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Basic Principles and Practices
of Propane
Basic Principles and Practices of Propane 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 the NPGA’s
CETP certification. Basic Principles and Practices of Propane is an essential tool for ensuring employee safety and
continuing success.

Course Objectives
State the advantages of using propane.
Describe propane customer applications and strategies for quality customer relations.
Identify sources, physical properties, and effects of pressure and temperature on propane.
Verify characteristics and purposes of odorants.
Identify and respond appropriately to service interruptions.
Identify complete and incomplete combustion characteristics.
Identify which propane industry standards, codes, and regulations correspond to job-related tasks.
Recognize and use appropriate personal protective equipment, practices, and procedures.
Describe features of bulk plants, DOT/ICC cylinders, and other propane equipment and systems.
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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.
1.0 Basic Principles and Practices of Propane, 2019 Edition, Version 1.1, was published on May 3, 2019.
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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:
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.
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.
Learning Activities, Case Studies, and Discoveries
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 Basic
Principles and Practices of Propane
WELCOME TO BASIC PRINCIPLES AND PRACTICES OF PROPANE
We’re PERC—the Propane Education & Research Council. We developed this course in partnership with industry
experts as part of the industry’s commitment to promote the safe and efficient use of propane gas as a preferred
energy resource.
Basic Principles and Practices of Propane represents the first, foundational course in a series of Certified Employee
Training Program (CETP) courses that cover many aspects of working in the propane industry.
The propane industry is committed to providing the highest level of service and care to its customers, employees, and
the entire propane community—including you.
Safety is at the heart of our commitment, and high-quality training is an essential tool for ensuring your safety and
continuing success.
Enjoy the course!
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MODULE 1

Lesson 1.

Course Overview and Objectives
SAFETY MISSION
Safety is an industry-wide responsibility that extends to anyone
who handles propane. Your knowledge about dispensing,
storing, and using propane greatly diminishes the risk of
accidents.
The propane industry is building its safety mission by
continuing to increase public confidence about the safety and
value of propane.

Safety Goals
To fully achieve its safety mission, the propane industry has
established the following five critical goals:
Prevent accidents and incidents—Eliminate unsafe
conditions and the injuries and damages that may result
from them.

Safety is an industry-wide responsibility that
extends to anyone who handles propane.

Improve safety awareness—Promote safety and achieve
total commitment to safe practices, from field personnel
to top management.
Increase consumer confidence—Provide the highest
levels of care and service and demonstrate exceptional
safety performance.
Strengthen the skills and knowledge of propane
employees—Invest in training and development of
employees to improve the quality and integrity of the
propane workforce.
Improve regulatory compliance—Increase industry
knowledge of regulations and strengthen compliance
agencies’ confidence in the propane industry.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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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—maybe even life saving. This course is designed to train various types of propane employees including:

Field personnel & delivery drivers

Sales personnel

Customer relations and office personnel

Installation and service personnel

Plant personnel

The information, learning activities, and quizzes which follow are geared toward helping field personnel handle propane.
However, this information certainly provides all personnel in the propane industry with a basic overview of key concepts in
handling propane safely.

Sales personnel

CERTIFIED EMPLOYEE TRAINING PROGRAM

Lesson 1. Course Overview and Objectives
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COURSE PURPOSE AND OBJECTIVES
MODULE 1

Purpose
This course has been developed to provide you with the basic
principles and practices of working with propane to ensure
your safety and help you provide quality service to your
customers and community. Basic Principles and Practices of
Propane is a prerequisite to the more advanced CETP classes
and 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.

Objectives
After completing this course, you will be able to:
State the advantages of using propane.
Describe propane customer applications and strategies for quality customer relations.
Identify sources, physical properties, and effects of pressure and temperature on propane.
Verify characteristics and purposes of odorants (gas warning agents).
Identify and respond appropriately to service interuptions.
Identify complete and incomplete combustion characteristics.
Identify which propane industry standards, codes, and regulations correspond to job-related tasks.
Recognize and use appropriate personal protective equipment, practices, and procedures.
Describe features of bulk plants, DOT/ICC cylinders, and other propane equipment and systems.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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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.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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COURSE FORMAT
MODULE 1

Basic Principles and Practices of Propane is divided into
eight modules, each containing several lessons. Each
module includes:

Current and accurate information, procedures, and
regulations.
Learning activities to apply your knowledge.
One question “Checks for Understanding”.
End-of-module quiz.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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MODULE 1

COURSE RESOURCES AND
REFERENCES: CODES
The American National Standards Institute (ANSI), the
National Fire Protection Association (NFPA), the United States
Department of Transportation (DOT), and other agencies of the
federal government are a few organizations that play major
roles in developing regulations, codes, and standards to ensure
the safe transportation, storage, handling, and use of propane.

Each of these organizations develops regulations,
codes, or standards referenced throughout the
course, including:
NFPA 58, Liquefied Petroleum Gas Code—This
publication provides standards for the storage,
handling, and transportation of propane.

NFPA 54, National Fuel Gas Code—This publication
provides standards for the installation of fuel gas
piping systems, appliances, equipment, and related
accessories.
Code of Federal Regulations—This government
resource contains all of the federal rules and
regulations that apply to the propane industry.
This course references various federal regulations,
including those developed by the DOT. The DOT
establishes regulations governing the construction of
cylinders and the safe transportation of propane.
Always check with your supervisor to
determine all of the safety codes that apply to
your daily job responsibilities.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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MODULE 1

COURSE RESOURCES AND
REFERENCES: HANDBOOKS
Both NFPA 54 and NFPA 58 have accompanying code
handbooks. NFPA created these handbooks to provide
relevance and interpretation to ever-changing codes. The
handbooks provide commentary that brings the legalistic
language of the code to life. Company managers, supervisors,
and employees may use the handbooks to apply the
requirements of the code on the job.

The references to NFPA 54 and NFPA 58, and other
codes and standards referenced, are included in this
training to:
Increase your awareness of these important resources.
Provide a general introduction to how the codes and
standards govern your work.
Provide sample codes and standards related to
concepts presented in the training.
Provide background so you’ll better understand your
supervisor’s decision making processes.
Familiarize you with a general use of the code as you
may use it as a resource during your certification test.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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PROPANE ADVANTAGES
MODULE 1

Propane is considered one of the world’s most convenient and versatile
fuels. It’s the choice of energy-conscious consumers for residential,
commercial, industrial, and agricultural uses. Propane is a clean, efficient,
and reliable fuel. You can feel proud to be part of an industry that markets
one of the world’s most convenient and versatile fuels.
During this course you’ll have a chance to learn more about why clean,
efficient propane gas is quickly becoming the choice of today’s energyconscious residential and commercial customers.

Advantages of Propane:
Clean burning. Clean, non-toxic propane is named as an alternative to traditional fuels by the Clean Air Act. Propane
is considered a safe motor fuel by the Federal government, and since it doesn’t leave residuals of any kind, it‘s
highly valued in industrial processes requiring cleanliness, high-energy heat, and precise results.

High performing. Propane is a premium-unleaded autogas fuel with a high pump-octane rating of 104 without
additives. The higher the octane, the higher the fuel’s anti-knock properties, and the better a vehicle’s engine
performance.
Cost effective. Propane is proven to be a cost-effective fuel choice.
Available anywhere. Companies located beyond the gas mains can use propane for all their major energy needs.
They can use propane to power forklifts for both in-plant and outdoor use since it burns cleanly. Propane can also be
used in factories and warehouses to keep workers warm, provide heat for industrial and manufacturing processes,
and supply efficient, cost-effective water heating.
Affordable and produced in the U.S. Propane and natural gas fuel costs are the least expensive alternatives to
gasoline. More than 88% of the current propane used in this country comes from our own sources. More than half of
the remaining 12% is imported from Canada and Mexico.
Interchangeable with natural gas. Industrial customers who need a standby fuel system can use propane with only
minor equipment modifications. For example, a plant located on a natural gas main may occasionally experience an
interruption to the base supply.
Technology exists to produce propane. Propane is already produced commercially in natural gas processing plants
and oil refineries in the U.S. and around the world without the need for new technology or added costs.
Tanks are safe and versatile. Propane vehicle tanks are built to high manufacturing standards and tested to four
times the normal operating pressures. These tanks are 20 times as puncture-resistant as gasoline, methanol, or
ethanol vehicle tanks. Tanks can be installed at a central location or different locations, and the fuel is then piped to
wherever it is needed.

CERTIFIED EMPLOYEE TRAINING PROGRAM
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Let’s take a moment to check how well you understand the information presented in this module. Select the
appropriate answer for each of the following questions.

1. Propane has a long-standing reputation for being a _____ burning fuel.
a.
b.
c.
d.

Combustible
Standard
Clean
Corrosive

2. Being _____ is just one of the many advantages of propane.
a.
b.
c.
d.

Expensive
Interchangeable with natural gas
Not portable
Toxic

3. Which of the following statements best describes this course?
a. This course has been designed to train both field personnel and personnel involved in customer relations and service,
phone operations, computer training, and other business functions related to propane service.
b. Basic Principles and Practices of Propane will not prepare the course participant for more advanced classes, nor is it
designed to be a learning resource or career development tool.
c. If a person is taking this course to be able to describe propane customer applications and strategies for creating
quality customer relations, he or she is taking the wrong course.
d. After completing this course, the participant will be able to understand the details of driving a bobtail.

MODULE 1

Module 1 Quiz
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MODULE 2

Module 2. Propane Customer
Applications and Customer Service
INTRODUCTION
In this module, you’ll learn about the different types of customers who use propane. You’ll develop a better
understanding of customer needs, and how quality service is a key ingredient to your success.

Objectives:
After completing this module, you will be able to:
Recognize the different ways residential, commercial, industrial, and agricultural customers use propane.
Describe techniques for providing quality customer service.
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MODULE 2

Lesson 1.

Residential Customer Applications
RESIDENTIAL HEATING SYSTEMS
This first lesson will introduce you to the largest market of
propane gas—residential customers. Residential customers use
propane for heating, indoor and outdoor cooking, water heating,
clothes drying, lighting, and cooling. This lesson also discusses
the types of appliances you may service when working with
residential customers.

First, let’s learn about the different types of heating
systems that residential customers use in their homes:
Central heating systems—Include furnaces and boilers.
Furnaces use a blower and ductwork to circulate air
throughout the entire home. The boiler system circulates
hot water for heaters in each room or a series of rooms
that can be controlled separately.

CENTRAL HEATING SYSTEM

Individual (Room) heating systems—Are often used to
heat customers’ most-used rooms, so that central heating
systems can be used sparingly. Some customers choose
more decorative heating equipment such as direct-vent
gas fireplaces and advanced combustion wood fireplaces.
If properly located in a major living space, a space heater
can lower the overall heat demands of the house, while
making the occupants feel more comfortable.

INDIVIDUAL HEATING SYSTEM
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RESIDENTIAL WATER HEATERS
MODULE 2

Water heating is the second largest residential use of
energy. Propane-fueled water heaters are inexpensive to
install and operate, are highly efficient, have quick recovery
rates, and require small storage spaces.

Types of residential water heaters include:
Storage tank heaters are the most popular type of
water heater. With this type of appliance, a thermostatcontrolled burner heats water in an insulated metal
tank to the desired temperature.

STORAGE TANK HEATER

Tankless water heaters heat water on demand as it
passes through small diameter coils.
Direct boiler systems are used primarily to heat the
home, drawing heated water as required. Water
circulates inside copper coils, which are surrounded
by the hot boiler water. Heat is transferred to the
incoming cold water only when hot water is being
drawn.

TANKLESS WATER HEATER

Indirect systems heat liquid in a separate boiler
located either indoors or outdoors. The heated liquid
then runs through copper coils in the water heater.
This system experiences very few standby losses and
keeps water hot for longer periods of time.
Other benefits of propane-fueled water heaters:

Compatibility with low-cost space heating and cooling
Continuous supply of hot water

DIRECT BOILER SYSTEM

Accurate temperature adjustment
Wide selection of sizes, installation, and venting options
Some types run independently from electricity (which
can fail during inclement weather)

INDIRECT SYSTEM

Lesson 1. Residential Customer Applications
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OTHER RESIDENTIAL USES

instantaneous source of fuel for indoor and outdoor
residential cooking.The most common indoor cooking
appliance that uses propane is the freestanding gas
range. The most common outdoor cooking appliance
that uses propane is the barbeque grill.

Clothes drying—Gas dryers have modern fabric care
options available in cycle selections to assure proper
temperature and drying times. Propane dryers are
available with time sensors that stop the drying cycle
at exactly the right time to protect fabrics.
Recreational and other applications—Propane is used
to run appliances in recreation vehicles (RVs) and
motor homes.

Propane may also be used to:
Light and heat outdoor patios.
Heat swimming pools.

MODULE 2

Residential customers also use propane for:
Cooking—Propane is a clean, efficient, and
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Commercial, Industrial, and Agricultural Customers
COMMERCIAL CUSTOMERS
Commercial customers are businesses such as restaurants, laundromats, and schools who use propane
for:
Heating—One of the most common types of commercial heaters is the
ceiling unit heater. Installed on or suspended from a ceiling, it’s often used to
heat large showrooms, warehouses, or production areas because of its high
capacity and location.
Cooking—Restaurants, cafeterias, institutions, and fast food chains all use
large, high capacity ranges, cook tops, ovens, griddles, hot plates, and deep
fat fryers.

Water heaters—Commercial customers use two types of water heaters: the
storage tank water heater and the instantaneous water heater. Commercial
water heaters have higher heat ratings and water capacities because they
must heat water at higher temperatures to meet sanitary codes.

Clothes dryers—Commercial clothes dryers used by apartment complexes,
laundromats, hospitals, hotels, and retail cleaners have a higher heat rating
because they hold large amounts of clothes.

Municipal fleets—Propane is popular and safely used to fuel municipal fleets
across the nation such as police cars, school buses, and taxis.

MODULE 2

Lesson 2.
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INDUSTRIAL CUSTOMERS
MODULE 2

Propane continues to gain popularity with industrial users such as manufacturing plants, factories, and warehouses that can
use propane for all their major energy needs including:

Forklifts—Propane-powered forklifts offer many advantages over those
powered by other fuels. They handle steep grades and ramps.
See Resources for additional advantages of propane-powered
forklifts.

Space heating—Some of the same highly efficient heating systems
used in homes can be used in commercial and industrial applications for
reliable cost savings.

Water heating—Cafeterias, washrooms, and manufacturing plants use
both hot water and steam systems to provide space heating, cleaning and
sterilizing, and to keep sprinkler tanks from freezing.

Process heating—Since propane is clean burning and doesn’t leave
residuals, it’s highly valued in industrial processes that require
cleanliness, high-energy heat, and precise results. Many industries
already use propane to power process furnaces, dryers, ovens, and kilns.

Lesson 2. Commercial, Industrial, and Agricultural Customers
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AGRICULTURAL CUSTOMERS

Crop dryers—After crops are harvested, they are dried by
special propane drying equipment. Crop dryers reduce the
water moisture absorption in grains, peanuts, and tobacco,
preventing spoilage and premature sprouting.

Greenhouses—Propane is used to heat the atmosphere
of a greenhouse. Special thermostats maintain the proper
temperature. Also, carbon dioxide from the combustion
process is helpful to plant growth.

Irrigation pumps—The irrigation pump is an indispensable
component of any irrigation system. And because propane
has several advantages over other fuels, it’s widely used
to power irrigation pumps in all types of agricultural uses.
One advantage is that propane’s clean burning extends the
engine life of the irrigation pumps.

MODULE 2

Agricultural customers that use propane are dairy farmers, produce farmers, and livestock ranchers. Agricultural applications
powered by propane include:
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AGRICULTURAL APPLICATIONS
MODULE 2

There are various agricultural applications fueled by
propane, including:
Brooders—In poultry barns, propane-operated
brooders are used to maintain proper temperatures for
the survival of young chicks.

Crop dryers—Grain or other crops are placed
in propane heated barns for drying. This helps
to preserve the crops. These barns process bulk
quantities of crops in a very short time.
Weed burners—Weed burners are propane-operated
hand-held torches for burning away weeds and
undergrowth. The burner consists of a pipe handle that
supports a large capacity gas burner. To kill weeds in a
field, a large weed burner can be attached to tractors.
Livestock heaters—Propane-generated heaters
warm barns during cold weather, cutting down on
disease and reducing weight loss in livestock. To
prevent water tanks from freezing during the winter,
beef and dairy farmers use propane livestock water
tank heaters. Farmers also use a propane-powered
device that creates a loud noise to scare birds away
from their nut and berry crops.
Motor fuel applications—Irrigation pumps, powered
by propane-fueled internal combustion engines, are
used to distribute water from wells, rivers, and lakes
to crops. Propane is also used as motor fuel in many
farm vehicles, trucks, and cars.

WEED BURNER

Learning Activity: Customer Applications

Check your work on page 253.

LEARNING ACTIVITY

24

Module 2. Propane Customer Applications and Customer Service

MODULE 2

25

Quality Customer Relations
QUALITY CUSTOMER RELATIONS
Good interactions are key to developing new customers and
keeping the ones you have satisfied and happy. It’s one of the
most important ways you can contribute to your company’s
safety and profitability and your own success.

Keep these tips in mind for every customer
encounter:
Develop a good relationship. Be thoughtful and use
common sense when dealing with customers. This
may mean taking care of a service call quickly in the
middle of a winter night or simply wiping your shoes
before entering a customer’s home.

Use the right attitude. Treat your customers as you would like to be treated. Make a positive impression on the
customer by treating them as if they were the company’s only customer. Extra effort will reflect favorably on the
company and on you.
Know and respect your customers. Knowing your customers and their needs allows you to provide timely and
effective service. Regardless of the size of the job or the questions the customer may ask, you should treat the
customer and their property with respect.
Manage angry customers. Occasionally, you may encounter an angry customer. Remain calm. Be as informative
as possible, and don’t take angry words personally. Apologize for any inconvenience and do whatever is within
company policy to satisfy the customer. When your work is done, ask the customer to inspect the work area to be
sure they are satisfied.
Schedule appointments appropriately. If work is being scheduled for the customer’s convenience—be on time.
Take time to schedule appointments at the beginning of the day. If this is not possible, try to allow enough time
between jobs so you don’t have to hurry through the work, possibly not doing a thorough job and missing the next
appointment. It’s better to schedule a job for the next day than to schedule an appointment that cannot be kept.
Check job orders. Double check job orders for all pertinent information, such as the account number, address,
customer name, and particularly, a description of the work to be done. This assures the customer you are informed
and familiar with their particular situation.

MODULE 2
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KNOW AND MANAGE YOUR LIMITATIONS
MODULE 2

Understand the limitations of yourself and those of your
company when working with customers. Here are several
simple guidelines that you should follow in order to stay within
appropriate limits:

Be honest. You should never try to perform a job or
task if you’re not fully trained, qualified, or authorized
to do so. Tell the customer, “I’m sorry, I’m not fully
trained for that type of work, but I’ll get someone who
is to take care of it.”
Show integrity. Never promise a customer something
that can’t be done, as the customer will lose respect
and trust for both the company and you. Check to see
if the service requested can be done. If you can’t get
a quick answer, let the customer know an answer will
be found and that you’ll follow up with them. Then be
sure you do.
Maintain a positive attitude. Never let one bad
experience affect your attitude toward other
customers. When faced with a problem you can’t
handle immediately, notify a supervisor or manager.
This shows the customer you really care and want to
help.
Build trust. Do the job right the first time and the
customer will learn to trust your company and the
service it provides. If a mistake is made, don’t be
afraid to admit it. Everyone makes mistakes. A true
professional is someone who realizes that and tries
to avoid making the same mistake again. The single
most important factor that affects the company’s
relationship with the customer is the way the job is
performed.
Don’t be complacent. Although you may have worked
in the industry for a number of years, don’t become
complacent with your customers’ needs or concerns,
especially when it comes to operational and safety
issues.

Lesson 3. Quality Customer Relations
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PROFESSIONALISM

There are three areas where professionalism really
counts.
1) Personal appearance
This is the appearance of your uniform, other clothing, and hair.
Personal appearance makes a lasting impression about you
and your company. In fact most customers believe that people
who look professional do professional-quality work.

Always be well groomed and neat.
Be sure your hair is trimmed or back out of your face.
Be sure your uniform and other clothing are clean and
mended.

2) Equipment care and maintenance
This is the overall condition of your equipment and tools.
Equipment care and maintenance is very noticeable to your
customers. Even if they don’t know how each tool is used, they
can see its condition and if it breaks down on site. Make sure
all equipment is cleaned, serviced, and repaired regularly.

3) Vehicle operation
This is the appearance of your vehicle and how you drive it.
Vehicle operation includes the appearance of your vehicle and
how you drive it. For both appearance and safety, clean and
service your vehicle regularly. Also, safe and courteous driving
habits are a must.

MODULE 2

You are an important representative of your company and
a professional in the propane industry. Therefore, it is vital
that you make a positive first and lasting impression on your
customers.
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RESPONDING TO CUSTOMER QUESTIONS
MODULE 2

Clearly and accurately respond to customer questions and
concerns regarding propane safety.

If you can’t answer a customer’s question,
then refer the customer to someone in your company
who has the expertise to provide an accurate answer.
If you believe that no one in your company

can provide an accurate response to the
customer, then advise the customer to promptly
consult with a qualified technician of his or her choice,
such as an appliance service company.
Know your company policies and procedures for documenting
safety-related contacts with the customer. Be sure to document
the question or concern that has been raised along with your
response. If your company does not have a special form for this
purpose, use a service work order or delivery ticket.

Lesson 3. Quality Customer Relations
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SUMMARY
Residential customers are the largest market for propane, using it for heating, cooking, clothes drying, lighting, and
cooling.
Commercial customers such as restaurants, laundromats, and schools use propane for heating, cooking, water
heaters, clothes dryers, and fleets.
Industrial customers use propane for forklifts, space heating, water heating, and process heating.
Agricultural customers include dairy farmers, produce farmers, and livestock ranchers who use propane for crop
dryers, greenhouses, and brooders.
Keeping customers happy and satisfied is your responsibility, and key to growing a safe and profitable propane
business.

MODULE 2

Some important points to remember from this module are:
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Let’s take a moment to check how well you understand the information presented in this module. Select the appropriate
answer for each of the following questions.

1. Residential customers use propane for _____, among other uses.
a.
b.
c.
d.

Pressure washing
Cooking
Sewing
Process heating

2. Common types of residential water heaters are the tankless type and storage tank models.
a. True
b. False

3. Heavy industrial propane applications include process heating and forklifts.
a. True
b. False

4. Propane cooking appliances, including _____, are used in commercial cooking.
a.
b.
c.
d.

Weed burners
Toasters
Griddles
Microwaves

5. In agriculture, _____ are used to heat grains, peanuts, tobacco, and rice to reduce water moisture absorbed during
growth.
a.
b.
c.
d.

Torches
Water heaters
Crop dryers
Brooders

MODULE 2
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6. Weed burners are hand-held _____ for burning away areas of weeds and undergrowth.
MODULE 2

a.
b.
c.
d.

Irrigation pumps
Torches
Flame cutters
Crop dryers

7. The type of customer who would use propane in restaurants and businesses is known as a _____ customer.
a.
b.
c.
d.

Commercial
Agricultural
Residential
Recreational

8. The largest category of propane customers is _____.
a.
b.
c.
d.

Commercial
Agricultural
Residential
Recreational

9. Propane-fueled _____ distribute water from deep wells, rivers, or lakes to crops in the fields.
a.
b.
c.
d.

Irrigation pumps
Crop dryers
Forklifts
Storage tank models

10. A service technician is making a call at a residence. Which of the following actions describes how the technician is using
good customer service?
a.
b.
c.
d.

The technician doesn’t admit a mistake has been made.
The technician arrives 45 minutes late for the appointment without notifying the customer.
The technician double checks job orders for all pertinent information.
The technician repairs a piece of equipment without having previous training on it.

11. The service technician should not perform any tasks that he or she is not fully trained or qualified to do.
a. True
b. False

Module 2 Quiz
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12. Doing the job right the first time is the least important factor that affects the service technician’s relationship with the
a. True
b. False

13. If a service technician makes a mistake when dealing with a customer, a good example of professionalism would be for
him or her to admit to the mistake, apologize, and ask for guidance.
a. True
b. False

14. Whenever a service technician is faced with an angry customer, he or she should ____ and try to help solve the
problem.
a.
b.
c.
d.

Leave the property
Call the police
Call his or her supervisor
Remain calm

15. When managing an angry customer, a service technician must remember to _____.
a.
b.
c.
d.

Stand his/her ground
Limit information to the customer
Take angry words personally
Apologize for any inconvenience

MODULE 2

customer.
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MODULE 3

Module 3.
Sources and Physical Properties of Propane
INTRODUCTION
This module will provide you with a basic understanding of where propane comes from and its physical characteristics. This
information will help you verify shipments, determine appropriate storage, and understand where to look for gas if there is a
leak.

Objectives
After completing this module, you will be able to:

Identify the sources of Liquefied Petroleum gases (LP-gases).
Name the primary LP-gases and their characteristics.
Identify differences between propane and other LP-gases.
Recognize the specific gravity of propane liquid and vapor.
Identify the effects of pressure and temperature on propane.
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Sources and Characteristics of LP-Gas
SOURCES OF LIQUEFIED PETROLEUM GAS
The main sources of Liquefied Petroleum Gas (LP-gas) are:
The refining of crude oil.
The processing of natural gas from wet gas wells.
These two sources are very different. But once refined, there’s little difference between LP-gases processed from these
sources.
See Resources for additional information on the sources and characteristics of LP-gas.

MODULE 3

Lesson 1.
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TYPES OF LP-GAS
MODULE 3

Although these LP-gases are really colorless, they
are pictured here in color to help you understand that
different types have different chemical make-ups
because of their hydrocarbons.

The different types of LP-gases used to meet
customer requirements are:
Commercial Propane—Mostly propane and
propylene (a hydrocarbon similar to propane).

HD-5 Propane—Propane with a maximum of
5% propylene.
Commercial Butane—Mostly butane and
butylene (a hydrocarbon similar to butane).

The main differences between propane and butane are:
Propane will vaporize at temperatures above -44°F at
atmospheric pressure.

Unlike propane, butane cannot support gas systems
in cold climates because butane will not vaporize
adequately at temperatures below 32°F.
Propane has a higher vapor pressure than butane at any
given temperature when the two gases are stored in
separate, sealed containers.
When burned, propane produces less heat than an equal
amount of butane.
A gallon of propane weighs less than a gallon of butane.

Propane will vaporize at temperatures above -44°F
at atmospheric pressure.

Lesson 1. Sources and Characteristics of LP-Gas
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IMPORTANT CHARACTERISTICS OF LP-GAS
MODULE 3

Important characteristics of LP-gas:

Tasteless, colorless, and odorless.
Will burn when mixed with the proper amount of air.
Can be solid, liquid, or vapor under varying conditions.
Stored and transported as liquids under pressure and readily vaporize into gas when the pressure in the
container drops.
Liquid propane expands when heated; if stored in a container, the expansion increases the volume of the
liquid and the pressure of the vapor and liquid inside a container.
Propane readily vaporizes and expands when released to the atmosphere.
Not toxic, but present an asphyxiation hazard if inhaled in a vapor state because LP-gases displace oxygen.

Will burn when mixed with air

Vaporizes into gases when
container pressure drops

If heated, liquid propane
expands and the vapor
pressure increases

LP-gases displace oxygen
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Physical Properties of Propane
THE ROLE OF SPECIFIC GRAVITY
One of the most common ways to calculate and compare the
weights of liquids and vapors is to use a value called specific
gravity.

Understanding the weight of propane and how it
compares with the weights of other liquids and vapors
will help you:
Understand where to look for gases if they leak. It is
important to know and understand specific gravity when
trying to find the source of a leak or when working in an
area where a leak has occurred.

Verify the correct type and amount of LP-gas has been
delivered to a plant. When propane is delivered to the
plant, its liquid specific gravity is normally marked on
the bill of lading. Since different liquids have different
specific gravities, this value is used to ensure that the
delivery is, in fact, propane liquid. The specific gravity
of propane liquid is also used to determine the amount
of propane liquid loaded into the shipping vehicle and
delivered to the bulk plant.
Accurately fill tanks and cylinders. The specific gravity
value of propane liquid is also used during filling
operations to determine the proper filling limit for the
container.
If you discover a situation that suggests that the
wrong product is shipped in error, you should
immediately notify your supervisor, and take
precautions to stop or prevent unloading
operations until it is certain that you have received
the correct product for your location.

BILL OF LADING
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SPECIFIC GRAVITY OF LIQUIDS
MODULE 3

The specific gravity of a liquid is the comparison of the weight of a given volume of a liquid at a certain temperature with the
weight of the same volume of water at the same temperature.
You calculate the specific gravity of a LIQUID by comparing it to WATER. The standard temperature for calculating specific
gravity is 60°F.

Here are some examples:
If the specific gravity of a liquid at 60°F is 2.0,
then a given volume of that liquid at 60°F is
twice as heavy as the same volume of water at
60°F.

If the specific gravity of a liquid at 60°F is
1.0, then a given volume of that liquid at 60°F
weighs the same as a volume of water at 60°F.
If the specific gravity of a liquid at 60°F is
.5, then a given volume of that liquid at 60°F
weighs half as much as a volume of water at
60°F.
Commercial propane liquid has an average specific
gravity of 0.504 at 60° F. This means that propane
liquid weighs a little more than half the weight of water
at 60°F.

Lesson 2. Physical Properties of Propane
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SPECIFIC GRAVITY OF VAPORS

You calculate the specific gravity of a VAPOR by comparing it to AIR. The standard temperature for calculating specific
gravity is 60°F.

Here are some examples:
If the specific gravity of a vapor at 60°F is
2.0, then a given volume of that vapor at 60°F
weighs twice as much as the same volume of
air at 60°F.

If the specific gravity of a vapor at 60°F is
1.0, then a given volume of that vapor at 60°F
weighs the same as the same volume of air at
60°F.
If the specific gravity of a vapor at 60°F is
.5, then a given volume of that vapor at 60°F
weighs half as much as the same volume of air
at 60°F.
Commercial propane vapor has a specific gravity of
1.50 at 60°F. This means that propane vapor weighs 1½
times the weight of air at 60°F.

MODULE 3

The specific gravity of a vapor is the comparison of the weight of a given volume of a gas at a certain temperature with the
same volume of air at the same temperature.

Learning Activity: Specific Gravity of Liquid

Check your work on page 253.

LEARNING ACTIVITY

Learning Activity: Specific Gravity of Vapor

Check your work on page 253.

LEARNING ACTIVITY
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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 253.

It is important for you to remember that propane vapor (specific gravity = 1.50) is heavier than air
(specific gravity = 1.00) for which of the following reasons?
If a leak develops it will help you locate the size of the leak.
It is important to know and understand this when trying to find the source of a leak or when working in an
area where a leak has occurred.
If a leak develops in a gas line or container, the propane vapor will most likely collect near the ceiling or in
the attic and can become concentrated if there is little or no air movement.
Adding odorants can add to the weight of the gas.
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Effects of Pressure and Temperature on Propane
PRESSURE AND TEMPERATURE
EFFECTS ON PROPANE
Propane’s volume, pressure, and physical state (liquid or
vapor) depend on how it is stored and the temperature of the
surrounding environment.

The following three areas relate to the effects of
pressure and temperature on propane:
The effect of heat on liquids.
Liquids and boiling points.
Storing liquids above their atmospheric boiling points in a
closed container.

MODULE 3

Lesson 3.
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THE EFFECT OF HEAT ON LIQUIDS
MODULE 3

Using a pot of water is a good way to demonstrate the effect of heat on liquids. Liquid propane behaves in much the same
way as water when heat is added.
Figure A shows water in a metal pot on top of a stove. The burner is off, and since the temperature in the room is at 60°F,
the water is at 60°F.
As long as the room stays at that temperature and the burner is not turned on, the water will remain at 60°F and the volume
of the water will not change. Volume is the amount of space that the liquid takes up, which in this case is water.

Figure A. As long as the room temperature remains at 60°F, the water
will remain at 60°F and the volume of the water will not change.

Lesson 3. Effects of Pressure and Temperature on Propane
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THE EFFECT OF ADDING
HEAT TO THE LIQUID
Now, the water has been heated for a period of time.
Energy, in the form of heat from the burner, has been
added to the water.

Notice that two things are happening:
The water has expanded to take up more
space (volume). When heat is added to a liquid
it expands in volume but the weight does not
change.

The temperature of the water has increased due
to the added heat. As long as water, or any other
liquid, is at a temperature below its boiling point,
an increase in heat will cause an increase in
temperature.
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Energy, in the form of heat from the burner, will
now be added.

Note that the boiling point of water is
212°F, which is well above 100°F.
The heat energy required to increase the temperature is
measured in British Thermal Units (Btu).

The water has expanded to take up more space
(volume). The temperature of the water has
increased due to the added heat.
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LIQUIDS AND BOILING POINTS
MODULE 3

The normal atmospheric boiling point of water is 212°F.
Once the water reaches that temperature it will begin to
boil and turn into steam, as shown in the picture. Steam
is another word for water vapor.

Even if the amount of heat added is increased
after the water starts to boil, the temperature
will remain constant at 212°F. Increasing the
heat will cause the water to boil faster, but it will
not increase the temperature of the water. The
term for the energy needed to boil a liquid is the
“latent (hidden) heat of vaporization.”
The heat needed to cause water to boil into
steam is greater than the amount of heat
needed to raise the temperature of that water
from 60°F to 212°F. If this additional heat is no
longer applied, then the water will stop boiling
and the temperature will drop below 212°F.

The normal atmospheric boiling point of water is
212°F.

As long as the container is open, the
relationships between the heat, temperature,
and boiling point won’t change.

If heat is increased after the water starts to boil, the
temperature will remain constant at 212°F.

Lesson 3. Effects of Pressure and Temperature on Propane
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EFFECT OF HEAT ON LIQUIDS
IN A SEALED CONTAINER
In an open pot of water, increasing the heat will cause the
water to boil when the temperature reaches 212°F. Adding
more heat will cause the water to boil faster but will not
increase the temperature of the water as it will boil off into
steam.

When a pot of heated water is sealed with an
airtight lid, the relationships between heat,
temperature, and boiling point change.
With a sealed and closed pot of water, the space above the
liquid will pressurize when the water boils. Once the pot is
pressurized to the proper point, the boiling action will stop.
The pressure inside the pot prevents any more water from
changing into steam. At this point, temperature and pressure
are in balance, or equilibrium.

Once the pot is pressurized to the proper point,
the boiling action will stop because it has reached
equilibrium.

è

This space is often referred to as the Vapor Space,
because it is the area where vapor collects.

If you turn up the heat under the pot, the boiling will start
again, and the pressure and temperature will increase. But
boiling will stop when the balance or equilibrium is reached
again.
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If heat is increased, the boiling will start again but
stop when equilibrium is reached again.

So, even though the water temperature may reach 250°F, the
water will not boil because it is at the equilibrium point, unless
the temperature is raised again.

Water temperature may reach 250°F but will not boil
because it is at the equilibrium point.
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THE EFFECT OF RELIEVING PRESSURE
IN A SEALED CONTAINER
If a valve on the closed pot opens and discharges steam,
then the pressure will drop and additional water will
immediately boil off trying to re-establish the balance
between temperature and pressure.
When the valve is closed, the pressure will again begin to
increase. As soon as the pressure and temperature are in
balance, the water will stop boiling again.
Next, we’ll look at these same effects of heat and
pressure on propane, starting with boiling point.

VALVE OPEN: A discharge of steam causes the
pressure to drop and the water will start boiling
again to gain equilibrium.

VALVE CLOSED: As soon as the pressure and
temperature are in balance, the water will stop
boiling again.

Lesson 3. Effects of Pressure and Temperature on Propane
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BOILING POINT OF PROPANE

But remember, if propane were kept at a temperature below its normal boiling point, -44°F, it would remain a liquid and
could be stored in an open container.
It is very important to understand that the boiling point of propane when released to the atmosphere is so low that contact
with liquid propane may instantly freeze your skin resulting in a potentially severe frostbite burn. Using the proper personal
protective equipment (PPE), such as thermal-protected (insulated) vinyl coated gloves, will help to protect you from these
types of injuries. See module 6 in this course for additional information about PPE.

MODULE 3

Like water, propane has a boiling point at which it changes from liquid to vapor. However, the boiling point of propane is so
low, -44°F, that it will boil at normal temperatures most anywhere on earth. Therefore, you usually don’t need to apply an
extra heat source to propane to make it boil. The heat in the air around us is more than enough.
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TEMPERATURE AND PRESSURE BALANCE
MODULE 3

Propane is affected by heat and pressure in much the same way as water. Let’s take a look at that now.
Figure A shows propane liquid in a cylinder at a temperature of 60°F. At atmospheric pressure, the boiling point of propane
is -44°F. At any temperature below that, a pool of propane will remain in liquid form, because its vapor pressure is less than
atmospheric. At temperatures above -44°F, the vapor pressure of propane is greater than atmospheric pressure, therefore
the liquid will vaporize.
In this case, when the propane liquid was pumped into the cylinder it began to boil and pressurize the vapor space of the
cylinder. Once the pressure reached 102 psig, the pressure in the container and the vapor pressure of propane at 60°F were
equal, and the boiling stopped.
Outside temperature also affects the vapor pressure inside the container.

Figure A. Propane liquid in a cylinder at a temperature of 60°F

Lesson 3. Effects of Pressure and Temperature on Propane
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PROPANE BOILING ACTION: VALVE OPENED
MODULE 3

If the valve on a cylinder (or appliance) is opened, propane
vapor will flow to the burner, and the demand for gas vapor will
immediately cause a slight drop in pressure inside the cylinder.
This upsets the balance and will cause the propane to begin
boiling off vapor to replace the vapor going to the burner.
As long as the demand for vapor remains, the propane will
continue to boil, supplying fuel to the burner.
If the valve on an appliance is opened more, then the demand
for propane vapor is increased and the boiling rate will also
increase. This same action will occur in a customer’s gas
system, where the tank or cylinder containing liquid propane
boils off gas vapor to provide fuel to appliances.
Next, we’ll see what happens when the valve is closed.
As long as the demand for vapor remains, the
propane will continue to boil, supplying fuel to the
burner.

If the valve on an appliance is opened more, then
the demand for propane vapor is increased and the
boiling rate will also increase.
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PROPANE BOILING ACTION:
VALVE CLOSED
When the valve on the appliance is closed, the propane
will stop flowing and return to its balance point. The
boiling will slow down as the pressure in the vapor
space increases to that balance point. The boiling will
eventually stop as the balance is reached.
Except for their boiling points, propane is a lot like water.

The boiling will slow down as the pressure in the
vapor space increases to that balance point.

The boiling will eventually stop as the balance is
reached.

Lesson 3. Effects of Pressure and Temperature on Propane
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EFFECTS OF PRESSURE AND
TEMPERATURE: PRODUCT EXPANSION
There are a few more important points to
understand about the effects of pressure and
temperature on propane:
First, a propane container absorbs heat directly
from the surrounding air. Hot days, cool nights,
rain, and snow are just a few of the many
factors that can affect the temperature of
the propane liquid, which will cause changes
in vapor pressure. It’s not uncommon for a
container’s pressure to change. Propane liquid
can increase more than 50 pounds of pressure
or more in the course of a day, without an
appliance operating. Propane liquid, like water,
will expand when heat is added to it.

Containers are generally filled to about
80% of their capacity to account for
effects of pressure and temperature.
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Containers are generally filled to about 80% of their
capacity to account for effects of pressure and
temperature.

This leaves space above the liquid for the
propane to expand freely as temperatures
change without danger of the container
becoming over pressurized.

Second, propane liquid expands in volume
nearly 17 times greater than water even when
they are exposed to the same increase in
temperature. A propane container that is filled
beyond the fixed maximum liquid level gauge
may be at risk for an unintended propane
release.
Always follow your company’s policies and procedures
when handling and filling a container.

A propane container that is filled beyond the fixed
maximum liquid level gauge may be at risk for an
unintended propane release.
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EFFECTS OF PRESSURE AND TEMPERATURE: ADDITIONAL INFORMATION
MODULE 3

Every propane container is equipped with at least one pressure
relief valve. This is necessary because of the change in liquid
volume, as well as high storage pressures. If the pressure inside
the container becomes too high, then the relief valve discharges
vapor and reduces the pressure to a safe level. This ensures that
the vapor pressure never reaches the maximum pressure the
container is designed to handle, which could cause it to rupture.
Relief valves are covered more in depth elsewhere in this course.
Remember, a small volume of liquid boils off into a large volume
of propane vapor. For example, one cubic foot of propane liquid
will boil off into approximately 270 cubic feet of vapor. As a result,
a leak in any propane container, large or small, can easily lead to
a flammable mixture of propane and air. Always follow your

company procedures if a leak is detected in a tank or
cylinder.
For more information about the physical properties of propane and other workplace chemicals, consult the Safety Data
Sheet (SDS) provided by your LP-gas or other chemical supplier, or ask your supervisor.
NOTE: Basic Principles and Practices of Propane does not provide required OSHA training. For more information about
Safety Data Sheets, refer to the OSHA/DOT First 90 Days program.

Lesson 3. Effects of Pressure and Temperature on Propane
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SUMMARY
The main source of Liquefied Petroleum Gas (LP-gas) is the refining of crude oil produced by active wet gas wells
and crude oil wells.
A basic understanding of propane’s physical characteristics will help you verify shipments, determine appropriate
storage, and understand where to look for gas if there is a leak.
Propane will vaporize at temperatures above -44°F at atmospheric pressure. Butane will not vaporize adequately at
temperatures below 32°F to supply a consumer gas system.
One of the most common ways to calculate and compare the weights of liquids and vapors is to use a value called
specific gravity. Commercial propane liquid has an average specific gravity of 0.504 at 60°F. Commercial propane
vapor has an average specific gravity of 1.50 at 60°F.
When water and propane liquid are exposed to the same temperature increase, propane expands in volume nearly
17 times greater than water. This is why tanks and cylinders are filled to about 80% of their capacity.

MODULE 3

Some important points to remember from the module are:

60

Module 3. Sources and Physical Properties of Propane

MODULE 3

61

Let’s take a moment to check how well you understand the information presented in this module. Select the
appropriate answer for each of the following questions.

1. The main sources of Liquefied Petroleum Gas (LP-gas) are from the processing of natural gas from wet gas wells and
_____.
a.
b.
c.
d.

The refining of crude oil
Commercial propane plants
Vapor wells
Butane wells

2. Once refined, there is little difference between LP-gases processed from wet gas wells and those processed from crude
oil wells.
a. True
b. False

3. Which of the following is characteristic of LP-gases?
a.
b.
c.
d.

They are tasteless, colorless, and have a pungent smell.
When mixed with the proper proportions of water, they can burn.
LP-gases are stored and transported as gases under pressure.
When liquid LP-gases are released to atmospheric pressure in moderate outdoor temperatures, they readily vaporize
and expand.

4. Butane is heavier than propane and has more heating value.
a. True
b. False

5. Butane will not adequately vaporize to supply a residential customer system at temperatures at or below _____.
a.
b.
c.
d.

44°F
32°F
-44°F
16°F

MODULE 3

Module 3 Quiz
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6. _____ is defined as predominately propane and propylene.
MODULE 3

a.
b.
c.
d.

Butane
Methane
Commercial propane
Commercial butane

7. _____ is the maximum amount of propylene permitted in HD-5 propane.
a.
b.
c.
d.

5%
10%
50%
60%

8. A Safety Data Sheet contains information such as the chemical’s physical properties, hazards identification, and first aid
measures.
a. True
b. False

9. The specific gravity of propane liquid is approximately _____ at 60°F.
a.
b.
c.
d.

0.504
2
1.15
970

10. The specific gravity of propane vapor is _____.
a.
b.
c.
d.

0.504
2
1.50
970

11. Understanding the weight of liquid propane as compared with the weight of water will help employees _____.
a.
b.
c.
d.

Determine the amount of odorant to add to the propane
Accurately fill cylinders
Identify the cause of a gas leak
Find to which plants the LP-gas was delivered

Module 3 Quiz
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12. A hazardous material with a liquid specific gravity of 0.618 is _____ than propane.
Equal to
Heavier
Lighter
Cleaner

13. A hazardous material with a vapor specific gravity of 1.35 is _____ than propane.
a.
b.
c.
d.

Equal to
Heavier
Lighter
Cleaner

14. Every propane container must be equipped with at least _____ pressure relief valve(s).
a.
b.
c.
d.

1
2
3
4

15. The normal atmospheric boiling point of propane liquid is _____.
a.
b.
c.
d.

44°F
32°F
-44°F
16°F

16. The heat energy required to raise the temperature is called a/an _____.
a.
b.
c.
d.

Inch
Btu
Pound
Vapor

MODULE 3

a.
b.
c.
d.
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17. When a liquid in a sealed container is heated to a temperature above its normal atmospheric boiling point, the pressure
MODULE 3

in the sealed container will _____.
a.
b.
c.
d.

Decrease
Not change
Leak
Increase

18. Because of the expansion of propane when there is a temperature increase, cylinders containing propane are filled to
about _____ percent of their capacity.
a.
b.
c.
d.

80
90
50
20

19. One cubic foot of propane liquid will boil off approximately _____ cubic feet of vapor.
a.
b.
c.
d.

200
150
270
370

20. The outside temperature does not affect the vapor pressure inside the container.
a. True
b. False
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Module 4.
Odorants and Service Interruptions
INTRODUCTION
During this module, you will learn that propane is naturally odorless and colorless and that a commercial odorant is added to
help detect and locate leaks. You’ll also learn how odorants play a role in some propane service interruptions.

Objectives
After completing this module, you will be able to:

Describe why gas warning agents, also called odorants, are used.
Verify propane odorant characteristics and describe how to minimize the possibility of odorant fade.
List possible steps for responding to a gas leak call.
Identify an interruption of service.
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Characteristics, and Maintenance
PURPOSE OF ODORANTS
Because propane is naturally odorless and colorless, a commercial odorant is added so propane can be detected if it leaks
into the environment.
Although other odorants may be used, the one most commonly used is ethyl mercaptan, which is added at the rate of at
least one pound per 10,000 gallons of propane.

Effective Odorization:
Enables you to detect leaks before gas concentrations in the air reach a flammable level.
Reduces gas loss through early detection and repair of leaking pipes, fittings, and storage container fixtures.

MODULE 4

Lesson 1. Odorants: Purpose,
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ODORANT CHARACTERISTICS
MODULE 4

Odorants have the following characteristics:
Odor—It Stinks. Odorants should be unpleasant,
distinctive, readily identifiable as a gas additive, and
not like household or other odors in the area.

Volatility—It Stays. The odorant should mix well with
liquid propane and vaporize with propane at the same
or nearly the same rate.
Inertness—It’s Stable. Odorants should be inert,
or chemically inactive enough not to bond with,
decompose or react with other parts of the gas, or with
materials in the distribution system or appliances.
Corrosion—It’s Shipshape. Odorants should be noncorrosive under conditions found in gas transmission,
distribution, and utilization.
Combustion Practices—It’s Spotless. Odorants should
burn completely in the gas flame to form products that
are not corrosive, irritating, or toxic.

Lesson 1. Odorants: Purpose, Characteristics, and Maintenance
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ODORIZATION OF LP-GAS

For safety reasons, odorized propane gases are detectable by
a distinct odor to a concentration in air of not over one-fifth
the lower limit of flammability. The presence of the odorant
must be verified by sniff testing or other means and the results
documented prior to final delivery to the end-use customer.

èOdorization is not required if it is harmful in the use

or further processing of the LP-Gas or if odorization will
serve no useful purpose as a warning agent in further
use or processing.

MODULE 4

LP-Gases are odorized prior to being loaded into a railcar
or cargo tank motor vehicle (CTMV). Both NFPA 58 and the
Department of Transportation (DOT) set safety standards
regulating the addition of odorants.
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VERIFYING ODORANT
MODULE 4

You can verify that odorant has been added to propane simply
by smelling the propane. This is called a sniff test. Other means
of verifying odorant may also be used.
According to NFPA 58, the presence of the odorant must
be verified by sniff testing or other means and the results
documented prior to final delivery to the end-use customer.
NOTE: Make sure you know your company policies and
standard operating procedures for determining the presence of
propane odorant and responding if you suspect propane is not
properly odorized.

Lesson 1. Odorants: Purpose, Characteristics, and Maintenance
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PRESERVING ODORANTS

Follow these practices to keep odorants from
oxidizing and fading:
Purge air and moisture from the propane container.
Keep propane containers pressurized when
shipping and until installation at customer locations.
Keep valves closed on containers in storage to prevent
moisture in the air from entering the container. This
keeps water and rust from building up inside the
container.
Familiarize yourself with your company procedures regarding
container purging and storage practices.

è Containers are shipped with a vacuum in them. In

other words, manufacturers suck the air and moisture
out of the containers right after they’re manufactured
in an attempt to prevent the inside walls from forming
the ferrous oxides (rust) that do the most damage to
odorants.
You need to make sure that the vacuum seal is not
broken until the container is filled with propane.

MODULE 4

“Odorant fade” doesn’t occur in containers that have been
in continuous use. However, with new containers, or ones
that have been left open to the atmosphere, you must take
precautions to maintain odorant integrity.
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Service Interruptions
GAS AND ODOR REPORTS

Adding and properly preserving odorants is very important, because it helps ensure the safe use of propane.

You should always treat customer gas odor reports and the necessary steps taken to investigate them, as
priority service calls, because:
A customer complaint about a gas odor may indicate a leak.
A prompt response to a gas odor call can protect both personnel and the public from the hazards caused by
escaping gas.
Office personnel, delivery personnel, and other appropriate personnel can effectively and safely respond to gas odor reports
by properly applying company policies and procedures.

MODULE 4

Lesson 2. Odor Complaints and
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FIELDING GAS ODOR CALLS
MODULE 4

When handling a gas odor call from a customer, it is always
difficult to diagnose the potential problem over the telephone.

Leak Report Forms/Guidelines
Leak report forms and guidelines are designed to help propane
employees collect and document details from the caller to
determine:

Appropriate instructions to give the customer if the
leak is inside or outside.
The source and location of the leak.
All odor calls are given top priority for dispatch to appropriate
personnel or to the local emergency response agency. Consult
with your supervisor for guidance on your company policy
when responding to odor calls.

Factors Related to Gas Leaks
When a gas leak occurs in a home, the gas is mixed with air
infiltrating inside the home through cracks, windows, and
doors. Then this mixture is constantly diluted with fresh air.
Therefore, small leaks (such as a pilot being out) can exist for a
long time without detection.
A gas leak may become more serious when there is an
insufficient amount of air for dilution or where the leak allows
so much gas to escape that the mixture becomes combustible.

SAMPLE LEAK REPORT FORM

Lesson 2. Odor Complaints and Service Interruptions
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RESPONDING TO THE CUSTOMER

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

2. LEAVE THE AREA IMMEDIATELY! Get everyone out of the
building or area where you suspect gas is leaking.

3. SHUT OFF THE GAS. 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).

4. REPORT THE LEAK. From a neighbor’s home or other
nearby building away from the gas leak, call your
propane retailer right away. If you can’t reach your
propane retailer, call 911 or your local fire department.

5. DO NOT RETURN TO THE BUILDING OR AREA until your
propane retailer determines that it is safe to do so.

6. GET YOUR SYSTEM CHECKED. Before you attempt to use
any of your propane appliances, your propane retailer or
appropriate personnel must check your entire system to
ensure that it is leak-free.
Dealing with an odor complaint over the phone and handling it
with the customer is one part of handling an odor call. The next
step is to dispatch a qualified service technician or to contact
the local emergency response agency to report the odor.
Consult with your company policy for guidance on responding
to the call.

MODULE 4

If there is a reported gas odor inside a building,
instruct the customer to:
1. NO FLAMES OR SPARKS! Immediately put out all

Learning Activity: Sample Leak Report Form

Check your work on page 253.

LEARNING ACTIVITY
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GAS SERVICE INTERRUPTIONS
AND RELATED FACTORS
Understanding the various reasons for gas service interruptions
can help you better control a potential leak or remedy an outof-gas situation.

Routine gas service interruptions may occur when:
Cylinders or containers undergo normal maintenance
or when they are exchanged or repaired.

Any changes are made to the gas distribution lines.

Out-of-gas service interruptions may be caused by:
A gas leak.
Increased gas consumption.
Incorrect delivery frequency.
A will-call account’s failure to schedule a delivery or
pay the bill.
Customer equipment failure.

Out-of-gas service interruptions must be considered
potentially hazardous because:
Appliances may not have 100% safety shutoff controls.
A leak may have developed without the customer’s or
gas supplier’s knowledge.
Defective appliances may be present or appliances
may have been removed without properly capping
service lines.
Appliance pilot lights may not be lit.
Service interruptions can be more than an inconvenience—
they can lead to unsafe conditions if not handled properly.

Lesson 2. Odor Complaints and Service Interruptions

There are several resources to support an investigation and
response to a gas service interruption.

NFPA 54
Provisions for handling interruption of gas service as prescribed
in NFPA 54, National Fuel Gas Code, include:

Interruption of Service—When the gas supply is to be
turned off, it shall be the duty of the qualified agency to
notify all affected users.
Where two or more users are served from the same
supply system, precautions shall be exercised to
ensure that service only to the proper user is turned
off.

Leak Check—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 checked for leakage.
Where leakage is indicated, the gas supply shall be
shut off until the necessary repairs have been made.

NFPA 58
Provisions for handling interruption of gas service as prescribed
in NFPA 58, Liquefied Petroleum Gas Code, include:

Leak Check—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 checked for leakage.
Where leakage is indicated, the gas supply shall be
shut off until the necessary repairs have been made.

State and local
In addition to following your company’s policies and procedures
(along with those in NFPA 58 and NFPA 54), be aware of any
other state and local guidelines that you’ll also need to follow.
NOTE: Always follow your company’s procedures when
responding to service calls.

MODULE 4

SERVICE INTERRUPTIONS: POLICIES,
PROCEDURES, AND REGULATIONS

79

80

Module 4. Odorants and Service Interruptions

SUMMARY
MODULE 4

Some important points to remember from the module are:

Although other odorants may be used, the one most commonly used is ethyl mercaptan, which is added at the rate
of at least one pound per 10,000 gallons of propane.
Both the NFPA 58 and the U.S. Department of Transportation’s 49 CFR safety codes state that odorants must be
added to LP-gases. For safety reasons, a person should be able to smell the odorant even when the concentration of
propane is below the Lower Flammability Limit, or LFL.
Treat customer gas odor reports as priority service calls. Dispatch appropriate personnel immediately if a possible
leak exists.
In addition to following your company’s policies and procedures, along with those in NFPA 58 and NFPA 54, be aware
of any other state and local guidelines that you’ll also need to follow.

Module 4 Quiz
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Let’s take a moment to check how well you understand the information presented in this module. Select the
appropriate answer for each of the following questions.

1. Two functions of odorization are the detection of gas leaks and the reduction of gas losses due to leaks.
a. True
b. False

2. Odorants have all of the following characteristics EXCEPT:
a.
b.
c.
d.

Non Corrosiveness
Instability
Volatility
Inertness

3. Safety codes and regulations require the treatment of gas transported to consumers with a warning agent (odorant) that
is detectible by a person with a normal sense of smell.
a. True
b. False

4. All household gas leaks are immediately detectible.
a. True
b. False

5. The most widely used odorant for LP-gases is _____, which if added at no less than 1 pound per 10,000 gallons of LPgas, meets U.S. DOT requirements for transported LP-gas.
a.
b.
c.
d.

Aldehyde
Hydrocarbon
Merchant oil
Ethyl mercaptan

MODULE 4

Module 4 Quiz
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6. Odor reports and leak reports are examples of ______.
MODULE 4

a.
b.
c.
d.

Priority service calls
Company procedures
Odorization
Lower flammability levels

7. A customer service representative should instruct anyone reporting a gas leak or odor to _____.
a.
b.
c.
d.

Tell everyone to remain calm and stay in the building
Avoid turning electric switches on or off
Light matches
Stay close to the house or leak location

8. Code requirements for handling out-of-gas situations and restoring gas service after an interruption of service are found
in _____.
a.
b.
c.
d.

NFPA 58 and NFPA 54
NFPA 72
Gas Check Manual
DOT’s 49 CFR
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Module 5. Complete and Incomplete
Combustion Characteristics
INTRODUCTION
Combustion is a chemical reaction that changes a fuel source into a useful form of energy, such as heat. This module
introduces the ingredients and amounts of those ingredients needed for combustion. You will also learn about the outcomes
of complete and incomplete combustion.

Objectives
After completing this module, you will be able to:

Describe combustion characteristics of propane.
Name products of incomplete combustion.
Describe characteristics of carbon monoxide (CO) and aldehydes.
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Combustion Characteristics of Propane
REQUIREMENTS FOR COMBUSTION
The three ingredients needed to start and sustain combustion include:
Fuel—The fuel propane is a hydrocarbon. Hydrocarbons are chemical compounds made of hydrogen and carbon
atoms.

Oxygen—The oxygen needed to burn propane is obtained from the air. Air is made up of 20% oxygen, 79% nitrogen,
and about 1% of other miscellaneous gases.
Ignition source—The ignition source must provide enough heat to the propane-oxygen mixture to raise the
temperature of propane to its ignition temperature.

REMEMBER: All three ingredients must be present in the proper proportions for combustion to occur.

MODULE 5

Lesson 1.
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LIMITS OF FLAMMABILITY
MODULE 5

Flammability limits are the most common way of expressing
the proper gas-air mixture needed for combustion.
Flammability Limit equals the percentage of propane needed in
a gas-air mixture to support combustion. Normally, this value is
given in both upper and lower limits of flammability.

Limits of Flammability in Gas-Air Mixture for
Commercial Propane (NFPA 58)
Upper Limit = 9.6%
The upper limit is the highest percentage of propane
in the richest gas-air mixture that will support
combustion.
Lower Limit = 2.15%
The lower limit is the lowest percentage of propane
in the leanest gas-air mixture that will support
combustion.
Even with all three sources present, combustion cannot occur
unless the propane and air are mixed together in the proper
proportions.

è RICHEST (RICH BURN) VS LEANEST (LEAN BURN)
If a mixture contains MORE gas than is needed for ideal
combustion, then it is referred to as a rich burn.
If a mixture contains LESS gas than is needed for ideal
combustion, then it is referred to as a lean burn.

Lesson 1. Combustion Characteristics of Propane
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COMBUSTION RATIOS

The ideal combustion ratio for propane is:

1 part of propane (4%) to 24 parts of air (96%)
When the amount of propane in a gas-air mixture approaches the upper or lower flammability limit, propane will burn
but not in the ideal manner. This is called incomplete combustion and is an inefficient use of the fuel.

Incomplete combustion:
May yield insufficient heat.
May produce harmful combustion by-products such as carbon monoxide.
Most gas appliance burners are designed to burn a gas-air mixture that is as close to ideal (4% propane) as
possible. In addition, appliances may be adjusted periodically by a qualified technician to be sure they are as safe and
efficient as possible.

MODULE 5

Propane will burn in any gas-air mixture within its upper and lower flammability limits. The ideal combustion ratio is the
most efficient ratio of the mixture of gas and the air.
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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 “Check for Understanding” on page 253.

If the percentage of propane in a gas-air mixture is 9.60%, then combustion cannot occur.
True

False

Lesson 1. Combustion Characteristics of Propane
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IGNITION TEMPERATURE

The minimum ignition temperature of propane is 920°F.
Although that temperature may seem very high, remember that the flame of a match can develop temperatures up to about
3,000°F. Does this seem extremely high? Well, consider this. The flame of a match burns at about 3,000°F. So propane can
ignite at a much lower temperature than that!

MODULE 5

Even with an ideal mixture of propane and air, there must still be an ignition source for combustion to take place. Ignition
sources are usually expressed as the minimum temperature needed for a mixture of propane and air to ignite.
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COMMON IGNITION SOURCES
MODULE 5

Common ignition sources include:
Pilot burner flame
Match flame
Cigarette lighter flame

However, an open flame is not the only ignition
source for propane. Other ignition sources include:
Sparks from electric motors
Light switches and thermostats
Lit cigarettes
Static electricity
A vehicle exhaust system
Always use caution around propane
installations. Never permit any uncontrolled
ignition sources near propane, and never smoke
around propane installations.

Lesson 1. Combustion Characteristics of Propane
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HEAT VALUE

The heat value for propane vapor is approximately 2,488
Btu per cubic foot. Propane vapor is measured per cubic foot.
Here’s an example: A ratio of 24 parts air to 1 part propane
means the mixture consists of 24 cubic feet of air to 1 cubic
foot of propane.
The heat value for propane liquid is approximately 91,
502 Btu per gallon. Propane is transported and delivered to
containers as a liquid that is measured in gallons. It is usually
used in its vapor state by customers.
You must understand the heat value of propane so you can
make the right decisions at installation and service jobs.

Heat value is a factor when:
Sizing and selecting regulators, distribution lines, and
appliance openings. As an example, you’ll determine
the appropriate pipe size based on the total Btu load
and the distance of the appliance to the tank.

Converting appliances from natural gas to propane.
Determining the correct size tank or cylinder for
customer installations.
Estimating the container filling frequency for delivery
routing schedules.

MODULE 5

Burning propane efficiently creates the most heat per unit of
propane. The heat produced by burning propane is expressed
in British thermal units (Btu).
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Products of Complete and Incomplete Combustion
PRODUCTS OF COMPLETE COMBUSTION
To create complete combustion, enough air must be supplied to the combustion process. Complete combustion occurs when
propane and air are burned in the most efficient ratio of:

1 cubic foot of propane (4% propane) to 24 cubic feet of air (96% air)
Because propane is a hydrocarbon that burns with oxygen, combustion products 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
Carbon dioxide

MODULE 5
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PRODUCTS OF INCOMPLETE COMBUSTION
MODULE 5

Incomplete combustion is not only inefficient but also dangerous.

Without enough air during combustion, other products can result, such as:
Aldehydes—A toxic gas detectable by smell.
Excessive water vapor—Can be harmful to appliances’ venting systems.
Soot—Potentially damaging to property.
Carbon monoxide—A highly toxic gas undetectable by smell.
Carbon monoxide is the most hazardous product of incomplete
combustion and can immediately harm people and animals.

Learning Activity: Products of Incomplete Combustion

Check your work on page 253.

LEARNING ACTIVITY
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Carbon Monoxide at Customer Locations
LESSON INTRODUCTION
In addition to leak and odor complaint calls from customers,
you may also handle situations involving the presence of
carbon monoxide in a customer’s home or business. This
next lesson focuses on the most potentially dangerous
product of incomplete combustion: carbon monoxide.
Because carbon monoxide is an odorless and colorless
gas, sometimes it is difficult to detect. In this lesson, you
will learn some general guidelines for detecting carbon
monoxide. You’ll also learn that exposure to carbon
monoxide can make you sick or even lead to death. The
very young, the elderly, people with heart disease, and
those under the influence of alcohol, drugs, or medication
are particularly sensitive to the effects of carbon monoxide,
so it’s very important that you understand your roles and
company policies related to investigating carbon monoxide
calls.
Many gas suppliers immediately refer customer complaints
about a carbon monoxide hazard to the local fire
department. However, companies may choose to investigate
such customer complaints. In this case, employees should always treat the call as a high priority.
Always refer to your company policy for specific guidelines and procedures on responding to and investigating carbon
monoxide calls.

MODULE 5

Lesson 3.
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HAZARDS OF CARBON MONOXIDE
MODULE 5

Be aware of the following hazards of carbon monoxide:
Because it has no odor, color, or taste, carbon monoxide is hard to detect.
Exposure to carbon monoxide can cause illness, and may lead to death.
Carbon monoxide is flammable, and can produce explosions in wider ranges of air mixtures than propane.

Many gas appliances generate small quantities of carbon monoxide. Trace levels are permitted under the
American Standard Approval Requirements, and are not considered incomplete combustion.

The exclamation points on the graphic
show how concentration levels of carbon
monoxide affect a person based on how
long that person is exposed.

Lesson 3. Carbon Monoxide at Customer Locations

99

SIGNS OF CARBON MONOXIDE

Houseplants are dying.
There is a chronic odor and the source or cause cannot be located. Remember, however, this smell could also be an
aldehyde.
Excessive water vapor forms on cool surfaces in the house.

MODULE 5

Carbon monoxide may be present in the air if any of the following conditions exist:
A customer complains of chronic headaches or nausea.
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ALDEHYDES AND CARBON MONOXIDE
MODULE 5

As you have already learned, both aldehydes and carbon monoxide are products of incomplete combustion.
However, unlike carbon monoxide (which is odorless), aldehydes have a sharp, penetrating odor even at very low levels.

è

The odor of aldehydes differs from odorants added to propane and the two should not be confused.

Some people describe the odor of aldehydes as a metallic taste in the mouth accompanied by a burning sensation in the
nose and eyes.

If the odor of aldehydes is present, it is very likely that carbon monoxide will also be present. However, if the odor of
aldehydes is not present, carbon monoxide may still present a hazard.

Lesson 3. Carbon Monoxide at Customer Locations
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SUMMARY
The three ingredients needed for combustion are fuel, oxygen, and an ignition source.
Flammability limits are the most common way of expressing the proper gas-air mixture
needed for combustion.
The ideal combustion ratio for propane is 1 part propane to 24 parts air.
The minimum ignition temperature of propane is 920°F.
Products of complete combustion are water vapor and carbon dioxide.
Products of incomplete combustion are carbon monoxide, aldehydes, excessive water vapor,
and soot.
Carbon monoxide is very hazardous but hard to detect since it has no odor, color, or taste.

MODULE 5

Some important points to remember from this module are:
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Let’s take a moment to check how well you understand the information presented in this module. Select the
appropriate answer for each of the following questions.

1. The following ingredient is needed to start and sustain combustion:
a.
b.
c.
d.

Oxygen
Carbon monoxide
Gasoline
Odorant

2. The ideal gas-air mixture for propane is _____.
a.
b.
c.
d.

24 parts of propane to 1 part of air
1 part of propane to 24 parts of air
96 parts of propane to 4 parts of air
2.15 parts of propane to 9.60 parts of air

3. The minimum ignition temperature of propane is _____.
a.
b.
c.
d.

920°F
2,000°F
720°F
1,150°F

4. According to reference information in the NFPA 58 LP-Gas Code, the heat value of propane vapor is 1,488 Btu per cubic
foot of gas.
a. True
b. False

5. Products of complete combustion include water vapor and _____.
a.
b.
c.
d.

Carbon monoxide
Carbon dioxide
Aldehydes
Soot

MODULE 5
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6. An odorless, highly toxic product of incomplete combustion is _____.
MODULE 5

a.
b.
c.
d.

Ethyl mercaptan
Water vapor
Carbon dioxide
Carbon monoxide

7. _____ is a product of incomplete combustion that is toxic and gives off a strong odor.
a.
b.
c.
d.

Soot
Aldehyde
Ethyl mercaptan
Oxygen

8. If the odor of aldehydes is present, then carbon monoxide is almost definitely present.
a. True
b. False

9. The lower flammability limit of propane vapor in a gas-air mixture is _____.
a.
b.
c.
d.

9.60%
5.88%
2.15%
11.70%

10. The upper flammability limit of propane vapor in a gas-air mixture is _____.
a.
b.
c.
d.

9.60%
5.88%
2.15%
1.70%

11. The ignition source needed to cause combustion must provide enough _____ to the mixture of fuel and oxygen to raise
the propane to its ignition temperature.
a.
b.
c.
d.

Water vapor
Fuel
Heat
Chemicals

Module 5 Quiz
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12. Air is made of about 20% oxygen.

13. If not enough _____ is supplied to a combustible
mixture, then incomplete combustion will occur.
a.
b.
c.
d.

Odorant
Hydrocarbon
Air
Carbon monoxide

14. What is combustion?
a. A method of performing a sniff test
b. An element needed to add oxygen to a gas-air
mixture
c. A method of changing a fuel source into a useful
form of energy
d. A chemical found in regulators, distribution lines,
and appliance openings

MODULE 5

a. True
b. False
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Module 6.
Standards, Regulations, and Safety
INTRODUCTION
The safe production, storage, delivery, and use of propane are important factors to the integrity and growth of the propane
industry. In this module, you will learn how gas industry organizations work together with federal and local groups, including
propane companies to help ensure that propane is a preferred and safe fuel choice.

Objectives
After completing this module, you will be able to:

Describe the role of gas industry organizations.
Identify which propane industry standards and resources apply to your job tasks.
Identify the role of testing laboratories and government regulations that apply to the propane industry.
Recognize and describe proper safety practices and the use of personal protective equipment (PPE).
Describe fire prevention rules and practices and describe operational rules in the event of a fire.
Identify what to do if there is an uncontrolled release of propane from starting evacuation procedures to providing
appropriate information to 911.
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Regulations, and Organizations
THE PROPANE EDUCATION &
RESEARCH COUNCIL
Gas industry organizations help lead the national effort to increase
the safe use of propane. One such organization, working together
with industry partners to realize this collective goal, is the Propane
Education & Research Council (PERC).
The purpose of PERC is to promote the safe and efficient use of
propane as a preferred energy source. Both the National Propane
Gas Association (NPGA) and the Gas Processors Association (GPA)
worked hard for the passage of PERC. PERC was created by
Congress in 1996 and receives its funding by an assessment on
each gallon of odorized propane gas.

PERC is committed to four important missions:
Research and development
Safety and training
Consumer education
Agriculture
Through PERC, the propane industry has committed itself to a
multi-year, multi-million dollar effort to improve consumer and
employee safety, to fund research and development of new
and more efficient propane equipment, and to expand public
awareness of propane and its many uses and environmental
advantages.

PERC sponsors the following website that provides
current and useful information for propane employees:
http://www.propane.com

MODULE 6

Lesson 1. Propane Industry Standards,

110

Module 6. Standards, Regulations, and Safety

MODULE 6

THE NATIONAL PROPANE
GAS ASSOCIATION
The National Propane Gas Association (NPGA) represents and
serves the needs and interests of the propane industry. NPGA
is headquartered in Washington, D.C., with staff offices in
state and regional locations throughout the country. NPGA’s
membership includes retail propane marketers, propane
producers, equipment manufacturers, suppliers, transporters,
and professionals in other energy fields.
NPGA’s mission is to advance safety and to increase the use of
propane through sound public policy.

The overall goals of NPGA are to:
Advance safety throughout the propane industry.
Achieve public policies that favor production,
distribution, and increased use of propane.
Foster industry-wide cohesion through
communications, learning, networking, and
collaboration.
Through numerous committees and an active Board of
Directors, NPGA monitors regulatory and legislative actions
related to the propane industry, offers input to standardsmaking organizations, and offers educational and networking
opportunities for industry members.
Your company may be a member of NPGA and its stateaffiliated propane associations.
NPGA is the organization that administers CETP certification.
Talk with your supervisor or visit the NPGA website:
http: //www.npga.org to learn more about CETP certification.

Lesson 1. Propane Industry Standards, Regulations, and Organizations

Two types of codes and standards developed with
input from the propane industry are:
Manufacturing and equipment standards
Fire prevention and operational safety standards
The equipment you work with is designed according to special
manufacturing standards. As a propane industry professional,
you need to be aware of these standards and be able to
recognize properly designed equipment that is safe for propane
use.

The propane industry relies on and supports the
following organizations that develop standards:
ASME—The American Society of Mechanical
Engineers develops manufacturing standards for tanks
and pressure relief valves.

ANSI—The American National Standards Institute
coordinates the development of both manufacturing
and operational standards in the propane industry.
NFPA—The National Fire Protection Association is
a non-profit, voluntary association devoted to fire
prevention and safety.
AHJ—The Local Authority Having Jurisdiction may be
the state fire marshal, fire chief, building inspector, or
other official.
DOT—The Department of Transportation establishes
regulations governing the transportation and
packaging of hazardous materials.
DOL—The Department of Labor enforces all safety
and health regulations of the Occupational Safety and
Health Act (OSHA).
In this lesson you’ll become familiar with the roles and
responsibilities of each organization in regulating propane use.

MODULE 6

PROPANE INDUSTRY CODES
AND STANDARDS
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AMERICAN SOCIETY OF
MECHANICAL ENGINEERS
The American Society of Mechanical Engineers (ASME) is a
society of professional engineers from many different fields
and industries.
One of ASME’s missions is to coordinate and develop
manufacturing standards for tanks and pressure relief valves
used in the propane industry.
When tanks and pressure relief valves are built according to
ASME standards, they are usually marked with a special ASME
stamp.
The ASME cloverleaf shows that the tank or pressure relief
valve meets certain minimum design and performance
standards.

Lesson 1. Propane Industry Standards, Regulations, and Organizations

The American National Standards Institute (ANSI) is one of the
most respected standards institutes in the world. ANSI is a
federation of volunteers from industrial, trade, technical, labor,
governmental, consumer, and professional organizations.
ANSI’s primary mission is to coordinate the development of
both manufacturing and operational standards.
One ANSI/NFPA code that applies to the propane industry
is NFPA 54: National Fuel Gas Code. The “National Fuel Gas
Code” is a safety code that applies to fuel gas piping systems,
fuel gas utilization equipment, and related accessories.

It includes:
Fire prevention standards.
Installation standards for fuel gases.
Installation standards for piping and appliances.

è Some codes and standards developed by the

National Fire Protection Association (NFPA) are also ANSI
standards.

You should refer to NFPA 54 when installing piping and
appliances for both residential and commercial applications.
For example, if you were converting a gas stove to a propane
burning appliance, you would want to refer to NFPA 54
for proper conversion standards. Whenever working with
appliances, ask your supervisor which edition of the code is
used in your state.
See Resources to view the table of contents for NFPA 54.

MODULE 6

AMERICAN NATIONAL
STANDARDS INSTITUTE
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NATIONAL FIRE PROTECTION ASSOCIATION
MODULE 6

The National Fire Protection Association (NFPA) is a non-profit,
voluntary association devoted to fire prevention and safety.
Since 1896, NFPA has provided information and programs on
fire prevention, fire fighting procedures, and fire protection.
NFPA also coordinates fire safety code development for the
propane industry.
NFPA publishes NFPA 58: Liquefied Petroleum Gas Code.
Sometimes this is referred to as the LP-Gas Code. This code
covers the proper storage and handling of propane and other
LP-gases.
You may want to refer to NFPA 58 when determining proper
outdoor pipe or tubing sizing, filling tanks or cylinders, or
transporting propane.
See Resources to view the table of contents for NFPA 58.

Lesson 1. Propane Industry Standards, Regulations, and Organizations
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APPLYING NFPA 54 AND 58 TO PROPANE OPERATIONS
This publication includes codes and standards for proper installation of piping distribution systems
and appliances from the outlet of the final pressure regulator to and throughout the gas piping
system, gas appliances, associated accessories, and gas utilization equipment including venting
and ventilation components. The code does not apply to the construction of appliances.

NFPA 58: LP-Gas Code
This publication includes codes and standards regarding the transportation, storage, and handling
of propane. This code applies to the installation of storage containers, pressure regulators, and
distribution piping, upstream of the outlet of the final pressure regulator (second-stage or 2-psi
service regulator) at customer locations.

Here’s a simple tip to remember how to apply
these codes:
Code NFPA 54 addresses proper
installation of piping distribution systems
and appliances INSIDE the building.
Code NFPA 58 addresses the proper
handling of propane OUTSIDE the building.

MODULE 6

NFPA 54: National Fuel Gas Code
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NFPA 54 AND 58 CODES AND HANDBOOKS
MODULE 6

Code Books—NFPA 54 and 58 code books include codes and
standards for handling propane.They also include important
annexes with charts and tables.
Handbooks—Codes NFPA 54 and 58 have accompanying
handbooks to help enforcement authorities, industry managers,
supervisors, and employees interpret and apply these codes
on the job. The handbooks provide historical as well as
interpretative information to help clarify the legal language of
the code.
Updates—NFPA 54 and 58 codes and handbooks are updated
and reprinted every three years to ensure they reflect state-ofthe-art practices and technology. Therefore, they are evolving
documents that adapt to the needs of the propane industry.
Both NFPA 54 and NFPA 58 have different review cycle
timelines.
State and local regulatory authorities periodically review each
new edition as it is published, and may adopt none, all, or
portions of the new version at different times. Your supervisor
has access to a recent version of these resources so you can
refer to the code or handbooks.
Always check with your supervisor to determine
all of the operational safety codes that apply to
your daily job responsibilities.

See Resources for additional NFPA codes and standards
used in the propane industry.
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AUTHORITY HAVING JURISDICTION

When an NFPA standard is adopted as code by an AHJ, that
standard then becomes the basis for compliance by propane
companies. Furthermore, that standard becomes enforceable
by the AHJ.
Determining who the AHJ is may be based on where the
propane is stored or transported, the size of the community,
and the standard that have been adopted in that location.
NOTE: Always check with your supervisor to find out who the
AHJ is in your area.

MODULE 6

Authority Having Jurisdiction (AHJ) is the title used in NFPA
documents to refer to the organization, office, or individual
responsible for enforcing the requirements of a code or
standard, or for approving equipment, materials, an installation,
or a procedure.
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TESTING LABORATORIES
MODULE 6

To help ensure that strict manufacturing standards are met
for propane appliances and equipment, samples of equipment
are tested for safe operation before they can be sold. An
independent laboratory conducts fair, objective testing and
certifies equipment if all required standards are met.

There are numerous independent testing laboratories,
including:
Underwriters Laboratories, Inc. (UL) publishes
standards regarding the construction and performance
of equipment used in hazardous locations. Many UL
standards are also recognized as American National
Standards.

Factory Mutual Research Corporation (FM) also
publishes standards, but relies on the requirements
of others when investigating equipment for use in
hazardous locations. The FM marking is inscribed in a
diamond and is seen on equipment such as vaporizers,
gas-air mixers, and some explosion-proof electrical
equipment.
CSA International is the North American leader in gasfired product testing and certification and one of North
America’s leading testing laboratories for electrical
appliances. CSA International is the only source for the
CSA Star and CSA Flame, North America’s most widely
recognized and accepted certification marks for gasfired products.
NOTE: A number of other testing laboratories provide research
and development testing, gas composition testing, and
equipment performance testing services.

Courtesy of CSA International
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FEDERAL GOVERNMENT REGULATIONS

A standard begins as a voluntary guide used by industry
members. Once a government agency (either federal, state, or
local) adopts the standard, it then becomes a regulation or law
under the jurisdiction of that agency.
The agency must then enforce the law by imposing fines and
penalties on companies and individuals who do not comply.
For example, the Department of Labor (DOL), under the
Occupational Safety and Health Act (OSHA), has jurisdiction
over many propane-related regulations.
Federal rules and regulations that apply to the propane industry
are published in a series of books called The Code of Federal
Regulations (CFR).

MODULE 6

Industry standards are necessary for safe, efficient, and
reliable propane equipment and operations. Standards are only
valuable, however, if they are adopted and enforced throughout
the industry. As a propane employee, you can contribute
to the power and effectiveness of industry standards by
understanding and applying them on a daily basis.
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DEPARTMENT OF TRANSPORTATION
MODULE 6

The Department of Transportation (DOT) is a department of
the United States federal government. Among other things,
DOT establishes regulations governing the commercial
transportation of hazardous materials, such as propane
and other products. DOT regulations are covered by 49 CFR,
entitled Transportation.

è A private party driving a recreational vehicle within a

state or crossing state lines with cylinders on the vehicle
is not subject to DOT requirements.

Specifically, 49 CFR includes DOT regulations
governing the:
Transportation of propane by rail, aircraft, water
vessel, public highway, or pipeline.

Proper care and handling of propane during container
filling.
49 CFR also contains DOT design codes for the manufacturing
of portable, replaceable, and some stationary propane
cylinders; cargo tanks and portable tanks; and tank cars.
If you are unloading tank cars, delivering propane in a bulk
truck, inspecting DOT cylinders, or working on an LP-gas
pipeline, be sure to refer to 49 CFR.
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DEPARTMENT OF LABOR

OSHA also provides specific guidelines about:
Accident prevention and reporting
First aid and medical attention for on-the-job injuries
On-the-job safety training
Fire protection
Proper lighting of work areas
Sanitation and general housekeeping at work
Many of the safe working practices you will learn about in the
next lesson are governed by OSHA regulations.

MODULE 6

The Department of Labor (DOL) enforces all safety and health
regulations contained in the Occupational Safety and Health Act
(OSHA). This act ensures that safe practices and procedures
are followed when handling propane in the work environment.
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ENVIRONMENTAL PROTECTION AGENCY
MODULE 6

The mission of the Environmental Protection Agency (EPA) is
to protect human health as it relates to the environment. EPA
works for a cleaner, healthier environment for the American
people.
EPA works to develop and enforce environmental laws
enacted by Congress. EPA is also responsible for researching
and setting national standards for a variety of environmental
programs.

Recent CFR regulations enforced by the EPA that
apply to the propane industry are:
The Community Right to Know. These regulations
address hazard communication and emergency
planning mandates.

Regulations governing emission controls from
stationary and mobile sources, such as forklifts and
municipal fleets. The Clean Air Act names propane as
an environmentally-friendly fuel source.
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State and local codes are enforced by many different agencies,
and enforcement is usually accomplished through on-the-spot
inspections.

Some of the agencies that may enforce regulations
and conduct inspections are:
State LP-Gas or Propane Commission or Agency—
Many states have created agencies that enforce
regulations directed specifically at the propane
industry. Texas, Louisiana, California, and New Mexico
are some of the states that currently have propane
commissions or agencies.

State and Local Fire Marshal’s Office—Many fire
safety regulations for propane operations are enforced
by this office. Each state and most local governments
have a special set of fire prevention and operational
safety codes that apply to propane operations.
State Department of Transportation—Enforces
regulations regarding the transportation of propane
within the state.
Public Safety Commission—Monitors consumer safety
in the area of propane operations.
Building inspectors—Usually employees of the city,
county, or state who are responsible for enforcing the
codes.
It is important that you understand the codes that apply to your
job. Your company probably has copies of all state and local
codes that apply to propane operations.
In addition, your company or supervisor can contact your state
propane association for help locating current state and local
codes.

MODULE 6

STATE AND LOCAL GOVERNMENT
REGULATIONS
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CHECK FOR UNDERSTANDING
MODULE 6

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 254.

One of the missions of _____ is to coordinate and develop manufacturing standards for tanks and
pressure relief valves used in the propane industry.
NPGA

ASME

ANSI

PERC
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Safe Working Practices and Protective Equipment
INTRODUCTION
The unsafe handling of propane can result in a serious or fatal
injury to a worker, customer, or the public. Practicing safe work
habits is a positive step to preventing accidents and injury. Safety
is the responsibility of all employees.
You must understand that you have the primary responsibility for
your own safety. Always be sure to understand your company’s
specific policies regarding workplace safety.

In this lesson, you will learn about:
Qualification of personnel.
Pre-planning for safe operation.
Personal protective equipment.
Correct storage of materials.
Loading and unloading pipes.
Good housekeeping practices.
Moving cylinders safely.
Using ladders and platforms safely.
Safety color codes.
Bulk plant safety precautions.

MODULE 6

Lesson 2.
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QUALIFICATION OF PERSONNEL
MODULE 6

Employees who perform job duties within the scope of NFPA
58 are required to be trained before performing certain job
functions. Training must be consistent with the employee’s job
activities which may include proper handling and emergency
response procedures.
An employee having primary duties including transporting
propane, transferring liquid propane into or out of stationary
containers, or making stationary container installations
must complete specific training that includes the following
components:

Safe work practices.
The health and safety hazards of propane.
Emergency response procedures.
Supervised, on-the-job training.
An assessment of the person’s ability to perform the
job duties assigned.
The safe handling of liquid propane is critical because a small
liquid release may result in a relatively large vapor cloud.
Refresher training must be provided at least every three
years and is not meant to be a complete retraining. Refresher
training should cover the normal job functions the employee
is expected to perform. Generally any important concepts,
changes in procedures or requirements, or any application that
may affect the employees’ primary duties within the scope of
NFPA 58 should be included in the refresher training program.
NFPA 58 requires both initial and subsequent refresher training
be documented.

Lesson 2. Safe Working Practices and Protective Equipment
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PRE-PLANNING FOR SAFE OPERATION

Effective job planning takes into consideration the
safety of the worker, customers, and the public. This
includes:
Personal protective equipment (PPE) and procedures
for training employees on its proper use.

Suitable work area protection equipment (for example:
traffic cones, flags, flasher lights, barricades, and
lighting).
A sufficient number of fire extinguishers.
Being prepared and trained for the job ahead of time can
prevent emergency situations from happening.

MODULE 6

A job that is properly planned before it begins can be
completed without mishap or emergencies. Unusual jobs may
require specific briefings and instructions.
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GOOD HOUSEKEEPING PRACTICES
MODULE 6

Good housekeeping is an important part of safety everywhere.

The following are examples of good housekeeping
practices at a propane plant:
Trim the plant down to things that are needed for
plant operations. There should be ample space left for
storing tools, fittings, and parts.

Conveniently locate tool racks or cribs.
Report product and oil leaks immediately.
Keep access routes to remote valves free from
obstructions.
Report inoperable emergency shut-off system
components.
Check fire extinguishers for proper charge and
accessibility.
Keep driveways and fire hydrants free of obstructions
that would limit fire truck access.
Store cylinders properly without intruding into access
aisles.
Remove truck cab clutter that can cause injury or
death in an accident.
Examples of situations that can cause injury are wet, slippery,
and oily floors, truck cab clutter, and tools left lying around.
Poor housekeeping can also hide plant defects in electrical
wiring, piping, and equipment.

Learning Activity: Good Housekeeping

LEARNING ACTIVITY

Check your work on page 254.
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PERSONAL PROTECTIVE EQUIPMENT
MODULE 6

When necessary, you must wear personal protective
equipment, such as gloves, safety shoes, safety glasses, and
hard hats to eliminate on-the-job accidents.
Using personal protective equipment requires hazard
awareness and knowledge of the equipment’s purpose,
limitations, proper fit, and maintenance.

In the next portion of this lesson, you will learn about:
OSHA requirements
Face and eye protection
Head protection
Hearing protection
Respirators
Hands and arms protection
Foot protection

Lesson 2. Safe Working Practices and Protective Equipment

Under OSHA regulations your employer is responsible
for:
Determining the use and selection of personal
protective equipment.

Training you and all employees to properly use and
care for personal protective equipment.
Documenting employee training and use of personal
protective equipment.

è OSHA requires the use of personal protective

equipment during operations that present the risk
of injury to employees that cannot be eliminated by
engineering or process procedures.

MODULE 6

PERSONAL PROTECTIVE EQUIPMENT:
OSHA REQUIREMENTS

131

132

Module 6. Standards, Regulations, and Safety

HEAD AND FACE PROTECTION
MODULE 6

Face and eye protection cannot be
overemphasized. It is necessary when chipping,
grinding, drilling, sledging, or using air-powered tools for
breaking pavement.
In these situations, protect your eyes and face by
wearing a face shield or protective safety glasses.
Head protection means wearing a hard hat on
construction sites where you could be hit on the head by
falling or swinging objects, or when required. Bump hats
may be worn when working in crawl spaces or other
areas where piping and irregular structures may cause
head cuts or bruises.

FACE SHIELD

Hearing protection includes earplugs or acoustical
earmuffs. You will need to wear hearing protection when
noise makes it difficult to communicate verbally with
other workers.
PROTECTIVE SAFETY GLASSES

Depending on the work area or job function,
your employer may determine that hearing
protection is necessary. When steady or impulse
noise levels are at or above 85 decibels,
hearing protection is required.

HARD HAT

EAR PLUGS

Lesson 2. Safe Working Practices and Protective Equipment
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RESPIRATORS
MODULE 6

Healthy air contains about 20% oxygen. You can’t survive
for more than a few minutes without it. So you need a
respirator to help you breathe when the oxygen level is
low or if the air is contaminated with toxic substances
such as carbon monoxide.

There are two basic types:
Air Purifying Respirators use filters to remove harmful
substances from the air. They range from simple
disposable masks to complex powered air purifying
respirators. But air purifying respirators don’t supply
oxygen and should not be used in oxygen-deficient air, or
in air that is immediately dangerous to life or health.
Air Supplying Respirators provide breathable air
from a clean air source when the surrounding air is
contaminated. They range from supplied air respirators,
called SARs, and self-contained breathing apparatuses,
called SCBAs, to complete air supplied suits.

èBe sure to consult Safety Data Sheets, your company

procedures, and your supervisor to determine which
respirator to select and the requirements associated with
its use.

AIR PURIFYING RESPIRATOR

AIR SUPPLYING RESPIRATOR
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HANDS, ARMS, AND FEET PROTECTION
MODULE 6

You should wear suitable work gloves to protect your
hands when doing jobs such as:
Handling pipes or planks
Using heavy tools
Moving tanks or cylinders
Cutting with torches or welding
Transferring liquid propane

You should never wear gloves around moving
machinery where there is a possibility of them getting
caught and your hands being pulled into moving
parts.
Protect your arms by wearing long sleeve shirts with the sleeves
rolled down.
Protect your feet by wearing safety shoes. Safety shoes are
especially important if you are a cylinder delivery technician. This
is because much of your work involves handling heavy tools,
equipment, and installation materials.

First aid treatment should be given if minor
cuts, scratches, or bruises occur.

Learning Activity: Personal Protective Equipment
Check your work on page 254.

LEARNING ACTIVITY
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CORRECTLY LIFTING MATERIALS
MODULE 6

Injuries resulting from lifting heavy materials can be
prevented.

Follow the steps below for proper lifting:
1. Set your feet solidly on the floor about 12" apart, with
one foot slightly ahead of the other.

2. Crouch in front of the object with knees bent to a 90°
angle. Do not squat.

3. Keep your back straight and firmly grasp the object.
Make a preliminary lift to determine if the load is too
heavy to lift alone. If yes, get help.

4. To lift the object, straighten your legs and at the same
time bring your back to a vertical or upright position.

5. Lift with a smooth, even movement. Avoid a jerking
motion. If a change in direction is necessary, do not
twist your body. Instead, turn your whole body.
NOTE: Remember, improper lifting of light objects is much
more likely to cause a back injury than properly lifting heavy
objects.

Lesson 2. Safe Working Practices and Protective Equipment
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LOADING AND SECURING MATERIALS

Some of these are:
When loading materials of different sizes and weights,
place the heaviest objects on the truck bed and
distribute the weight evenly on all wheels.

Place a flag of 12 inches square or larger when
materials overhang the rear of the vehicle by 4 feet
or more.
Be certain to secure any material that can shift on
the truck. A sudden shifting of weight can cause loss
of control of the vehicle and damage the load. Use
chains, straps, or cables to secure loads properly.
Because of the varying sizes, shapes, and weights of loads, it
is difficult to list all of the precautions that should be followed
for securing them.
NOTE: Be sure to follow all federal and state regulations and
your company policy regarding loading and securing materials.

MODULE 6

There are many precautions you should take when loading and
securing materials.
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STORING MATERIALS AND CYLINDERS
MODULE 6

When you are storing materials at the propane plant,
be sure to use:
Bins and racks.
Appropriate supports.
Signage showing safe floor loads and maximum
heights to which materials may be stacked.

When storing cylinders, always be sure to:
Keep ignitable material at least 10 feet from cylinders.
Prohibit smoking or open flames.
Label all cylinders properly.
Monitor cylinders for leakage.
Understand all OSHA and NFPA 58 requirements.

Lesson 2. Safe Working Practices and Protective Equipment
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HANDLING CYLINDERS SAFELY
Use hand trucks to move large or heavy cylinders, appliances,
or drums. Hand trucks come in many designs and with varying
wheel sizes depending on their capacity. Some are constructed
with rails or treads to allow you to move on stairways.
Don’t use a platform hand truck to move cylinders or drums.
Instead, use a hand truck specifically designed for these. It
may have a holding strap that can be tightened around the
cylinder.

Loading Cylinders with Lift Gates
Truck-mounted lift gates reduce labor when moving cylinders.

When using lift gates, always be sure to:
Clear the area of objects or people that could be hit by
the lift.

Properly balance the cylinder on the lift before
operating.
Lock the lift gate in the “travel” position before moving
the vehicle.
See Resources for more hand truck safety precautions.

MODULE 6

Moving Cylinders with Hand Trucks
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USING LADDERS AND PLATFORMS
MODULE 6

Falling accounts for nearly 20% of disabling accidents each
year, and most falls happen when ladders or platforms aren’t
used properly.

Ladders
You may be required to use ladders for many of your job tasks,
such as painting tanks and maintaining company buildings.

Platforms
Whether used for tank maintenance or railcar unloading,
platforms can save you a lot of time when used properly.
See Resources for ladder and platform safety precautions.

Lesson 2. Safe Working Practices and Protective Equipment
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RECOGNIZING SAFETY CODE COLORS

Propane color codes are sometimes used to identify liquid and vapor piping and high/low pressure lines. Unlike OSHA color
codes, propane color codes often vary among states. Always check with your supervisor to find out what propane color code
your company uses, if any.
The OSHA color code is a group of standard colors used to identify both safety hazards and equipment.

MODULE 6

Safety color codes are a group of standardized colors that can help you identify safety hazards, safety equipment and, in
some cases, propane piping at the plant. The two types of color codes are the company’s propane piping color code and the
OSHA color code.
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IDENTIFYING BULK PLANT
SAFETY PRECAUTIONS
The bulk plant is a very busy place, with different people
performing different tasks at the same time. For example, an
employee may be filling cylinders while another is unloading
transports or railroad tank cars. So it is important that you know
your job and are aware of what is happening around you at all
times.

Never smoke or carry matches or a lighter in a bulk
plant. Propane vapor may escape into the air when liquid and
vapor hoses are disconnected, and cigarettes, cigars, and lighted
pipes are all possible sources of ignition. Smoking is restricted by
law.
Know where emergency shutdowns and fire extinguishers are
located in the plant and office, and know how to use them.
Important OSHA requirements:

OSHA requires each bulk plant operator to provide
information to employees through a written Hazard
Communications Plan and to provide “Right To Know”
information.
In addition, OSHA requires that employers have written
emergency action plans that apply in the event of a bulk
plant or workplace emergency.
Be sure to understand your company’s specific plans and
procedures that apply to bulk plant emergencies.
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Fire Prevention Rules and Procedures
INTRODUCTION TO FIRE PREVENTION
Because propane is flammable, everyone involved with its
handling must know and follow fire prevention rules and
procedures. A propane fire is one hazard that everyone in the
propane industry wants to avoid.
In this lesson, you will learn about:

General fire prevention rules.
Operational rules for fire prevention.
Fire extinguisher use.
Operational procedures in the event of fire.
Every propane marketer, as part of its OSHA compliance program,
should develop procedures for handling fires and other bulk plant
emergencies.

MODULE 6

Lesson 3.
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BASIC FIRE PREVENTION RULES
MODULE 6

Fire has the potential to destroy property and take human lives.

Therefore, it is critical that you understand the
following fire prevention rules when working with
propane:
Observe any fire prevention signs posted at the
plant and any warnings marked on containers with
flammable material.

Note the location of emergency shutdown controls and
fire extinguishers at the plant and on the truck. Never

block access to the fire control equipment
including fire alarms, fire extinguishers,
sliding fire doors, fire escapes, and
sprinklers.
Know how to use the fire extinguishers and inspect
them frequently to verify they are fully charged.
Keep all ignition sources, including cigarettes and
open flames, away from propane transfer areas. Never
turn on or off any electrical switch in the area of a
propane discharge. If power must be turned off to
avoid a fire, try turning it off from the circuit breaker in
another location not affected by the discharge.
Know the telephone number of the local fire
department.
Report any leak or potential fire hazards to your
supervisor.

Lesson 3. Fire Prevention Rules and Procedures
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FIRE EXTINGUISHER USE

Here are some important points to remember about
fire extinguishers:
NFPA 58 requires that at least one fire extinguisher be
easily accessible at the bulk plant.

OSHA requires that employees who may be required to
use a fire extinguisher in the course of their job duties
be trained to use fire extinguishers when they are first
hired and every year thereafter.
A propane fire should not be extinguished until the
leak is controlled. Fire extinguishers are not intended
to put out a propane fire and have a limited application
area. They are only effective for small fires, such as
those involving combustible materials. They’re also
valuable for creating an escape route for people in the
area.

MODULE 6

Fire extinguishers at propane facilities are critical. They can
keep a small incident from becoming a major accident with
extensive property damage and personal injury.
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FIRE EXTINGUISHER RATINGS
MODULE 6

As a propane employee, it is your responsibility to understand
the location, rating, maintenance, and appropriate use of fire
extinguishers.

Ratings
You can find a fire extinguisher’s rating stamped on its metal
data plate. A rating includes numbers indicating the maximum
area of fire the extinguisher can put out, and letters showing
the type or class of fire the extinguisher can put out.

Multiple Ratings—Most extinguishers are rated
for more than one class of fire. For example, a B:C
fire extinguisher is designed to fight both class
B (flammable liquids and propane) and class C
(electrical) fires. Always check the rating of an
extinguisher before using it. Check with your
supervisor if you have any questions.
Minimum Ratings—NFPA 58 requires a vehicle
transporting portable propane containers and propane
cargo tank vehicles be equipped with at least
one portable fire extinguisher having a minimum
capacity of 18 lb dry chemical. Each dry chemical fire
extinguisher must have an A:B:C rating, is permitted
to have a minimum flow rate less than 1lb/second,
and must meet the requirements of NFPA 10. Typically,
this requirement is met by using a 20 lb A:B:C
extinguisher. Some state and local codes may require
an extinguisher with a higher rating.
Consult your local codes to ensure you are carrying the proper
fire extinguisher on your vehicle.

è Fire Classes
Type A: Paper, wood, or other similar fires
Type B: Flammable liquid or propane
Type C: Electrical

Lesson 3. Fire Prevention Rules and Procedures
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FIRE EXTINGUISHER MAINTENANCE
NFPA 10 and state and local codes require that fire
extinguishers be inspected annually for serviceability, and
recharged if necessary. Fire extinguisher companies or the
local fire department conduct these inspections.
Once inspected, a special tag is attached to the fire
extinguisher showing the test and inspection date and the
name of the company that performed the inspection.

Monthly Inspections
NFPA 10 also requires monthly visual inspections of all fire
extinguishers. This includes making sure each extinguisher is
fully charged and not due for an annual inspection.
Even if monthly inspections are a specific employee’s
responsibility, every employee should know the location,
condition, and limitations of fire extinguishers.

Your role in fire extinguisher maintenance
Frequently check the fire extinguisher on the propane service
vehicle or work area. If the extinguisher is due for inspection,
low on charge, damaged, or even missing an inspection tag,
then notify your supervisor immediately.

MODULE 6

Annual Testing
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IF A FIRE OCCURS
MODULE 6

If there is a fire, remain calm and—if it’s safe to do so:
1. Activate any emergency shutdown devices.

2. Evacuate the immediate area; contact the fire
department and do not re-enter until it has been
determined safe.

3. Shut off the electrical power at the main power source.
4. Contact your supervisor from a safe location.
If you are unsure about what to do in the event
of a fire, or if there is any danger of personal
injury, do not approach the fire.
Evacuate the area and wait for fire fighting
personnel to arrive.
EMERGENCY SHUTDOWN DEVICES

LEARNING ACTIVITY

Check your work on page 254.

Learning Activity: Fire Safety
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Uncontrolled Propane Release
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 uncontrolled release of propane.
Identify information that must be provided to 911 or
other emergency response operators in the event of an
uncontrolled release of propane.

MODULE 6

Lesson 4.
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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.
An uncontrolled release of propane 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.

Lesson 4. Uncontrolled Propane Release
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WHO IS AN EMERGENCY RESPONDER?

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 an uncontrolled
propane release.

MODULE 6

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.
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WHAT TO DO IN THE EVENT
OF AN EMERGENCY
In the event of an uncontrolled propane release, 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.

Lesson 4. Uncontrolled Propane Release
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EVACUATE THE AFFECTED AREA

Leave the area immediately.
Evacuate to a safe distance from the uncontrolled
leak. Everyone should be at least 330 ft away in
all directions, and for larger releases 1 mile in all
directions and upwind of the uncontrolled release
of propane.
Remain calm.

MODULE 6

If there is an uncontrolled propane release, everyone in the
building, or area affected by the leak, should:
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BE AWARE OF YOUR SURROUNDINGS
MODULE 6

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

Identify the source of the leak.
Eliminate any potential sources of ignition.
Note the wind direction as you may need to move to
another location if the wind changes 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.

è If you can see or smell propane during an

uncontrolled release, you may be in a hazardous
environment.

Next, call for help from a safe distance and outside of a
hazardous environment.

Lesson 4. Uncontrolled Propane Release
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CALL FOR HELP

When you call 911, be ready to provide the following
information:
Your name.
Your company’s name.
The address of the uncontrolled propane release.
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 uncontrolled propane release.
For example, 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.

NOTE: Remember, any uncontrolled release of
propane may be extremely dangerous and you
should immediately evacuate the area and call
for help.

MODULE 6

After you are at a safe distance from the affected area, call
911. You should also notify your supervisor as soon as you can.
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WHEN HELP ARRIVES
MODULE 6

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.

Lesson 4. Uncontrolled Propane Release
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POST EVENT ACTIONS

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.

MODULE 6

After an uncontrolled propane release 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.
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SUMMARY
MODULE 6

Some important points to remember from this module are:

Two important organizations that help lead the national effort to increase the safe use of propane are PERC and
NPGA.
The propane industry relies on and supports the following organizations that develop standards: ANSI, ASME, DOT,
DOL, EPA, and NFPA.
Two important handbooks that include codes, standards, and recommended practices for handling propane are
NFPA 54 and 58.
Practicing safe work habits is a positive step to preventing accidents and injuries.
Important safety habits include correctly storing, loading, and unloading materials; practicing good housekeeping;
correctly lifting materials; understanding and following safety color codes; and using personal protective equipment.
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 uncontrolled release of propane, 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.

Module 6 Quiz
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Let’s take a moment to check how well you understand the information presented in this module. Select the
appropriate answer for each of the following questions.

1. Also known as NFPA 54, the _____ covers fire prevention and installation standards for fuel gases, as well as the
installation of piping and appliances for residential and commercial applications.
a.
b.
c.
d.

Liquefied Petroleum Gas Code
American Standards National Institute
National Fuel Gas Code
Unfired Boiler and Pressure Vessel Code

2. Tanks and pressure relief valves built according to the ASME code are usually marked with a special ASME stamp.
a. True
b. False

3. Propane tanks are built in accordance with standards set by the _____.
a.
b.
c.
d.

National Fire Protection Organization
American National Standards Institute
American Gas Association
American Society of Mechanical Engineers

4. The publication which covers the storage, handling, and transportation of propane is known as _____.
a.
b.
c.
d.

NFPA 54
ANSI
NFPA 58
ASME

5. Authority Having Jurisdiction (AHJ) is the title used in NFPA documents to refer to the organization, office, or individual
responsible for enforcing the requirements of a code or standard, or for approving equipment, materials, an installation,
or a procedure.
a. True
b. False

MODULE 6

Module 6 Quiz
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6. Many marketers designate spokespersons that are authorized to address the news media. If there has been an
MODULE 6

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

7. To ensure fair and objective testing, independent testing laboratories certify propane appliances and equipment comply
with required standards.
a. True
b. False

8. The National Fire Protection Association (NFPA) standards _____.
a.
b.
c.
d.

Protect human health and the environment
Regulate propane installations inside and outside a building or house
Determine standards in which propane tanks are built in accordance
Include the storage, handling, and transportation of fire

9. The standards and guides published by the _____ are established by investigating equipment such as vaporizers, gasair mixers, and some explosion-proof electrical equipment, for use in hazardous locations.
a.
b.
c.
d.

Underwriters Laboratories, Inc.
Factory Mutual Research Corporation
Canadian Standards Association International
American Testing Laboratories, Inc.

10. The name of the publication that includes all federal government regulatory information which applies to propane
operations is the _____.
a.
b.
c.
d.

National Fuel Gas Code
Code of Federal Regulations
Unfired Boiler and Pressure Vessel Code
Liquefied Petroleum Gas Code
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11. The department of the federal government which establishes the manufacturing design codes that apply to cargo tanks,
a.
b.
c.
d.

Department of Transportation
Department of Labor
Environmental Protection Agency
Department of the Interior

12. The Department of Labor is responsible for enforcing safety and health regulations for employees under the _____.
a.
b.
c.
d.

Occupational Safety and Health Act
Reauthorization Act of 1986 (SARA) Title III
Clean Air Act
Environmental Protection Act

13. In many states, one of the responsibilities of the state fire marshal’s office is to monitor consumer safety involving
propane.
a. True
b. False

14. The two departments of the federal government whose regulations apply to most propane operations are the Department
of Labor and the _____.
a.
b.
c.
d.

Environmental Protection Agency
Department of Commerce
Fire Marshal’s Office
Department of Transportation

15. The primary responsibility for safety is with the individual worker.
a. True
b. False

16. Eliminating _____ working practices is the best way to prevent accidents.
a.
b.
c.
d.

Efficient
Unsafe
Protective
Dishonest

MODULE 6

rail cars, and propane customer cylinders is known as the _____.
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17. Good job planning takes into consideration the safety of the workers as well as the public and includes planning for
MODULE 6

_____.
a.
b.
c.
d.

Special safety equipment and training employees on its proper use
First aid and CPR
Fire truck maintenance
Sufficient number of fire fighters

18. Back injuries experienced on the job are commonly the result of improper lifting of light loads.
a. True
b. False

19. While stacking height signs designate the maximum safe height for stacking objects in material storage areas, _____
signs indicate the maximum safe floor loads.
a.
b.
c.
d.

Maximum Load
Maximum Floors
Minimum Weight
Golden Rule

20. You can respond to certain emergencies without training if and only if permission is granted by your supervisor.
a. True
b. False

21. In the event of uncontrolled release of propane, you should?
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

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

Identify the source of the leak
Eliminate any potential sources of ignition
Note the wind direction
All of the above

Module 6 Quiz

165

23. When loading materials onto truck beds, always place the heavier objects first to ensure the weight is distributed evenly
a. True
b. False

24. Poor housekeeping practices can result in injuries and cause fires. Good housekeeping activities to establish in propane
plants include_____.
a.
b.
c.
d.

Conveniently locating tool racks or cribs
Promptly reporting product and oil leaks
Storing cylinders properly without intruding into access aisles
All of the above

MODULE 6

on all wheels.
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Module 7. Bulk Plants
INTRODUCTION
The propane bulk plant is a specialized and complex facility where large quantities of propane are received, stored, and
prepared for delivery. In this module, you will learn about the vehicles and bulk plant equipment used to transport propane to
the plant and deliver propane to customers.

Objectives
After completing this module, you will be able to:

Identify the basic features and operational objectives of the bulk plant.
Recognize bulk plant equipment, tank and valve accessories, and loading and unloading stations.
Identify features and uses of railroad tank cars, cargo tanks, and intermodal portable tanks.
Recognize the vehicles and bulk plant equipment that are used to deliver propane to customers.
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Common Features and Equipment
TYPICAL BULK PLANT
Basically, a bulk plant is a propane storage and distribution facility. To maintain enough propane to meet the changing needs
of its customers, the bulk plant is designed to receive and store large quantities of propane from the wholesaler.
The design and layout of each bulk plant may vary depending on the retailer’s or customer’s needs. However, a typical bulk
plant consists of three groups of equipment or areas.

These include:
Bulk storage tanks
Loading and unloading stations
Filling stations
NOTE: At some bulk plants, filling stations are combined with loading and unloading stations.

MODULE 7

Lesson 1:
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BULK PLANT STORAGE TANKS
MODULE 7

Several tanks of various sizes may be installed at a bulk plant, depending on the needs of retailers and customers.

Bulk storage tanks:
Are built to the same American Society of Mechanical Engineers (ASME) codes that apply to customer tanks.
Are painted white or a light, reflective color, or with special fire protection coatings to prevent the tank from rapidly
overheating.
Are located a specific distance from other tanks, important buildings, and property lines of the bulk plant
Have a much greater water capacity than most customer tanks.
Typically range in size from 4,000 to 60,000 gallons, but may be as large as 120,000 gallons.

Lesson 1: Common Features and Equipment
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TANK INSTALLATIONS AND SADDLES

Saddles are:
Fireproof.
Designed to fit the rounded shape of the bottom of the
tank.
Made from reinforced concrete, steel, or a combination
of the two.

è The exact distances are determined by local, state, and

national codes and regulations. Tank installations must comply
with codes.

MODULE 7

Large ASME bulk plant tanks are installed on firm foundations
consisting of reinforced concrete piers which support saddles
that the tank rest on.
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TANK VALVES AND ACCESSORIES
MODULE 7

Relief Valves
Bulk plant tanks have certain valves and gauges installed in
either end, and in the top and bottom of the tank. Multiple relief
valves may be installed in the tank’s vapor space to protect
the tank by automatically relieving excess vapor pressure that
may build. Some relief valve outlets have long pipes attached
to them called relief valve stacks that make sure vapors are
directed away from the tank. Although many bulk plant tank
relief valves are equipped with stacks as shown, NFPA 58
code has changed and the stacks are no longer required to be
installed on new above-ground installations built according to
the new code. Undergound installations are still subject to relief
valve stack requirements.

Tank Valve Locations
Unloading and filling valves may be located at the bottom of
the tank for convenience and accessibility. One valve is labeled
for liquid transfer and one valve is labeled for vapor transfer.
When vapor valves are located at the bottom of a tank, a large
steel pipe called a standpipe connects the valve to the vapor
space inside the upper portion of the tank.

Other valves and gauges installed in the tank heads
include:
Liquid level gauge
Pressure gauge
Temperature gauge
Fixed maximum liquid level gauge

RELIEF VALVE STACK

Discovery: Bulk Plant Storage Tanks

LEARNING ACTIVITY
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LOADING AND UNLOADING STATIONS
MODULE 7

During peak seasons, propane may be delivered to the bulk
plant daily or several times each week. Deliveries are made at
any time of day or night by either trucks or railroad tank cars.

The flow of propane into and out of bulk storage
tanks is controlled through loading and unloading
stations called:
Bulkheads (for trucks)
Unloading risers (for railroad tank cars)
Loading and unloading stations are designed to safely transfer
large quantities of propane and prevent an uncontrolled release
of propane into the atmosphere.

BULKHEADS

The filling station is another type of loading station for trucks
that deliver propane to customer locations. Filling stations have
propane dispensing equipment to fill propane cylinders, motor
fuel cylinders and tanks. The appearance and layout of bulk
plant filling stations vary.

UNLOADING RISERS

Lesson 1: Common Features and Equipment
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TRUCK UNLOADING STATIONS: BULKHEADS
MODULE 7

Trucks deliver propane to unloading stations at the bulk plant
called bulkheads. When delivering propane to the bulk plant,
the truck driver parks next to the bulkhead and connects the
hoses of the vapor and liquid connections on the cargo tank to
those on the bulkhead.

Most trucks are unloaded by:
A transport pump that is permanently mounted on
the cargo tank.

A vapor compressor.
Transport pumps can transfer as much as 300 gallons of
propane liquid every minute. There are several safety tips to
follow when unloading trucks.
Safety Tips for Unloading Trucks at the Bulk Plant:

Always wear proper personal protective equipment
when connecting and disconnecting hoses.

Never lean over or look into hose connections.
Place wheels stops whenever the cargo tank vehicle
is loading, unloading, or parked in accordance with
company policy.

BULKHEAD

Before beginning any operation, understand how to
operate the emergency shutoff valves (ESVs) and other
shutoff valves at the bulk plant and on the cargo tank.

Before beginning transfer operation, be sure all
sources of ignition are removed up to 50 feet of the
point of transfer, depending on exposure to open
flames, sparking equipment, and intakes of air moving
equipment. Remember, smoking is never allowed at a
bulk plant.

Immediately stop the driver if he/she attempts to move
the truck with the transfer hose attached.
TRANSPORT PUMP

Not only are bulkheads designed to assist in the unloading
of propane, but also to help protect the piping within the
bulk plant. If a truck driver accidentally pulls away before
disconnecting the hoses, the bulkhead is designed to allow the
piping to break away above the main support. This ensures
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that the rest of the piping, including the emergency shutoff
valves (ESV), is not damaged. The ESV system is part of the
bulkhead and will automatically activate in the event of a
pull away. This will stop the flow of the product, reducing the
danger to equipment, and most importantly, to the employee.
Know your company policies and procedures regarding
unloading trucks at the bulk plant.

EMERGENCY SHUTOFF VALVE (ESV)
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RAILROAD TANK CAR UNLOADING
STATIONS: RISERS
Railroad tank cars deliver propane to bulk plant unloading
stations called risers. A riser is a pipe that attaches to the
rail car for unloading and can breakaway in the event of
an emergency. The riser also has liquid and vapor hose
connections and ESVs that connect to the plant piping. A tower
surrounds the riser and has a ladder and platform that provide
access to the manway on the railroad tank car.
A railroad tank car has two liquid valves and one vapor valve.
A pressure relief valve is also installed in the tank, along with a
liquid level gauge, a temperature well, and a sampling valve.
Railroad tank cars do not have their own transport pumps.
Instead, a bulk plant compressor is used to unload the
propane. The compressor takes propane vapor from the bulk
plant tank and forces it into the vapor space of the tank car.
The incoming vapor then pushes propane liquid out of the tank
car through its liquid valves and into the plant liquid piping.

An important benefit of the bulk plant compressor
is vapor recovery. When all of the liquid has been unloaded,
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UNLOADING RISER

the tank car is still filled with a large quantity of propane vapor.
By switching one or more valves in the piping manifold, the
compressor can recover this vapor and return it to the bulk
plant tank. The vapor then condenses into several hundred
gallons of propane liquid.
If you unload railroad tank cars, you must have specialized
training. Know your company policies and procedures
regarding unloading railroad tank cars at the bulk plant.

BULK PLANT COMPRESSOR
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CHECK FOR UNDERSTANDING
MODULE 7

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 255.

Bulk plant storage tanks are built to _____ standards.
DOT

CFR

ASME

OSHA
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Receiving Propane at a Bulk Plant
CARGO, RAILROAD AND INTERMODAL (IM) PORTABLE TANKS
Large shipments of propane are transported to bulk plants in three different types of tanks: cargo tanks, railroad tank cars,
and intermodal (IM) portable tanks. All of these tanks are designed according to DOT specifications.

Cargo Tanks
Features: Cargo tanks are the most common tank used to

transport propane to a bulk plant. They’re installed on both
bobtails and transport trucks.

Water capacity (transport cargo tanks): Approximately
9,000-11,600 gallons (some exceed 14,000 gallons).
Water capacity (bobtail cargo tanks): Approximately
1,800-5,000 gallons (some as small as 350 gallons).
Mode of transport: Bobtail or transport truck.

Railroad Tank Cars
Features: Railroad tank cars are the largest DOT tanks that

transport propane. They have fittings and valves enclosed in a
dome and are painted off-white to indicate thermal insulation or
black to indicate a jacketed tank car.

Water capacity: 4,000-34,500 gallons.
Mode of transport: Railroad.

Intermodal (IM) Portable Tanks
Features: IM portable tanks are used to deliver propane to

locations requiring multiple modes of transportation. They are also
used for temporary or emergency service at customer sites or
bulk plants.

Water capacity: 4,500-6,500 gallons.
Mode of transport: Boat, truck, or railroad.

MODULE 7
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CARGO TANKS: OVERALL STRUCTURE
MODULE 7
QUENCHED AND TEMPERED STEEL

Cargo tanks are built according to DOT design code MC330 or
MC331, as well as ASME codes. They are constructed of steel,
and are equipped with openings and baffles.

Tank steel—Every cargo tank is built from a certain
type of steel. Some cargo tanks use heat-treated
steel that has been through a heat-treating process
called quenching and tempering (QT). These tanks
are somewhat lighter than tanks made from nonquenched and tempered (NQT) steel.
Tank openings—Cargo tank openings are either
threaded or flanged. An inspection manway is
usually located in the upper section of the rear head.
Manways have been required in cargo tanks since
1994. Openings for transferring propane liquid and
vapor are usually located on the bottom of the tank.
Openings for the relief valves are located on the top of
the tank.

TANK MANWAY

Tank baffles—Tank baffles are circular, rectangular, or
cross-shaped steel plates mounted inside the cargo
tank. They limit the movement of liquid when the
vehicle is in motion.
While they effectively decrease the sloshing of liquid
in forward and backward motion, baffles are not

effective in limiting side-to-side motion or
preventing vehicle roll over. Baffles cannot
be inspected from outside the cargo tank. If a baffle
breaks, however, it may make a clanging noise when
the vehicle moves or is loaded or unloaded.

TANK BAFFLES

Lesson 2. Receiving Propane at a Bulk Plant
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RAILROAD TANK CARS: OVERALL STRUCTURE
MODULE 7

Railroad tank cars meet DOT design specifications 105,
112, and 114. They are equipped with tank openings, tank
protection, and tank insulation.

TANK OPENING

Tank openings—All valve openings in railroad tank
cars are located on the top of the tank and protected
by the dome. The dome encloses a large opening on
the top of the tank and connects to a welded fitting at
least 14" to 18" in diameter.
As a safety precaution, always inspect the dome area
and the valves for leakage or damage. Contact your
supervisor and follow company policy if you identify
any unsafe conditions.

Tank Protection—Rail car tanks are protected by thick
steel at each end to prevent a coupler or any other
object from puncturing the lower half of the tank head.
Check the head of the car for damage and report any
unsafe conditions.

èThe purpose of the coupler is to join the locomotive to the
car behind it, and to join each of the cars in the train to each
other.

Tank insulation—All railroad tank cars used for
propane transportation have special thermal protection
in the event of exposure to fire.
See Resources to learn more about railroad tank car
openings.

TANK PROTECTION
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INTERMODAL (IM) PORTABLE TANKS: OVERALL STRUCTURE
MODULE 7

IM portable tanks are built according to DOT 51
specifications and ASME codes. IM portable tanks are
mainly used to ship propane to locations that require
several modes of transportation such as boat, railroad,
or truck. The water capacity for these tanks ranges
from 4,500 to 6,500 gallons.
IM portable tanks have special protective structures
that allow them to be filled to their maximum
permitted filling density. Because of this capacity,
portable tanks can be used temporarily at customer
sites, in emergency situations, and as a substitute for a
stationary ASME tank that is temporarily out of service.
These tanks have special equipment so they can be
installed at a customer site or mounted on a vehicle.

Tank openings, valves, and fittings—IM portable tanks have two to seven threaded openings in the top center of the
tank barrel, and one head for valves and fittings. The valves and fittings on portable tanks are used for filling and
withdrawing propane, measuring the amount of propane in the tank, and relieving excess pressure that may build up
in the tank. The fittings are recessed within the tank body and have heavy structural members to protect them.
Mounting and lifting hardware—IM portable tank mountings are steel skids that are welded to support pads
connected to the tank. The skids are used to fasten the tank to the flat bed of a truck, trailer, railroad car, or ship. IM
portable tanks have lugs that are welded to support pads connected to the tank. They are designed to lift the weight
of the tank plus the weight of the propane inside of the tank. The support pads distribute the weight when the tank is
lifted.

Be sure to check the skids, lugs, and support plates for damage before working with IM portable tanks.
Corrosion or cracked welds are extremely dangerous. If there is any damage, notify your supervisor
immediately.

Lesson 2. Receiving Propane at a Bulk Plant

MODULE 7

IDENTIFICATION REQUIREMENTS
FOR TANKS
According to DOT, cargo tanks, railroad tank cars, and
IM portable tanks must all contain required identification
information. Data plates and tank markings provide information
about the tank, while hazard class placards and shipping
names provide information about the tank’s contents.

Data plate—A data plate is a metal plate attached to
the tank that displays important information about the
container including design codes, water capacity, and
the manufacturer test date. Tanks may have either one
data plate with all the information, or may have two
separate data plates.

DATA PLATE

Hazard class placards—Placards are diamond-shaped
signs used to warn emergency responders and others
about the presence of hazardous materials. They are
required on the front, back, and each side of the tank,
and indicate the hazard class name and number of the
tank contents. The red color and flame symbol indicate
that flammable gas is being transported. The number
2 identifies the hazard class or division. The number
1075 indicates LP-gas.
Product shipping name—Shipping names are
also required on the front, back, and each side
of the tank and indicate the contents of the tank
being transported. Proper DOT shipping names are
PROPANE, BUTANE, and LIQUIFIED PETROLEUM GAS.
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HAZARD CLASS PLACARD

Now, let’s look at the specific identification requirements for
each type of tank that delivers propane to bulk plants.

PRODUCT SHIPPING NAME
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CARGO TANKS: IDENTIFICATION
REQUIREMENTS
DOT requires the following identification information
for cargo tanks:
Data plate—All cargo tanks must have a data plate
attached to them on either the driver or passenger
side. Some important information contained on the
data plate includes the design codes, water capacity,
and manufacturer test date. Depending on the cargo
tank’s date of manufacture, this information may be
included on one data plate or on separate data plates.

DATA PLATE

Additional tank markings—The cargo tank’s inspection
code, retest dates, and quenched and tempered or
non-quenched and tempered markings are displayed
near the data plate.
Hazard class placards—Cargo tanks must be
placarded with the hazard class name and number on
the front, back, and both sides.
Product shipping name—Cargo tanks must be clearly
marked with the shipping name on the front, back, and
both sides.

è DOT regulations require that cargo tanks be visually

inspected and leak tested annually by a registered DOT
inspector. A separate mechanical inspection of the truck
chassis is also required annually.

ADDITIONAL TANK MARKINGS

Cargo tanks must be pressure tested every five years.
Any MC330 or MC331 cargo tank that has been out of
service for one year or more must undergo a complete
visual inspection and pressure test before being placed
back into service.

HAZARD CLASS PLACARD AND
PRODUCT SHIPPING NAME

Discovery: Cargo Tanks

LEARNING ACTIVITY
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RAILROAD TANK CARS:
IDENTIFICATION REQUIREMENTS
DOT requires the following identification information
for railroad tank cars:
Stenciled tank markings—Unlike cargo tanks and IM
portable tanks, railroad tank cars do not have a data
plate. Instead, DOT design specifications and other
information are stenciled directly on the heads and
sides of the tank.

Hazard class placards—Railroad tank cars must be
placarded with the hazard class name and number on
the front, back, and both sides.

STENCILED TANK MARKINGS

Product shipping name—Railroad tank cars must be
clearly marked with the shipping name on the front,
back, and both sides.

è Railroad tank cars are rarely owned by propane

marketers, and therefore, DOT does not require marketers
to inspect, service, or repair them. Propane marketers are
required, however, to check the general appearance and
condition of the tank, tank valves, and tank markings to
ensure that the tank is safe to unload.

HAZARD CLASS PLACARDS

PRODUCT SHIPPING NAME

Discovery: Railroad Tank Cars

LEARNING ACTIVITY
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INTERMODAL (IM) PORTABLE TANKS: IDENTIFICATION REQUIREMENTS
MODULE 7

DOT requires the following identification
information for IM portable tanks:
Data plate—All IM portable tanks must have a data
plate attached to them. Some important information
contained on the data plate includes the design
codes, water capacity, and manufacturer test date.

Hazard class placards—IM portable tanks must be
placarded with the hazard class name and number
on the front, back, and both sides.
Product shipping name—IM portable tanks must be
clearly marked with the shipping name.
See Resources to learn more about hazard class
placards.
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Lesson 3.

Delivering Propane to Customers
LESSON INTRODUCTION
The ultimate purpose of the bulk plant is to store propane for
delivery to customers. In this lesson, you will learn about the
vehicles and bulk plant equipment that is used to deliver propane,
including:

Vehicles
Bobtails
Cylinder delivery vehicles

Equipment
Bobtail loading stations
Cylinder filling stations

BOBTAIL

CYLINDER DELIVERY VEHICLE
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THE BOBTAIL
MODULE 7

Bobtails are basically bulk plants on wheels. They
are used to transport and deliver fuel to customers who use
propane containers that are filled on site.
Bobtail equipment—The bobtail has a DOT cargo tank
mounted directly on the chassis behind the cab. The typical
bobtail cargo tank has a water capacity of 1,800 to 5,000
gallons. To deliver propane, bobtails are equipped with a pump,
a liquid meter that measures the gallons of propane delivered,
and special delivery hoses.
Filling the bobtail—To fill the bobtail cargo tank, propane is
first withdrawn from the bulk storage tanks and then pumped
through bulkhead hoses into the bobtail cargo tank. Many
plants have bobtail filling stations that are separate from
transport unloading bulkheads to ensure that the bobtails are
filled quickly and easily. A stationary bulk plant pump is used
to fill bobtails in most plants. These pumps have a high flow
capacity and can transfer as much as 300 gallons of propane
liquid per minute. Some bulk plants also use a liquid meter to
keep track of how much propane is loaded each day for bobtail
deliveries.

Lesson 3. Delivering Propane to Customers
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CYLINDER DELIVERY VEHICLES

Cylinder filling stations—Many bulk plants have a separate
cylinder filling station or dock for loading, unloading, and filling
cylinders. Most plants use a separate pump with a very low
pumping capacity for filling cylinders. These pumps transfer
only 10-15 gallons of propane per minute.
Cylinder types—The cylinder types that you will learn about in
Module 8 are named for their specific applications and include
portable cylinders, exchange cylinders, motor fuel cylinders,
and stationary service cylinders.
Tips for Handling Cylinders:

Never throw small portable propane cylinders around.
These cylinders are light even when filled with propane.
Always handle them carefully and keep them upright.

Exchange cylinders can weigh up to 200 lb when full.
Use cylinder hand trucks to move these cylinders.

Be careful when loading cylinders onto a delivery
vehicle. Watch out for drop offs or gaps between the
dock and the vehicle.

Be sure that cylinders being transported are secured in
an upright position with the relief valve communicating
with the vapor space of the cylinder.

MODULE 7

Cylinder delivery vehicles are specialized straight trucks
used for safely transporting cylinders to and from customer
installations or retail stores like home improvement centers
and convenience stores. Typically, cylinders are received,
inspected, filled, and prepared for delivery at a cylinder dock at
the bulk plant. Cylinder delivery vehicles are usually equipped
with cylinder handling dollies and lifting equipment to facilitate
safe cylinder handling.

Learning Activity: Bulk Plant Terminology

Check your work on page 255.

LEARNING ACTIVITY
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SUMMARY
The bulk plant is designed to receive and store large quantities of propane from wholesalers. It also has equipment
for transferring propane to bulk storage tanks for delivery to customers.
Equipment common to every bulk plant includes bulk storage tanks, loading and unloading stations, and filling
stations.
Propane is delivered to bulk plants in three different types of tanks—railroad tank cars, cargo tanks, and IM portable
tanks. Railroad tank cars are the largest tanks used to transport propane, while cargo tanks are the most commonly
used. IM portable tanks deliver propane to sites that require multiple modes of transportation. They are also used for
temporary or emergency service at customer sites and bulk plants.
Railroad tank cars, cargo tanks, and IM portable tanks are all built according to specific ASME and DOT codes. These
tanks have unique structures, design codes, tank markings, placards, and labels that differentiate them from one
another.
The two types of vehicles that deliver propane from the bulk plant to customers are bobtails and cylinder delivery
vehicles. Bobtails transport and deliver propane to customers who use containers that are filled on site. Cylinder
delivery vehicles transport cylinders to and from customer sites or retail stores.

MODULE 7

Some important points to remember from this module are:

194

Module 7. Bulk Plants

MODULE 7

195

Let’s take a moment to check how well you understand the information presented in this module. Select the
appropriate answer for each of the following questions.

1. The bulk storage tanks used in bulk plants are built to _____ specifications.
a.
b.
c.
d.

NFPA 58
NFPA 54
ASME
EPA

2. Bulk storage tanks are supported by _____ which rest on reinforced concrete piers.
a.
b.
c.
d.

Risers
Bulkheads
Chock blocks
Saddles

3. Most bulk storage tanks are painted _____ for appearance and safety.
a.
b.
c.
d.

White
Black
Orange
Red

4. Excess vapor pressure is released from bulk plant tanks and directed away from the tank through _____.
a.
b.
c.
d.

Relief valve stacks
Bulkheads
Risers
Saddles

5. Tank car valves and fittings are protected and located at the top of the railroad tank car in a _____.
a.
b.
c.
d.

Bulkhead
Dome
Pump
Compressor

MODULE 7
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6. Railroad tank cars are typically unloaded by the use of a bulk plant _____.
MODULE 7

a.
b.
c.
d.

Bulkhead
Dome
Pump
Compressor

7. Truck unloading stations are called _____.
a.
b.
c.
d.

Bulk plants
Bulkheads
Chock blocks
Saddles

8. Both trucks and railroad tank cars are prevented from moving during unloading operations by setting their brakes and by
the placement of _____.
a.
b.
c.
d.

Risers
Bulkheads
Wheel stops
Saddles

9. Unlike propane trucks, railroad tank cars do not have their own _____.
a.
b.
c.
d.

Bulkheads
Domes
Gauges
Pumps

10. If a DOT cargo tank is made from heat-treated steel, it must be marked with the letters _____.
a.
b.
c.
d.

ASME
TQ
RR
QT

Module 7 Quiz
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11. At a minimum, the data plate includes the design code, test date, and _____.
Water capacity
Fuel
Propane capacity
Tank owner/lessee

12. Displayed near the data plate are cargo tank _____ and retest dates.
a.
b.
c.
d.

Reflief valves
Inspection codes
Meters
Manufacturing codes

13. Openings for the relief valve on DOT cargo tanks are located on the _____.
a.
b.
c.
d.

Bottom of the tank
Top of the tank
Inside of the tank
None of the above

14. Openings for transferring propane liquid and vapor on DOT transport cargo tanks are located in the _____.
a.
b.
c.
d.

Bottom of the tank
Top of the tank
Inside of the tank
None of the above

15. Railroad tank cars are unloaded at stations known as unloading risers, while propane trucks are loaded and unloaded
through _____.
a.
b.
c.
d.

Relief valve stacks
Bulkheads
Compressors
Saddles

MODULE 7

a.
b.
c.
d.
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MODULE 8

Module 8. DOT Cylinders, Propane
Piping, and Residential Systems
INTRODUCTION
Department of Transportation (DOT) cylinders are used for portable, exchange, motor fuel, and stationary propane service. In
this module, you’ll learn about the construction and features of these cylinders and their service applications. You’ll also learn
about piping, tubing, and fittings, as well as residential systems.

Objectives
After completing this module, you will be able to:

Identify the construction and features of DOT cylinders and their service applications.
Describe how cylinder features, design code markings, and inspection regulations dictate safe use of cylinders.
List functions of a cylinder filling dock.
Identify propane piping, tubing, and fittings, as well as residential systems.
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Lesson 1.

DOT/ICC Cylinders: Service Applications
DOT CYLINDER APPLICATIONS
All cylinders used for propane services are manufactured according to DOT specifications and, therefore, are commonly
referred to as DOT cylinders. Before 1967, cylinder specifications were controlled by the Interstate Commerce Commission
(ICC). Therefore, cylinders are called either DOT or DOT/ICC cylinders depending on the year they are built.

DOT cylinders are divided into four classes of applications, including:
Portable service
Motor fuel service
Exchange service
Stationary service
See Resources for more information about cylinder applications.

PORTABLE

MOTOR FUEL

EXCHANGE

STATIONARY
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CYLINDER SIZES
MODULE 8

The bulk plant ASME tanks covered in Module 7 have
much greater water capacities compared to the smaller
DOT cylinders. In general, ASME tanks list water capacity
in GALLONS while DOT cylinders list water capacities in
POUNDS.
When water and propane are exposed to the same temperature
increase, propane liquid expands in volume nearly 17 times
greater than water.
As a result, ASME tanks and DOT cylinders should only be filled
to their maximum permitted filling level. See your company
policy for additional information.

ASME tanks list water capacity in GALLONS

Let’s look more closely at the very important concept of how
water capacity differs from propane capacity.

DOT cylinders list water capacity in POUNDS

Lesson 1. DOT/ICC Cylinders: Service Applications

MODULE 8

WATER CAPACITY VERSUS
PROPANE CAPACITY
Water capacity (w.c.) is the weight of water needed to
completely fill a cylinder. The water capacity for cylinders is
calculated in pounds.
The propane capacity is not marked on a cylinder. Instead,
the water capacity (in pounds) is used to establish the cylinder
capacity. Never confuse the water capacity of the cylinder with
the propane capacity.

The maximum propane capacity is 42% of the
water capacity.
Use this formula to calculate propane capacity, or refer to the
conversion chart that includes several different cylinder sizes.

Propane Capacity = Water Capacity X .42
Cylinders must NEVER be filled beyond the maximum propane
capacity.

203

Water Capacity marking on a cylinder
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CALCULATING PROPANE CAPACITY
MODULE 8

If the water capacity of a cylinder equals 239 lb, then the propane capacity of the cylinder equals 100 lb because
239 lb X .42 = 100 lb.
You might think that 100 lb of propane would fill a cylinder to slightly less than half capacity. Actually, 100 lb of propane will
fill a cylinder with a water capacity to 80% of its maximum volume, because propane weighs less than water.

When cylinders are filled, they must never be filled beyond the maximum propane capacity.

Lesson 1. DOT/ICC Cylinders: Service Applications
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PORTABLE CYLINDERS
MODULE 8

Description—Portable cylinders are the smallest type of DOT
cylinder and are used with:

Small propane hand torches
Gas lanterns
Camp stoves
Barbecue grills
Agricultural weed burners
Plumber’s melting pots
Many recreational vehicles (RVs)
Filled—Portable cylinders may be filled at bulk plants, RV
parks, gas stations, or home improvement centers.
Capacity—The water capacity (w.c.) of portable cylinders
usually ranges from 2.2 lb to 95 lb. Propane capacity ranges
from 0.93 lb (2.2 lb w.c.) to 40 lb (95 lb w.c.).

PORTABLE CYLINDER

Composite Cylinders
A new type of portable cylinder is the composite cylinder,
which is used mainly for recreational applications.
Composite cylinders are high strength, see-through,
fiberglass containers protected by thermoplastic outer
shells. The see-through fiberglass body lets consumers
see how much propane is left in the cylinder and avoid
accidentally running out of fuel. Composite cylinders
are 30%-50% lighter than steel, rust proof, and can
be manufactured in a variety of colors and convenient
designs. NOTE: There are different requirements for the
requalification and testing of composite cylinders. See
your supervisor for details.

COMPOSITE CYLINDER
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MOTOR FUEL CYLINDERS
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Description—Motor fuel cylinders, also known as forklift
cylinders, supply propane for internal combustion engines.
They are often installed on industrial forklifts and building
maintenance equipment, such as:

Aisle sweepers
Floor polishers
Scissor lifts
Motor fuel cylinders may be fitted for vapor withdrawal or
liquid withdrawal, depending on the size and requirements of
the engines they supply.

è Outdoor equipment cylinders are a new type of vapor
service motor fuel cylinder used in lawn mowers and
other grounds-keeping equipment. Outdoor Equipment
Cylinders have a green ring at the top of the valve
protection collar and left hand threads on the coupling.

FORKLIFT CYLINDER

Filled—In most cases, these cylinders are filled at the bulk
plant and delivered to the customer.
Capacity—The common water capacity of motor fuel cylinders
ranges from 34 lb to 104 lb. Propane capacity for these
cylinders ranges from 14 lb (34 lb w.c.) to 43.5 lb (104 lb w.c.).

OUTDOOR EQUIPMENT CYLINDER

Lesson 1. DOT/ICC Cylinders: Service Applications
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EXCHANGE CYLINDERS

Filled—When these cylinders are empty, they are exchanged
by the marketer for a full cylinder that is filled at the bulk plant.
Then they are delivered and installed at the customer site.
Capacity—Exchange cylinders have a propane capacity that
ranges from 60 lb to 100 lb. In rare cases, 150 lb exchange
cylinders also may be used.

MODULE 8

Description—Exchange cylinders are larger than portable
and motor fuel cylinders. They are used for many different
applications involving propane-fueled equipment, such as
space heaters and tar heaters.
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STATIONARY CYLINDERS
MODULE 8

Description—Stationary cylinders are the largest DOT cylinders
and are used in hundreds of commercial and domestic
applications.
Filled—Stationary cylinders are typically installed empty at
a customer location, then filled from a bulk propane delivery
vehicle.
Capacity—The most commonly used stationary cylinders are
the 100 lb, 150 lb, 200 lb, 300 lb, and 420 lb propane capacity
cylinders.
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DOT/ICC Cylinders: Construction and Features
CYLINDER BODIES
This lesson focuses on cylinder construction and features.
Cylinders are made from either aluminum or a type of alloyed
steel and are most commonly a two-piece or three-piece design.
Cylinders may also be made from composite materials.
Two-Piece Cylinders—Two-piece cylinders are built from two
sections of metal joined together by welding or brazing. Two-piece
cylinders have one waist seam surrounding the center.
Three-Piece Cylinders—Three-piece cylinders are made from
three sections of metal joined together by welding or brazing. The
cylinder has three seams. One vertical seam forms the center
section, while the two waist seams join the top and bottom pieces
to the center section.

TWO-PIECE CYLINDER

REMEMBER! Seams and cylinder bottoms must always be
checked for rust, damage, or leaks before placing the cylinder into
service. It’s also a good practice to check seams for gas leaks.
If the cylinder is leaking or damaged in any way, do
not fill, transport, or release it to a customer. If you
do not know how to handle the cylinder, ask your
supervisor.

THREE-PIECE CYLINDER

MODULE 8

Lesson 2.
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FOOT RINGS AND MOUNTING HARDWARE
MODULE 8

Foot rings and mounting hardware are part of every cylinder.
The foot ring is a wide metal band welded or brazed to the
bottom (or non-service) end of the cylinder. It protects the
bottom of the cylinder from corrosion or other damage and
functions as the cylinder’s supporting stand or base.

Never place a cylinder into service if the foot ring
or mounting brackets are damaged or corroded.

CYLINDER FOOTRING

Discovery: Portable Cylinder Markings

LEARNING ACTIVITY

Discovery: Exchange Cylinder Markings

LEARNING ACTIVITY

Lesson 2. DOT/ICC Cylinders: Construction and Features

213

DESIGN OR MANUFACTURING CODES
MODULE 8

Propane can be transported and stored in more than one type
of DOT cylinder. Therefore, several DOT cylinder design codes
are approved for use with propane. DOT or ICC design code
markings typically consist of two basic parts:

1. Specification design code
2. Service pressure
DOT-4E240 is a common DOT specification for cylinders.
Let’s break this code down. The 4E indicates that the cylinder
is a welded (series 4) aluminum (series E) cylinder. The number
240 indicates the service pressure is 240 psig.

DOT-4E240 is a common DOT specification for
cylinders.

The DOT/ICC Cylinder Code Chart lists the
most common design codes used in cylinder
manufacturing:
DOT or ICC design code
Typical cylinder material
Cylinder construction
Service pressure
Two points to remember about these codes:

Before April 1, 1967, all cylinders were marked with
the letters ICC before the code. After April 1, 1967, all
cylinders were marked with the letters DOT before
the code. Regardless of whether the design code is
preceded by DOT or ICC, it is the same code.
The service pressure is the normal working pressure
of the cylinder. Don’t confuse this with the pressure
rating for pressure relief valves. Pressure relief valves
for most DOT or ICC cylinders have a pressure rating
of 375 psig.
See Resources for a DOT cylinder code chart.

Regardless of whether the design code is
preceded by DOT or ICC, it is the same code.
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TARE WEIGHT AND TOTAL FILLED WEIGHT
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The tare weight (t.w.) is the weight of the cylinder when
empty and includes the weight of the cylinder valves. The tare
weight is used when a cylinder is filled by weight and should
always be checked before it is filled.

To determine the total filled weight (t.f.w.) of the
cylinder, add the tare weight and propane capacity
together.
The total filled weight should equal the total of the cylinder tare
weight plus 42% of the water capacity. That is . . .

Water Capacity X .42 + Tare Weight =
Total Filled Weight
Or

Propane Capacity + Tare Weight =
Total Filled Weight

è WATER CAPACITY

The water capacity (w.c.) is the weight of water needed
to completely fill the cylinder.

èPROPANE CAPACITY

The maximum propane capacity (p.c.) is 42% of the water
capacity. When cylinders are filled by weight they must
never be filled beyond the maximum propane capacity.

è TARE WEIGHT

The tare weight is the weight of the cylinder when empty
and includes the weight of the cylinder valves.

Lesson 2. DOT/ICC Cylinders: Construction and Features
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CALCULATING TOTAL FILLED WEIGHT
Step 1: Check the water capacity (w.c.) and tare weight (t.w.) stamped on the cylinder or its protective collar.
Step 2: Determine the propane capacity from the conversions table. Remember, if you don’t have a conversion table handy,
you can determine propane capacity by using the following formula:

w.c. (lb) X .42 = propane capacity (lb)
Step 3: Add the tare weight and propane capacity together to determine the total filled weight of the cylinder.

MODULE 8

Follow these steps to determine the total filled weight of a cylinder:
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OPENINGS FOR VALVES AND FITTINGS
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Although all DOT cylinders share features previously described, they also have two features that make them different from
each other. These are:

Openings for valves and fittings
Valve protection
Let’s take a look at cylinder openings first. Openings for valves and fittings are located in the service end of the cylinder
with threaded fittings welded to the opening. The number of openings is generally determined by the intended service of the
cylinder. Now let’s examine the different types of cylinders and their openings.

Portable and Exchange Cylinders
Number of openings—Rarely have more than one.
Features—Opening is threaded to a ¾" female National Pipe Thread (NPT) fitting and
raised above the surface of the cylinder. As a result, this opening is often called the
neck of the cylinder. A combination service valve and pressure relief valve is installed
in the opening.

Motor Fuel Cylinders
Number of openings—Up to six in the service end of the cylinder. Not all of the
openings may be used, in which case male plugs must be installed in the unused
openings. Never place a cylinder into service with a missing, loose, or damaged plug.
Features—Openings can be threaded or flanged; vapor and liquid withdrawal tubes
are welded to the cylinder. On a typical DOT motor fuel cylinder, openings are marked
either vapor or liquid.

Stationary Cylinders
Number of openings—Up to four in the service end of the cylinder.
Features—Openings are threaded or flanged. The opening sizes are:

¾" NPT for combination service valve with fill valve and safety relief valve.
Stationary cylinders are usually filled on-site from a bulk propane delivery
vehicle. In some cylinders, a separate ¾" opening may be used for an
independent fill valve.
1⁄4" female NPT for the fixed-maximum liquid level gauge.
15⁄16" special flange for direct reading liquid level gauge.

Lesson 2. DOT/ICC Cylinders: Construction and Features
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VALVE PROTECTION
MODULE 8

Every type of cylinder has a neck ring, protective cap, or
protective collar to protect its valves.

è The term collar is more commonly used by propane
industry employees in the field to describe both a neck
ring and a collar.

Neck Rings

NECK RING

A neck ring is a wide metal band welded to and partially
surrounding the neck of the cylinder. It often includes a handle
for lifting and moving.
Motor fuel cylinders have neck rings with openings for vapor
and liquid service lines.
Stationary cylinders use similar neck rings, but they include
a hinged lid called a dome. This assembly is similar to ASME
stationary tank domes. The lid can be closed and locked to
prevent tampering with the valves, plus the dome protects the
valves and service regulator from weather damage.

Never place a cylinder into service when the neck
ring is broken, damaged, or loose.
Protective Caps

PROTECTIVE CAP

Protective caps are used on some exchange cylinders to
protect the cylinder valve and neck fitting from damage. The
cap is removed at the bulk plant only during filling. It’s placed
over service valves whenever the cylinder is moved to a
customer site. There, the delivery person removes the cap from
the filled cylinder and installs it on the empty cylinder being
exchanged.

Protective Collars
Protective collars guard service valves on some exchange
cylinders. A collar is similar to both a neck ring and a protective
cap.

Never move, handle, or transport an exchange
cylinder without a protective cap or collar installed.

PROTECTIVE COLLAR
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DOT/ICC Cylinders: Inspection Regulations and Filling
INSPECTION REGULATIONS
FOR CYLINDERS
As a propane professional, it is very important that
you know:
Inspection regulations for DOT/ICC cylinders
Steps for filling DOT/ICC cylinders

DOT regulations require that a cylinder be rejected
or condemned for filling if any of the following
conditions are present beyond the degree allowed:
Internal or external corrosion
Denting
Bulging
Damage to the cylinder foot ring
Corrosion or damage to the cylinder valve or valve
protection, especially blue-green corrosion that
indicates contamination from anhydrous ammonia.
Evidence of fire exposure (steel cylinders must be
requalified before placed back into service)

è Aluminum cylinders that have been exposed to fire
must be immediately removed from service.

Other types of defects may include leaks, fire damage, and
evidence of rough usage.

Each cylinder, including exchange, portable, motor
fuel, and stationary, must be visually inspected for
defects before each and every filling.

MODULE 8

Lesson 3.
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CYLINDER REQUALIFICATION
MODULE 8

Although every cylinder is pressure tested
before being sold, each cylinder must be:
Inspected each time before it is filled with
propane.

Requalified for continued use when 10 years
have elapsed from the original cylinder test date.

èThe mandatory periodic test/inspection for

determining and documenting that a DOT cylinder may
stay in service.

A cylinder is requalified according to DOT
regulations in one of three ways:
The volumetric expansion test using the water
jacket method requalifies the cylinder for 10 or
12 additional years. When the cylinder is tested
using the volumetric expansion method, the
cylinder is stamped with a series of numbers
indicating the new test date. The first numbers
indicate the month of the test and the last two
numbers indicate the year.

The internal hydrostatic test requalifies the
cylinder for 7 or 10 additional years. In addition
to the test date, when the internal hydrostatic
test method is used, an “S” is added to the date
stamp.
The external visual inspection requalifies the
cylinder for 5 additional years. An “E” is added
to the date stamp when the external visual
inspection method is used.

èWater jacket volumetric expansion and internal

hydrostatic pressure test requalification periods are
currently ambiguous. As such, you should refer to
your local AHJ for clarification and guidance for local
requalification time periods when handling cylinders
requalified via these methods.

Case Study: Filling Cylinders by Weight

LEARNING ACTIVITY
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CYLINDER FILLING DOCKS
MODULE 8

Various types of cylinders are filled at cylinder filling docks: portable cylinders, exchange cylinders and motor fuel cylinders.
Many bulk plants have a separate cylinder filling dock for loading, unloading, and filling cylinders. In some plants, the filling
dock is covered by a roof and enclosed on three sides.
Most bulk plants fill cylinders with a very low capacity pump that transfers only 10 to 15 gallons of propane each minute.
Stationary cylinders and tanks are filled by volume, meaning that the tank is filled to a certain percentage of the overall water
capacity of the tank. A fixed liquid level gauge indicates when the maximum filling level has been reached.
Portable and exchange cylinders are normally filled by weight.
NOTE: For detailed procedures for filling cylinders by weight, see Cylinder Delivery Operations.

Lesson 3. DOT/ICC Cylinders: Inspection Regulations and Filling
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PREQUALIFYING AND PREPARING
CYLINDERS FOR FILLING
The following DOT/ICC specification cylinders, equipped with
valves suitable for LP-gas service, may be filled with propane:
4B-240, 4BA-240, 4BW-240, 4E-240, 4BA-300 and 39-240.
Cylinders manufactured under DOT/ICC specification 39-240
are considered to be non-reusable (i.e., non-refillable), and
cannot be refilled and transported.

Before filling any of the cylinders listed above, be
sure to complete the following steps:
First, verify that the cylinder and its seals and gaskets
are designed to hold propane.

Second, verify that the cylinder is free of any defects
that require rejection or requalification.

DOT-4E240 is a common DOT specification for
cylinders.

Third, check the latest test date to be sure that the
cylinder is not due for requalification.
If the cylinder is 4 to 40 lb used in vapor service (not a
horizontal or motor fuel cylinder), and not equipped with an
overfilling prevention device (OPD), it cannot be filled in
most jurisdictions until an OPD is installed.
See Resources for more information on OPDs.

OVERFILLING PREVENTION DEVICE (OPD)
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SETTING SCALE WEIGHT
MODULE 8

Follow these steps to determine the total filled weight of a cylinder and set the scale weight:

Step 1: Check the water capacity (w.c.) and tare weight (t.w.) stamped on the cylinder or its protective collar.
Step 2: Determine the propane capacity from the conversions table. Remember, if you don’t have a conversion table handy,
you can determine propane capacity by using the following formula:

w.c. (lb) X .42 = propane capacity (lb)
Step 3: Add the tare weight and propane capacity together to determine the total filled weight of the cylinder.
Step 4: Set the scales to indicate the proper total filled weight of the container plus the weight of the hose and connectors.

LEARNING ACTIVITY

Check your work on page 255.

Learning Activity: Calculating Scale Weight
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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
questions appropriate response. Check your work on page 255.

What is the approximate total filled weight of
a cylinder if the water capacity = 96 lb, the
propane capacity = 40.5 lb, the tare weight =
15.0 lb, and the hose and connector weight =
5.0 lb?
64.0 lb

60.0 lb

55.0 lb

136.0 lb
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Fittings, and Residential Systems
INTRODUCTION
Regulations require that propane industry personnel identify and
use specific types of piping, tubing, fittings, and regulators to
properly install gas systems. Propane delivery personnel and other
company employees should be familiar with the materials required
for proper installations. This will help them recognize potentially
unsafe installations and ensure proper installation.
Residential propane systems that you may encounter will vary.
However, they will all have four basic parts in common.

They are:
Storage container(s)
Pressure regulator(s)
Vapor distribution piping and appliance valves
Gas appliances and venting systems

In this lesson, you will learn about:
Piping, tubing, and fittings
Residential installations

MODULE 8

Lesson 4. Propane Piping, Tubing,
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STEEL AND WROUGHT IRON PIPE
MODULE 8

Steel and wrought iron are common materials used for
propane distribution line pipes.

èThe term “schedule” is used to describe the

Sizing

thickness of the pipe wall. The higher the schedule
number, the thicker the pipe.

Steel or wrought iron pipe that measures up to 12" in
diameter is specified by its nominal inside diameter (ID).
Piping over 12" in diameter is specified by its outside
diameter (OD).

Schedule 40 pipe is the most commonly used pipe.
It is generally used with threaded joints, except
the joints must be welded when it is used in liquid
service or vapor service exceeding 125 psig.

A schedule number is used to specify the wall thickness
of pipe. The higher the schedule number, the thicker the
pipe wall.

Schedule 80 pipe can be used with threaded or
welded joints for all installations, liquid or vapor.

See Resources for a table showing schedules and
nominal wall thickness for pipes.

Lesson 4. Propane Piping, Tubing, Fittings, and Residential Systems

Pipe fittings are the components used when:
Connecting piping systems
Adding piping turns or connections
In systems where steel piping is used, only steel and
malleable iron fittings are allowed for connecting
threaded house piping with threaded pipe fittings. Male
threads are threads on the outside of a pipe or fitting.
Female threads are threads on the inside of a fitting.
Both male and female threads are referred to as screw
type fittings. Teflon tape or approved thread sealing
compound is used to help create a leak free seal.

MODULE 8

FITTINGS FOR STEEL/
WROUGHT IRON PIPE
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COPPER TUBING

Water tubing—May be soft or rigid
Refrigeration tubing—Coils only

è Water tubing is sized by inside diameter (ID).

Refrigeration tubing is sized by outside diameter (OD).

Some copper water tubing is soft (coiled) tubing, which is
approved for liquid and vapor service.

Type L—Indicates a standard wall thickness
Type K—Indicates a heavy wall thickness
Some copper water tubing is hard (rigid) tubing, which is
approved for interior low pressure vapor service.

Type L—Indicates a standard wall thickness
Type M—Indicates a thin wall (NOT APPROVED FOR
GAS PIPING)
Copper refrigeration tubing is soft (coiled) tubing, which is
approved for liquid and vapor service.
NOTE: Plastic coated copper tubing is available for additional
protection when used underground.

MODULE 8

Copper tubing is another common type of distribution line used
in propane installations. Copper tubing types include:
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COMMON TUBING AND PIPING TYPES
MODULE 8

Corrugated stainless steel tubing (CSST) is flexible stainless
steel tubing covered with a color-coded polyethylene sheath.
CSST systems require special fittings and system components.
The joining methods and tools used will vary by manufacturer.
Some systems also require the use of special flaring tools that
are different from those used for copper tubing.
Technicians and installers must be trained and qualified on
each manufacturer’s CSST system.

è Special training and qualification on the

manufacturer’s CSST and/ or polyethylene pipe system
is required for technicians and installers. Some systems
also require the use of special flaring tools that are
different from those used for copper tubing.

CORRUGATED STAINLESS STEEL TUBING (CSST)

Polyethylene Pipe (PE) is classified as a thermoplastic material,
meaning it softens when heated and hardens when cooled.
PE pipe is classified by weight per unit volume, or density. The
density is stamped on the pipe: 2406 for medium density and
3408 for high density.
PE piping is used underground only to route LP-gas vapor at
reduced pressure from the first-stage regulator to the secondstage regulator at the service entrance to a building or outdoor
appliance. Codes require placing insulated electrical wire or
specially insulated burial conductive tape in the trench above
and along the path of the PE pipe to allow the detection. The
terminating ends of the wire or tape must be secured to the
above ground portion of the risers at either end of the PE pipe
run. Compression type and mechanical fittings may be used
with PE pipe.

è Compression type and mechanical fittings must

satisfy the requirements approved for the propane
industry and meet federal and state code requirements.

Polyamide Tubing is another type of plastic pipe for gas
applications.

POLYETHYLENE PIPE (PE)

Lesson 4. Propane Piping, Tubing, Fittings, and Residential Systems
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RESIDENTIAL PROPANE SYSTEMS

They are:
Storage Containers may be a single tank or cylinder or
multiple tanks or cylinders.

Pressure Regulators decrease the gas vapor pressure
to the lower and constant pressure required by
appliances.
Vapor Distribution Piping is a system of supply lines
used to route gas from the container to the appliances.
Gas Appliances and Venting Systems include indoor
appliances such as ranges, ovens, dryers, water
heaters, furnaces, fireplace logs, and space heaters.
Most indoor appliances require venting systems to
properly discharge products of combustion.

Outdoor appliances include grills, pool and spa
heaters, and ornamental gaslights. The appliance
system may also include comfort or operational
controls—from simple thermostats to integrated
circuit logic systems to fully computer-controlled
systems.

MODULE 8

The number, types, and sizes of customer propane installations
that you may encounter will vary. However, they will all have
four basic parts in common.
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FIRST-STAGE AND
SECOND-STAGE REGULATORS
Regulators typically adjust the flow to the demands of various
appliances by regulating the pressure delivered.

Regulation of pressure is usually controlled in the
following two stages:
The First-stage regulator decreases container
pressure and sends it to the second stage regulator.

FIRST-STAGE REGULATOR

The Second-stage regulator further decreases the
pressure, usually to between 10 and 12 inches water
column to the house distribution piping.

è Inches of water column is the pressure it takes to

move a column of water. Measurements are taken using
a “U” shaped tube, commonly called a water manometer
or a “U” tube, containing water. Pressure is applied on
one side of the tube and the amount of pressure it takes
to move that column up 1 inch equals “one inch of water
column”. The name for this unit of measurement was
adopted prior to the use of spring gauges.
SECOND-STAGE REGULATOR

Some smaller systems accomplish both stages of pressure
regulation in a single assembly using one regulator attached
to the container. This is called an Integral or “Piggyback”
2-stage regulator.

INTEGRAL 2-STAGE REGULATOR

Lesson 4. Propane Piping, Tubing, Fittings, and Residential Systems
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PRESSURE REGULATOR FUNCTIONS

It is critical that all pressure regulators be:
Selected to match the total gas requirements of the system.
Installed to protect them from the effects of freezing rain, sleet, and snow.
Set by trained propane personnel using proper techniques and accurate instruments to deliver the propane gas flow
at the proper pressure.
Inspected regularly and replaced if necessary.
Protected by domes or covers, or by installation with regulator vents pointed down.
Some older systems were installed with a single stage regulator, which reduced container pressure in one step to the lower
pressure required by appliances. This lower pressure will vary in a range from approximately 10" to 13" water column due to
the changes in container pressure from winter to summer. New installations require two-stage pressure regulation to provide
less variation in the delivery pressure.
See Resources for more information on residential propane installation.

MODULE 8

All propane industry employees should know the function of pressure regulators in residential propane systems.
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SUMMARY
MODULE 8

Some important points to remember from this module are:

Most propane cylinders are manufactured according to DOT specifications and are divided into four categories:
portable, exchange, motor fuel, and stationary.
Cylinders are made from aluminum, alloyed steel, or a composite material, and are most commonly a two-piece or
three-piece design.
Propane capacity = water capacity X .42.
All cylinders have openings for valves and fittings. The number of openings varies depending on the type of service.
Cylinders also may have neck rings, protective caps, and/or protective collars.
Most bulk plants have separate cylinder fillings docks. Be sure to prequalify and prepare the cylinder before filling.
Total filled weight of a cylinder = propane capacity + tare weight.
The different pipes, tubes, and fittings for LP-gas installation include steel/wrought iron pipe, copper tubing,
corrugated stainless steel tubing, and polyethylene piping.
Regulators reduce the system pressures for distribution lines and appliances.
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Let’s take a moment to check how well you understand the information presented in this module. Select the
appropriate answer for each of the following questions.

1. All cylinders built today are built according to _____ specifications. Before 1967, these specifications were under the
control of the Interstate Commerce Commission.
a.
b.
c.
d.

EPA
ASME
PERC
DOT

2. Which of the following is a type of cylinder?
a.
b.
c.
d.

Cargo
Return
Portable
Moveable

3. Regardless of the intended service, every cylinder has a device to protect the cylinder _____.
a.
b.
c.
d.

Valves
Tare
Design code
Saddle

4. One of several items designed to protect a cylinder is the _____.
a.
b.
c.
d.

Waist seam
Baffle
Bulk plant
Collar

5. A cylinder should not be filled, transported, or released to a customer if it is leaking or damaged.
a. True
b. False

MODULE 8

Module 8 Quiz
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6. The weight of an empty cylinder and its valve(s) is known as its _____ weight.
MODULE 8

a.
b.
c.
d.

Propane
Tare
Freestanding
Official

7. DOT cylinder specifications are comprised of the design code and _____.
a.
b.
c.
d.

Tare weight
Water capacity
Requalification date
Service pressure

8. In which year is a DOT cylinder that has a test marking of 04-05 due for retest or requalification? _____.
a.
b.
c.
d.

2017 or 2019
2012 or 2015
2020
2015 or 2017

9. The weight of a properly filled DOT or ICC cylinder is equal to its tare weight plus _____ percent of its water capacity.
a.
b.
c.
d.

18
45
42
80

10. A DOT cylinder requalification date that ends with the letter “E” is good for ____ years, provided the cylinder is not
damaged or exposed to fire.
a.
b.
c.
d.

5
18
1
24

Module 8 Quiz
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11. If the requalification stamp date on a cylinder is 10/05 E then the cylinder is due for requalification by _____.
10/10
10/15
10/20
10/05

12. The scale weight setting for filling a DOT cylinder is the total of the cylinder tare weight, its propane capacity, plus the
weight of the _____.
a.
b.
c.
d.

Regulators
Filling hose and adapters
Total capacity
Water capacity

13. The DOT and ICC require cylinder information to be permanently stamped on the body of the cylinder.
a. True
b. False

14. The maximum propane capacity of a cylinder is _____ percent of the water capacity.
a.
b.
c.
d.

18
45
42
80

15. A cylinder transported in commerce cannot be filled if it _____.
a.
b.
c.
d.

Is wet
Is missing current test dates
Has already been used
Is seamless

MODULE 8

a.
b.
c.
d.
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16. Standard steel/wrought iron pipe up to 12 inches in diameter is specified by its _____ diameter.
MODULE 8

a.
b.
c.
d.

Wall thickness
Outside
Black mill
Nominal inside

17. The actual inside diameter of the steel/wrought iron pipe will vary depending upon the _____.
a.
b.
c.
d.

Wall thickness
Type of finish
Seam
Length of pipe

18. In gas piping systems only steel and _____ fittings are used with steel or wrought iron pipe.
a.
b.
c.
d.

Female thread
Aluminum
Malleable iron
T-fitting

19. The two common types of copper water tubing used in gas distribution are type K and _____.
a.
b.
c.
d.

Type C
Type K-2
Type R
Type L

20. Polyethylene is classified as a _____ material.
a.
b.
c.
d.

Thermoplastic
Nominal
Malleable
Flammable

21. Schedule number 40 has a thicker pipe wall than schedule number 80.
a. True
b. False

Module 8 Quiz
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22. Residential propane gas distribution systems consist basically of pressure regulators, piping and valves, appliances and
a.
b.
c.
d.

Cargo tanks
Storage containers
Domes
Vaporizers

23. It is important to remember that pressure regulators should be periodically _____ according to manufacturer’s
recommendations.
a.
b.
c.
d.

Purged
Painted
Moved
Inspected

24. Most indoor propane utilization equipment requires _____ to properly discharge products of combustion.
a.
b.
c.
d.

Venting systems
Single-stage regulators
Storage containers
Polyethylene

25. Some smaller systems accomplish both stages of pressure regulation in a single assembly using one regulator attached
to the container that is called a _____.
a.
b.
c.
d.

Second-stage regulator
Residential-style regulator
Integral two-stage regulator
Freestanding regulator

MODULE 8

venting systems, and _____.
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CETP Pre-Certification Review
1. Propane has many advantages as a fuel source, including:
a.
b.
c.
d.

It burns slowly because of its low pump-octane
It is stationary and non-portable
It is a clean-burning, non-toxic fuel
It leaves a high-residue as it burns

2. If a service technician is asked to perform a task that he or she is not fully trained or qualified for, the best action is to:
a.
b.
c.
d.

Say nothing, gather up his or her tools and supplies, and quietly leave the site
Attempt to perform the task to the best of his or her abilities
Promise the customer that he or she will return once trained
Tell the customer that he or she cannot perform the task, but will work on getting a technician who can

3. Propane differs from butane in which of the following ways?
a.
b.
c.
d.

Propane vaporizes at temperatures above -44°F; butane vaporizes above 32°F
A gallon of propane is heavier than a gallon of butane
Propane has a lower vapor pressure than butane when the liquid is at the same temperature
When burned, propane produces more heat than an equal amount of butane

4. Propane vapor is:
a.
b.
c.
d.

Lighter than air
The same as air
Heavier than air
The same as natural gas

5. Liquid propane is:
a.
b.
c.
d.

Lighter than water
The same as water
Heavier than water
Stable in water
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6. When room-temperature propane is released into the air, it immediately:
a.
b.
c.
d.

Contracts
Vaporizes
Condenses
Freezes

7. The term for the heat needed to raise the temperature is called a:
a.
b.
c.
d.

Cft
Phd
Cpr
Btu

8. While in a closed container, propane must be under _____ while at room temperature to keep it in liquid form.
a.
b.
c.
d.

Pressure
Heater
Ventilator
Equalizer

9. Gas warning agents (odorants) are added to propane to:
a.
b.
c.
d.

Make the gas last longer
Make the gas detectable if it leaks into the air
Add a pleasant smell to the burning fuel
Make the gas more reactive and combustible

10. Propane odorants are:
a.
b.
c.
d.

Pleasant-smelling and barely detectable
Bitter-smelling and corrosive
Distinctive smelling and nontoxic
Non-burning and colorful

11. An effective way to prevent odorant fade in new containers, or in those that have been open to the atmosphere is to:
a.
b.
c.
d.

Open valves on containers in storage
Purge containers and keep them pressurized until installed
Remove odorant from containers in use
Increase the water content in containers

CETP Pre-Certification Review
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12. A customer calls in to report a strong smell of gas at the site. A proper response for the employee to give the customer
would be to:
a.
b.
c.
d.

Schedule an appointment for a technician to come and check it out
Purchase a gas detector and monitor the readings
Ask the neighbors if they can also smell the gas
Evacuate the structure and keep a safe distance away

13. The three ingredients necessary for combustion are:
a.
b.
c.
d.

Nitrogen, pressure, and heat
Fuel, oxygen, and an ignition source
Gas, liquid, and a solid
Vapor, flame, and air

14. Propane burns most efficiently at which gas-air mixture?
a.
b.
c.
d.

1 part propane to 24 parts air
10 parts propane to 20 parts air
25 parts propane to 15 parts air
50 parts propane to 5 parts air

15. Incomplete combustion of propane results in:
a.
b.
c.
d.

Excessive heat production
Conversion of propane to oxygen
Inefficient use of fuel and harmful byproducts
Inability of the propane to burn

16. Complete propane combustion results in the production of water vapor and carbon dioxide, while incomplete propane
combustion produces:
a.
b.
c.
d.

Carbon dioxide, ethanol, and ash
Oxygen, nitrogen, and smoke
Carbon monoxide, aldehydes, and soot
Oxygen, propylene, and carbon
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17. Carbon monoxide gas is:
a.
b.
c.
d.

Pinkish, sweet-smelling, and thick
Bitter-tasting with an acrid smell
Foggy, damp, and funny-smelling
Odorless, colorless, and tasteless

18. Indications that carbon monoxide may be present in a customer’s residence include:
a.
b.
c.
d.

The customer complains of headache, nausea, and water condensation on the windows
The customer’s house is warm and very dry
The customer is pleased that houseplants are growing better than usual
The customer is anxious and nervous

19. Which of the following is a safe practice that employees must follow when working with propane?
a.
b.
c.
d.

Static electricity is annoying, but no risk to igniting propane gas
Smoking is not permitted near propane gas as it may ignite the gas
Smoking is a safe practice because propane must be an exact mix to ignite
Safety risks are low because an open flame is the only way to ignite propane

20. Which organization sets the standard for the manufacturing of propane tanks and the pressure relief valves used in
those tanks?
a.
b.
c.
d.

The National Propane Gas Association (NPGA)
The American Society for Mechanical Engineers (ASME)
The Department of Transportation (DOT)
The National Fire Protection Association (NFPA)

21. Which organization develops standards for propane storage, handling, and installation?
a.
b.
c.
d.

Federal government
Department of Transportation (DOT)
National Fire Protection Agency (NFPA)
Factory Mutual Research Corporation (FMRC)
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22. Federal rules and regulations for the propane industry are published in which document?
a.
b.
c.
d.

Code of Federal Regulations (CFR)
General Provision Guidelines (GPG)
LP-Gas Handbook (LPH)
National Petroleum Rulebook (NPR)

23. Which of the following is a correct use of personal protective equipment?
a.
b.
c.
d.

Wear short-sleeved shirts to avoid overheating
Wear soft sneakers when delivering cylinders
Wear gloves when transferring liquid propane
Wear hearing protection at all times, especially when driving

24. All propane delivery vehicles must carry:
a.
b.
c.
d.

A C-rated fire extinguisher in a plastic carrier
A water fire extinguisher of a minimum 50 lb
At least 3 fire extinguishers of different types
A fire extinguisher with a minimum rating of 18 A:B:C

25. The fire extinguishers on propane delivery vehicles must be inspected:
a.
b.
c.
d.

Daily for serviceability with a daily visual check
Monthly for serviceability with a weekly visual check
Annually for serviceability with a monthly visual check
Upon installation for serviceability with an annual visual check

26. Bulk propane storage tanks are supported on firm, fireproof foundations consisting of piers and ________.
a.
b.
c.
d.

Dikes
Saddles
Beams
Risers
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27. Propane flows into bulk storage tanks from the delivery truck through an unloading station known as a:
a.
b.
c.
d.

Bulkhead or truck riser
Cistern or truck transfer
Silo or transfer case
Storehouse or docking station

28. Railroad tank cars differ from other propane transport vehicles in which way?
a.
b.
c.
d.

Only propane vapor is recovered from tank cars
Only propane liquid is recovered from tank cars
Only propane solid is recovered from tank cars
Both propane vapor and liquid are recovered from tank cars

29. Cargo tanks must be placarded and labeled with the product shipping name clearly visible from:
a.
b.
c.
d.

The front, top, and bottom of the tank
Both sides and the top of the tank
Both sides and the bottom of the tank
The front, rear, and both sides of the tank

30. In addition to a cargo tank, the bobtail propane delivery vehicle is equipped with:
a.
b.
c.
d.

A pump, a liquid meter to measure gallons delivered, and delivery hoses
A compressor, a spare delivery tank, and a temperature well
A tank riser, a chiller, and delivery hoses
A shroud and a scale to measure the pounds of propane in the tank

31. A cargo tank data plate contains which of the following information?
a.
b.
c.
d.

Service date, owner’s name, and gas blend
Design code, water capacity, and manufacturer test date
Product name, owner’s name, and driver’s name
Date filled, weld type, and specific gravity of contents

32. In general, tanks list water capacity in _____ while cylinders list water capacity in _____.
a.
b.
c.
d.

Feet/inches
Gallons/pounds
Liters/cubic centimeters
Metric ton/ounces
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33. All vehicles built today that transport propane must meet _____ specifications.
a.
b.
c.
d.

NPGA
ASME
DOT
PERC

34. If a cylinder’s water capacity is 100 lb, the propane capacity of the same cylinder is:
a.
b.
c.
d.

42 lb
75 lb
100 lb
150 lb

35. Which of the following cylinders would be considered safe for release to a customer?
a.
b.
c.
d.

A cylinder made of aluminum with no foot ring or support bracket
A cylinder made of 1 piece of metal with a corroded foot ring
A cylinder made of 3 pieces of alloyed steel welded together
A cylinder made of aluminum and has a two-inch dent in the side

36. A cylinder’s tare weight is:
a.
b.
c.
d.

The strength needed to tear open a cylinder
The weight of the empty cylinder and its valves
The weight of a cylinder filled to capacity
The strength of the cylinder’s weld joints

37. Every propane cylinder must meet regulations by having:
a.
b.
c.
d.

A pump to pressurize the vapor
A temperature gauge to monitor changes
Inner baffles to prevent fluid sloshing
A means to protect the cylinder valves

38. Every refillable steel cylinder must be requalified:
a.
b.
c.
d.

One year after the original test date
With a full retest every time the cylinder is filled
Every five years
Ten years after the original test date (date of manufacture)
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39. After all filling equipment has been removed, the cylinder’s total filled weight equals:
a.
b.
c.
d.

The riser weight plus the water capacity
The tare weight plus the propane capacity
The valve weight plus the water capacity
The delivery weight plus the propane capacity

40. Many indoor gas appliances and heating systems require adequate air for combustion and:
a.
b.
c.
d.

Functioning leak-detection devices
Sufficient carbon dioxide for burning
Venting systems to discharge combustion products
Heaters to maintain gas temperature

41. A regulator on a residential propane system:
a.
b.
c.
d.

Compresses the gas to a liquid state for use by heating appliances
Boosts the gas pressure for more efficient burning
Monitors the volume of gas used by all appliances at the residence
Decreases the gas pressure to the lower pressure required by the appliances

42. Pipes, tubing, and fittings for LP-gas installation may be made of:
a.
b.
c.
d.

Steel or wrought iron
Copper
Polyethelene
Any of the above

43. Properly filled propane cylinders are filled to _____ of their capacity.
a.
b.
c.
d.

10%
50%
80%
100%

44. Residential customers use propane for a variety of applications including:
a.
b.
c.
d.

Drying clothes
Powering televisions
Powering light fixtures
Running vacuum cleaners
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45. _____ are the sources of LP-gases.
a.
b.
c.
d.

Hydrocarbons
Wet gas wells and crude oil wells
Propane cylinders
Propane tanks

46. Propane liquid expands in volume nearly ____ times greater than water even when they are exposed to the same
increase in temperature.
a.
b.
c.
d.

17
42
50
95

47. When investigating a gas leak call, a service technician should take the following safety precautions:
a.
b.
c.
d.

Determine the type of gas that is leaking before treating the problem
Avoid turning on the lights and only use a flashlight
Take precautions to prevent ignition of the mixture
Determine whether the leaking gas is a combustible mixture before asking the residents to vacate the property

48. If a technician had to convert a gas stove to a propane-burning appliance, he or she should refer to _____ for proper
conversion standards.
a.
b.
c.
d.

NFPA 54
NFPA 58
ANSI
NPGA

49. In most jurisdictions, an employee cannot fill a cylinder which is 4 to 40 lb, used in vapor service (not a horizontal or
motor fuel cylinder) until one of these has been installed:
a.
b.
c.
d.

Rotary gauge
Second stage regulator
Coupler
Overfilling prevention device (OPD)
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50. When employees find it difficult to communicate verbally with other workers, they may be required to wear the following
types of personal protective equipment:
a.
b.
c.
d.

Short-sleeved shirts
Protective safety glasses
Earplugs or acoustical earmuffs
Hard hats

253

Check Your Work
MODULE 2

MODULE 5

Learning Activity: Customer Applications

Check for Understanding

a, c, b, d, d, d, e, e

B. False. Although 9.60% is not the ideal percentage
of propane in the gas-air mixture, it will support
combustion. This type of mixture contains more gas than
needed for ideal combustion. This is referred to as a
rich burn. If a mixture contains less gas than is needed
for ideal combustion, it is referred to as a lean burn. A
rich burn can be potentially dangerous, because it can
produce harmful products such as carbon monoxide.

MODULE 3
Learning Activity: Specific Gravity of Liquid
1. Butane 2. Ethane 3. Gasoline

Learning Activity: Specific Gravity of Vapor
1. Butane 2. Ethane 3. True

Check for Understanding
B. It is important to know and understand this when
trying to find the source of a leak or when working in an
area where a leak has occurred.

MODULE 4
Learning Activity: Sample Leak Form
1. Not enough information
2. No
3. Yes
4. Not enough information
5. Yes
6. Not enough information
7. Not enough information
Statements B and D should be circled.

Learning Activity: Products of Incomplete
Combustion:
Lean burn: C. 2.15% propane is the leanest gas-air
mixture that will support combustion. In this instance,
combustion can occur with this amount of fuel, but the
flame lifts from the burner and struggles to stay lit. The
appliance is operating inefficiently and will eventually
stop burning. Most gas appliances are designed to burn
a gas-air mixture that is as close to ideal as possible,
that is, 4% propane to 96% air. Appliances need to be
adjusted periodically by a qualified technician according
to the manufacturer’s guidelines to ensure that they are
as safe and efficient as possible.
Ideal burn: A. This is the ideal combustion ratio, which is
the most efficient ratio of the mixture of gas and air. The
ideal combustion ratio for propane is 1 part of propane
to 24 parts of air. Products of complete combustion such
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as small amounts of water vapor and carbon dioxide
are in the room. These by-products are produced when
the right amount of all ingredients and an ignition
temperature of at least 920° F, are combined.
Rich burn: B. A rich burn creates products of incomplete
combustion. Some of these products, like soot, can
cause not only unsightly conditions but potentially cause
blockages in the venting system. If an appliance is not
serviced according to the manufacture’s guidelines it will
not operate properly. Excessive water vapor will collect
and can be harmful to the internal parts of a venting
system as it has potential to cause rust or corrosion.
Aldehydes, which are toxic gases detectable by smell,
will be created. As the rich gas air mixture continues
to burn, it will create potentially the most dangerous
byproduct, carbon monoxide. It does not take long for
carbon monoxide to pose a lethal threat to people if
the concentrations are high. Unlike aldehydes, this
highly toxic gas is undetectable by smell, and is one
of the reasons why servicing appliances according to
the manufacturer’s guidelines is critical. If the odor of
aldehydes is present or not, it is very likely that carbon
monoxide will also be present.

MODULE 6
Check for Understanding
B. ASME: One of ASME’s missions is to coordinate and
develop manufacturing standards for tanks and pressure
relief valves used in the propane industry. When tanks
and pressure relief valves are built according to ASME
standards, they are usually marked with a special
ASME cloverleaf that shows the tank or pressure relief
valve meets certain minimum design and performance
standards.

Learning Activity: Good Housekeeping
Improperly stored cylinders: Store cylinders properly
without allowing them to block access to aisles. Trim
the plant down to things that are needed for plant
operations. If the cylinder dock is crowded with cylinders
that need repair, there will not be ample space left for
the storage of tools, fittings, and parts.

Drill: Tools that could potentially create an ignition source
should not be used or stored near filling stations.
Smell of ethyl mercaptan: Report product leaks without
delay. A small leak of vapor can accumulate looking for a
source of ignition such as an arc from a grinder or static
electricity. A small leak or just a slight odor should be
checked immediately. Avoid becoming indifferent to the
smells that help warn you of a product leak.
Toolbox: Report any unsafe conditions to your supervisor.
Eliminating any conditions that would contribute to an
employee tripping and falling is your responsibility.

Learning Activity: Personal Protective Equipment
b, d, e, a, c, f

Learning Activity: Fire Safety
Cigarettes: Smoking is only permitted in designated
areas. It’s not only dangerous to smoke near transfer
areas; it’s restricted by OSHA, NFPA and possibly local
ordinances. Never allow smoking or the use of open
flames or any other sources of ignition near transfer
areas.
Emergency Shut Down Controls: Note the location of
emergency shut down controls at the bulk plant and
ensure that they are easily spotted and used during an
emergency. Check periodically to make sure that weeds
or other obstructions are not blocking access to the
controls. The only effective way to put out a propane fire
is to cut off the supply of gas to the flame. In the event
of a fire, use the emergency shutdown valve to eliminate
the supply of gas. Emergency shutdowns are located at
key points in the bulk plant. Learn where they are and
how to use them.
Fire Extinguisher: NFPA 58 states that all propane
delivery vehicles should carry one portable fire
extinguisher having a minimum capacity of 18 lbs
dry chemical with a B:C rating. Fire extinguishers are
located at key points in the plant and on delivery service
vehicles. Learn where they are and how to use them.

Check Your Work

MODULE 7
Check for Understanding
C. ASME: Bulk plant storage tanks are built to ASME
standards because they are stationary and not designed
for travel.

Learning Activity: Bulk Plant Terminology
d, e, b, c, a

MODULE 8
Learning Activity: Calculating Scale Weight
A. 62.9 lb
B. 62.9 lb

Check for Understanding
C. 55.5 lb: 55.0 lb is the approximate total filled weight
of this cylinder. Nice job on applying steps 1 through 3 to
determine this weight.
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Glossary
CFR (CODE OF FEDERAL REGULATIONS)

AUTHORITIES HAVING JURISDICTION (AHJ)

Includes DOT regulations governing the commercial
transportation of propane by rail, air, water, highway, or
pipeline.

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.

AIR PURIFYING RESPIRATORS

Filtered devices with a mask that are used to remove
particles and other harmful substances from the air
before it is breathed. Air purifying respirators do not
supply oxygen and should not be used in air that is toxic
or oxygen deficient. Special training is required before
using air purifying respirators.
AIR SUPPLYING RESPIRATORS

Devices that provide breathable air from a clean air
source, and are useful when the air is toxic or oxygen
deficient.
American National Standards Institute (ANSI)
A standards certification organization whose primary
mission is to coordinate the development of both
appliance and equipment manufacturing and operational
standards. Some codes and standards developed by the
National Fire Protection Association (NFPA) are also ANSI
standards.
AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

An organization of mechanical engineers from many
different fields and industries. One of ASME’s missions
is to coordinate and develop manufacturing standards
for tanks and pressure relief valves used in the propane
industry.

BRITISH THERMAL UNIT (BTU)

A unit for measuring energy based on the amount of heat
needed to raise the temperature of one pound of water
1°F.
BULK PLANT

A propane bulk storage facility where the primary
function is to store LP-Gas prior to further distribution.
The upkeep and repair of propane containers may also
be completed at the bulk plant. Bulk plants usually house
a fleet of delivery vehicles including bobtails and cylinder
delivery vehicles.
BULK PLANT STORAGE TANK

Large propane storage tanks installed at the bulk plant
that typically range in size from 4,000 to 60,000 gallons.
CARGO TANKS

Tanks used to transport propane that are installed on
both bobtails and transports. Bobtail cargo tanks can
range as low as 350 gallon water capacity, but 1,800
to 5,000 gallons is more typical. Transport cargo tanks
typically have water capacities ranging from 9,000 to
11,600 gallons.
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GLOSSARY—Compressor

COMPRESSOR

EMERGENCY SHUTDOWN SYSTEMS

A piece of equipment that raises the pressure of propane
vapor which is then used to push liquid propane from
one container and into another, such as from a railcar
into a bulk storage tank.

Located at the bulk plant, these systems include various
controls and devices that immediately stop the flow of
propane upon activation in the event of an emergency.
EMERGENCY SHUTOFF VALVE (ESV)

CONTAINER

Any vessel, including cylinders, tanks, portable tanks,
and cargo tanks, used for the transporting or storing of
LP-gases.

A device or system of devices, built into plant piping that
provides a means of mechanical, thermal, and/or remote
closure to stop the flow of propane in an emergency.
ETHYL MERCAPTAN

CYLINDER

A container constructed in accordance with the U.S.
Department of Transportation (DOT) specifications (49
CFR).

A colorless chemical with a strong odor that is commonly
added to propane to make it detectable by smell.
FIXED MAXIMUM LIQUID LEVEL GAUGE

A metal plate attached to ASME containers, including
cargo tanks, which displays important information about
the container including design codes, water capacity,
manufacturer test date, and other tank specifications
and information.

Indicates when the maximum permitted filling level
has been reached in a container. This gauge has a tube
connected to the container at a point where the opening
of the tube is at the container’s maximum fill level. When
the level of liquid propane reaches the tube opening,
propane squirts out the partially opened vent valve,
signaling the operator to stop filling.

DEPARTMENT OF LABOR (DOL)

FLANGED

The Federal agency responsible for enforcing all safety
and health regulations contained in the Occupational
Safety and Health Act (OSHA).

A protruding rim, edge, rib, or collar used to strengthen the
opening, hold it in place, or attach it to another object.

DATA PLATE

FLOAT GAUGE
DEPARTMENT OF TRANSPORTATION (DOT)

The federal agency that establishes and enforces
regulations governing the transportation of hazardous
materials, including propane in commerce. DOT
regulations are covered by 49 CFR.

Continuously indicates the amount of liquid propane in a
container. This gauge has a float located in the container
that moves up and down with the liquid causing an
external dial to move and indicate the amount of liquid in
the container.

DESIGN CODE

GAS WARNING AGENTS

An alpha-numeric code describing processes used to
build a tank. Example: Cargo tanks are built according
to DOT design code MC330 or MC331, as well as ASME
codes.

Also known as odorants (see Ethyl Mercaptan).
HAZARD CLASS DIVISION

The hazard class or division for LP-gas from 49 CFR’s
Hazardous Materials Table. The propane hazard class
division is 2.1 (Flammable Gas).

GLOSSARY—Hazard Class Placard

HAZARD CLASS PLACARD

LIQUEFIED PETROLEUM GAS; LP-GAS

A diamond shaped sign used to warn emergency
responders and others of hazardous materials on
vehicles. Must be visible from the front, back, and
each side of a container and/or vehicle. Hazard class
placards for propane are red and indicate the presence
of a flammable gas. They may also display the proper
shipping number (1075).

The generic name for commercial propane and
commercial butane as used in this material.

HAZARDOUS MATERIAL

A substance or material that has been determined by
the Secretary of Transportation to be capable of posing
an unreasonable risk to health, safety, and property
when transported in commerce and that has been so
designated.
HAZMAT

A shortened form of writing hazardous materials.
HD-5 PROPANE

Propane with a maximum of 5% propylene.
HOT GAS

Excessive amounts of lighter hydrocarbons such as
propylene, ethane, and methane in propane.
INCHES WATER COLUMN

A unit used for measuring pressure, it is the amount of
pressure it takes to move a column of water one inch.
Measurements are taken using a “U” shaped tube,
commonly called a water manometer or a “U” tube,
containing water. Pressure is applied on one side of the
tube and the amount of pressure it takes to move that
column up 1 inch equals “one inch of water column”.
The name for this unit of measurement was adopted
prior to the use of spring gauges.
LEAN BURN

Occurs when a burning mixture contains a LOWER
percentage of gas than is necessary for ideal
combustion.
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LIQUID INDUCTION VALVE

A valve for leading or admitting a fluid to a receiver.
LOWER FLAMMABILITY LIMIT (LFL)

The smallest quantity of combustible gas that, when
mixed with air (or oxygen), will support combustion.
MALE PLUG

A threaded fitting that is screwed into an opening.
MANOMETER

A manometer is an instrument used for measuring
the pressure of liquids and gases; often used when
performing leak checks.
MANWAY

An opening located in the upper section of the rear head
of a cargo tank that is primarily used for inspection
purposes. Manways have been required in new cargo
tanks since 1994.
METHANOL

Also known as anhydrous methyl alcohol. Bonds with
water molecules thus reducing the temperature at which
the water will freeze. It is often added to propane to
prevent damage or obstruction due to freezing water in
the vapor stream.
NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

A non-profit, voluntary association devoted to fire
prevention and safety. Coordinates the development of
fire safety codes for the propane industry and publishes
NFPA 58: Liquefied Petroleum Gas Code.
NATIONAL PROPANE GAS ASSOCIATION (NPGA)

An association that represents and serves the needs
and interests of the propane industry. Headquartered
in Washington, D.C., with offices in state and regional
locations throughout the country.
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GLOSSARY—Neck Ring

NECK RING

PER CUBIC FOOT

A wide metal band that is welded to and partially
surrounds the neck of the cylinder. Often includes a
handle for lifting and moving the cylinder.

The unit of measurement that is used to measure
propane vapor. For example, a ratio of 24 parts air to 1
part propane means the mixture consists of 24 cubic
feet of air to 1 cubic foot of propane. Propane liquid is
measured in gallons when it is transported and delivered.
It is usually used in its vapor state by customers.

NFPA 54

The “National Fuel Gas Code” is a safety code that
applies to fuel gas piping systems, fuel gas utilization
equipment, and related accessories.
NFPA 58

The “LP-Gas Code” is a safety code that is adopted
by states and other jurisdictions to provide minimum
requirements for the storage, handling, transportation,
and use of liquefied petroleum gases.

PER GALLON

Propane is transported and delivered to containers as a
liquid that is measured in gallons. It is usually used in its
vapor state by customers.
PLACARD

See Hazard Class Placard.

NOMINAL INSIDE DIAMETER

POUNDS PER SQUARE INCH GAUGE (PSIG)

This term describes pipe sizes smaller than 12" diameter.
Nominal is used to identify approximate pipe size.
NORMAL ATMOSPHERIC BOILING POINT

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.

The temperature at which a liquid begins to boil at
atmospheric pressure.

PRESSURE GAUGE

NORTH AMERICAN STANDARD INSPECTION PROCEDURE

A device used to measure the pressure in a container.
Helps ensure that pressures in containers do not exceed
acceptable operating pressures.

A suggested procedure for performing annual
inspections of commercial motor vehicles.
NPT

National Pipe Thread.
OVERFILLING PREVENTION DEVICE (OPD)

A device that is designed to provide an automatic
means to prevent the filling of a container beyond a
predetermined level.

PRESSURE RELIEF VALVE

The valve on a propane container or piping system
that releases pressure (vapor and/or liquid) when the
container’s or piping system’s internal pressure exceeds
the set pressure of the relief valve.
PROPANE CAPACITY

The maximum amount of propane a container can hold
when it is filled to its legal limit. The propane capacity for
cylinders is calculated by multiplying the water capacity
by 0.42.
PROPANE DELIVERY VEHICLE

Any placarded vehicle including bobtails and cylinder
delivery vehicles, but excluding transport vehicles.

GLOSSARY—psig (pounds per square inch gauge)
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PSIG (POUNDS PER SQUARE INCH GAUGE)

ROTARY GAUGE

See pounds per square inch gauge (psig).

A type of liquid level gauge used to determine the
amount of liquid in a container. It has an indicator arm
that is attached to a bleeder valve, a curved dip tube
that extends into the container, and a gauge face. The
position of the indicator arm on the gauge face indicates
the volume of liquid propane in the tank, from 0 to 100
percent.

PURGE

The process of evacuating air, water, and other
contaminants from a propane container by introducing
propane vapor and/or methanol into a container.
RAILROAD TANK CAR

Is transported via railway and is the largest type of DOT
tank that transports propane, with a water capacity of up
to 45,000 gallons. Railroad tank cars have fittings and
valves enclosed in a dome.
RAILROAD TANK CAR PROTECTION

Rail car tanks are protected by thick steel at each end
to prevent a coupler or any other object from puncturing
the lower half of the tank head. In newer tanks this thick
steel is manufactured into the tank, in older rail cars a
steel plate called a head shield was added to the ends of
the car to increase the thickness of the steel.
RELIEF VALVE STACKS

A piece of pipe that is attached to pressure relief valves
on tanks at a bulk plant. Relief valve stacks direct vapors
upward into the atmosphere and away from the tank.
REQUALIFICATION IDENTIFICATION NUMBER (RIN)

A unique number assigned by DOT Special Programs
Division to facilities that have applied for the authority
to inspect and requalify cylinders. Since 2003, cylinders
can only be requalified by facilities holding a RIN.
The RIN must be stamped on the collar (next to the
requalification date) of all cylinders that were requalified
after October 1, 2003.
RICH BURN

Occurs when a burning mixture contains a HIGHER
percentage of gas than is necessary for ideal
combustion.

SAFETY DATA SHEET (SDS)

Provides manufacturer information about hazardous
materials including their physical properties, health
effects, first aid, safety precautions, and personal
protective equipment.
SNIFF TEST

The most common method for checking for propane
odorization which involves simply smelling the propane.
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.
TARE WEIGHT

The weight of a cylinder when empty, including the
weight of the cylinder valves.
THREAD

A spiral ridge on the inside of a fitting.
UN IDENTIFICATION NUMBER

The specific number for a substance as listed in 49
CFR’s Hazardous Materials Table.
VALVE

A device that regulates the flow of gas or liquid by
opening or closing a passageway.
VAPOR SPACE

The space inside a propane container above the liquid
where vapor collects.
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GLOSSARY—Water Capacity

WATER CAPACITY

The maximum amount of water a propane container
can hold when completely filled. Water capacity (w.c.) is
usually expressed in pounds for cylinders. Cylinders can
be filled with propane to only 42% of the water capacity.
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Resources
CARBON MONOXIDE
According to 29 CFR, the maximum allowable concentration for continuous exposure to carbon monoxide in any 8-hour
period in the work place is 35 ppm (0.0035%). At 1,500 ppm, carbon monoxide is considered immediately dangerous to life
and health.
According to ASHRAE/ANSI the maximum allowable concentration for short-term exposure to carbon monoxide in a living
area is 35 ppm (0.0035%) for one hour and for long-term exposure is 9 ppm (0.0009%) for 8 hours.
Although a normal part of many manufactured gases, carbon monoxide does not occur in propane gas. It may however, be
formed by incomplete combustion of any fuel containing carbon in the solid, liquid, or gaseous state. Examples are wood,
coal, charcoal, internal combustion engines including snow blowers, lawn and garden equipment, and automobile/truck
exhausts.
Carbon monoxide is potentially the most hazardous combustion product that may immediately harm people. Carbon
monoxide is a non-irritating, highly toxic gas. Because carbon monoxide gas is odorless, colorless, and tasteless, it cannot be
detected by smell.
Carbon monoxide can only enter the body through the respiratory system by inhaling. Absorbed into the blood, carbon
monoxide combines with the hemoglobin of the blood to exclude the oxygen. Symptoms include headache, nausea, chronic
fatigue, confusion, and dizziness. The harmful effects of carbon monoxide exposure depend on the concentration of the gas
in the air, exposure time, and factors such as age, health, size, and sex. It is important to know that death may occur within
minutes after inhaling certain concentrations of carbon monoxide.
If carbon monoxide is detected, service personnel should advise building occupants to seek medical attention, as carbon
monoxide poisoning accumulates over time.
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RESOURCES—Cylinder Applications

CYLINDER APPLICATIONS

Cylinder Applications
APPLICATION

CYLINDER TYPE

SPECIFIC USES

Residential

Exchange › 100 lb
Portable ‹ 100 lb

Trailer parks, summer cottages, hunting cabins

Residential

Stationary

Trailer parks, summer cottages, primary residence

Commercial

Motor Fuel

Fleets, construction equipment

Commercial

Exchange

Road paving, striping

Agricultural

Exchange › 100 lb
Portable ‹ 100 lb

Furrowing barns/hatchery, stock tank heaters, weed control

Agricultural

Stationary

Furrowing barns, stock tank heaters, weed control

Industrial

Exchange › 100 lb
Portable ‹ 100 lb

Forklift, metal cutting, brazing, temporary heat, roofers

Industrial

Stationary

Forklift if permanently mounted since the company may have its
own, metal cutting, brazing, temporary heat, roofers

Industrial

Disposable

Hand torches, small camping heaters

Industrial

Motor Fuel

Forklift

Recreational

Exchange › 100 lb
Portable ‹ 100 lb

RV’s, gas grills, camping, ice fishing

RESOURCES—DOT Cylinder Code Chart
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DOT CYLINDER CODE CHART

DOT Cylinder Code Chart
DOT/ICC Cylinder Codes for
Propane Service

Typical Cylinder Material

Cylinder Construction

Service Pressure (PSIG)

3A

Steel

Seamless

240 or 300

3AA

Steel

Seamless

240 or 300

3B

Steel

Seamless

240 or 300

4B240

Steel

2 or 3 pc., Welded, or Brazed

240

4BA240

Alloy Steel (Prescribed)

2 or 3 pc., Welded, or Brazed

240

4BA260

Alloy Steel (Prescribed)

2 or 3 pc., Welded, or Brazed

260

4BA300

Alloy Steel (Prescribed)

2 or 3 pc., Welded, or Brazed

300

4BW240

Steel (Prescribed)

3 pc., Welded

240

4BW300

Steel (Prescribed)

3 pc., Welded

300

4E240

Aluminum

2 pc., Welded

240

4E300

Aluminum

2 pc., Welded

300

39-240/300 (Non-refillable)

Steel

Welded

240

*ICC 26-150

Steel

Welded

150

*ICC 26-300

Steel

Welded

300

*NOTE: Cylinders are no longer manufactured under this code; however, cylinders manufactured under this code are still in
use today. Also, the term “service pressure” for these codes had a different meaning at the time the code was written.
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RESOURCES—Forklifts Powered by Propane

FORKLIFTS POWERED BY PROPANE
Propane-powered forklifts offer the following advantages over other fuel-powered forklifts:

Handle steep grades and ramps.
Low emissions (carbon monoxide, hydrocarbons, oxides of nitrogen) pay off.
Handles any job – indoors and out; ship’s holds, freight cars, processing plants, etc.
Use in areas prohibiting gasoline.
Reduces building ventilation required by other internal combustion fuels.
Properly tuned propane engines can meet OSHA requirements.

RESOURCES—Hand Truck Safety Precautions
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HAND TRUCK SAFETY PRECAUTIONS
Never overload a hand truck, and keep the weight on it as low as possible. Be sure control of the load can be
maintained when the hand truck is tilted for movement.
Strap large items securely to the hand truck before moving them. Use padding to protect finished surfaces from
chipping or scratching.
Use curved-back hand trucks when moving cylinders to keep the cylinders from rolling off.
On a ramp or stairs, stay above the load. Pull it upwards or lower it down to avoid back strain and serious injury.
When moving objects between a loading dock and trucks, use a metal bridge if both are on the same level. If not,
use the same precautions as on stairs or ramps.
Be careful when passing objects through doorways. Use work gloves to protect your hands and provide a better grip
on the hand truck.
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HAZARD CLASS PLACARDS
Placard location. The location of hazard class placards depends on the following rated capacities of the tank:

Greater Than 1,000 Gallons: Tanks with a rated LP-gas capacity greater than 1,000 gallons require four 		
hazard placards, one on each side and each head of the tank (never on the bottom of the tank).
Less Than 1,000 Gallons: Tanks with a rated capacity less than 1,000 gallons require two hazard placards, one
located on each side of the tank near the shipping name or one on each head of the tank.
Placarding Methods. Placards may be tag board or metal signs, or decals with an adhesive back. If a tag board or metal
placard is used, it must be installed in a placard holder. There are two methods for placarding a vehicle.

The first method uses a single, combined DOT/UN
placard. This placard is a red diamond shaped sign
with an edge minimum of 10.8 inches. It contains
the universal flammable icon, the UN identification
number/proper shipping number (1075), and the
material’s hazard class (2).
The second method uses two separate DOT and
UN placards. The DOT placard is a red diamond
shaped sign with an edge minimum of 3.9 inches.
It contains the DOT hazard class name for LP-gas
(FLAMMABLE GAS) and the hazard class number (2).
The UN placard is a rectangular orange sign which
contains the hazardous material’s UN identification
number/proper shipping number (1075).

RESOURCES—Ladder and Platform Safety Precautions

269

LADDER AND PLATFORM SAFETY PRECAUTIONS
Safety Precautions for Using Ladders:
Before using a ladder, be sure it is in good condition.
Securely fasten permanent ladders, and make sure they don’t have any broken or missing parts.
Do not use any portable ladder that has been broken, split, or is missing parts.
Select the right portable ladders to suit the job. It should be long enough to be positioned properly. Notice that the
bottom of the ladder should never be more than 1/4 of the working height away from the ladder’s support. If it is
used for access to landings or walkways, the ladder should extend 36 to 42 inches above the top surface of the
landing.
Always face the ladder, and use both hands when moving up or down a ladder. Never move with back or side facing
the ladder.
Never throw tools or supplies to someone standing on the ladder. Always use a rope or hoist to pull them up.

Safety Precautions for Using Platforms:
Be certain that any open-sided platform over 4 feet high has the required guardrails 42 inches high. Some working
platforms require the guardrails only on one side.

Always put hinged guardrails in place before working on the platform.
Always keep the platform clean of any spills or debris that could cause a person to slip or fall.
Be careful when working on platforms in rainy, icy, or snowy conditions. If necessary, salt the platform to melt any
ice or snow.
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LP-GAS BASIC PRODUCTION PROCESSES
LP-gases are produced from active wells in the following way:

In a producing well, oil and wet gas flows from the
underground reservoir to the surface.
At the surface, the mixture is led into a trap, or
separator, that allows the crude oil to flow to the
bottom and pass on to the oil storage tank. (See
Illustration)
The wet gas comes off the trap and is piped to the
gasoline absorption plant. This wet gas contains:
a. natural gasoline
b. liquefied petroleum gases
c. natural gas
In the gasoline absorption plant, the gas flows
through absorption oil which removes the natural
gasoline and liquefied petroleum gases while the
dry (or natural) gas comes off the top and is piped
to towns and cities for distribution by gas utility
companies.

The absorbing oil, now saturated with hydrocarbons, is piped to a still. There, the combination of natural gasoline
and liquefied petroleum gases is boiled off in the form of “wild gasoline.” The absorption oil is then returned to the
top of the absorber.
The “wild gasoline” continues to the stabilizer towers where natural gasoline is removed from the bottom as a
finished product and a mixture of liquid petroleum gases is drawn off the top. The LP-gases drawn off the top can be
further treated to break them into a number of products including butane, iso-butane, and propane.
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NFPA CODES AND STANDARDS
Additional NFPA codes and standards used in the propane industry are included in the table below. Always check with your
supervisor to determine all of the operational safety codes that apply to your daily job responsibilities.

NFPA CODES AND STANDARDS
USED IN THE PROPANE INDUSTRY
TITLE

DOCUMENT NO.

APPLICATION

CUTTING, WELDING & ALLIED PROCESSES AND

#51

CUTTING & WELDING PROCESS

#51B

Standards covering the use of fuel gases and fuel/
oxygen systems in cutting, brazing, and welding
operations.

NATIONAL FUEL GAS CODE

#54 (ANSI Z223.1)

LP-GAS CODE

#58

LIQUEFIED PETROLEUM GASES AT UTILITY GAS
PLANTS

#59

NATIONAL ELECTRIC CODE

#70

PLEASURE AND COMMERCIAL MOTOR CRAFT

#302

PORTABLE EXTINGUISHERS

#10

Standard for portable fire extinguishers.

FLAMMABLE LIQUIDS CODE

#30

Flammable and combustible liquids code.

AUTOMOTIVE AND MARINE SERVICE STATION
CODE

#30A

Motor fuel dispensing facilities and repair garages.

MANUFACTURED HOUSING

#501

FIRE SAFETY CRITERIA FOR MANUFACTURED
#501A
HOME INSTALLATIONS, SITES AND COMMUNITIES

Standards covering installation of gas piping and
appliances in residential and commercial buildings.
Standards covering the storage, handling, and
transportation of propane.
Standards covering construction and operation of
propane equipment at plants owned by natural gas
utilities.
Standards covering the installation of electrical wiring,
electrical motors, and electrical controls, including
hazardous locations and classified areas.
Standards covering fire protection for pleasure and
commercial boats, including propane systems and
appliances.

Standards covering manufactured homes and
installation of plumbing, fuel supply, and electrical
systems.
Standards for installation of manufactured homes and
communities.
Standards covering installation of gas piping and
appliances in RVs.

RECREATIONAL VEHICLES

#1192

RECREATIONAL VEHICLE PARKS AND
CAMPGROUNDS

#1194

Standards for installation of RV communities and
campgrounds.

INDUSTRIAL TRUCKS

#505

Standards covering type designation, areas of use,
maintenance, and operation of propane powered
industrial trucks.
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OVERFILLING PREVENTION DEVICE (OPD)
OPD Exemptions
5.7.3.5 - The following types of cylinders shall be exempt from the requirements of 5.7.3.1 through 5.7.3.4 for installing a
listed overfilling prevention device:

Cylinders used in industrial truck service and cylinders identified and used for industrial welding and cutting gases.
Cylinders manufactured prior to October 1, 1998, and designed for use in the horizontal position and where an
overfilling prevention device is not available
5.7.3.6 - Exempted horizontal cylinders shall be marked with a label to indicate that they are not equipped with an overfilling
prevention device.
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RAILROAD TANK CAR OPENINGS
All valve openings in DOT railroad tank cars are located on top of the tank. There is also a large opening in the top of the tank
called the manway with a welded fitting at least 14-18 inches in diameter called the manway nozzle. The top of the nozzle
has a flanged cover plate bolted to it with 5 to 7 fittings (see drawing below). On most DOT railcars, the relief valve, liquid
level gauge, and all other valves are installed in the openings of this cover plate. A 12 to 14 inch high protective dome and
shroud with a hinged cover surrounds the assembly and protects all valves and fittings.
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RAILROAD TANK CARS: UNLOADING SAFETY TIPS
Ensure the brakes are set and/or locked before climbing onto the tank car.
Be sure that one or more of the tank car wheels are chocked before connecting hoses.
Set TANK CAR CONNECTED signs on the track according to company policy.
Use caution when near tank car wheels.
Use caution when climbing ladders or crossing platforms. Remember that in the wintertime these platforms and
ladders may become iced over.
Learn how to use the special shut-off valves on the tank car risers.
Use caution when working on top of the tank car. Because of the shape of the tank, it is easy to slip and fall.
Always wear proper personal protective equipment during propane transfer operations. Your company may require
you to wear a hard hat when working in an elevated location.
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REQUALIFICATION IDENTIFICATION NUMBER (RIN)
The RIN was established by DOT and is required to be shown on all cylinders requalified beginning October 1, 2003.
Requalification markings must be made as specified in 49 CFR § 180.213 or as detailed in a letter issued by the DOT. The
markings must be made by stamping, engraving, scribing or other method (including the use of a durable pressure adhesive
label) that produces a legible, durable mark.
There are two ways in which the RIN may appear on the cylinder:

Method 1: Diamond Shaped Requalification
Identification Number (RIN) Marking
‘‘A123’’ is the RIN
‘‘10’ is the month of requalification
‘‘05’’ is the year of requalification
‘‘E’’ represents the external visual method of requalification

Method 2: Alternative Method Requalification
Identification Number (RIN) Marking
“V10001” is the RIN
“10” is the month of requalification
“05” is the year of requalification
“E” represents the external visual method of requalification
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RESIDENTIAL PROPANE INSTALLATION
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RESIDENTIAL USES OF PROPANE
Efficiency ratings advertised on new gas heating systems are called Annual Fuel Utilization Efficiency (AFUE). Developed by
the U.S. Department of Energy, the AFUE indicates what percent of the energy used is converted to usable heat. With the
higher efficiency requirements of new furnaces, consumers can be expected to pay more for their heating systems. However,
over the life of the unit, a high-efficiency gas unit will pay for itself because of the Energy Savings Payback. The intermittent
ignition device (IID) is a feature of the new high-efficiency system. This device replaces the constantly burning pilot light.
Gas ranges come in a variety of styles with various cooking control features. Top burners may be controlled manually by a
gas cock, or automatically by a thermostat. New ranges and cook tops are equipped with electronic burner igniters. Ovens
may be either conventional or convection. Although outdoor portable grills also come in a variety of styles with various
features, they are basically broiler/ovens.
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SAVINGS GAINED BY USING PROPANE
Cost Comparisons
A British thermal unit (Btu) is a unit of measure for the heating value of a fuel. When comparing the costs of electricity and
propane, the Btu content of each energy source must be considered to give the comparison a “common denominator.”
Electricity has 3,413 Btu’s per kwh and propane has approximately 91,500 Btu’s per gallon.
Since electricity is 100% efficient at the point of use, there are 3,413 usable Btu’s in one kwh of electricity (100% X 3,413 =
3,413 Btu’s). But even when 80% is used as the efficiency factor for propane, there are still 73,200 usable Btu’s in one gallon
of propane (80% X 91,500 = 73,200 Btu’s). Some propane appliances are able to achieve 97% efficiency.
Therefore, one gallon of propane contains the usable energy equivalent of 21.44 kwh’s of electricity (73,200 ÷ 3,413 =
21.44). Simply, this means that if one gallon of propane sold for 21.44 times as much as one kwh of electricity, the cost per
Btu would be equal. But propane sells for much less than this.
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SCHEDULES AND NOMINAL WALL THICKNESS:
Regardless of how they are specified, all steel pipes of the same nominal size have the same outside diameter.

American National Standard Pipe Dimensions
Outside
Nominal
Threads
Diameter
Pipe Size
per inch
of Pipe

Nominal Wall Thickness
Sched
10

Sched
20

Sched
30

Sched
40

Sched
60

Sched
80

Sched
100

Sched
120

Sched
140

Sched
160

1/8

.405

27

.068

.095

1/4

.540

18

.088

.119

3/8

.675

18

.091

.126

1/2

.840

14

.109

.147

.188

3/4

1.050

14

.113

.154

.219

1

1.315

11.5

.133

.179

.250

1 1/4

1.660

11.5

.140

.191

.250

1 1/2

1.900

11.5

.145

.200

.281

2

2.375

11.5

.154

.218

.344

2 1/2

2.875

8

.203

.276

.375

3

3.500

8

.216

.300

.438

3 1/2

4.000

8

.226

.318

4

4.500

8

.237

.337

.438

.531

2

5.563

8

.258

.375

.500

.625

6

6.625

8

.280

.432

.562

.719

8

8.625

8

.250

.277

.322

.406

.500

.594

.719

.812

.906

10

10.750

8

.250

.307

.365

.500

.594

.719

.844

1.000

1.125

12

12.750

8

.250

.330

.406

.562

.688

.844

1.00

1.125

1.312

14

14.000

8

.250

.312

.375

.438

.594

.750

.938

1.094

1.250

1.406

16

16.000

8

.250

.312

.375

.500

.656

.844

1.031

1.219

1.438

1.594

18

18.000

8

.250

.312

.438

.562

.750

.938

1.156

1.375

1.562

1.781

20

20.000

8

.250

.375

.500

.594

.812

1.031

1.281

1.500

1.750

1.969

24

24.000

8

.250

.375

.562

.688

.969

1.219

1.531

1.812

2.062

2.344
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SOURCES OF LP-GASES
Historically about 70 percent of LP-gases produced in the US came from natural gas production. About 30 percent came from
crude oil production and refining. Due to increased use of global crude oil sources in recent years, LP-gas supplies in the
U.S. are obtained in approximately equal quantities from natural gas and oil production. Secondary supplies, produced from
recycling gas liquids in oil refineries, supplement these sources.
LP-gases are processed from crude oil by heating the crude oil until it begins to boil. This produces many different gaseous
hydrocarbons, including propane and butane. Captured under pressure and slowly cooled, each of the gases will condense
into a liquid, one at a time, as its temperature dips below its boiling point. Both propane and butane are captured in this
manner and stored as liquids under pressure.
There are several ways to get LP-gases from natural gas. When natural gas is removed from a gas pocket, it’s a “wet” gas,
which means the gas is a mixture of hydrocarbon gases and, in some cases, liquids. These gases include methane—the
chief component of “natural gas”—propane, butane, and often, natural gasolines such as pentane and heptane. Once they’re
out of the ground, the gases can be separated, processed, and refined.
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SPECIFIC GRAVITY

Liquid Specific Gravities
HAZARDOUS MATERIAL

SPECIFIC GRAVITY

ETHANE

0.377

PROPANE

0.504

BUTANE

0.582

ANHYDROUS AMMONIA

0.618

GASOLINE

0.71

WATER

1

CHLORINE

1.424

Vapor Specific Gravities
HAZARDOUS MATERIAL

SPECIFIC GRAVITY

METHANE

0.60

ANHYDROUS AMMONIA

0.988

AIR

1

ETHANE

1.05

PROPANE

1.50

BUTANE

2.01

CHLORINE

2.45
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INSIDE BASIC PRINCIPLES AND PRACTICES OF PROPANE:
MODULE 1: INTRODUCTION TO BASIC PRINCIPLES AND PRACTICES OF PROPANE
Provides an introduction to the course, as well as course objectives, resources and references.
MODULE 2: PROPANE CUSTOMER APPLICATIONS AND CUSTOMER SERVICE
Discusses the different types of customers who use propane. You’ll develop a better understanding of customer
needs, and how quality service is a key ingredient to your success.
MODULE 3: SOURCES AND PHYSICAL PROPERTIES OF PROPANE
Provides a basic understanding of where propane comes from and its physical characteristics. This information
will help you verify shipments, determine appropriate storage, and understand where to look for gas if there is a
leak.
MODULE 4: ODORANTS AND SERVICE INTERRUPTIONS
Discusses the characteristics of propane and how adding commercial odorants helps detect and locate leaks.
You’ll also learn how odorants play a role in some propane service interruptions.
MODULE 5: COMPLETE AND INCOMPLETE COMBUSTION CHARACTERISTICS
Introduces the ingredients and ratios needed to create combustion, and the products of complete and incomplete
combustion.
MODULE 6: STANDARDS, REGULATIONS, AND SAFETY
Highlights important factors that contribute to the integrity and growth of the propane industry, and how gas
industry organizations work together with federal and local groups to help ensure that propane is a preferred and
safe fuel choice.
MODULE 7: BULK PLANTS
Discusses vehicles and bulk plant equipment used to transport propane to the plant and deliver propane to
customers.
MODULE 8: DOT CYLINDERS, PROPANE PIPING, AND RESIDENTIAL SYSTEMS
Provides information about the construction and features of DOT cylinders and their service applications. You’ll
also learn about piping, tubing and fittings, as well as residential systems.
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