.
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APPLIANCE CATEGORIES: LISTED AND UNLISTED
MODULE 3

NFPA 54 categorizes appliances as “listed” or “unlisted.”

Listed Appliances are tested by an independent
testing agency and meet or exceed NFPA 54 and other
independent agency requirements. Examples of listed
appliances include water heaters and central heating
systems. Listed appliances must be verified according to
the specific manufacturer’s instructions.

Unlisted appliances are not tested by an independent
agency; however, if installed and connected to the fixed
gas piping system, they must comply with NFPA 54
requirements and be acceptable to the Authority Having
Jurisdiction (AHJ). Examples of unlisted appliances
include some types of room heaters, gas logs, barbeque
grills, smokers, and other outdoor living appliances.
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APPLIANCE CATEGORIES: VENTED AND UNVENTED

Vented appliances generate higher amounts of flue gases
and must be vented to the outside. Examples of vented
appliances include central heating systems, water heaters,
and some space heaters.

Unvented appliances discharge byproducts of combustion
directly into a living area. The amounts discharged by
unvented appliances are extremely small and are not
hazardous to health or property if the appliances are
installed properly and operated in accordance with
manufacturer’s specifications. Examples of unvented
appliances include certain types of space heaters,
decorative appliances, ranges, and cooktops.
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LISTED AND UNLISTED APPLIANCES
MODULE 3

Listed appliances are tested by an independent testing agency, such as Underwriters Laboratory (UL), Intertek Electrical
Testing Labs (ETL), or Canadian Standards Association (CSA). These agencies help ensure that appliances meet or exceed
NFPA 54 requirements and standards.

Unlisted appliances are not tested by an independent agency, but are still subject to specific codes in NFPA 54 and must be
approved for use by the AHJ.

You must know if an appliance is listed or unlisted and be aware of the specific codes that apply. Check with your supervisor
to determine if your company supplies gas to unlisted appliances.
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MANUFACTURER NAME PLATE
MODULE 3

If an appliance has a manufacturer’s name plate, it will list the
requirements and specifications of code compliance for the
appliance.
Other information on the name plate can include, but is not
limited to:

The manufacturer’s name, model, serial number, and
production information.
Minimum operating requirements that include
specification on clearances and gas pressure.
Fuel gas designated for the appliance.
Appliance input rating, in Btu/hr, for installation
locations from sea level to a 2,000 ft elevation.
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VENTED AND UNVENTED APPLIANCES
MODULE 3

When propane vapor is burned, it generates water vapor,
carbon dioxide, and small amounts of other chemicals.
Collectively, these are known as “flue gases.”
Flue gases from a vented appliance must be vented to the
outside. If flue gases are not properly vented, personal injury
or death could result. Therefore, you should understand the
different NFPA 54 appliance classifications and be able to verify
whether an appliance is vented according to specific code
requirements.
Residential propane appliances are classified based on how
they vent flue gases.
Vented appliances generate higher levels of flue gases than
unvented appliances and must be vented to the outside. To
do this, appliances such as water heaters and furnaces use
natural or mechanical draft venting.
Unvented appliances discharge byproducts of combustion
directly into a living area. The amount of byproducts discharged
by unvented appliances is extremely small and is not a
health hazard if the appliance is installed properly and used
in accordance with the manufacturer’s instructions. These
appliances are designed to perform a specific function and
are often located in living areas. An example of an unvented
appliance is a room heater.

Vented appliances generate higher levels
of flue gases than unvented appliances and
must be vented to the outside.

The amount of byproducts discharged by
unvented appliances is extremely small and
is not a health hazard if the appliance is
installed properly and used in accordance
with the manufacturer’s instructions.
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VENTED AND UNVENTED REQUIREMENTS
MODULE 3

Different requirements apply to vented and unvented
appliances. Factors that determine applicable requirements
include, but are not limited to:

Where an appliance will be installed based on its Btu
input.
Whether an appliance is properly vented.
Whether there is sufficient combustion air for an
appliance.
Whether Oxygen Depletion Sensors (ODS) are required
on unvented appliances. Review NFPA 54 and your
local codes before gas is supplied to these appliances.

Before supplying gas to an unvented
appliance, review NFPA 54 and your local
codes to see if an ODS is required.
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VENTED APPLIANCE CATEGORIES
MODULE 3

There are different categories of vented appliances:
Category I to IV Vented Appliances:
Category I appliances are classified based on the
principle of rising heated gases, sometimes referred
to as “natural venting.” Examples of these appliances
include vented room heaters, furnaces, and water
boilers. If the appliance is equipped with a draft hood
the appliance is considered a natural draft unit and the
venting system would be under a negative pressure
and non-condensing state. Venting is discussed in
more detail later in the course.

Category II appliances, for the most part, do not
exist because those appliances would need to be
designed for a negative draft and would be of the
condensing type.
Category III appliances are typically sidewall vented,
non-condensing appliances that are usually vented
with stainless steel or other special gas venting
material. These systems are generally under a positive
pressure and all joints and seams are sealed to
prevent flue gasses from leaking out.
Category IV appliances are typically condensingtype furnaces and boilers that have venting systems
with a positive pressure and may be terminated either
horizontally or vertically. They are normally vented
using PVC pipe and are generally equipped with
a condensate trap to collect condensate from the
combustion process.
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TYPES OF VENTED APPLIANCES
MODULE 3

Sealed Combustion Direct Vent Appliances:
Combustion air is drawn in from the outside through
one duct or pipe and products of combustion are
expelled outside through another duct or pipe on these
appliances. The termination may be a single component
or may be constructed using two separate ducts or pipes
to the outside. A sealed combustion direct vent space
heater is an example of a direct vent appliance that does
not use air from inside for combustion.

Mechanical Draft Appliances:
These appliances are equipped with an integral
mechanical means to either draw or force products of
combustion through the combustion chamber or heat
exchanger. A high-efficiency furnace is an example of a
mechanical draft appliance.

NOTE: Many gas furnaces are equipped with a draft inducer to pull flue products through the heat exchanger and out of the
vent. However, many of these are required to be connected to a natural draft venting system such as a gas vent or chimney
and not sidewall vented. Refer to the appliance name plate to verify an appliance’s category rating.
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VENTED APPLIANCE VERIFICATION
MODULE 3

In general, when verifying the installation of vented
appliances, be sure that:
Appliances are accessible. (Attics, roofs, and garages
have specific installation requirements.)

Appliances have proper location and clearance
restrictions as this can vary among appliances.
The venting system is intact and installed in a safe
manner.
Combustion air is sufficient.
Verify proper appliance location and clearance requirements.
Make sure the appliances are in accordance with NFPA 54, the
manufacturer’s instructions, local codes, and your company
policy. Gas appliances and their vent connectors must be
installed and be clear of any combustible materials so their
operation does not create a hazard to people or property.
NOTE: Refer to the manufacturer’s name plate or installation
instructions on listed appliances for specific clearances to
combustibles.
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UNVENTED APPLIANCE VERIFICATION
MODULE 3

Verify that unvented appliances meet clearance requirements
of NFPA 54, the manufacturer’s instructions, local codes, and
your company policy as needed. Gas appliances must be
installed and be clear of any combustible materials so their
operation does not create a hazard to people or property. Refer
to the manufacturer’s name plate or installation instructions on
listed appliances for specific clearances to combustibles.
NFPA 54 permits the installation of unvented gas appliances,
under the following conditions:

A gas appliance may be installed in a bedroom or
bathroom if the room has the required volume of air to
supply the combustion and ventilation air.
A listed, wall-mounted, unvented room heater,
approved by the AHJ, equipped with an oxygen
depletion safety shutoff system and provided with
adequate combustion and ventilation air can be
installed in:
–– A bathroom if the room heater’s input rating does
not exceed 6,000 Btu/hr.
–– A bedroom if the room heater’s input rating does
not exceed 10,000 Btu/hr.
–– A listed, unvented appliance has been approved
by a recognized approving agency. However,
the appliance must be installed and operated
according to the manufacturer’s instructions.

èAn oxygen depletion safety shutoff system is a

device that shuts off the gas supply to the gas control
when the oxygen level in the space reaches an unsafe
level.

NOTE: Room heaters, whether unvented or vented, cannot be
installed in residential board and care facilities, or health care
facilities.
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UNVENTED APPLIANCES
MODULE 3

When you inspect an unvented appliance that has been
approved by the AHJ, you still must verify that it is installed in
accordance with NFPA 54 and the manufacturer’s installation
instructions, including adherence to location and clearance
requirements.
There are several gas appliances that are not required to be
vented. A few examples are: ranges and cook tops, boostertype water heaters, listed refrigerators, counter appliances,
direct-fired make-up air heaters, laboratory burners, and gas
lights. Some of these may be required to be vented if the total
input of all appliances exceeds 20 Btu/hr per cubic foot of
room volume.
Additional information on how to calculate air for combustion
can be found in the CETP course Installing Appliances and
Interior Vapor Distribution Systems.
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APPLIANCE COMPONENT VERIFICATION
MODULE 3

We have discussed the requirements that apply to different
types of appliances. Now, let’s consider requirements that
apply to different appliance components.
NFPA 54 requires that certain types of safety and operational
devices be installed at the appliance or that they be an integral
part of the appliance gas control valve. Examples of these
devices include sediment traps and manual shutoff valves.
Sediment traps are installed to remove any debris in the
piping system. If not removed, the debris could enter the
appliance controls and cause potential damage or appliance
failure. Many manufacturers incorporate a sediment trap as
part of the gas control valve.

Safety devices include sediment traps and manual
shutoff valves.
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SEDIMENT TRAPS AND SHUTOFF VALVES
MODULE 3

Sediment Traps

Manual Shutoff Valve

NFPA 54 requires that a sediment trap be added when
installing an automatically operated appliance that does
not already contain one, otherwise a customer may not
discover a damaged appliance until much later. Manually
operated appliances do not require a sediment trap,
because if sediments have found their way into the
controls and the appliance stops working, the customer
would know immediately if the appliance needed repair.

The purpose of a manual shutoff valve is to isolate one
appliance for repair or replacement without having to
turn off all other gas appliances. In most cases, this
valve must be installed in the piping system within 6 ft of
a single appliance and must be readily accessible.

èAutomatically operated appliances are

controlled by a heat sensing device, such as
a thermostat, that automatically turns the
appliance on and off. A central gas furnace is an
example of an automatically operated appliance.

èGas ranges, clothes dryers, and some

decorative appliances are manually operated
appliances.

èThe manual shutoff valve should not be

confused with the required emergency shutoff
valve located outside of the structure. On an LPgas system, the emergency shutoff valve can be
the service valve at the tank.

èIn most cases: The following exceptions are

noted for installing manual shutoff valves if they
are readily accessible and permanently identified:

Shutoff valves serving an appliance in
a vented fireplace do not have to be
installed within 6 ft of the appliance.

When the shutoff valve is installed in a
Sediment traps are not the same as drip legs. See
Resources for more information.
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APPLIANCE CONNECTORS
MODULE 3

Flexible connectors between a structure’s ridged piping and its
appliances enable you to move an appliance without breaking
its connection to the rigid piping. When you place a system
and its appliances into operation, you must ensure that the
connectors conform to NFPA 54 and local building codes.
Connectors must also be corrosion free and leak free.
Connectors come in an array of materials and styles, including:

Ridged metallic pipes and fittings.
Semi-rigid metallic tubing and fittings.
Standard connectors for gas appliances approved for
propane service.
Connectors for outdoor gas appliances and
manufactured homes.
Corrugated Stainless Steel Tubing (CSST).
Listed gas hoses for outdoor use only.

èIn case of semi-ridged metallic tubing, aluminum
alloy tubing cannot be used outdoors.
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APPLIANCE CONNECTOR REQUIREMENTS
MODULE 3

Other than rigid pipes, connectors:
Cannot be installed in an opening of an appliance
housing cabinet or casing, unless the connector is
protected from damage.

Must not exceed 6 ft in length.
Must not be concealed or run from one room to
another or pass through wall partitions, ceilings, or
floors.
Must be protected from damage, such as stretching,
kinking, and puncturing.
In addition, a shutoff valve must be installed at the point where
the connector meets the rigid piping. Appliance connectors and
installation requirements are covered in detail in the Installing
Appliances and Interior Vapor Distribution Systems.
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CHECK FOR UNDERSTANDING

All of these appliances must be vented to the outside EXCEPT:
Central heating systems

Ranges and cooktops

Direct vent heater

Water heaters
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question’s appropriate response. Check your work on page 375.
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MODULE SUMMARY
MODULE 3

In this module we discussed the importance of knowing how appliances are configured to be used with either propane or
natural gas. And, we looked at the differences between dedicated and convertible appliances.
Finally, we reviewed how appliances are categorized; whether they are listed or unlisted, vented or unvented. Be sure you
understand these concepts before placing any appliance into operation.
Now, let’s take a look at venting our appliances.
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Module 3 Quiz
1. When propane vapor leaks into the air, it tends to _________.
a.
b.
c.
d.

rise
sink
evaporate
condense

2. Propane has a higher heat content, or Btu, than natural gas.
a. True
b. False
3. ____________ attempt to convert a dedicated natural gas appliance to propane gas.
a.
b.
c.
d.

Always
Sometimes
Never
Occasionally

4. The orifice and ______________may need to be replaced when converting the gas used in a convertible appliance.
a.
b.
c.
d.

standing pilot
valve
regulator
vent

5. Which of the following is an example of a listed appliance?
a.
b.
c.
d.

Room heater
Furnace
Water heater
All of the above
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6. _________appliances generate higher amounts of flue gases and must be vented to the outside. Examples of this type
of appliance include: central heating systems, water heaters, and some space heaters.
a.
b.
c.
d.

Unvented
Vented
Listed
Unlisted

7. Certain types of space heaters, decorative appliances, ranges, and cooktops are examples of what type of appliance
category?
a.
b.
c.
d.

Unvented
Vented
Dedicated
Convertible

8. Check the manufacturer’s _____________ for an appliance’s code compliance requirements and specifications.
a.
b.
c.
d.

category
name plate
data plate
None of the above

9. When verifying the installation of vented appliances, check the following:
a.
b.
c.
d.

Appliances are accessible
Venting system is intact and installed in a safe manner
There is sufficient combustion air
All of the above

10. When inspecting an unvented appliance that has been approved by the AHJ, you are not required to verify that it is
installed in accordance with NFPA 54 and the manufacturer’s installation instructions.
a. True
b. False
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a.
b.
c.
d.

drip leg
vapor meter
semi-rigid metallic tubing
sediment trap

12. The purpose of a manual shutoff valve is to isolate one appliance for repair or replacement without having to turn off all
other gas appliances.
a. True
b. False
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11. NFPA 54 requires that a ___________ be added when installing an automatically operated appliance that does not
already contain one, otherwise a customer may not discover a damaged appliance until much later.
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MODULE 4

Module 4:
Identifying Venting Requirements
INTRODUCTION
In order for a vapor distribution system to operate efficiently, it must have proper venting. We will look closely at the
principles of natural drafting systems in this module so you can recognize basic problems when validating a system’s
venting.

After completing this module, you will be able to:
Identify general appliance venting requirements.
Validate the venting of a system to ensure products of combustion will adequately expel.
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MODULE 4

Lesson 1. Identifying Venting
Requirements and Characteristics
INTRODUCTION
Before you can place a vapor distribution system into service,
you must validate that the system is ready. Part of this process
is validating that all appliances are vented properly to allow the
products of combustion to exit the building or structure.
You already learned the differences between natural gas
appliances and propane appliances. You also learned about
the different types of propane appliances, including listed and
unlisted, vented and unvented, and some appliance installation
requirements.
In the Installing Appliances and Interior Vapor Distribution Systems
course, you will learn how to properly size, install, and correct
problems with venting systems using the NFPA tables.
This lesson will explain the principles of natural drafting systems
so you can recognize basic problems when validating the venting
of a system.

After completing this lesson, you will be able to:
Identify how a natural draft venting system works.
Identify general appliance venting requirements.
Recognize if a venting system is constructed to safely
vent the products of combustion outside.
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IMPORTANCE OF VENTING
MODULE 4

The purpose of the venting system is to move the products of
combustion out of the structure. Do you remember what the
products of combustion are?

èProducts of combustion are water vapor and carbon
dioxide; incomplete combustion can produce carbon
monoxide, aldehydes, soot, and excessive water vapor.

To ensure your customers are protected from these products
of combustion, you want to verify that gas appliances are
installed in a safe manner and vented according to the
manufacturer’s recommendations as well as any applicable
codes.
A properly designed and installed appliance venting system:

Directs combustion gases to the outside atmosphere.
Protects a building structure from fire hazards due to
overheating walls or other surfaces.
Prevents damage to walls and furnishings due to the
escape and condensation of combustion gases.
Provides for good air flow and adequate oxygen supply
for the appliance and the building occupants.

NOTE: An improperly vented appliance may not
burn correctly, causing carbon monoxide build
up and potentially creating other hazardous
conditions.
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TYPES OF VENTS
MODULE 4

There are three major venting systems:

Natural draft venting: Where
heated flue products naturally
rise and go out a vent.

Direct venting: Where flue
products are forced out of
a vent from air entering the
combustion chamber.

Mechanical draft venting:
Where a draft is created with
the help of a fan or other
mechanical device.
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NATURAL DRAFT VENTING SYSTEMS
MODULE 4

Natural draft venting appliances work on the principle of rising
heated gases. Air enters an appliance and is used to burn
propane. The heated flue gases then rise out of the vent. As
the flue products leave the appliance, more air is drawn into
the appliance.
The principle on which natural draft vents operate is simple.
Heat is the power that operates a natural draft vent or chimney.
Combustion gases rise in the chimney or vent only because
they are hotter, and therefore lighter, than the surrounding
air. The hotter the gases and the higher the vent, the more
swiftly and powerfully the gases will rise. Conversely, the
cooler the gases and the shorter the vent, the more sluggish
the movement of the gases will be. The flue gases in the vent
must remain hot enough over the length of the vent to provide
a strong draft. If cooled enough, the upward motion of the
gases stops altogether, and combustion gases can spill into the
building through the relief opening of the appliance draft hood.
Examples of natural draft vented appliances include storage
tank water heaters, room heaters, and warm air furnaces and
water boilers for hydronic heating systems.

èHydronic is the use of water as a medium to transfer
heat in a heating or cooling system.
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NATURAL DRAFT VENTING SYSTEM COMPONENTS
MODULE 4

A typical natural draft venting system has several components:

Vent: A passageway used to convey flue
gases to the outside atmosphere.
Vent Connector: A pipe or duct that
connects an appliance to a vent or chimney.
Vent Cap: Also known as a “vent terminal,”
a device that directs the combustion gases
into the outside atmosphere and keeps rain,
snow, debris, and animals out of the vent.
A Draft Hood: A piece located near the
connection between a vent and an appliance
that provides dilution air for the flue gases,
prevents a backdraft from entering the
appliance, and provides an escape for flue
gases if there is no draft, a backdraft, or a
blockage beyond the draft hood.

Fan-assisted Category I warm air furnaces are required to be vented into a natural draft system. The integral draft inducer is
not designed to allow the appliance to be sidewall vented. The vent system that connects to this type of appliance must have
a negative draft created at the appliance connection.
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NATURAL DRAFT VENTING SYSTEM CONFIGURATIONS
MODULE 4

Look at this graphic. Do you see a problem with
this system?
Heated flue gases need to rise through the vent and
discharge out the top. Gases cannot flow downward,
and the angle at the first elbow prevents gases from
continuing to flow upwards.

Now, look at this graphic. Do you see a problem
with this system?
10 FT HIGH
CHIMNEY

Even though the angle of the first elbow is sufficient,
the length of vent between the first and second elbow
may be too long. Flue gases will become trapped in this
vent and will be unable to discharge out the top. The
maximum length of a horizontal run shall not exceed
75% of the height of the vent.
Natural draft systems are vented in two basic ways,
through masonry chimneys and gas vents.
First, we’ll discuss masonry chimneys.
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MASONRY CHIMNEYS
MODULE 4

Masonry chimney venting systems present special difficulties
for vapor distribution. A natural draft or gravity vent must have
heat to work properly. Masonry chimney vents must be sized
properly to supply the proper amount of heat.
A chimney vent that is too small will not have the capacity to
move all the flue gases to the outside atmosphere. A vent that
is too large will allow too much dilution air to mix with the
combustion products and cool them so a proper draft is not
created.
Also, a vent must be made of a material that heats quickly to
establish a draft. If the vent material at the top of the chimney
is cold, then the cold air inside the vent will not allow the hot
air beneath it to rise out of the vent.
Once the vent heats up, the air inside the vent will heat up as
well. It will then rise out and allow the flue gases to discharge
and establish a draft. This draft must be established before
combustion products can build up in the lower part of the vent
and spill into the room.
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MASONRY CHIMNEY LINERS
MODULE 4

Most masonry chimneys must have a clay liner and be installed
according to NFPA 211. However, a large masonry chimney
with a clay liner (and without a metallic liner) needs a large
amount of heat to raise the wall temperature and allow the hot
air to discharge. Thus, venting would take too long to occur.
In this situation, a metal chimney liner must be installed to
establish the proper conditions to create a draft. Either rigid
or flexible chimney liners may be installed, depending on the
design of the masonry chimney.
A masonry chimney with a clay liner that is installed on the
interior of a building where only the portion above the roof line
is exposed to cold temperatures may be used to vent natural
draft appliances as long as the chimney is sized according to
NFPA 54 and the manufacturer’s instructions.
The other way natural draft systems are vented is through gas
vents.

CLAY LINER

METAL CHIMNEY LINER
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GAS VENTS
MODULE 4

Gas vents are generally constructed with a B-vent, but
single-wall vent pipes can be used in some situations with
restrictions. A B-vent uses an aluminum liner on the inside
and includes an air space between the liner and the outside
galvanized metal. The aluminum lining is heated very quickly
by the flue gases, allowing the venting system to work
efficiently.
The gas vent will not be able to handle the amount of gases
if the diameter of the vent is too small. If the diameter is too
large or the vent connector is too long, gases will cool down
long before they are able to move out of the vent.
Now that we have examined natural draft systems, we will
discuss direct vent systems.

B-VENT
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DIRECT VENTING SYSTEMS
MODULE 4

Study this picture and note how air is moving in and out of this space heater. Where does the air used for combustion come
into the appliance? How do the products of combustion exit the appliance?

With a direct venting system, outdoor air is brought into the appliance through the layer around the central vent and is used
by the burner in the appliance for combustion. The products of combustion exit the appliance through the central vent to the
outside where they are discharged.
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DIRECT VENT APPLIANCES
MODULE 4

In a direct vent appliance:

The combustion air system is completely separate
from the interior atmosphere of the room where it is
installed.
All air for combustion is obtained from the outdoors
and all flue gases are discharged to the outdoors.
The metallic venting system is part of the appliance
supplied by the manufacturer.
These appliances are used in homes, businesses, and
manufactured, or mobile, homes. These appliances have
greater location flexibility compared to vertically vented
appliances and those that cannot be used because of
inadequate indoor air supply.
Depending on the specific appliance design, some appliances
terminate, or vent, horizontally while others terminate vertically.
The appliance must be installed with the proper manufacturersupplied vent termination, vent cap, or “roof jack,” assembly.

The appliance must be installed with the proper
manufacturer-supplied vent termination, vent
cap, or “roof jack,” assembly.
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TYPICAL DIRECT VENTING PROBLEMS
MODULE 4

Look at this graphic. What problem do you see?
Technicians often see venting problems when customers
add siding to a building. Customers may remove the
vent termination to install the new siding and insulation
to the building, and then reinstall the vent termination
with existing material. This creates a potential hazard
because the existing vent materials, exhaust and air
intake tubes are often too short once the additional
siding and insulation are installed.
With the shortened vent and air intake tubes, the flue
gases could leak into the building wall then be pulled
into the combustion chamber and mixed with the outside
air for combustion when the appliance operates. This
will result in incomplete combustion and may cause the
burner to go out.
If an appliance continues to operate in this manner,
carbon monoxide produced from the incomplete
combustion creates a potentially hazardous situation. If
you identify this type of problem, shut off the gas to the
appliance and follow your company policy on how to
handle this situation.
Additional information about troubleshooting burner flame problems will be covered later in this course. We have examined
natural draft and direct venting systems. The last type of venting system to discuss is a mechanical venting system.
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CHECK FOR UNDERSTANDING

A gas vent diameter or vent connector can never be too wide or too long respectively to vent the
products of combustion.
True

False
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MECHANICAL DRAFT VENTING SYSTEMS
MODULE 4

In a mechanical draft venting system, a fan produces the draft that carries flue gases away from the appliance. A
supplemental fan or blower is positioned at the vent system inlet, vent system outlet, or anywhere in between.
Drafts can be forced or induced. A draft is forced when a fan pushes flue gases. A draft is induced when a fan pulls flue
gases.
Every Category III and IV gas appliance has some type of mechanical draft venting system and should never be
vented into a natural draft venting system by itself or with any other natural draft venting appliance.

FORCED DRAFT SYSTEM

CERTIFIED EMPLOYEE TRAINING PROGRAM

INDUCED DRAFT SYSTEM

Lesson 1. Identifying Venting Requirements and Characteristics

113

MODULE 4

TYPES OF MECHANICAL DRAFT
VENTING SYSTEMS
Some water heaters, furnaces, boilers, and pool heaters are
examples of sidewall mechanical vent systems. Vent material
used with any mechanical vent system should be specified by
the appliance manufacturer.
Some natural draft Category I gas appliances may be sidewall
vented using a mechanical draft venting system that many
recognize as a “power vent system.” This system may be used
when a chimney or gas vent is not available or is no longer
useable. The power vent is generally located at the sidewall,
either outside or just inside the building.
The gas appliance and the vent system leading up to the inlet
of the power vent are under a negative pressure condition
when the power vent motor is operating. At the same time,
the outlet side of the power vent system is under a positive
pressure condition, so you should take precautions to prevent
flue gases from leaking out. This can be done by sealing all
joints and using the proper vent termination specified by the
power vent manufacturer.
Now, let’s take a look at high-efficiency appliances and their
venting needs.

SIDEWALL (POWER VENT) SYSTEM FOR
NATURAL DRAFT CATEGORY I APPLIANCE
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HIGH-EFFICIENCY GAS APPLIANCES
MODULE 4

A high-efficiency gas appliance uses a particular type of
mechanical draft venting system with three features to
maximize their heat output compared to the heat value of their
fuel gas input. These are:

Electronically-controlled ignition systems instead of
standing pilots.
Secondary heat exchangers connected to condensate
traps to discharge water condensed from the water
vapor in the flue gases.
Draft inducers to move the products of combustion
through the heat exchangers to the outdoor
atmosphere.
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HIGH-EFFICIENCY GAS
APPLIANCE OPERATIONS
High-efficiency boilers used by hydronic systems and highefficiency warm air furnaces remove heat from flue gases
so they require draft fans and condensate traps to move flue
gases through their venting systems. These furnaces are
equipped with primary and secondary heat exchangers that the
flue gases pass through.
Draft inducers are needed to pull the products of combustion
through both the primary and secondary heat exchangers and
push them out the vent to the outside. A natural draft system
would not have adequate draft to overcome the restrictions in
this type of gas appliance. Separate combustion air ventilation
piping is needed to bring in combustion air from outside the
building.
Flue gases are cooled in the process of secondary heat
recovery to such an extent that the temperature of discharged
flue gases does not provide enough heat differential to
move the vent products to the outside by natural draft. The
temperature of vented combustion products is so low that no
metal pipe will be heated enough to create a natural draft.
Since draft fans are needed to move flue gases through the
venting system, plastic pipe is typically used for both the
combustion air intake and the venting system.
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GENERAL APPLIANCE VENTING REQUIREMENTS
MODULE 4

Most appliances must be vented so the products of combustion are discharged to the outdoor atmosphere. Inspect the
outside of a structure to ensure that all applicable appliances are vented to the outside. These vents must satisfy any draft
requirements in accordance with the manufacturer’s instructions.
NFPA 54 has a table that lists appliances and the type of venting systems they require. As a general rule, most appliances fall
into one of three categories:

Category I: Natural draft venting,
non-condensing with a negative
vent pressure; uses chimneys or gas
vents, usually double-walled B-vents
or L-vents.

Category III: Mechanical venting,
non-condensing with a positive vent
pressure; requires a special vent.

Category IV: Mechanical venting,
condensing with a positive vent
pressure; normally uses PVC pipe
and condensate trap.

èThere are few, if any, Category II appliances on the market. These are appliances that also operate with negative
vent pressure but with a vent gas temperature that could produce excessive condensation, so a “corrosionresistant” vent is required.
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VENTING CONFIGURATIONS
MODULE 4

A horizontal vent connector for a Category I appliance should
have an upward pitch of at least ¼" to the horizontal foot
from the appliance to the gas vent or chimney. If the vent
connector is pitched downhill away from the appliance, the
flue products will not be expelled easily to the outside from
the natural draft created in the vent.
Remember, hot flue gases are needed in the gas vent or
chimney to create and maintain a good draft. If the vent
connector is pitched the wrong way, the venting system may
not be able to overcome the restriction and flue gases may
spill at the appliance draft hood.
Be sure the proper vent is installed and securely attached to
the appliance as noted in the manufacturer’s instructions. If
the vent connector is not securely fastened, it may separate
and then leak flue products into the building, creating an
unsafe condition.
Vent connectors must be installed to avoid unnecessary
bends or excessive resistance to the flow of flue gases. Vents
must not be obstructed in any way.

A separated vent connector could create an unsafe
condition.

Vents should never be obstructed (woodstove
damper shown here).
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NATURAL DRAFT VENTING TERMINATION
MODULE 4

Specific rules apply when determining natural draft venting terminations:

Gas Vents: Extend the vent far enough so that air
currents on the roof do not interfere with the discharge
of flue gases. The general rule is that the steeper the roof
pitch, the further a gas vent must extend above the point
where it passes through the roof.

Chimneys: Use the “10ft-2ft-3ft” general rule. A
chimney for residential-type gas appliances must extend
at least 3 ft above the highest point where it passes
through a roof of a building and at least 2 ft higher than
any portion of a building within a horizontal distance of
10 ft.”
Roof Pitch: For flat roofs, extend the vent one foot only.
For very steep roofs, you may have to extend the vent 8
ft. Consult the NFPA 54 table above for specific heights
of vents with different roof pitches.
See Resources for more information on Gas Vent
Roof Slopes.
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DIRECT VENTING TERMINATION
6" from any air opening into a building for appliances of 10,000 Btu/hr or less.
9" from any air opening into a building for appliances between 10,000 and 50,000 Btu/hr.
12" from any air opening into a building for appliances over 50,000 Btu/hr.
The bottom of a vent terminal and the air intake must be located at least 12" above grade.
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MECHANICAL DRAFT VENTING TERMINATION
MODULE 4

The vent terminal of a mechanical draft venting system must be:

At least 3 ft above any forced air inlet located within 10 ft.
At least 4 ft below, 4 ft horizontally from, or 1 ft above any door, window, or gravity air inlet into any building.
The bottom of the vent terminal and the air intake must be located at least 12" above the ground.
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VENTING INSTALLATION PROBLEMS
MODULE 4

There are five things you should focus on when validating
whether a vent has been installed properly:

Lateral runs
Internal vent obstructions
Proper clearances
Existing ducts
Defects
Let’s examine each of these.
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MINIMIZING LATERAL RUNS
MODULE 4

Vertical vents should be used as much as possible. However,
if a lateral or horizontal run is needed due to the location of a
vent or appliance, look for:

Bends in the run that could create resistance to the
flow of combustion products.
An upward pitch of at least ¼" to the horizontal foot
from the appliance to the vent.
Short horizontal runs. The maximum length of a run
should not exceed 75% of the height of the vent.
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AVOIDING INTERNAL VENT OBSTRUCTIONS
MODULE 4

Avoid all obstructions inside a vent that could resist
the flow of combustion products and prevent proper
vent performance.
Make sure all joints are proper and that there is no
projection into a vent.
Make sure the code requirements are met for the
venting system design if an appliance is equipped with
a vent damper.
Verify that a manually-operated draft damper, typically
used in wood stoves, is not installed in the vent
system.
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PROVIDING PROPER CLEARANCES
MODULE 4

Proper clearances allow combustible materials to vent and avoid potential hazards. Keep in mind:
Vents should be positioned away from floors,
ceilings, and combustible material. Most natural
draft residential and light commercial gas appliances
require a clearance of 1" for B- and L-vents and a 6"
clearance for single-wall vents. If you are unsure of the
clearance requirements of an appliance, consult the
appliance manufacturer’s instructions.

Refer to the specific manufacturer’s clearance
requirements for other types of venting
materials such as stainless steel, PVC, and
other plastic or special gas-venting materials.
In addition, look for metal strapping or supports
that help maintain proper clearance.

B- AND L-VENTS: 1" CLEARANCE

Look for metal strapping or supports that
help maintain proper clearance.

SINGLE WALL VENTS: 6" CLEARANCE
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ADDITIONAL VENT CONSIDERATIONS

Avoid Existing Ducts

Inspect Vent Components for Defects

Vents should not pass through circulating air or
ventilation ducts because if a leak developed, flue gases
could contaminate circulating air. Air flowing through
the ducts would also cool the vent excessively, thereby
altering the venting draft action.

You should inspect vents for any physical damage, such
as corrosion, pitting, or holes. For systems with a positive
vent pressure, make sure joints and seams are sealed.
Also, make sure vents are properly attached to their
appliances. Otherwise, flue products could leak into the
building structure creating an unsafe condition.
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These are some key things to look for when inspecting a venting system. Refer to your company policy for specific guidance
on what else to consider and the necessary steps to avoid an unsafe condition.
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CHECK FOR UNDERSTANDING
MODULE 4

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 375.

If a lateral run is used in a venting installation, what in particular should you look for when verifying
its proper installation?
Bends in the run that could create resistance to the flow of combustion products

An upward pitch of at least ¼" to the horizontal foot from the appliance to the vent

Short horizontal runs

All of the above
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MODULE SUMMARY

Make sure the products of combustion are able to leave the appliance and make it to the outside atmosphere.
Look for any obstructions or issues that would prevent the venting of these gases.
Make sure the vents and ducts are in good physical condition, are properly protected, and have the needed
clearances.
Remember, proper venting is important for the performance of an appliance and your customer’s safety.
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When validating venting installations, you must have a basic understanding of the different venting systems to identify
possible venting problems. Some important points to remember are:
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1. What is the purpose of properly venting a vented gas appliance?
a.
b.
c.
d.

To convey the products of combustion out of the structure
To carry moisture out of the structure
To ensure the proper amount of combustion air flows into an appliance
All of the above

2. Identify one type of appliance drafting classification:
a.
b.
c.
d.

Flue gases
Category I
Direct Venting
Listed type 1 clothes dryer

3. The principle of rising heated gases in which air leaves the appliance out of the top and draws air from the bottom
defines which type of appliance drafting system?
a.
b.
c.
d.

Draft hood
Natural draft
Mechanical draft
Termination point

4. An appliance with a natural draft vent must be structured so that gas can flow downward and out of the bottom of the
appliance?
a. True
b. False

5. In what type of appliance draft system is the combustion air system completely separate from the interior of the room
where it is installed?
a.
b.
c.
d.

Metallic venting system
Vapor distribution system
Natural draft system
Direct vent system
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6. A mechanical vent system typically uses a _______ to carry flue gases away.
MODULE 4

a.
b.
c.
d.

chimney
draft hood
fan
high-efficiency appliance

7. The vent termination of a direct vent appliance that uses 10,000 Btu/hr or less must be ______ from any air opening
into a building.
a.
b.
c.
d.

9"
5'
12"
6"

8. The bottom of a vent terminal and the air intake must be located at least 12" above the ground.
a. True
b. False

9. To avoid venting problems in an installation you should do the following:
a.
b.
c.
d.

Avoid internal vent obstructions
Provide proper vent clearance
Provide adequate air
All of the above

10. Vents should be positioned away from floors, ceilings, and combustible material.
a. True
b. False
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Module 5:
Validating Combustion Air Requirements
INTRODUCTION
Different types of air are required for appliances to work efficiently within a vapor distribution system. This module
communicates how to ensure your system appliances have enough combustion, dilution, and ventilation air to support
combustion, assist with venting flue products, and help ventilate its appliances.
After completing this module, you will be able to:

Determine whether an appliance has enough air to support proper combustion, dilution, and ventilation in a given
space.
Know how to supply additional indoor and outdoor air when needed.
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Lesson 1. Validating Combustion Air
MODULE 5

INTRODUCTION
In the previous lesson, you learned to validate the venting of gas
appliances before placing them in operation. Next, you will need
to validate that every gas appliance in the building has enough
combustion, dilution, and ventilation air available to support
combustion, to assist with venting flue products, and to help
ventilate the appliance. This lesson will focus on where this air will
come from.

After you complete this lesson, you will be able to:
Define “air for combustion.”
Determine whether the space is large enough to support
combustion.
Identify methods for supplying indoor and outdoor air.
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COMBUSTION AND VENTILATION AIR
MODULE 5

Air for Combustion

“Air for combustion” is the air needed at the gas burner
to support proper combustion. Do you remember
the ideal combustion ratio of propane to air? If gas
appliances do not receive enough air to burn properly,
combustion is incomplete. This can create a potentially
hazardous condition, such as carbon monoxide build up.

èAnswer: Approximately 24 cubic feet of air is
needed for one cubic foot of propane to burn.
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Ventilation Air
“Ventilation air” is the air needed at the gas appliance
to help prevent its housing and components from
overheating. Appliances located in small confined areas
may get too hot if there is not enough ventilation air to
keep them cool.

Lesson 1. Validating Combustion Air

137

DILUTION AND MAKEUP AIR
MODULE 5

Dilution Air

Makeup Air

“Dilution air” is the air needed at the appliance
draft hood to mix with flue gases on all natural draft
appliances equipped with a draft hood. Without the
proper amount of dilution air supplied at the draft hood,
the appliance’s ability to vent the flue products to the
outside may be affected.

“Makeup air” is the air that replaces air used in a space.
Once air is burned and the flue products are vented
outside, more air must come into the space to “make
up” or replace the air leaving the room. The space must
have access to makeup air to support combustion,
assist with venting, and help keep the appliances from
overheating.

CERTIFIED EMPLOYEE TRAINING PROGRAM

138

Module 5: Validating Combustion Air Requirements

OUTDOOR AIR
MODULE 5

Makeup air is supplied to propane appliances through
normal building infiltration and may be sufficient to
support combustion for most appliances. However, if it
is not enough, outdoor air will need to be supplied to
the gas appliances in the building. The various methods
you can use to supply outdoor air will be discussed later
in this lesson and in greater detail in a separate CETP
course.
Infiltration needed to supply air for combustion occurs
when outside air leaks into a building through cracks
around doors and windows. It also occurs in the gaps
between building components. Infiltration is the result of
two pressures.
The first is the pressure caused by wind blowing
against the building.
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INFILTRATION
MODULE 5

The second pressure that causes infiltration is the
pressure caused by the temperature difference
between indoor and outdoor air in cold weather. This
pressure is called “chimney effect” and is the same kind
of pressure that pushes flue gases up and out of a vent.
During cold weather, outdoor air is colder and heavier
than indoor air. The warmer air, being lighter, is pushed
up and out of the house.
In an attempt to reduce heat loss, customers may add
weather stripping, caulking, or insulation to cracks,
windows, and doors. Although these measures are
effective in reducing energy consumption, they may
also reduce the air infiltration rate of a building to levels
below those required for adequate gas appliance air
supply.
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NEGATIVE AIR PRESSURE
MODULE 5

When the air pressure inside a building is lower than the air pressure
outside, air is forced into the building through any opening it can find,
including the venting system. If gases are not properly vented from
the space, unburned gases, such as carbon monoxide, could remain
in the structure. This phenomenon is called “negative air pressure.”
Negative air pressure occurs in a room or building that cannot supply a
sufficient amount of air to meet appliance combustion requirements.
Appliances need the correct ratio of air-to-propane for combustion. This
ratio can be disrupted by exhausting air, either by natural causes or
mechanical devices.

èExamples of natural causes include openings in outside

walls, insufficient insulation, and spaces around windows and
doors. Examples of mechanical devices include exhaust fans.

Appliances that have a natural draft venting
system, such as a chimney or gas vent, can allow
negative air pressure to occur if the low pressure
inside the building draws air in through the vent.
When this occurs, the appliance cannot operate
properly and can cause safety issues such as a
build up of carbon monoxide.
Kitchen and bathroom exhaust fans, fireplaces, or
other exhaust devices can also cause a build up
of negative air pressure.
One way to identify a negative air pressure
problem is by conducting a spillage test, which
we will discuss later in this course.
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Negative air pressure changes the air flow inside a structure and can
cause a strong air “inrush,” which can result in doors slamming shut.
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AVOIDING NEGATIVE AIR PRESSURE
MODULE 5

Negative air pressure can be avoided by:
Ensuring that all appliances are the correct size for the
application. An appliance that is too large for a room
or structure will cause air to exhaust in an amount that
will cause negative air pressure build up.

Ensuring normal infiltration can supply adequate air
for all appliances in a building.
Providing makeup air to maintain the proper air-topropane ratio when normal infiltration is not enough.
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DETERMINING ADEQUATE
INDOOR AIR SUPPLY
When inspecting a vapor distribution system to determine if
enough indoor air is supplied, a simple calculation must be
made. This lesson explains a couple of ways to do this. A more
in-depth explanation of how to calculate the proper amount
of combustion, dilution, and ventilation air is covered in a
separate CETP course, as well as in NFPA 54.
When an appliance is installed in a space that does not supply
adequate air flow, the air needed may come from a different
space within the building, for example, from an adjoining space
with no door.
Other interior spaces may also be used to supply air to the
appliance space. Air is normally supplied through a louver at
the floor and one at the ceiling or through a louvered door.
If the air available inside a building is insufficient, then
additional air from outside will need to be provided. If you
determine there is an inadequate air supply, contact your
supervisor or refer to your company policy for specific
instructions.
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In this example, the adjoining cubic feet of space
may be added to the cubic feet of space where
the appliance is located to determine if there is
adequate air supply.
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STANDARD METHOD CALCULATION
MODULE 5

One method to determine adequate air supply is the Standard
Method calculation. This is used where structures have an air
infiltration rate of 0.40 air changes per hour (ACH) or greater.
Where the Standard Method is applicable, the minimum
combustion air requirement is 50 cubic feet (ft3) room air
volume per 1,000 Btu/hr for the total input rating of all gas
appliances located in the space.
On the next page, you will see a calculation worksheet with an
example of determining the required volume for a 125,000 Btu/
hr furnace and a 38,000 Btu/hr water heater installed in a 32 x
28 ft basement with an 8 ft ceiling height.
You can see an alternative method of calculating adequate
indoor combustion air in this same example in the lower
portion of the worksheet.

èACH is the percent volume of space exchanged

per hour. For 0.40 ACH, this means that 40% of the air
space is changed every hour, or 2.5 hours for air in the
entire structure to be replaced.
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KAIR METHOD
MODULE 5

The “Known Air Infiltration Rate” (KAIR) method can also be used
to determine the adequacy of indoor air for combustion, ventilation,
and dilution of flue gases.
The KAIR method is explained in greater depth in the CETP course
Installing Appliances and Interior Vapor Distribution Systems.
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SUPPLYING ADDITIONAL COMBUSTION AIR
MODULE 5

If your calculation determines that there is not enough
combustion air for an appliance, you must get additional air
through:

Outdoor air openings.
Engineered air supply.
Mechanical air supply.

OUTDOOR AIR OPENING

MECHANICAL AIR SUPPLY
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CONSTRUCTION CHANGES
AFFECTING VENTING
Improved construction methods have resulted in more energyefficient structures. This type of construction is often referred
to as “tight construction.” Energy-saving methods often used
in tight construction include:

Sealing component mating surfaces by extensively
caulking door and window jams, wall joints, electrical
boxes and so forth.
Installing vapor barriers such as plastic membranes
surrounding wall sheathing and attic and flooring
exposures.
Weather-stripping windows and doors.
Increasing attic, flooring, and wall insulation that
restrict air movement.
These methods can reduce building heat loss, but can also
decrease infiltration air.
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INADEQUATE AIR INFILTRATION
MODULE 5

When air infiltration measures less than 0.40 to 0.60
ACH, it means that fresh air coming into the structure
replaces air that is available for appliance combustion
and venting less than once an hour.
If naturally-vented appliances that depend on indoor
air for combustion vent away more than one half of the
available indoor air volume to the outside during an hour,
a negative pressure is created inside the structure.
The problem is compounded if exhaust venting, such as
from a clothes dryer or a kitchen vent, is operated at the
same time.
This would create an inadequate available air supply
for proper gas appliance operation and could cause the
products of combustion to build inside the building.
These changes in air flow and the potential for unhealthy
indoor air have led to changes in the design of propane
appliances, and in the requirements for determining
combustion and ventilation air requirements in NFPA 54.
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METHODS TO PROVIDE ADEQUATE AIR
MODULE 5

If your calculations determine that a building needs additional
outdoor air, consult your supervisor or company policy for
specific instructions.
There are two basic methods to provide additional indoor and
outdoor air:

Two-openings method
Single high-opening method
Let’s examine how you can use these to provide adequate
air supply. An in-depth review of calculating these openings
is provided in the Installing Appliances and Interior Vapor
Distribution Systems course.
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TWO-OPENINGS METHOD
MODULE 5

As the name suggests, this method provides two openings into a room where a gas appliance is located: one opening for air
to come into the room and another opening for air to leave the room.
Both openings must be within 12" of the floor and within 12" of the ceiling according to NFPA 54. Some configurations
include:

Wall Duct Air Supply: If the appliances are located near
an outside wall of the structure, separate, properly-sized
inlet and outlet air ducts can be installed through the
exterior wall.
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Attic Air or Crawl Space Outdoor Air Supply:
An alternative method for providing outside air to
supplement indoor air can be achieved through the use
of attic air or crawl space ventilation air.
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CODE REQUIREMENTS

As an example, if the two openings are in direct communication with the outdoors or connected through vertical ducts, then
each opening must have a minimum free area of 1 square inch per 4,000 Btu/hr of the total input ratings of the appliances.
This calculation is cut in half when air is supplied through horizontal ducts (2,000 Btu/hr).
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There are different NFPA 54 code requirements for sizing the openings based on a certain amount of free area per Btu/hr
input rating of the gas appliances located in the space.
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SINGLE HIGH-OPENING METHOD
MODULE 5

This method has one opening for air to come into the room.
This opening must be located within 12" of the top of the
space and the appliances must have adequate clearance to
combustibles according to NFPA 54 (1" from the sides and
back of the appliance, and 6" from the front).
The opening must either directly communicate with the
outdoors through a vertical or horizontal duct or through
spaces that freely communicate with the outdoors. The
opening must also have a minimum free area that satisfies two
requirements:

It is within 1 square inch/3,000 Btu/hr of the total input
rating of all appliances located in the enclosure.
It is not less than the sum of the areas of all vent
connectors in the space.
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MECHANICAL COMBUSTION
AIR SUPPLY SYSTEMS
Sometimes mechanical systems are needed to bring outside
air into the appliance. These systems are often used in colder
climates to help prevent water pipes from freezing.
A mechanical system supplies air into the building structure
on demand from the propane appliance(s) only and eliminates
the need for the one or two permanent openings mentioned
previously.
All mechanical combustion air supply systems must be
electrically interlocked with all of the gas appliances served
by the device according to NFPA 54 code. This will prevent
the appliance(s) main burner from operating if the mechanical
air supply system is inoperative. When properly wired and
installed, a typical mechanical combustion air system will first
be activated by a call for heat, then once adequate outside air
is supplied to the space, the system will allow the appliance to
operate.
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CHECK FOR UNDERSTANDING
MODULE 5

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 376.

A 28 ft x 40 ft basement that is 10 ft high has a furnace with an input rating of 150,000 Btu/hr and a
water heater rated at 40,000 Btu/hr. How much combustion air is available to the appliances, and is it
adequate?
The room has 34,000 Btu/hr more than the appliances, so there is enough combustion air

The room has 17,000 Btu/hr more than the appliances, so there is enough combustion air

The room has 17,000 Btu/hr less than the appliances, so there is inadequate combustion air

The room has 78,000 Btu/hr less than the appliances, so there is inadequate combustion air
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CHECK FOR UNDERSTANDING

A 38 ft x 32 ft basement that is 10 ft high has a furnace with an input rating of 175,000 Btu/hr and a
water heater rated at 50,000 Btu/hr. The customer wants to add an additional heater to the basement.
What is the highest input rating this particular heater can be without bringing in outside makeup air?
68,200 Btu/hr

18,200 Btu/hr

9,100 Btu/hr

No heater can be added to this room
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MODULE SUMMARY
MODULE 5

In this module you learned the importance of providing proper air and space to an appliance in order for combustion to occur.
We also discussed how to supply additional air when needed.
Next, we’ll take a look at the procedures that you must follow when performing a leak check.
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1. Carbon monoxide build up can occur if an appliance is not supplied with an adequate amount of _________.
a.
b.
c.
d.

oxygen
water
air
propane

2. What is the ideal combustion ratio of air to propane in cubic feet?
a.
b.
c.
d.

2:1
24:1
5:1
10:1

3. Identify the air that is needed at the appliance draft hood to mix with the flue gases to help vent the flue products.
a.
b.
c.
d.

Combustion air
Ventilation air
Dilution air
Makeup air

4. __________ air pressure occurs in a room or structure that cannot supply a sufficient amount of air to meet appliance
combustion requirements.
a.
b.
c.
d.

Negative
Positive
Diluted
Makeup
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5. Identify a method used to supply additional combustion air to an indoor structure.
MODULE 5

a.
b.
c.
d.

Mechanical air supply
Outdoor air openings
Engineered air supply
All of the above

6. What does .40 air changes per hour (ACH) mean?
a.
b.
c.
d.

That 40% of the air space is changed every hour within a structure
That air within a structure can contain up to 40% of propane
That 40% of natural gas is changed every hour within a structure
That appliances use 40% of air within a structure every hour

7. To provide additional outside air to a structure that houses a gas appliance, you can use the following:
a.
b.
c.
d.

Weather stripping
Wall insulation
Negative air pressure
Attic air or crawl space

8. When outdoor air is needed in areas with cold climates, which of the following methods could be used to help prevent
water pipes from freezing?
a.
b.
c.
d.

Mechanical combustion air systems
Single-high opening method
Two-openings method
Both a and b
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Module 6: Leak Check
INTRODUCTION
While placing a vapor distribution system and its appliances into operation and validating its venting, you must check for
leaks. This module will demonstrate how to perform a leak check using various methods and instruments.
After completing this module, you will be able to:

Know when and why you should perform a leak check on a piping system.
Identify the steps to perform a leak check on a vapor distribution system using different methods.
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MODULE 6

INTRODUCTION
Before placing a vapor distribution system and appliances into
operation, you validated both the venting and air supply for
combustion. Now it is time to leak check the system.
You will learn exactly what a leak check is, the different types of
leak checks, and how to perform each type of leak check.
After completing this lesson, you will be able to:

Identify when and why you should perform a leak check
on a piping system.
Identify how to perform a leak check using the water or
electronic manometer method.
Identify how to perform a leak check using the test-block
gauge method.
Identify how to perform a leak check using a highpressure gauge.
Identify how to perform a leak check when using the
vapor meter method.
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LEAK CHECK
MODULE 6

NFPA code requires a leak check to be performed before any
appliance or equipment is placed into initial operation or after
an interruption of service. The leak check requirement applies
to the entire vapor distribution system up to the outlets of the
equipment shutoff valves. Many propane marketers, however,
include the appliance connectors and the appliance gas
controls as part of the leak check.
NFPA 54 and NFPA 58 specify when a leak check must be
conducted; however, the code does not specify how the test
must be conducted. This lesson covers some suggested
methods. You should consult your company policy for specific
procedures for conducting a leak check.
Gas appliances can be placed into operation after the piping
system has been leak checked, determined to be free of leaks,
purged of all inert gases, and resupplied with propane.
NOTE: Under the scope of NFPA 54, a leak check is NOT a
pressure test. A pressure test is a test of a new piping system
using air or inert gas that does not include the connected
appliances. However, NFPA 58 allows a test for leakage to be
conducted using propane.

èA pressure test is normally conducted with a

minimum test pressure of 1-1/2 times above the normal
operating pressure of the piping.
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PERFORMING A LEAK CHECK
MODULE 6

Consult your company policy about when to perform a leak
check. A leak check is performed:

Immediately after the gas is turned on into new or
modified piping.
When gas has been initially restored to a system after
an interruption of service. Some examples of this are:
When a vapor meter is replaced.
When a regulator is replaced.
When there is an “out-of-gas” condition.
Any time the gas piping has been depressurized .
When a tank is changed out.

è“Interruption of service” is when the vapor pressure
in the vapor distribution system is no longer sufficient
to allow the appliance to operate.
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APPLIANCES WITH 100%
SAFETY SHUTOFF VALVES
An appliance with a 100% safety shutoff valve will
automatically stop any gas from passing through the gas
control to the appliance’s combustion chamber when the
control is in the “ON” position and there is no ignition source.
When performing a leak check on systems with this type
of appliance, you must ensure two valves are in the “ON”
position:

The 100% safety shutoff valve.
The manual gas shutoff valve or “gas cock.”
This allows propane to flow through the system to the 100%
safety shutoff valve to ensure that the valve is not allowing any
propane to the appliance combustion chamber, thereby proving
its functional stability.
NOTE: Safety shutoff valves will be discussed later in the
Appliance Controls and Safety Devices lessons.
100% SAFETY SHUTOFF VALVE

MANUAL GAS SHUTOFF VALVE
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APPLIANCES WITHOUT 100%
SAFETY SHUTOFF VALVES
An appliance without a 100% safety shutoff valve does not
have a safety device to automatically stop gas from passing to
the combustion chamber.
When performing a leak check on this type of appliance,
the manual gas shutoff valve must be in the “OFF” position,
thereby shutting off the supply of gas to the appliance.

è“Shutting off” – For ranges and other appliances

with a standing pilot, you can also shut off the needle
valves to the top burner pilots as well as the gas to
the oven or broiler pilot and conduct the leak check.
Consult your company policy and manufacturer’s
instructions.

NOTE: You will not be testing the integrity of the appliance
downstream of the manual gas shutoff valve.
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LEAK CHECK INSTRUMENTS
MODULE 6

This lesson will discuss four methods of leak check testing using different leak-checking instruments.
Manometer
Test-block gauge (0-300 pounds per square inch pressure gauge (psig))
High-pressure gauge (0-30 psig)
Vapor meter
There are many factors that dictate which testing instrument you should use, including your company policy and the most
convenient location to tap into the vapor distribution line.

WATER MANOMETER

TEST-BLOCK GAUGE

HIGH-PRESSURE GAUGE

VAPOR METER
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LEAK CHECK METHODS
MODULE 6

You can use other leak check methods not discussed in
this lesson as long as they locate the leak. All methods are
permitted to use fuel gas as long as the piping has been
pressure tested in accordance with the NFPA 54 and 58 code
or local authority requirements. Although other methods are
available for leak checking, they will not be covered in this
course.
The methods described in this lesson assume you have
a regulator system that incorporates either an integral
2-stage regulator or a first-stage regulator and a
single, second-stage regulator.
You should be aware that systems with multiple second-stage
regulators may present unique situations with regard to leak
checking. You need to understand how those systems work
and choose the best method to ensure you are properly leak
checking the entire system.
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USING A MANOMETER
MODULE 6

A manometer is a gauging device used to measure gas
pressure at low levels, such as the interior piping inside a
home. Piping systems that supply appliances with gas at
pressures of ½ psig or less may be leak checked by inserting
a water manometer downstream of the final-stage regulator. In
this test, all of the regulators in the system must be open and
unlocked.
A water manometer may be connected to a regulator outlet
test tap, to a special test adaptor downstream of the appliance
shutoff valve, or directly to the inlet of an appliance gas control
valve test tap. Be certain the manometer is filled with water
according to the manufacturer’s instructions and is set to a
zero reading before testing.
You can also use an electronic manometer, which works on
the same principle as a water manometer, but gives a digital
reading instead of a water level reading. You can also use a
magnehelic gauge, or a 0-35” water column (w.c.) pressure
gauge kit, which gives a dial reading. Any gas pressure
measuring device should be properly calibrated according to
the manufacturer’s instructions.

ELECTRONIC MANOMETER
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PERFORMING A LEAK CHECK USING A MANOMETER
MODULE 6

Now we’ll review how to perform a leak check using a manometer.

Step 1: Close the container service valve(s) and inspect the
premises according to your company policy.

Step 2: Using the appropriate fitting and hose, connect the
water manometer somewhere downstream of the final-stage
regulator but before the appliance gas control valve outlet test
tap. This example shows a service technician tapping into the
inlet side of the gas control valve by removing the inlet test
tap and installing a barbed adapter to connect the manometer.
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Step 3: SLOWLY open the service valve on the propane
storage container. Leave it open for two or three seconds, and
then close it.

Step 4: Release enough gas from the vapor distribution
system to drop the system pressure to 9" +/- ½” w.c. on the
manometer. This ensures that all regulators in the system
are unlocked and that a leak anywhere in the system is
communicated to the gauging device.
If the gas pressure increases above the 9” +/- ½” w.c., you
must then check to ensure the service valve is fully closed and
then restart the leak check. If you observe another pressure
increase, the container service valve will likely need to be
repaired or replaced in order to complete a valid leak check.
Step 5: Allow the vapor distribution system to remain
pressurized for three minutes without showing an increase
or decrease in the reading on the manometer. Once the vapor
distribution system is proven to be leak free, record the test
pressure and the amount of time it took to perform the test
according to your company policy.
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Step 6: Close the appliance’s manual gas shutoff valve,
disconnect the water manometer and any fittings used,
and reconnect the appliance line.

Step 7: Open the service valve(s) on the storage
container to repressurize the system.

Step 8: Open the appliance manual gas shutoff valve to
re-pressurize the test point and test for leaks at the joint
using a suitable leak detection solution or device.

CERTIFIED EMPLOYEE TRAINING PROGRAM

172

Module 6: Leak Check

USING A TEST-BLOCK GAUGE
MODULE 6

A 0-300 psi pressure gauge, such as a test-block gauge, can
be used to conduct a leak check. It is installed between the
container service valve and the first-stage or integral 2-stage
regulator.
A test-block gauge is only one type of gauge setup that may
be used. Other high-pressure gauges may also be used. Some
companies have containers with a test tap located in the
container service valve and a gauge is connected directly to it
without disconnecting the inlet side of the first regulator in the
system. Some companies use a pressure tap on the inlet side
of the first-stage regulator. There are other versions of this type
of test tap setup as well.

A significant difference between using a water
manometer and the block gauge is that when using
the manometer all of the regulators in the system
are open and unlocked. When using the block
gauge, all regulators in the system are locked.
For the test-block gauge to indicate a leak in the system, the
regulator would need to sense a drop in pressure downstream
of it before it would unlock or open.

MANOMETER = REGULATORS IN
SYSTEM OPEN AND UNLOCKED
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BLOCK GAUGE = REGULATORS
IN SYSTEM LOCKED AND CLOSED
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PERFORMING A LEAK CHECK USING A TEST-BLOCK GAUGE
MODULE 6

The leak check procedures using a test-block gauge include these steps:

Step 1: Close the container service valve(s) and inspect
the premises according to your company policy.

Step 2: Install the block gauge between the container
service valve and the inlet of the first regulator in the
system.

Step 3: SLOWLY open the service valve on the propane
storage container. Leave it open for two or three
seconds, and then close it.

Step 4: Reduce the pressure reading on the block gauge
by 10 psig lower than the container pressure. This is
done by loosening the bleeder on the test-block gauge.
The pressure reading during this step is dependent upon
the ambient temperature of the container.
If the gas pressure increases above this reduced
pressure, you must then check to ensure all service
valves are fully closed and then restart the leak check. If
you observe another pressure increase, the container
service valve(s) will likely need to be repaired or
replaced in order to properly complete a leak check.
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MODULE 6
Step 5: Allow the vapor distribution system to remain
pressurized for three minutes without showing an increase
or decrease in the reading on the gauge.

Step 6: Once the vapor distribution system is proven to be
leak free, record the test pressure and the amount of time it
took to perform the test according to your company policy.

Step 7: Remove the block gauge and reconnect the regulator
to the container service valve using the appropriate connector.

Step 8: Open the service valve(s) on the tank to repressurize the system.

Step 9: Check for leaks at the service valve connection and
regulator inlet connection using a suitable leak detection
solution or device.
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USING A HIGH-PRESSURE GAUGE
MODULE 6

A 0-30 psi pressure gauge can also be used for conducting a
leak check. It is installed between the first- and second-stage
regulators.

A significant difference between using the testblock gauge and the high-pressure gauge is that
all regulators in the system are locked and closed
when using the block gauge. The first-stage
regulator is unlocked and open and the secondstage regulator is locked and closed when using
the high pressure 0-30 psi pressure gauge.
For the high-pressure gauge test device to indicate a leak in
the system downstream of the second-stage regulator, the
second-stage regulator would need to sense a drop in pressure
downstream of it before it would unlock or open.

BLOCK GAUGE = REGULATORS
IN SYSTEM LOCKED AND CLOSED

HIGH-PRESSURE GAUGE =
FIRST-STAGE REGULATOR IN
SYSTEM OPEN AND UNLOCKED
/ SECOND-STAGE REGULATOR
LOCKED AND CLOSED
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PERFORMING A LEAK CHECK USING A HIGH-PRESSURE GAUGE
MODULE 6

Leak check procedures using a high-pressure gauge include these steps:
Step 1: Close the container service valve(s) and inspect the
premises according to your company policy.
Step 2: Connect a 0-30 psi pressure gauge on the
downstream side of the first-stage regulator or at the inlet
to the second-stage regulator but not downstream of the
second-stage regulator.

Step 3: SLOWLY open the service valve on the propane
storage container. Leave it open for two or three seconds, and
then close it.
Step 4: Release enough gas from the vapor distribution
system to drop the system pressure by 5 psi from the starting
pressure reading on the gauge. (If you have a 5 lb first-stage
regulator, drop the pressure by 2 lb.)
If the gas pressure increases above this reduced pressure, you
must then check to ensure all service valves are fully closed
and then restart the leak check. If you observe another

pressure increase, the container service valve(s)
will likely need to be repaired or replaced in order
to complete a valid leak check.
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Step 6: Once the vapor distribution system is proven to be leak
free, record the test pressure and the amount of time the test
was performed according to your company policy.

Step 7: Remove the high-pressure gauge and reinstall the test
port plug or other connector used to conduct the test.
Step 8: Open the service valve(s) on the tank to re-pressurize
the system.
Step 9: Check for leaks at the service valve connection and
regulator inlet connection using a suitable leak detection
solution or device.
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Step 5: Allow the vapor distribution system to remain
pressurized for three minutes without showing an increase or
decrease in the reading on the gauge.
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USING A VAPOR METER
MODULE 6

A vapor meter may also be used to perform a leak
check. Immediately prior to performing the leak check,
determine if the meter is in good operating condition.
One way to verify proper operation is to release a small amount
of propane and watch the test dial for movement. If the test dial
does not move with gas flowing through the meter, the meter is
defective and this method should not be used to conduct a leak
check until the meter has been repaired or replaced. In addition,
look for damage to the meter case, dial face, valves, regulators,
and corresponding piping that might explain any problems with
the meter.
This method can be used at any residence, but is typically
performed at structures with multiple vapor meters, such as an
apartment complex.
NOTE: Refer to your company policy and applicable codes for
specific guidance on verifying vapor meter operations.
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PERFORMING A LEAK CHECK USING A VAPOR METER

Step 1: Close the shutoff valve, or gas cock, at the
meter inlet and inspect the premises according to your
company policy.
Step 2: SLOWLY open the shutoff valve or gas cock and
then close it after the system has been pressurized.

Step 3: As soon as gas is introduced into the vapor
distribution system, wet a small piece of paper and paste
its edge directly over the centerline of the test hand
to assist in observing any movement of the hand. This
observation should be made with the test hand on the
upstroke.

Step 4: Carefully watch the test dial on the meter to
determine whether propane is passing through the
meter. You can use this table to determine test hand
observation times.
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The leak check procedure using a vapor meter includes these steps:
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Step 5: Look for movement of the test hand for the required
length of time according to the test time table. If no movement
happens during that time, you can assume there is no leak.

Step 6: Once the vapor distribution system is proven to be
leak free, record the test results and the amount of time it took
to perform the test according to your company policy.
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CHECK FOR UNDERSTANDING

When conducting a leak check using a high-pressure gauge, the first-stage regulator is unlocked and
open and the second-stage regulator is ________and___________.
unlocked/open

vented/purged

locked/closed

unvented/closed
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 376.
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IF YOU DISCOVER A LEAK
MODULE 6

If your leak check instrument shows a decrease in
pressure, then there may be one or more leaks in the
vapor distribution system. You must locate the source
of the leak or leaks by:
Using a combustible gas indicator following the
manufacturer’s instructions.

Using a suitable leak detection solution.
Performing an isolated test and inspection of piping
segments, which will be discussed on the next page.
Performing a combination of the above methods.
It is best not to use artificial illumination, however if you must,
use an approved flashlight or safety lamp to search for a
propane leak.
When searching for leaks, do not operate
electric switches. If electric lights are already
turned on, do not turn them off. NEVER use
matches, candles, open flames, or other
potential ignition sources when trying to locate
a propane leak.

After leak(s) are located and repaired, the leak check must
be restarted and performed until no change in pressure is
observed for the applicable test time. This will determine
whether the vapor distribution system is gas tight.
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ISOLATED TESTING OF PIPING FOR LEAKS

When leak checking a 2-stage system using, for example, the water manometer method, with the manometer located at the
farthest gas appliance, perform these steps:
Step 1: With the system pressurized, shut the manual
shutoff valve located at the second-stage regulator.

Step 2: Monitor the water manometer for a loss of
pressure.
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The isolated testing method may be used to help pinpoint a gas leak found in a vapor distribution system
when conducting a leak check. This method pinpoints the leak by isolating the inside piping from the
outside piping on a 2-stage system if a manual shutoff valve is installed at the second-stage regulator.
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Step 3: If the pressure reading drops, it means that the
leak is downstream of the manual shutoff valve at the
second-stage regulator. Turn off individual manual gas
shutoff valves located at each appliance one at a time
until you locate the leak.
If this still does not help pinpoint the leak, you may
need to use an electronic leak detector or a liquid leak
detection solution to help locate the leak.

Step 4: If the pressure reading does not drop, it means
that the leak is somewhere between the propane
container and the manual shutoff valve located at the
second-stage regulator. Use an electronic leak detector
or a liquid leak detection solution to help pinpoint the
leak in this case as well.
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INTEGRAL 2-STAGE REGULATOR TESTING
MODULE 6

The same procedure may be used when testing an integral
2-stage regulator system. The integral 2-stage regulator is
usually mounted at the storage container, where the service
valve serves as the shutoff valve. So, in Step 3 you would shut
off the storage container valve and not the manual shutoff
valve located at the second-stage regulator as specified.
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LEARNING ACTIVITY: LEAK CHECKING WITH A BLOCK GAUGE DECISION TREE

Check your work on page 376.
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MODULE SUMMARY

A number of different testing devices can be used to perform a leak check. Remember that the methods described in
this lesson assume you have a standard regulator system. You should be aware that systems with multiple second-stage
regulators may present unique situations.
Always follow your company’s policy on how to perform specific procedures. You should also record your leak check
results as prescribed by your company.
Once you have determined the vapor distribution system to be free of leaks, you are ready to purge the line of air.
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A leak check must be performed to ensure the system is free of leaks any time a vapor distribution system is turned on
for the first time, or after an interruption of service.
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Module 6 Quiz
1. After validating the venting of a vapor distribution system and whether it supports combustion air, you must perform a
______________.
a.
b.
c.
d.

vapor meter check
leak check
pressure test
interruption of service test

2. A leak check should be performed under the following conditions:
a.
b.
c.
d.

Immediately after the gas is turned on into new or modified piping
After an interruption of service
When a vapor meter has been replaced
All of the above

3. An appliance without a 100% safety shutoff valve has a safety device to automatically stop gas from passing to the
combustion chamber.
a. True
b. False

4. When conducting a leak check using a water manometer, all regulators in the system should be ___________and
_________________.
a.
b.
c.
d.

open/unlocked
closed/locked
vented/purged
unvented/closed
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Let’s take a moment to check how well you understand the information presented. Select the appropriate answer for each of
the following questions.
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5. Where do you install the test-block gauge in the system to conduct a leak check?
MODULE 6

a.
b.
c.
d.

Downstream of the second-stage regulator
At the appliance’s thermostat
At the service valve on the propane storage container
Between the container service valve and the inlet of the first regulator in the system

6. When performing a leak check on systems with 100% safety shutoff valve appliances, you should ensure the 100%
shutoff valve is in the “ON” position.
a. True
b. False

7. Name a device you can use to pinpoint a leak.
a.
b.
c.
d.

Manometer
Combustible gas indicator
Vapor meter
High-pressure gauge
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Module 7: Purging Air From a Piping System
INTRODUCTION
This module demonstrates how and why you must purge a vapor distribution system of air and inert gases. If air is not
properly purged from a system, propane vapor and combustible gas-air mixtures could escape into the indoors. You will learn
how to purge both indoor and outdoor piping to avoid this potentially hazardous situation.

After completing this module, you will be able to:
Explain the importance of purging a piping system of air.
Communicate safety precautions when purging a piping system of air.
Identify procedures for purging both indoor and outdoor piping.
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Lesson 1. Purging Air From a Piping System
MODULE 7

INTRODUCTION
In the process of placing appliances into operation, you have
validated the venting system and the combustion air inside the
structure. You have verified that the interior structure can support
a gas appliance, and that the piping bringing propane to the
appliance is leak free.
Before you can begin working directly with the appliance, you
must purge the air from the vapor distribution system. How and
why we do this is the focus of this lesson.

After completing this lesson you will be able to:
Identify safety precautions when purging air from a piping
system.

Identify when you need to purge.
Identify procedures for purging outdoor piping.
Identify procedures for purging indoor piping.
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PURGING
MODULE 7

Air or inert gas must be removed, or purged, from a piping
system before placing gas appliances and the vapor
distribution system itself into service. This is especially true
when placing a system into operation after a new piping
installation as the lines may be full of air from a pressure test.
Failing to purge air from a piping system between the supply
tank or cylinder(s) and the appliances will make it difficult for
you to light the pilots, produce an improper flame at the main
burner, and may result in the improper operation of electronic
control ignition systems. Adjustable appliance burners cannot
be properly adjusted until all air or inert gas is completely
removed from the lines.
If you do not follow proper purging procedures, propane vapor
and combustible gas-air mixtures could escape into the indoor
atmosphere of a building causing an explosion or fire if an
ignition source is present. Therefore, it is extremely important
that you follow an acceptable procedure to thoroughly remove
air or inert gases from a piping system so you do not create a
potential hazard.
WARNING: Purging mixtures of propane and air
to the atmosphere is hazardous! Never loosen a
pipe union, flare connection, or sediment trap
cap or allow purged gases to escape
uncontrolled inside a structure or enclosed area.

See Resources for a chemical safety bulletin illustrating the
importance of proper purging.

CERTIFIED EMPLOYEE TRAINING PROGRAM

Lesson 1. Purging Air From a Piping System

195

SAFETY PRECAUTIONS

the purging procedure:

Do not discharge air indoors or into a confined area where
there are potential sources of ignition.
Be sure to bond the gas pipe. The reason for this is that
when gas moves through distribution lines, it can create a
buildup of static electricity in the piping system. The static
can then arc and become a potential source of ignition for
the propane being purged. Bonding, or grounding, the gas
pipe will inhibit the buildup of static electricity.

èThe lines can be bonded by a few simple methods.

One method for bonding/grounding metallic piping is by
attaching an electrical wire to the metallic pipe with a
metal clamp and then attaching the other end of the wire
to a ground rod or other grounded metallic object. Refer to
your company policy and applicable codes for acceptable
methods for properly bonding and grounding metallic gas
lines.

TYPICAL WAY TO DISPLACE AIR

Purge air from the propane container that will be used to
supply the propane for the piping purging process. The
container must be properly purged of air and filled with
propane according to company policy. You cannot properly
purge air from a distribution line if air is present in the
propane container.
Purge all exterior distribution lines from the container to
the outlet of the second-stage regulator.
Understand the piping system layout before you begin
purging. This is important because gas will flow directly to
a purge point, so lines that branch off to the sides will not
be purged properly. You must know the layout of the entire
piping system in order to conduct a purge at the end of
each line. That way, you will be sure you have purged the
entire piping system properly.

EXAMPLE OF GAS PIPE BONDING
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When purging air from a system, you typically displace the air with propane vapor from a supply
container. However, there are several safety precautions and code requirements you must be aware of before beginning
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PIPING SYSTEM LAYOUT
MODULE 7

The components of a piping system layout include:
Separate service entrances.
Trunk and branch lines.
Distribution manifolds and branch lines.
Unusually long or large diameter lines.

CAUTION: During purging, close all valves if you
must leave the purging location for any reason
even if just for a moment. This will prevent gas
from escaping the system in your absence.
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PRELIMINARY PURGING STEPS
MODULE 7

Before you begin to purge the system of air, you must
follow these precautions:
Verify that appliance shutoffs are in the closed or
“OFF” positions, and that all distribution lines that are
not connected to an appliance are capped or plugged.

Verify that the thermostat and appliance power supply
are in the “OFF” position, and power disconnects to
outdoor packaged heating and air conditioning units
are also in the “OFF” position.
Verify that the purging ignition point is the only source
of ignition in the area. You must eliminate or control
any other sources of ignition you find. If you cannot
control an ignition source, you should install a remote
purge line to conduct your purge a safe distance away
from the ignition source.
Plan out your purging points and the order in which
you will purge the lines. This will minimize the
possibility of trapping pockets of air or inert gas in the
system. This planning will also allow you to put the
appliances back into service more quickly.
Let’s examine the procedure for purging outdoor piping.
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PURGING OUTDOOR PIPING
MODULE 7

Two types of distribution lines are purged outdoors:
First-stage lines connecting first-stage and secondstage or 2-psi service regulators. These lines are
typically buried.

Distribution lines to outdoor appliances.
This lesson describes one method for purging outdoor piping.
You should always follow all applicable codes as well as your
company’s policy for requirements on releasing gas into the
atmosphere.
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STEPS FOR PURGING FIRST-STAGE LINES AND LINES TO OUTDOOR APPLIANCES

Step 1: Identify a purge point at the
service entrance to the building and
open it.

Step 3: Pressurize the distribution
line by slowly opening the
container service valve.

Step 4: Release gas in a controlled
method until the odor of propane is
detected.

Step 2: Attach a remote purge line if
necessary. Make sure the purging valve
is closed.

Step 5: Close the container service
valve and reconnect any open fittings
or test taps.

Step 6: Open the container service
valve to pressurize the system. Use
a suitable leak detection method to
make sure there is no leakage at the
purge point.

To verify whether the piping has
been purged, turn on any outdoor
appliances to make sure they stay lit.
Lighting pilots will be covered later in
this course.
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Purging outdoors may be done at the test tap of a shutoff valve installed below the second-stage or
2-psi service regulator, or at the test tap on the inlet side of the regulator. Some general steps for
purging are:
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PURGING INDOOR PIPING
MODULE 7

Purging indoors is required for distribution lines
located:
Downstream of integral 2-stage, second-stage, or
2-psi service regulators.

At individual appliances.
You must control the purging rate and eliminate hazardous
conditions when purging indoors. You can do this by using one
of three methods:

A controlled purging burner.
An appliance burner.
A remote purge line that vents gas-air mix outdoors.
Let’s examine these indoor purging methods in more detail.
Purging indoors is required for distribution lines
downtream of integral 2-stage, second-stage, or

2-psi service regulators.
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RELEASING PURGED PROPANE
MODULE 7

No matter what method you use to conduct indoor
purging, you must ensure that the propane released
during the purging process is either burned off or
vented to the outside.
If you suspect propane has been released into a
structure during purging, you should stop the
purging process immediately and determine if
you have created a dangerous condition.

One way to monitor whether gas is escaping is by using a
Combustible Gas Indicator (CGI) while conducting an indoor
purge. A CGI monitors the air to determine if propane gas is
present and when it is approaching a combustible level.
The CGI unit uses an internal sampling pump to continuously
monitor the air in the building and gives an audible alarm
and display reading when the atmosphere reaches the lower
explosive limit (LEL) for propane.
You should always follow company policy and the
manufacturer’s recommendations for setup, calibration, and
operation of any CGI.
NOTE: This discussion pertains only to small commercial and
residential piping systems. For purging large systems (greater
than or equal to 2.5" pipe size and greater than 50 feet in
length), or other systems where the design operating
pressure is greater than 2 psig, consult NFPA 54.

A CGI monitors the air to determine if propane
gas is present and when it is approaching a
combustible level.
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CONTROLLED PURGING BURNER METHOD
MODULE 7

The controlled purging burner method, sometimes referred to as a controlled ignition burner or part of a purging burner kit, is
one method you can use to perform purging indoors. You must use a shutoff valve when conducting this purge

so that line purging can be started and stopped as required.
You must also use a burner to consume any propane vapor released when purging in an enclosed area. A hand-held torch or
an LP-gas igniter provide a reliable and constant ignition source you could use when conducting the purge.

Step 1: Make sure the gas shutoff valve upstream of the
appliance is closed.
Step 2: In a 2 lb vapor distribution system,
be sure the purging point and connection
to the purging burner are downstream of a
line regulator so that the burner will receive
purged gas at pressures reduced from 2 psig
to the required burner input pressure.

Step 3: Ensure that the burner valve and, if used, the purging
valve is closed. Remove the test tap plug from the shutoff valve,
sediment trap nipple, or other inlet connection and immediately
install the purging valve or burner connection as applicable.
If the pressure test tap is upstream of the appliance shutoff,
incorporate measures to control venting the gas through the
pressure tap when installing the purging valve and burner
connections.
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Step 4: With the purging burner valve closed, open the
appliance shutoff and check the connections for leakage.

MODULE 7

Step 5: Ready the continuous source of ignition, and
then open the purging burner valve. Ensure that the
igniter applies a continuous flame immediately above the
burner ports or flame retention wire mesh screen if using
a hot plate.
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MODULE 7

Step 6: When a steady propane flame is ignited and can
be maintained without a continuous source of ignition,
close the appliance shutoff valve, and after the flame
extinguishes, immediately close the purging burner valve
and purging valve if used.

Step 7: While controlling the venting of gas through the
pressure tap, remove the burner fitting or purging valve,
and immediately re-install the test tap plug and covering
cap, sediment trap nipple, or any other inlet connection.
Open the appliance shutoff valve and check the test
tap for leakage using a suitable leak-detection solution.
Be sure to apply the leak-detection solution only to the
immediate area of the test tap.

You must complete these purging steps for
each gas appliance on the vapor distribution
system.
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APPLIANCE BURNER METHOD
MODULE 7

Another indoor purging method is using an appliance burner
not located in a combustion chamber as a purging point.
Typically, cooking appliances, top surface burner units, with
a hot surface igniter (HSI) can be used to purge propane lines
safely inside a structure. This is a common method because
it does not require any special equipment or breaking into the
gas piping system.
The appliance burner can be an efficient method to use as
a purging point because you have direct access and control
over the burner and can easily monitor the procedure. Also,
there is no combustion chamber, making the procedure less
dangerous. It can be a quick method as well since there are no
safety devices to disable.
NOTE: Be sure to use a continuous source of ignition to ensure
the proper ignition of purged gas when using the appliance
burner method.
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STEPS FOR PURGING USING AN APPLIANCE BURNER
MODULE 7

In this example, we will discuss using a cooktop burner on a stove to purge the lines.

Step 1: Make sure the gas shutoff valve upstream of the
appliance is open and that gas can flow to the cooktop.
Step 2: Ready the continuous source of ignition, and then open
the control knob of a single burner on the cooktop. Ensure
that the igniter applies a continuous flame within a suitable
distance immediately above the burner ports.
NOTE: As most cooktops have multiple burners, be sure that
you have the igniter at the correct burner on the cooktop that
corresponds with the control knob that you have opened.

Step 3: When a steady propane flame is ignited and can be
maintained without the presence of the electric or LP-gas
igniter, close the control knob for the burner.
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Step 5: If you opened any portion of the piping system,
use a suitable leak-detection method to make sure there
is no leakage at the purge point.
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Step 4: Light all the burners on the cooktop and allow
them to operate for a few minutes to ensure that the gas
line is completely purged.

208

Module 7: Purging Air From a Piping System

You can also use a dryer to purge the lines. To use a dryer, simply set the timer to the heat cycle and start it up. It will recycle
itself as many times as necessary to purge the air or inert gas from the line.

MODULE 7

To verify that the piping to an appliance is properly purged, turn the appliance on to ensure it stays lit. This will be discussed
later in this course.

REMOTE PURGE LINE
Instead of setting a purge point inside and releasing the air/
gas mixture within the structure, you can use a remote purge
line to extend the purge point outside the structure. The
following is an example of how to set up a remote purge line
for a 2 psig or less system or a system using 2" piping or less.
You should always make sure that you follow the established
procedures for your company that follow state requirements.

Step 1: Attach an approved adapter at an appropriate point in
the piping system near the appliance but downstream of the
appliance shutoff valve.

èBe sure to use a nominal thread or standard flare
connection.
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èBe sure to use a listed or approved gas hose for

purging. Don’t use vinyl tubing, water supply hose, or
other materials not approved for gas service.
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Step 2: Connect a temporary approved hose or additional
piping to the adapter and extend it outside and away from
building openings and any external source of ignition.
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Step 3: Install a manual shutoff valve on the hose end
and make sure the valve is closed. It is also a good safety
practice to ground or bond the hose or piping termination
outside to prevent a static electricity discharge at the purge
point.
Step 4: Go inside and turn the gas on by opening the shutoff
valve near the appliance. This will pressurize the hose or
piping being used to purge.
Step 5: Check the hose or piping fittings for leaks.
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Step 7: When the CGI or monitoring device indicates the
presence of fuel gas at the purge point, turn the manual
shutoff valve off. Return inside and turn off the valve
supplying the purge line.
Step 8: Release the gas from the line in a manner that
follows local and state requirements for outdoor purging.
Some states, for example, may require that the gas be
burned. Once you are sure all the gas has been bled off the
line, disconnect the temporary purge hose or piping. When
doing this, plug or cap the purge line immediately so that
the residual gas within the line is not released inside the
structure.
Step 9: Remove the adapter, reconnect any fittings taken
apart, turn the appliance shutoff valve back on, and test
these fittings for leakage using an appropriate leak detection
solution or other leak detection method approved by your
company.
This example demonstrates a procedure for a small system
of 2 psig or less and nominal pipe or tubing 2" or less. For
systems with piping over 2 psig or larger than 2", you are
required to use a CGI to monitor the line and determine when
there is 90% gas at the purge point.
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Step 6: Go outside and slowly open the manual shutoff valve.
Use a CGI, or other monitoring device recommended by your
company policy and state laws, to monitor the air/gas mixture
coming out of the valve until all air has been purged out.

LEARNING ACTIVITY

LEARNING ACTIVITY: PURGING AIR DECISION TREE

Check your work on page 377.
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CHECK FOR UNDERSTANDING: PURGING

When purging air from a piping system, which of these is NOT true?
Do not discharge purged air in a confined place with potential sources of ignition

Do not use propane during the purging process; only use an inert gas

Purge lines only after the piping system has been determined to be leak free

Purge lines before turning the appliance on
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your answer on page 377.
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MODULE SUMMARY
Air left in a piping system can cause problems with the operation of a burner or appliance. More critically, when the lines in
a piping system are not properly purged, the air can mix with escaping propane to cause a potentially hazardous situation,
especially when in an enclosed structure. Therefore, correctly purging the lines of air in a vapor distribution system is a
crucial step in placing the vapor distribution system into service.
Once you have determined that a vapor distribution system is leak free and purged of air, we can discuss how to place an
appliance or a system into operation. The first step in this process is lighting the pilot which is the focus of the next lesson.
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Module 7 Quiz
1. Air or inert gas must be removed from the piping of a propane system after placing gas appliances and the vapor
distribution system into service.
a. True
b. False

2. Why is it critical to bond or ground the gas pipe before beginning the purging procedure?
a.
b.
c.
d.

To verify there isn’t a leak in the system
To purge propane-air mixtures to the atmosphere
To ensure there is no buildup of static electricity in the piping system
To displace the air with propane vapor from a supply container

3. It is not possible to properly purge air from the distribution lines if _________is present in the supply container.
a.
b.
c.
d.

propane
air
carbon dioxide
odorant

4. All exterior distribution lines must be purged from the container to the outlet of the_____________ prior to beginning
the system purge.
a.
b.
c.
d.

manifold
thermocouple
first-stage regulator
second-stage regulator

5. Before you begin to purge the system of air, you must verify that appliance shutoffs are in the ___________ position
and that all distribution lines not connected to appliance shutoffs are ____________.
a.
b.
c.
d.

on/uncapped
off/capped
vented/closed
disconnected/open
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Let’s take a moment to check how well you understand the information presented. Select the appropriate answer for each of
the following questions.
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6. What is the first step to purging outdoors?
MODULE 7

a.
b.
c.
d.

Release gas in a controlled method until the odor of propane is detected
Open the container service valve to pressurize the system
Identify a purge point at the service entrance to the building and open it
None of the above pertains to purging outdoors

7. Purging indoors is required for distribution lines located_____________.
a.
b.
c.
d.

Downstream of integral 2-stage regulators
Downstream of second-stage regulators
Downstream of 2-psi service regulators
All of the above

8. You must ensure that propane released during the purging process is either burned off or vented to the outside.
a. True
b. False

9. While conducting an indoor purge, one way to monitor whether gas is escaping is by using a _______________.
a.
b.
c.
d.

leak detector solution
Combustible Gas Indicator (CGI)
Corrugated Stainless Steel Tubing (CSST)
controlled burner

10. You must not use a burner to consume any propane vapor released when purging in an enclosed area.
a. True
b. False

CERTIFIED EMPLOYEE TRAINING PROGRAM

217

MODULE 8

Module 8: Appliance Startup
INTRODUCTION
The purpose of this module is to focus on the actual appliances in a vapor distribution system and how to turn them on.
Once the appliances are turned on, we will turn our attention to performing flow and lock-up tests that check to see if the
regulators are providing the right amount of gas to the appliances.
After completing this module, you will be able to:

Identify requirements for placing gas appliances into initial operation.
Know how to turn on appliances with either standing pilots or electronic ignition systems.
Recognize procedures for a system flow and lock-up test.
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Lesson 1. Appliance Startup
MODULE 8

INTRODUCTION
So far in this course we have focused on venting, piping, and the
space where the appliance is located. We have verified that the
venting system will perform adequately and that there is enough
air to support combustion. We have leak checked the system, and
purged air and other inert gases from the piping system.
For the remainder of the course, we will focus on the appliance
itself. We will discuss the different appliance controls, how to
test an appliance to ensure it is functioning properly, and identify
potential problems in the operation of the appliance. Before you
can do any of this, you must learn how to turn the appliance on. To
do this, you must either light the pilot or “cycle” the appliance on
if the appliance is equipped with an electronic ignition.

After completing this lesson, you will be able to:
Identify requirements for placing gas appliances into
initial operation.

Recognize steps for placing appliances equipped with
standing pilots into operation.
Recognize steps for placing appliances equipped with
electronic ignition into operation.
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REQUIREMENTS FOR PLACING
APPLIANCES INTO INITIAL OPERATION
Appliance requirements vary widely when placing them into
initial operation. For this reason, only qualified personnel
should place appliances into operation. Check with your
supervisor before conducting this procedure. Here are some
basic guidelines for placing common appliances into operation.
Lighting the pilot is the first step in placing an appliance into
operation. It involves operating the appliance through a number
of “calls-for-heat,” sometimes referred to as “start up” and
“shutdown” cycles, to verify proper operation and adjustment
of the burner and proper venting. If your service call requires
you to put an appliance into service, be sure to look for any
documentation that confirms required tests were performed on
the piping system.
During the process of placing gas appliances into service you
should consult the following resources:

NFPA 54.
The appliance manufacturer’s instructions.
Any applicable company policies.
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CODE REQUIREMENTS
MODULE 8

NFPA 54 outlines some code requirements for placing
appliances into initial operation. These requirements state the
following:

Do not overfire an appliance.
Know the input rating of the gas appliance. These
ratings are based on sea-level operation and do not
need to be changed when operating appliances at an
elevation of up to 2,000 ft. Above 2,000 ft, equipment
ratings shall be reduced in accordance with code,
which is addressed in the CETP course Installing
Appliances and Interior Vapor Distribution Systems.

èOverfiring an appliance can occur by supplying too
much gas pressure or by having a burner orifice that’s
too large. Overfiring an appliance is prohibited because it
may change the flame shape and burning characteristics,
which can result in loss of efficiency, overtemperature of
the appliance flue, change in the products of combustion, or
other undesirable consequences.
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LIGHTING APPLIANCE PILOTS
MODULE 8

Before lighting any appliance pilot, be sure to do a “sniff test.” If possible,
walk around the appliance and sniff repeatedly. If you smell propane, you
may have a gas leak. Do not light any appliance until you have found the
source of the leak and fixed the problem. Once you determine the area to
be free of leaks, you can light the appliance pilot.
There are two basic forms of burner ignition devices or pilots:

Standing pilot: A small flame that burns constantly, usually with a
safety device.
Electronic ignition: A mechanism that provides a source of
ignition to an appliance that does not burn constantly.
The procedures described in this lesson are examples of how to light pilots
or start up an electronic ignition system. Because appliances vary, be sure
you follow the manufacturer’s instructions for the specific type of appliance
you are starting up or the pilot you are lighting.
Let’s examine how to light standing pilots first.

APPLIANCE WITH STANDING PILOT
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STEPS FOR LIGHTING A STANDING PILOT

Step 1: Always read and follow an
appliance manufacturer’s instructions
for lighting pilots. These can be
found in the appliance operating
instructions or on the appliance decal.

Step 3: Conduct a sniff test at
floor level. If you smell gas, do not
proceed. Shut off the gas and call
your supervisor for guidance.

Step 2: If necessary, remove the
burner access door(s).

Step 5: Turn off the electrical power
Step 6: Turn the control knob to the
supply to the appliance. This should
“PILOT” position.
prevent the main burner from operating
until the power supply is turned back on.

Step 4: Ensure the burner control
knob is in the “OFF” position
for the time specified by the
manufacturer’s instructions. This will
allow the thermocouple to cool. The
thermocouple will be discussed later
in the course.

Step 7: Depress the control knob
in the pilot lighting position while
applying a continuous source of
ignition to the pilot burner.
CERTIFIED EMPLOYEE TRAINING PROGRAM
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The steps for lighting a standing pilot vary from appliance to appliance. In this scenario, the gas lines have previously been
pressure tested, leak checked, and purged of air. You must make sure all appliances are ready for lighting as described by
the manufacturer. If you are working with a water heater, for example, be sure it is filled with water.
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Step 8: After the pilot burner ignites, continue to hold the control
knob down in the pilot position for 30-60 seconds to allow the
thermocouple tip to be heated by the pilot burner. Slowly release
the control knob until it rises to the top of the pilot position.
If the control knob does not return to the top by itself, do not force
it. Assume the control is malfunctioning and should be replaced
or the appliance should be taken out of service. Contact your
supervisor or refer to your company policy for further direction.
Confirm that the pilot burner is properly lit by looking for a flame. If
the pilot burner stays lit, turn the control knob to the “ON” position.

If the pilot goes out turn the control knob to the “OFF” position for
the time specified by the manufacturer’s instructions. Then repeat
steps six and seven. If the pilot still will not stay lit, you may need to
hold the knob down longer than 60 seconds but not longer than 90
seconds.

If this does not work, there is something wrong with the
100% pilot safety system. Contact your supervisor or refer
to your company policy for further direction. Safety devices
will be discussed in a later lesson.
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Step 9: Once the pilot lights
successfully, reinstall the burner
access panel if it was removed.
Reinstalling this panel will prevent
flame roll out until a good draft is
established.

Step 10: Turn on the power supply
and the main burner should light.

Step 11: Observe the main burner for
a proper blue flame. You may need to
temporarily remove the burner access
panel to view the main burner flame.
Proper flame characteristics and
burner adjustments will be covered
later in this course.

èFlame roll out is an unsafe situation where flames roll out of the combustion chamber openings when the
burner is turned on. This type of flame will be discussed in more detail in the lesson on Basic Burner Flame
Abnormalities.

Step 12: Turn the power supply on and off so the main burner cycles through
three or four calls for heat and burner shutdowns. This is to verify that all of
the air has been removed from the vapor distribution piping and to verify the
gas control is operating properly. Controls and safety devices will be covered
later this course.
NOTE: Contact your supervisor if you are unable to light the pilot burner on any
appliance with a standing pilot according to the manufacturer’s instructions.
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STEPS FOR LIGHTING PILOTS WITHOUT PILOT SAFETY DEVICES
MODULE 8

Some ranges have standing pilots without a safety device. Because appliances differ, be sure to read all appliance
manufacturer’s instructions before lighting the pilot. To light a pilot in an appliance without a pilot safety device, perform
these steps:

Step 1: Lift the range top in order to light the top burner
pilots. The range oven and broiler will need to have their
pilot lights lit as well.

Step 2: Light the appliance pilot by holding an ignition
source near the pilot burner orifice. Do this immediately
after introducing gas into the system because you do not
want gas to build up inside the range before you light the
appliance.

Now, let’s discuss starting up an appliance equipped with an electronic control ignition system.
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STEPS FOR STARTING UP ELECTRONIC
CONTROL IGNITION SYSTEMS
Step 1: To use an electronic control ignition source, you must
initiate a call for heat, which must be done according to the
manufacturer’s instructions. In most cases, turning on the
thermostat and setting the heat for a temperature higher than
room temperature will start the call for heat. Depending on
the appliance, you may need to use another method to initiate
appliance start up.
Step 2: If the gas line is properly purged, and the appliance is
installed as directed, the appliance will operate as designed. If
the burner does not ignite on the first trial call for heat, it may
be necessary to turn the thermostat or the power supply to the
“OFF” position to allow the ignition module to reset from the
lockout mode.
Step 3: Wait the proper interval prescribed in the
manufacturer’s instructions before initiating a subsequent
call for heat. There is no danger using an electronic ignition
system as many times as needed provided you follow the
manufacturer’s instructions.
An appliance equipped with Intermittent Spark Ignition (ISI)
controls will light the pilot first and once it proves lit, will then
allow the main burner to ignite. This system may take longer
to light with a spark than appliances with Hot Surface Ignitions
(HSI) or Direct Spark Ignitions (DSI) as these systems ignite the
main burner directly.
All three of these electronic ignition systems have built-in
safety timing devices to prevent propane gas from building
up in the combustion chamber if the appliance does not light
right away. Typically, ISI systems have lockout timings ranging
from 15-90 seconds while HSI and DSI systems have lockout
timings ranging from 5-10 seconds. In any case, let the system
run through its cycle before initiating a subsequent call for
heat.

IGNITION SYSTEMS
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Step 4: After the appliance responds to the call for heat with
proper burner ignition, cycle the appliance through two to three
additional calls for heat and shutdown cycles by adjusting
the thermostat temperature setting or interrupting the power
supply.
For standing pilots or electronic ignition systems, if you have
tried several times and are unsuccessful at keeping the pilot
lit, contact your supervisor and refer to your company policy
for what action to take next. If you have successfully lit the
appliance pilot, you are now ready to perform a system flow
and lock-up test, which will be the focus of the next lesson.
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CHECK FOR UNDERSTANDING

What should you do if you smell gas while lighting the pilot to an appliance?
Continue lighting the pilot, then search for a gas leak

Warn the customer to leave the building

Call 911 and inform them of a potential gas leak

Stop what you are doing and search for a gas leak
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the question’s
appropriate response. Check your work on page 377.
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Lesson 2.
System Flow and Lock-Up Tests
INTRODUCTION
In the previous lesson, we lit the pilot to turn the appliance on and
place it into operation. The next step is to conduct flow and lockup tests on the regulator and piping system to ensure the propane
flow to the appliances is adequate and that the regulators will lock
up appropriately to prevent excessive vapor pressure build up at
the appliances.
You have read an overview about these tests in the system tests
lesson earlier in this course. Now, you will learn the specific
procedure for each of these tests.

After completing this lesson, you will be able to:
Recognize procedures for a regulator and system flow
pressure test.
Recognize procedures for a regulator lock-up test.
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PURPOSE OF TESTS
MODULE 8

When you turn a propane appliance on, propane vapor flows through the line to the appliance for use. The regulator makes
sure the amount of gas flowing to the appliance is not too high or too low. When the appliance is shut off, vapor pressure will
continue to build in the line unless the regulator automatically turns off the flow of propane.

“Flow” and “lock-up tests,” are typically performed on vapor distribution systems to determine if the
container, piping, and regulator(s) are sized correctly and to ensure that the regulators are set and functioning
properly so they do not overpressurize the piping system downstream from them.
Regulator adjustments are made in response to the flow test. Therefore, the flow test is performed before the lock-up test.
After an appliance is connected to a vapor distribution system, you should conduct a flow test to measure the gas pressure at
the appliance under full load to determine if the regulator, or regulators, and piping system can supply the amount of gas the
appliance demands.
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FLOW AND LOCK-UP

èFriction loss refers to friction that is created as gas travels through piping. The longer the piping system and the more
fittings in the piping, the greater the friction loss.

Lock-up is the amount of pressure necessary to seal off the regulator inlet orifice to stop the propane from flowing when
there is no demand. A lock-up test measures the amount of delivered pressure to an appliance with no demand to ensure
that the regulator will shut off the flow of propane when the appliances are not in use. Regulator lock-up pressure will
always be higher than the regulator or system flow pressure but must not exceed a specific pressure as set by the regulator
manufacturer.
NOTE: This lesson provides general guidance on how to perform flow and lock-up tests. Be sure to consult your company
policy for specific procedures on conducting these tests.
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Flow pressure is tested to ensure that appliances are receiving an adequate amount of propane at the manufacturerrecommended pressure. Flow pressure is affected by friction loss within piping. Performing a flow test as close as possible
to an appliance helps verify that the container, piping, and regulator(s) are properly sized.
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REGULATORS
MODULE 8

Regulator flow pressure and lock-up tests are typically
performed on:
First-stage regulators
Second-stage regulators
Integral 2-stage regulators
Line-pressure regulators
2-psi regulators
Lock-up tests must be performed on all new regulators in the
piping system. Lock-up tests may be performed on existing
regulators if you suspect an elevated downstream line pressure
or if required by your company policy. A lock-up test is needed
if propane vapor is escaping through a regulator vent. Refer
to your company policy and applicable codes for specific
guidance in this situation.
To ensure that the lock-up test is valid, the regulator flow
pressure test is typically done first, making output pressure
adjustments if needed. Then the lock-up test is performed with
the regulator set for proper flow pressure requirements.
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FLOW TEST USING A MANOMETER
MODULE 8

Typically, a water manometer is used to measure gas flow
pressure of low-pressure regulators with output pressures
of 11" to 14" w.c. Therefore, this flow test is performed
downstream of either the 2-stage regulator outlet or secondstage regulator outlet of a 2-stage regulator system.
There are a variety of water manometers available that
measure gas pressure with different increments and scales.
Make sure the manometer you use starts out at a zero reading
as indicated by the manufacturer’s instructions.
A calibrated gauge or other company-approved pressure
measuring device may also be used to conduct a flow test.
The manometer should be located in a piping test tap
downstream of the line regulator and, typically, at the appliance
farthest from the regulator.

Ensure the manometer is set to zero reading
before starting the flow test.

Initially, why would you not position the device at the secondstage or integral 2-stage regulator?

èAnswer: Because you want to make sure the gas supply
is adequate for the appliances downstream of the regulator.

The ideal location for the manometer is at the
appliance farthest from the regulator.
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FLOW TEST PROCEDURE
MODULE 8

These flow test procedures are based on common
industry practices and manufacturer’s recommendations:
Step 1: Install a water manometer or other company-approved
pressure-measuring device in the test tap of the appliance
shutoff valve farthest from the regulator. Many appliance gas
control valves have an inlet test port that can be used as well
to measure the flow and lock up.
Step 2: Operate all available propane appliances at full
operating capacity, or in accordance with your company policy.
Step 3: Check the delivered pressure shown on the manometer
while the appliances are operating. If necessary, adjust the
delivery pressure of the second-stage or line regulator to 11"
w.c. or to the manufacturer’s specifications.
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FLOW TEST AT SECOND-STAGE OR LINE REGULATOR
MODULE 8

If adequate flow pressure is not maintained with all
connected gas appliances operating, perform the flow
test at the second-stage regulator or line regulator.

If the pressure is incorrect, check the following:
Verify that the regulator output capacity
adequately supplies all connected appliances.
If it does not, install a larger capacity regulator,
then leak check the system, and repeat the flow
pressure test. Verify that the new regulator has
adequate capacity for the load.

If the regulator is sized adequately, then adjust it
to the desired flow pressure in accordance with
the manufacturer’s recommendations.
Verify the proper sizing and output pressure
adjustment of upstream pressure regulators.
The service regulator upstream of the regulator
being flow-pressure tested may not be properly
sized or may not be providing sufficient output
pressure for gas appliance demand.

If the pressure is incorrect and the regulator is sized
correctly, adjust it to the desired flow pressure according
to manufacturer’s recommendations.

If the pressure at the second-stage or line
regulator is correct:
Piping may be undersized, kinked, or blocked.
This problem cannot be fixed by adjusting the
output pressure of the regulator being tested.
Contact your supervisor for guidance.
The Vapor Exterior Distributions System course provides
training on selecting and sizing pipes and regulators.
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FLOW TEST AT 2-PSI OR FIRSTSTAGE REGULATOR
If you test the pressure at the inlet side of a second-stage
regulator and find the pressure to be inadequate under normal
flow conditions, you will need to test the flow at the 2-psi or
first-stage regulator. These procedures are based on common
industry practices and manufacturer’s recommendations:
Step 1: Install a suitable pressure-measuring device on the
outlet side of the first-stage regulator that measures in pounds,
such as a 0-30 pounds per square inch gauge (psig).

èMeasures the absolute pressure of a system. Pounds
per square inch gauge (psig) measures pressure relative
to atmospheric pressure. Pressure at sea level is 14.7 psi
and 0 psig. When you read pressure on a gauge, you are
technically reading psig, even though it may be commonly
referred to as psi.

Step 2: Operate all available propane appliances at full
capacity, or as prescribed by your company policy.
Step 3: Check the delivered pressure shown on the gauge
with the appliances operating. If necessary, adjust the delivery
pressure of the first-stage regulator to the manufacturer’s
specifications. You may need to install a different first-stage
regulator that can meet the demands of the second-stage
regulator if the required pressure cannot be achieved by
adjusting the regulator spring according to the manufacturer’s
instructions.

Once you have performed the flow test and established
that the regulator is allowing adequate pressure in the
piping system when the appliance is turned on, you
can perform the lock-up test to ensure the regulator
will close properly when the appliance is turned off.
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LOCK-UP TEST FOR SECOND OR INTEGRAL 2-STAGE REGULATOR
MODULE 8

To perform the lock-up test for a second or integral 2-stage regulator:

Step 1: Place the pressure-measuring device anywhere in
the system downstream of the regulator being measured.
Selecting the appropriate test tap location will depend on the
type of regulator being tested, its output pressure, and the
pressure measuring device. Often, this test is performed at the
same test location as the flow test previously discussed.

Step 2: Turn all appliance controls off.
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Step 3: Close the appliance shutoff valves to any appliance
without a 100% pilot safety shutoff device.

MODULE 8
Step 4: Leave the container service valve open to maintain
system pressure. With no gas flowing through the appliances,
the pressure will increase slightly and then stop. This indicates
the lock-up pressure. The lock-up pressure should not exceed
14" w.c. Verify the regulator manufacturer’s pressure lock-up
specifications.
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Step 6: If you do not see an increase in pressure
downstream of the regulator, then the regulator has
adequate pressure for lock up. If the outlet pressure
of the regulator is too high, then either the regulator is
malfunctioning or the regulator inlet pressure is too high. In
this case, you will need to perform a lock-up test at the firststage regulator to determine the problem.
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Step 5: Watch the pressure for at least one minute or until
there is a steady reading. If the flow pressure was 11" w.c.,
then the lock-up pressure should not exceed the maximum
rating on the gas control valve, typically 14" w.c.
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LOCK-UP TEST FOR FIRST-STAGE OR 2-PSI REGULATOR
MODULE 8

To perform the lock-up test for a first-stage or 2-psi regulator:

Step 1: Locate the pressuremeasuring device on the outlet side
of the first-stage or 2-psi regulator.

Step 2: Turn all appliance controls
off.

Step 4: Leave the container service
valve open to maintain system
pressure. With no gas flowing through
the appliances, the pressure will
increase slightly and then stop. This
indicates the lock-up pressure. Watch
the pressure for at least one minute
or long enough to acquire a steady
reading. The lock-up pressure should
not exceed the regulator manufacturer’s
pressure lock-up specification.

Step 5: If the pressure exceeds the
manufacturer’s specifications, the
regulator spring setting may have
been set too high during the flow
test or the regulator is not seating
properly and it must be replaced
or repaired according to the
manufacturer’s instructions and your
company policy.
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Step 3: Close the appliance shutoff
valves to any appliance without a
100% pilot safety shutoff device.

Check your work on page 377.
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CHECK FOR UNDERSTANDING
MODULE 8

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the question’s
appropriate response. Check your work on page 377.

What is the purpose of a system flow test?
To determine the correct type of container to use

To ensure that a regulator is functioning properly

To measure the amount of pressure that will shut off the flow of propane when appliances are not in use

To measure the flow rate in the system and determine its upper temperature limit
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CHECK FOR UNDERSTANDING

What is the purpose of a lock-up test?
To determine the correct type of container to use

To ensure that the regulators are functioning properly

To measure the amount of pressure that will shut off the flow of propane when appliances are not in use

To measure the flow rate in the system and determine its upper temperature limit
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the question’s
appropriate response. Check your work on page 377.

246

Module 8: Appliance Startup

MODULE SUMMARY
MODULE 8

Performing flow and lock-up tests on regulators and piping in a vapor distribution system ensures the propane flow to the
appliances is adequate and that the regulators will lock up appropriately to prevent excessive gas pressure build up at the
appliances.
Next, we will examine appliance controls and safety devices you will likely see. Finally, you will complete the process of
placing an appliance into operation by learning how to perform a spillage test and troubleshoot flame problems.
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Module 8 Quiz
1. During the process of placing gas appliances into service you should consult which of the following resources?
a.
b.
c.
d.

NFPA 54
The appliance manufacturer’s instructions
Any applicable company policies
All of the above

2. NFPA 54 states two specific requirements for placing appliances into initial operation: do not overfire an appliance and
know the ________of the appliances you are placing into operation.
a.
b.
c.
d.

pilot lights
input rating
100% automatic shutoff valves
heat cycles

3. What is the first thing you should do before lighting any appliance pilot?
a.
b.
c.
d.

Conduct a walk-through of the piping system
Perform a flow test
Conduct a sniff test
Find a source of ignition

4. When lighting a standing pilot, you should reinstall the burner access panel once you have lit the pilot light so as to
prevent ____________ until a good draft is established.
a.
b.
c.
d.

a backdraft
combustion
fluctuating flames
flame roll out
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Let’s take a moment to check how well you understand the information presented. Select the appropriate answer for each of
the following questions.
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5. After an appliance is connected to a vapor distribution system, you should conduct a flow test to measure the gas
MODULE 8

pressure at the appliance under half load to determine if the regulator, or regulators, and piping system can supply the
amount of gas the appliance demands.
a. True
b. False

6. Performing a flow test as close as possible to an appliance helps verify that the container, piping, and ___________are
properly sized.
a.
b.
c.
d.

shutoff valves
orifice
manometer
regulators

7. A _____________measures the amount of delivered pressure to an appliance with no demand to ensure that the
regulator will shut off the flow of propane when the appliances are not in use.
a.
b.
c.
d.

flow test
lock-up test
pressure test
meter creep test

8. Lock-up tests must be performed on all new regulators in a piping system.
a. True
b. False

9. The ____________test should be performed before the _____________test so that regulators can be properly
adjusted if needed.
a.
b.
c.
d.

lock-up/flow
regulator/pressure
flow/lock-up
pressure/flow
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10. Which test should you perform if propane vapor is escaping through a regulator vent?
Line pressure test
Lock-up test
Flow test
None of the above

MODULE 8

a.
b.
c.
d.

11. Ideally, a ______________is used to measure gas flow pressure of low-pressure regulators with output pressures of
11" to 14" water column (w.c.).
a.
b.
c.
d.

t-block
orifice
CSST
water manometer
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MODULE 9

Module 9: Appliance Controls
and Safety Devices
INTRODUCTION
This module contains information on how to recognize appliance controls and their proper operation. Additionally, you will
learn how to recognize the purpose of appliance safety devices and identify their proper operation.
After completing this module, you will be able to:

Identify and verify the proper operation of appliance controls.
Identify and verify the proper operation of appliance safety devices.
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Lesson 1. Appliance Controls
MODULE 9

INTRODUCTION
It is important to understand the basic types of appliance controls
before starting up a gas appliance. Although different appliances
have different components, they share some basic principles.
The focus of this lesson is to help you recognize various appliance
controls. You will also learn their primary purpose and how to
verify their safe operation. Other CETP courses will address proper
servicing and troubleshooting of these controls and offer a more
in-depth review of their components.
After completing this lesson, you will be able to:

Explain the purpose of appliance gas controls.
Identify and verify the proper operation of appliance gas
controls.
Identify and verify the proper operation of appliance
thermostats.
Identify and verify the proper operation of appliance ignition
controls.
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PLACING APPLIANCES INTO INITIAL OPERATION
MODULE 9

When first placing appliances into operation, some manufacturer’s require that protective devices be checked for proper
operation per the instructions provided by the manufacturer. This verification only applies to appliances being placed into
initial operation. These checks include:

Safety shutoff devices: You must check the safety shutoff
device to ensure its proper operation. The safety shutoff
device shuts off the supply of gas to the main burner or
both the main burner and the pilot burner. Consult the
manufacturer’s instructions to determine the type of safety
shutoff device that should be used and test it to ensure its
proper operation.

Automatic Ignition: Most gas appliances are equipped
with an automatic ignition system that incorporates either
a constant burning pilot and safety shutoff device or one of
several different types of spark or Hot Surface Ignition (HSI)
devices. When placing appliances with automatic ignition
into operation, follow the manufacturer’s instructions to
ensure their proper operation.

Protective Devices: When placing appliances into
operation, all protective devices must be checked for
proper operation. These devices can include the limit
control, fan control to blower, temperature and pressure
relief valve, low-water cutoff device, and manual operating
features.
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APPLIANCE CONTROLS

Gas controls control the gas flow and regulate the gas pressure going to the appliance burner.
Thermostats measure the room or water temperature and control the “ON” and “OFF” cycle of an appliance.
Ignition controls, in conjunction with ignition devices and flame sensing devices, ignite the propane at the
appliance burner and monitor the safe operation of a burner flame.
Safety devices monitor various functions within the appliance and detect when something is wrong. Safety devices
will be discussed in greater detail in the following lesson.

If at any time a control seems defective, remove the appliance from service and contact your
supervisor.
Remember to disconnect the power supply before servicing or replacing any connection to an appliance control to conduct
testing of different components. Let’s examine these categories, beginning with gas controls.
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Appliances can have different controls. There are, however, basic equipment and principles that apply to most propane gas
appliances. The different controls for appliances can be sorted into four basic categories:
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GAS CONTROLS
MODULE 9

These controls regulate the flow of gas and gas pressure
entering the appliance burner. Let’s examine two particular
sets of controls:

Mechanical gas controls.
Pressure-regulated gas control valves.
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MECHANICAL GAS CONTROLS
MODULE 9

A mechanical gas control is most often used on a gas-fired
water heater with a storage tank. The purpose of this control
is to maintain a user-defined, set water temperature (typically
120° F) in the storage tank by controlling the main burner
function. It also monitors the pilot flame and incorporates a
100% safety shutoff system that will stop all propane from
flowing into the combustion chamber if the pilot goes out.
This control also has a built-in Energy Cut-Off (ECO) device
that shuts the burner off if the control thermostat does
not turn the burner off when required. To verify the proper
operation of this type of control, the thermostat should be able
to cycle the main burner on and off as the temperature control
is turned up or down.
If the burner does not turn off, it could be that the water in
the storage tank is too cold. If so, let it run for a few minutes
and it should shut off when turned down to the lowest setting.
If it does not shut off, then the system must be shut off and
disconnected according to your company policy as the control
is probably defective and must be replaced.
The 100% pilot safety shutoff system, which is part of this
type of control, should be tested similarly to any other control
with a pilot safety system as outlined later in this lesson.

ENERGY CUT-OFF (ECO) DEVICE
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PRESSURE-REGULATED GAS CONTROL VALVE
MODULE 9

This type of gas control is used in many different appliances,
such as space heaters, hearth products, pool heaters, furnaces,
and boilers. Its purpose is to control the gas flow at a specific
pressure to the appliance pilot and main burner or just the
main burner in some electronic control ignition systems.
The power supply to operate the control may be: direct current
(DC) millivolts, 24 volts alternating current (AC), or 120 volts
AC. Control valves commonly found on some space heaters do
not require an external voltage source and are operated by a
hydraulic type operator instead.
A pressure-regulated control valve is used on appliances
with a standing pilot system and a 100% pilot safety shutoff
system as well as a variety of electronic ignition systems. This
type of control valve may be tested for proper operation by
disconnecting the power supply to the control with the main
burner operating.
If the gas control valve is functioning properly, the main burner
will go out immediately. If the burner continues to operate with
the power supply disconnected, the valve is defective and must
be replaced or taken out of service according to your company
policy.
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SHUTTING MAIN BURNER OFF
MODULE 9

If an appliance has a manual hydraulic operator type control
valve, simply turn the control knob to the lowest temperature
setting. This should shut the main burner off as long as the
room temperature is not below the lowest setting of the
control. If it does not turn off, it is defective and must be
replaced or taken out of service.
A 100% pilot safety shutoff system is tested the same as the
mechanical-type control valve, which will be covered later in
this lesson.
Pressure-regulated control valves regulate the gas pressure to
the appliance burner. The valves reduce input line pressure to a
uniform burner operating pressure.
The next category of appliance controls we will examine is
thermostats.
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THERMOSTATS
MODULE 9

The purpose of a wall thermostat is to monitor and maintain
a set temperature within a specific area. The wall thermostat
controls the “on” and “off” action of the heat source. It
controls the amount of heat in a given space by allowing or
preventing an electrical current to flow through the contacts.
The thermostat switch may be rated for millivolts, 24 Volts
Alternating Current (VAC), or 120 VAC.
Some gas control valves have built-in thermostats that include
a sensing bulb that monitors the room temperature and
controls the “on” and “off” action of a gas appliance. These
systems do not have any external voltage supplied to them and
are configured differently on certain appliances such as space
heaters and gas log sets.
The next category of appliance controls we will examine is
ignition controls and devices.
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IGNITION CONTROLS AND DEVICES
MODULE 9

Ignition controls and devices safely ignite the propane at
the appliance burner and monitor the pilot or main burner
operation. A device is needed to ensure that gas moving
through the control and burner is properly ignited and that
unburned gas is not escaping into the combustion chamber.
There are two primary types of ignition safety control systems:

Thermocouple or pilot generator systems are used
with standing pilots. With either system, when the pilot
goes out, the control shuts down the flow of propane
to the pilot and main burner after a predetermined
amount of time. This should not exceed three
minutes, or 180 seconds but typically occurs within
approximately 30 seconds, depending on the type of
pilot safety system.
Electronic control ignition systems are used to ignite
pilot and main burners for either Intermittent Spark
Ignition (ISI), Hot Surface Ignition (HSI), or Direct Spark
Ignition (DSI) systems. With an electronic control
ignition system, the ignition control shuts off the gas
to the pilot and main burner when the flame-sensing
device does not receive the proper flame signal,
usually due to a flame failure or poor flame. These
controls typically shut off the gas within one second or
less, similar to shutting off a light switch.
You must follow the specific manufacturer’s instructions when
verifying the proper operation or testing of any ignition control
or device.

CERTIFIED EMPLOYEE TRAINING PROGRAM

262

Module 9: Appliance Controls and Safety Devices

THERMOCOUPLES
MODULE 9

A common type of safety shutoff device sensor is the
thermocouple. The pilot flame acts to sufficiently heat the hot
junction of the thermocouple. This produces DC millivolts which
energizes the control’s safety magnet that holds open the pilot
valve in the gas control valve. Opening this valve allows gas to
flow to the appliance burner when gas is required at the main
burner.
If the pilot flame is extinguished, the millivoltage output of
the pilot begins to drop, causing the safety shutoff device, or
magnet, to shut off the gas supply to the appliance pilot and
main burner.
The flame of the pilot burner should surround the upper portion
of the thermocouple for proper operation. It will produce the
maximum amount of DC millivolts at the hot junction of the
thermocouple, located 3/8" to ½" down from the tip of the
thermocouple.
The thermocouple 100% pilot safety shutoff consists of
the thermocouple and the safety magnet inside the gas
control valve. To test for proper operation, the pilot must be
extinguished and then verified as to whether the gas control
valve has stopped the gas flow to the pilot and main burner.
The gas flow must stop within three minutes but typically stops
within approximately 30 seconds.
Another way to verify if a thermocouple is operating properly is
by loosening or disconnecting the thermocouple lead at the gas
control valve with the pilot burning. The pilot and main burner
will go out immediately if the electrical circuit has been broken.
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PILOT GENERATORS
MODULE 9

Pilot generators are used on appliances operating without an
external electrical power source. They are actually a bundle of
miniature thermocouples that combine to produce enough DC
electricity, up to 750 millivolts, to operate the pilot and main
burner safety valves in the gas control valve. They operate the
same as a thermocouple, but with a higher voltage output.
Testing the 100% pilot safety shutoff device on a pilot
generator system is the same as testing the thermocouple
safety system.

èPilot generators are sometimes called “thermopile”
or “Powerpile® systems.”
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ELECTRONIC CONTROL IGNITION SYSTEMS
MODULE 9

A variety of electronic control ignition systems are used to
ensure that gas going to the pilot or main burner is shut down
in the event of a problem. They do this by controlling the
voltage to the gas control valve and monitoring the pilot and
main burner flame through a flame-sensing device of some
type.
If an ignition control does not receive the proper signal from
a flame-sensing device, it will stop the flow of gas to the
combustion chamber. Many appliance manufacturers provide
these controls that also control other components, including
a draft-inducer motor, a furnace-blower motor, or boilercirculating pump.

CERTIFIED EMPLOYEE TRAINING PROGRAM

Lesson 1. Appliance Controls

265

FLAME RECTIFICATION
MODULE 9

Electronics work on a principle known as “flame rectification”
where the ignition control works in conjunction with a flame sensor
to monitor the flame during the burner run cycle. It is important
to understand flame rectification to determine if a system is
performing properly.
If the flame at the flame sensor is burning properly, the ignition
control will continue to supply power to the gas control valve and
allow gas to continue to flow to the burner. If the flame goes out or
is not burning properly, the flame sensor signals the ignition control
to stop the gas from flowing to the burner.
The flame acts as a conductor of electricity and when the flame
goes out the gas shuts off. This is similar to a light bulb shutting
off when the light switch is switched to the “OFF” position. The
technical aspect of flame rectification is covered in detail in a
separate CETP course.
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CHECK FOR UNDERSTANDING
MODULE 9

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 377.

Which of the following components are parts of an electronic control ignition system?
Hot surface igniter

Flame sensor

Thermocouple

Both a & b
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INTRODUCTION
Appliances generally have built-in safety devices that ensure
their safe operation. When placing appliances into operation, it is
important for you to recognize the purpose of these safety devices
and identify their proper operation. This will be the main focus of
this lesson.
After completing this lesson, you will be able to:

Explain the purpose of appliance safety devices.
Identify and verify the proper operation of appliance
safety devices.
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SAFETY DEVICES
MODULE 9

NFPA requires some safety devices be checked for proper
operation when placing appliances into initial operation.
You must check the safety shutoff device to ensure its proper
operation. The safety shutoff device shuts off the supply of
gas to the main burner or both the main burner and the pilot
burner. You should consult the manufacturer’s instructions to
determine the type of safety shutoff device that should be used
and test it to ensure its proper operation.
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TYPES OF SAFETY DEVICES

Oxygen Depletion Sensors (ODS)
Electronic control ignition system flame sensors
Flame roll out and Energy Cut-Off (ECO) devices
High-limit switches
Additional safety devices
Fan control switches
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There are several sensors built into an appliance that monitor events within the appliance. These sensors are designed
to shut the appliance off if unsafe conditions are detected. You must follow the specific manufacturer’s instructions when
verifying the proper operation and testing of any safety device. In this lesson, these safety devices include:
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OXYGEN DEPLETION SENSORS
MODULE 9

An Oxygen Depletion Sensor (ODS) is a specialized, quickacting variation of the thermocouple 100% safety shutoff
system that was developed for unvented room heaters. The
pilot burner is located at the top of the assembly with the flame
directed across a spark electrode and the upper portion of the
ODS thermocouple.
The ODS is highly sensitive to pilot flame lifting. When the
oxygen level in room air is reduced to a hazardous level,
the ODS is designed to interrupt flame contact with the
thermocouple and shut down the gas flow to the unvented gas
appliance.
An ODS is a “go”, “no go” device. It is not adjustable, not
repairable, and must not be tampered with. Proper operation
depends solely on proper installation of the appliance which
must be installed on a level foundation according to the
manufacturer’s instructions.
The same procedures for testing a thermocouple 100% pilot
safety shutoff system can be used to verify the safe operation
of an ODS safety system. A significant difference between the
operations of these two systems is the location of the pilot
flame on the thermocouple. The ODS pilot flame acts more
quickly because the pilot flame must only hit the tip of the
thermocouple allowing it to react faster when the oxygen level
in the room drops.

èFlame lifting is when a flame lifts over the burner,

has a well-defined shape, and is noisy. Flame lifting will
be discussed in more detail later in this course.
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ELECTRONIC CONTROL IGNITION
SYSTEM FLAME SENSORS
Electronic control ignition systems sense the presence of
a flame using the principle of “flame rectification.” These
systems do this using a flame-sensing device, such as a flame
rod, an HSI, or a combination spark-electrode flame sensor.
Electronic control ignition systems must be properly connected
to the correct electronic control ignition control board for the
system to function properly and safely.
Electronically-controlled appliances are able to establish
burner ignition using an internal ignition source such as an
electrical spark or HSI. These two ignition sources also serve
as the flame-sensing device in many electronic control ignition
systems, as mentioned earlier.
These systems can be tested by disconnecting the flame
sensor wire or ground terminal on the ignition control or
flame-sensing device. When you do this, the flame should
go out immediately. If it does not, the system is not working
properly and the appliance should not be left on. Contact your
supervisor or follow your company policy for further direction.

Electronic control ignition systems can be
tested by disconnecting the flame sensor wire
or ground terminal on the ignition control or
flame-sensing device. The flame should go out
immediately.
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FLAME ROLL OUT AND ENERGY
CUT-OFF DEVICES
Sometimes, under adverse operating conditions, combustion
products may spill or “roll out” from the combustion chamber
into another section of an appliance. In some appliances, a
fusible link or roll-out switch is wired in the gas control circuit
and physically located just outside the combustion chamber.
If flames or hot gases roll out of the combustion chamber, the
fusible link melts or the roll-out switch opens and breaks the
circuit, shutting off power to the gas control.
Fusible links are replaceable on some gas appliances while
other appliances have re-settable roll-out switches or both.
Flame roll-out switches such as Energy Cut-Off (ECO) devices
may be tested for proper operation by simply disconnecting
a wire from it to verify it shuts the gas burner off when
disconnected.
ECO devices are a feature of storage tank water heater
controls; however, an internal ECO device in water heater
controls is not repairable and is not able to be reset.

FUSIBLE LINK

ECO WATER HEATER CONTROL
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HIGH-LIMIT SWITCHES
MODULE 9

The purpose of a high-limit switch is to shut off the burner
if the water or air temperatures get above a predetermined
temperature as specified by the appliance manufacturer. This
safety device will keep an appliance from overheating and
possibly creating an unsafe condition. It is important to verify
the proper operation of a high-limit switch after an appliance is
started.
To verify its operation on a forced warm air furnace, simulate
the high-limit switch opening by disconnecting one of the
wires on the high-limit switch. The burner should shut off
immediately when you interrupt the electrical circuit. If the
burner does not shut off immediately you should shut the
burner off and follow your company policy to remove the
appliance from service. The same procedure can be followed
to test a high-limit switch on other gas appliances.
To verify the operation of a high-limit switch on a hydronic
boiler, simply close off the supply or the return valve to the
hydronic system. Then, run the main burner until the boiler
shuts off at the temperature setting of the high-limit switch.
This setting is typically around 180°-200° F. If the burner does
not shut off when the water temperature reaches the high-limit
setting, shut it off and follow your company policy to remove
the appliance from service.
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ADDITIONAL SAFETY DEVICES
MODULE 9

Up to this point, we have examined safety devices that pertain
to propane gas flow. Now, we will look at pressure safety
devices, a key element in certain appliances.

Water-Pressure Relief Devices
A hydronic boiler spring-loaded pressure relief valve is typically
set to open and relieve excess water pressure at 30 pounds
per square inch gauge (psig). They are used on boilers to
protect forced hot water boilers from generating steam.
The relief valve primarily protects the boiler heat exchanger
but also protects the circulation pump and the hydronic piping
and other controls. A discharge line must be connected to the
boiler relief valve outlet and run to a safe place of disposal.
The discharge line should terminate in a way that will
prevent severe burning or property damage if the relief valve
discharges hot water.
Verify that the relief valve will open by pulling it to see if
water comes out. Be sure the valve is piped to a safe location
before opening it. Refer to your company policy for specific
instructions. If it leaks water and does not reset, shut the
appliance off as well as the water supply to it. If this happens,
or if the relief valve will not open when pulling on the handle,
follow your company policy to take the appliance out of service.
Now that we have examined hydronic boilers, let’s discuss
water heaters.
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WATER HEATERS
MODULE 9

Storage tank-type water heaters are required to have safety
devices to prevent overpressurizing and heater failure. These
devices prevent high pressure in the water heater due to
expanding hot water and steam.
Water heaters are equipped with a water heater spring-loaded
pressure and temperature relief valve designed to open if the
temperature or pressure gets too high. These relief valves are
typically set to open if the temperature reaches 200°-210° F or
if the water pressure reaches 150 psig on residential and light
commercial water heaters.
The discharge line should terminate in a way that will prevent
severe burns or property damage if the relief valve discharges
hot water. This type of relief valve is tested in the same manner
as the boiler relief valve.
PRESSURE RELIEF VALVE
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LOW WATER CUT-OFF DEVICES
MODULE 9

A Low Water Cut-Off (LWCO) device is required on all water
boilers and steam boilers to shut off the fuel supply to the
burner if the boiler water level drops below the lowest safe
water line. This device will prevent the boiler from overheating
if the minimum water level is not maintained.
To verify this device is functioning properly, make sure the
power supply is turned off then disconnect the sensor probe
wire. Turn the power supply back on. The device is working
properly when the power supply is turned on and there is
a call for heat but the burner does not fire with the wire
disconnected.
NFPA 54 exempts certain boilers with flow-sensing devices
that will shut off the burner if inadequate water flow is
detected.
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FAN CONTROL SWITCHES
MODULE 9

Fan control switches are used on furnaces, space heaters, or
other gas appliances to control the “ON” and “OFF” cycles of
a fan used to distribute heated air. For example, in a forced
warm air furnace the burner starts after there is a call for heat
from the thermostat and the heat exchanger heats up. When
a preset temperature is reached, the fan control switch turns
on the main blower which distributes heated air to the building
through the air distribution system.
When the call for heat cycle ends and the heat exchanger cools
down to a preset temperature, the fan control switch shuts off
the main blower.
To verify the proper operation of this device, run the appliance
through a normal sequence of operation and make certain the
fan control turns the main blower on and then shuts it off after
the heat cycle has ended.
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CHECK FOR UNDERSTANDING

Which one of these safety devices is meant to shut off the appliance burner if the appliance gets too
hot?
Thermocouple

Spark igniter

High-limit switch

Safety magnet in the gas control valve
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 378.
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MODULE SUMMARY
MODULE 9

It is important to verify the proper operation of any gas control valves
and safety devices when installing and placing a gas appliance into
operation for the first time. Safety devices are an important component
of an appliance because they detect when something is wrong. Failure
to verify their proper operation may cause an unsafe condition to occur.
Contact your supervisor, or refer to your company policy and consult
the manufacturer’s literature for specific instructions on how to verify if
these devices are working the way they were designed.
We have now validated the exterior and interior piping of a vapor
distribution system by checking the venting and combustion air,
performing a leak check, purging the lines of air, lighting the pilot, and
performing a system flow and lock-up test. But before we can place the
appliance into operation, you must learn how to perform a spillage test
which is the topic of our next module.
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1. Appliance controls vary but most fit into four basic categories. Which of the following is not an appliance control
category?
a.
b.
c.
d.

Gas controls
Direct unit controls
Ignitions controls
Safety devices

2. What is the purpose of mechanical gas controls?
a.
b.
c.
d.

To regulate the flow of gas and the gas pressure entering the appliance burner
To monitor and maintain a desired set temperature within a specific area
To maintain a user-defined, set water temperature in the storage tank
To control the gas flow at a specific pressure to the appliance pilot and main burner

3. What kind of ignition safety control system is used on appliances operating without an external electrical power?
a.
b.
c.
d.

Energy cutoff
Electronic controls
Pilot generator
None of the above

4. What is the most significant difference between the operations of thermocouple 100% pilot safety shutoff systems and
the Oxygen Depletion Sensors (ODS) systems?
a.
b.
c.
d.

The fusible link melts and breaks the circuit in the ODS
The main burner should not restart until the high limit has cooled down and reset in the ODS
The flame safety monitor
The location of the pilot flame on the thermocouple

5. The purpose of ignition controls and devices are to safely ignite propane at the appliance burner and to monitor the pilot
or main burner operation.
a. True
b. False
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Let’s take a moment to check how well you understand the information presented. Select the appropriate answer for each of
the following questions.
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6. When an ignition control works in conjunction with a flame sensor to monitor a flame during the burner run cycle it
MODULE 9

is known as ________________. This principle is important to understand to determine if a system is performing
properly.
a.
b.
c.
d.

hot surface ignition
flame rectification
flashback
flame lifting

7. _________________________are used on furnaces, space heaters, or other gas appliances to control the “ON” and
“OFF” cycles of a fan used to distribute heated air.
a.
b.
c.
d.

Spark igniters
Fan-control switches
High-limit switch
Thermocouples

8. NFPA does not require you to check safety shutoff devices when placing appliances into initial operation to ensure their
proper operation.
a. True
b. False

9. What is the purpose of a pressure relief valve on a hydronic heating boiler?
a.
b.
c.
d.

To prevent water pressure from dropping too low inside the boiler
To prevent water pressure from entering the hydronic system
To prevent water pressure from getting too high inside the boiler and attached piping
To allow escaping discharge water to be directed to the floor level

10. What is the Low Water Cut-Off (LWCO) device used for?
a. To shut the burner off if the water or air temperature gets above a predetermined temperature specified by the
appliance manufacturer
b. To shut off the fuel supply to the burner if the boiler water level drops below the lowest safe water line
c. To open and relieve excess water pressure at 150 psig on residential and light commercial water heaters
d. To control the “ON” and “OFF” cycle of a fan used to distribute heated air
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Module 10: Spillage Test
INTRODUCTION
Once you have validated a venting system, you must check to ensure the appliances are venting properly. This is done by
performing a “spillage” test that checks for flue gases that are improperly venting into a room where an appliance is located.
After completing this module, you will be able to:

Perform a spillage test to verify proper venting of flue gases from an appliance.
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MODULE 10

Lesson 1. Spillage Test

INTRODUCTION
Earlier in this course, we validated the venting system and
verified that enough combustion, dilution, and ventilation air were
provided. Now, we must ensure the appliance itself is venting
correctly when in operation. This final step to placing an appliance
into operation requires you to perform a spillage test.
“Spillage” refers to improperly vented flue gases entering a room
where an appliance is located. Natural draft vented appliances
should be checked for spillage at the draft diverter or draft hood
with the appliance operating. If these flue gases were

to backflow, or spill, inside a structure, products
of combustion could accumulate inside causing a
dangerous situation.
After completing this lesson, you will be able to:
Perform spillage tests to verify proper venting of flue
gases from an appliance.

APPLIANCE SPILLAGE
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SPILLAGE TEST PROCEDURE
MODULE 10

You should perform a spillage test on gas appliances equipped with draft hoods or diverters that rely on natural draft to vent
the products of combustion to the outside. No spillage test is required for fan-assisted, draft-induced, power-vented, direct
vent, or unvented appliances.
Follow these steps to perform a spillage test:
Step 1: If possible, close all exterior building doors and
windows, fireplace dampers, and doors normally kept closed
between where the appliance is located and the rest of the
building. Turn on all clothes dryers. Turn on any exhaust fans,
such as range hoods and bathroom exhausts, so they operate
at their highest setting.
You can determine air infiltration best by maximizing the
capacity of all exhaust fans. If you find there is negative
pressure, outside air may be pulled down a chimney or gas
vent. This backflow may prevent products of combustion from
being properly vented.

Do not operate a whole house ventilation fan
during this test. This will cause a backflow.

Step 2: Start up the appliance you are testing for spillage
following the manufacturer’s lighting instructions. Adjust the
thermostat so the appliance operates continuously.
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drafting properly, the products of combustion tend
to extinguish the flame or not draw smoke into the
diverter.

Step 4: Turn on all other appliances in the same room as the
appliance you are testing so they can operate at full capacity.
Follow all manufacturer’s lighting instructions for each
appliance.
Step 5: With all appliances turned on, repeat step 3 on the
appliance being tested. Open doors closed prior to the start of
the test and return exhaust fans, fireplace dampers, and any
other appliance to their original state.

If you detect spillage, you must find the cause and
correct the problem. If you cannot fix the problem on your
own, shut the affected appliance off and take it out of service
according to your company policy.
There are many reasons an appliance may not draft properly.
These can include an improperly-sized gas vent or chimney,
a flue blockage, or a lack of combustion or dilution air. These
conditions and how to resolve them are discussed in detail in
a separate CETP course.
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Step 3: Test the draft after allowing the main burners to
operate for five minutes. Verify that the flame or smoke is
drawn into the draft diverter opening, and that no spillage
or backdraft is present. When the appliance is not
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CHECK FOR UNDERSTANDING
MODULE 10

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page page 378.

Natural draft vented appliances should be checked for spillage at the draft diverter or draft hood with
the appliance operating.
True

False
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MODULE SUMMARY

We have also examined basic appliance controls and verified their proper operation. If an appliance passes all of these tests
and is operating correctly, then it can be placed into operation safely.
In the final section of this course, we will discuss gas appliance burner components, how a burner operates, and how to
adjust and troubleshoot problems with a flame.
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We have now validated the interior and exterior portions of a piping system, as well as its venting combustible air supply. We
have performed a leak check, purged the lines of air, lit the pilot, and have performed a system flow and lock-up test as well
as a spillage test.
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Let’s take a moment to check how well you understand the information presented. Select the appropriate answer for each of
the following questions.

1. Which of the following appliances is a spillage test NOT required for?
a.
b.
c.
d.

Fan-assisted appliances
Power-vented appliances
Direct vent appliances
All of the above

2. What is the purpose of the spillage test?
a.
b.
c.
d.

To ensure flue gases are not spilling into the structure
To ensure air is not spilling into the appliance
To ensure gas is not spilling out of the piping system
All of the above

3. Natural draft vented appliances should be checked for spillage at the draft diverter or __________with the appliance
operating.
a.
b.
c.
d.

exhaust fan
main burner
appliance thermostat
draft hood

4. Which of the following may cause a natural draft appliance to not draft properly?
a.
b.
c.
d.

Improperly-sized gas vent
Flue blockage
Lack of combustion air
All of the above
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Module 11: Identifying Burning
Characteristics of Propane
INTRODUCTION
This module explains the basic characteristics of a flame and burning propane. This concept is important because it will
allow you to recognize when an appliance burner is working improperly.
After completing this module, you will be able to:

Identify sources needed and by products of combustion.
Recognize the components of a burner and how to adjust air for it.
Recognize abnormal burner operations and know how to correct simple abnormalities.
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INTRODUCTION
In this course, we have discussed the procedures for putting
an appliance or system into operation. The piping, venting, and
combustion air have all been validated; the pipes have been leak
checked and purged of air; and the appliance has been lit and
tested for spillage. If all went well, then the appliance is ready for
use by the customer.
However, there is one area left to cover in this lesson: the
appliance burner. In this module, we will examine how an
appliance burner works and how to adjust its flame if it is not
burning properly. Before we discuss this, you need to understand
the basic characteristics of burning propane.
After completing this lesson, you should be able to:

Identify products of complete combustion of propane.
Define sources of air needed for combustion.
Identify the parts of a flame.
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COMBUSTION REQUIREMENTS
MODULE 11

Combustion is the rapid oxidation of a fuel. To start and maintain combustion, three ingredients are
needed:
Fuel
Oxygen
An ignition source
The oxygen for combustion is obtained from air. Using propane as a fuel and oxygen from the air, propane appliances control
the mixture of propane and air at the burner. The ideal combustion rate for propane is 1 part propane (4%) to 24 parts air
(96%). In other words, for every 1 cubic foot of propane to be burned, 24 cubic feet of air is needed to support combustion.
Because propane is a hydrocarbon that burns with oxygen, products of combustion are always created, even when propane
burns at its ideal gas-air ratio. These products are commonly known as flue gases and include water vapor and carbon
dioxide.
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FLAME CONES
MODULE 11

A flame from an atmospheric burner or hot plate
is composed of a number of cone-shaped zones,
one inside the other. A “proper” flame comes from
the single port of a burner that has been adjusted
appropriately. The individual cones of a proper flame
include:

Cone 1: The bottom of a flame. It is colorless
and composed of a mixture of unburned
propane and air.
Cone 2: The inner or “primary” cone of a
flame. It is dark on the inside with a thin,
bright blue outer edge.
Cone 3: The next cone out from Cone 2 of a
flame. This zone, or “mantle,” is dark blue
and is the hottest part of the flame. This is
where combustion is taking place between
propane, primary air, and secondary air.
If this outer cone impinges on a cooler
surface, the carbon in the gas will not burn
but will produce soot, carbon monoxide, and
aldehydes. This is called “flame quenching.”
Cone 4: The faint outer mantle surrounding
the flame. Cone 4 is composed of high
temperature products of combustion, carbon
dioxide, and water vapor.

CERTIFIED EMPLOYEE TRAINING PROGRAM

298

Module 11: Identifying Burning Characteristics of Propane

APPLIANCE IGNITION SOURCES
MODULE 11

Typical appliance ignition sources are a:

Pilot
Electric spark
Hot surface igniter
An appliance must have one of these for propane to ignite and
burn.
PILOT ASSEMBLY

ELECTRIC SPARK

HOT SURFACE IGNITER

CERTIFIED EMPLOYEE TRAINING PROGRAM

Lesson 1. Identifying Burning Characteristics of Propane

299

AIR SOURCES FOR COMBUSTION

Primary Air: Enters the burner through the main air shutter and mixes with the propane.
Secondary Air: Is the remaining air, in addition to primary air, needed for complete combustion. This is the air
surrounding the flames at the burner.
It is important to supply the proper amount of primary
air to a burner. If too much primary air is supplied, the
flame may lift off the burner and possibly go out. If too
little primary air is mixed with the propane, the flame
will turn yellow and will droop, otherwise known as a
“lazy” flame.
Yellow flames do not necessarily indicate the presence
of carbon monoxide. However, when yellow-tipped
flames are allowed to impinge on cool surfaces, soot
will build up where the impinging takes place. This
must be avoided, because soot buildup in enclosed
combustion spaces can cause vent openings to be
blocked. This, in turn, results in improper venting
and an inadequate supply of fresh air needed for
combustion.

As mentioned earlier, an inadequate
supply of air needed for combustion
results in a condition called “incomplete
combustion” that produces carbon
monoxide and aldehydes.

EXAMPLE OF TOO LITTLE PRIMARY AIR
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We know that we need 24 cubic feet of air to one cubic foot of propane to support complete combustion. This air can be
separated into two types: primary and secondary air.
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PROPER BURNER OPERATION
MODULE 11

In order for an atmospheric burner to operate properly there
must be:

Rapid ignition: Ignition should take place readily. The
flame should travel from port to port rapidly.
No flame lift: The flames must not lift away from the
ports.
Uniformity: Burner operation should produce uniform
distribution of heat over the area being heated, with
uniform flame height and good flame distribution.
Silence: The burner should light, burn, and shut off
quietly.
Although a flame that is burning properly is typically blue,
some appliances are designed to burn yellow flames for
decorative purposes. Some examples are decorative hearth
products and outdoor illuminating appliances. Refer to the
appliance manufacturer’s instructions for a description of
normal flame characteristics.

Some appliances are designed to burn yellow
flames for decorative purposes.
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INADEQUATE AIR SUPPLY
MODULE 11

Proper adjustment of the air supplied to a burner is very
important and too much or too little air must be avoided.

Too Little Primary Air
If too little primary air is mixed with the propane, the flame
will be yellow. Yellow flames do not necessarily indicate the
presence of carbon monoxide. However, when yellow tipped
flames are allowed to impinge on cool surfaces, soot will build
up where the impinging takes place.
This must be avoided, because soot buildup in enclosed
combustion spaces can block the vent openings. This, in
turn, results in improper venting and an inadequate
supply of fresh air for combustion, which in turn results in
incomplete combustion that gives off carbon monoxide.
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EXCESSIVE AIR SUPPLY
MODULE 11

Too Much Primary Air
Too much primary air gives a “hard” flame with a short sharp
inner cone. It may make the flame lift off the ports, extinguish
itself, or become noisy when lighted or turned off. Also, too
much air may cause “flashback,” which occurs when the gasair mixture ignites inside the burner to burn near the orifice.
If gas burns at the burner orifice, the results will be improper
combustion creating a hazardous condition.
Aldehydes and carbon monoxide can be formed by incomplete
combustion and flame impingement.
Additionally, all the heat content of the propane may not be
released in the appliance under these conditions and efficiency
drops.
In the next lesson, we will examine the parts of the burner and
how to adjust the air going to the burner.

FLAME LIFTING

FLASHBACK IN THE BURNER VENTURI
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CHECK FOR UNDERSTANDING

When looking into a water heater, you see a lazy yellow flame. What does this indicate?
There is too little primary air

There is too much primary air

There is air in the line

There is no problem
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 378.
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INTRODUCTION
We examined the basic principles behind appliance operations in
the Appliance Controls and Safety Devices lessons earlier in
this course. Now, we will look at the components of an appliance
burner and the principles behind its operation.

After completing this lesson, you will be able to:
Identify the components of a burner.
Identify how to adjust the air for a burner.
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BEFORE ADJUSTING THE BURNER
MODULE 11

Before you make adjustments to the burner, verify the fuel gas
input pressure is appropriate. Propane burners typically require
input pressures around 10" to 14" water column (w.c.).
Consult the previous lesson on System Flow and Lock-Up
Tests for more information. As always, follow the appliance
manufacturer’s recommendation for input pressure.
Also, read the appliance data plate to verify that the appliance
has been set up for propane.
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BASIC PRINCIPLES OF A BURNER

Step 1: Open the manual gas valve
which directs gas to the burner.

Step 2: Ignite the gas with an
external ignition source such as a
match.

Step 3: Close the manual gas valve
to shut down the burner when
finished.

Even though residential and small commercial appliances have more complicated burner control systems compared
to this simple manual burner appliance, they use the same principles. More sophisticated appliances are more efficient,
designed for a more refined heating task, operate automatically without the constant attention of the customer, and are more
convenient.
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To understand the basic principles of any burner, let’s look at a single-burner gas hot plate. This burner operates by
performing three basic steps:
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BURNER OPERATION
MODULE 11

Propane burners are made in many shapes and sizes, but operate in the same basic way.

With atmospheric type burners, propane flowing from the orifice enters the mixer head.
The momentum of this propane jet pulls air in through the primary air openings in the mixer face.
The air shutter regulates the amount of primary air.
The propane and drawn-in air pass through the throat and flare out into the mixing tube, or venturi.
There, the propane-air mixture flows out through the burner ports where combustion takes place.
Secondary air surrounding the burner flows into the flame to provide the additional air needed for nearly complete
combustion.
There are two general types of atmospheric propane burners: fixed air and adjustable air.
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FIXED AND ADJUSTABLE AIR BURNERS

Fixed Air Burners

Adjustable Air Burners

For appliances with a fixed air burner, primary air enters
through a fixed primary air opening. In some cases,
as with a pilot burner or dedicated fuel appliance, the
manufacturer provides a fixed primary air opening. No
attempt should be made to alter the manufacturer’s main
burner fixed primary air setting.

Although the shape, size, length, and applications
of adjustable air burners vary from one appliance
to another, all adjustable air burners share common
features and operating characteristics. They are
equipped with air shutters or other means to manually
set the volume of primary air supplied to the burner.

Typically, fixed air burners are found in furnaces, boilers,
water heaters, space heaters, and dryers.

Typically, adjustable air burners are found in cooking
appliances, ranges, furnaces, boilers, water heaters, and
vented gas fireplaces.
Next, we will examine the components of a burner.

CERTIFIED EMPLOYEE TRAINING PROGRAM

MODULE 11

Fixed air burners have a preset setting for primary air to enter the mixing tube. Adjustable air burners have shutters that can
be adjusted manually to change the primary air entering the mixing tube.
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ADJUSTABLE AIR BURNER
COMPONENTS
Adjustable air burners are composed of five basic
components:


Orifice

Venturi, or mixing tube

Primary air opening

Primary air shutter

Burner head
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ORIFICE AND VENTURI
MODULE 11

Orifice

Venturi (mixing tube)

The orifice is the opening through which propane flows
into the burner. The primary function of a burner orifice
is to limit the gas flow to the burner to a predetermined
propane input rate.

A mixing tube that flares out from the throat of a
burner is commonly known as a “venturi.” A venturi
shape causes a change in flow volume and speed by
first restricting, then gradually opening up the volume
available for flow along its length.

There are two general types of orifices in common use in
propane appliances:

Fixed Orifices: Are the most common type of
orifice used, typically having an opening in a
removable plug or cap, called a spud.

This creates a negative pressure using gas velocity as
the gas travels down the throat, drawing air into the
mixing tube.

Universal Orifices: Are designed to operate
with either natural gas or propane and are used
primarily in ranges.

UNIVERSAL ORIFICE

FIXED ORIFICE
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OPENING, SHUTTER, AND BURNER HEAD
MODULE 11
Primary Air Opening

Primary Air Shutter

The primary air opening allows the necessary amount of
primary air to enter into the venturi. It is important that
the correct amount of air passes through this opening so
that the burner will operate efficiently.

The primary air shutter controls the amount of air going
through the primary air opening. The shutter may require
adjusting if the burner is not burning properly.

Burner Head
The burner head spreads the heat of the flames over
the object or space to be heated. The burner head also
serves to conduct heat away from the burner openings.
This helps prevent flashbacks by dissipating the heat of
the flame so the heat will not ignite the propane inside
the burner.
The openings, or ports, in a burner head are designed to
have a sufficient total area to pass the required mixture
of propane and primary air. They must be spaced so that
enough secondary air can surround the individual flames
for complete combustion. They must also be close
enough together so that the flame will travel quickly
across the burner head when one port is lighted.
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PRIMARY AIR ADJUSTMENT
MODULE 11

When an appliance is placed into operation, you must check
the primary air adjustment while the burner is operating
to ensure a proper flame. To get a proper flame, adjust the
primary air shutter until you get a little yellow in the flame,
then move the shutter back slightly in the opposite direction
until the yellow in the flame goes away. Lock the shutter in
place once you have a proper flame.
Be sure the adjusting mechanism position is secure. Check
the shutter set screw or shutter tightness to verify that fan
vibration or other actions will not change the primary air
setting.
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BURNER ABNORMALITIES
MODULE 11

Burner abnormalities can cause problems ranging from minor
nuisances to potentially hazardous conditions. Regardless
of the abnormality or the severity of the result, you need to
investigate and resolve the problem. Good customer service
requires a thorough knowledge of basic burner operations,
abnormal operating conditions, and the methods to determine
the nature of the problem and make proper adjustments.
The next lesson provides details on detecting and fixing flame
abnormalities. However, if you light the pilot and main burner
and observe the main burner flame acting improperly, DO NOT
begin adjusting the air shutter on the primary air opening.
Instead, take these actions:

Operate the appliance for a few minutes, allowing the
metal burner to heat up and expand. Trying to adjust
the air before this burner heats up means you are not
adjusting the air compared to how the appliance will
typically operate.
Confirm the proper input gas pressure before adjusting
the air. If the gas pressure is not set properly, you will
have a difficult time adjusting the air correctly.
Reconfirm whether there is proper venting and
combustion air. Earlier, we discussed validating
venting and combustion air. Be sure you have solved
any potential problems in these areas.
After you have done this, you can try to resolve the problem by
adjusting the air shutter on the primary air opening. The next
lesson will focus on improper flames.
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POWER BURNERS
MODULE 11

Another type of propane burner is a power burner. A power
burner has a motorized fan that forces a draft to push air into
the burner, rather than relying on the venturi to draw air in.
Power burners can have fixed or adjustable air settings. Be
sure to follow the manufacturer’s specific instructions when
adjusting this type of burner.
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CHECK FOR UNDERSTANDING
MODULE 11

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 378.

Which part of the burner spreads the heat of the flames out?
Orifice

Venturi, or mixing tube

Primary air opening

Burner head
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Lesson 3.
Basic Burner Flame Abnormalities
INTRODUCTION
In previous lessons, we learned about the characteristics of
burners, their flames, air requirements, and components. If all
of these are in working order, your appliance should be in good
operating condition. Still, you may have problems with the flame;
it may not look or sound the way it should. In this lesson, we will
explain how to recognize an incorrect burner flame and how to
correct simple issues with a flame.
This course will help you identify problems and take appropriate
action; it is not intended to instruct you to correct problems. If
making simple air adjustments does not resolve the problems,
you should remove the appliance from service and contact your
supervisor. More complex troubleshooting issues will be covered
in another CETP course.
After completing this lesson, you should be able to:

Recognize abnormal burner operating conditions.
Correct simple abnormal burner operating conditions.
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FLAME PROBLEMS
MODULE 11

In this lesson, we will examine different types of flame
problems that may require air adjustments. These problems
include:

Flashback
Extinction pop
Yellow flame
Fluctuating flame
Unstable or wavering flame
Flame lifting
Floating flame
Flame roll out
Let’s examine each of these flame problems.
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FLASHBACK
MODULE 11

Look at this graphic. What do you notice about the
flame?
In this case, the flame is burning near the orifice. This burning
in the mixing tube usually creates a roaring noise like a
blowtorch. This is known as “flashback.” Flashback occurs
when the gas air mixture ignites inside a burner. You should
avoid any flashback condition.
Let’s take a look at why a flame would burn in a mixing tube.
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PROBLEMS FROM FLASHBACK
MODULE 11

A flame will burn in a mixing tube when the gas air flow
velocity is less than the rate of burn at or near the burner ports.
This causes the flame to move back through the port to ignite
in the burner head. If the burning action inside the mixing tube
does not get enough air, it may cause:

Incomplete combustion
Carbon monoxide
Aldehydes
Burner-clogging soot
Burner damage
Sometimes only one burner out of several in an appliance
experiences flashback, as with a multi-section furnace.
You can usually eliminate flashback on ignition or during
burner operation by reducing the amount of primary air to
the burner. Make sure, however, that this air adjustment does
not produce a yellow flame. A yellow flame will be discussed
later in this lesson.
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EXTINCTION POP
MODULE 11

Extinction pop is a form of flashback that occurs when gas
in the burner venturi, or mixing tube, ignites when the burner
shuts off.
“Extinction pop,” as the name implies, creates a noise that
sounds like a bang or “pop.” Ordinarily, it is not followed by
burning in the burner head or mixing tube, since the gas supply
is turned off. The popping noise occurs at the time the gas
supply to the burner is shut off. Sometimes it may be delayed
for a few seconds.

Results of Extinction Pop
Customers may complain because of the noise it makes but
usually extinction pop is not unsafe or hazardous, and will not
damage the appliance. However, extinction pop can blow out
the pilot flame. If an automatic pilot safety device is used, it will
act to shut off the gas supply to the appliance.
It may be possible to eliminate extinction pop by reducing
primary air supplied to the burner. Make sure this air
adjustment does not cause a yellow flame during normal
burner operation.

“Extinction pop,” creates a noise that sounds
like a bang or “pop.”
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YELLOW FLAME
MODULE 11

Look at this graphic. What do you notice about the
flame?
In this graphic, the flame is mostly yellow. If a flame is mostly
yellow or has a long yellow tip when it was not designed to
have one, this indicates a problem. Too much yellow in a flame
means insufficient primary air is being supplied to the flame.
Atmospheric burner flames are typically blue but can have
a hint of yellow at the top of the flame. You may sometimes
see red or orange streaks in these flames as well. These color
streaks usually are due to dust in the air supply and should not
create a problem. Also, it is important to remember that some
appliances, such as gas fireplaces, are designed to burn with a
yellow flame for decorative purposes.
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PROBLEMS FROM YELLOW FLAME
MODULE 11

Yellow flames indicate incomplete combustion in appliances
designed for blue flame operation. This condition is aggravated
if the flames impinge on cool surfaces. Yellow flames that
produce soot or carbon can be a hazard, because soot
can indicate the presence of carbon monoxide and cause
troublesome discoloration in a customer’s cooking containers,
and on wall and ceiling surfaces.
Soot presents a serious problem. If enough of it collects,
it can block flues in an appliance or piping system. Plugged
flues impede venting of combustion products and reduce the
amount of air drawn into the combustion chamber. Potentially
hazardous levels of carbon monoxide could also result.
Yellow flames may be corrected by adjusting the primary
air shutter. Make sure this added primary air does not cause
lifting flames, discussed below, or flashback.
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FLUCTUATING FLAME
MODULE 11

The length of a burner flame may fluctuate over time without readjustments to the burner. Why would the
flame length change?
A change in flame length usually indicates a non-uniform gas pressure at the burner orifice. Fluctuating flames usually do not
create any immediate problems, like incomplete combustion, unless flames impinge on cool surfaces. This condition should
be corrected however since it warns of possible future problems.

This could be a gas pressure problem, so no air adjustment
will fix this problem. You can perform a final line regulator flow
pressure test and observe for pressure fluctuations as other
appliances are operated. If this does not resolve the problem,
contact your supervisor.
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CHECK FOR UNDERSTANDING

When gas-air mixture ignites inside a burner creating a roaring noise like a blowtorch it is called
________. This can create a hazardous condition by causing incomplete combustion, clogging, and a
build up of carbon monoxide and aldehydes.
extinction pop

flashback

fluctuating flame

a yellow flame
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 378.
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UNSTABLE OR WAVERING FLAME
MODULE 11

Drafts across burners may cause flames to waver or appear to
be unstable. Wavering burner flames can lead to incomplete
burning if flames impinge on cool surfaces. Pilot flames under
drafts may go out, or they may be diverted from heating the
thermocouple. In either case, the thermocouple 100% pilot
safety shutoff device should stop gas flow to the burner.
This problem cannot be resolved by simply adjusting the
air. It may indicate a more serious problem or an unsafe
condition.

CERTIFIED EMPLOYEE TRAINING PROGRAM

Lesson 3. Basic Burner Flame Abnormalities

327

FLAME LIFTING
MODULE 11

Lifting or blowing flames are hard, well-defined, and often
noisy. You can usually settle a lifting flame on a burner port by
reducing the primary air to the burner.
A simple air adjustment may correct this problem. If it doesn’t,
the reason may be because there is a lack of combustion
air or a venting issue. You should have checked for proper
combustion air previously. If flame lifting persists, there may
be a more serious problem or an unsafe condition.
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FLOATING FLAME
MODULE 11

Floating flames can be described as having a soft and hazy
appearance and seem to “reach” for air. They should not be
confused with lifting or blowing flames, which are hard, well
defined and often noisy.
As with flame lifting, reducing primary air will not stop
floating flames. The basic cause is a lack of combustion
air or a venting issue. You should have checked for proper
combustion air previously. If floating flames persist, it could
indicate a more serious problem or an unsafe condition.
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FLAME ROLL OUT
MODULE 11

When the condition known as “flame roll out” occurs, flames
roll out of the combustion chamber openings when the burner
is turned on. Flame roll out may create a fire hazard or scorch
appliance finishings, burn wires, or damage controls. If the
flame roll out reaches the appliance control’s energy cut off
(ECO), the fusible link may melt away or the roll-out switch will
shut down the appliance.
Flame roll out is actually a variation of floating flames, with
flames reaching for air outside the combustion chamber. This
can be caused by a lack of combustion air or vent blockage. A
simple air adjustment will not correct this problem.

Use caution when opening access or service
doors on appliances where rollout or floating is
suspected. The flame can extend several feet
and may cause burns to face and hands.
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DIRECT VENT APPLIANCES
MODULE 11

When direct vent sealed combustion gas appliances operate,
you may notice the main burner and pilot flame start to lift off
the burner and then go out during the burner “ON” cycle. When
examining flame lift problems earlier, you learned this indicated
there was too much primary air. Adjusting the air shutter on the
primary air opening may resolve the issue.
If air adjustment does not resolve the issue, then as with
direct vents, this situation indicates there may be a problem
with the installation of the intake air and venting system. A
simple air adjustment will not correct this problem. This
is a dangerous and unsafe condition. When this happens,
remove the appliance from service and contact your supervisor.
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CHECK FOR UNDERSTANDING

If flames are coming out of the combustion chamber openings when the burner is turned on, which is
the most likely cause of this problem?
Lack of combustion air

Insufficient primary air

Drafts across the burner

Gas-air flow rate is less than the burning rate
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Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your work on page 378.
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RECOGNIZING AND CORRECTING
OTHER BURNER ABNORMALITIES
Some burner problems do not involve problems with the flame.
These burner abnormalities can be due to gas odor at the
primary air openings or burner corrosion.

Gas Odor at Primary Air Openings
Normal atmospheric-type burner operations require a negative
pressure, or vacuum inside the primary air openings of a
burner in order to draw in air. If all gas fed to the burner by the
orifice does not flow to the burner head, some gas may spill
from the primary air openings.
If you detect a gas odor at the primary air opening when
the appliance is not operating, the gas valve or control
is probably leaking. This is a dangerous and unsafe
condition. Remove the appliance from service and contact
your supervisor.

Burner Corrosion
Excessive burner corrosion may occur for a number of reasons.
For example, if inadequate venting systems allow water
vapor to condense before exiting the appliance flue, the water
droplets may fall back into the combustion chamber and result
in burner corrosion and damage to the heat exchanger.
Excessive burner corrosion can manifest as a yellow flame. No
air adjustment will correct this problem. This is an unsafe
and dangerous situation. Remove the appliance from service
and contact your supervisor.
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MODULE SUMMARY
MODULE 11

Some important points to remember from this module are:

The basic characteristics of burning propane including the different types of air, the parts of a flame, and how a
flame behaves under normal and abnormal conditions.
The components of a burner and how to adjust the air for a burner.
How to recognize potential flame problems with a burner.
In this course, you have validated the exterior and interior piping of the vapor distribution system, as well as validated the
venting and combustion air for the room containing the appliances. You have leak checked and purged the pipes of air, lit
the pilot, learned about appliance controls, and performed a spillage test. You have also learned about the burner and how to
troubleshoot flames. Your appliance should now be in operation and functioning correctly.
As a final step to placing a vapor distribution system and its appliances into operation, let’s take a look at important safety
information you must communicate to your customers.
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Let’s take a moment to check how well you understand the information presented. Select the appropriate answer for each of
the following questions.

1. For every __ cubic foot of propane to be burned, __ cubic feet of air is needed to support combustion.
a.
b.
c.
d.

2/24
1/24
1/12
None of the above

2. Which of these items is not a typical burner ignition source?
a.
b.
c.
d.

Pilot
Static electricity
Electric spark
Hot Surface Igniter (HSI)

3. The rest of the air needed for the nearly complete burning of propane is supplied as ____________ from around the
flames inside the combustion chamber.
a.
b.
c.
d.

Tertiary air
Primary air
Secondary air
None of the above

4. Which of the following is a design and operating characteristic of a properly operating atmospheric burner?
a.
b.
c.
d.

Rapid ignition
Unconformity
Loudness
All of the above

5. Which are the two general types of atmospheric propane burners?
a.
b.
c.
d.

Fixed air/combustible air
Fixed air/adjustable air
Adjustable air/purged air
Fixed air/regulated air
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6. Which component of an adjustable air burner does NOT belong?
MODULE 11

a.
b.
c.
d.

Orifice
Venturi
Primary air shutoff valve
Burner head

7. What color should atmospheric burner flames be?
a.
b.
c.
d.

Red
Orange
Blue
Clear

8. If a flame is fluctuating, which of the following is most likely causing this problem?
a.
b.
c.
d.

Non-uniform gas pressure at the orifice
Insufficient primary air
Gas in the burner venturi ignites when the burner shuts off
Drafts across the burner

9. What kind of flame has a soft and hazy appearance and seems to “reach” for air?
a.
b.
c.
d.

Blowing flames
Lifting flames
Wavering flames
Floating flames

10. Under normal burner operation of an atmospheric-type burner, a negative pressure (vacuum) should exist inside the
primary air openings of a burner, drawing in air.
a. True
b. False
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INTRODUCTION
In this module you will learn about the various safety messages provided in the Propane Education & Research Council
(PERC) consumer safety information and how to respond to a propane emergency.

After completing this module, you will be able to:
Identify the content in some of the PERC consumer safety materials.
Identify what to do if there is an uncontrolled release of propane from stating evacuation procedures to providing
appropriate information to 911.
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Lesson 1. Customer Safety

INTRODUCTION
Safety brochures and decals can communicate specific warnings
about propane and actions that your customer can take, or should
avoid, in an actual or suspected propane emergency.
Make sure you understand and follow your company’s policies
regarding communication with your customer or distribution of
any safety materials and the application of any decals.
After completing this lesson, you will be able to:

Identify the safety warnings provided in the Propane
Education & Research Council consumer safety materials.
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PROPANE SAFETY BROCHURES
MODULE 12

The Propane Education & Research Council (PERC) provides
consumer safety materials that may be distributed to
consumers by individual marketers in accordance with their
company policies.

Propane Odorant Smell Simulation
PERC materials include a scratch-and-sniff feature that
simulates the smell of propane odorant. This is to help
familiarize and remind customers of the smell of propane
odorant, which could indicate a propane leak.
These materials also cover how a customer should respond to
the smell of propane odorant and, specifically, how to turn off
the propane supply at the containers.

Carbon Monoxide and Customer Safety
PERC provides helpful materials to help reduce the risk of
carbon monoxide exposure. These materials explain the
facts of carbon monoxide and how to avoid carbon monoxide
poisoning. The materials also explain what to do if a customer
suspects the presence of carbon monoxide in their home or
workplace.

Other Safety Information
In addition to this safety information, PERC
provides other consumer safety warnings,
including other safety brochures, container
shutoff valve labels, hazard warning tags,
and safety tips for using propane grills.
Some marketers also have their own
consumer safety materials they may use
to provide their customers with propane
safety information. Check with your
supervisor to verify your company’s policy
regarding this information.

.
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Please read and follow the safety instructions in
this brochure. Share this information with your
family to help keep everyone safe and to reduce
the risk of serious and potentially fatal injury, fire,

for you and your family

IMPORTANT
PROPANE
SAFETY
INFORMATION

Scratch and sniff the circle. The odor
is similar to propane odor. Have
everyone in your family take the sniff
test to learn what propane smells like.
You can also ask your propane retailer
for a sniff of the gas at the tank.

Take the Sniff Test

Before you attempt to use any of your propane
appliances, your propane retailer or a qualified
professional must check your entire propane
system to ensure that it is leak-free.

GET YOUR PROPANE SYSTEM CHECKED.

responder, or qualified professional determines that
it is safe to do so.

DO NOT RETURN TO THE BUILDING
OR AREA until your propane retailer, emergency

REPORT THE LEAK. Once you are safely
away from the gas leak, call your propane retailer
right away. If you cannot reach your propane retailer,
call 911 or your local fire department.

Turn off the main gas supply valve on your
propane tank, if it is safe to do so. To close the
valve, turn it to the right (clockwise).

SHUT OFF THE GAS AT THE TANK.

Get everyone out of the building or area
where you suspect gas is leaking.

LEAVE THE AREA IMMEDIATELY!

out all smoking materials and other open flames.
Do not operate lights, appliances, telephones, or
cell phones. Flames or sparks from these sources
can trigger an explosion or a fire.

NO FLAMES OR SPARKS! Immediately put

IF YOU SMELL GAS OR
SUSPECT A GAS LEAK

Follow the manufacturer’s instructions regarding
use. If a detector is sounding an alarm, treat it as an
emergency and act immediately, even if you do not
smell propane. Never ignore the smell of propane,
even if no detector is sounding an alarm.

Under some circumstances, you might not smell a
gas leak. Propane gas detectors are designed to
sound an alarm if they sense propane, even if the
odorant cannot be detected. It is recommended that
you consider installing one or more gas detectors
listed by Underwriters Laboratories (UL) in your
home. Detectors can provide an extra measure
of safety.

PROPANE GAS DETECTORS

Since there is a possibility of odor loss or
problems with your sense of smell, you
should respond immediately to even a
faint odor of gas.

ODOR LOSS is an unintended reduction in the
concentration of the odor of propane, making it
more difﬁcult to smell. Situations that can cause
odor loss include the presence of air, water, or
rust in a propane tank or cylinder, or the passage
of leaking propane through the soil.

The propane smell may not wake up someone who
is sleeping. It may also be in an area of the building
where it may not be detected, such as a basement,
an attic, or a garage.

• Tobacco smoke, cooking odors, musty
or damp smells, and other strong odors

• Alcohol, tobacco, or drugs

• Medical conditions such as colds,
allergies, or sinus congestion

• The effects of medication

• Age (older people may have a less
sensitive sense of smell)

Some people may have difﬁculty smelling propane.
Causes may include:

Propane has a foul odor that has been compared to
garbage, sewage, a skunk’s spray, or a dead animal.

CAN YOU SMELL IT?

LEARNING ACTIVITY
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LEARNING ACTIVITY: IMPORTANT
PROPANE SAFETY INFORMATION

LEARNING ACTIVITY

LIGHTING PILOT LIGHTS
IF A PILOT LIGHT REPEATEDLY GOES
OUT or is difﬁcult to light, there may
be a safety problem. DO NOT try to
ﬁx the problem yourself.
YOU ARE TAKING THE RISK of starting a
ﬁre or an explosion if you attempt to light
a pilot light yourself. IT IS STRONGLY
RECOMMENDED that only a qualified
professional light any pilot light that has
gone out.

APPLIANCE
MAINTENANCE
LEAVE IT TO THE EXPERTS. Only a
qualiﬁed professional has the training to
install, inspect, service, maintain, and
repair your appliances. Have your appliances
and propane system inspected just before the
start of each heating season.
HELP YOUR APPLIANCES “BREATHE.” Check
the vents of your appliances to be sure that
flue gases can flow easily to the outdoors;
clear away any insect or bird nests or other
debris. Also, clear the area around your
appliances so plenty of air can reach the
burner for proper combustion.
DO NOT TRY TO INSTALL, MODIFY, OR
REPAIR valves, regulators, connectors,
controls, or other appliance and cylinder/tank
parts. Doing so creates the risk of a gas leak
that can result in property damage, serious
injury, or death.
HAVE OLDER APPLIANCE CONNECTORS
INSPECTED. Certain older appliance
connectors may crack or break, causing a
gas leak. If you have an older appliance, have
a qualiﬁed professional inspect the connector.
Do not do this yourself, as movement of the
appliance might damage the connector and
cause a leak.

FLAMMABLE VAPORS ARE A SAFETY
HAZARD. A pilot light on your propane
appliance can ignite vapors from gasoline,
paint thinners, and other flammable liquids. Be
sure to store and use flammable liquids outdoors
or in an area of the building containing no
propane appliances.
DO NOT RISK IT! If you cannot operate any
part of your propane system, or if you
think an appliance or other device is not
working properly, call your propane retailer or a
qualiﬁed professional for assistance.
Gas can leak through an open gas line. If
you disconnect an appliance from a gas
line or are otherwise aware of an open
gas line, be sure to contact your propane retailer
or a qualiﬁed professional to close, cap, or plug
the open gas line.

RUNNING OUT OF GAS
DO NOT RUN OUT OF GAS. SERIOUS
SAFETY HAZARDS, INCLUDING FIRE
OR EXPLOSION, CAN RESULT.
If your propane tank runs out of gas, any pilot
lights on your appliances will go out. This can be
extremely dangerous.
A LEAK CHECK IS REQUIRED. Many states require
the propane system to be checked for leaks before
turning on the gas. Contact your propane retailer
or a qualiﬁed professional to perform a leak check
and turn on the gas.
Never turn the gas on at your propane
tank. Contact your propane retailer or
a qualified professional to check for
leaks, turn on the gas, and re-light pilot lights
on the appliances.

For more information, please visit: www.propane.com

LEARNING ACTIVITY

CARBON MONOXIDE AND
YOUR SAFETY
WHAT IS CARBON MONOXIDE (CO)?
You cannot taste or smell carbon monoxide,
but it is a very dangerous gas, produced
when any fuel burns. High levels of carbon
monoxide can come from appliances that are not
operating correctly, or from a venting system or
chimney that becomes blocked.

CARBON MONOXIDE CAN
BE DEADLY!
High levels of carbon monoxide can
make you dizzy or sick (see below).
In extreme cases, it can cause brain
damage or death.
SYMPTOMS OF CARBON
MONOXIDE POISONING INCLUDE:

IF YOU SUSPECT CARBON MONOXIDE IS
PRESENT, ACT IMMEDIATELY!

1

If you or a family member shows physical
symptoms of carbon monoxide poisoning,
get everyone out of the building and call
911 or your local fire department.

2

If it is safe to do so, open windows to allow entry of
fresh air, and turn off any appliances you suspect
may be releasing carbon monoxide.

3

If no one has physical symptoms of carbon monoxide
poisoning, but you suspect that carbon monoxide is present,
call your propane retailer or a qualified professional to check
carbon monoxide levels and your propane equipment.

TO HELP REDUCE THE RISK OF CARBON
MONOXIDE POISONING:
• Have a qualiﬁed professional check your
propane appliances and related venting
systems annually, preferably before the
heating season begins.
• It is recommended that you consider installing
carbon monoxide detectors on every level of your
home. Follow the manufacturer’s instructions
regarding use.
• Never use a gas oven or range-top burners to
provide heating.
• Never use portable heaters indoors unless they
are designed and approved for indoor use.
• Never use a barbecue grill (propane or charcoal)
indoors for cooking or heating.
• Regularly check your appliance exhaust vents
for blockage.

HEADACHE
DIZZINESS
FATIGUE

SHORTNESS
OF BREATH
NAUSEA

SIGNS OF IMPROPER APPLIANCE OPERATION
THAT CAN GENERATE HIGH CARBON
MONOXIDE LEVELS:
• Sooting, especially on appliances and vents
• Unfamiliar or burning odor
• Increased moisture inside of windows
• Yellow flames

WHAT IS PROPANE?
Propane (also called LPG — liquefied petroleum
gas — or LP gas) is a liquid fuel stored under
pressure. In most systems, propane is vaporized
to a gas before it leaves the tank. Propane is
flammable when mixed with air (oxygen) and
can be ignited by many sources, including open
flames, smoking materials, electrical sparks,
and static electricity. Severe “freeze burn” or
frostbite can result if propane liquid comes in
contact with your skin.
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DECALS
MODULE 12

In addition to the decals and labels that local, state, and federal
regulations require, you can place decals on a customer’s
container that provide safety information. One such safetyrelated decal is a container shutoff valve label that warns the
customer not to open a service valve that has been turned off
for any reason.
If your company places a decal on its containers with a 24hour emergency number, point it out to your new customer and
encourage them to keep the number inside where they can
easily refer to it in a suspected propane emergency.
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A container shutoff valve label warns the
customer not to open a service valve that has
been turned off for any reason.
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SHUTTING OFF PROPANE
FLOW: DEMONSTRATION
When you establish service to a new customer, show the
customer how to shut off the flow of propane. Different
installations have different points where the flow of propane
may be shut off, for example, the container service valves,
manual shutoff valves, and primary shutoff valves. Turning off
the gas at the container will immediately stop the flow of gas
and thus greatly reduce the potential for fire or explosion. The
new customer should also be instructed, in the event of an
emergency, not to enter the building or structure until the gas
company or emergency personnel state it is safe to do so.
It is also a good idea to demonstrate to a new customer what
propane smells like. You can do this by having the customer
smell the odor of propane by opening the fixed maximum liquid
level gauge for a few seconds. This will help them identify the
smell of propane in the event there is a leak later on.

Turning off the gas at the container will stop the
flow of propane immediately and greatly reduce
the potential for fire or explosion.

Tell your new customer to close all valves, if it is safe
to do so, when:
They smell odorant or suspect a leak in or around the
building.

Flooding is predicted for their area. They should turn
off the gas valve at the cylinder or tank before the
water rises.
Something doesn’t look right after a storm. If their
tank has shifted position, gas lines are bent, broken or
damaged, or they see something else unusual about
their system or appliance.
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EMERGENCY NUMBERS
MODULE 12

If your new customer suspects a propane leak, the presence of
carbon monoxide, or another propane emergency, they should
evacuate their home or office. They should call your company’s
24-hour emergency telephone number or 911 from another
safe location.
If a company decal with a 24-hour emergency telephone
number is placed on a customer-owned or leased container,
point that number out to your new customer as well.
If your company’s 24-hour emergency telephone number is not
on a decal, provide that number when you are reviewing safety
precautions with your new customer before you leave.
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IMPORTANCE OF GOOD DOCUMENTATION
MODULE 12

Documenting the work you perform is a very important step
each time you visit a customer location. Be certain to complete
any documentation according to your company policy. If you
are not sure what is required to be documented, you should
contact your supervisor.
Some companies require their employees to document any
communication they may have with the customer. Other
companies may have limited documentation requirements.
Some company policies may include documentation that you
showed the customer how to turn off the propane supply
or that you demonstrated what propane smells like at the
container. Other companies may not require this as part of their
company policy.
It is important to have good documentation upon leaving a
customer location. If you document the work you performed at
the time you did it according to your company’s policy, it should
make it more difficult for anyone to suggest otherwise in the
event you may be questioned later on.
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CHECK FOR UNDERSTANDING
MODULE 12

Let’s take a moment to check how well you understand the information presented in this lesson by selecting the
question’s appropriate response. Check your answer on page 378.

Which of the following consumer safety recommendation is included in the PERC consumer safety
material if the customer smells gas?
Turn on all light switches.

Open all windows to air out the building.

Leave the area immediately.

All of the above.
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INTRODUCTION
Propane is a safe, economical, clean-burning, and versatile fuel
when properly used. Its safety record is due in part to the codes
and regulations developed by the propane industry and the NFPA.
Being properly trained and adhering to your company’s policies
greatly help prevent propane emergencies. However, you should
be prepared for emergency situations that may arise. This lesson
identifies steps to take in an uncontrolled propane release.
In addition to the information in this lesson, make sure you
understand your company’s policies regarding emergency
response to a propane incident. The PERC publication “Propane
Emergencies, 3rd Edition” was written for emergency responders
and has valuable information for propane marketers on
coordinating with emergency responders prior to an emergency.

After completing this lesson you will be able to:
Identify what to do if there is an uncontrolled release of
propane.

Identify how to encourage people to safely evacuate the
scene of an emergency.
Identify information that must be provided to 911 or
other emergency response operators in the event of an
emergency.
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WHAT IS AN UNCONTROLLED
RELEASE OF PROPANE?
For purposes of this course, an uncontrolled release of propane
is one that cannot be readily shut off. Causes may include
an open valve, open or damaged container component,
piping failure, or container breach. An uncontrolled release of
propane liquid or vapor could lead to an explosion, fire, or other
emergency situation.
A propane-related emergency can occur anywhere
propane is present; for example, at a residence, business,
bulk plant, or en route to a location.
Never attempt to respond to any emergency
unless you have been properly trained and
authorized to do so.
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WHO IS AN EMERGENCY RESPONDER?
MODULE 12

Emergency response personnel are specially trained to provide
resources for fire suppression, rescue, and emergency medical
triage, basic first aid, treatment, and transportation. They
implement assigned tasks, provide support to specialized units,
and help coordinate overall response efforts.
Emergency responders include firefighters, HAZMAT crews, and
emergency medical technicians.
Because emergency responders undergo rigorous, specialized
training, they are the only personnel who are qualified to
provide leadership in an emergency involving propane.
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WHAT TO DO IN THE EVENT
OF AN EMERGENCY
In the event of a propane emergency, you should always place
personal safety first. This means you should:

Evacuate the area immediately.
Be aware of your surroundings.
Call for help.
Let’s examine each of these in detail.
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EVACUATE THE AFFECTED AREA
MODULE 12

If there is a propane emergency, everyone in the building, or
area affected by the emergency, should:

Leave the area immediately.
Evacuate to a safe distance from a spill or leak. You
should be at least 330 ft away in all directions, and for
larger spills 1 mile in all directions.
Evacuees should stay upwind of the emergency.
Remain calm.

CERTIFIED EMPLOYEE TRAINING PROGRAM

356

Module 12. Safety Information

BE AWARE OF YOUR SURROUNDINGS
MODULE 12

If you have an uncontrolled release of propane, do not enter or
re-enter a hazardous environment. When evacuating, if you
can, try to:

Identify the source of the leak.
Check for sources of ignition and shut them off if
you can do so without placing yourself or anyone in
danger.
Note the wind direction.
This information may be helpful to emergency responders, so
safely gather whatever information you can.
Also, if you can do so safely, try to collect other technical
information, such as the location and type of container
involved, the amount of material present, and the location
of shutoff valves. Follow your company policy regarding
evacuations.

èA hazardous environment is if you can see or smell
propane.

Next, call for help from a safe distance and outside of a
hazardous environment.
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CALL FOR HELP
MODULE 12

After you are at a safe distance from the affected area, call
911. You should also notify your supervisor as soon as you can.

When you call 911, be ready to provide the following
information:
Your name.
Your company’s name.
The address of the emergency location.
Your contact information, such as a cell phone number
or a phone number nearby, and any obvious injuries
needing immediate attention.
A brief summary of the emergency. For example: Is
there a leak, and if so where? What kind of container
is on site, and what size is it? Is the area densely
populated or rural? Has anyone been injured, and if so
how many and to what extent?

After you call for help:
Do not endanger yourself or others.
Assign someone to meet and direct emergency
response units to the scene.
Call back from a safe distance if the situation changes
before emergency responders arrive.
Stay away from any unknown materials, such as
unknown chemicals at industrial plants.
NOTE: Remember, any uncontrolled release of
propane can be extremely dangerous. If you
suspect an emergency, immediately evacuate
the area and call for help.
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WHEN HELP ARRIVES
MODULE 12

Once the emergency response team arrives, do not interfere.
They may ask you about certain physical and chemical
properties of propane, and to assess hazards and identify risks.
They may ask you to provide other information, such as the
location and type of container involved, the amount of material
present, and the location of shutoff valves. If you have this
information, you should provide it. If not, you should tell them
you don’t know.
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POST EVENT ACTIONS
MODULE 12

After an emergency has been resolved, there may be an
official investigation. You could be interviewed as part of the
investigation. You should support this effort in accordance with
your company policy.
Many marketers designate spokespersons who are authorized
to address the news media. If you are not authorized to speak
to news media on behalf of your company, you should refer all
media inquires to your company management.
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MODULE SUMMARY
MODULE 12

Here are some important points for you to remember:

Make sure you understand your company’s policies on providing and explaining safety information
to your customers and be familiar with any safety warning materials your company provides.
Make sure your customer is familiar with the odor of propane.
Show your customers how to shut off the flow of propane.
Customers should also be instructed to evacuate if they suspect a leak and not to enter any
structure until the gas company or emergency personnel say it is safe to do so.
Propane is a safe, economical, clean-burning, and versatile fuel. However, because it is flammable,
emergency situations can and do arise. You should never attempt to respond to any emergency
unless you have been properly trained to do so.
In the event of an emergency, you should evacuate the area, be aware of your surroundings, and
call for help. You should also notify your supervisor as soon as it is safe to do so.
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Let’s take a moment to check how well you understand the information presented. Select the appropriate answer for each of
the following questions.

1. PERC provides customer information and safety warning materials that may be widely used by propane marketers.
Which of the following items are provided by PERC in the customer safety brochure?
a.
b.
c.
d.

Scratch-and-sniff feature
Facts about carbon monoxide
Safety information regarding lighting pilot lights, what to do if you smell gas, and appliance maintenance tips.
All of the above

2. In addition to the decals and labels that local, state, and federal regulations require, you can place decals on a
customer’s container that provide safety information. Out of the four decals listed, which safety-related decal is
available through PERC?
a.
b.
c.
d.

ASME container label
Consumer safety cylinder requalification decal
Meter re-location and distribution label
Container shutoff valve label

3. It is important to demonstrate to the customer how to shut off propane flow. When should customers shut off the flow of
propane?
a. When they smell odorant or suspect a leak in or around the building
b. When flooding is predicted for their area. They should turn off the gas valve at the cylinder or tank before the water
rises
c. When something doesn’t look right after a storm. If their tank has shifted position; gas lines are bent, broken or
damaged; or they see something else unusual about their system or appliance
d. All of the above

4. You can respond to certain emergencies without training if and only if permission is granted by your supervisor.
a. True
b. False
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5. In the event of a propane emergency, you should?
MODULE 12

a.
b.
c.
d.

Always place personal safety first
Never place personal safety first
Only place personal safety first if there is no one else around
None of the above

6. If you have an uncontrolled release, NEVER enter or re-enter a hazardous environment. When you are evacuating, which
task below should you try to do?
a.
b.
c.
d.

Identify the source of the leak
Check for sources of ignition and shut them off
Note the wind direction
All of the above

7. Many marketers designate spokespersons that are authorized to address the news media. If there has been an
uncontrolled release of propane and you are not authorized to speak to the news media on behalf of your company, how
should you interact with the news media?
a.
b.
c.
d.

Speak if other members of your company are present
Refer all media inquires to your company management
Speak anyway, if it is an extremely relevant issue
None of the above
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1. Which of the following measures the amount of delivered pressure to the gas appliances with no gas demand to ensure
that the regulator will shut off the flow of propane when the appliances are turned off?
a.
b.
c.
d.

Flow test
Pressure test
Lock-up test
Leak test

2. What test determines if the regulator and piping system are sized correctly to handle the Btu load of the system?
a.
b.
c.
d.

Flow test
Lock-up test
Test for leakage
Pressure test

3. It is not necessary to document the results of your system checks and tests.
a. True
b. False

4. Regulator vents must be a minimum of __________ft from any source of ignition, direct vent appliance intake opening,
and mechanical ventilation intakes.
a.
b.
c.
d.

2
10
5
12

5. Before turning the gas on into an interior vapor distribution system when connecting both vapor meters and regulators
for LP-Gas service, you must perform a ________________of the system.
a.
b.
c.
d.

test for leakage
pressure test
leak test
leak check
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6. Propane has a higher heat content, or Btu, than natural gas.
a. True
b. False

7. Which of the following is an example of a listed appliance?
a.
b.
c.
d.

Room heater
Furnace
Water heater
All of the above

8. _________appliances generate higher amounts of flue gases and must be vented to the outside. Examples of this type
of appliance include: central heating systems, water heaters, and some space heaters.
a.
b.
c.
d.

Unvented
Vented
Listed
Unlisted

9. When verifying the installation of vented appliances, check the following:
a.
b.
c.
d.

Appliances are accessible
Venting system is intact and installed in a safe manner
There is sufficient combustion air
All of the above

10. The purpose of a manual shutoff valve is to isolate one appliance for repair or replacement without having to turn off all
other gas appliances.
a. True
b. False

11. What is the purpose of properly venting a vented gas appliance?
a.
b.
c.
d.

To convey the products of combustion out of the structure
To carry moisture out of the structure
To ensure the proper amount of combustion air flows into an appliance
All of the above
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12. Identify one type of appliance drafting classification:
a.
b.
c.
d.

Flue gases
Category I
Direct Venting
Listed type 1 clothes dryer

13. A mechanical vent system typically uses a _______ to carry flue gases away.
a.
b.
c.
d.

chimney
draft hood
fan
high-efficiency appliance

14. The vent termination of a direct vent appliance that uses 10,000 Btu/hr or less must be ______ from any air opening
into a building.
a.
b.
c.
d.

9”
5’
12”
6”

15. Vents should be positioned away from floors, ceilings, and combustible material.
a. True
b. False

16. Identify the air that is needed at the appliance draft hood to mix with the flue gases to help vent the flue products.
a.
b.
c.
d.

Combustion air
Ventilation air
Dilution air
Makeup air

17. __________ air pressure occurs in a room or structure that cannot supply a sufficient amount of air to meet appliance
combustion requirements.
a.
b.
c.
d.

Negative
Positive
Diluted
Makeup
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18. Identify a method used to supply additional combustion air to an indoor structure.
a.
b.
c.
d.

Mechanical air supply
Outdoor air openings
Engineered air supply
All of the above

19. What does .40 air changes per hour (ACH) mean?
a.
b.
c.
d.

That 40% of the air space is changed every hour within a structure
That air within a structure can contain up to 40% of propane
That 40% of natural gas is changed every hour within a structure
That appliances use 40% of air within a structure every hour

20. To provide additional outside air to a structure that houses a gas appliance, you can use the following:
a.
b.
c.
d.

Weather stripping
Wall insulation
Negative air pressure
Attic air or crawl space

21. An appliance without a 100% safety shutoff valve has a safety device to automatically stop gas from passing to the
combustion chamber.
a. True
b. False

22. When conducting a leak check using a water manometer, all regulators in the system should be ___________and
_________________.
a.
b.
c.
d.

open/unlocked
closed/locked
vented/purged
unvented/closed

23. Where do you install the test-block gauge in the system to conduct a leak check?
a.
b.
c.
d.

Downstream of the second-stage regulator
At the appliance’s thermostat
At the service valve on the propane storage container
Between the container service valve and the inlet of the first regulator in the system
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24. When performing a leak check on systems with 100% safety shutoff valve appliances, you should ensure the 100%
shutoff valve is in the “ON” position.
a. True
b. False

25. Name a device you can use to pinpoint a leak.
a.
b.
c.
d.

Manometer
Combustible gas indicator
Vapor meter
High-pressure gauge

26. Why is it critical to bond or ground the gas pipe before beginning the purging procedure?
a.
b.
c.
d.

To verify there isn’t a leak in the system
To purge propane-air mixtures to the atmosphere
To ensure there is no buildup of static electricity in the piping system
To displace the air with propane vapor from a supply container

27. It is not possible to properly purge air from the distribution lines if _________is present in the supply container.
a.
b.
c.
d.

propane
air
carbon dioxide
odorant

28. Before you begin to purge the system of air, you must verify that appliance shutoffs are in the ___________ position
and that all distribution lines not connected to appliance shutoffs are ____________.
a.
b.
c.
d.

on/uncapped
off/capped
vented/closed
disconnected/open

29. You must ensure that propane released during the purging process is either burned off or vented to the outside.
a. True
b. False
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30. While conducting an indoor purge, one way to monitor whether gas is escaping is by using a _______________.
a.
b.
c.
d.

leak detector solution
Combustible Gas Indicator (CGI)
Corrugated Stainless Steel Tubing (CSST)
controlled burner

31. During the process of placing gas appliances into service you should consult which of the following resources?
a.
b.
c.
d.

NFPA 54
The appliance manufacturer’s instructions
Any applicable company policies
All of the above

32. NFPA 54 states two specific requirements for placing appliances into initial operation: do not overfire an appliance and
know the ________of the appliances you are placing into operation.
a.
b.
c.
d.

pilot lights
input rating
100% automatic shutoff valves
heat cycles

33. When lighting a standing pilot, you should reinstall the burner access panel once you have lit the pilot light so as to
prevent ____________ until a good draft is established.
a.
b.
c.
d.

a backdraft
combustion
fluctuating flames
flame roll out

34. After an appliance is connected to a vapor distribution system, you should conduct a flow test to measure the gas
pressure at the appliance under half load to determine if the regulator, or regulators, and piping system can supply the
amount of gas the appliance demands.
a. True
b. False
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35. A _____________measures the amount of delivered pressure to an appliance with no demand to ensure that the
regulator will shut off the flow of propane when the appliances are not in use.
a.
b.
c.
d.

flow test
lock-up test
pressure test
meter creep test

36. What is the purpose of mechanical gas controls?
a.
b.
c.
d.

To regulate the flow of gas and the gas pressure entering the appliance burner
To monitor and maintain a desired set temperature within a specific area
To maintain a user-defined, set water temperature in the storage tank
To control the gas flow at a specific pressure to the appliance pilot and main burner

37. What kind of ignition safety control system is used on appliances operating without an external electrical power?
a.
b.
c.
d.

Energy cutoff
Electronic controls
Pilot generator
None of the above

38. What is the most significant difference between the operations of thermocouple 100% pilot safety shutoff systems and
the Oxygen Depletion Sensors (ODS) systems?
a.
b.
c.
d.

The fusible link melts and breaks the circuit in the ODS
The main burner should not restart until the high limit has cooled down and reset in the ODS
The flame safety monitor
The location of the pilot flame on the thermocouple

39. The purpose of ignition controls and devices are to safely ignite propane at the appliance burner and to monitor the pilot
or main burner operation.
a. True
b. False
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40. When an ignition control works in conjunction with a flame sensor to monitor a flame during the burner run cycle it
is known as ________________. This principle is important to understand to determine if a system is performing
properly.
a.
b.
c.
d.

hot surface ignition
flame rectification
flashback
flame lifting

41. What is the purpose of the spillage test?
a.
b.
c.
d.

To ensure flue gases are not spilling into the structure
To ensure air is not spilling into the appliance
To ensure gas is not spilling out of the piping system
All of the above

42. Natural draft vented appliances should be checked for spillage at the draft diverter or __________with the appliance
operating.
a.
b.
c.
d.

exhaust fan
main burner
appliance thermostat
draft hood

43. For every __ cubic foot of propane to be burned, __ cubic feet of air is needed to support combustion.
a.
b.
c.
d.

2/24
1/24
1/12
None of the above

44. Which of these items is not a typical burner ignition source?
a.
b.
c.
d.

Pilot
Static electricity
Electric spark
Hot Surface Igniter (HSI)
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45. What color should atmospheric burner flames be?
a.
b.
c.
d.

Red
Orange
Blue
Clear

46. If a flame is fluctuating, which of the following is most likely causing this problem?
a.
b.
c.
d.

Non-uniform gas pressure at the orifice
Insufficient primary air
Gas in the burner venturi ignites when the burner shuts off
Drafts across the burner

47. Which of the following safety labels contains a warning to the customer not to open a service valve that has been turned
off?
a.
b.
c.
d.

ASME container label
Consumer safety cylinder requalification decal
Container shutoff valve label
Meter re-location and distribution label

48. The PERC consumer safety material includes all of the following except:
a.
b.
c.
d.

A scratch-and-sniff to help demonstrate propane odorant
How to turn off the propane supply valve(s)
The physical properties of propane
None of the above

49. It is important to demonstrate to the customer how to shut off propane flow. When should customers shut off the flow of
propane?
a. When they smell odorant or suspect a leak in or around the building
b. When flooding is predicted for their area. They should turn off the gas valve at the cylinder or tank before the water
rises
c. When something doesn’t look right after a storm. If their tank has shifted position; gas lines are bent, broken or
damaged; or they see something else unusual about their system or appliance
d. All of the above
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50. If your customer suspects a propane leak, the presence of carbon monoxide, or another propane emergency, they should
evacuate their home or office immediately.
a. True
b. False
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MODULE 2
Lesson 1: Check for Understanding: Vapor Distribution System Tests

C. The test for leakage for propane leaks at the interior portion of the piping only.
Lesson 1: Check for Understanding: Leak Check

B. The entire gas piping system. A leak check looks for propane leaks by applying pressure to the entire gas piping
system up to the outlet of the equipment or appliance shutoff valve.

Lesson 1: Check for Understanding: System Tests

C. Both pressure test and leak check. Both a pressure test and a leak check are performed upstream of the
appliance connectors.

Lesson 2: Check for Understanding: Gas Volume

A. True. The volume of propane gas supplied by the container must meet the total gas demand of all appliances
operating at full capacity.

Lesson 2: Check for Understanding: Interior Piping Validation

B. A gas vent. When validating interior piping, you must verify that the piping is not installed in, under, or through a
gas vent.

Lesson 2: Check for Understanding: Regulators

B. False. Installing single-stage regulators is prohibited in new or modified fixed piping systems.
Learning Activity: Making Final Connections
1. Connect.
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2. Disable.
3. Disable.
4. Disable.
The first, third, and fourth check boxes should be checked.

Learning Activity: Validating Vapor Distribution System Components

1. Underground ASME tanks next to driveway with no protective barriers. All underground propane

containers subject to vehicular traffic are required to have protection installed to prevent possible damage caused by
vehicles hitting them.

2. PE Piping improperly installed above grade. All PE pipe and tubing must be installed below grade and an
approved riser is required when terminating above grade.

3. Regulator and piping next to driveway with no protective barriers. All regulators and above ground piping
are required to be protected against physical damage by vehicles.

4. Improper venting on water heater. A gas vent for a Category I appliance cannot be vented out the side wall like
this. Either a type B vent or a masonry chimney that terminates above the roof line would be required to properly vent
this appliance.

5. Vent connector installed too close to combustibles. A single wall vent connector installed on a Category I
appliance must maintain a minimum of 6” of clearances to combustible material while a type B vent must have 1” of
clearance to combustibles.

6. Water heater is for natural gas only. This water heater would be considered a dedicated appliance that is
designed to operate only with natural gas and therefore is not field convertible from natural gas to propane.

7. Hangers with too much space in between and piping is sagging. All gas piping materials must be properly
supported according to code and the manufacturer’s instructions. Typically, copper tubing is required to be supported at
a minimum every 4 feet.

MODULE 3
Lesson 1: Learning Activity: Appliance Conversion Kits

Appliance 1: Propane, convertible
Appliance 2: Natural Gas, not convertible
Appliance 3: Propane, convertible
Appliance 4: Natural Gas, convertible
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Lesson 1: Check for Understanding: Gas Appliances

C. Dedicated. Dedicated fuel gas appliances are designed to operate only on natural gas or propane and must not be
converted to use a different fuel gas.

Lesson 2: Check for Understanding: Vented Appliances

B. Ranges and cooktops. The amounts of flue gasses discharged by most ranges and cooktops are extremely
small and not hazardous to health or property if they are installed properly and are operated in accordance with
manufacturer’s specifications.

MODULE 4
Lesson 1: Check for Understanding: Gas Vents

B. False. Vent diameters and vent connectors that are too wide and too long can allow flue gases to become trapped
and can cool before they can move out of the vent.

Lesson 1: Check for Understanding: Lateral Runs

D. All of the above. When verifying whether a lateral run vent is installed properly, you must check all of these things.
Learning Activity: Validate Proper Venting

Residence 1:
A. Wood stove damper. A damper such as this one may cause an obstruction in the vent connector especially if it
was left in the closed position.

B. Rusted hole in connector joint. A hole in a venting system may allow flue gas to escape into the living space
that could potentially create an unsafe condition.

C. B vent on CAT IV furnace Type B vent pipe and fittings are to be used with Category I appliances. A Category IV
appliance will generally have PVC pipe installed according to the manufacture instructions.

D. B vent bisecting connector vent The code does not allow a Category I and a Category IV appliance to
be connected into the same venting system. The two different Category appliances have dissimilar operating
characteristics and therefore require separate venting systems.

Residence 2:
A. PVC Piping from water heater Any atmospheric Category I gas appliance must use either single wall metal pipe
and fittings or type B double wall vent pipe and fittings as vent connector components to meet code requirements.

B. Vent is 20 ft The total maximum length of the horizontal vent connector cannot be greater than 75 percent of the
height of the chimney or gas vent.

C. Numerous 90 degree elbows The code requires a vent connector be installed so as to avoid unnecessary turns
and bends that could restrict the flow of vent gases.

D. Vent connector pass thru duct A vent connector cannot be installed inside of a furnace air duct system
according to code.
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Residence 3:
MODULE 13

A. Water heater vent not attached A vent connector is required to be properly attached to the appliance draft hood.
B. Return air duct next to water heater A furnace return air duct could potentially create an issue with negative
pressure in the vicinity of the gas appliance which may result in improper burner operation and inadequate venting of
the flue gas.

C. Clearance issue water heater vent connector A single wall vent connector installed on a Category I appliance
must maintain a minimum of 6" of clearances to combustible material while a type B vent must have 1" of clearance to
combustibles.

D. Incorrect pitch water heater vent connector The code requires a vent connector of a Category I appliance to
pitch upwards towards the chimney or gas vent ¼ inch per foot of horizontal vent length.

MODULE 5
Learning Activity: Calculate Combustion Air
For both Standard and Alternative Method – YES, additional air is needed.

Lesson 1: Check for Understanding: Combustion Air

A. The room has 34,000 Btu/hr more than the appliances, so there is enough combustion air. The volume
of air in the room is 11,200 ft3. The maximum appliance input is 224,000 Btu/hr (11,200 ft3 x 20 Btu/hr/ft3 = 224,000 Btu/
hr). The total appliance input is 190,000 Btu/hr (150,000 Btu/hr + 40,000 Btu/hr = 190,000 Btu/hr). Therefore, there is
34,000 Btu/hr more in the room than is needed by the appliances.

Lesson 1: Check for Understanding: Input Rating

B. 18,200 Btu/hr. The volume of air in the room is 12,160 ft3. The maximum appliance input is 243,200 Btu/hr (12,160
ft3 x 20 Btu/hr/ft3 = 243,200 Btu/hr). The total appliance input is 225,000 Btu/hr (175,000 Btu/hr + 50,000 Btu/hr =
225,000 Btu/hr). Subtract 243,000 minus 225,000 and there is 18,200 Btu/hr input rating left for the additional heater.

MODULE 6
Lesson 1: Check for Understanding: Using a High-Pressure Gauge

C. Locked/closed. When using a high-pressure gauge to perform a leak check, the first-stage regulator is unlocked
and open and the second-stage regulator is locked and closed.

Learning Activity: Leak Checking with a Block Gauge
3, 4, 5, 1, 6, 11, 9, 12, 8, 2, 7, 10
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MODULE 7
2, 7, 10, 1, 4, 8, 5, 9, 6, 11, 3

Lesson 1: Check for Understanding: Purging

B. Do not use propane during the purging process; only use an inert gas. Propane is acceptable to use
when purging air from a piping system.

MODULE 8
Lesson 1: Check for Understanding: Lighting the Pilot

D. Stop what you are doing and search for a gas leak. Do not continue to light the appliance and try to find the
source of a gas leak.

Lesson 2: Learning Activity: System Flow and Lock-up Test
11, 2, 3, 4, 8, 9, 5, 6, 1, 12, 7, 10

Lesson 2: Check for Understanding: System Flow Test

B. To ensure that a regulator is functioning properly. The purpose of a system flow test is to make sure a
regulator is functioning properly.

Lesson 2: Check for Understanding: Lock-Up Test

C. To measure the amount of pressure that will shut off the flow of propane when appliances are not
in use. The purpose of a lock-up test is to measure the amount of pressure that will shut off the flow of propane when
an appliance is not in use.

MODULE 9
Lesson 1: Check for Understanding: Electronic Control Ignition System

D. Both a and b. The igniter and flame sensor are both parts of the electronic control ignition system.
Lesson 2. Learning Activity: Identifying Appliance Components

D - Ignition Control Module.
C - Gas Control Valve.
B - Thermostat.
A - Safety Device.

CERTIFIED EMPLOYEE TRAINING PROGRAM

MODULE 13

Learning Activity: Purging Air

378

Check Your Work

Lesson 2: Check for Understanding: Safety Device

C. High-limit switch. The high-limit switch is the component that prevents the appliance from getting too hot.
MODULE 10
MODULE 13

Lesson 1: Check for Understanding

A. True. The appliance should be operating in order to check for spillage or backflow inside a structure in order to
prevent products of combustion from accumulating.

MODULE 11
Lesson 1: Check for Understanding: Air Supply

A. There is too little primary air. A yellow flame indicates too little primary air.
Lesson 2: Check for Understanding: Appliance Burner

D. Burner head. The burner head spreads the heat of the flames out over the object or space to be heated.
Lesson 3: Check for Understanding: Flame Abnormalities

B. Flashback. Flashback occurs when gas-air mixture ignites inside a burner creating a roaring noise like a blowtorch
and a hazardous condition by causing incomplete combustion, clogging, and a build up of carbon monoxide and
aldehydes.

Lesson 3: Check for Understanding: Flame Abnormalities

A. Lack of combustion air. When flames are coming out of a combustion chamber, there is generally either a
lack of combustion air or the flue products are being blocked someplace.
Learning Activity: Identify Flame Abnormalities

1. Yellow flame.
2. Floating flame.
3. Flame lifting.
4. Unstable flame.
5. Flame roll out.
6. Flashback.
MODULE 12
Lesson 1: Check for Understanding: Safety Information

C. Leave the area immediately.
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100% SAFETY SHUTOFF VALVE

AUTHORITIES HAVING JURISDICTION (AHJ)

A device that automatically stops any gas from passing
through a gas control to an appliance’s combustion
chamber when the control is in the “ON” position and
there is not an ignition source.

The title used in NFPA documents to refer to the
organization, office, or individual responsible for
approving equipment, an installation, or a procedure
involving propane operations.

2-PSI REGULATOR

AUTOMATIC IGNITION

A type of regulator that has an internal relief valve and is
designed to serve as an intermediate regulator supplying
propane to a manifold (located inside a structure) where
piping such as corrugated stainless steel tubing (CSST)
is routed to a line regulator supplying approximately
11" water column (w.c.) to appliances throughout the
structure.

A device that lights the fuel in a gas burner when the gas
control valve is turned on.

AIR CHANGES PER HOUR (ACH)

CONTAINER SERVICE VALVE

The total volume of air in a space that is turned over in
one hour.
AIR INFILTRATION RATE

The volumetric flow rate of outside air into a building,
typically in cubic feet per minute, or liters per second.
ALDEHYDE

A reactive organic compound resulting from a flashback
flame condition.
ANODELESS RISER

A transition assembly where polyethylene (PE) pipe
or tubing is installed underground and terminated
aboveground outside of a building.

COMBUSTION AIR

The amount of air required for propane to burn within its
lower and upper flammability limits. Also known as "air
for combustion."

A device on a container that controls the flow of propane
vapor out of a container to the distribution piping system
and gas burning equipment.
CONVERTED APPLIANCE

An appliance that can use either propane or natural gas
to operate.
CORRUGATED STAINLESS STEEL TUBING (CSST)

A continuous, flexible, stainless steel tubing with a
polyvinyl chloride (PVC) exterior.
DEDICATED APPLIANCE

An appliance that is made to work only with one type of
fuel gas.
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DIELECTRIC UNION

EXTINCTION POP

A pipe fitting used to connect two pieces of pipe. It
contains a synthetic plastic gasket that stops the flow of
an electrical current between the two pieces of pipe.

A flame condition that occurs when gas in a burner
venturi, or mixing tube, ignites when the burner shuts
off. This is an unfavorable condition that creates a noise
sounding like a bang or "pop."

DIRECT SPARK IGNITION (DSI)

A method of igniting the main burner on a propane-fired
appliance. The burner is lit with an electric spark and the
flame is monitored by an electronic circuit board.

FIRST-STAGE REGULATOR

DIRECT VENTING

FIXED PIPING SYSTEM

A venting system where air for combustion is obtained
from the outdoor atmosphere and all flue gases are
discharged to the outdoor atmosphere.

A system that is permanently installed and connected
to an LP-gas source and the equipment using the gas.
These parts can include the piping, valves, and fittings.

DRAFT

FLAME LIFTING

A pressure difference that causes gases or air to flow
through a chimney, vent, flue, or appliance.

A flame condition that occurs when too much primary
air is supplied to a burner. This condition results in a
blowing flame that is hard, well-defined, and often noisy.
Could indicate an unsafe condition.

DRAFT HOOD

A nonadjustable device built into an appliance, or made
a part of the vent connector from an appliance, that is
designed to: provide for the ready escape of flue gases
from an appliance in the event of a "no draft," backdraft,
or stoppage beyond the draft hood; prevent a backdraft
from entering an appliance; and neutralize the effect
of stack action from the chimney or gas vent upon the
operation of an appliance.

A regulator designed to reduce container pressure to
between 5 and 10 pounds per square inch gauge (psig).

FLAME ROLL OUT

A flame condition that occurs when there is a lack
of combustion air or a vent blockage. This is a very
dangerous condition where the flames "roll out" of the
combustion chamber opening when a burner is turned
on. It can create a fire hazard, damage equipment, and
cause personal injury.

ELECTRONIC CONTROL IGNITION SYSTEMS

FLARE CONNECTION

Electronic control ignition systems are used to ignite pilot
and main burners for either Intermittent Spark Ignition
(ISI), Hot Surface Ignition (HSI), or Direct Spark Ignition
(DSI) systems. With an electronic control ignition system,
the ignition control shuts off the gas to the pilot and main
burner when the flame-sensing device does not receive
the proper flame signal.

A method of joining copper tubing that requires the end
of a tubing section to be spread outward in a bell shape
using a flare tool. A flare nut then compresses this bellshaped end onto a male fitting.

ENERGY CUT-OFF (ECO) DEVICE

A safety device used in a water heater to interrupt the
flow of energy to the heater if the temperature exceeds a
preset value anywhere within the water heating system.
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FLASHBACK

A flame condition that occurs when a flame burns in a
mixing tube causing the gas-air mixture to ignite inside a
burner. This is an unfavorable condition often associated
with a "roaring" noise sounding similar to a blowtorch.

GLOSSARY—Floating Flame
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FLOATING FLAME

HOT SURFACE IGNITION (HSI)

A flame condition that occurs due to a lack of
combustion air or a venting issue. This flame is soft and
hazy in appearance and seems to "reach" for air. It is
considered an unsafe flame condition.

This component replaces the traditional pilot on a gas
furnace. A hot surface ignition will "turn on" when the
furnace is starting and "turn off" once the burners
are lit. Because this is only in use when the furnace is
starting, there is no wasted energy from continuous pilot
operation.

FLOW TEST

A test that measures the pressure downstream of the
first-stage regulator to determine if the regulator can
supply the amount of gas the system demands.

HYDROCARBON

An organic compound consisting entirely of hydrogen
and carbon.

FLUCTUATING FLAME

A flame condition that occurs when gas pressure at the
orifice of a burner is not uniform. Fluctuating flames
usually do not create an immediate danger but can
indicate a potential gas pressure problem.

INERT GAS

FLUE GASES

Contains a non-adjustable, first-stage regulator on the
inlet. The second-stage provides 11" water column (w.c.)
outlet pressure.

Products of combustion plus excess air in appliance
flues or heat exchangers.
FUEL GAS

A gas that burns to produce thermal energy.
HEAT CONTENT

The number of British thermal units (Btu) produced from
combustion.
HIGH-LIMIT SWITCH

A switch that shuts off a burner if the water or air
temperature gets above a predetermined temperature as
specified by the appliance manufacturer.
HIGH-PRESSURE GAUGE

A pressure gauge that measures from 0-30 pounds per
square inch gauge (psig) used to conduct leak checks.
It is installed between the first- and second-stage
regulators.

Any gas that does not react with elements.
INTEGRAL 2-STAGE REGULATOR

INTERLOCKED

When switches and signals are interconnected in a way
that each movement follows the other in a proper and
safe sequence.
INTERRUPTION OF SERVICE

A term used to describe when the vapor pressure in a
vapor distribution system is no longer sufficient to allow
an appliance to operate.
LEAK CHECK

A test that checks for a propane leak by applying
pressure to a system downstream from the point of
delivery or up to the outlet of the equipment or appliance.
Immediately after the gas is turned on into a new system
or into a system that has been initially restored after an
interruption of service, the piping system shall be tested
for leakage. See also, the definition for Interruption of
Service.
LEAK DETECTOR SOLUTION

A solution, typically made of liquid dishwashing soap
and water, that is either sprayed or applied to the piping
system with a rag to detect a leak.
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LEAK TEST

NAME PLATE

Test performed to determine where a leak is located in
a vapor or liquid distribution system through the use
of an approved leak-detector solution or gas-detection
instrument.

An identifying label affixed to an appliance stating its
requirements and specifications for code compliance
according to the manufacturer.
NATURAL DRAFT

LINE-PRESSURE REGULATOR

A regulator designed to reduce 2-5 pounds per square
inch gauge (psig) inlet pressure to appliance inlet
pressure (typically 11" water column (w.c.).

A draft produced by the difference in the weight of a
column of flue gases within a chimney or vent and a
corresponding column of air of equal dimension outside
the chimney or vent.

LISTED APPLIANCES

NATURAL GAS

Appliances that are tested by an independent testing
agency and meet or exceed NFPA 54 and other
independent agency requirements. Examples include
water heaters and central heating systems. Listed
appliances must be verified according to the specific
manufacturer's instructions.

A gas made mostly of methane. It must be processed
and stripped of its other components before it can be
used as a fuel source as for cooking and heating.

LOCK-UP TEST

A test that measures the amount of delivered pressure
to the gas appliances with no gas demand to ensure that
the regulator will shut off the flow of propane when the
appliances are turned off.
MAKEUP AIR PROVISIONS

Type 1 clothes dryers in accordance with the
manufacturers’ installation instructions. Type 2 clothes
dryers, with a minimum free area of 1 in2/1,000 Btu/
hr (2,200 mm2/kW) total input rating of the dryer(s)
installed.
MANOMETER

A pressure measuring device used to perform leak
checks on a piping system.
MANUAL GAS SHUTOFF VALVE

A valve in which you can shutoff the flow of gas
manually.
MECHANICAL DRAFT

Draft produced by a fan.
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ORIFICE

A fixed-size opening in a regulator, or other gas
utilization equipment, through which propane flows to
the burner.
PILOT GENERATOR SYSTEMS

A thermoelectric device that creates direct current
electricity measured in millivolts when heated by a pilot
burner that allows pilot and main burner gas to flow to
the appliance when connected to a gas control valve.
PIPE UNION

The point in which one or more pipes are joined together.
POL

Term used to refer to a connecting valve fitting. Stands
for "Prest-O-Lite," a trademark of a pioneer LP-gas
operator, Pyrofax-Union Carbide.
POLYETHYLENE (PE)

A plastic used in exterior piping system tubes.
POUNDS PER SQUARE INCH GAUGE (PSIG)

The measure of pressure relative to atmospheric
pressure. For example, if the contents of a container are
at atmospheric pressure (no pressure), the reading in
psig is zero.

GLOSSARY—Power Burner
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POWER BURNER

SECOND-STAGE REGULATOR

Burner with a motorized fan that forces a draft to push
air into the burner rather than relying on a venturi or
mixing tube to draw air in.

A regulator designed to reduce a regulated inlet pressure
(typically 5 to 10 pounds per square inch gauge (psig) to
the interior piping system pressure (typically 11" water
column (w.c.) or 2 psig).

PRESSURE GAUGE

A device used to measure the pressure in a container.
Helps ensure that pressures in containers do not exceed
acceptable operating pressures.

SECONDARY AIR

The remaining air needed for complete combustion
besides primary air. This is the air surrounding the
flames outside the burner ports.

PRESSURE TEST

A pressure test on gas piping verifies that the system
is gas tight, or leak free and is only required to be
performed before new installations are put into
operation, when major repairs or additions are made, or
where new piping is installed.

SEDIMENT TRAP CAP

A lid for a sediment trap that collects any foreign
particles that may be in the gas piping.
SEDIMENT TRAP

PRIMARY AIR

A device installed to remove any debris in a piping
system.

Air that is mixed with gas before the gas leaves a burner
port to burn. Ideal burning condition generally is 10 cubic
feet of air per one cubic foot of gas.

SOURCES OF IGNITION

PROPANE

A fuel gas that can be compressed to a liquid. Used
to fuel vehicles, furnaces, cooking appliances, water
heaters, laundry dryers, barbecues, and other appliances
that produce heat. Produced as a byproduct during oil
refining and natural gas processing.
PURGING

The process of replacing air or an inert gas with propane
vapor in a gas piping system.
REGULATOR PERFORMANCE CURVE

A measurement showing the capacity of a regulator at
different delivery pressures given the factory setting for
outlet pressure.
SAFETY SHUTOFF DEVICE

A switch or sensor that is activated if an unsafe condition
occurs in an appliance, usually causing the main gas
control to close, or the electronic pilot system to shut
down.

Appliance, equipment, or apparatus that, due to its use
or operation, is capable of providing sufficient thermal
energy to ignite flammable gas-air mixtures.
SPECIFIC GRAVITY

A system of comparison that allows one to determine the
relative weight of a liquid or a gas. The weight of a liquid
is compared to that of water and the weight of a gas or
vapor is compared to that of air.
STANDARD METHOD CALCULATION

A calculation used to determine if gas appliances are
supplied with enough air where the minimum required
volume must be 50 cubic feet per 1,000 Btu/hr of
appliance input.
T-BLOCK

An adaptor used to connect a test gauge to the tank
pressure piping system usually between the POL valve
outlet on the propane container and the pigtail for the
first regulator in the system.
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TERMINATION

VENT CAP

The end point of an appliance venting system.

A device that directs combustion gases into the outside
atmosphere and keeps rain, snow, debris, and animals
out of the vent. Also known as a "vent terminal."

TEST-BLOCK GAUGE

A pressure gauge that measures from 0-300 pounds per
square inch gauge (psig) used to conduct a leak check. It
is installed between the container service valve and the
first- or integral 2-stage regulator.

VENT CONNECTOR

A pipe or duct that connects an appliance to the vent or
chimney.

TEST FOR LEAKAGE

VENTED APPLIANCES

A test on the exterior portion of a piping system to
determine if there are propane leaks. This includes the
portion of the piping from the outlet of the tank vapor
service valve to the outlet of the second-stage regulator
and must be performed on all newly-installed piping.

Appliances that generate higher levels of flue gasses
than unvented appliances and must be vented to the
outside. Examples include central heating systems,
water heaters, and some space heaters.
VENTING

THERMOCOUPLE

A junction between two different metals that produces a
voltage related to a temperature difference.

The removal of combustion products as well as process
fumes to the outer air.
VENTURI

TOTAL GAS DEMAND

A mixing tube that flares out from the throat of a burner.

The amount of gas required to supply all appliances and
equipment in a piping system.

WAVERING FLAME

UNLISTED APPLIANCES

Appliances that are not tested by an independent agency
but must comply with NFPA 54 requirements and be
acceptable to the Authority Having Jurisdiction (AHJ).
Examples include certain types of room heaters, gas
logs, barbeque grills, and smokers.
UNVENTED APPLIANCES

Appliances that discharge insignificantly small amounts
of flue gases thereby not requiring outdoor venting.
Examples include some space heaters and cooking
appliances.
VAPOR METER

An instrument installed to measure the volume of
gas delivered through it. It is also used to conduct a
leak check. Registers a change in pressure by a dial
movement.
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A flame condition that occurs when a draft crosses a
burner. This condition can lead to incomplete burning
if flames impinge on cool surfaces and could create a
more serious problem.
YELLOW FLAME

A flame condition that occurs when there is insufficient
primary air being supplied to a flame. This is an
unfavorable condition indicated by too much yellow in a
flame or too long a yellow tip.

RESOURCES—Drip Legs

385

Resources
DRIP LEGS
A drip leg is a device that is used to collect condensate in a wet gas system and is not a component of the appliance. A
propane system is not considered a wet gas system and therefore does not require a drip leg unless required by the AHJ. If a
drip leg is used it should not be installed where the condensate is subject to freezing temperatures.
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RESOURCES—Gas Vent Roof Slopes

GAS VENT ROOF SLOPES
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Safety Bulletin
U.S. Chemical Safety and Hazard Investigation Board

PURGING AIR

September 2009

Dangers of Purging Gas Piping
into Buildings
No. 2009-12-I-NC

When new fuel gas piping is put into service – or when
existing piping is returned to service after interruptions –
it is typically necessary to purge the lines of air.1 U.S. fuel
gas safety codes require that new piping installations be
pressure-tested with air or an inert gas prior to initial
operation, and this activity requires purging during the
introduction of natural gas.2 Purging is commonly done by

one of two methods: (a) fuel gas is used to directly displace
the air, or (b) inert gas is used to displace the air and then
fuel gas is used to displace the inert gas. With this Safety
Bulletin, the U.S. Chemical Safety Board (CSB) draws
attention to serious dangers that can arise during fuel gas
purging operations and highlights five key lessons the
agency recommends for improving safety in the workplace.

Who’s at Risk…
Personnel who manage,
install, maintain, repair,
inspect, or place into
operation fuel gas piping
and equipment, including:
• Plumbers
• Gas installers
• Maintenance workers
• Contract supervisors
• Industrial facility
managers

The ConAgra Slim Jim plant in Garner, North Carolina, where unsafe gas purging caused an explosion in
June 2009 that killed three workers and sent 71 to the hospital.

National Fuel Gas Code, NFPA 54, ANSI Z223.1 defines a piping purge as “to free a gas conduit of air or gas, or a mixture of gas and air,” at 54-15
(2009 Ed.). The National Fire Protection Association (NFPA) develops widely recognized consensus fire protection codes and standards. Another widely
recognized family of fire protection codes is published by the International Code Council which includes the International Fuel Gas Code (2009 Ed.).
Both codes address safety guidance and requirements for the installation and operation of fuel gas piping and equipment.
2
National Fuel Gas Code, NFPA 54, ANSI Z223.1 at 54-61 to 63 (2009 Ed.); the International Fuel Gas Code at 68 (2006 Ed.). The fuel gas codes require
that piping beyond specified lengths be purged with an inert gas based upon the nominal pipe size.
1
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Interior of ConAgra facility following structural collapse.

Aerial views of ConAgra facility after explosion.

KEy LESSoNS
1. Purging new or existing gas piping into buildings
can be highly hazardous due to the possible
accumulation of gas above the lower explosive limit
(LEL)3 and the associated danger of fire and explosion.
Wherever practicable, directly vent purged gases to a
safe location outdoors, away from people and ignition
sources. This can be done using a temporary hose or
piping or permanently installed vent pipes, depending
on the facility design.

3. Never rely on odor alone to detect releases of fuel gases.
An odorant4 is typically added to fuel gases, such as
natural gas and propane, to warn workers and
consumers of releases. However, the perception of
odor is highly subjective and varies from one person
to another. People also become desensitized to odor
during prolonged exposures. Additionally, new gas
pipes and containers can react with or otherwise
remove the odorant, an effect known as “odor fade.”

2. Purging indoors should only be done in limited
circumstances where purging outdoors is not
practicable. In such cases:

4. Always use combustible gas detectors5 to monitor
the gas concentration during purging operations.
To provide the most accurate information about
combustible gas levels, sampling should be conducted
frequently or continuously at appropriate locations.6

•

nonessential personnel should be evacuated;

•

all ignition sources should be controlled or eliminated;

•

ventilation should be adequate to maintain the gas
concentration well below the lower explosive limit at
all times.

5. Ensure personnel involved in gas purging operations
are fully trained and knowledgeable about safe gas
venting practices, the proper use of gas detectors, and
the danger of relying on the sense of smell alone to
detect gas releases. Include training on the problem of
odor fade in new gas piping systems.

LEL, also known as the Lower Flammable Limit (LFL), is defined as “that concentration of a combustible material in air below which ignition will not
occur.” Recommended Practice for Handling Releases of Flammable and Combustible Liquids and Gases, NFPA 329 (2005).
4
Natural gas is primarily composed of methane, an odorless and colorless gas. In order to heighten an individual’s ability to detect natural gas,
small quantities of odorant are added. T-butyl mercaptan (typically described as having a “skunk-like” odor), is one such odorant.
5
Combustible gas detectors measure combustible/flammable gas concentration in the atmosphere, which is indicated on the device as a percentage of the
lower explosive limit (LEL).
6
The evaluation of appropriate locations for combustible gas monitoring should include consideration of the purge location, characteristics of the gas
(lighter or heavier than air), stratification or mixing of the gas, and existing ventilation. See the International Society for Automation (ISA) RP 12.13,
Recommended Practice for the Installation, Operation, and Maintenance of Combustible Gas Detection Instruments (2003) and the American Petroleum
Institute (API) 2009, Safe Welding, Cutting, and Hot Work Practices in the Petroleum and Petrochemical Industries (2002).
3
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GAS PuRGING LEd To 2009 ExPLoSIoN AT
CoNAGRA SLIm JIm FACToRy
On June 9, 2009, a major natural gas explosion heavily
damaged the ConAgra Slim Jim meat processing factory
in Garner, North Carolina, just south of Raleigh. Three
workers were crushed to death when a large section of
the building collapsed. The explosion critically burned
four others and sent a total of 71 people to the hospital
including three firefighters who were exposed to toxic
anhydrous ammonia from the plant’s refrigeration system.
Approximately 18,000 pounds of ammonia were released
to the environment and 100,000 square feet of the plant
were damaged. Due to the severity of the structural
collapse, there was the potential for numerous additional
deaths or serious injuries.
The accident occurred during the installation of a new
fuel gas-fired industrial water heater in an interior
utility room of the plant. Five days prior to the accident,
a new section of three-inch steel piping – which would
provide natural gas to the heater – was tied into a
six-inch natural gas supply line located on the roof.
The new natural gas piping ran horizontally over 120 feet
along the roof and then descended into the utility room.

On the day of the accident, a worker from Energy
Systems Analysts (ESA), the water heater manufacturer,
was attempting to purge the new gas line by using natural
gas to directly displace the air. This was done by removing
threaded fittings, creating one or more pipe openings
near the heater. The worker then opened a quarter-turn
valve to control the release of purged gases. ESA reported
that it was the company’s normal practice to purge fuel
gas piping directly into the room or area when installing
gas-fired equipment. Code officials and other parties told
the CSB that they believe this practice to be common.
The purged fuel gas was vented indoors into the utility
room, which was ventilated by an exhaust fan. However,
no assessment was made of the adequacy of the ventilation in comparison to the rate of the gas release; whether
a dangerous accumulation of flammable gas had occurred
could have been most accurately verified by taking direct
measurements inside the utility room using a combustible
gas detector. Because of the difficulties in lighting the water
heater, personnel perceived that the gas line was not
effectively purged of air. Therefore, purging was conducted
intermittently over a period of up to two-and-a-half hours.

Gas-fired water heater and piping, indicating points where gas was likely released into the building.
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Damage to vegetation hundreds of feet away from the ConAgra plant due to the ammonia release that followed the explosion.

ESA and ConAgra employees were aware of the
natural gas purging activities inside the utility room.
However, no appropriate combustible gas detectors
were used to warn of a potential accumulation of gas in
the building. Instead personnel relied primarily on the
sense of smell to determine when the piping had been
effectively purged of air and whether or not an unsafe
release of natural gas occurred.

The vicinity of the utility room contained numerous
potential ignition sources, including a number of unclassified electrical devices. Nonessential personnel were not
aware of the water heater start-up or instructed to leave
the plant during the gas purging activity. Over 200 people
who had no role in the installation were in the building
when the natural gas found an ignition source and
exploded at approximately 11:25 a.m.

Some ConAgra employees smelled gas in the packaging
area; others did not. Personnel who were in and out
of the utility room noticed the gas odor, but most were
not seriously concerned and considered the purging
activity to be a normal part of the start-up process.
The ESA and ConAgra employees were not aware that
as a result of the purging, a dangerous accumulation of
natural gas had occurred into the building, exceeding the
lower explosive limit.

Following the June 9 explosion, ConAgra established
new procedures for gas purging. These procedures require
direct venting of purged gases via a hose or piping to
a safe location outdoors, exclusion of personnel and
ignition sources from the vicinity of the vent, continous
air monitoring using combustible gas detectors, and
evacuation of nonessential personnel from the facility.
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SImILAR INCIdENTS
Research conducted by the CSB during its investigation
of the ConAgra explosion uncovered a number of similar
incidents around the country that involved the purging
of gas lines, including:
•

An explosion at a 30-story hotel under construction in
San Diego, California, on May 19, 2008, that injured
14 workers, including three who suffered severe burns;

•

An explosion at a hotel in Cheyenne, Wyoming,
on August 7, 2007, that severely burned two plumbers;

•

An explosion that burned two plumbers at a school in
Porterville, California, on November 16, 2005;

•

An explosion on August 1, 1997, at a fitness center
in Cary, North Carolina, a short distance from the
ConAgra facility, which collapsed the roof, severely
burned two people, and injured four others.

In addition, OSHA inspection records identify other
related fuel gas purging incidents have occurred causing
deaths and serious injuries.
Explosion seriously
damages three floors
of a Hilton Hotel
under construction in
San Diego in May 2008,
injuring 14.

PHOTO: DIrk HANSEN

CoNCLuSIoN
As a result of the findings from the ConAgra explosion
and other recent similar incidents, this Safety Bulletin
emphasizes five key lessons to prevent fires and explosions from purging fuel gas into buildings. These tragic
incidents can most effectively be prevented by purging
flammable gases to a safe location outdoors. Where this
is not practicable, important safety precautions should
be in place, including removing nonessential personnel,

eliminating ignition sources, and ventilating the space
so that the atmosphere is substantially below the LEL.
Combustible gas detectors should always be used to
monitor the gas concentration during purging operations
– never rely on the sense of smell alone. To effectively
implement these practices, workers must be fully trained
and knowledgeable about safe purging practices and the
hazard of odor fade in new gas piping systems.

The U.S. Chemical Safety and Hazard Investigation Board (CSB) is an independent federal agency charged with investigating industrial
chemical accidents. The agency’s board members are appointed by the president and confirmed by the Senate. CSB investigations
look into all aspects of chemical accidents, including physical causes such as equipment failure as well as inadequacies in regulations,
industry standards, and safety management systems.
The Board does not issue citations or fines but does make safety recommendations to companies, industry organizations, labor groups,
and regulatory agencies such as OSHA and EPA. Please visit our website, www.csb.gov.
No part of the CSB’s conclusions, findings, or recommendations may be admitted as evidence or used in any action or suit for damages;
see 42 U.S.C. § 7412(r)(6)(G).
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INSIDE: PLACING VAPOR DISTRIBUTION SYSTEMS AND APPLIANCES INTO
OPERATION
MODULE 1: INTRODUCTION
Provides an introduction to the course, as well as course objectives, resources, and references.
MODULE 2: VAPOR DISTRIBUTION SYSTEM TESTS
Describes how to perform system checks and tests when installing a vapor distribution system and when
restoring service to an existing system. Describes how to inspect and validate container, piping, regulator, and
vapor meter installations.
MODULE 3: VALIDATING VAPOR DISTRIBUTION SYSTEMS
Provides a broad description of the differences between propane and natural gas and dedicated and convertible
appliances. Offers information on how to verify if an appliance is installed according to industry standards and
requirements.
MODULE 4: IDENTIFYING VENTING REQUIREMENTS AND CHARACTERISTICS
Looks closely at the principles of natural drafting systems in order for you to recognize basic problems when
validating a system’s venting.
MODULE 5: VALIDATING COMBUSTION AIR
Communicates how to ensure your system appliances have enough combustion, dilution, and ventilation air to
support combustion, assist with venting flue products, and help ventilate appliances.
MODULE 6: LEAK CHECK PROCEDURES
Demonstrates how to perform a leak check using various methods and instruments upon placing your system
and appliances into operation.
MODULE 7: PURGING AIR FROM A PIPING SYSTEM
Explains the importance of and procedures for performing a purge of air and inert gas from a vapor distribution
system.
MODULE 8: PLACING APPLIANCES INTO OPERATION
Describes how to turn your system appliances on and perform a flow and lock-up test to ensure the system
regulators are working properly.
MODULE 9: APPLIANCE CONTROLS AND SAFETY DEVICES
Describes how to turn your system appliances on and perform a flow and lock-up test to ensure the system
regulators are working properly.
MODULE 10: SPILLAGE TEST
Details how to perform a test to check that flue gases are properly venting from an appliance.
MODULE 11: IDENTIFYING BURNING CHARACTERISTICS OF PROPANE
Explains the basic characteristics of a flame and burning propane.
MODULE 12: SAFETY INFORMATION
Provides information and instructions on communicating safety information to your customer and instructs how to
prepare them to respond to a propane emergency..
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