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PREFACE

National goals for both energy security and clean air have resulted in heightened interest
in the use of alternative motor fuels (AMFs) in the transportation market. The growth of
interest in alternative fuels has expanded not only the numbers of alternative fuel
vehicles, but also the list of viable alternative transportation fuels.

Thus, an increasing number of transit fleets and other fleet owners are operating vehicles
on alternative fuels - often with a minimum of technical guidance related to the possible
safety or operational impacts on traditional fleet operations, including fueling, inspecting,
and cleaning vehicles, as well as performing the light and heavy maintenance activities
necessary to keep the fleet in operation.

Moreover, the buildings or facilities used for storing, loading, and maintaining alternative
fuel vehicles form an important portion of afleet operation. Here, the experience with
fire and building codes is not yet complete. This situation requires additional care on the
part of the owners of these facilities to recognize all hazards associated with the use of
alternative fuel vehicles and to ensure that these hazards are properly addressed in the
design and operation of the facility.

Experience has shown that not all local community and regulatory groups view the use of
aternative fuels as a purely positive option. Transit properties and others who propose
the use of aternative fuels need to deal not only with the perceptions of fire and building
code officials who grant approvals, but also with the perceptions and concerns of
community and neighborhood organizations. The concerns of these groups are not
limited to fleet operations, but may also include the production of the alternative fuel and
the transportation of the fuel to the point of use.

In view of the diversity of these safety concerns, as well as the number of possible
hazards, a comprehensive and systematic program is needed to recognize and organize
the existing knowledge about the health, safety, and environmental hazards of aternative
fuels and to identify where additional study is needed. The objective of thisreport is
assist the Volpe Center, FTA and DOE in providing information on these issues to the
transit and fleet operator community while avoiding a commitment to or bias against any
given fuel or point of view.

This report presents the results of aresearch effort undertaken for the Vol pe National
Transportation Systems Center. This work was funded jointly by the U.S. Department of
Transportation, Federal Transit Administration Office of Engineering and the U.S.
Department of Energy, Alternative Fuels Utilization and Analysis Division. The interest,
insight and advice of David Knapton of the Volpe National Transportation Systems
Center, John Russell of the U.S. Department of Energy, and Tony Yen and Steven Sill of
the Federal Transit Administration are gratefully acknowledged.
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EXECUTIVE SUMMARY
A. BACKGROUND

National goals for energy security and clean air have resulted in a heightened interest in
the use of aternative transportation fuels. This growing interest in alternative fuels has
led to both an increase in the number of alternative fuel vehicles, and to an expansion in
the list of candidate alternative fuels.

This summary assessment consists of two parts. The first part considers the hazards
associated with the bulk transport and storage of alternative fuels. The second part
considers the hazards associated with the operation, fueling, and maintenance of
aternative-fuel vehicle fleets. The report does not cover estimating the hazard
probability or calculating the overall risk.

Both sections of the hazard assessment discussion include information on the following
aternative fuels:

Compressed Natural Gas (CNG)

Liquefied (LNG)

Propane

Methanol and methanol blends

Ethanol and ethanol blends

Biodiesel blendsl

Hydrogen

O N o g ~ W DN -

Electricity

B. PRODUCTION, TRANSPORT AND BULK STORAGE HAZARDS
The types of hazards which may be encountered, are categorized as follows:

Safety Issues, including fire hazards and other hazards
Health Issues, including fuel toxicity
Environmental Issues, including effects of fuel spills.

Highlights of this analysis follow.

In this analysis biodiesel fuel is considered to be a mixture of 10-30 percent of a vegetable oil ester, such as methyl
soyate, and conventional diesel fuel.

Xi



Fire Hazards

Since al fuels bum, they constitute fire hazards to a greater or lesser degree. However,
fuels vary widely in the degree of flammability. Of the many combustion-related
properties of substance, fuel flammability limits and pool bum rate are especialy relevant
to asafety hazard anaysis.

Fuel Flammability Limits

Flammability limits are a basic measure of flammability. Flammability limits are the
range of composition over which mixtures of fuel and air will bum. At an ambient
temperature of 22 C, natural gasin the form of CNG or LNG has the widest flammability
limits. Dueto increased volatility at higher temperatures, the alcohols, methanol and
ethanol have extended flammability limits at elevated temperatures (60 C). Biodiesel
fuel is below its flashpoint at 22 C and shows a flammable range only at elevated
temperatures.

Fuel Pool Burn Rate

If liquid fuels spill and ignite, the pool burn rate is a measure of the rate at which a given
size spill will burn and release heat. Since fuels bum only when they are in gaseous
form, the pool bum rate tends to be limited by the rate of vaporization. Thus, the pool
burn rates for the alcohols, which have relatively high heats of vaporization, are lower
than those for hydrocarbon fuels like gasoline or propane. Note too, that the gaseous
fuels hydrogen and compressed natural gas can have very high heat rel ease rates since the
bum rate for these fuelsis not limited by the need to first vaporize aliquid.

Health Hazards

In addition to fire hazards, the use of alternative fuels can present health hazards. For
most fuel health effects, inhalation of fuel vaporsisthe most likely exposure route. The
threshold limit value for the health effects of fuel vaporsis a measure of fuel toxicity.
The limits for all fuels except LNG vapor (considered to be nearly pure methane), and
hydrogen are based on toxic effects. The limit values for these fuels are based on the
lower flammability limit and the premise that inhalation of a flammable mixture of fuel
and air constitutes a health hazard. In the case of hydrogen and natural gas, excessive
exposure can also result in asphyxiation. However, approximately 140,000 ppm (14
percent) of an inert gas would be required to lower the oxygen concentration of air to less
than the 18 percent, the limit for a breathable atmosphere.

Methanol and methanol blends are the most toxic AMFs for inhalation-exposure with a
threshold limit value - time weight average (TLV-TWA) concentration value of 200 ppm.
By comparison, the next lowest TLV-TWA concentration value for an AMF includes
ethanol 1,000 ppm, followed by natural gas at avalue of 10,500 ppm. In addition, there
isan OSHA-set personnel exposure time limit (PEL) of 1,000 ppm for propane.
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Environmental Hazards

The spill or leak of an AMF is not likely to result in any long term environmental
damage. A review of the potential environmental hazards for each AMF, that is not
gaseous at normal temperatures and pressures, shows that al of the liquid AMFs are
biodegradable over a reasonably short period of time (i.e., a period of several months or
less). The mgjor concern is that the liquid AMF should be prevented from entering into
any waterway or drainage system. Aside from any consideration of aquatic toxicity,
there is actually a potential fire/explosion safety hazard situation created when a
flammable or combustible liquid enters a waterway where there are covered sections
where vapors can accumulate. This problem is particularly acute for the alcohols
(methanol and ethanol) since they are soluble in water. Once such alcohol AMFs have
mixed with water there is no ssmple and low cost method for separating them out.

C. FLEET USE HAZARDS

This portion of the work was structured around a summary list of safety, fire, and health
hazards for each alternative fuel in fleet use. In each instance, the assessment of the
consequences of the hazards and of the state of knowledge concerning the hazardsis
based on a comparison with diesel or gasoline fuel as currently used by fleet operators
and transit agencies.

To construct the summary list of hazards associated with the fleet use of alternative fuels,
the following eight hazardous properties are included:

() Flammability

(b) Corrosivity

(c) Toxicity (including asphyxiation)

(d) High pressure

(e) High temperature

(f) Cryogenic temperature

(g) Mechanical energy (includes energy stored as potential or kinetic energy)
(h) Electrical energy

The existence of these hazardous properties and their associated hazards is not sufficient
to cause an accident. Some event is necessary before the hazard and the hazard
consequences are realized.

The application of the eight hazardous properties to the eight aternative fuels produces a
number of hazards. The more significant hazards for each fuel are:
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CNG - Important hazardous properties and hazards for CNG include:

Flammability hazard -- fire or explosion from ignition of gasleaks. Such gas leaks
can occur from fuel dispenser or fuel system damage, use of improper components, or
poor overall design. High pressure natural gas leaks can ignite from static electricity.
Severa such cases have already occurred, some resulting in the loss of the vehicle.
Toxicity hazard - natural gas can accumulate in enclosed spaces. The odorant may
not provide sufficient warning of the actual gas concentration.

High pressure hazard - fuel tank explosion, missile damage from failure or improper
assembly or disassembly of fuel system components. Flailing of fuel hoses and fuel
lines.

Mechanical energy hazard - natural gas compressors have rotating and/or
reciprocating parts moving it high speeds. Failure of such equipment could lead to
missile damage from fragments.

LNG - Important hazardous properties and hazards for LNG include:

Flammability hazard - fire or explosion from ignition of leaks of fuel. Non-odorized
fuel gasincreases the hazard. Note that the design base for cryogenic fuel system
components is still relatively small.

Toxicity hazard - asphyxiation from exposure to non-odorized fuel gas. High
pressure hazard - while LNG storage pressures are not as high as those for CNG, they
are still significant. Also, trapped liquid fuel can produce extremely high pressures
upon warming and vaporization.

Cryogenic hazards - LNG presents several hazards associated with the cryogenic
property of the fuel:

Personal injury may occur from exposure to cold fuel or fuel vapors. Thisis
especially true if proper personal protective gear is not worn.

Structural failure can occur due to stress from contraction of structural
members exposed to cold fuel or fuel vapors.

Structural failure can aso occur due to embrittlement of materials exposed to
cold fuel or fuel vapors.
Propane - Important hazardous properties and hazards for propane include:
Flammability hazard - propane gas can collect in low spaces; large propane vapor
clouds can detonate.

Toxicity hazard - propane gas can collect in low spaces and therefore displace the air
necessary for breathing.
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Methanol and Methanol Blends - Important hazardous properties and hazards for
methanol and methanol blends include:

Flammability hazard - vapors in fuel tanks are within the flammable range for typical
ambient temperatures.

Flammability hazard - the flames from methanol fires are not as luminous as those
from other hydrocarbons. While this servesto limit fire injury and damage, it can
also make initial detection of methanol fires more difficult.

Corrosivity hazard - being a polar liquid, methanol is slightly acidic and can corrode
some active metals.

Ethanol and Ethanol Blends - Important hazardous properties and hazards for ethanol
and ethanol blends include:

Flammability hazard - vapors in fuel tanks are within the flammable range for typical
ambient temperatures.

Corrosivity hazard - being a polar liquid, ethanol is slightly acidic and can corrode
some active metals.

Toxicity hazard - ingestion of afuel billed as food-based, but which must be
denatured, i.e., made poisonous.

Biodiesel - Important hazardous properties and hazards for the biodiesel component of
biodiesel fuel blends include:

Corrosivity hazard - elastomer or polymer component failure due to the composition
difference between biodiesel fuel and gasoline or conventional diesel fuel is atype of
corrosivity hazard.

Toxicity hazard - ingestion of a fuel which has been billed as non-toxic, but which is
generdly an ester of afatty acid and methanol. If ingested the methanol component

isreleased. In primates (including humans) this can cause toxic effects.

Hydrogen - Important hazardous properties and hazards for hydrogen include:

Flammability hazard - fire or explosion from ignition (especialy static ignition) of
gas releases or gas leaks. Note that hydrogen fuel is a non-odorized flammable gas.
Corrosivity hazard - hydrogen embrittlement of certain materials represents a type of
corrosivity hazard associated with hydrogen.

High pressure hazard - fuel tank explosion, missile damage from failure or improper
assembly or disassembly of hydrogen fuel system parts.
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Electricity - important hazardous properties and hazards for e ectricity include:

Flammability hazard - fire caused by electrical malfunctions, such as short circuits.
Corrosivity, toxicity, or high temperature hazard — from contact with battery
electrolyte.

Electrical energy hazard - electric shock.

D. CONCLUDING REMARKS

No fuel isfree from hazards. Although some fuel hazards are obvious, a systematic
consideration of hazardous properties and hazards can identify hazards which may have
been overlooked. Hazards differ for various alternative fuels. Thisimplies that:

Modifications of equipment and procedures will be required for each alternative fuel.
No alternative fuel will be a"drop in" replacement for the status quo.

The full report from this study provides a framework for organizing information about
additional hazardous properties and hazards. However, arisk assessment, including
information about hazard probabilities and hazard consequences, can support conclusions
about the safety ranking of various fuels, fuel systems, fueling equipment, and overall
strategies for using alternative fuels.
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1. INTRODUCTION

1.1 BACKGROUND

The national goals for both energy security and clean air have resulted in heightened interest
in the use of aternative motor fuels (AMFs) in the transportation market. The Energy Policy
Act of 1992 (EPACT) contains specific requirements for fleet use of alternative fuels. Ina
number of regions of the country, primarily where air quality is an issue, state and local clean
air initiatives and fuel mandates have been enacted for certain vehicle classes. These
mandates will have consequences for a number of transit and other fleets that must comply
with local, state, and federa regulations while continuing to provide the highest quality
transit programs and other servicesin their areas.

Other government programs have sought to encourage the use of aternative fuels through
grants and awards for alternative fuel demonstration programs. For example, as part of its
Clean Air Program (CAP), the Federal Transit Administration (FTA) has awarded grants for
aternative fuel demonstration programs. The Department of Energy, through the National
Renewable Energy Laboratory has also funded a number of alternative fuel demonstration
programs, such as the comprehensive CleanFleet program involving Federal Express
medium-duty delivery trucks.

Growth of interest in alternative fuels has expanded not only the number of alternative fuel
vehicles, but also the list of viable alternative transportation fuels. 1n recognition of the
increasing need to more fully understand critical aspects of the candidate AMFs, the FTA
and the Volpe Nationa Transportation Systems Center (VNTSC) have established a program
that addresses the safety hazards and operational issues associated with the use of alternative
fuels by vehicle fleet operators.

This effort to supply additional information concerning the safety hazard implications of all
AMFsistimely. Anincreasing number of transit fleets and other fleet owners are operating
vehicles on dternative fuels - often with a minimum of technical guidance related to the
possible safety or operational impacts on their facilities, as well as those related to the
production, transport, and bulk storage of alternative fuels that support these demonstrations.

The environmental, safety hazard, and health aspects analysis of AMFs have become more
complex in recent years. Severa developments have contributed to this complexity. The
first development is the increasing number of candidate alternative fuels. For example, at
first, methanol was the only alternative fuel being seriously considered for transit use. The
early commitment by Detroit Diesel Corporation to provide a methanol fueled-engine for
transit use contributed to this emphasis. However, natural gas engine development soon
followed, with the natural gas being stored in compressed form.

The roster of aternative fuels used in transit has now expanded to include methanol and

methanol blends (M-100 and M-85), ethanol and ethanol blends (E-95 and E-85),
compressed natural gas (CNG), propane (LPG), liquefied natural gas (LNG), bio-diesel, and
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electric batteries, with additional interest in reformulated gasoline and advanced diesel, fuel
cells, and even hydrogen as fuels for transit and other fleets.

The second development is the realization that some previous safety analyses have
concentrated on only a portion of the total transit or fleet operation. Transit properties and
fleet operators must consider the entire path from the fuel supplier al the way to the vehicle
fuel tank. Also, fleet operations involve not only operating alternative fuel vehiclesin
revenue service, but also fueling, inspecting, cleaning, washing, and performing the light and
heavy maintenance activities necessary to keep the fleet in operation.

The buildings or facilities used for storing, loading, maintaining, and sometimes fueling,
alternative fuel vehicles form an important portion of afleet operation. Here, the
development of fire and building codes is not yet complete. This requires additional care on
the part of the designers and owners of these facilities to consider all hazards associated with
the use of aternative fuel vehicles and to ensure that these hazards are properly addressed in
the plans for and the operation of the facility.

The third development, which adds to the complexity of aternative fuel use, isthe
recognition that more hazards must be considered than the traditional "Will it bum or
explode?' examination of fuel issues. The use of compressed gases raises issues concerning
high fuel system pressures. LNG has the potential to cause blindness if splashed in the face.
Methanol and denatured ethanol are toxic to humans. Ethanol fuel raises the issue of
diversion for non-authorized use. Several fuels demand a further scrutiny of the need for
personal protective gear.

Lastly, the experience of some transit properties and private fleet operators has shown that
not all local community and regulatory groups view the use of aternative fuels as a purely
positive option. Opposition from neighborhood groups has already caused alternative fuel
plansin several cities to be changed or curtailed. Transit properties and others who propose
the use of aternative fuels need to deal not only with the perceptions of fire and building
code officials who grant approvals, but also with the perceptions and concerns of community
and neighborhood organizations. The concerns of these groups are not limited to fleet
operations, but may also include the production of the alternative fuel and the transportation
of the fuel to the point of use. It isimportant that the fleet operator recognize at the
beginning of a conversion to alternative fuels the types of safety issues that will need to be
addressed to satisfy these constituencies.

In view of the diversity of these safety concerns, as well as the number of possible hazards, a
comprehensive and systematic program is needed to recognize and organize the existing
knowledge about the health, safety, and environmental hazards of alternative fuels and to
identify where additional study is needed.

The existence of specia safety concerns does not mean that alternative fuels are inherently
more dangerous than conventional fuels, but does emphasize that forethought, good
engineering, and thorough training are requisites for the safe and successful use of aternative
fuels. Programsin which alternative fuels are used while all other aspects of the fleet
operations remain unchanged are apt to have difficulties.
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1.2 OBJECTIVES AND SCOPE

This study is intended to provide a systematic assessment of the safety hazards of AMFs
from afleet operations perspective. It isnarrowly focused on the hazards associated with
moving the fuel from the point of production to the point of use (bulk transport), the process
of transferring the fuel from the transport vehicle, and on- site storage at the fleet operator's
facility. The types of hazards that may be encountered during bulk transport, transfer, and
storage generation have been categorized as follows:

Safety Issues
Fire Hazards
Other Hazards

Health Issues
Fuel Toxicity - inhalation/skin exposure

Environmental |ssues
Effects of spills

Six candidate fleet motor fuels received primary consideration during the assessment process.
These fuels and the automotive engines that are specifically designed to use the fuel have
been the subject of extensive research and development. The fuels are:

Compressed Natural Gas (CNG)

Liquefied Natural Gas (LNG)

Propane

Methanol and Methanol Blends (M-85, etc.)
Ethanol and Ethanol Blends (E-85, etc.)
Biodiesel

Hydrogen

Electricity

Hydrogen-fueled vehicles, including those using a fuel cell-electric drive, are just being
introduced into actual operations on a prototype/demonstration basis. Battery-powered
vehicles have received increased attention in recent years, including a number of applications
involving battery electric transit buses.

The overall objective of thisreport isto organize, analyze, and present existing information
about the potential hazards of the AMFs selected for this study. The specific focusis on the
hazards associated with potential leaks and spills of the AMFs in the bulk transport,
unloading, fleet storage processes, and fleet operations.

It should be noted that all of the potential hazards considered in this report are "acute"

hazards, i.e., immediate- or short-term hazards. Long-term ("chronic") hazards have not been
addressed.
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2. PREPARATION AND ORGANIZATION OF REPORT

2.1 INFORMATION SOURCES
The major sources of information used to conduct the assessment of safety, health, and

environmental hazards associated with each AMF come from the following:

Recent key reports that cover one or more of the hazard assessment issues.
Information gathered through contacts and interviews with industry officials, trade
groups, and government agencies.

The key references used to acquire information are provided at the end of thisreport in
References - Section Three.

The following agencies and organizations were contacted for information on AMFs:
U.S. Department of Energy
U.S. Environmental Protection Agency
U.S. Department of Transportation
Gas Research Institute
National Hydrogen Association
National Soydiesel Development Board
Massachusetts Division of Energy Resources
New York State Energy Research and Development Authority
Boston Gas Company
Boston Edison - Travelectric Services Corp.

Commonwealth Gas Company

2.2 ORGANIZATION OF REPORT

This report is composed of two main sections reflecting the two project tasks. The first
section, "Production, Bulk Transport, and Bulk Storage of Alternative Fuels,” focuses on the
hazards associated with moving the fuel from the point of production to the point of use at
the fleet operators facility. The second section, "Use of Alternative Fuels by Vehicle Fleets,"
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focuses on the operation, fueling, and maintenance of alternative fuel vehicles. Both sections
include discussion of the following fuels:

Compressed Natural Gas (CNG)
Liquified Natural Gas (LNG)
Propane

Methanol and methanol blends
Ethanol and ethanol blends
Biodiesdl

Hydrogen

Electricity

Within the first section, the report is organized around a discussion of the properties, safety
issues, health issues, and environmental issues applicable to each aternative fuel, with
sections on methodology, an analysis of issues, and a summary assessment of risks. The
safety issues considered include:

General properties affecting fire hazards

Fire hazards during transport

Fire hazards during unloading to fleet storage

Fire hazards during fleet storage

Other hazards (e.g., high pressure, low temperature)

Within the second section, the report is organized around a summary list of hazards of each
aternative fuel. An introductory discussion considers the types of hazards considered and
the distinctions between hazardous fuel properties, hazards, and risks. The summary list of
hazards follows. It is accompanied by a selection of actual case histories which serve to
illustrate various hazards in the summary list of hazards.

For the summary list of hazards of aternative fuels, the following hazardous properties are
considered:

Flammability

Corrosivity

Toxicity (including asphyxiation)
High pressure

High temperature

Cryogenic temperature
Mechanical energy

Electrical energy

ONOoOTOAWNE

Although this document intends to be a comprehensive list of safety hazards, it isnot arisk
assessment in which the risk associated with the use of various alternative fuels are ranked or
compared. The definitions on the following page will help clarify these terms as used in this
report.

Two separate sections of source material are included. Appendix A, titled "Sources for
Alternative Fuel Safety Information™ provides a bibliography, by categories, which gives
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basic information for readers. Specific references in the text of the report are givenin
"References - Section 3" and "References - Section 4."
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DEFINITIONS
An accident is ageneral term for an unplanned event with undesirable consequences

A hazardous property (or hazardous condition) isaphysical or chemical property of a
substance of situation that has the potential to cause harm. For example, a substance may be
flammable or it may be contained under a high pressure.

A hazard is the combination of a hazardous property with an outcome that can cause damage
or harm to people, property, or the environment. For example, a material whichis
flammable may ignite and result in afire. Or amateria at high pressure may release that
pressure quickly, resulting in an explosion. Thus, it is common to speak of "fire hazards" or
"explosion hazards" or to discuss the hazard of fire or the hazard of explosion.

A hazard event (or initiating event, or just event) is an occurence involving equipment
failure, human action or external cause that resultsin ahazard. For example, the ignition of
aflammable material can cause afire, while the rupture of a pressure vessel can result in an
explosion

The hazard probability is the chance that the hazard will occur. The hazard may be thought
of as a combination of a hazardous property with the probability of one or more initiating
events. For example, the probability of afire may depend on the probability that afuel spill
could occur coupled with the probability that an ignition source is available. Hazard
probability may be expressed in purely numerical terms, such as the number of expected
events per year or by using other qualitative or quantitative scales.

The severity of ahazard is a measure of the possible consequences of that hazard in terms of
property damage or the amount of injury. For example, the severity of afire hazard may be
ranked by the dollar value of the property which may be destroyed. Other qualitative or
guantitative scales of severity may also be used. A given hazard may have many possible
consequences, so the severity of a hazard often depends on the hazard scenario. For
example, for agiven type of fuel, the fire hazard severity may be greater if the amount of
fuel is greater, or if the equipment configuration allows it to burn more rapidly. Or, the
severity of an electrical shock hazard is usualy greater if the voltage is greater.

Risk is the combination of a hazard, a hazard probability, and a severity. For example, the
risk of avehiclefireisa combination of (a) the hazard - the vehicle burning, the hazard
probability - (b) the chance of this event occurring, and (c) the severity of the damage - the
amount of damage to the vehicle and/or the extent of injury to the occupants.
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3. PRODUCTION, BULK TRANSPORT, AND BULK STORAGE OF
ALTERNATIVE FUELS

3.1 INTRODUCTION

This section provides a detailed description of each AMF of interest, along with a discussion
of its special characteristics that affect safety, health, and the environment. Each AMF is
presented separately using the following format:

Genera Description
(A brief summary of production sources and the general  characteristics of the fuel.)

Safety Issues

(a) Genera Properties Affecting Fire Hazards

(b) Fire Hazards During Transport

(c) Fire Hazards During Unloading to Fleet Storage

(d) Fire Hazards During Fleet Storage

(e) Other Hazards (e.g., high pressure, low temperature)

Health Issues
Environmental Issues
The order of presentation of the AMFsis as follows:

Methanol/Methanol Blends
Ethanol/Ethanol Blends
Compressed Natural Gas
Liquefied Natural Gas
Propane

Biodiesel

Hydrogen

Electricity

3.2 METHODOLOGY

It was apparent after a number of the key reports and reference documents had been collected
that the amount of information available is very extensive. In order to provide a
comprehensive and understandabl e assessment, the methodology used to extract information
was based on setting up a specific framework along the following lines:

General properties of the AMF that affect fire hazards
Potential fire hazards during bulk transport

Potential fire hazards during unloading to fleet storage
Potential fire hazards during fleet storage
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Other safety hazards, particularly high pressure and low (cryogenic) temperatures that
affect personnel safety

Toxicity of the fuel based on inhalation, skin contact, and ingestion

Environmental effects of spillson land or water

This same framework is used for the presentation on each AMF in Section 3.3 - Analysis of
Issues. The information in this section represents a synthesis of the specific safety and health
concerns derived from arelatively large number of documents.

Section 3.4 - Summary Assessment of Risk - provides a summary assessment of the safety,
health, and environmental issues on a comparative basis. This assessment is intended to
provide a broader understanding of the relative ranking of each AMF with regard to:

the relative potential for an AMF leak or spill during  bulk transport and storage
operations; and

the relative consequences of an AMF leak or spill inthe  context of safety, health, and
environmental impacts.
3.3 ISSUES ASSOCIATED WITH BULK TRANSPORT AND STORAGE OF
ALTERNATIVE FUELS

3.3.1 Methanol/Methanol Blends

General Description

Methanol or methyl alcohol isaclear colorless liquid that can be made from a variety of
sources including coal and natural gas. All methanol used commercially in the United States
is manufactured from natural gas because thisis by far the most economical feedstock.

Often, methanol fuel is designated M-100 to identify it as essentially 100% pure methanol.
A popular methanol blend composed of 85% methanol and 15% unleaded gasolineis
designated as M-85. The addition of 15 percent unleaded gasoline increases both the name
luminosity and the fuel volatility. The latter effect both increases the cold starting capability
and also generally makes the vapors present in fuel tank ullage spaces too rich to be
flammable.

Typically, M-85 is considered as an aternative fuel for light and medium duty gasoline
(spark ignition) engine applications whereas M- 100 is typically used in heavy duty diesel
(compression ignition) engine applications. M-85 is aso used in the flexible fuel vehicle
(FFV) application where such vehicles can operate on any mixture in proportions of M-85
and conventional unleaded gasoline.
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3.3.11 Safety Issues
(@) General Properties Affecting Fire Hazards

The physical properties of methanol that affect fire hazards include its volatility, flash point
temperature, range of flammability limits, autoignition temperature, and electrical
conductivity. There are other properties of importance that affect the consequences or
potential damage associated with a methanol (or any aternative fuel) fire. These include the
bum rate of liquid pools, the heating value of the fuel, flame temperature, and thermal
radiation emitted from the fire.

Section 3.3 of this report provides a relative comparison of the physical characteristics of
each alternative fuel that affects the safety, health, or environmental effects associated with
itsuse. In this section, the major physical characteristics that differentiate the hazards
associated with each fuel are summarized.

One general physical characteristic that differentiates methanol from other fuelsisits
corrosive characteristics. Methanol isincompatible with several types of materials normally
used in petroleum storage and transfer systems, including aluminum, magnesium, rubberized
components, and some other types of gasket and sealing materials® Therefore it is necessary
to take specia precautions to ensure that methanol is transported or stored in containers and
transfer lines that have been specifically selected for that purpose.

The other significant difference between methanol and other AMFsisthat it is considered to
be more toxic. However, exposure limits for inhalation of methanol vapor are only dlightly
lower than those for gasoline (200 ppm threshold limit value [TLV] for methanol vapor; 300
ppm for gasoline vapor)? Since gasoline is much more volatile than methanal, it is likely that
more gasoline vapors will be generated for an equivalent spill volume and therefore are more
likely to be hazardous to the persons exposed.

NFPA 325M - Fire Hazard Properties of Flammable Liquids, Gases, and Volatile Solids,
1991 Edition provides a Health Hazard Rating that provides an assessment of exposure risks
for fire fighters. Methanol, along with natural gas, gasoline, and propane, has a hazard
degree of 1, which isamaterial that, on exposure, would cause irritation, but only minor
residual injury and is considered as only dightly hazardous to health. All of the other AMFs
have a hazard degree of 0 which means that under fire conditions, they offer no hazard
beyond that of ordinary combustible material.

One other general property of methanol is the low flame luminosity of a pure (M-100)
methanol fire. This makesit difficult to see the fire or even estimate its size, particularly if it
occurs in bright daylight. The methanol blends (M-85) have increased visibility because the
burning of the gasoline fraction produces some luminance®

One other property of interest is the relative vapor density of methanol compared to air; at 1.
I, methanol vapor is heavier than air. Therefore the vapor will tend to accumulate at ground
level or in low-lying areas such as maintenance pits’ If the methanol vapor is not quickly
dissipated through adequate ventilation, it will linger in the low-lying areas creating an
increasing opportunity for exposure to an ignition source and a subsequent fire.
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The addition of unleaded gasoline to methanol to create M-85 can improve the cold starting
capabilities and increase the flame luminosity of the fuel. With regard to some of the key
characteristics noted above, the presence of the gasoline can be expected to reduce the
corrosivity of the M-85 compared to M-100, but it will also increase the toxic health hazards.'

(b) Fire Hazards During Transport

The bulk transport of methanol is usually done by a standard petroleum products tanker truck
which carries approximately 10,000 gallons of fuel. From afire hazard perspective, thereis
little discernible difference in the bulk transport of methanol compared to gasoline or diesdl.
There is no reason to expect that methanol transportation, in general, will be any more
subject to leaks or spills than conventional gasoline or diesel transport. However, one
specific issue that must be considered is the possible use of materials that may not be
methanol compatible in the tanker truck. This could become a problem if there is along-
term exposure of methanol to seals and gaskets that may deteriorate and become subject to
leaks.

One physical characteristic of methanol that is an important fire hazard consideration during
both transport and storage is the combination of vapor pressure and flammability limits. For
M-100, vapor/air mixtures are potentially flammable at volume concentrations ranging from
6.7 to 36 percent. Inafuel or storage tank, a methanol liquid temperature between 10°C to
43°C (approximately 50°F to 110°F) at standard atmospheric pressure will create a
flammable vapor/air mixture.* Therefore any ullage space in a container or storage tank that
is vented to the atmosphere will contain flammable vapor-air mixtures at normal ambient
temperatures found in transport and storage operations.

This condition is different from the ullage space in a gasoline container or storage tank where
the vapor concentration will be above the flammable limits range at normal temperature and
pressure (i.e., too "rich"). In the case of diesal fuel, which is much less volatile than
methanol, the vapor/air mixture in the headspace will generally be below the flammable
limits (i.e., too "lean") at normal ambient temperatures.

Therefore, with methanol, it is extremely important to ensure that there are strong safeguards
against any ignition sources inside the tank and that any vent lines or other openings have
flame arrestors. Any fill lines must extend below the liquid methanol surface to provide a
seal between any external ignition sources and the methanol/air vapor.

The transport of M-85, assuming that it is not blended on-site at the fleet operators facility,
mitigates some of the problems noted above for M-100. In general, M-85 is quite sSimilar to
gasolinein its flammability characteristics because the fuel vapor is composed primarily of
gasoline.®> Under normal circumstances, the headspace in the container or Storage volume
will contain a vapor/air mixture that is above the flammability limits concentration range,
i.e., too rich to burn.
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(c) Fire Hazards During Unloading to Fleet Storage

The transfer of methanol from the bulk transport tanker truck to fleet storage must take into
account the fact that any vapor/air mixture that leaks during the transfer operation will create
aflammable volume. In addition, any methanol spill will quickly vaporize and form
flammable vapor/air mixtures. For thisreason, it isessential that all hose connectors have
mechanical locking features, vapor recovery devices be in place between the tanker truck and
the fuel storage tank, and that grounding devices be provided to prevent static electrical
discharges from taking place. As noted earlier, any vent lines should have spark arrestors
and the fill line should extend to the bottom of the storage tank.

(d) Fire Hazards During Fleet Storage

Methanol fuel istypically stored in an underground tank that is sized to meet the needs of
fleet operations. The installation must be designed to use methanol compatible materials to
avoid long term degradation and leaks. Fuel storage tanks designed for diesel or gasoline use
may not be methanol compatible.

The fire hazards associated with M-100 storage will be greater than for diesel fuel storage
because it is a much more volatile fuel. A spill or leak of M-100 will create a much larger
volume of flammable vapor/air mixture than an equivalent diesel spill. However, the fire
hazards associated with methanol storage should be approximately the same as, or lower
than, with gasoline storage. Gasoline is more volatile than methanol; however, the potential
range of flammability limits for M-100 is much greater (6.7% to 36%) than for gasoline
(1.4% to 7.6%). This means that, considering an equivaent spill or leak (volume) of fuel,
there will be an increased probability that the methanol/air vapor will come in contact with
an external ignition source when compared to gasoline.

It should be noted that the range of flammability limits for most AMFs are highly dependent
upon the maximum temperature of the fuel. For example, if M-100 is only exposed to a
maximum temperature of 22 C (70 F) it isonly possible to reach a maximum volume
concentration of approximately 13% methanol based on its equilibrium vapor pressure at 22
C and at atmospheric pressure. Therefore, the actual range of flammability limits for
methanol may not be greater than the range for other AMFs.

The use of M-85 is primarily considered as an AMF for light and medium duty gasoline
engines, therefore, it is appropriate to consider the fire hazards as being comparable to that of
gasoline. In fact the volatility and flammability limits of M-85 are very similar to those for
gasoline because the fuel vapors from the blend are composed primarily of gasoline.
Therefore, al of the precautions that are normally associated with gasoline storage must be
observed. These are primarily those that are designed to minimize the presence of any
external ignition sources. In addition, the presence of methanol requires that the storage tank
installation must be methanol compatible.
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3.3.1.2 Health Issues

Exposure to methanol can occur through inhalation of vapor, or through ingestion or skin
contact with the liquid fuel. The toxic effects of methanol are the same regardless of the
means of exposure. Considering the fact that methanol is quite volatile, it ismost likely that
the typical route for exposure is through inhalation of methanol vapors.

Among the AMFs considered in this study, methanol vapor is considered the most toxic for
inhalation exposure. The measure of fuel toxicity is the threshold limit value (TLV) for
vapor exposure and it can be expressed in terms of either a time-weighted average (TWA) for
an eight-hour workday or a 40-hour week, or as a short term exposure limit (STEL)
expressing the maximum concentration allowable for a 15-minute exposure. For methanol
vapor, the TLV-TWA value is 200 ppm, while the TLV-STEL vaueis 250 ppm.? Other
AMF vapors have toxicity (TLV-TWA) concentration values that are at least five times
higher. Asnoted earlier, none of the AMFs are considered to be serious health hazards by
the NFPA based on potential exposure during fire fighting activities.

Interestingly, conventional gasoline hasa TLV-TWA close to that of methanol (300 ppm
versus 200 ppm) and it ismore volatile. Therefore, the toxic exposure risks with both of
these fuels are likely to be similar. Diesel fuel vapors are apparently much more toxic than
either methanol or gasoline since the TLV-TWA value for kerosene (as a proxy for diesel
fuel) isonly 14 ppm.? Fortunately, diesel fuel isrelatively non-volatile at normal ambient
temperature, therefore vapor exposure is not a significant issue.

The health issues with M-85 are similar to M-100. Considering the relative vapor toxicity
and volatility of both methanol and gasoline, M-85 must be considered in the same health
hazards category as M-100.

Personnel involved in the bulk transport and storage of both M-85 and M-100 must be
protected from exposure through proper design of tanks and transfer lines, selection of
methanol compatible materials, use of personnel protection equipment, and proper training to
avoid accidental exposure. Something as smple asadrain line for afuel filter or atransfer
hose for emptying fuel tanks can help to reduce exposure for the personnel working on the
equipment.

3.3.1.3 Environmental Issues

The major environmental issues of concern with al liquid AMFsisafue spill, particularly a
spill that reaches a sewer or drainage system. The release of flammable liquids into a sewer
system is prohibited by NFPA-30 - Flammable and Combustible Liquids Code. One of the
physical properties of methanol that affects fuel spillsisits water solubility. Normally, fuel
handling facilities that have an emergency drain connecting to a sewer will have a separator
or clarifier to ensure that the fuel (gasoline or diesel) will not reach the sewer. This approach
will not work with methanol since it is soluble in water and will pass directly through the
separator. Methods for separating methanol from water exist but they are quite complex and
costly. Therefore, the best approach is to ensure that any spillsin afacility are absolutely
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prevented from entering any drain through the use of impoundment systems to contain the
entire volume of any potential above ground spill. In abulk transport situation there is
obviously no way to provide such assurance for any type of liquid AMF.

Fortunately, methanol is quite volatile so that it will not persist for along period of time
when exposed to the environment. Methanol also biodegrades quickly.

3.3.2 Ethanol/Ethanol Blends

General Description

Ethanol is produced by the fermentation of plant sugars. Typically, it is produced in the
United States from corn and other grain products, while some imported ethanol is produced
from sugar cane. Like methanol, ethanol is a pure organic substance whose physical and
chemical properties are invariant, unlike some other AMFs such as natural gas or propane
which are mixtures of different hydrocarbon molecules with no standard or average
composition.

Pure or neat ethanol (E-100) israrely used for transportation applications because of the
concern about intentional ingestion. In fact, ethanol for commercial or industrial useis
aways denatured (small amount of toxic substance added) to avoid the federal acoholic
beverage tax. Therefore, it isunlikely that ingestion would be a serious problem. For heavy
duty diesel (compression ignition) engine applications, such as transit buses, two ethanol
blends have been used:

Ethanol E-95, composed of 95 percent ethanol and 5 percent unleaded gasoline.
Ethanol E-93, composed of 93 percent ethanol, 5 percent methanol, and 2 percent
kerosene.

Both blends have been used in Detroit Diesel heavy duty engines similar to the 23:1 high
compression ratio engines developed for methanol. For light and medium duty gasoline
(spark ignition) engine applications, the typical ethanol blend is 85% ethanol and 15%
unleaded gasoline. Thisfuel issimilar to M-85; therefore, it can be used in flexible fuel
vehicles which can ignite any mixture composition of E-85 and unleaded gasoline.

3.3.2.1 Safety Issues
(a) General Properties Affecting Fire Hazards

The general properties of ethanol (C, Hs OH) are relatively similar to those of methanol
(CH3 OH). With respect to fire hazards, ethanol is less volatile than methanol (the Reid
vapor pressure of ethanol is less than half that of methanol) and the range of flammability
limitsissmaller. On thisbasis aone, ethanol is safer than methanol. However, as pointed
out above, there are relatively few situations where the ethanol will be in a pure form since it
isusually used as either E-95 or E-85. With both ethanol and methanol blends, any fuel
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vapors will contain a substantial percentage of gasoline, therefore there would be very little
difference in the flammability characteristics of the two fuels.

There are other general physical characteristics of pure ethanol that are important from a
safety perspective. While ethanol isless corrosive to metals, gaskets, and seals than
methanol, it is still necessary to make sure that any container, transfer lines, and fittings are
made from materials that are ethanol compatible. Ethanol vapor is much heavier than air
(much more so than methanol) so that any vapor from aleak will move downwards and
collect in low lying areas where it may linger as a flammable vapor/air mixture unless there
is adequate ventilation. Fortunately ethanol, ssimilar to gasoline, has arelatively low odor
threshold such that personnel in the vicinity of aleak of E-100 or any blend should be able to
rapidly detect it. Asnoted in Reference 2, there is considerable variation in the reported odor
threshold data for various AMFs, particularly ethanol and methanol. Therefore, the detection
of aleak of any AMF by odor is subject to a number of variables.

(b) Fire Hazards During Transport

The bulk transport of pure ethanol or ethanol blends by tanker truck will be subject to the
same types of hazards as other bulk transportation of petroleum products. Aslong asthe
tanker truck container, lines, and fittings are constructed from ethanol compatible materials,
there would be no reason to expect an increased rate of leaks or spills when compared to the
equivalent volume of gasoline or diesel fuel transported.

Aswith M-100, the bulk transport and storage of E-100 will involve an ullage space
vapor/air mixture that is in the flammable range at volume concentrations from 3.3 to 19%,
corresponding to ethanol tank temperatures between 4°C and 46°C (approx. 40-115°F).*
Therefore, stringent precautions have to be taken to avoid the possibility of ignition sources
inside any container or tank containing E-100.

Ethanol blends, typically E-85, that are transported will exhibit volatility and flammability
characteristics that are very similar to gasoline because the fuel vapors will be composed
primarily of gasoline. Aswith methanol blends, the headspace vapor/air mixture for E-85
will be above the flammability limits concentration range.

(c) Fire Hazards During Unloading to Storage
The transfer of E-100 from bulk transport truck to fleet storage must take into account the
volatility and flammability of any leaked or spilled fuel. The following precautions are

necessary:

hose connections with mechanical locking fasteners;
vapor recovery devices; and
grounding devices to prevent static electric discharge.
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The unloading of E-100 and ethanol blends must be accomplished at the same level of safety
standards as used for gasoline. These standards are spelled out in NFPA30-Flammable and
Combustible Liquids Code and NFPA30A-,Automotive and Marine Service Station Code.
These codes address fueling facility, storage, and handling requirements for all flammable
and combustible liquids including both M-100 and E-100. It is of interest to note that the
NFPA classification for gasoline, M-100, and E-100 is exactly the same (Class IB flammable
liquids defined as those having closed-cup flash points below 23°C and having a boiling
point at or above 38°C). Thisisan example of the need to consider the spectrum of fire
hazard properties when considering AMFs because as discussed above, the ullage space
hazards alone make the transport and transfer of E- 100 (and M-100) an increased fire hazard
risk when compared to the blended fuels and gasoline.

(d) Fire Hazards During Fleet Storage

Ethanol fuel storage requires the selection of materials that will not degrade over the long
term. Fuel tanks designed for diesel or gasoline use may not be ethanol compatible.

The safety precautions that must be taken with ethanol storage are similar to those for
methanol and include:

Positive prevention of ignition sources entering the storage space by providing such
devices as spark arrestors in vent pipes, properly sized ground straps, and fill pipes
extending to the bottom of the tank; and

Prohibiting the placement of any pumps or other equipment within the storage tank that
can create an ignition source.

All of the above requirements for the prevention of ignition sources, leaks and spills, and
adequate provision for handling any leakage of spills when storing or handling ethanol (and
any other NFPA-designated flammable or combustible liquids) are spelled out in great detail
in the applicable NFPA codes. For example, typical ignition sources identified in NFPA30
include:

open flames - spontaneous ignition

lightning - frictional heat or sparks

hot surfaces - dtatic electricity

radiant heat - electrical sparks

smoking - stray currents

cutting and welding - ovens, furnaces, heating equipment

Therefore, there is avery substantial base of experience in handling and storage of such
flammable liquid AMFs, such as E-100, E-85, M-100, and M-85. The experience has been
codified into the NFPA codes which are used by local regulatory authorities (or alternatively,
the Uniform Fire Code which is used more often in the Western part of the U.S.). On the
presumption that these codes are followed by the agencies involved in the bulk transport and
storage of AMFs, in cooperation with local fire authorities, there is no reason to expect a
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greater incidence of firesin ethanol (or other AMF) storage situations then for a comparable
number of gasoline storage facilities.

3.3.2.2 Health Issues

Ethanol is less toxic than methanol. The threshold limit value-time weighted average (TLV-
TWA) concentration for ethanol vapor is 1,000 ppm compared to 200 ppm for methanol.
Extensive skin exposure to ethanol can cause redness and irritation. Concern about
intentional ingestion of ethanol by employees is mitigated by the fact that acohols intended
for industrial use must be denatured in order to avoid the federal alcoholic beverage tax.
Denatured acohal is ethanol that contains a small amount of a toxic substance such as
methanol or gasoline, which cannot be removed easily by chemical or physical means.
However, ethanol fuels have been widely advertised as food-based, so there may be
confusion among some users concerning the denatured status of fuel ethanol.

3.3.2.3 Environmental Issues
The major environmental concern with ethanol is the same as for methanol; sinceit is water
soluble, it is necessary to take stringent precautions in order to ensure that any ethanol spill

does not reach a sewer or drainage system. These same precautions cannot be assured for the
bulk fuel transport situation.

3.3.3 Compressed Natural Gas

3.3.3.1 General Description

Natural gas has been used as a vehicle fuel in the United States for several decades. Because
of the residential and industria use of natural gas, the industry has its own distribution
system and supply network that is much more extensive than for any other liquid or gaseous
AMF. Theissues of bulk transport and storage are completely different from most of the
other AMFs which are typically transported to fleet storage via tanker truck, unless the
natural gas has been liquefied. (Liquefied Natural Gas [LNG] is presented in the next
section.)

The typical fuel system for natural gas vehiclesis one with highly compressed (typically 20
to 25 MPaor 3,000 to 3,600 psi) gas stored in high pressure cylinders on the vehicle. The
containment of natural gas at such high pressures requires very strong storage tanks which
are both heavy and relatively costly. This distinguishing feature of CNG is the one that has
the most impact on safety issues.

CNG is generally produced on-site at afleet fueling facility using compressors fed from a
nearby natural gas pipeline in conjunction with some limited high pressure on-site storage.
For example, with very large fleets, the preferred approach will involve direct fast fill from
the compressor where the compressor flow rate is sufficient to fill avehicle tank in less than
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10 minutes. In order to accomplish thisfilling effectively, an intermediate high pressure
storage tank with avolume of 3to 4 times the vehicle fuel tank capacity is required.”> For
dow fill (overnight), there is no need for alarge storage tank, asmall buffer tank is
sufficient.

3.3.3.2 Safety Issues
(a) General Properties Affecting Fire Hazards

Natural gasisamixture of gases comprised primarily of methane with small amounts of
ethane, propane, and butane. These heavier hydrocarbons (i.e., ethane, propane, and butane)
tend to reduce the octane rating of natural gas. Therefore, the actual composition of the
natural gas plays an important role in the performance of fleet vehicles. For the purposes of
discussion in this report, the physical properties are based on the properties of the principal
component, methane, unless otherwise specifically noted. The typical range of methane for
pipeline natural gas in various parts of the country is from approximately 80% to 95%. The
Cdlifornia Air Resources Board (CARB) has adopted specifications for natural gasas a
vehicular fuel which require that the methane content be greater than 88%. Even with this
type of specification, thereis still considerable variation possible in the general physical
properties of natural gas.

The physical properties of natural gas that affect safety include the autoignition temperature
and the flammability limits range. The autoignition temperature (also known as ignition
temperature) is the lowest temperature at which a substance will ignite through heat alone,
without an additional spark or flame. The ignition temperature of natural gas varies with fuel
composition, but it is always lower than that of pure methane. The estimated ignition
temperature of natural gasisin the range from 450-500°C. The flammability limits range for
natural gasis approximately 5% to 15% volume concentration.

More importantly, the leakage of compressed natural gas will immediately form alarge
gas/air mixture volume that is in the flammable range within a portion of the immediate area
around the leak. A unit volume of CNG at 25 MPa psi will expand by approximately 200
times when released to the atmosphere. The ignition energy required is very small for
virtually all of the AMF vapor/air mixtures being considered (in the range from
approximately 0.15 to 0.30 millijoules)®. Therefore, the existence of a CNG leak creates an
increased probability of exposure to a stray ignition source such as a static electric spark
when compared to the leakage of an equivalent mass of an AMF that is expelled in aliquid
form and vaporizes over a period of time.

Natural gasis colorless, tasteless, and relatively nontoxic. An odorant is added in such
amounts to make the odor noticeable at 115 of the lower flammability limit of 5%. Thus, the
odor threshold for CNG is approximately 10,000 ppm. Therefore, personnel in the vicinity
of anatural gasleak will be able to detect the presence well before the gas has reached the
flammable limit in the area adjacent to the person.
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The most unique physical characteristic of CNG does not derive from the physical properties
of methane, but from the fact that the gasis stored at an extremely high pressure for use as a
vehicular fuel. The presence of material stored and transferred at pressures that far exceed
the normal experience of most fleet operations personnel raises the standard of precaution
and training required. Inadvertent opening of valves or loosening of fittings containing high
pressure natural gas will not only lead to creation of afire hazard, but can also result in the
high velocity g ection of metal parts or fragments that could be lethal to nearby personnel.

The existence of the high pressure methane gas al so leads to thermodynamic expansion
considerations which have not been addressed thoroughly in prior studies of CNG safety.
The rapid expansion of methane gas from a high pressure cylinder or transfer line leak to
atmospheric pressure will inevitably result in a significant cooling effect which will result in
avapor cloud of very cold and dense gas. Conventional practice has been to assume that any
leak of CNG will riseimmediately due to the fact that methane at normal temperaturesis
lighter than air. Consequently, safety design practices have been focused on ceiling
ventilation and detection of methane vapors. In fact, it is highly likely that any significant
leakage from storage tanks and transfer lines will migrate down and fill in low lying areas as
it is moved about by any wind or circulatory effects. Ultimately, the methane will warm up
and rise (assuming a flammable mixture has not come into contact with an ignition source),
but it is extremely difficult to estimate the time involved and the configuration of the
flammable methane/air mixture during that time period.

(b) Fire Hazards During Transport

In most cases, the only "transport” issue involves the connection from the existing natural gas
pipeline to the fleet operators compressor station. The local gas utility will typically work
with the fleet operator to provide an underground supply delivering pipeline quality natural
gas at pressures ranging from 5 to 50 psig. While thisis a much lower pressure, thereis still
asignificant potential for amassive gas release if there is some unauthorized digging or
trenching at the connection line resulting in aline break, or in the event of an on-site accident
resulting in aline rupture at the connection to the compressor station. One necessary
provision is arapid and positive means of shutting off the supply flow from the pipelinein
the event of any type of leak in the supply line.

In some cases, natural gasis delivered to the fleet user in compressed form by means of a
truck trailer containing compressed gas. This type of gas delivery may be used on a
permanent basis for small users who cannot justify the cost of a compressor station, or on a
temporary basis to users whose compressor station is unavailable.

In this case, issues arise concerning the crashworthiness of the trailer: while the gas cylinders
themselves are robust, the valves and associated piping may be vulnerable. Also, itis
possible that the tanks might be exposed to a gasoline- or diesel-fueled fire should the tractor
trailer truck be involved in atraffic accident.

The use of the CNG delivery trailer also requires that flexible connections be made and
broken in the course of each delivery. Experience shows that extra vigilance is necessary
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during truck loading and unloading because of the making and breaking of connections,
possibility of leaking connections, possibility of truck movement when connected, etc.

(c) Fire Hazards During Transfer to Fleet Storage

In the case of CNG, the process involves the compression of the natural gas to the desired
pressure (approximately 25 MPa, 3600 psi) and transfer to the storage tank systems. There
are various approaches that can be used for the CNG storage depending upon whether a fast
fill (i.e., approximately 9,000 SCF of gas transferred to a vehicle in less than 10 minutes) or a
dow fill (many hours or overnight) approach isused. In either case, however, there is some
limited storage involved at pressures from 20 or 25 MPa (slow fill) up to 35 MPafor fast fill
operations.

Pipeline natural gas contains small amounts of nitrogen, carbon dioxide, hydrogen sulfide,
and helium. The quantity of these contaminant gases can vary from zero to afew percent
depending upon the source and seasonal effects. More importantly, the pipeline gas can
contain water vapor in amounts up to 112 Mg/m? (7 Ibs. per million cubic feet) of gas.

The carbon dioxide and hydrogen sulfide components of natural gas, in the presence of
water, can be corrosive to carbon steel. The corrosive effect is increased by pressure. Since
the pressure considered in CNG vehicle applications is so high, there is areal concern about
excessive corrosion leading to the sudden explosive rupture of a container. NFPA 52
Compressed Natural Gas (CNG) Vehicular Fuel Systems, 1992 Edition provides that the gas
quality in any pressurized system components handling CNG comply with the following
specification:

H?S and soluble sulfides partial Pressure ... .......ooccceccceeeessssscies 0.35 kPa, max
(VAT = Y7z o G 112 mg/m3(7.0 I1b./MMSCF), max
CO? PArtial PrESSUME ........ceeeeeeeeeeeeeeeeee oo weeeeesseseeeeeesseseens eeessesseee 48 kPa, max
O 0.5 volume %, max

The NFPA committee involved in developing the standard relied on field experience and
research which led them to believe that if the water content is limited as specified above, the
potential for corrosion problemsis not a major concern. It should be noted that a water vapor
content of 112 mg/m® amounts to a very small concentration of water vapors; therefore,
natural gas at or below thislevel isquite dry. The federal government has taken a more
conservative position due to the corrosion failure of a cylinder comprising one of several ina
tube trailer in 1978. Asaresult, U.S. DOT has specified the composition of CNG being
transported in interstate commerce. The limits for the corrosive components are very low,
including an upper limit for water vapor set at 8 milligrams per cubic meter of gas.

The existence of this potential problem with the corrosive properties of natural gas makes it
necessary to dry and treat the gas before high pressure storage whenever such corrosive
constituents are in place. NFPA 52 aso states that cast iron, plastic, galvanized aluminum,
and copper alloys exceeding 70% copper are not approved for CNG service because these
materials lack the necessary strength or resistance to corrosion required for CNG service.
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In addition to the NFPA standard, the Society of Automotive Engineers has established SAE
J1616 Recommended Practice for Compressed Natural Gas Vehicle Fuel with provisions
intended to protect the interior of the fuel container, as well as other fuel system components,
from corrosion.®

All of the above servesto point out that there is a substantial level of care which must be
taken in the design and operation of high pressure CNG storage systems in order to avoid
leaks or ruptures. In the event of aleak or rupture, the CNG fuel flow rate out of the storage
tank or piping can be very high, and any ensuing fire (or explosion) will be likely to have a
very high heat release rate. Compounding this problem is the difficulty of shutting off the
CNG leak and extinguishing the fire.

(d) Fire Hazards During Storage

The amount of CNG that has to be stored at the fleet operator's facility is a function of the fill
technique. For fast fill, the CNG storage volume should be at least 3 times (often up to 4
times) the individual fleet vehicle fuel tank volume. For atypical 40-foot bus, the fuel tanks
would require approximately 250 kg. of CNG. Thiswould mean a buffer storage capacity of
approximately 750 to 1,000 kg. Compared to other AMFs, this storage volume is fairly
small, thereby reducing the total potential fire and explosion impact of a massive rupture of
the storage tank.

A dow fill system would have a much smaller buffer storage system because the
compression system would typically be sized to handle the maximum number of vehiclesto
be fueled on an overnight basis.

In the unlikely event that a fleet operator decided to fast fill from a mobile CNG tube trailer
truck, the amount of CNG stored on- site would increase substantially. 1f more than one
trailer were present on the site, the total amount of CNG would be in the order of 6,000 kg
(13,000 Ib). The Environmental Protection Agency has recently (Federal Register, January
31, 1994, pp. 4478-4499) issued a Final Rule promulgating alist of regulated substances and
thresholds required under Section 112(r) of the Clean Air Act, as amended. Methaneison
the list of regulated flammable substances with a threshold quantity of 4550 kg (10,000 Ib).
A facility storing more than this threshold amount is subject to the development and
submission of a Risk Management Plan (RMP) which includes a hazard assessment, a
prevention program, and an emergency response program. The RMP requirement isin the
rulemaking process currently; the proposed rule was published on October 20, 1993 (58 FR
54190).

This requirement is much more applicable to the storage of LNG, hydrogen, and propane

where there is more likely to be more than 4550 kg (10,000 Ib.) stored at afacility. This
threshold quantity can easily be exceeded for AMFs used in medium to large fleet operations.
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3.3.3.3 Health Issues

The principal constituents of natural gas, methane, ethane, and propane, are not considered to
be toxic. The American Conference of Governmental Industrial Hygienists (ACGIH)
considers those gases as simple asphyxiants, which are a health risk ssmply because they can
displace oxygen in a closed environment. The Occupational Safety and Health
Administration (OSHA) has set a time-weighted average (TWA) personal exposure limit
(PEL) of 1,000 ppm for propane. A number of minor constituents of natural gas have
ACGIH-listed threshold limit values (TLVs), including butane - 800 ppm, pentane - 600
ppm, hexane - 50 ppm, and heptane - 400 ppm. The effective TLV for an average natural gas
composition, considering all of these limits, is about 10,500 ppm.*

The odor threshold of odorized natural gasis about 10,000 ppm. Therefore, it isunlikely that
personnel will be unknowingly exposed to the TLV concentration since they can detect it by
odor.

3.3.3.4 Environmental Issues

There are no significant environmental hazards associated with the accidental discharge of

CNG.

3.3.4 Liquefied Natural Gas

3.3.4.1 General Description

Liquefied natural gas (LNG) is produced by cooling natural gas and purifying it to adesired
methane content. The typical methane content is approximately 95% for the conventional
LNG produced at a peak shaving plant. Peak shaving involves the liquefaction of natural gas
by utility companies during periods of low gas demand (summer) with subsequent
regasification during peak demand (winter). It isrelatively easy to remove the non-methane
constituents of natural gas during liquefaction. Therefore, it has been possible for LNG
suppliersto provide a highly purified form of LNG known as Refrigerated Liquid Methane
(RLM) which is approximately 99% methane.

The primary advantage of LNG compared to CNG isthat it can be stored at arelatively low
pressure (20 to 150 psi) at about one- third the volume and one-third the weight of an
equivalent CNG storage tank system. The big disadvantage is the need to deal with the
storage and handling of a cryogenic (-160°C, -260°F) fluid through the entire process of bulk
transport and transfer to fleet storage.
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3.3.4.2 Safety Issues
(a) General Properties Affecting Fire Hazards

Even though the end product of the use of CNG and LNG for vehicular applicationsis
essentially the same, the general properties affecting safety are quite different. On one hand,
LNG isamore refined and consistent product with none of the problems associated with
corrosive effects on tank storage associated with water vapor and other contaminants. On the
other, the cryogenic temperature makes it extremely difficult or impossible to add an odorant.
Therefore, with no natural odor of its own, thereis no way for personnel to detect leaks
unless the leak is sufficiently large to create a visible condensation cloud or localized frost
formation. It isessential that methane gas detectors be placed in any areawhere LNG is
being transferred or stored.

The cryogenic temperature associated with LNG systems creates a number of generalized
safety considerations for bulk transfer and storage. Most importantly, LNG isafuel that
requires intensive monitoring and control because of the constant heating of the fuel which
takes place due to the extreme temperature differential between ambient and LNG fuel
temperatures. Even with highly insulated tanks, there will always be a continuous build up
of internal pressure and a need to eventually use the fuel vapor or safely vent it to the
atmosphere. When transferring LNG, considerable care has to be taken to cool down the
transfer linesin order to avoid excessive amounts of vapor from being formed.

The constant vaporization of the fuel aso has an interesting effect on the properties of the
fuel, unlessit isahighly purified form of LNG, i.e.,, RLM. The methane in the fuel will boil
off before some of the other hydrocarbon components such as propane and butane.
Therefore, if LNG is stored over an extensive period of time without withdrawal and
replenishment the methane content will continuously decrease and the actual physical

characteristics of the fuel will change to some extent. Thisis known as "weathering" of the
fud. 7

Another consideration is that under low temperatures, many materials undergo changesin
their strength characteristics making them potentially unsafe for their intended use. For
example, materials such as carbon stedl lose ductility at low temperature, and materials such
as rubber and some plastics have a drastically reduced ductility and impact strength such that
they will shatter when dropped.

As before, many of these potential issues have been identified and addressed in the various
codes that have been developed by the NFPA and under the Uniform Fire Code. For
example, the NFPA has the following national standards and codes applicable to LNG:

NFPA 59A - Standard for Production, Storage, and Handling of Liquefied Natural Gas

NFPA 57 (draft) - Standard for Liquefied Natural Gas Vehicular Fuel Systems (final code
expected to be published in 1995)
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(b) Fire Hazards During Transport

LNG may either be liquefied on-site or it can be delivered to fleet storage using a standard
10,000 gallon LNG tanker truck. In general, only the largest fleet operators would find on-
site liquefaction to be advantageous. Typical LNG storage vessels, including those used on
the tanker truck, have the following basic components:

INNER PRESSURE VESSEL made from nickel steel or aluminum alloys exhibiting high
strength characteristics under cryogenic temperatures

Severa inches of INSULATION in avacuum environment between the outer jacket and
the inner pressure vessel. Stationary tanks often use finely ground perlite powder, while
portable tanks often use aluminized mylar super-insulation.

OUTER VESSEL made of carbon steel and not normally exposed to cryogenic
temperatures

CONTROL EQUIPMENT consisting of loading and unloading equipment (piping,
valves, gages, pump, etc.) and safety equipment (pressure relief valve, burst disk, gas
detectors, safety shut off valves, etc.)

The double walled construction of the LNG tanker truck is inherently more robust than the
equivalent tanker truck design for transport of other liquid AMFs. Therefore, the transport of
LNG is safer from the perspective of fuel spills resulting from atank rupture during an
accident. A rupture of the outer vessel would cause the loss of insulation and result in an
increased venting of LNG vapor. While thisis of concern, it is relatively minor compared to
the prospect of an LNG spill.

An explosion of an LNG container isa highly unlikely event that is possible only if the
pressure relief equipment or system fails completely or if there is some combination of an
unusually high vaporization rate (due to loss of insulation) and some obstruction of the
venting and pressure relief system preventing adequate vapor flow from the inner pressure
vessal with aresultant pressure build up. If the pressure builds up to the point where the
vessel bursts, the resulting explosion is known as a BLEVE (boiling liquid expanding vapor
explosion) with the container pieces propelled outward at a very high velocity.” Thisisa
highly unlikely event due to the extensive requirements for pressure relief including pressure
relief valves and burst discs that are built into the design codes. (There have been no reports
in the literature reviewed of any BLEVE occurring with LNG.)

In the event that the LNG vessel is ruptured in a transport accident and the LNG is spilled,
there will be ahigh probability of afire because aflammable natural gas vapor/air mixture
will be formed immediately in the vicinity of the LNG pool. In an accident situation, thereis
a high likelihood of ignition sources due to either electrical sparking, hot surface, or possibly
afuel fire created from the tanker truck engine fuel or other vehiclesinvolved in the accident.
The vapor cloud from an LNG pool will be denser than the ambient air; therefore, it will tend
to flow along the ground surface, dispersed by any prevailing winds.

When spilled along the ground or any other warm surface, LNG boils quickly and vaporizes.

A high volume spill will cause a pool of LNG to accumulate and the boiling rate will
decrease from an initial high value to alow value as the ground under the pool cools. The
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heat release rate from an LNG pool fire will be approximately 60% greater than that of a
gasoline pool fire of equivalent size.

(c) Fire Hazards During Transfer to Fleet Storage

The transfer of LNG from atanker truck to fleet storage is a complex process that involves
the active participation of both the tanker truck driver and a representative of the fleet
operator. A partia listing of some of the steps involved provides some indication of the
safety precautions that are necessary.’

After the truck is chocked and the engine is shut off, a grounding cable is attached to the
truck to ground any electrostatic discharge.

A flexible liquid transfer hose is attached to the tanker and purged with LNG to remove
al ar.

A fleet operator representative will open the storage vessel liquid fill line and the driver
will open the trailer's main liquid valve.

The driver will control the pressure in the trailer tank via a pressure building line where
LNG is vaporized and returned to the tank to maintain a pressure differential of at least
15 psi between the tanker and the storage vessel.

The driver will use a mechanical means to maintain atight connection at the hose coupler
to compensate for differential expansion.

The safety features that are typical of truck storage transfer of LNG include equipment
design such astrailer liquid valves that are interlocked with the truck brake system to prevent
fuel transfer before the truck is properly secured; remote-controlled, redundant liquid valves;
storage vessel alarms to prevent overfill; and long drain lines for safety-directing vented
LNG vapor.

The complexity of the fuel transfer arrangement creates the potential for leaks and spills
through human error and equipment failure. One of the particular concernsis that the fuel
transfer equipment goes through a continuous cycle of cool down to cryogenic temperatures
and warm up to ambient temperature. This type of thermal cooling can create additional
stresses on equipment and sealing devices which could result in decreased reliability over
time.

(d) Fire Hazards During Fleet Storage

LNG storage facility requirements for a total on-site storage capacity of 70,000 gallons or
less are defined in the draft NFPA 57 - Standard for Liquefied Natural Gas (LNG) Vehicular
Fuel Systems. NFPA 59A - Standard for the Production, Storage, and Handling of Liquefied
Natural Gas (LNG) is applicable to storage volumes above 70,000 gallons. Both of these
standards address similar issues including siting of the storage tank, provision for spill and
leak control, and the basic design of the storage container and LNG transfer equipment.

One of the mgjor provisions at any LNG storage facility is the requirement to provide an
impounding area surrounding the container to minimize the possibility of accidental
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discharge of LNG from endangering adjoining property on important process equipment and
structure, or reaching waterways. This requirement ensures that any size spill at afleet
storage facility will be fully contained and the risk of any fire damage will be minimized.

()  Other Hazards

LNG has a unique safety hazard among the AMFs because of the potential exposure of
personnel to cryogenic temperatures. Workers can receive cryogenic burns from direct body
contact with cryogenic liquids, metals, and cold gas. Exposureto LNG or direct contact
with metal at cryogenic temperatures can damage skin tissue more rapidly than when
exposed to vapor. It isalso possible for personnel to move away from the cold gas before
injury.

The risk of cryogenic bums through accidental exposure can be reduced by the use of
appropriate protective clothing. Depending upon the risk of exposure, this protection can
range from loose fitting fire resistant gloves and full face shields to special extra protection
multi-layer clothing.

Another unusual hazard associated with aged LNG will arise in the unlikely event that there
isalarge spill of LNG onto a body of water. This could occur in an accident situation
involving an LNG transport vehicle container rupture and spill into an adjacent water body.
The hazard is known as a rapid-phase transition (RPT) - in this case arapid transformation
from the liquid phase to vapor. If significant vaporization occursin a short time period, the
process can, and usually does, resemble an explosion.?

The RPT "explosion" phenomenon for LNG on water has been observed in a number of
situations and has been studied extensively in both laboratory and large scale tests. The
temperature of the water and the actual composition of the LNG are important factorsin
determining whether an RPT will take place. It should aso be noted that RPTs have been
obtained for pure liquefied propane with water temperature in the range of 55°C (I 30°F).

3.3.4.3 Health Issues

The principal constituents of natural gas, methane, ethane, and propane, are not considered to
be toxic. The American Conference of Governmental Industrial Hygienists (ACGIH)
considers those gases as simple asphyxiants, which are a health risk ssmply because they can
displace oxygen in a closed environment. The Occupational Safety and Health
Administration (OSHA) has set a time-weighted average (TWA) personal exposure limit
(PEL) of 1,000 ppm for propane. A number of the minor constituents of natural gas have
ACGIH listed threshold limit values (TLV's), including butane - 800 ppm, pentane - 600
ppm, hexane - 50 ppm, and heptane - 400 ppm. The effective TLV for an average natural gas
composition, considering al of these limits, is about 10,500 PPM .2

Unlike CNG, LNG cannot be odorized; therefore, there is some concern about the ability of

personnel to detect TLV concentrations. This is another reason to ensure that methane
detectors are in place wherever personnel may be exposed.
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3.3.4.4 Environmental Issues

There are no significant environmental hazards associated with the accidental discharge of
LNG.

3.3.5 Propane

3.3.5.1 General Discussion

Propane, which is otherwise known as liquefied petroleum gas, consists of a mixture of
propane, propylene, butane, and butene. These gases are referred to as natural gas liquids
since they are present in wellhead natural gas. Liquefaction of these gases will occur by
compressing them to pressures above 800 kPa (120 psi) a room temperature. The term
propaneis used in this section to reflect the fact that this AMF is typically composed of
more than 95% propane. The term aso reflects industry practice for the gas as a motor fuel.

Approximately 60% of the U.S. propane supply comes from the processing (stripping) of
wellhead natural gas and the remaining 40% is a by-product of petroleum refining. Propane
for usein vehicle fleet operations has to be formulated so that it contains at least 95%
propane and contains no more than 2.5% butane and heavier hydrocarbons. ASTM
specifications for propane meeting this requirement include those for commercia propane
which is suitable for light duty internal combustion engine applications and special duty
propane which is suitable for heavy duty applications.

Thereis a substantial base of experience with propane as an automotive fuel sinceit isthe
third most heavily used fuel, after gasoline and diesel fuel. It is estimated that there are
approximately 350,000 propane vehicles in operation, with most of them being aftermarket
conversions of gasoline vehicles. Historically, propane was used extensively in transit
applications from the 1940s up to 1970. The largest single user was the Chicago Transit
Authorgty which in 1970 operated 1,400 propane buses, reportedly with a good safety
record.

3.3.5.2 Safety Issues
(a) General Properties Affecting Fire Hazards

Propane is an extremely volatile fuel compared to the other liquid AMFs being considered.
The Reid vapor pressure (RVP) of propane is more than an order of magnitude greater than
gasoline which is the next most volatile fuel (1400 kPaversus 100 kPa). Propaneis stored
under moderate pressure (I 10 to 150 psi) at ambient temperatures to maintain it in aliquid
state. Inthe event of an accidental release of propane to the atmosphere, about one-third of
the liquid flashes to vapor at atemperature of -70~o0~F or lower.5~ Leaking propane will
discharge at a high velocity due to the pressure differential, turning the liquid into an
atomized spray with the droplets typically evaporating before they can fall to the ground.
Larger spill quantities will form a boiling pool on the ground surface which will cool down
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and essentially stop active boiling of the pool when the ground surface becomes sufficiently
cool. Vaporization will continue until al of the propane evaporates.

Due to the rapid vaporization of propane, the pool bum rate is the highest of all the liquid
AMFs considered. Asaresult, the heat release rate from a propane fire is approximately
twice that of a gasoline fire for the same liquid spill volume. The flammability limits range
for propane is similar to that for gasoline. Consequently, when compared to accidental spills
of an equivalent volume of gasoline, propane vapor is more apt to come into contact with an
ignition source due simply to the much higher volatility of the fuel and the resulting larger
volume of flammable propane/air mixture.

Another physical characteristic of interest is that propane vapor is heavier than air so it will
descend from the point of aleak and accumulate and linger in low-lying areas unless thereis
adequate ventilation.

(b) Fire Hazards During Transport

Propane fuel istypically delivered to fleet storage viatanker trucks with capacities up to
approximately 10,000 gallons. All propane tanker trucks must conform to applicable U.S.
DOT regulations regarding Hazardous Materials Regulations and Federal Motor Carrier
Safety Regulations. The regulations specify the materials design factors and pressure relief
considerations for cargo transport. A major concern is the setting of pressure relief valves so
that the container will not vent propane vapor in the event of an unusually warm day. All of
these containers are typically manufactured from steel and are qualified under the ASME
pressure vessel code. The minimum design pressure for the container is based on the vapor
pressure of the propane at 45°C (115°F). Since the vapor pressure for commercial propane at
that temperature is 243 psig, the design pressure typically is 250 psig with a safety factor of
4:1, for the tank stress calculations and selection of tank construction materials.

These pressure requirements result in avery strong tank container design. The net effect is
that the container for propane on atanker truck will be much more rugged and resistant to
rupture from mechanical forces associated with an accident when compared to the transport
of other liguid AMFs that are not pressurized, with the exception of the double shell tank for
LNG.

On the other hand, the transport of aliquid fuel at moderately high pressure means that there
isan increased probability of fuel leaks at joints and fittings. The piping system including
hoses, along with fittings and valves will all be designed to code requirements for the
expected pressures. But with any piece of equipment that isin frequent use on the road, there
isan increased likelihood of eventual wear and vibration that could create the opportunity for
small leaks.
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(c) Fire Hazards During Unloading to Fleet Storage

Propane is typically transferred from the tanker truck to fleet storage by pumping it from a
truck into the storage container. Aswith any transfer of fuel, thisislikely to be the most
potentially hazardous part of the bulk transport to storage process. The fact that personnel
are dealing with pressurized valves and lines, where any human error may result in a serious
discharge of propane, makes it a point of concern.

Fortunately, propane is odorized so that the presence of a small leak may be detected by the
presence of its odor in the vicinity of any personnel responsible for unloading it. However,
as noted earlier, propane vapor will descend and in the absence of any circulating air, it may
go undetected in alow-lying area.

(d) Fire Hazards During Storage

All propane storage containers are constructed according to the appropriate ASME Pressure
Vessel Code. Design pressures are usually on the order of 250 psig with the pressure release
devices typically set in the vicinity of 375 psig. Normally, underground tank installation is
specified for liquid fuels such as gasoline and diesel, mainly because it eliminates the hazard
of fuel spills caused by vehicles running into the tank, and also because it allows more space
for parking of vehicles. Propane, however, is ordinarily stored in above-ground tanks
constructed of thick guage steel. The tanks are strong enough to be supported by concrete or
steel saddles without deforming. The tanks are then surrounded by heavy upright steel pipes
structurally mounted in concrete to act as a barrier against vehicle intrusion into the tank

area’

The structural strength of the storage tank and the proper design of all piping, valves, and
fittings should provide a high level of protection against any massive leaks. The weakest
pointsin any pressurized system like a propane storage system will be at any joints,
connections, or fittings where there are always possibilities for developing small leaks over
time. The odorization of propane along with the proper placement of combustible gas
detectors and the natural ventilation in an outdoor area should help to prevent any seriousfire
hazard from developing.

One of the major safety considerations with the storage of propane is the possibility of a
pressure buildup in the tank due to external heating from afire combined with afailure of the
pressure relief or venting system. The resultant explosion of the tank due to overpressure
would lead to aBLEVE incident. The fact that all of the applicable codes and federal
regulations for container design provide for the placement of pressure relief devices, and the
subsequent testing of those devices on aregular basis, leads to the conclusion that the
likelihood of an overpressure leading to a BLEVE is exceedingly small, particularly in a
fixed storage facility situation. Unlike an accident situation with a transport vehicle where it
ispossible to roll over and damage the pressure relief and other protective equipment, there is
little reason to expect that multiple devices for pressure relief at a stationary facility would
simultaneoudly fail.
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(e) Other Hazards

Since propane is stored under pressure during bulk transport and storage operations, thereis a
potential hazard associated with an inadvertent opening of afitting or plug which could
become a projectile. In addition, when propane expands out of aleak or hole, the rapid
vaporization or flashing of the liquid causes the stream to reach temperatures that can cause
freeze bums.

When compared to other AMFs, the potential high pressure hazard with propane is much less
than with CNG (3600 psi vs. 150 psi); and the freeze burn hazard is much less than with
LNG, because the propane liquid starts at ambient temperature as it leaves the tank.

3.3.5.3 Health Issues

Since propane for fleet use is a mixture of hydrocarbons, the toxicity of the fuel is difficult to
determine. The mgjor constituent, pure propane, is considered to be a simple asphyxiant by
the ACGIH and does not have an assigned TLV. The other significant, but much smaller,
constituent is butane which hasa TWA-TLV of 800 ppm. OSHA has set a PEL of 1000 ppm
for propane, with the requirement that exposure to more than half this level requires that a
medical monitoring program be instituted. Other than this OSHA requirement, there is no
other agency or body that has established an exposure limit for propane.

It should also be noted that propane has been reported to contain arelatively high level of
radon gas, with radon concentrations in propane that are well above current EPA guidelines
for radon exposure.” Since the exposure of personnel to propane will be limited, the potential
exposure to radon gas should not be a serious problem.

3.3.5.4 Environmental Issues

There are no significant environmental issues associated with the spill of propane, since the
liquid will quickly vaporize.

3.3.6 Biodiesel
3.3.6.1 General Discussion

Biodiesal isan AMF that is derived from biological sources such as soybean oil, rapeseed ail,
other vegetable oils, animal fats, or used cooking oil and fats. The chemical process for
creating biodiesel involves mixing the oil with acohol in the presence of a chemical catalyst
such as sodium hydroxide. This process produces a "methyl ester" if methanol is used
(typicaly the most common for economic reasons), or an "ethyl ester” if ethanol isused. In
either case, the reaction aso produces glycerin which is a valuable co-product. Either methyl
ester or ethyl ester can be used neat (100%) or blended with conventional diesel
("petrodiesel) as afuel for diesel (compression ignition) engines.
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Current efforts to commercialize biodiesel in the United States were started by the National
SoyDiesel Development Board (NSDB) in 1992. The emphasis of their activity is on the use
of soybean oil methyl ester (SME) blended with petrodiesel at a 20% volume SME/80%
petrodiesel (BD-20) and a 30%/70% blend (BD-30). These blends are believed to offer the
best balance of cost and engine emissions characteristics. NSDB reports that as of the
beginning of 1994, biodiesel had accumulated nearly eight million miles in demonstrations
involving more than 1,500 vehicles in fleets across the country, particularly in urban buses.*

Methyl ester made from rapeseed oil (RME) isin widespread use in Europe due to atotal or
near-total exemption from fuel taxesin most EC countries. As aresult, there is a much larger
base of operating experience with biodiesel in Europe amounting to several hundred times
more vehicles and milesthan in the U.S.

3.3.6.2 Safety Issues
(a) General Properties Affecting Fire Hazards

Data for the properties of soybean oil methyl ester (SME) indicate that it is a safer fuel than
diesel, which in turn, makes it safer than the other AMFs considered. For example, the flash
point for SME is 218°C (425°F) compared to approximately 73°C (160°F) for the average
No. 2 diesel fuel. It also has an extremely low vapor pressure, less than 1.3 x 10° kPa at
72°C. Therefore, when SME is blended with petrodiesel to create BD-20, the resultant flash
point for the mixture is 118°C, still well above that for the petrodiesel alone.

Past experience with neat (100%) biodiesel has indicated that it isincompatible to immerse it
with certain rubbers and plastics, but not with metals. Reports indicate that nitrile rubber and
polyurethane-based compounds showed unacceptable deterioration while other elastomers
such as SBR, butadiene, isoprene, hypalon, silicon, and polysulphide were not resistant to
neat biodiesel. Acceptable replacement materials include fluorine - rubber (Viton A) and
polypropylene- and polyethylene-based plastics'™ Therefore, the selection of materials to
avoid degradation of seals, fittings, and hoses is important for biodiesel applications.

An unusual physical characteristic of blodiesel that has a fire hazard implication is the
possibility of spontaneous combustion in highly unsaturated materials such as some
vegetable oils and methyl ester which oxidize in the air. Thisisclassically known as the
"oily rag" problem where the rag is placed in a confined space, such as a pile in the corner,
and there is no way for the generated heat of oxidation to dissipate. The higher temperature
accelerates the oxidation process giving off even more heat until the pile of rags begins to
smolder and then burn. Since oil-soaked rags or other materials such asfiltersin typical
petrodiesel operations are not subject to spontaneous combustion, it will be necessary to alert
personnel (e.g., at the fleet operator's fuel storage and maintenance facilities) of the potential
for spontaneous combustion. Thisis not a serious problem and can be ssmply resolved by
having closed metal cans for storing oil soaked rags and other oily combustible material.
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(b) Fire Hazards During Transport

Due to the very low volatility and high flash point temperature of neat biodiesel and blends
(BD-20, BD-30), there are no specific fire hazard problems during transport. Any leak or
spill islesslikely to ignite than diesel or gasoline under equivalent conditions. Biodiesel-
compatible materials should be selected to avoid problems of degradation of seals and
fittings.

(c) Fire Hazards During Unloading to Storage

There are no specific fire hazards. Unloading equipment should be designed to handle
biodiesel to avoid any possibility of leaks.

(d) Fire Hazards During Fleet Storage

There are no specific fire hazards, other than the potential spontaneous combustion issue
noted above.

3.3.6.3 Health Issues

Because there are essentially no vapors generated at normal transport and storage
temperatures, pure or neat biodiesel can only be considered as a potentia health hazard due
to ingestion. Pure biodiesel looks and smells like afood product and could conceivably be
ingested. If biodiesel were ingested, enzymes in the body would break the ester back into its
original components, e.g., soybean oil and methanol.** This raises the potential issue of
methanol toxicity asapotential health hazard associated with biodiesel. Consequently,
biodiesal cannot be considered to be non-toxic, as often cited in the promotional literature.

3.3.6.4 Environmental Issues

Biodiesel is considered to be biodegradable based on the chemical nature of the materials.
Test data indicates that biodiesel isin the same range as biodegradable soaps and detergents.
Therefore there are no significant environmental hazards associated with biodiesel.

3.3.7 Hydrogen

3.3.7.1 General Description

Hydrogen is unigue among AMFs because it cannot be produced directly, asin drilling a well
for petroleum oil and natural gas. Hydrogen must be extracted chemically from hydrogen-
rich materials such as natural gas, water, coal, or plant matter. A substantial quantity of
hydrogen is produced each year in the U.S. - about 8.5 billion kilograms per year.
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About 95% of the hydrogen in the U.S. is produced by steam reforming, a chemical process
that makes hydrogen from a mixture of water and a hydrocarbon feedstock, such as natural
gas. When steam and methane contained in the natural gas are combined at high pressure
and temperature, a chemical reaction converts them into hydrogen and carbon dioxide. The
overall energy efficiency of the process, i.e., the energy content of the hydrogen produced
divided by the total energy (natural gas and energy used to run the reformer) consumed, is
approximately 65%. Other techniques for producing hydrogen, including off-gas cleanup
and electrolysis, are much more costly.

Over the long term, it may be possible to consider large scale electrolysis (passing an
electrical current through water to split individual water molecules into hydrogen and
oxygen) using sunlight on photovoltaic cells as the electrical power source, or some other
renewable energy source such as wind power. Hydrogen obtained using this approach is
termed "solar hydrogen™ or "renewable hydrogen.”

The actual use of hydrogen in automotive vehiclesis limited to experimental and prototype
vehicles. A number of prototype vehicles bum hydrogen directly using modified automotive
engines. There are also a number of vehicles that use the hydrogen in afuel cell to produce
electrical power for electrical motor drives, i.e., a hydrogen powered electric vehicle.

In addition to the direct use of hydrogen there has been a demonstration program involving
blends of up 15 percent in volume of hydrogen added to natural gas to create "hythane." In
this case, the hydrogen provides up to 5 percent of the energy content of the blend.

3.3.7.2 Safety Issues
(a) General Properties Affecting Fire Hazards

Hydrogen is a difficult fuel to deal with because of its physical properties. One of these well
known properties is that as a gas its density is very low - only /15" that of air. Therefore,
for any practical applications, it is necessary to either compress the hydrogen or liquefy it.
The problem with compressed gaseous hydrogen in a fleet vehicle application is the weight
of the high pressure tanks. It has been estimated that the weight of the compressed hydrogen
will only vary from 1 to 7% of the total weight of the tank. Fortunately, the energy density
of hydrogen is very high so that | kg of hydrogen contains approximately 2.5 times more
energy than 1 kg of natural gas. Therefore, assuming an equivalent engine efficiency, the
weight of avehicle's compressed hydrogen fuel storage system will be similar to that for a
CNG fuel storage system. The aternatives to compressed hydrogen tanks on the vehicle
include liquefied hydrogen, an on-board converter fueled by methanol to create hydrogen,
and storage of hydrogen in metal hydride systems. All of these techniques are the subject of
research.'?

For bulk distribution of hydrogen, the most common method by far is to liquefy the hydrogen
and transport it by truck trailers, barges, or railcars. At atmospheric pressure, liquid
hydrogen (known as LH2) boils at -253°C (423°F), which is only about 20°C above absolute
zero. The process of hydrogen liquefaction, storage, and distribution is challenging, to say
the least.
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Hydrogen is usually liquefied in a complex multi-stage process that involves the use of liquid
nitrogen (boiling point of approximately -200°C). Special precautions are required during
liguefaction to maintain the proportions of two types of hydrogen molecules in order to avoid
excessive interna heating and vaporization while the LH; is being transported or in storage.
L H, requires special insulation to maintain liquid conditions as long as possible. *2

The physical property of hydrogen that creates the most significant fire hazard is the
extremely wide range of flammability limits, i.e., from 4% to 75% by volume. Thisrangeis
twice that of methanol which has the next widest range. In effect, any release of hydrogen
into the air results in a much larger volume of a flammable mixture than an equivalent
amount of any other AMF.

More importantly, the potential for an explosion or detonation of a flammable hydrogen-air
mixture is very high. The ignition energy for hydrogen-air mixtures is much lower than for
hydrocarbon-air mixtures. Very low energy sparks, such as from a static electric discharge,
can lead to ignition; and if the burning gas is even slightly confined, the resulting pressure
rise can lead to a detonation.

Among the other physical properties of hydrogen that are of interest is the propensity of the
gas to leak more easily than other AMF gases due to the relatively small size of the hydrogen
molecule. Since hydrogen gas is colorless and odorless, leaking hydrogen cannot be detected
unless an odorant, or possibly a colorant, has been added to the gas. Addition of odorant or
colorant would be very difficult to implement in situations requiring liquefaction of the
hydrogen. To compound matters, the flame of burning hydrogen isinvisible in daylight,
therefore adding an extra safety concern for personnel working near hydrogen tanks or
transfer lines. "

Finally, hydrogen will diffuse into steel and other metal and cause a phenomenon known as
"hydrogen embrittlement.” Thisis a serious concern in any situation involving storage or
transfer of hydrogen gas under pressure. Proper material selection and technology is
available to prevent embrittlement, but there may be situations where such precautions have
not been taken due to some oversight or error.

(b) Fire Hazards During Transport

It is assumed that the typical bulk transport mechanism for hydrogen- to-fleet storage will be
liguefied hydrogen (LH,) delivered by a specialized tanker truck. Under such conditions, the
situation is analogous to transport of LNG. The tanker truck for LH, has to be constructed
similar to the double walled configuration for LNG, but with a very high level of insulation
due to the fact that the LH> is much colder than LNG. Thus, the LH, tanker truck design is
expected to be even more robust than an LNG tanker truck in an accident situation.

In the event of aloss of insulation due to an accident, the rate of LH, vaporization would

increase rapidly. Provisions are made in the design of storage vessels for venting and
pressure relief in order to avoid any rupture of the inner tank containing the LH,. The
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potential for ignition of hydrogen gas that is vented out at a high rate (as the result of an
accident or other incident that causes loss of insulation) is an obvious fire hazard.

The rupture of the inner vessel would lead to a massive spill of LH,. Thisisa particularly
troublesome scenario because a flammable hydrogen air mixture would be immediately
formed in the vicinity of the LH, pool and would quickly form a much larger volume of
flammable gas as hydrogen boils off from the pool. Since the hydrogen gasis cold, it will be
relatively dense and may stay in proximity to the ground for some period of time. The
ignition energy required to initiate a hydrogen/air fire is very low so that the probability of an
ignition source within a large flammable gas cloud in the accident area is quite high.

Another major hazard with a spill of LH; isthat contact between the LH, and air can result in
condensation of air and its oxygen and nitrogen components. A mixture of hydrogen and
liquid oxygen is potentially explosive even though the quantities involved are likely to be
small."

(c) Fire Hazards During Transfer to Fleet Storage

The transfer of LH, from the tanker truck to fleet storage is a complex process similar to that
of LNG. Thereisthe potential for leaks and spills due to the number of stepsthat are
involved combined with the possibility of human error. Some of these specific concerns,
which have been cited in the discussion of LNG, include the thermal cycling of fuel transfer
equipment leading to additional stress on connection equipment and sealing devices.

(d) Fire Hazards During Fleet Storage

The storage facility requirements for LH, are spelled out in NFPA 50 B Liquid Hydrogen
Systems - Consumer Sites. This standard addresses siting of the storage tank, provisions for
spill or leak control, and the basic design of the storage container and LH transfer
equipment.

Aswith LNG, it is necessary to insure that any accidental discharge does not endanger

adjoining property or reach any waterways, particularly those connecting to covered drainage

systems. Thisisaccomplished by providing an impoundment area surrounding the container.
(e) Other Hazards

LH, isvery dangerous to personnel because cryogenic burns will result from direct body

contact with (1) the liquid; (2) metals at LH, cryogenic temperatures; and, to a lesser extent,
(3) with the cold vapors.
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3.3.7.3 Health Issues

Hydrogen is not considered to be toxic. However, it isasimple asphyxiant which is a health
risk because it can displace oxygen in a closed environment.

3.3.7.4 Environmental Issues

There are no significant environmental hazards associated with the accidental discharge of
LH>.

3.3.8 Electricity

3.3.8.1 General Description

Electricity can be considered as an AMF based on the use of electrically powered fleet
vehicles using batteries as the energy storage medium. Most fleet applications currently
considered involve vehicle tours that are relatively short and low speed, e.g., shuttle service,
due to the limited range (less than 100 miles) and power of battery electric-powered vehicles.
Typical battery recharging times are on the order of 6 to 8 hours requiring that fleet vehicles
be recharged overnight. The current research focus for electric propulsion vehiclesisin the
area of battery development where the goal is to develop batteries that have low initial cost,
high specific energy (Wh/kg), and high power density.

The bulk transport of electricity viathe electric power distribution system is a fundamental
part of the nation's infrastructure. The hazards associated with high voltage power lines,
substation transformers, and local power distribution systems are well known. The National
Electrical Code developed under the auspices of the NFPA covers the safety and protection
measures associated with the provision of electrical service to the facilities.

3.3.8.2 Safety Issues

All of the safety issues associated with electricity are directly related to the transmission of
electric power to the recharging station at the fleet facility. Thereis no storage issue since
the electrical energy is stored in the on-board batteries.

The major safety concern is the exposure of personnel to electrical hazards as they work with
the recharging system and connecting the vehicles to that system. Thisis not expected to be
a serious safety hazard because the normal design practices for setting up the connections
involve safeguards to ensure that personnel are protected from direct exposure to electrical
hazards.

One of the safety advantages of electricity compared to the other AMFsisthat al facility

personnel are generally familiar with the hazards associated with electrical power.
Therefore,
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personnel working with the recharging system can be expected to be aware of the dangers
and follow the proper safety procedures.

3.3.8.3 Health Issues

There are no specific health hazards associated with the transmission and use of electricity at
afleet facility.

3.3.8.4 Environmental Issues

There are no specific environmental hazards associated with the transmission and use of
electricity at afleet facility.

3.4 ASSESSMENT OF ALTERNATIVE FUEL - BULK TRANSPORT,
TRANSFER, AND FLEET STORAGE SAFETY RISKS

3.4.1 Introduction

The previous section provided a detailed discussion of the safety, health, and environmental
issues associated with the bulk transport, unloading and transfer, and fleet storage issues
associated with each individual AMF. In this section, the individual issues are combined
with the intent of conducting a summary assessment. This assessment is divided into two
parts:

An assessment of the relative potential for AMF leakage or spills during bulk transport
and storage operations; and

An assessment of the consequences of a fuel spill or leak in the context of safety, health,
and environmental risks.

In the absence of reliable statistical data on accidental releases of the various AMFs during
bulk transport and storage, the following assessments are largely subjective. However, there
are anumber of physical and engineering principles that have been used as a guide in this
assessment. Briefly, they are as follows.

1. The standard for assessment is based on both diesel and gasoline. These fuels are
transported, handled, and stored at ambient temperatures and pressures and they are
stable during long term storage.

2. Therisk of aleak or spill increases as the transport and storage pressure of the AMF

increases. Even with systems designed for high pressures, human errors, manufacturing
defects, and material weaknesses are bound to take their toll.
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3. Therisk of aleak or spill increases as the amplitude and frequency of the temperature
changes imposed on transport, transfer, and storage equipment is increased.

4. AMF storage systems that require active intervention (either automated or manual) in
order to maintain the safety and quality of the fuel product are inherently more complex.
Increased complexity leads to increased risk of leaks or spills through human error or
mechanical/electrical failure.

3.4.2 Assessment of Relative Potential for Spills and Leaks

The first step in developing a summary assessment of bulk transport and storage risksisto
examine the potential for accidental release of each AMF during each step in the transport
and storage process. The following discussion considers the relative potential for accidental
release based on the characteristics of each fuel and its transport and storage requirements.

Hydrogen is not considered in this part of the assessment because there are a number of
potential issues regarding transport and storage modes that must be resolved through further
research and development. For example, it may be determined that the best approach isto
use methanol and reform it directly on the vehicle to create an on-board hydrogen source.

Electricity is not considered in any part of the assessment because it is completely different
from the perspective of bulk transport and storage characteristics.

3.4.2.1 Bulk Transport

The major concern regarding accidental release during bulk transport is based on an accident
scenario where the transport tank is damaged and a large amount of fuel is spilled. The
possibility of leaks during transport is minimized by the selection of appropriate materials
and proper design in accordance with the applicable material standards. Nonetheless, there
are still fuel-related factors that would affect the relative potential for leaks. The ranking is
presented in matrix format in Tables 3-1 and 3-2 for purposes of simplicity and convenience.
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TABLE 3-1. RELATIVE POTENTIAL FOR SPILLS DURING TRANSPORT

RELATIVE SPILL

POTENTIAL
(COMPARED TO
GASOLINE/ DIESEL
AMF TRUCK SPILL) REASON
LNG Lower Double walled cryogenic
transport tank
Propane Lower High pressure transport tank
Gasoline/Diesel Reference Fuels
Ethanol/Ethanol Blend Same Same tank structure as
gasoline/diesel
M ethanol/Methanol Blend Same Same tank structure as
gasoline/diesel

TABLE 3-2 RELATIVE POTENTIAL FOR LEAKS DURING TRANSPORT

AMF

RELATIVE LEAK
POTENTIAL
(COMPARED TO
GASOLINE/ DIESEL
TANKER TRUCK)

REASON

Gasoline/Diesel

Referen

ce Fuels

Ethanol/Ethanol Blends

Somewhat Higher

Potential corrosion effects

M ethanol/Methanol Blends

Somewhat Higher

Potential corrosion effects

Propane

Higher

Pressures up to 375 ps

LNG

Higher

300°F temperature
differentials and pressures up
to 150 ps

Tables 3-1 and 3-2 point out that the conditions which tend to create leaks (i.e., high
pressure and temperature differentials) lead to bulk transport container designs that are more
robust and less likely to be ruptured and spill the fuel cargo in an accident situation.
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3.4.2.2 Unloading to Fleet Storage

The potential for spills and leaks during unloading operations is directly related to the
pressure of the AMF, temperature differentials, and any corrosive characteristics of the fuel.
The rationale for this statement is based on the observation that the existence of high pressure
ismore likely to lead to a massive rupture of material (e.g., transfer hose, flexible coupling)

if it has been weakened by fatigue or temperature cycling, or if thereis a material defect. A
large temperature differential requires a more complex system to maintain control with
increased possibilities for human error or equipment malfunction. The effects of corrosion
on unloading equipment strength and integrity are an obvious concern.

CNG istreated as a special case in this study because the unloading to fleet storage consists
of the process of taking pipeline quality gas, compressing it, purifying and drying it, and then
maintaining a relatively small amount in storage prior to dispensing to the vehicle. The
unloading process tends to be continuous during the time that fleet vehicles are being filled.
The process is aso highly automated and does not require direct personnel involvement such
as that for tanker truck unloading, therefore reducing the opportunity for human error.

Considering al of the above, Tables 3-3 and 3-4 provide an assessment of the relative risk of
spills and leaks during unloading operations.

3.4.2.3 Fleet Storage

The potential for spills and leaks during fleet storage is similar to that for the unloading of

AMFs as noted in Tables 3-5 and 3-6.

3.4.3 Assessment of Safety Hazards

The assessment of safety hazards includes fire hazards, other hazards, health effects, and
environmental effects. The most difficult areato assessis that of fire hazards because it
comprises two parts:

the likelihood that the vapor/air mixture from aleak or spill will ignite from a spark or
other ignition source, including coming in contact with a heat source sufficient to raise
the vapor to its autoignition temperature; and

upon ignition, the relative safety hazard associated with the size and intensity of the
ensuing fire or explosion.

The relative probability of ignition of an AMF leak or spill can be determined from the
physical properties of the fuel and the physical requirements for transport and storage. The
consequences of afire or explosion depend upon the amount of fuel released. For the case of
amassive spill, the volume of fuel stored becomes an important issue.
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TABLE 3-3. RELATIVE POTENTIAL FOR SPILLS DURING UNLOADING

RELATIVE SPILL

POTENTIAL
(COMPARED TO
GASOLINE/ DIESEL
AMF TRUCK SPILL) REASON
Gasoline/Diesdl Reference Fuels

Ethanol/Ethanol Blends

Slightly Higher

Potential corrosion effects

M ethanol/Methanol Blends

Somewhat Higher

Potential corrosion effects

CNG

Higher

Pipeline gas corrosion effects
and failure of high pressure
(3600-5000 psi) transfer
equipment

Propane

Higher

Combination of moderately
high pressure (375 ps) and
equipment failure

LNG

Higher

Combination of temperature
cycling/mechanical failure
and complexity of transfer
process

TABLE 3-4. RELATIVE POTENTIAL FOR LEAKS DURING UNLOADING

AMF

RELATIVE LEAK
POTENTIAL
(COMPARED TO
GASOLINE/ DIESEL
TANKER TRUCK)

REASON

Gasoline/Diesel

Referen

ce Fuels

Ethanol/Ethanol Blends

Slightly Higher

Potential corrosion effects

M ethanol/Methanol Blends

Somewhat Higher

Potential corrosion effects

Propane Higher Moderately high pressure

CNG Higher High pressure

LNG Higher Temperature differential and
moderate pressure
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TABLE 3-5. RELATIVE POTENTIAL FOR SPILLS DURING FLEET STORAGE

RELATIVE SPILL

POTENTIAL
(COMPARED TO
GASOLINE/ DIESEL
AMF TRUCK) REASON
Gasoline/Diesdl Reference Fuels

Ethanol/Ethanol Blends

Slightly Higher

Potential corrosion effects

M ethanol/Methanol Blends

Somewhat Higher

Potential corrosion effects

LNG Higher Moderately high pressure
and equipment failure

Propane Higher High pressure and equipment
failure

CNG Higher Complexity of container

system to maintain cryogenic
temperatures

TABLE 3-6. RELATIVE POTENTIAL FOR LEAKS DURING FLEET STORAGE

RELATIVE LEAK

POTENTIAL
(COMPARED TO
GASOLINE/ DIESEL
AMF TRUCK) REASON
Gasoline/Diesdl Reference Fuels

Ethanol/Ethanol Blends

Somewhat Higher

Potential corrosion effects

M ethanol/Methanol Blends

Somewhat Higher

Potential corrosion effects

LNG Higher Temperature differentials
Propane Higher Moderately high pressure
CNG Higher High pressure
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For the case of bulk transport of liquid AMFs, the maximum typical volume of the standard
fuel tanker truck is approximately the same - 10,000 gallons. Therefore, the hazards of a
massive spill depend mostly upon the physical characteristics of the burning vapor/air
mixture, the heat release rate and flame radiation levels. In the case of fleet storage, the
approximation can be made that, for afleet of equivalent size, the amount of fleet storage
required is based on the energy density of the fuel. Assuming one unit mass (kg) of diesel
fuel, the following equivalent amounts of fuel (as indicated in the left-hand box) are required
to provide the same fleet miles, including engine fuel efficiency effects.

The size of afire for amassive spill of the liquid AMFs will depend upon the volume of fuel
spilled from a storage tank. Assuming a uniform unconfined depth for the liquid pool, the
areawill be directly proportional to the volume. Again, using diesel fuel as the reference, the
box on the right indicates the relative volume of liquid fuel that must be stored to achieve the
equivalent fleet miles.

Equivalent Fleet Miles—Mass Equivalent Fleet Miles - Volume
Diesdl 1.00 Diesdl 1.0
CNG/LNG 1.15 Propane 19
Propane 1.15 Ethanol 2.1
Ethanol 1.90 LNG 2.3
Methanol 2.50 Methanol 2.7
(Data from Reference 5) (Data from Reference 5)

It should be noted that total fleet storage capacity may require the use of severa storage
tanks. In that case, the maximum size of the fire from a spill would most likely be based on
the capacity of asingle tank.

The total potential exposure based on total storage capacity with most AMFs at the fleet
operator's facility is approximately two to three times greater than diesel fuel based on the
potential area of aliquid pool. The total fire hazard exposure would depend upon the highly
unlikely event that al of the individual storage tanks would become involved in the course of
an accident.

The only fuel not noted above is CNG. Asdiscussed in Section 2, the fleet storage
requirements for CNG will be quite small, on the order of 3 to 4 times the vehicle fuel
capacity of an individual vehicle for fast fill operators. Therefore, for most CNG-fueled
fleets, where the number of vehicles would be relatively large, the total heat release potential
from a storage tank fire will be quite small compared to the other AMFs.
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3.4.3.1 Potential for Ignition

In the event of aleak or spill, the physical properties of the AMF that have a direct impact on
the potential for ignition include:

FLASH POINT (applicable to fuels stored as aliquid) - at temperatures below this point,
aliquid will not produce sufficient vapors to form an ignitable mixture with air near
the surface of the liquid.

FUEL VOLATILITY (applicableto fuels stored as aliquid at the referenced temperature)
- measured by Reid vapor pressure, i.e., the pressure exerted by the vapor over the liquid
in aclosed container at 38 C (100 F).

AUTOIGNITION TEMPERATURE - the minimum temperature required to cause self-
sustained combustion in air due to heat alone, without any additional spark or flame. The
autoignition temperature is also known as the self-ignition temperature, or simply the
ignition temperature.

FLAMMABILITY LIMITS - The range of fuel concentration in air, expressed as a
volume percentage, that will support combustion. A concentration below the lower
flammability limit will not propagate flame due to insufficient fuel, i.e., too "lean." A
concentration above the upper flammability limit will not propagate flame due to an
excess of fuels, i.e,, too "rich.”

ELECTRICAL CONDUCTIVITY - the degree to which afluid will conduct electricity
measured in microsiemens per meter (us/m). Materials with lower conductivity are more
likely to build up and experience static discharges due to sloshing (liquid fuels) or
flowing.

In order to provide some perspective on these different properties for each of the AMFs, a
series of figures have been prepared which illustrate the differences, and the effect on
ignition potential.

Figure 3-1 shows the flash point temperature for al of the liqguid AMFs. Propane and LNG
are not shown because they are gases at ordinary temperatures and pressures. The figure
illustrates the fact that diesel and soy-diesel are inherently much less prone to ignition
because at normal temperatures, the liquid fuel is far below the flash point. Therefore, the
spilled or leaked fuel would have to come in contact with a heat source in order to elevate the
liquid temperature to the point where flammable vapor/air mixtures could be formed.
Gasoline, on the other hand, will always be above the flash point; therefore, a spill or leak
will immediately have a vapor/air mixture generated. Methanol and ethanol are less prone to
ignition when the liquid temperature is quite cold, but once it gets above 10 C (50 F),
flammable vapors will be generated.
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FIGURE 3-1. FLASH POINT TEMPERATURES FOR LIQUID AMFS

Figure 3-2 illustrates the fuel volatility for all of the liquid AMFs as measured by the Reid
vapor pressure in kPa (6.9 kPa- 1 psia). Aswould be expected, the liquid fuel with the
lowest flash point (gasoline) has the highest volatility. Propane is shown in thisfigure (not to
scale) smply to illustrate the fact that it is extremely volatile, and upon release of this
pressurized liquid, approximately one-third immediately flashes to vapor. Thus, a spill of
propane is inherently much more prone to ignition than any of the other liquid fuels shown.

Figure 3-3 illustrates the autoignition temperature for awide range of AMFs. It isof
interest to note that in this case, the reference fuels, diesel and gasoline actually have the
lowest autoignition temperatures. Fortunately, even for diesel which has the lowest
autoignition temperature of those shown in the figure (230 C or approximately 450 F) the
actual temperatures are quite high and not likely to be encountered unless a fire had already
been initiated, or unless the fuel vapors came into direct contact with some very hot engine
parts, e.g., the exhaust manifold.
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It is very important to remember that the values for propane and for methane shown in Figure
3-3 arefor the pure gases. The AMFs, natural gas and vehicular propane, are variable
mixtures of gases with autoignition temperatures that will be lower than the pure gas values
shown. For example, natural gasis estimated to have an autoignition temperature range of
450-500°C, compared to the value of 540°C for pure methane.

Figure 3-4 shows the flammability limits range for a number of AMFs. Thisrangeisan
important determinant of the likelihood of ignition. If the rangeis extremely wide, asit isfor
hydrogen, then the likelihood of encountering a flammable mixture is higher for a given
volume of fuel because the total volume of the flammable mixture is much larger. Methanal,
and to alesser extent ethanol, also have fairly wide flammability limits; therefore, those fuels
are much more prone to encountering an ignition source for a given volume of vapor than the
other AMFs. In order to demonstrate the effect of temperature on the flammability limits
range for ethanol and methanol, an intermediate line shows the maximum volume
concentration that can be achieved for a normal temperature of 22°C (70°F). Thisline
demonstrates that at this temperature, the "effective” flammability limits range for ethanol
and methanol are equivalent to, or less than, most other AMFs.
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FIGURE 33, AUTOIGNITION TEMPERATURE

It is also necessary to note that ethanol and methanol are less volatile fuels such that it will
take alonger time for aleak or spill of liquid to create the same volume of vapor, compared
to the equivaent liquid volume of the more volatile fuels. If aleak of methanol or ethanol
occurs at a liquid temperature well above the flash point, flammable vapors will be
immediately formed and may linger in low lying areas. When compared to other heavier-
than-air vapors such as propane, the wider flammability limits of ethanol and methanol create
a higher probability of ignition under equivalent conditions.

The electrical conductivity of the fuel isimportant, as explained in the definitions of
physical properties, in determining the effects of potential static electric discharges whenever
fuels are in rapid movement such as the discharge from a high pressure tank or line. In most
cases, adequate protection can be obtained by grounding the container or transfer line.
However, there have been some situations reported where compressed natural gas, whichis
essentially non-conductive, escaping from a cylinder apparently ignited from a static electric
discharge. The same type of phenomena may aso develop with a high pressure leak of
propane since the liquid fuel is quickly atomized while fuel flashes into vapor.
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For the other liquid fuels, both gasoline and diesel have very low conductivities, with
gasoline having avalue of 1 x 10 ° m&/m and diesel having avalue of 1 X 10 n§/m. Both
methanol (44 n&§/m) and ethanol (0.14 n§/m) have much higher electrical conductivities
which will help to reduce static charge buildup. Thisis fortunate since both of these fuelsin
storage are likely to have ullage space vapor/air mixtures that are in the flammable range.

3.4.3.2 Consequences of Ignition

The major consequences of afire include the damage within the fire area and the exposure of
personnel and objects to thermal radiation outside the immediate area of the fire. Thereis
also the possibility of the explosive or detonation type of burning of a vapor cloud which can
cause an overpressure hazard.

The prediction of the actual consequences of the ignition of aleak or spill of an AMF isa

very complex process because it is dependent upon so many different physical variables. For
example, there are three basic scenarios for the burning of aliquid AMF.
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A pool firein which afire or fire plume is established on an evaporating (and burning)
pool of the liquid.

A vapor firein which the ignition of an established plume (or cloud) of vapor resultsin
the formation of a propagating fire.

An explosive or detonation type of burning in a vapor cloud.

In order to consider the relative impact of AMF fires, it is obvious that the amount of fuel
spilled is the most important factor. The size of potential spills during bulk transport and
storage have been discussed previoudly in this section. The next consideration is the thermal
radiation from fire.

A substantial amount of theoretical and experimental

work has been accomplished on the subject of pool Relative Radiation Intensity

fires. Some of the experimental work included Pool Fire

measurements of the thermal radiation from pool fires

of LNG, propane, and kerosene (GRI, 1982).* As K erosene 1.0
indicated in the box to the right, the relative thermal

radiation (kW/M?2) at the initial stages (first five Propane 2.2
minutes) of the fire normalized to kerosene

(approximately 30 kW/M?2) are as shown. LNG 5.5

The reduced radiation intensity for propane and

kerosene pool firesis attributed primarily to the soot

that is generated with these fires which tends to mask
the flames. Interestingly enough, these results do not
extend to the case of avapor cloud fire. Experimental

Comparison of Relative Pool
and Cloud Fire Radiatoin
Intensity

results comparing the emissive power of LNG and
propane cloud fires showed that they were essentially

the same.* The comparative data for cloud and pool Pool Fire  Cloud Fire
fires normalized to the emissive power of an LNG LNG 1.0 0.85
pool fire (in the range of 200 Mm?2) isillustrated in Propane 0.21 0.85

the box to theright.

In most instances of an AMF spill, it is anticipated that with ignition, a pool fire will ensue.
For thisreason, an LNG fire is expected to be more hazardous than other AMF spill fires of
equivalent volume occur-ring under similar weather conditions. However, since there are so
many variables associated with predicting the size, shape, and thermal radiation effects of an
AMF spill fire, it is not possible to make a relative assessment that would be valid for al
conditions. It can simply be stated that on an overall (equivalent volume) basis, the ignition
of either LNG or propane will have much greater consequences in terms of radiation intensity
than that associated with other AMFs such as methanol/blends and ethanol/blends.
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One other way to assess the potential consequences of an AMF spill fireisto consider the
combustion energy released from a pool fire. There is some evidence to suggest that the
fraction of combustion energy radiated from many types of hydrocarbon fuel fires including
methane, natural gas, and propane isin the range of 20 to 25%. Therefore, some
approximation of the overall radiative effects of a pool fire can be estimated from the heat
release rate.

Figure 3-5 presents the relative heat release rate for liquid pool fires based on the mass rate
at which liquid fuel is consumed per unit area and the heat content of the fuel. The heat
release rate has been normalized to diesdl, i.e., diesel pool fire heat release = 1.0. Since
Figure 3-5 provides a comparison for pools of equal size, it provides an indication of the
consequences of ignition of a complete spill of the contents of an AMF tank truck (assuming
they all carry approximately 10,000 gallons) for all of the fuels shown. The figure clearly
illustrates that the overall radiation effects resulting from a propane or LNG ignition and pool
firewill be much more severe than that of an equivalent diesel spill. Conversely, the heat
release and overall radiation effects from an ethanol or methanol spill fire will be a small
fraction (approximately 25%) of that of the diesdl fire.

One factor that is not shown in Figure 3-5 is the flame spread rate, i.e., the speed at which a
flame will spread across the surface of aliquid pool of fuel. This could be an important
factor in personal safety in that it defines the potential time that an individual has to move
away from the pool. Based on limited data available, the flame spread rate for gasoline is the
quickest at 4-6 meters/second (13-20 feet/second) while that for methanol is approximately
24 m/s (7-13 ft./s). A dieseal pool fire, on the other hand, will spread very slowly at 0.02 0.08
m/s (0.8 - 3.2 inches/second)?. Thisis due to the fact that the diesel fuel will have to be
heated up to its flash point before sufficient flammable vapor can be generated.

It is not as simple to characterize the heat release rate for CNG. The lowest flame speed
(laminar burning velocity) for methane is approximately 0.4 m/s (1.3 ft./s). Any turbulence
such as that caused by wind in the flammable gas mixtures will tend to dramatically increase
the flame speed, therefore, it islikely that under most situations the flame will propagate very
quickly with very little chance for personnel to react. Maximum flame speeds of
approximately 10 to 15 m/s (33-50 ft./s) have been measured. One big problem with a CNG
fireisthat it is absolutely essential to cut off the CNG supply before attempting to extinguish
it. Otherwise, there is the risk of another accumulation of flammable gas and subsequent
reignition.

The consequences of ignition of amajor spill at the fleet operator's facility will depend upon
the volume of fuel stored. Using the volume equivalents to achieve the same energy
equivalent mileage range for the fleet, asindicated earlier in the text, it will be necessary to
store a greater volume of all liquid AMFs compared to diesel, ranging from 1.9 times for
propane to 2.7 times for methanol. However, it isnot possible to make adirect link between
these increased volumes and increased fire hazards because the larger volumes are likely to
be stored in separate tanks with appropriate separation and protection to avoid the spill fire
from affecting adjacent tanks.
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3.4.3.3 Other Hazards

This category includes the safety hazards associated with high pressures and low (cryogenic)
temperatures. Interms of arelative assessment of the hazards for all of the AMFs considered
(both primary and secondary); they can be ranked as follows:

High Pressure Hazards Ranking Low Temperature Hazards Ranking
CNG LNG
Propane CNG
LNG Propane
Methanol Methanol
Ethanol Ethanol
Biodiesdl Biodiesdl
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With regard to the high pressure hazard rankings, only CNG and propane are normally at
sufficiently high pressure to cause problems with personnel safety for those working in close
proximity. LNG istransported and stored at relatively low pressure but if there is some
malfunction in the venting and pressure relief system, there is some possibility of arapid
pressure buildup due to thermal effects. The other AMFs are not subject to such pressure
buildup.

Low temperature hazards are typically associated with LNG due to its cryogenic storage
temperature. CNG and propane will become very cold when they expand from their
respective storage pressures to atmospheric pressure; therefore, there is some low
temperature hazard associated with these AMFs. The remaining fuels do not pose any
problems with regard to low temperature hazards.

3.4.4 Assessment of Health Hazards

Most of the AMFs considered in this study are effectively non- Potential Health
toxic, particularly when they are compared to conventional Hazards to

fuels such as gasoline. The relative ranking of the AMFs on Personnel Relative
the basis of potential health hazards to personnel are indicated Ranking

in the box to the right.

Methanol and methanol blends are the most toxic AMFs for “E/Itﬁt;nir;%@negsds
inhalation- exposure with a threshold limit value - time weight Propane

average (TLV- TWA) concentration value of 200 ppm. By O
comparison, the next lowest TLV-TWA concentration value Biodiesd

for an AMF includes ethanol 1,000 ppm, followed by natural CNG

gas a avalue of 10,500 ppm. In addition, thereis an OSHA-
SET personnel exposure time limit (PEL) of 1,000 ppm for
propane.

The toxicity of the vapors should be considered in the context of the volatility of the fuel.
For example, while gasoline has a higher TLV-TWA (300 ppm) than methanol, gasoline is
also more volatile with a vapor pressure (RVP) approximately 2.3 times greater than
methanol; therefore, personnel working in the presence of both of these fuels are more likely
to be exposed to gasoline vapors than methanol vapors.

Thereisasimilar concern with regard to an extremely volatile fuel such as propane which
has a PEL of 1,000 ppm. Propaneis generally required to be odorized such that a
concentration of 1/5th of the lower flammable limit is detectable, i.e., approximately 4,200
ppm. Therefore, leaks of propane may result in concentrations of propane vapors that are
well below the flammable limit and cannot be detected by odor, but still be in a concentration
range that could reach the OSHA PEL vaue. By contrast, gasoline is detectable by odor at a
concentration of 0.2 ppm; therefore, the same type of personnel health hazard does not apply
to gasoline.
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The reported data on odor detectability of methanol is not consistent, with values from 100
ppm to nearly 6,000 ppm cited in the literature. Assuming that an average value of 2,000
ppmis correct, it would be possible for personnel to be exposed to concentration values well
abovethe TLV-TWA.

In al of these situationsit is possible to use gas detectors (either fixed or portable) in areas
where personnel are likely to be exposed to AMF vapors over an extended period of time.
This would be an effective means of mitigating the potential health hazards associated with
any particular AMF.

The ranking of biodiesdl is based on the possibility of ingestion due to its vegetable oil
appearance and odor. The human body will break down the biodiesdl into its original
components, e.g., soybean oil and methanol. This raises the potential of methanol toxicity
depending upon the volume ingested.

3.4.5 Assessment of Environmental Hazards

The spill or leak of an AMF is not likely to result in any long term environmental damage. A
review of the potential environmental hazards for each AMF, that is not gaseous at normal
temperatures and pressures, shows that al of the liquid AMFs are biodegradable over a
reasonably short period of time (i.e., a period of several months or less). The major concern
is that the liqguid AMF should be prevented from entering into any waterway or drainage
system. Aside from any consideration of aguatic toxicity, there is actually a potential
fire/lexplosion safety hazard situation created when a flammable or combustible liquid enters
awaterway where there are covered sections where vapors can accumul ate.

This above problem is particularly acute for the alcohols (methanol and ethanol) since they
are soluble in water. Once such alcohol AMFs have mixed with water there is no simple and
low cost method for separating them out. In afixed facility situation, it is necessary to
ensure that any AMF spill will not endanger any other portion of the facility or neighboring
environs, and that they will not enter into any drainage system. Thisis achieved through
various forms of impoundment systems (e.g., dikes) that are sized to handle any conceivable
spill. During bulk transport, a spill can occur anywhere, including an area adjacent to a
waterway or drainage system.
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4. USE OF ALTERNATIVE FUELS BY VEHICLE FLEETS

4.1 INTRODUCTION

This section of the report is structured around a summary list or catalog of safety, fire, and
health hazards (dangers) for each aternative fuel. 1n each instance, the assessment of the
conseguences of the hazards and of the state of knowledge concerning the hazards is based
on a comparison to diesel or gasoline fuel as currently used by fleet operators and transit
properties. This choice of a baseline was made to prevent the use of project resources to
merely document safety knowledge that is generally available to and aready practiced by
transit and other fleet operators who use conventional gasoline- or diesel-fueled vehicles.
Information for the summary list was derived from discussions with VNTSC, DOE and
FTA staff, literature searches, telephone interviews, and site visits.

In order to place this summary list of hazards in context, the summary list is preceded by a
discussion of the distinctions between hazardous fuel properties, hazards, and risks. The
summary list of hazards is supplemented by case histories of actual incidents involving
aternative motor fuels. These case histories, though anecdota in natural, can serve to
illustrate and extend the discussion of individual hazards.

In addition to organizing the substance of this part of the report, this summary list of
hazards will provide a checklist for fleet operators who are considering aternative fuels
and a guide to the state of knowledge and knowledge gaps concerning the various
alternative fuels.

4.2 OBJECTIVES AND SCOPE

The objective of this section isto review and assess the hazards associated with the fleet
use of alternative fuels for motor vehicle fleet operations, within the following scope
limitations:

This report does not cover hazards to the environment and is not an environmental
assessment of alternative fuel use.

The report is not a risk assessment and does not evaluate hazard probabilities, so there
are no numerical ratings or rankings of fuels or hazards according to their overall risk.

Obviously, no list of hazards can be exhaustive. An attempt has been made to identify all
major hazards and to choose and/or emphasi ze those fuel-hazard combinations which were
judged to be most serious thereby focusing the available project resources on the most
significant hazards, while still meeting the objective of providing an overall survey of each
of the dternative fuels.
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4.2.1 Fuels Included

In this report, safety, fire, and health hazards are reviewed for each of the following fuels
listed below. The number designation is the same as that used in the Summary List of
Alternative Fuel Hazards as found in Tables 4-1 to 4-8. These tables commence with 4-
1(a) through 4-1(h) and continue on successively from 4-8(a) through 4-8(h) for each of the
listed fuels and their hazardous properties.

Compressed natural gas (CNG)
Liquefied natural gas (LNG)
Propane

Methanol and methanol blends
Ethanol and ethanol blends
Biodiesdl

Hydrogen

Electricity

NN E

The last two fuels, electricity and hydrogen have been given less emphasis because the use
of these fuelsislikely to be further in the future. Reformulated gasoline and reformulated

diesel have not been included in the hazard list because they are so similar to fuels that are
already in widespread use that no additional hazard issues were identified.

4.2.2 Hazardous Properties Included

For the review of hazards of alternative fuels, the following hazardous properties are
considered:

() Flammability

(b) Corrosivity

(c) Toxicity (including asphyxiation)
(d) High pressure

(e) High temperature

(f) Cryogenic temperature

(9) Mechanica energy

(h) Electrical energy

Other hazards that are not included in this report:

Vacuum

Radiation (radioactivity)
Etiologic (bacterial, viral, etc.)
Shock sensitive materials
Noise and vibration
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Thislist is not an exhaustive list of al possible hazardous properties but rather those
deemed to be most relevant to the use of alternative fuelsin motor vehicles. For example,
radioactive materials, shock-sensitive materials, and vacuums all present hazardous
properties that can result in hazards, but these hazardous properties are not relevant in the
context of aternative fueled vehicles.

Some hazardous properties in the list are relevant only in the context of certain alternative
fuels or certain vehicle and/or fuel system designs. For example, some electric vehicles
may have batteries whose electrolyte is at a high temperature. Thus, the high temperature
hazardous property is relevant to this fuel, but not to other fuels which are stored and used
at normal temperatures or even to other battery designs, such as lead-acid cells, which do
not employ high temperatures.

4.2.3 Accident Events Included

The existence of these hazardous properties and their associated hazards is not sufficient to
cause an accident. Some type of accident event is necessary before the hazard and the
hazard consequences are realized. While the events which lead to accidents are many and
varied, most such events can be classified into several broad categories:

Initial Events:
Improper design
Improper installation
Improper repair
Operating Events:
Structural failure from material failure (from corrosion, fatigue, or other causes)
Loss of containment from materia failure

Operator error
Traffic accident

43 SUMMARY LIST OF ALTERNATIVE FUEL HAZARDS FOR VEHICLE
FLEET OPERATIONS

4.3.1 Overview of Alternative Fuel Hazards

A genera discussion follows of hazards associated with each of the previously mentioned
hazardous properties. All discussion isin the context of the use of alternative fuels by motor
vehicles. The numbering of these hazards follows the numbering which is used in the
subsequent Summary List of Alternate Fuel Hazards - Tables 4-1 through 48 (sections ah).
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4.3.2 Safety Hazards Considered

(a) Hazardous Property = Flammability

All conventiona and alternative fuels are flammable. The flammability of these fuels may
result in:

A pooled fud fire

A fud vapor fire

An explosion (if the hot products of combustion are confined and prevented from freely
expanding into the atmosphere)

A BLEVE (bailing liquid expanding vapor explosion)

Exposure to fire from other causes, e.g., vehicle fuel tank exposed to a vehicle electrical
system fire

(b) Hazardous Property = Corrosivity
Most fuels are not particularly corrosive. However, some battery electrolytes are strongly
acidic or strongly basic. Also, materials compatibility problems may result in fuel leaks

that present afire hazard. The corrosive nature of these substances may result in:

Failure of vehicle structural components from loss of strength due to corrosion
Fuel leaks due to failure of fuel system components

Injuries due to chemical bums

(c) Hazardous Property = Toxicity

The toxic nature of some fuels may result in:

Acute health effects from fuel vapor inhaation
Chronic health effects from fuel vapor inhalation
Health effects from absorption of fuel through the skin

Even for fuels that are non-toxic, the displacement of breathable air by a gaseous fuel may
result in:

Asphyxiation
Some fuels, such as ethanol and bio-diesel, are advertised to be derived from food crops.
This may tempt some people to risk ingestion, even though both of these fuels are

processed so as to make them toxic:

Ingestion
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(d) Hazardous Property = High Pressure

Pressure is defined as force per unit area. As many simple calculations and unfortunate
experiences have shown, even a seemingly modest pressure over a modestly large area
presents a large force. High pressure can result in:

Pressure vessel rupture
Components acting as projectiles during disassembly
Reaction force from high-pressure jets

(e) Hazardous Property = High Temperature

The hazards associated with high temperatures are generally well- recognized:

Loss of material strength
Burn injuries from human exposure to high temperatures
Possible fire initiation from the exposure of flammable materials to high temperatures

(F) Hazardous Property = Cryogenic Temperature

Cryogenic temperatures are generally regarded as those less than 150°C. The hazards of
such low temperatures are both obvious and subtle:

Cryogenic bum injuries from human exposure to low temperatures
Structural failure due to stress from contraction of cooled components
Structural failure of materials due to embrittlement at low temperatures

(g) Hazardous Property = Mechanical Energy

The hazardous property of mechanical energy indicates the kinetic energy of rapidly
moving parts or the potential energy of alarge mass at an elevation. The danger from
kinetic energy increases with the mass of parts and with the velocity, either linear or
rotational. The danger from potential energy increases with the mass and the height. The
mechanical energy hazardous property can cause:

Separation or fragmentation of moving parts
Crushing or impact from falling parts
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(h) Hazardous Property = Electrical Energy

Electricity presents a number of familiar hazards, especially electric shock. The severity of
these hazards depends on both the voltage and current available. While current flow isthe
factor that causes the injury in electric shock, higher voltages lead to greater danger. In
genera, voltages in excess of 50 volts are considered potentially lethal.

Electric shock injuries
Fire from electrical shorts
Possible health effects from electromagnetic radiation
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4.4 SUMMARY LIST OF ALTERNATIVE FUEL HAZARDS

The summary list of alternative fuel hazards follows.
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TABLE 4-1(A). COMPRESSED NATURAL GAS (CNG) - FLAMMARILITY

Background Consaquences Knowiedge
Hazard = Evenl
Fire - from gas Bacause of the econpmics of CNG compression, there is an | Tha high line pressure means thad large | There is @ substantial body of knowledge
supply pipales: ncentive to uSe ppaine supply pressures 1o he amounts of feed can be released quickly. | about cormosion and keak hazands of
Ttk comprassor that are much highor than these normally sed natural gas pipelings and fuch accdents
for local natural gas disinbuiion.  Therelong, Soms iranst are generally wkequant. Fowever,
oparations with GG fleals have ralural gas supplies ol breay s of o St may Suibpact
200400 psig or mone N the proparty, whirsas nomal pipdines under bus raftic areas 1o a
natural gas local distribution pressures seldom exceed 10- corasive emvironment not normally seen
B0 peag. in nral setings.
27 Because of e aconomcs of CNG compression, thees is an | The high e pressure means: Bl large | Since such high gas pressures are not
Fira - from mealive o e pipeine supply pressures fo the amounts of toed can be redeasad quickly, | ofien usad in urban areas and ssdam
damaged gas COMpressor hat are much hgher han thase normally used used on pivate property, thens is litle
supoly pipalines for martural gas distribution.  Some transit aperations with cupanance with damage potential
NG Beets have natural gas supples. of 200-400 psig or Contraciors and others may not be
more on tha propesty. Any consinaction work on the preganad for the possibdty o such
premisas can endanger thal piping. Consiuction (rews riseases wilhin an urban ansa,
ing on the premises May Nt expect this level of
danger.
Fire - ¥rom gas Because of the economics of CNG compression, there is an | The high line pressure means that large | Enginending dedign tor crash protection i
rreing nceriive 10 use pipaline SUpply préssunes b the amounts of fuel can be reeasad quickly. | reasonably welnown and can be
equpment afar compressor that are mech higher han those normally wsed appied o mdtigate this hazard,
wehicle collision for nabral gas detibution. Some transi operations with
damage GG Reets have nalural gas supplies of 200-400 psig or

e o the propey.
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TABLE 4-1{A). COMPRESSED NATURAL GAS (CNG) -- FLAMMABILITY [cont.)

Background Consequences Knowledge
Hazard = Evant
Fire - from Pigang rom the compressor o the dispenser has pressures | Tha high ine pressure maans that arge | ABhough high prassure gas piping s
lasking ol 3000-4000 psig. Such piping & ofen made of senkess | amourts of fuel can be released quickly. | often made of stainless steel, theee is
underground CNG | stesl Athough siainkess steed resists many hypes of it excpodiencs wih this bype of sarice
piging 1o fugling | corrosion, some types of stainless steel are very susceplible over the long term. Most CNG faciliies
istand due 1 10 chioride comosion, Of cowrse, in cokl chimates, sodum @ JUS1 & tew yoars ol or less,
TR chigede | commonly used 83 rad St
Fing = from gas Pigng from the cormpnetsor bo e dispenser has presisures | Thas high line pressure maans that age Enginaaring dasign for crash prolechon &
dispansing of 3000-£000 psig.  While fueling island colisions may be | amounts of fugl can be released quickly, wall-krign and can be
suprme afte e, These is the pobential io release karge amounts of fuel. spplied bo mitigate this hazard,
W Colsion
damage
Vahicla fira — The use of compressed natural gas fuel involves materials, | Fires from bouid fusis are Bmited by the | The design experience bass for use of
Irom tugl sysiem | components, and technigues which have not been generally | relatvely siow evaporation of the fusl Pogh pressune gaseous huals on vehicks
leaks due to poor | used on mator vehices. Ofien, production CHG vehicles For gasecas hmls, Bes bmdabon doas nol | is slill relatively small. Alhough CNG
oesign differ significantly in desgn rom “treadboand”™ proiatypes exsl and |ange fires can develop quickly. | vehicies have Deen operating for a

previously uad by gas utifties and others &3 demionstratan
CNG foets.

rambde of yoars, mary weeg snall
wolume comversong and the engingsring
CAPRNENCE Ganed was not Nacossanly
transfemad or ranslerabis 0 ofer
irestalians,
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TABLE 4-1(A). COMPRESSED NATURAL GAS (CNG) ~ FLAMMABILITY (cont.)

Hazerd — Event

Background

Consaquences

Knowbege

Vehicle fire -
o fudl System
ks cho 1o

Imgroper
nsiatason

Many CHG wehickes are comerted from ohar fusls. The
expanancd and il of hose doing such COMMEREONS 15
Fighly varable. Examinaton of convaried vahcies has
shown axamples of fusl linas N opamngs wilhoas grommets,
fued lings routed too close to the exhaust system, and CRG
lanks thal were 0o diosa to olber components, Past
axpenence Bas ghown that not all of thosa parsoneel doing
these comversons are tamilar wah the provisions of MFFA-
52

Fires from liquid fusls are Gmidod by the
redata sy Sy evanoeation ol the fed
For gasaous fusls, ths limitatan daes not
axist and laege fres can develop quickly.

Tha esxperience Sase lor irghillahons
usng high prossune gasecus luels on
ary givan typa or mooel of vehicle & sl
retatively small, Alihough CNG vahcles
hae Been cparzing for @ number of
yedrs, many wens small wiume
conversaons of unque design and the
aNgIneErng expenence ganed was not
nicEssanly irangdemed or ransiematle o
larger Soats. Addibional mbzrmation on
conversion kits for GG s given in ™.

Wehlchs fire -
from fuel sysiem
heaks due ip
citiphae latune.

The use of compressed nabaral g&s el nvoles maleeals
and companents which have not baen generaly used on
milee vehicks. And new compensn designs may not
prove reliabie. An pramgle. is the nursber (a beast 509 of
Mirada PRD™ lailures. obsersed in transil bus fiests in
10831584, Each ol thass falures resulled in & ma)or fusl
Iekace

Fires fiom ligquic 1uels are lmbad by the
reatieely show fvapoeamon of the fuel,
For gassous fuals, this limitabon 0oes not
eogt and large bres Can OedEiop quckly.

#n pxarle of componest falura is tha
PRD failures observed in CNG ransil
buses, An aady ravige of nahe gas
wehicle satety corcerns & gven in,

Vahicle fire -
froem afher han
alternativa fel

Flee! experiance shows fhat many vohcle fres are of
lectical orgin. These les Men mmobe ofer vahice
companents, such as plastic pans and evenbualky invohe
the vehick fpel syslem

A maor vesichs fire 5 almost cedan o
cause the TG (ks o veal through |
traarmid profection devices. This wil
cise & ramd redease of natural gas fuel
and wil make tha fire much mone
nignag. Moreover, the nabeal gas
supply may maks exfinguishme™ of ihe
fine inadvisable

To dabe, no CNG vehiles are knaw 1
higve baen nvoked n a vehicle fre
whese prgin was not in fie fusl Sy,
Howavar, wahich fines do ocour and
expensnce wih natural gas i stationary
appacetions indcates Shat the presanod
ol 3 natwal gas supoly can exacerbali
0 damage.
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TABLE 4-1{A). COMPRESSED NATURAL GAS (CNG) - FLAMMABILITY (cont.)

Background

Consaguances

Knowledge

Hazard = Evant
Fira — afier drive- | Propedy dasigned break away conneciors can pravent mesl | Any lange fira has the potential to cestroy | Ono such fire b opoured i Las
away durirg lange full maleases. Alsa, many CHG wehicks have igniion | the vehicks andior injure empioyees. In Vegas. The nurmber of CHG ransil bus
Tuling inferdocks hat pravant the vahicss from slarsing whila the addition, & fusing sland Sre could put the | drive-aways 1o dale & probably small,
fsel door is open. But Mese Enings and imenocks casnal Meet out of commission by prevanting perhapes k=g than 3 dozen, 50 0 8
peotect agains! o orive-Fway SoRNAAOS. Slatc elecincity Tung, difficut iz exirapolate a rate of fre
may ipnde such kel releases, Tha scenano was the cause incidenca. For typical desel bus fests of
of & fee in Las Vegas which desiroved a fransit bus 200-300 buses, drive-amays ooccur about
anGe 8 month.
Fire — from ssitic | AR least a dozen such fres have dready oicurmd as ChG Some of these fines have destroyved The peopertias of sabs siacireity an
Qnitan of huol lanig wiore vanted 10 he abmesphane, Sakc Cogas ang | whiclos genarally well-known, but ane not always
arks during marg Bkely 10 fudd up where drepiets or paricles ane appled by operatoes of alematve fusl
VRN contaned in 3 high welocity gas stream. When comprassod Ractz. Tha generation of static
natural gas escapes, dioplets may ba iomed Iom oooling dscharges hom pis s discussad in ™.
and subsequen condensalion of waler or heavy
PryrCaons in the gas. or Irpm entraned comprassor oil,
Vehicle Traesd buses have lary lage volume enclosed snaces, Wihien ignited, 4 confred natural gag-air | One such expiosion has oooumed, in @n
gxploslon --from | especaly the passenger companmont. ¥ these spaces Bl | minlung can producs prassures of up 1o arficulated transit bus undar repair at
heed syslem aks | wih 3 fammable madies, 8 significend explosion can gcow. | BOD kPa — far more Tan vehicle glass of | Housion Merro. An analysis of fuel ges
boddy sinctiees can withstand laakage ino the intenar of & vehice is
ghven in
Buikding such kzaks can form a flarmmable zong nsde vehicle Wiben ignited, a confined nalural gas-ar Though some Sud dynamic modesng of
BIpHaSion - O | 510600 and martenance builkings and O ignded can causs | midune can produce pressunes of up o fual gy=tam leaiks has baen dors e
vEhagie lued Duikdrg eaplosong and sefgis nunes. Experence ) Sale | B0 KPS - 16 fang than wihiche FTA, Mena |5 @ lack of sxperimerial daka
SyShem laas suggests Fat el sysiom leaks wil be rolaively Baquane shuctures can wehstand, For example, | on fammable plume behavior and also a

until the technology of CNG use on vehicles becomes mane
mature,

JRETDIBSSUNS Qiaher Tan T - 15 KFa
will s 3 Dok wak o i

lack of codes and standaeds Bo guide the
design of buidings for fhis fuel.
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TABLE 4-1{A). COMPRESSED NATURAL GAS (CNG) — FLAMMABILITY (cont)

Background Conssquences Knowledoe
Hazard - Event
Buliding Such leaks can loem & lage fammable 20ne inside vehicle | When ignited, a canfined natural gas-air Though some fluid dynamic modesing of
explasion - lrom | storape and maintenance buldings and if ignied can cause marlune can procuce pressunes of up io fud symtinn leaks P been done ke
viehicls PRD buliding explosions and senous inuries. Experience 1o date | 800 kPa — lar more Ban buidng FTA, there i a kack of experimental data
Ky suggests that PRD talunes will be ralatvedy ireguent untl H#choos can wilthsland. For exampls, | on Sammabie plume befavior and also 3
the tachnglogy of CNG use on veticles becomes mane Overprestures greater than 7 - 15 kPy kack of codes and standards 1o guide e

mature.  PRD faluras are diflerent from other fued systom
leaks in Mal e fow rale of escaping gas is ouie lams,
oltan 12 kg,

wil tese | bnick wall 1o 1l

dasign o buildings fer this fusi
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TABLE 4-1(B). COMPRESSED NATURAL GAS (CNG) - CORROSIVITY

Hazard = Event | Background Consequences Knaowledge
Expioslon — of While the hydrocarton constituents of nalural gas are The amouwnl of soned énergy in 8 CNG Thia kenpwiiedga of fued quality neaded for
wehicle fusl tank | reladvely besign, savoral impurties must be controliad 1o fuel tank & subsiantial and the raie of ood tank perlormance is generaly good.
due %o intesral préven| excessive inlemal lank corosion.  These include energy release in case ol lank rupbure is | However, ofton lisl is known about the
COmOSINn wator and suflur, arsenic, and memury compounds. The hugh, Any pressare vessel explosion s levels of impusties in the ratural gas
gpecilc requrements will depand on e masesials of pobirtially Senous. supply being used. The absence ol a
consimuciion of the tank specificalion o nalural gas gelivenesd 1o
tha consumar exacerbates this slulhion,
Some nebear inlormason on nalural gas
impurtios is given in ™,
Erosion - deio | 'Whie nol siicly spesking corosion, the efiects ol erosion | CNG components ar under high To data, no pressuwe vassad o ina is
impurities i gas ane simiar 3 removal of materizl and a weakaning of the pressre and inss of strength could resull | knowm B have faled (o conlan e
srength of the compenant, Impurities which may be in & Singus suddon relaase of pressure. | pressura due fo erosion. Howeer,
reaponsbi molude pariculates, gas hydrates, and ice numemgs poblems haes cotumed wilh
onyskals CHG fuel nozdes due fo arosian by solid

impurities. in (he fusl o By ic2 o gas
inydraia crystals,
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TABLE 4-1(C). COMPRESSED NATURAL GAS (CNG) -- TOXICITY

Herard - Evenl Background Consequences Enowladge
Adverse health Arhough natyral gas hes a kw ordes of lowcty, it is nol Some highes hydnocarbons lpund in Because the compasiion of natural gas
effects - Fom nonsac:, Some higher hydrocarbons found innateral gas | naberal gas are negrotoxing.  Chronic i5 wariabde, acourae infarmaon of e
arposeE 10 ame neymboang. kabual gas may alio conlan bennand, papasung i these compounds has rminor comslitusrs of nalural gas is not
natueal gas arsenc,”™ and haavy metals, such a5 mescury,™ that caused healh efacts. Howeves, he always avalabie

ara inuie incidenca of haath etiects in the ratunl

s industry is genanlly e,

Asphyxiafion = Mumqmcsirnerllunwammcﬁa:i-mgsseﬂw I 8 parsan doas nol recawe fesh ai T causes and efects of Esphyaahon
from displacement | equipment That ane not lop-ventiated. This can includs guackly, serlous injury can poour, are discused i slandard sxloty
of air soma vahicke pompanments as well 35 laciElies. A person texls. ™

who enlers gn atmosphesa Boking in doygpén Gan lode

COMBCOUSNESS in &5 e 2 20 seconds and may de in 3-4

rrerlesy.
Adverse hedlth Incomplele combustion of methane produces lormaldenyde, | Aldehydes ara vary imitating b0 the eyes, | Maasuromanis made by Batele for FTA
effects = bom an iritant and a posstéa weak carcinogen. Dus nose, and respiralony Sysiem. Excessve | have shown that feemaidenyde
indoor expasure | combustion quanching, natural gas engines produce some | aidenyde levels have led o emplyes concantrabons are higher in the vicinty
1 foereaicienyclz in | ormaidehyde emissions, especially when ooid, Though discomion and complanis, o CHG buzes during moming pull-out
vehicls extaust catahtic comerlers can corirol foemaldehyde, these are not than dusng desel buses,

effectve during pul-oul when enging and exhaus] system
are cokd. Numerows anss Sclbes already have indoor air
cuality proflams during pul-oul @nd sepioyess may ba
sensiive, both physically and paiitcaly o tis ssue.
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TABLE 4-1{D). COMPRESSED NATURAL GAS (CNG) - HIGH PRESSURE

Hazard - Evenl Background Consequences Knowiedge
Explosion = from ‘Whils GHG fued tanks mus! mesl Agonous standasds, The amcunt of Sontd ey is Mare nkormaton i5 nesdad aboul tha
comasion of vahetie sirviral hunl Binks have tdid duss o unlofesean Subsizndal and the el ol anangy chamical envincnman saen by CNG

fued tank,

nvimamentsl oontilisng, BEath mndropsr iralallgion,
machanical damage from roed debiz, 3nd chamical
QORSON cn cayge lank fadpre. Siness coerosion
cracxing of e Rbeegiass ovamTap has Deen imphoaied
it b recen] CNG etk (alored,

releBse is high. Any pressure vessel
explosion is poientisly senous,

bugl tanks and the efiects an the
strangh of the glass overwrap. Also,
eheciive medhods of inspection and
beshrag T 0 B0 inGisd Bhat The
sheangh of CHG tanks ki not baen
egrased.

Explogion — fom
machanical damags 1o
wihichs fipal 1ank.

While GNG husd tarks must meel igonous design
standards, CMG hml tanks have faled due lo cormsan,
Mischianaal damags B foad Geins. EnprogdT
instakation. and use of mesrmct maunsng comporerds
an all causs bk Riure. For example, atequats
Charances are necessary anound the CHIG tank in ordar
i prewent chating.

The amaunt ol shored aneay (s
subslantal asd the rate of esany
PSR (5 high. Ay pressune vessel
iapHoson is pobsntially senoes.

Tankys mauniad in the undananmags of
the vehiche have bean found to suffer
frecpeanl mMechancal damage fom road
dishis. And numanus instancas ol
impraper instaliabon have been found in
which other components could cause
chalng of he tank, Althaugh Bbariony
fisls bl bean perlorned with CRG
Cyanders Ihal nave been dakbaraisy
damaged in some way, e kind of
damaps which eoad gelbng mghl cause
i hand bo prodicl, Indation on
irspiiaon of lanks tor damage is gheen
"

Expleslon - of
prassure vessel
eopingion kom fasuna
ol cofnpraseer i shut
ofi.

iNabural gas compressars ane posiive dsplacemant
machings. I 1he limit swichis) a2 o cperaie. he
COMPraEsor can over-prasture the cascade or fued tanks,

The amownt of stored enamy is
£ursianiizl and tha rale ol enagy
saase is high, Hny pressure vessel
Exphosion is polentisly sarious.

Mo =uch inciden! has cocwmed in g,
CNG operation. Howaver, Imit fallures
Fare oocursed in cther industries. A
HAZOP andior FMEA anatysis should
bt peripemad to paxplons tha
consaguences of vanous companent
Eadures.,
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TABLE 41(D). COMPRESSED NATURAL GAS (CNG) - HIGH PRESSURE (cont.)

Hazsrd = Evinl Backgrownd Consequancas Knowladps
Misslle damags - CNG fuel systoms ane under high pressuee. Imgropsr Almough the progecties may not be Such ingidents have been reported in
from Tying about of detssembly procedures Of taully pressune indcations karge or heany, the close peoximity of trangil CHG operations, In some casas,
parts during CaNn CIUSR parts 0 act a5 prokciikes. Shadies of pecple increases the sk, fanity pressuee gages hed worders
disassambly, projeciile mmpacts have shown that the enangy thal could ermoneously bekeve the system was nol
b imparted o stardand fuel system ftengs by CNG UnGder prassure.
wonld be sulficent 1o cause the death of lage [abortony
test animaks,
Misile damdge - Prassare gages ane kngen 1o fall under pressre. Whils | Althowsgh 1he prosecties. from a taled Gags manulacturers genaaly includa
freem pressuns gage thr heaeard i largely controliad in stalionary appiicafiors. | gage may not ba lange or kagy, the fnatures io inswre that any falure does
T the: wehicks envimonment can be more severs and chose prooimity of people moaases e | onol oot on ihe ol ol ha gage.
pressund gage fadures may De expected o occur more risk, Howewer, proper installation of the gege
frequently than in staionary appiications. & necessary ko thosa features o be
aflective. Mo such incident nvohang a
NG vehicle ks known fo dale.
Flalling damags — CHG lupling hoses carmy gas at high prassune. A Droken | Alhough the fualisg fose may mof be Good imtormation abou the frequency
from fueling hose hose will fail widly if unrestrained.  Exoess fow devices | aspecially hadey, e netegsary dose of hose taiuras in CNG service & not
faure. ey hedp, but dua b the high Sl rabes roquinsd for el dvaiable. Thend has bean o incident

operatons. the abowable fow rate must be reaively
large.

prondimity of peopse gréally increases the
g,

wian i phagfid want hose & a venad
noZde ruptured and SYUCk a hasler,
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TABLE 4-1(E). COMPRESSED NATURAL GAS (CNG) ~ HIGH TEMPERATURE

Hazard — Event Background Conssquences Knawiedge
None - no signdicant | Malural (a8 B nol Siooed OF used al fegh kemparalunes - -
haeards dentified. and doas nol predent A signiicant high tempanature
harard.
TABLE 4-1(F). COMPRESSED NATURAL GAS (CNG) -~ CRYOGENIC TEMPERATURE
Hazard ~ Event Background Consaquences Knowledge

Injury — fram conflact
with cold companents,

High pressure gas releases produce vigarows coaling dus
to expansion of the gas. Unlike cryogenic fusts which
feature low temnperatures, the low lempesatures from
CMG releases can be unexpectsd,

Personal injury due bo frosibite can
DCCAT.

Aelease of CHNG can produce
temparatures of =100 C or less,
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TABLE 4-1(G). COMPRESSED NATURAL GAS (CNG) - MECHANICAL ENERGY

Hazard - Evant Backgrounc Consequencas Knowiodge

Missile damage - Mabural gas compreasos ane lame rotatng machines, Carrage or injury due to fiying A rusviber of compnessor stafions hawa
anchior inqury from Macharcal faiure could producs Byng IRgmants. fragments. The kagments may seves experienCid Saious mecharical fafures
catasmphic a5 of eacin nes ard ganpraba af eenprassor unle, 8.g., shaaned head
compressce Rilure. atdsong hazeads. Dols. In the chamical process indesiry,

iha mcidencs of compreasar failure has
Bieen estimabed (o be 200010° s,

Failing hazard - from
Pandhing of hedy o
tanks.

CNG luel tarks, particulary when grouped in racks, ame
higvr han comanbion dess fual fanks, Equirmant
and pincedures will have o be developed Jor handling
Ehivs Py COMPONERS, Evin intha atsenion of any
nged o repair, the fanks wal need (o be remaved 1o
ingpection and recertifzion

Failure 1o randie Beavy lual ks
adanuately can Gausa personal injury
and damage 1o the tanks,

Abhough a numbes of fiests opergls
CHIG vahicles, fhe author i not awan
ol any refinad system for hangling CNG
fugl tamks dunng routing manianance,
b numbar of Ssals have plass 1o
tomstruct specialived tank handling
equipment, but there ks as yet no
SEDEIENCE On e success of those
plars,

TABLE 4-1({H). COMPRESSED NATURAL GAS (CNG) -- ELECTRICAL ENERGY

Hazaed - Event

Background

Consequences

Knowledge

Elecific shegk - fam
SecinCa Supol o
nahural gas compressor
stamgng

h¥lurdl gas compressar shtons mquine lange prime
mouers, || thase am elecincaly operalad, he 28 ol e
modor: rleded riquings high woltage and high curnand,

Elecine shaock can cause sanous or alal

uries

The design and pracautions necessany
in nandle slacinel loais saley ane
well-developed. The Mationa! Electical
Code (WFPA-T) summanzes thes
imowledga,
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TABLE 4-2{A). LIQUEFIED NATURAL GAS (LNG) - FLAMMABILITY

Hazard = Evenl Background Consaquences Knowladga
Fire = from LHG While fugling island colisons may ba rane, there is e Tha rapid evaporation of LNG onwarm | Design for crash protection i
dispansing equipment | potential to releass langR amounts of huel, surfacas maans that e amouns of teasanatly wel-known and can be
after yehic colisnn a2l wapor can be raleased quackly. apphied o LNG hueling dispanseng 1o
damage miigata ths hazand
Fira = in LNG lued LNG fuel storage laclites must contain moderately large | A fra in e vicinlty of an LNG sioeage My maites riviiwed of LG Gacsties for
i Tacity quaniiies ol Narmmabie liquabed gas i they are to fluala | tank can resull in ragid venting of lerge | gas ullity poak-shaving plants have
famge %eet. To date, these facilties an located above amiunts of fued, besn made. One shor genaral review
ground and are subject ko vanous companent laires. &% preanted in 8 NIOSH raport. @
Elrmenatan of all local sources of ignitan & the key to
safedy since small haaes and verdng of LNG ae relatively
GO QCCUTAnces.
Vehicle fine — fram The 56 of Iiquefied natural gas involees materials, Evet bom comegnbongl foeds zm limiled | The desgn experience basa far use of
fuel system leaks dwe | componemis, and techniguees whith have not bean oy the relatively slow evaporation of the | natural gas kel (LNG or CNG) on
o oo desgn qenemlly used on mator vehicles. Production LNG Il Fer genenus fuals, this Emikation yishicles (g 2l refafvely smal,
wehiclas will difer significantly n desxn from profobypes | does not exist and fangs krés can especaky for g gven type of wenic,
pravicushy used by GXE WliES and gthers as fewelop quickly. The lotal numbes of LNG-fubiled
damonstration LNG Teals, wvehicles that have aver bien in senvice
i the warld is probably Sewee Ehan 1000
vehles
Viehiche e - fam Many riabural gas vehicles am corveried fom ofher fusls. | LNG vahicle fual sysioms ane under b5 ngted abowe, the deggn expenence
fuel system heaks due | The paxparience and skill of thase doing such conmversions | reaivily high pressare, B0 o 200 psig. base kor use of nafural gas fuel on amy

i improper rstalabion,

ane highly vanable.

Thus, aey fuel leak can release
rekarely tange amaunts of fuel quickdy.

given typi of wahicks is sill relativaly
e,
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TABLE 4-2{(A). LIQUEFIED NATURAL GAS (LNG) - FLAMMAEILITY (cont.)

Wabdcle firg - I Thiik wbl OF ETyDoeic Ragls iMmOhis: Malinas 30 LNG vafecle hat! SySiems & unoes Treiik i eedsaniEilly o Dody ol
fued system leaks due | componants which have nol bean generaly used on refalively high peessure, B0 to 200 psig. | krowledge on the design of cryogenic
o pomponent {alure. mafar vehiclas, Thus, amy fual =3k can release componarts lor mokor vehicle sanice
refalively lrge amounts of fudd quickly. Thee bezsons leamed on the limied LG
vehicla demonsirations o dase hawe not
been cobected and codified in the
Iaratune for use by aulomotive
angnpers now 1o this fuel. Some data
i Pl Filetd fles of Components o
statonary servce & ksied in '
Vericla senvice is mone savera g
filozdy %0 result in higher failore rases.
Vahicle Firs - from Floal expenance shows that many vericke fines an of Because of the low boling peint of LG, | To dale, no LG vehicias are known io
ailhar than atermaive electrical origin, These fres then imvoive ather vehicle & BLEVE ol tha LMNG luel tank is have been aived in @ vehide e
bugd LoiEca. cormponants, such 8s plastc parts, and aventualy invoive | possible. More Bkely is rapd venfing of | whoss ongin was nod in the fusd gystem.

that vehicle Rl syslam

natural gas,

Fconivitr, Such vehica firas o oo
ard axparancs with natural gas in
Slalipnary appCcations ndkates hal hHa
presancs ol 8 Fl'lﬂl.l'i:l-ﬁl'lm.l'ﬂgli
SUDply Can InCrease he sevacdy ol fire

damage.

Fire ~ after dive away
during teing

Property designoed break away conneslors can prevent
most gk fuel rleasos, Bul P flegs cannot
peotect agains! all drive-gway scenancs. Some LNG
wihickes have ignition interlocks 1o prevent the vehick
frgm besng staried with the fue dogr opan. Such
intieriocks can help reduce fhe frequency of drive-aways.

Amy lrge fre Sas the polential o
destroy e vehicke andior injure
empigyess. In addlion, 2 luding istand
frm could pun e fleet out of commissign

By preveniing luglng.

For bypical desel bus fisets of 200-300
Dy, stil-ql iy Q0L i onice &
monih. Experience with TG fesls
shivars that grve-awsays stll cocur, Tha
frequany dr LNG fleats 5 vel 1o be
detemminad.
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TABLE 4-2{8). LIQUEFIED NATURAL GAS (LNG) ~ FLAMMABILITY (cont)

Yehicle explosion ~ Transil buses have lpiry lange volume enclosed spaces, | When ignied, a confined natural gas-air O such explosion has occwmad, inan
irem fual system ieaks. | especialy ihe passenger companmend. |f hese spaces | Mixdure can produce pressures of up to | asticulabed rarsil bus under repair at
fill with @ Ramenable modure, a sigificant explosion can | 800 kPa ~ far more than vahicle Hauston Matez. Indormation on the
pecur, O such expiosion has octurred, & bansh bus 81 | windows o body siraclures can gticacy of vadous common igrilion
Houston Metro. withstand. SOueEs is given in, ™
Building eaplosion — | Such leaks can foem a fammabie 2one inside vehacls When ignited, & confined natural gas-air | Thowgh some fuid dynamic modedng ol
fromn whiche fuel siorage and miamsbenance Duildings and, 1 igreted, can miture can produce pressunes of up to | CNG huel system leaks has been dona
sysbern bt cause bulding amplations: and serious njurias. 800 kPa ~ far more Than buildng for FTA, and much modesing of ouldoor
Expareacs 10 dale Suggests thal kel system leaks wil abeuciures can witeiand. For ecample, | LNG mleases has been parformed,
be relatively irequent until the technology of rateral gas | overpressures greater f@n 7-15KkPa | there 5 a lack of data o LRG
vehicies becomes mone mature.  Since natural gas from | will cause a brick wall 1o sl flemmable plume behavior nside
LMG i nod pdorired, some bagks may 50 wnined buildngs. Theme s aleo a iack of codes
and standards to guida the design of
Dulldngs for this fuel.
Building sxplosion — | H LNG wehicles are nol operated Iequently, pressure wil | When gnited, & conlined nalural gas-air | N sludy & &valabie of the Inequency
{rarn wiehicls ank buiid in the fuel tanks. Eventualy such pressure willbe | micture can prockce pressures of up b | of unasficipalied indoor LNG venting in
venking, veried Tiough a pressune relel vahe, Such gas B0 kPa ~ iar more than buiiding a lanpe Neet. Cumend LNG vehiches

releases can form a lange Ramenable zone inside vedicks
shomge and marsenance bulidings, and A, igrited can
cause bulding explosions and senows inpres.  Veniing
enisodes my De rekatrely Wequent unill the experience
base with LNG wehickes increases.

stuchues can withetand, For seample,
CePrEssLneEs gresiar han T=15kPa
will s @ brck wal ko fail.

rrrast b usd every 310 days 1o
peavenl venling.
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TABLE 4-2(B). LIGUEFIED NATURAL GAS (LNG) - CORROSIVITY

Hazard - Event

Background

Consequences

Knowledga

Soal failures - from
Eack ol low lempeitune

Whils LNG is nof cormosive per 52, £5 Cryngenic
properfies can have deletedcus ellects on gaskets, o

Saal faiures wsuElly resul in fud leais:
Such heaks can lead 19 firg, inyury, and

Evpanence b date with LNG equipmant
shows That fued keaks ang Comman.

capabibty, rings. and olfer seas BxpOsion hazards, Segl takures have Deon obsarved on
LNG fuedng nozzles.
TABLE 4-2(C). LIQUEFIED NATURAL GAS (LMNG) - TOXICITY

Hazard - Event Background Consequences Knowledge
Asphyxiation - o ILHG vapars are Paavisr han &r and can oolecl in ow H & parson does Aol receie resh & The causes and efiects of asphyxiation
displacsman of ar areas and in wessels and equipmeant hat are nat well- quickly, seripus injury can ooour, ane giscussed in standard salety

wentiaed. This can inchide some vehiche pertions as bexty,

will as faclitios. Snce LNG is nod odarized. panpla

entering the space may not be aware (hat gas is present.
Adwerse health ncomplets combestion of methana can produce Aidehyoes are very Irfigling Lo the eyes, | Maasuremants made by Battede jor
aMects — fom ndoor foarmaldshyde, anirmand and a possibla weak nisa, and respiraiony sysiam, FTA have shown thal Sormaldebyds
BEpOsLe 0 caronogan. Though catalylic comverers can conind Encesshoe akdefryde levels have led 1o concentrations are highar i tha viginity
formaldatyda inwvehicle | fomaldetyde, these are nat effective during pull-ouw employee discomfort and complarts o CHG Buses during moming pufl-out
achaus when anging and exhaust Syslam ang cold. Numerous {har duning deesedl butes. Snce LNG

fraresil facilines abeady hava indoor air qualsy problems Tleats Farve P sarma nadural gas

during pull-out and omployees may be sansifwa, bolh
pryscally and poiticaly bo thes ssus.

engne, they dne sxpiiiad 1o show a
samaar offect.
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TABLE 4-2(D). LIQUEFIED NATURAL GAS ([LNG) - HIGH PRESSURE

Hazard = Evinit

Background

Consequences

Knowledge

Explosion — fnom
comgsion of vahich
fued tari

Wik the pressirs o LNG fust fanks (8 0ol 33 Righ &5 i
MG lanis, They are sHT prassune ERIEE and GHrtmn
ey in the form of gas mantaingd a1 prassure. Much
ProdE nformration & needed aboul he range of chemicals
that may contact the Suel tanks and to possbie
cormosive efects. Such agents indude road sall,
pressure wisting detargents, angne cil, brake fuid, &,
I i% known That most stainless saal Alogs &t quibs
suscepible bo chionde attack,

The amount of stored enangy is
sibetanial and e rade of anengy
refaase & high Any prassoms vesssl
aspleson & pobenibaly senus,

hore nlprmalon s neaded on the
chemical envieonment saen by LNG fuel
fanks and (he possibhe Lomosie ellict
o the anks,

Explosion — from
mecharical damage b
withicle: fusl fank.

While the pressuss in LNG fus tanks 8 not as high es in
GG larfes, Thind Grg 510 DROSSUIE VESSELS and corlan
entrgy in the borme ol superconled ligued and gas
rrairtandd @ pressura, Any tank in the undacarage o
e vehice s polentially subject ko damage Hom road
i,

The amoumnl of sioned energy s the
subslaniial aned (he rale o enaigy
ridgase & high. Any precsurs vesal
REpOSON & polerialy Sarous

Snce Ihe inkenmal pressees are qulle
crrilgr, (e neguenty ol propans Enk
lailuras may senve 85 3 guide hare,

Explasion - from
rapid heat wansler ko
lame,

An expiason of 3 SO00-galkn Equed fyeogen Enk
pocuered because cooling waber applied to the tank afer
a bra orerad, combined with & loss of vatuam in [he
insfating layer, rasubad in rapid heat ransder b the
igedd in tha tamk. Tha sama phanomina & ipecied o
apcly b bouelisd nabural gas tanks,

Thie e gl the gaplosion e a 144
pound bulkhead from the fank which
was pedgedied 250 leat bom Me nging
focation

This incigent & descrnbed in Bn anice
eobilled "How Safe & fe Saorage of
Ligald Hydrosgan,“!'®

Explosion - from
rapped LNG.

Trappad LMNG which warms procuces extremely Righ
pressuees if @ & confned. Geod design includes
presiues bl at 3l points where LNG oould De trappsd
Gt 0esign B0 prevents mosiung mm acemilaing
et could form ice plugs and deleat pressurg rekel
CERDEs.

Tz amaunt of siceed enangy is the
gubgtardal and the rate of anamgy
releasa is highy Any pressus vessel
anplosion is potenfaly Serous,

The physical principles behind this
Fayzasd ang wall-known, The Fequency
in vemicle feet operabion & nol kndwn.
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TABLE 4-2(E). LIQUEFIED NATURAL GAS (LNG) -- HIGH TEMPERATURE

Hazard - Event Background Conseguences Knowledge
Mone - no sgnifcar | Liquified returad gas is nct stored or used 31 high - -
hazards identitisd. \emperatures and does nol peesent a signdicant high

temparabure hazand,
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TABLE 4-2(F). LIQUEFIED NATURAL GAS {LNG) ~ CRYOGENIC TEMPERATURE

Hazard = Event Batkground Consequences Knowledge

Injury — Irom skin Skin can adhere b cold surfaces and be ke gwdy, Skin | Frostbile and personal imury can resull. | The flesh-learing hazard i menkioned

comac with &l cantact with NG can ako tausa frosioile o cryngenic in "Sate Handing of Cryogenic Liguids.”

comporents. bums within a liw seonds. Compressed Gas Assoc. publcation
CA P-12-1933, but no indication is
given as 1o tha frequency of
occumence. Soma mindr cases of LNG
fual-refated frostde Fave ocoursed
LG fleat wahichy operasons.

~ fnom skin Skin contacl with LNG can cause froshie of cryogenic | Frostbibe and persoral injury can resull. | The Besh-learing hazand is mentioned

ml::lmmaapilh bums wiltan a few seconds. in "Sale Handling of Cryogenic Liguds,”

o laaks Comprassed Gas Assod, pubbcaten
CGA P=12-1803, but no indeation g
green 2% 10 (he frequency of
OCCumence, Some mnor cases of
Irestbate troem LMG fued spills have
ooumed.

Infary — from e If LNG were i be stashig inlo the eyes, @ would freeze | Eye contact wih LMG can ceuse Ammpl_memdﬂmm

conac! with UNG spits | the bens and make i cpanue. Eye protecton for fuslers | immediate and pemanant bindness. amy such irjuries to dale.

o ks, and mechenics i smpadant, but not aways usad.

Structural failure — Struchural matenials will contract substantially whis If the structwral sarmbar & Ired 1o move, | The calculasion of the degree ol

due 10 conraction E%pOSET 10 crynganc lemperaiures. M they an nol than may be no consaguence at &, poniraction wih lemperatore & &

designed for such contraction, pesmanent defermation or
damage may recult [ ihe maleral i brile, STess
Cracking may resul

O fha cfher hand, @ The member i
conslradd, lanpe stessas will build up.
H the member is piss embetiad due lo
Iow temroaralLrg, B cracking and
structunal fasure of the memnber may
oocur. Such failra may endanger tho
wehicle or vehicla salisty companents.

tetbaock probiieen in angingaring.
o, | 2pifs and leaks are
urarifcpabed, i Il dessnes may
nofl by A any penwision lor such
&R DCuTEnGE,
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TABLE 4-2(F). LIQUEFIED NATURAL GAS (LNG) ~ CRYOGENIC TEMPERATURE (cont)

Hazard - Evant Background Consegquences Knowledge

Btructural failure - Many materials, including common steel, become brttie | During the Bime that the matenials ane Since the appeararce of the matenal
due 1o emibrittemenl at cryogenic temperatunes. ARhough components thal coid and britte, struChural B may may ndd change, obSerers may nol
are normally at cryogenic lemperatures can be designed | ocour thist may endanger the vehicle or | realize 1ha1_1ha shrengm has been ks,
for this senice, LNG spils can adversaly affect the vahigle sajety compenents. Trnsmﬂcmahebaamh:_ranynm
structural integrity of the companents that are contacted. of faboraigry demansirations of
cryogenc efiects and thene = a
subrstantial body of knowladge on the
efiect ol lemperature matarial
properies. This knowledge should be
applied if the designer befieves the
madecial may be exposad to LNG
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TABLE 4-2(G). LIQUEFIED NATURAL GAS (LNG) - MECHANICAL ENERGY

Hazard = Event Bachground Consequences Knowiacge
Hone - ro Lse of liqueted natural a5 usl does mol resull in - -
hazards denbSed, sayrificant amounts of slonad meckamcal angngy and
nence theea is no significan mechancal energy hazards.
TABLE 4-2(H). LIQUEFIED NATURAL GAS (LNG) - ELECTRICAL ENERGY
Hazard — Event Background Corsequences Knowledge

Mar - no sgnilfican
Peazarts kheniie.

LiqueSed nafural gas fusd does not imoke stoned
eecincal ensrgy and does =l present a signiicant
slacincal hazaed
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TABLE 4-3(A). PROPANE - FLAMMABILITY

Hazard = Evaint Bachground Consequences KErowhedge
Fiire — from propans Whi fueling igtand colfsions may be rare, a fine resulting Damage andor infury from fine, possible | Engneesing design for vehicle crash
dispensing equipment | bom such a colision could pul the fusling faclty out of desrupbion of senice profecion & raasanabiy well-kmown and
afiar vahicle codigion garvc, can be applied.
damage.
Fire — aher crive-Zedy | Propety designed break-away CONNECtars can prevent Ay large fre s the potental o For typical diesel bus tieats of 200-300
during fusling. rrsh kirge fued refeases.  But these Btfings cannat destray he vetacls andior injure bumes, diva-aways olcar about once A

profect sgainst al drive-away SCananos. empipyess. In additon, a lualing isand | month.

firg could put the feed oul of commssion
by peaventing husing.

Fiew — from cwérfilling | Propane has a much higher volumelsic aspansion than Omen, such tank-venting incidents occur | Al least several hundeed prOpane over-
fanks. does water, Theelone, il is necessary ta limit the al right after the vihide has bean flling fres ocowr each vear. For

effactve capacty of propane fusl tanks to about 80 funkad and then parked indoors. If additional information, see

percent of the water volume. I Tis & nol dona, maving | igeition of the venled propane ooours, Ruference ™

The vehicle irbo @ warmer locabion can resull in a release | e resuling fire can cause corsiderable

of fiquid propane vough M tank bl valve, propery damage.
Fire = Irom siabic Durig some vehicls mainienanca procedures, the Simitar fres whig vening natusl gas The principles of stalic esacinchy an
ignitian of venled vehicle tanks may have to be empied of fuel. However, | fusl tanks have desvoyed the webicl, generadly wal-krown, but are not
ks, afeclve procadures may not aways be used o empty always appded by operatoes of

bual lawics. Allowing a jot of gesaous fual and Tued atternative fus Beats

chrogiets 00 Impnga o andther ghjac! can cause an

icturrulation of stafic slecknicity,
Vehdcle fire - from Whilks tha number of propane-fueled vehicles axceads Viehicle fres can resull in damage 1o The design experence bass jor B
W!MHH_HH:EM theal host many o alamatie fuals, most propane fuel wehicla, cama, and cocupants. 1252 of propana on vehickes is still much
10 poor desge. systems am shll designed by aftermarcst convarters who srmisilar than for gesoline o desel,

midy nol hive B vihicls design resources of an OEM
automobde manutaciune,
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TABLE 4-3{A). PROPANE — FLAMMABILITY {cont)

Hazard - Evont Bachground Consequences Knowhedge
Vahicls fies — from Many propane vefaches are comverted fom other sls. Vehache fires can result in damage 1o Thé Sesign experiance base e P
bl system leghs due | The experience and siil of hose dong such comvirsions | vehicl, cangs, 400 ocoupants usé of propane on vehacles o s much
0 improper instalaton. | are highly variable. smalar han for gasolng or dese fuel,
Addnonal information on propane
“mnmm kits & given m Retarenco
Vehicla fire — fom Whalé the rurber of propane-fueied wehices. #acdeds Vehicle bres can redutt = damage b The design exparience base for the
foal system laaks due | Hhat for mamy other alemative Bists, propang fugl vehice, cangs, and ocoupants. use of propana on vehicles is sl much
b component Biuea. | Sysheems components stil do not have the expanence smaller than for gasaling or diesel,
basi ol olfher fusls.
Vehicle Fire - from Flisit gnparience shows that many vehicle ees are of Bécausa of the low baiting paint of Such vehichs fres Jo ocowr and
ofher than abematve | electncal angin, Thise fires then isvelve ofher vaticie propang, a BLEVE of he progare fuel | exporience with progane in staionary
ful source. components, such &5 plastic parts, and evenbualy mohve | tank is possitie. More ikaly s rapad appicabons Indicates that the presence
e vefacha fusd Tyt wering of propane gas. of 3 propane: Supply Can incresse the
severity of fire damage by leeding
addtioral il 1o he i,
Vehicle explosion - | NFPA-SH cortains vanting provisions ko be ioliowsd o When ignited, 2 confingd propsne gas- | A number of such explosons have
froen hodl System leads | addvess this hacand ' e can peoduce prestures of up | ooowmed in rocreabional vehicles whens
o B0 kFa — iar move Bhan wehichs the on-board Supply of progane was
winddaws or Dody sirudiees can used for heating andfor cooking.
_ withatand,
Building explosion = | Such leaks can form 3 fammabie zong inside vehicl When ignded, a confinod propane gas- | The Naboaal Elecinc contains
from webicke fusl Sorage and manlenance buldings and, if igrsed, can aIr modune CaN produce praseunes of up | provisoes for use of explesion-prool
Syshom loaks caus byiiding axpiogions and seous inuries. o B00 kPa — ler more than buiding aladtrical gaves @ the lower levels of

Slruchiees can withstand. For gcsmpla,

Overpressures graabe Fan 7 - 15 P
will cause a brck wall i fad,

buillings where propane is used.
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TABLE 43(B). PROPANE - CORROSIVITY

Hazard = Event Background Censequencas Knowledge
Hnn-mﬂgitﬂ Progane fuel is rot cormsive and does nol presant a - =
hazards identied. sigrificant corrosivity hazard
TABLE 4-3{C). PROPANE -~ TOXICITY
Hazard - Event Background Consaquences Knawladge
Asphyxiation - from | Propane a3 & heaveir than ar and can collect in w H a parson doss nol recewe ingsh air The cousés and etlects of asphyiation
deplarement of air. areas ond in orvenliated soaces, Suth 85 MaNNaNce | 500N SEOUS Sy Can oomwr. mﬁﬁmmmm
(113 fends.
Health eflects - fmm | OSHA has sat a bmeweghied aweage (TVA] of 1000 Probatily nong, Singe the more stingast | The bais kor s CSHA personal
bl Moty ppm & ihe persoral exposure Bmit for pOpane vapor wcily CONGET SHBMS 10 be withou! expoture md may be vague, bad S
Other summoriSes, such a5 Me Amancen Conderence of barsis Curranily the taw,

Govennmantal Inglusirial Hygianists (ACGIH] do mot
SUpEGn the waw thal propane is fonc and hist @ as a
simple asghryaiant. Conversalions wih NIOSH da not
reveal e rabonat tor 2 more sEngent Classhcation.
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TABLE 4-3(D). PROPANE - HIGH PRESSURE

Hazard = Event Background Consequences Knowledge
Explosion — from While the pressune in propane fual lanks is nol as high Amy pragsune vassel enpiosion s An approocmiate tasure rase ko prssure
porosion of Tued tank, s w0 ChG lanes, they are sl pressure wessels and pohentally senous vissas of all types ig about one falure
conkain eneegy in the fom of lquefied gas maintained & pixr yoar per 10,000 vessels in
PrRSSLTE service. ™ Nt gl such lafures are
Catasimgnic.
Explasicn - lnom Whie the pressuee in propane luel anks is mok as high My pressure wassel explosion = Spe abiwe,
mechanical damage fo | a8 in CNG tenks, they ane sl pressune vassels and potentally SEnmus.
LTERES cortain enargy = the form of Iquefed gas maintaned al
pressire, I tha propana fuel ek 5 mounid in the
velhicle undercamiage, then it & suscaphibli b Bl
{ram mechanical damaga from road dsbns, e,

TABLE 4-3(E). PROPANE -~ HIGH TEMPERATURE

Hazard - Event Background Consequences Knowledge

Mone —na signdicani | Propane s not stored or wted al high Brpaniues and | - =
harerds identied dos not present 3 sigrificant high termperatung hazand.
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TABLE 4-3(F). PROPANE —~ CRYOGENIC TEMPERATURE

Hazard - Bvent Background Consequences Enowledge
Injury — from contact | Felease of propane produces vigorous cooling due o Parstnal mjury due 1o frostbile can Relaase of propane can produce
with coid components. | evaporabon of liqusd peopane and subsaquent expansion | occur. temparatures of <0°C or less.
of the gas. Unille cryogenic fuets which leature low
femperatures, e low temperatures from propane
rabaases can be axpacted,
TABLE 4-3(G). PROPANE -~ MECHANICAL ENERGY
Hazard - Event Background Consequences Knowledge
Mone - no signéficant | Use of propane fued does not result i signiicant - -
hazards identfied amounts of siored mechanical anengy and hencs there |5
N0 significant mochancal aneegy hazards.
TABLE 4-3(H). PROPANE -- ELECTRICAL ENERGY
Hazard = Event Background Consequences Knowledge
Nene - ro sgnficant | The use of propane luel does not invole Siared elecincal | — -
harards identified. enargy and does nof present 3 signiicant slectrical
Farand.
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TABLE 4-4[A). METHANOL — FLAMMABILITY

Hazard = Event Background Consequences Encwledge

Fire ~ from fpe! Th danger of methanol tueling island colisions is simiar | Such a colision coul resul in  fire, Design lor crash peolection is

fdspenting aguioment | % that ram gasoling fuebng slands. reasonably wal-knmwn and can be

after wehicls ¢odisa0n appled

darmge.

Wahlcle fire — from Athough methanol fuel systemes ane neary the same as | Ay fusl Syshem fire Gan demage of The US EPA has compared e vehicle

{uel eystem leaks dee | thoss genarally used on mofor vehcles, there can be congume Tl vizhicle. fre rate as a lunchion of Rexd vapor

fn poar dasign, challangas in e salecion of compatible malenas, pressure (AYF) of the fual and found
ihal 25 the fuel vapor pressura
dacreases, Ihirg ang e wiRicE
fres. ™ Methanol has a lower RYP
than gasaline.

Vehlcle firg = fom The use of methand! requises some changes in fud Ary el sysiem firg can damage or WUEEFﬁmmmpﬁmlufmi:In

fupl sysiom haxs due m materiais and components. CORELTE i wehick fr ras@ 35 & lunchon gf Rekd vapor

m:-::ﬂmmmn. " precayre ol the fuel and found that as
the fuel vapor prassure decreases,
thare are fewe veticle fres 20
Methanol has & bwer AYP fhan
gessoding,

Veicla Fire - from Fliid gaperience shows that many vehicls fires are of The consequencas of such a e willpe | The overal fre rate for madium 2nd

géhar than alamative | elecirical origin. These fires |en nvohe piher vehice wery lie thal of 3 gasoling fre of smilar hmwd_un-numaatcmlﬂnﬁw

sl Soure. componants, such as plasiic parts, and eveniually wolve | ongin, 100 rillion rmiles of cporaton.

tha vehicle gl system. Mozt zuch lies ongingte an the

elpetical Syslerm

Fire — after drive-away | Propeny designed teeak-away connacion can prévent Alhough uniikaly, a lusling siand fire Al retal gasaling stagions, ore o8

dung lualng. st such fuel refoases, could put the feet oul ol commigson by | company study leund ona senice

pravarilieg lueng,

station fiee due 10 2 drvi-Bway per 79
milign feeings. Snce the vapar
pressure of methanl i lower, the fee
rale wiukd ba expecied o be sompehat
lower,
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TABLE 4-4(B). METHANOL -~ CORROSIVITY

Hazard = Event Bachground Consequences Enowledgs

Corrosion -t metal | Being a polar bquid, methangl is sightly scidic. Thus, & | Such comosion can fuel leaks #f feal Informetion coatanad in Pemy's

pomponants. Can oomade alecTopositive metals such as aluminum and | system componants ana not made of Chemical Engineers' Handbook cowirs
zine. Thesgfore, materials iaditionally usad with mettanokcompalible matergs the bask: matenals data for
hydrocarton hssls sy ot be satistactory in contact with methanol™  The Canadian
methanol. The langa M-85 vehicle program instigated by Corvpensated Fuels Association has
the Calilomsa Energy Commession has produced & wealth prodiuced a guide to methanal fugling
of infrmation concenning proper malsrials selaction Ioe System desgn.™ Addtonal
methanol fuel. Efforts by Ford and Gasaral Motors have materials compatibisty informafion may
abso led o matenaly speciications, fegurd lbaralory testng.

Seal failures - Whie methanol is not very comosive per se, fcanhave | Seal falures usually result in fued leaks. | See above nol for comosian,

desariorabion of geskats
and 5edls

oeleteripus eMects on gaskats, o-ings, and other caals
winch wers cplbmized for other fuels, such &= gesglne o
digsal,

Such keaks: can load 1o fre, injury, and
exflesnn azards
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TABLE 4-4(C). METHANOL - TOXICITY

Hazsrd = Event Background Consequences Knawledge

Advarse health Mathand vapors ame 1ot and exceisve eiposuns o In husmians and olbér primates, methangl | Gengndl inlprmilion an melhanal heath

ofiocts = fom mathanol vapors can cause advarse health effects, is @ neurclonin a7 excassh axpaturd | eflects s gven in Relerence ™.

axposure hy lusdl inclugng bindness can cause Windress and deat, Innon- | KIOSH studied exposura of bus fueless

VDOrS: primages, malhanol is metacolizen, and mecharics to methanal 2l SCATD
Therelore, methana & corsidered and found the medhana vapor axposurs
tsodagradable im the emvinonment, 10 be regighie compared bo atcepled

haalth standasds,

Adverse hasith Excacsive skin contact wih methandl can causa adversa | In Fumans and cthar pimates, methangl | NIOSH studied the exposure of bus

eftects -~ kom skin haalth effects, including biindness. The use of gloves 5 & newrnionin and eCesshe Qipisune | mechanics o methanol a1 SCATD and

coriact with fusl . ard plher plrsona) prolacive gegr is reammandsd as G cause bindeass and death. found the expesuea ia ba ganecaly

wall &5 procedures lo minmize skin cortach with kel

acceptable if good work practices wene
rsed for breaking it the hotl Systern
Complete mformaton on salection of
proper protective gear is given in

Refarenca .
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TABLE 4-4{D). METHAMNOL - HIGH PRESSURE

Hazard - Evant Background Consequences Encwiedge
None - no sgritcant | Methanal & not stored or used at high pressunes and - -
hazands idenifisd. does nod present @ Sgnificant high préssune hazard,
TABLE 4-4{E). METHANOL - HIGH TEMPERATURE

Harsrd — Event Background Consagquences Knowledge
Mane - no significant | Meshanol is nol stored or wsad at high temparalures and | = -
hazards identified. doBs nol present 2 sigredicant Righ lermpamture hazand.

TABLE 4(F). METHANOL - CRYOGENIC TEMPERATURE
Hazard = Event Background Consaguences Knowhdge

Hofie = md sgnificand
haramds identifed.

Weathanal i not stored or used &l cryogenic temperatures
and does nof present a sqnificand cryoganic lemperaiee
haran.
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TABLE 4-4(G). METHANOL - MECHANICAL ENERGY

Hazard =~ Evant Background Consequences
Mane — no sgaifcan Tha us of mathanal fuel does nol nvabve sduipment -
hazards idantifed. with sigrificant smoures of stored mechasical eneegy and

heece does not presesd A sigrifican mechanical Enengy

hazasd

TABLE 4(H). METHANOL - ELECTRICAL ENERGY

Hazard - Event Background Conssquances
Mane - no signilicant | The use of methane! lusl does not involve shored -
Faras igentified. glectrcal enangy and does not present & significant

elecinical hazand
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TABLE 4-5(A). ETHANOL - FLAMMABILITY

Hazard - Evant Background Gonsequences Enowledge

Firg = trom fued The danger of efanol lusfing istand cdlisions is semdar Such g colksion could rosudl in a Bry, Dasign for crash prolechion i

dispanging esquipmend | Lo ihat om gasdline hetling isands, regsorably welblkaoan and can be

afar vehicla coligion Ao,

damape.

Vehichs fire - tom Al hoiagh ethanod fual Syshems ans rearly (he sama a5 Arwy Bual systém fins can damage of The L5 EPA has compansd the vefacle

fugd systern leaks due | thosa generally used on malor vahicles, fhera can ba consume He wvehicla, fire rate as & function of Resd vapor

10 peor design. chalengpes in the salecion af compatible matenals prassung of the e and fousd that as
i fu vapod presiung dedaases,
there are bewer vebicle Sres, ™
Efanl kg a lower FVP than gasolne.

Viehicte fire — tom The use of ethangl requires soma changes in fuel system | Any fugl system fre can damage or The U5 EPA has companed (he vahiche

] Syshern leaks dos raglerals and components, consume the wehicle. firg rale &% & fhunclion of Reid wpor

0 component 1aikre, pressure of the duel and found thal as
thit fusl wapor préssuns docraases,
thare: @ne hevear vehicle fres =
Ethanol has a lower FVP than gascline,

Vahicla Fire - from Flaet eperience shows tal mamy vehicle fres are of Tha consagquences of such a fira will be | Tha owerall fire rate for medivm and

ather Ban allamalive elecirical erigin. Thasa fines than vt o waticla winrly ik (hat af & gasaling fird of simiar | heavy duly rucis s gboud B lires per

fuml sourca componants, such as plastic pars, and evenbaally imdne | ongin, 20 millipm miles of aperation, =

L wihuihy bl Syshem, Mosl swch fines angmate in e

elecirical system,

Fire — after driva away | Properly designed break away conneciorns can present Athough unlkely, a fuslng igland fire Al retad gasolng staliens, ora oil

during Tusiing rrast such hoel refeases, eould pul fhe Seed oul of Cormmession By | company Sudy found one sendica

prpaandng fualing,

glahor e Qus 10 @ drve-away par 75
rrilicn Naelngs, Since the vapar
proseung of @handl = D fan
gascling, the: fre rabe would be
apiectad 1o be soemowhal wes
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TABLE 4-5(B). ETHANOL - CORROSIVITY

Hagard = Event

Background

Consequences

Knowledge

Gorrosion -t matal
componants.

Being a potar Bquid, ethanol i dightly acde, Thus, i
BT Comode Seciropasding metsls such as sluringn and
2ing.,

Such corosion can fuel leaks if fuel
system components arg nol made of
ethano-compatinle materials.

Information contaned in Pemy’s
Chernical Engneers’ Handbook covers
the basic materials data for

ethanal ™" The large M-85 vehicle
program instigated by the Callomia
Ennrgy Commigson fas producid a
wesith of informalicn Conceming proper
materials selaction for methanol fual,
Etforts by Ford and General Molors
have also led % materials specilicatons
for msdhancl |t & Bkaly Bat mos ol
his sxparance will anser over o
wthanal fuel, grven the chemical
Sirralanty of melhangl Bad efhandl
Additional materials compatindity
information may require laboralony
fesing,

Seal fallures -
deledombon of gagkels

Whilz ethanal is raf very cormasae par 58, 1 G35 have
defalarious efiects on gaskets, o-rings, and oiher saals
which wena opfimiea for oines luels, Such &5 gasalne o
ditesal.

Seal fahures weualy resull in el keaks,
Sueh leaks can load fo fra, injury, and
geplosion hadaeds.

Loa shove note e cormsion,
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TABLE 4-5{C). ETHANOL - TOXICITY

Hazard = Event Background Consequences Knowiedge
Adwersa health Ethanal vapors @ ior and excessive epaiung i ERtan eaciy o Cause ong-lerm MIOSH sludied saposure of Bus fusers
eftects — fom mrlhan vapors can cause adverse health gfiects. The | Bealh eflects as well &5 imosdcaton gue | 5o methang! at SCATD znd found the
axpasure 1o fusl TLY dor pthaned is 1000 pee {The ador Machold ic i Bcu VADDY BXPOGLIGL. aEposune bo be negigible compased 1o
NEADIME. about 5 peam. | aocepled health standands. By
axdension, e exposune to ethanol,
which Fas a higher TLY and iower
woliaflity than mathandl is also Bely 1o
bt gk,
Adverse health Marmally, fiere woukl ba Bt lemptation o ngest sl T hae: isalih consequinces depend o0 Data ram he Amancan Assocsaton o
afects ~ from Howavar, ethamo! fued is widely acverisad &5 being tha demaduran usid Poszan Conlral Cotars moicalos at
ingestion of fuel gran-based. And nol Al peopie may undersiand el the &oout 30000 people ane reated fos
deraburing process imeobves the addifion of losic alookol potsoning or overdose each
subetanoes 1o thi ethanal, and a poist nol olten made n R,
tha markesing of this fuel,
Adversa health \While ethanal is not especially toxic via dermal exposurs, | Contact with ethanol can cause skin Due %o tha long histary of the use of
effecis — from skin angessive skin contact with arry fuel shoukd Be e drying ard rriatcn, efhanol & 4 sobeirl hi: heakh dllecs
contact with fuel. Tha use of gioves and other personal protectin gear is of pure ethanal ane welkdocumanted,

recommanded 0 minemize shin comac! wih Tus.

See lor example Paly's Industisl
Hygieng, *®
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TABLE 4-5(D). ETHANOL - HIGH PRESSURE

Hazard = Event Background COnspquences
Morss — ng Sigrfcan Ethardl bl i5 nol shored OF uSed 3 hagh prescires and
P s Dentled. dods not present 3 sgniicant high pressung hazand
TABLE 4-5(E). ETHANOL - HIGH TEMPERATURE
Hazard = Event Background Consequences
Mone = no signficant | Etvanol kil & not stonsd or used at high iemperstunes
harards dentfied and dons nof presend & signiicant high lemparature
Mz
TABLE 4-5(F). ETHANOL - CRYOGENIC TEMPERATURE
Hazard = Event Background Consequances
MNona — no significant | Enanc fusl & not Sored or used 3 Cryogenic
s identifed. bemperatres and does not prosent a CryDgenc

temperitune harhnd
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TABLE 5(G). ETHANOL - MECHANICAL ENERGY

Hazard - Event Background Consequences Knowledge
Nong = ro signiican | The use of athanol fuel Goas mof ol Siofed = -
hazands idonitied. mechanical energy and hence does nol prasent

signiicant mechgsical anengy hazards.

TABLE 5(H). ETHANOL ~ ELECTRICAL ENERGY

Hazard = Event Background Consequonces Knowledge
Mone - no sipniitant Thie ue of ethanal fusl does nat ircive sioned dackécal | - -
harands idectBiod ENENgy and does not pressnt & sgriicant elecirica’

Fazni

4-42




TABLE 4-6(A). BIODIESEL - FLAMMABILITY

Hazard - Evant Background Consaguences Knowledge

Fire - froem fusd The danger of biodiesel fesling istand collisions is simiar | Such a codision could msul in & fre. Design for crash peobecton is

ulsr.'rEruIr_q equipment | 1o that om comrventional diasal luelng istands. raasorakiy welkknown and can b

atar wehick colison appliad

damage.

Yehighe lire = from Arhough blpdesal s syslems aie neady tha sams as Fires, from low-volabity Rquid fuels tend | Because the fammabiity of biodasal

lugl syslem ks due | those generally used on motor vahickes, there can be 10 ba Erited by ®e ralatheddy slow fued bs similar b Ehal of desed fupl, the

0 pooe design, challengas in the selecton of Compable matink, evaporation of Bhe fuel, Sel, ary lsl widé dapenience with convantional
sysiam fira can damage or consume ™ | desel Tuels is applicalle here,
vabicle.

Yehicla fire — from The use of biodiasel requines soma changes in hual Fires fnom [ovevolatilty liguid fugls dend | Becausa th Rammability of bindiessl

Tl sysiem leaks due | syslem maberists and companents. iy b limited by the relativaly slow fued is sirvilar o that of diasel fusd, the

i componant lalksre.

eviporalion of the fusl. S any fudd
sysem g can camage or consume the
vehicle,

Wil Der NG wilh Codvantianal
Gesel hoels i§ applicable hare,

WVehizle Fira — kgm Fiesed eaperience shows thal mary vehicks Gres ane of The sevarty of such bres 15 espasied 1o | Batause hie fammabaty of Bodiess|

ather than alemate alactrcdl orign. These Ties fen nvabee oihar vokasle ba simiar to 1hat of fires that nvale a tual is svndar o thatl of desel fuel, the

fupl spume compenents, such as pastic pats, and eventually Bvalve | dissel fual systam. widd expeiance with oomventiona
That wishicle fugd systam. chisid fueis = appacable hene

Fire = aftes dive-away | Propsrdy designed break-away connsciors can prevent Alhough umikly, 3 fuelng wland fre Becausa i Rammabiiy of bicdiesal

hring fuging mast such fuel releases. Mareower, like diesel fusl, Gould put the Neet out of commission by | luel is similar 10 at ol diesed luel, the
bicdesel fusl is befow its flash pomt at amban| preveniing fushng, wida Bxponeng with convertonal

temperaliegs. TRerpdog, an immediate Sre om splled
fual i most unikaly

dease [uess = appboabie hore.
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TABLE 4-6(B). BIODIESEL - CORROSIVITY

Hezard ~ Evanl Background Consequsnces Knowledgs

Soal Failures Bindiesel fual can afiack gaskels and seals thad would ‘While such lailures may menaly result in | Early resuits with biodiesel fael

detanioeation of gaskats | work wedl with comvenional Gess lues, impaled operation ol tha vehicla, ssal demonstration Beats Fave shown that

and saalg. {ailres that rasult in fusl lagks can saal problams do coour. I & ng! mdwn
result in vehicle fres. b sty rraderials may b jound

which ase acceplable.
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TABLE 46(C). BIODIESEL - TOXICITY

Notg: Since mest biodiesed tuel is used as part of 8 modum with disal fusl, the lowicty properties of biodkesal fug mixhars e usualy datermined by the diesed fuel

COMEanent,
Hazard - Event Baokground Consaquences Krnawledges
Adverse Heallh Whils biodizsed fuel & not expected 1o be espacialy toxic | The human heath effects of budiessd There is Rtle information on the toricty
Effacts - from skin via dermal @xposune, ExCessie Skin cortact with any fuel | ane nol as yet wel-defined, Health of biodiasal fuel, partculady comsidesng
coriact with fuel showd e awoidzq. The use of gloves and other efiects of the methanol compenant that meshanc! loacity primady atiects
personal protective gaar & mcommended to minimize include possible vl impairment and | humans and primates.
hin contact with fpsd Serioys inury [or Sevens exposanes.
Adverse Haalth Whik ingesglion ol fual wauld net noemally be considerad | Tha human haaith effects of biodesal There I lithe islormation on the tosicty
Effiacts — fom & hazard, thess i markesng irlormation thal stresses e | are mol &3 yol wel-dafioed.  Healfh of biodiesal duel, parfculary cansidaring
mgastion of fuel. tood crop odging of biodesel huel. Howeer, biodesel afects of the methano! componart Bl methanol faicity pimarily affects
fued is nof Just vegalable od, it has been raactad with indude possiie veual impaiment and | humans and primates,
methargl. ¥ ingested i will be broken down by the body | Serlous injury ke sevan: axposures.
int vegesable o and mamanal, which has fooc eflects.
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TABLE 4-8(D). BIODIESEL -- HIGH PRESSURE

Hazard - Event Background Consequencas Knowledge
Mone - o significant | Bioclese! fuel s not used at high praseore and doas it | - -
hazands identdied. presant a signiicant high-prassuna hazard.
TABLE 4-G(E). BIODIESEL - HIGH TEMFERATURE

Hazard ~ Event Background -F:nnw Knowiedge
Mone - no signficart | Biockesed luel is nod slared at high lamperatures and - -
hazards ientdid. doRs nol present a signifcant Righ lempsnateng Raram,

TABLE 4-5(F). BIODIESEL - CRYOGENIC TEMPERATURE
Hazard = Event Background Consoquences Knowledge

Nane - rg signifcan
hazands ientifed,

Biodiesel fuel is not stored at cryoqenic Semperatures and
does not present a sigrificant eryagenic hazand
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TABLE 4-£(G). BIODIESEL -~ MECHANICAL ENERGY

Hazard = Evant Background Conaaquances Enowledge
Mong - no signiicart Tha w2 of bicdesal fued does not imeles a significant -
hazans idented, amoun! of siofed mechanical emagy.
TABLE 4-6(H). BIODIESEL -- ELECTRICAL ENERGY
Hazard = Event Background Conssquonces Enowledge

Hone - no sigrificant
hazands ideniifad,

The e of modiesal fuel doss nol ivclva stored
eacincal enegy and does not presanl 3 sgrificant
ebacinical hazand.
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TABLE 4-7{A). HYDROGEN ~ FLAMMABILITY

Hazard = Event Bachgrovind Consequences Knowledge

Fiew - from kaking Piging drom the compeessar to the dspenser has The high line pressune means that lige | The odl refining industry has

undarground piping o | pressunes of 3000-4000 psig. Athough such piping i amounis ol el can be relased quickly. | considirable axperience with Fydrogen

Husing sland 3 often ok of stainiess steel, wich rearsts many fypes ai hegh presswres. Wk and repodts ol

EOROEON. of comoion, SDme types of stainkess sodl ane very the American Petroleurn irsttule (AP}

sustepnbie 10 chigede comosion. should ba comsutiad i intarmabon,

Flrw = 13 gig Piping from e ydrogen supely bo ihe dspenser may Trw high line pressurd maans that e | Desgn lor crash protecton

Geparsing soupment | have prestures of J000-4000 psg.  While tusiing isiand | ameounts of fuel can be released quickdy. | reasonably wel-kngwn and can be

ahee vishichs olldon pollgions mzy bo sare, here is the polenial o rolaase apped.

damage, langa amounts of sl

Vebicle firg - bom The use of compressed gases iwolves malenals. Firps rom Gquid kools ane Erevted by B8 | The dessgn expenencs base for use O

fod System hgks due | componants. and techmgues which have nol Deen reatrosly Siow evaponaton of e fuel Pagh pressure gasecus lusts on vehicles

It padr design ganeraly used on motor vehices. For fuals this limitason does is stll relatively small. Thes is especally
not eas! and large Wes can develop Irue b hydrogen: lueked vihickas,
quickly,

Vehicle fire - Fom Many hydrogen-fuelod vehicles are apt 1o be converted | Fires om liguid buals are fimitad by the The experence base i nstalabons

el Sysiam leaks cue | Trom other fusls, The experience and skil of those dong | relativily slow evaporation of he fued wsing high pressure gasaous luels on

o impeoper installason.

fch cornersions i highily wamalile,

For gasecus fuals this limiaton does
it st aed large fres can develop
ey

vehicles & sl rolatvedy small. Thes s
especally e kot ygrogen-fusled
weluies

Viaricla firs - Inom
fped syslam keaks cus
I comparert Gt

The use of hydragan gas imvokves malerak and
componants which have not been gendrally wied on
Foinr vehicies.

Firess Wi biguid Ruols mee limbed by the
relatividy siow qvaparation of the luel
For gadedus ludls this bmiaton ooes
ot gt and karge Sres can dewelop
ackly,

Thia expanance tasa of components
for high prassure gaseous lusls on
wihackes i sl retabvely sl Thes o

espocially true for hydrogen-fusied
WS

Vehlcla Fire = fram
gher than afematea
fu sounce.

Flgat aaperence shows Tl many vehck Sres ara of
pompoments, such as plastc pants, and eventually wvolve
thie vitiche fuel system.

A gassnus |ugd under high pressure has
the polenial lo sgndicantly increass the
sive and wdensity of 3 vehie fre,

Vehiche fres do occur. Howewer, we
are nol dwdre ol any dapedienc with
wehicle fres thal invoived hydrogen,
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TABLE &-7(A). HYDROGEN - FLAMMABILITY (cont)

Hazard - Eveni Background Consaquences Enawladge

Firs ~ aftor drive-gway | Propedy desgnad bresk-away connectors can prevant Any lange lire has e potential to The type and configuration ol hydogan

durirg hsling, maost Barge: fusl redeases. Bul these fitings cannpl desinoy thi vesiche and'or inuie luabng dispensers ramaing 1 be
profect aganst all dive-away scenanos. Static elecincfy | emplovess. In addion, afueing sland | determiced, The hazard depends on
may ige such fuel refeasas. The igniton energy for fre could put the fleet out of commission | the confguration of the: fusling
Niydragan i kowar (han for other fuels. by prescEning fusiing dEpensar,

Fise = friovm static Sevard such fires have abeady ootumed as CNGlanks | Some of Pete natural gas fres have Thie progesties o St elecrioty ane

wyfitan of vartad were venad 1o the stmosphere. If hydmgen tais ans dastroyed wehicles, a hydmgan fre ganerally well-krgen, bud ase not

fanks. weniladl, & Smilar possibdty exisls. Hyokogen has an woukl be eapesied 10 b similaky akways appled by oparators of
aepocialy low threshold for statc ignsion, compased 10 damaging akamalive fuel fleats.
nydrocanmen fusls.

Vehicle explosion - A vehicle explosson Irom kaking methane has cocurred When ignited, a confned hydragen gas- | One Sarsmable gas exphosion of

from fuel system leaks. | ina vransit DS at Houston Mata, Lk LNG wapor, g miniure can produce pressures of up | mathane has ocoured in an articulated
hydregen does mol hawe an odar to warn of leaks and to 800 kP2 = far mare than vehicle brarsit bus undar repair at Howstan
such an exploson with Mydrogen is ako postible. plass or hody structures can wehstand. | Malo, A0 analsis of feel gas kakage

i (ke irgnce of a wehicls & given in
Falarence ®

Buslding explosion — |  Such Baks can form a Sameable 2one inside vehicle When mpnied, 3 contined fydrogen gas | Though some fud dnamic mogeling ol

From vehicle lusl shorage and maninance bulkdngs and i grited can ar milure can pocucs pessees alup | beaks from high pressure gaseous fual

SyEET heghs. cRrse adng eaplosions: and sedous mjuhes, ko BOO kPE — 1ar more Than vehicle Syslems nas Deen dooe o the FTA,
Experience to cate with 0ompressad radural gas sTuctures can wihstand. For exampla, | thare = 3 lack of axperimental data on
sugoests that fuel sysiem keahs wil be relstvely requent | oeevprassures grealer than 7 - 15 59y Uammabie plume behaviar and also a
urdil the techngiogy for Pgh prissurs gaseous Tuel use | will cause a brick wall 1o fail, lack of codes and sandards 1o guide
on vehicles becames more mature. the design of buildings %or this (ual

Building oxplosion - | Such laks can form a large Nlammable zone nside When ignited, a confined hydrogen gas- | Thowgh some Suid dynamic mogeding of

irpm wehicle PRD vehide siorage and mamtenance Dudcings and I igred | 8 mishwre can produce pressures of up | leaks rom high pressure gaseous el

Edure. can causs buidng explogions and serious irpurme, Ty B bty = far more than buiding systams has been dong ior the FTA,
Expanence 1o dabe suggests (hat PRD failures wil ba svuctures can wihistand. For axample, | thers & 2 lack of axperimental data on
redafvely fraquent until the technoiogy for use onwehizles | overmpeessures greator than 7 - 15 kPa flemmizbla pluma behayior and aso &

Desims Mo Matue

Wil caie A Dk wall o fal.

lack of codes and stardands o puide
mmmmm@ for thes funl.
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TABLE 47(B). HYDROGEN - CORROSIVITY

Hazard = Event Background Consequences Knowiesdge
Embrittlamant af Hydrogen can ceuse embiitbemant of melal aloys. Thes | Tha faiuna of 3 component contgning Hydmgen emberfiement has baan
Matals - Troem ican cause celastroph: ladume of pressure wasses hydregen gas at high pressure can gulensvely shudied in ofher indusirias.
Bxposune o Fpdrogen. | containing hydmgen sl MU o A 5% of el and a e andior | Howeves, lechnology ransfer to transit
@ prigsun visiel isluro with may ba poar,
COMSBOURNE damage of injury.

TABLE &-7|C). HYDROGEN - TOXICITY

i

Hazard - Event Background Comsaquences Knowledge

Asphyrialion - from | ABhough hydrogan & nor-towic, i is lighter thas air and If a persan does not receive fresh air The mehcal effects of asphyxiasion are

displacemant of air. can collsct in encloged spacas which ane not vented at Quickdy, SeTious injury Can DoGLE, destbed in standard eccupatongsl
palin nedarences,

the top. |t enough a Is tisplaced, aspeylation miay
QO
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TABLE 4-7(D). HYDROGEN -- HIGH PRESSURE

Herard ~ Event Background Consequencas Knowledge
Explosion - of vehicle | Even though CHG fus! tanks must mest rgorous T atrecund o Sored energy & If Frycdmegen i stored on-board in fusl
Rl tank, siandards, sevesal fuel lanks have faiked dos o subsgantial and ihe rafe of anengy lenks thal eee smiar 1o those used lor
unioressen anvironmental condlticns. Thus, il 15 iy relase is g, ANy pressue vessel comprassad natural gas, then
that the same hazard will apply b biriks with pressurzed | explison i§ potentially sengus. engneering infamation for CHG wil
heydrogen. apply.
Missile damage — Compressad hydrogen fuel systems are undér hgh Alhough 1he propiciies may not be Several such incidems have occurad
from fiying about of pressure. improper disassembly procedunes or taulty larpe or hedwy, the close proximity gl in CNG fleats and fleets using high
parts: during pressure indications can cause parts 1o act as peojectles. | people ncreases the sk, pracses hydregen may also axpect
disassembdy. them oo,
Missile damages - Pressure gages ane known 1o fall under presswe. Whils | Although the projactibes may mct be Gage manutaciuners generally include
from pressore gage the hazard i kegely controlied in staionary applicafions, | large or hedwy, the close procmity ol liEatures 40 insura thiat any falure does
e vehicle emanonment can be mog severg. pepha moreases he nisk, ngt occwr on the broad of the gage.
However, proper instaliation of the gage
t5 nacessary for those leabures 10 be
effectve. Mo such incident imeghing &
frpanagen wehicle 5 known W date.
Flailing damage — Compressad hydrogen fusing hoses wil cary gas &l Although the fualing Fese may netbe | The configuration of hydmgen tugling
from fucling hose high pressure. A brokan hose wil fiad widly if aspecisly hosvy, the necessary cosg dspansors mmans unzermin
ez, unresirained.  Excess flow devices may help, bt dug bo | proximily of peopie greatly incriases ihe | Howewer, for high pressure hydrogen
the high 8 rates required for fleet oporations, the rigk, gas, e hazard is likaly to be similar io
alowabie flow rate must be ralately age. that for CNG.
Explosion — from Comgressad hydregen fuel tanks will contain 2 bt of The amaunt ol shired anangy = M incidests wilth mydrogan vehics
comosion of fuel tank. | enengy in the form of & large volume of gas malntaned a1 | substantial and the ra%e of enengy fanks arg known
high pressure. i less than chemecally pure bydrogen s | rakease is high, Any pressura vessal
used as A fuel, comosion kom impueibes may ocour mxplosion is polntially semous
Explosion — from Comgressed Iydrogen fucl lanks contain & il of energy | Tha amount of slored enegy s Expananca with CHG 1anks shows that
mechanical damage o | in the form of a s volume of gas mantaked at high ubietantial and the rate of anamy machamcal damage al wahicls fusl
el tank. [T redease is high. Any pressuns vessal tanks i possble i the lasks ane

explozion i potentially serous

enpisad 4 mad nazans.
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TABLE 4-7(E). HYDROGEN - HIGH TEMPERATURE

Hazard - Evant Background Consequences

None - mo sigrificas! | Hydrogen is not stored at high temperatures and does -
hazards identified nol prasant a sgeificant high kemperature hazard,

TABLE 4-7(F). HYDROGEN ~ CRYOGENIC TEMPERATURE

Hazard - Event Background Consequences
Mome — no gigrificant | This analysis assumes thal ihe hydrogen s slored asa | -
Rz aeds ienbdadl compressad gas. @ is stored in cryogans leem, then

the hazard events kstad dor bouelied natural gas wil

appky.

TABLE 4-7(G). HYDROGEN -- MECHANICAL ENERGY

Hazard — Event Backgrownd Consequences

Mone - no significant The uge ol hydrogen doas nol imvalve a significant -
hazards idenlified, amourt of sigrad medhanicsl endrgy.
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TABLE 4-7(H). HYDROGEN - ELECTRIGAL ENERGY

Hazard - Event Background Conssquences Knowledge

Mome — no sigrificant | Hydrogen fuel does not involve stoned sleciical energy | - -

harards iderfied, and does nol present 4 Signiicant electical harsd

TABLE 4-B(A). ELECTRICITY - FLAMMABILITY

Hazard - Evant Background Consequences Encwiledge

Fire - due to elecirical | Curvertly, most fires on haavy duty Bol vehcks A firg can result in damage to or loss of | Recently (June 1984) teo Ford Boostar

shir oo oweriaad. originale as Mecincal fres.  Elecinic vehickes wil Bawe a | e vebicle a3 well g3 mpury To e glecine vehicles expevienced electical
miuch greater power capabiity and hences a graater DiTLpEts. fires during tanery changing.
potential harard

Fire — dye bo aleckical | Currendy, most fires on heavy duty Roel vehiches A firg can resull in damage 1o of loss of | Several experimantal sleciric vehicles

componend tadune grigingte as elecirical fres.  Electic vahicies wil v a | e vehicie s well 35 injury 10 e have sulfered aleckical finss, induding
much greatar power capablity and hence a greater ootupants, mast recently the Fond Ecoster.
potental hazam

Fiee: - e 10 contact Some batlery sysiams use very hol eleciolyles. Since A fire can resull in damage 10 of 53 ol | Both the glectrolite lemperature and

wilh bt elecimiyle. the auoignition temperature of hydrocarbons can be as | e vebicia as woll a5 njury 10 e the gnifon temperatures of ofmer
iow as 220°C, contac! with heat from the bathery cousd tipents. matarials are reasonabdy well-known.
lead to a vehicle fre. The maor uncarainty is he abilty 1o

isoiata the high temparaiure in all fypes
ol nomal coeston and dunng traffic
ity
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TABLE 4-8{B). ELECTRICITY ~ CORROSIVITY

Hazard - Eveni Background Conseguonces Knowledpge
GCorrosion — from Most baflery sysiems proposed for alectric vehiches have | The consaquences can ba ether minee | Litlle data are availatse on ihe degree
bartory mectTThee slecirolyies which are comosive. Leakage of s o major depending on I vahicl b which Ihis will b @ prodiem in Bchs
slacirolyte can cause damage o andior Laire of olher comgonent aflocied and the imponiance | elecic vehicles.
wehicl components. A recin! example from 3 non- of that component (3 mantning sale
alactric vehice & the talune of CNG el lanks kom gpiraton of e vehick,
spilled shicirolyte from bamenes carmied bo Start athet
welches.
Corrosion — from Leakage cumenl may cause elacirolysis of melal vehicls | The consaguerces can be ether minor | Lithe data are avaiable on the degres
alocinolyss components. While such alecirolysis could tie place or majr depanding on the vehick o which this will be a problem in actsal

wilh curment batfery-powened altassony Crouits, the
targer curents and hgher voltages used for glecing
proputsion could incrivse the danger of electnolitc
CONTOEHN.

eheciric vahices,
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TABLE 4-8(C). ELECTRICITY - TOXICITY

Hazard = Ewent Background ConSequences Enowledge
Health hazrd — from | Masy candidale battery elecimites ane comeske and Thi toxic consaquences depends an the | Thi dagrse of knowiadps depends an
contac! wilth basery tosic. They are potential hazardous via skin contact o | compasteon of the aledrohfe. the material composdion|s) invahed,
electrolyin. inalation of fumes or vagors,
TABLE 4-8(D). ELECTRICITY - HIGH PRESSURE
Harard = Event Background Consaquences Knowhedge
Mone — na significanl | The usé of lecincity does nol involve high pressures - -
Faraeds Wentlied ard henpa there is not a signiicant high pressurs Fazad

associnled with the uss of alecwicity,
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TABLE 4-8(E). ELECTRICITY ~ HIGH TEMPERATURE

Harard - Event Background Consequences Knowledge
Burns - from confact | Some proposed batiery systems operate at high Any bum & a polisetially $e00us Bjuty, | The degred of harard depands on the
wilfy Dattiry. tempiratures.  Contact wih Such lemperatunés could type of batlery system used and on the
Dot during vehicle nepas and cause undspecied bums. dessign conliguration of Ty vehcle.
Burnag ~ fom comlact | Some propsed batlery SySiems operale at high Any bum s a polentally sanous injury. | The degree of hazard depands on the
wilh lpakong taiery bemperatees. Comtact wih such lempanitunes could Typa of bamery System wsad and on B
ot it sher cansty bums. detagn configuraion of thi vehicle.
compongnt talure.
Burns - fom condact | Some proposed batlery SySiems operate @ high dArry burn % 4 potenhally séeous inry The degrae of hazard depends on the
with ealong nattery temperaiures. A camaged hattery pack could lnak type of baftery System used and on the
slecioiyle afer ;. | elecholyle af high lempeabee. Contact with Such design coniguration of the vehicla,
anciden. temparaiuees could caush bums
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TABLE 4-8(F). ELECTRICITY - CRYOGENIC TEMPERATURE

Hazard — Evenit Background Consequences Enowledge
Mane — no significant | The ugse of slectricily does not invalve cryogenic - -
hazaeds identiied. lempearaiures and hence there is nol a significant
Cryogenic temperatung hazand,
TABLE 4-8(G). ELECTRICITY — MECHANICAL ENERGY
Hazard - Event Backgrownd Consequences Knowledge
Lifting-talling hazard | Eleciic vehachs bafery packs ar not expacted bo last the | Given the weight of battery pacis, & Allhough engings and fransmissions ane
- Irpm changing il of the vehicle and wil néd to b replacad. Such faling bafery pack could cause senous | heavy components which ane routinely
baitery packs, battery packs are heavy components and wil require treuma. replaced, experiance with such
specil handling. Iechmgques May nol provida much
miiormation on battery packs which ans

Eavaral limas a5 heavy and which
requira diflarent andling lechnigues.
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TABLE 4-8{H). ELECTRICITY - ELECTRICAL ENERGY

Hazarg- Event Background Consequences Knowledge

Shock hazard - from | Eedinic wehicles are leefy 10 employ much highar Major electric shocks can cause death | The hazards associabed with elechic
batlery chamer wiltages than used for vehicle accessory ciouls, as ariruny. Even minoe elecinic shogis shick gre wall-knomm, Eul Bae s
cormadtion many &% servaral hundred volls. Batery changer £an causa inpry by causing involuntary | relabvely little expanenca wih the

COMMECTond an $ubect 0 savere handing and abuse.
Cannectons may reed (o be made by vahicles which are
wat with road sak or during hedvy rng.

m{vement

higzard fioen eleciric vahiclas in
aviyday use.

Shock hazard - from

Elecine vehickes are by to empley enuch Righer

Major electic shocks can cause death

The hazards assocatad with electes

or-boand edsciric voltages than used ko vehicia aCCRsLONy CCUIls, as or ingury. Even mengs alscirit shooks shock are wel-dnown: volages luss
LRt Curig wibticle mary a6 saveral hundred woits, Mechanics and ofers CHN SRS @y by chuling mmokrtary [ than 24 wolls ams not considered 1o
FEpa. wha repair vahices will nead v folow Stict procedures | movemen, prasant § shock hazeed, whie voltages
i anecerd] elacinc shocks. grestes than G0 wils are consadered
potentialy el ™ There is
redatvely life experience with the
hazard from slecne vefickes in
evanpday use,
Shock hazard - ¥om | ERciric velackes are Boely to employ much Figher Major electic shocks can cause daath | The hazards associated with electric
on-board elachric villages than used for vahice accessony circigls, a8 or injury. Even mingr sleciric shocks shock are wel-knoen, bof (e i
suply dua 1o many 3% several hundnsd voke. A component failure tan cavss inry by causing imoluntary | ralatively lithe expanencs with the
companent falue. Could eapase B pocupants fo thesa vollages. MiwEmes, hizand fram elecing wehickss in
invarpdlay use.
Shock hazard - from | Eleciric vehicles are lkely b0 amploy much highesr Mapor elactne shocks can cavse cealh | The hazerds associmted wih elaciric
orvboand elecine woltages IFin wied for vahicle accessory cirouels, &5 or injury. Even mingr eleciic shocks shiock 2re wel-kngan, bt there s
Supply aker raffic many & Sgvisal hundred volls. A demaged gecincal can causs injury by causng imvolamiary | ralstively litle expanence with the
ACEite, syslam comparan could expose the oocupants 10 these | mowemand, hazied from electic vehickes in

WOl EGES

fveryday use.
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TABLE 4-8{H). ELECTRICITY

ELECTRICAL ENERGY [cont.)

Herard— Event Bockground Consaquences Knowledge
Electromagnetic eld | Cango carrid on-boarnd vehicles commonly inciudas Damage b plecimaic mika o Wihila the principies of EMI comlmol ar
damage — from magmesc data processing meda as wel as a varety of inberfarenoe with (ke gpesabion ol wel-known, & is dificull o predict
eheciric traction alecironic divicos which may be subject fo mberforance | @aclronad divioes, whedher & givan device i a rialwons
et wrom sleciromagnabic belds artsing fom aleckic taction situation wil be atieched by EMI,

equipment. Because of tha rektvely [aigo powes

imvolved in edectric fraction as well 25 the complis

wiwedonms gensrated by traction conlied moduies, such

imereance may be much mam seveng than fam

Iraditcnal vehicke elecirical systams.
Eleciric and magnetie | Several types of health effects have baen mputed o The suggesied health ellects of Muich aedtions wlormation & needed
ficld health effects ~ | human exposure o elecinc and'or magnetc figlds. Tne pxpasue 1o alecromagnetic radation cardfirm or dany S wnous fypoiheses
fronm eacing rachon miEin congcem is possile eevaied mies of Cances, gra sendus, aspecally canters, Such & | of REEh afeds of dlecinmagrsts
eouiprent. though vanous: ather physiological changes are 250 leukemia. However, the cause and fields. The physcal principies imoived

suspected Io be caused by elecing andior magnetic
fiplcts.

elfect and dose rasponse reakonships
are far from proven

e well-descrved in Raferenca ™ A
sursrrary ol i S5UeS 5 ghen in
Reltrence™,  Curmenl epdamiologic
rEsuns ane reviswed in Reference ™!
& fepart on the medl rezem results is
pven in Reterenca™.
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4.5 ALTERNATIVE FUEL SAFETY CASE STUDIES
While the summary list of hazards provides a systematic approach to aternative fuel

hazards, that summary list does not allow highlighting of the case histories of safety
incidents that have actually occurred. Therefore, the case histories below are presented.

4.5.1 Methanol Vehicle Fire

A medium-duty local delivery truck running on M-85 fuel experienced afuel system leak
and fire. The situation was first noticed while the truck was on the freeway and the driver
noticed the check engine light on. Upon pulling over, the driver saw flames coming from
the engine compartment. He tried to extinguish the fire with a hand extinguisher, but was
not successful. The local fire department was called and extinguished the fire.

A methanol fuel leak had occurred in the vicinity of the cold start injector. The leaking fuel
ignited, probably on the exhaust manifold, and caused afire in the front end of the truck.
Although no cargo was damaged or destroyed, the engine compartment was extensively
damaged and the vehicle was atotal loss. Ironically, the incident occurred in Southern
Californiawhere cold-start injectors are not needed for vehicle operation.

45.2 LNG Bus Explosion

A methane explosion occurred inside an LNG-powered transit vehicle on December 6,
1992. The vehicle, a 60-ft. articulated bus had just been delivered and was being readied for
operation on LNG. The manufacturer's representative was repairing a natural gas fuel
system leak when a combustible gas detector located on-board the vehicle sounded an
aarm. Although such repairs were supposed to be performed outdoors, the weather was
inclement and the work was being done in anormal bus repair bay. After becoming aware
of the leak, the mechanic used a switch to override this alarm to start the bus to move it
outside. However, when the bus was started, arelay in the air conditioning system ignited a
flammable methane- air mixture that had accumulated in the interior of the bus. The
resulting explosion blew out all of the windows on the bus as well as the roof hatches and
the bellows.

4.5.3 High Pressure CNG Fittings As Projectiles

A large transit property with CNG buses reported that on several occasions, experienced
mechanics had loosened CNG fuel line fittings with as much as 60 psig Pressure on the
system. The pressure gages on the vehicles were faulty and often indicated zero even with
this much pressure. Thus, mechanics thought the system was at zero pressure even though it
was not. The result was fittings flying across the shop.
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4.5.4 Propane Tank Damage

A recreational vehicle was fitted with a propane tank underneath the vehicle's floor.
Sometime later the owner noticed that water had accumulated on the floor inside the
vehicle. To clean out the drain hole in the floor, the vehicle owner got adrill and drilled
out the drain holes. In doing so he drilled into the propane tank. A large propane leak
ensued, but there was no fire.

455 Pressure Relief Device (PRD) Failure on CNG Bus

Severa transit properties using CNG have experienced PRD failures. Large fleets of CNG
buses have experienced multiple such failures. These failures have resulted in the release of
one or more full tanks of CNG into the bus fueling area. One such failure occurred when a
recently fueled CNG bus with roof-mounted tanks was taken into the garage for light
maintenance. A PRD failure occurred and the gas-fired infrared heaters in use in the shop
ignited the escaping gas. Damage from fire and water used to fight the fire was fairly
extensive.

45.6 CNG Cascade Relief VValve Failure

At midnight, a night shift mechanic for afleet of medium-duty CNG vehicles noticed a
strong odor of natural gasin the parking lot. He traced it to the cascade and found a relief
valve stuck open on the top tank. He closed the valve on that cylinder in the cascade to
isolate the leak from the balance of the tanks. The relief valve was later replaced.

4.5.7 Static Electricity lgnition of Venting CNG

A fire occurred during the calibration of a CNG dispenser. The calibration procedure
involved filling a portable cylinder from the dispenser and weighing the portable cylinder to
ascertain the mass of gas dispensed. The portable cylinder is then vented and the processis
repeated. On this occasion, when the natural gas was being vented from 2,30 psigtoO
atmospheric pressure, afire occurred when the pressure was around 150 psig. Since the jet
of gas was directed towards the dispenser, the dispenser was extensively damaged. Thefire
was judged to have ignited from a static electricity discharge.

Thisincident is described in the December 1992 issue of Natural Gas Fuels magazine, p. 22.

4.5.8 CNG Bus Drive-Away and Fire

A driver fueled gparatransit bus at a CNG dispenser island in the morning before starting a
morning run, but forget to disconnect the fueling hose. After driving about 12 feet there was
aloud pop at the rear of the vehicle. The driver walked to the rear of the bus and heard a
loud hissing sound of CNG escaping from the bus fuel system, which had just been
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pressurized to 300 @sig. The driver returned to the bus, shut off the engine and ran to a
maintenance bay to tell amechanic. About when the driver reached the maintenance shop,
the escaping CNG ignited. The vehicle was totally destroyed and three others were
damaged. The source of ignition was considered to be static electricity.

4.5.9 Propane Leak from Faulty Installation

A mechanic for amedium duty propane vehicle fleet found a small leak around the threads
on the body of the valve on the propane vehicle fuel tank. The valve had a threaded
connection which had not been tightened sufficiently. The leak was repaired by th upfittee
who turned the fitting one more turn into the threaded tank connection.
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APPENDIX A
SOURCES FOR ALTERNATIVE FUEL SAFETY INFORMATION

In addition to the specific references listed in "References - Section Three," the following
sources contain more genera information on alternative fuel safety:

General Information Hazard and Risk Analysis:

"Issues in Comparative Risk Assessment of Different Energy Sources,” Sam Haddad and
Adrian Gheorghe, International Journal of Global Energy Issues, Volume 4, 1992. p. 174.

General Information on Alternative Fuels:

"Properties of Alternative Fuels," Michael J. Murphy, FTA report FTA-08-06-0060-94-1,
March 1994.

"Replacing Gasoline: Alternative Fuels for Light-Duty Vehicles, Office of Technology
Assessment report, September 1990.

"Safe Operating Procedures for Alternative Fuel Buses,” Geoffrey V. Hemdley,
Transportation Research Board report, TCRP Synthesis 1, 1988.

Alternative Fuels Training:

"Compressed Natural Gas Fuel Use Training Manual," FTA report FTA- OH-0060-92-3,
September 1992.

"Liquefied Natural Gas Fuel Use: Basis Training Manual, FTA report, May 1994.
"Methanol Use Training Manual,” FTA report UMTA-OH-06-0056-90-1, January 1990.
CNG:

"Compressed Natural Gas (CNG) Vehicular Fuel Systems, National Fire Protection
Association standard NFPA 52 (1992).

"Gaseous Fuel Safety Assessment for Light-Duty Automotive Vehicles," M.C. Krupka, A.T.
Peaslee, and H.L. Laguer, Los Alamosreport LA-9829-M S, November 1983.

"Regulations for Compressed Natural Gas," Railroad Commission of Texas, November 1990.
LNG:

"Fire and Explosion Hazards Associated with Liquefied Natural Gas," David Burgess and
Michael G. Zabetakis, U.S. Bureau of Mines Report of Investigations 6099, 1962.
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"Introduction to LNG Vehicle Safety,” Delma Bratvold and David Friedman, Gas Research
Institute report GRI-92/0465, 1992.

"Introduction to LNG for Personnel Safety,” Accident Prevention Committee of the
Operating Section, American Gas Association, 1973.

"Production, Storage, and Handling of Liquefied Natural Gas (LNG)," National Fire
Protection Association standard NFPA 59A, 1990.

Propane:

"An Assessment of Propane as an Alternative Transportation Fuel,” R.F. Webb Corporation
report for the National Propane Gas Association, June 1989.

"Working with Propane, Dispensing Product,” Propane Gas Association of Canada
publication 100-1-88.

Methanol:

"Automotive Methanol Vapors and Human Health," Health Effects Institute special report,
May 1987.

Methanol Fueling Systems Guide," Canadian Oxygenated Fuels Association report, 27 Oct
1992.

"Summary of the Fire Safety Impacts of Methanol as a Transportation Fuel,” Paul A.
Machiele, SAE paper 901113, (1990).

Ethanol:

"Analysis of the Economic and Environmental Effects of Ethanol as an Automotive Fuel,"
U.S. EPA Office of Mobile Sources report, April 1990.

Biodiesel:

"Biodiesal: A Technology, Performance and Regulatory Overview," Nationa SoyDiesel
Development Board report, February 1994.

Hydrogen:

"Hydrogen Vehicles: An Evaluation of Fuel Storage, Performance, Safety, Environmental
Impacts, and Cost," M.A. Del.uchi, International Journal of Hydrogen Energy, Vol. 14, 1989.
pp. 81- 130.

"Research on the Hazards Associated with the Production and Handling of Liquid

Hydrogen," M.G. Zabetakis and D.S. Burgess," U.S. Bureau of Mines Report of
Investigations 5707, 1961.
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Electricity:

"An Illustrated Guide to Electrical Safety,” William S. Watkins, Editor, American Society of
Safety Engineers publication, 1983. [While not specifically directed towards electric
vehicles, this publication contains a good summary of the principles of electrical safety as
well as of relevant OSHA regulations.]

"National Electric Code," National Fire Protection Association, NFPA-70, 1993.

"Overview of EpideMiologic Research on Electric and Magnetic Fields and Cancer,” David
A. Savitz, American Industrial Hygiene Association Journal, Vol. 54, 1993, pp. 197-204.
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