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Abstract

In 2004, there was a famous self-refueling accident caused by electrostatic discharge (ESD) in
America, California, and it reminds people the potential risk of self service gas station. Taiwan has
more than 247 self service systems and it will continue increasing, so we should take care about this
issue. Therefore, to explore the ESD hazard and its related prevention measures on self-refueling
operation will be the key issue in Taiwan, and this is also the purpose of this study.

We cooperated with 15 gas stations to collect some information, and to explore the most common
methods used for electrostatic hazard prevention in self service gas station in Taiwan, then to measure
the electrostatic condition on necessary area when refueling.

According our research, we found the electric resistance of gasoline is very high, the average
value is 0.04 pS/m (0.04£0.05 pS/m). We also test some electrostatic prevention methods, such as:
1. removed the billet from gasoline pump nozzle, and customers would not jam the pump nozzle and
touch other area when they refueling; 2. ESD eliminating bottom, or conductive operation keyboard
(discharge time : 0.3040.12 second), keep them could conducting the charge which stay on person;

3. gasoline pump nozzle and operation relative pipe with metal materials, and we test grounding

Accepted 20 March, 2014
Correspondence to: Xieming Hong, Central Taiwan University of Science and Technology, Institute of Safety and Disaster
Prevention Technology, E-mail: mhhsieh@ctust.edu.tw
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resistance of gasoline dispenser, periodically; 4. removed the plastic sheath from handle, to increase
the conductivity ( plastic sheath resistance : >1012 ); removed plastic resistance : 2 ()). Those
methods also exhibited a good effect of ESD prevention at the good maintenance condition. Besides,
the method of hang a piece of cloth on nozzle may produce more electrostatic charge, and make a
potential risk.

Base on the study results, we give some suggestion to self-refueling operation. We hope the

suggestion can effectively minimize the risk of ESD hazard on gas station.

Keywords: Electrostatic discharge, Self service gas station, Fire and explosion
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Introduction

Taiwan is an island country, and according
to updated statistics on the website of the Central
Weather Bureau in 2011, the average humidity of
Taiwan during the past 30 years leading up to 2010
is between 74.1~89.7 %[ 1]. Since the climate is
fairly humid and carries invisible and inconspicuous
static, electrostatic hazards have often been
overlooked by people. However, the video of an
accident caused by friction sparks during self-
refueling in the United States in 2004[2] has greatly
shocked the public, but also has brought attention to
the invisible electrostatic hazards.

Static electricity is mainly generated through
friction, peeling, and induction effects during the
processes of operation or movement, giving rise
to an electrical charge. When an object cannot
discharge and continues to accumulate until it
reaches a certain amount of charge, if the difference
in charges between the two objects is great, or
the object with the charge has been continuously
accumulating a charge, resulting in its surrounding
electrical field intensity reaching 3M V/M [3], it
would create a discharge phenomenon, causing
hazards such as electrification of the human body,
the short circuiting of electronic devices, or fire
explosions.

Nowadays, society emphasizes speed and
efficiency. In order to reduce manpower, equipment,
and facilities, self-service has become a popular
trend. There are more than 247 self-service gas
stations now in Taiwan [4,5], and the number is
bound to continuously increase; however, when

its operators have been converted to untrained,
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normal customers, then it is necessary to give more
exhaustive consideration to the process of self-
refueling. According to the summary report made
by the Oil Equipment Union [6], it has investigated
176 cases of fires ignited by static sparks in the
United States, of which there were 87 cases of
consumers going into the vehicle while the refueling
gun was still pumping fuel, so when consumer
came out of the vehicle and pulled out the refueling
gun, the consumer’s cumulative charge created a
difference in the electrical potential of the refueling
gun, resulting in a fire caused by electrostatic
discharge. In order to prevent such disasters from
happening, other than regulating the removal of the
flow velocity switch stopper of the refueling gun’s
automatic jump stop function, the prevention for
electrostatic discharge hazards itself has its own
importance.

Three elements of fire and explosions are:
combustibles, combustion-supporting materials,
and ignition sources. When all three of these are
present a chain reaction could result, causing fire
and explosion hazards. In the environment of a gas
station, gasoline itself is a flammable liquid and can
easily evaporate into gasoline vapors; meanwhile
the air around it is a highly combustible-supporting
material. These two are unavoidable factors,
therefore, the prevention of fire and explosions
can only proceed from controlling ignition
sources. Current Taiwanese gas station installation
management rules [7] stipulate that gas stations
should install signs such as “Open Flames Strictly
Prohibited”, “Turn Off Engine Before Refueling”,
and “No Smoking”, warning against open flames.

As for the danger of static sparks, we must start
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from such static spark discharge aspects as reducing
the generation of static electricity, avoiding static
electricity building up, and preventing static spark
discharge caused by strong electrical fields.
Nowadays, gas stations not only display labels
to prohibit the use of mobile phones, they also
install grounding equipment and static elimination
equipment to avoid hazards caused by the discharge
of sparks. Static grounding refers to the connection
of storage vessels, piping and other equipment
through metal wires and grounding objects with
the earth to lead the charge onto the surface of
the ground; while equipotential bonding refers
to wires connecting equipment and pipes so that
their potential would be equal to each other and
would not generate discharges due to high potential
differences. However, the Environmental Protection
Agency, in consideration of environmental and
health hazards, advocates the concept of gasoline
vapor recovery. Besides promoting the installation
of gasoline vapor recovery equipment, many
gas stations have placed rags on refueling guns’
muzzles to avoid excess gasoline from dripping,
however, this action may cause static electricity
hazards. Therefore, this study aimed to analyze the
static discharge hazards of Taiwan’s self-service
gas stations and to discuss the effectiveness of

preventive measures.

Research Methods

First of all, this study collected information on
self-refueling operation processes and regulations.
It looked into the process that is the basis of static
hazards, and it analyzed the Fault Tree (Fault

tree analysis, FTA) chart that results in fire and
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explosions. The FTA can help to identify the
subjects underlying the operational process for
creating electrostatic discharge that causes fire and
explosion hazards, to further discuss its causes and
prevention methods in more detail, and to reduce
the occurrence of hazards.

Through field visits to 15 self-service gas
stations, we have measured the equipments’
conductivity and charge dissipation times and
assessed their grounding effectiveness, as well as
their existing static protection measures; we also
looked into 92, 95, and 98 unleaded gasoline, as
well as their actual usage of rags, refueling guns,
pipelines and other equipment to investigate their
electrostatic characteristics for evaluating their
electrical conductivity and effectiveness, and to fully
understand information on their electrostatic hazards
and protection processes. Finally, summarizing the
measured data and referring to domestic and foreign
information, we gave appropriate recommendations.

Research equipment mainly consisted of
the Metrison 2000-Test Kit and the Volt-Ohm-
Milliammeter as tools for measuring resistance,
with individual detection ranges of 10°-10"Q) and
0.1-2% 10" Q, along with the recommended Model
850 EN 61340-4-1 Ed. 2.0/EN 61340-2-3 probe
detector and 828 M volume resistance measurement
equipment for undertaking resistance value

measurements and exploration.

Research Results

From the Fault Tree Analysis (FTA) chart
(Figure 1), we have investigated the potential causes
of fire and explosions caused by static discharge

in self-service gas stations, and have provided
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subsequent discussion and analysis on electrostatic
prevention control measures.

This study has aimed to explore the electrostatic
discharge hazards of self-service gas stations, so
we have only analyzed the static part of effective
ignition sources. Under normal operating procedures,
locations that may generate electrostatic discharge
hazards during self-refueling steps include: between
refueling gun and gas tank port, between operator
and gas tank port, between operator and refueling
gun, and between gas tank and liquid surface.

According to the analysis results, we find that
the refueling guns, gas tanks, gasoline and operators
are primary focuses for electrostatic discharge
hazards during the self-refueling process. As for
the three combustible elements, while existing in a

flammable atmosphere, if provided with eftective

&

electrostatic discharge energy which is greater than
the minimum discharge energy (MIE), it may cause
fire and explosion hazards. According to existing
knowledge, liquid flowing inside the refueling gun
will produce an electric charge. If the delivery speed
is too fast, not only will it increase the electric charge
generating rate, it will also leave the electric charge
no time for dissipation. If the fluid or refueling
gun have low electrostatic conductivity, then the
electrostatic charge accumulation phenomenon will
be even more serious. Moreover, what especially
requires attention is the electric charge inevitably
created during the process of human activity. Thus,
whether clothing or devices worn by personnel
effectively conduct an electric charge, as well as the
conductivity of the ground they are in contact with

are also important subjects to explore. Therefore,
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the above factors that would affect the amount of

objects’ electric charge accumulation are the factors
primarily discussed in this study.

Through on-site visits, we have taken field
measurements of grounding equipment and
refueling machines of self-service gas stations to
investigate their electrostatic characteristics and
grounding effects. The measurement results are
shown in Table 1. The measured values of the
equipments’ grounding resistances were all less than
10 Q, except for the distribution panel’s grounding
resistance, which was 18 ().

Table 1 Resistance Values of Grounding Equipment

and Machines

Resistance ( Q)
18

Inspection point

Grounding resistance of distribution panel

Air compressor 2.8
Surge protection equipment 2.3
Unloading port 7.4

Individual conductivity measurements for on-
site sampling of 92, 95, and 98 unleaded gasoline
were between 1-107 pS/m, with an average of 1.07
* 1.34 pS/m. According to NFPA77 standard, liquid
lower than 50 pS/m would be insulation liquid,
so all these three kinds of gasoline are considered
to be insulation liquids. Liquid flowing in in the
transport process would generate electric charge
through friction. If the liquid has low conductivity,
irrespective of whether it was grounded, or whether
the reservoir’s conductivity was good or not, they
won’t be able to make the electric charge of the

liquid to effectively dissipate.
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Table 2 Conductivity of Unleaded Gasoline
oil
9
95
98

Conductivity (pS/m)
1.53%10™
277
2.80x10”"

Plastic is an insulation material, so when
refueling guns and pipelines are wrapped in plastic
sleeves, it will result in insulating the original metal
refueling guns and pipelines with good electrical
conductivity. After the measurement, the resistances
for pipelines and refueling guns wrapped with an
insulating material such as plastic were 1.51 X 10°

and 5.74x 10", respectively.

Table 3 Summary of Resistance Measurements

and Charge Dissipation
Inspection point Resistance ( Q) Dissipation time(s)
Pipeline wrapped in plastic 1.51x10° 34
Refueling gun handle 5.74%10" 15.1

Through field visits, three rag samples actually
used by gas stations were brought back, and
resistance measurements indicated these three rag
samples all to be insulation materials, therefore they
may accumulate electric charge in the process and

result in potential electrostatic hazards.

Table 4 Resistances of Rags

Item Resistance (Q)

Rag A >1.00%10"
Rag B 9.01x10"
Rag C 3.11%10°

Conductivity of the push button control panels
in self-refueling gas stations will affect whether
electric charge accumulated by the body can be

guided to the machine and the ground during
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operation process, so that the body will not carry
a static electric charge, so as to to avoid the risk of
electrostatic discharge.

This project uses instruments to charge the
voltage board to over 1,100 V, then immediately
touch the electrostatic eliminator panel or average
refueling operational panel of a self-service gas
station to calculate the time needed to drop from
1,000 V down to zero V, which would be the electric
charge dissipation time. After testing, we found
that the electrostatic eliminator panels had great
conductivity results. Their dissipation times were
all within 3 seconds, however, average operational
panels of self-service gas station have very different
conductivity results. Panels A, B, and C are all
from different gas station machines. As indicated in
Table 5, only panel C has a dissipation time of 0.3
second that can effectively eliminate electric charge
from the customer, while panels A and B were not
effective — especially panel A, which seemed to
have some problems with the number keys that

should be further evaluated and examined.

Table 5 Regular self-service refueling operational
panel push button charge dissipation

time

Inspection point Dissipation time(s)

Panel A - Number button 333
Panel A - Space button 2.7
Panel B - Number button 2.9
Panel B - Space button 1.8
Panel C - Number button 0.3
Panel C - Confirmation button 0.3

The Discussion

During self-refueling process, the most likely

places for accumulating electric charge would be
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machines with grounding failure and the human
body, so to avoid static discharge hazards, we should
start by reducing the amount of charge generated to
prevent charge accumulation that generates a high
electrical field and causes the discharge of static
sparks. Gas Station Installation and Management
Rules [7] stipulates that gas stations should set up
“Turn Off Engine Before Refueling” and “Open
Flames Strictly Prohibited” warning signs. In
addition, the gas pump should be grounded and be
safety inspected by the country of manufacture, and
the distance to the boundary should be two meters
or more.

The purpose of grounding is to guide the
electric charge of equipment to the ground, so
that the devices do not accumulate electric charge
to the amount necessary to generate a discharge
phenomenon. Low-voltage electrical equipment
grounding is defined as 1002 or less [8]. All
refueling machines and guns should be grounded,
and grounding resistance should not be greater
than 25 ). After field testing the grounding
resistances of self-service gas stations’ refueling
machine equipment, the results were all less than
the standards, and can work properly. According to
Fault Tree Analysis results, after confirming that
the device did not carry electric charge, then the
electrostatic discharge phenomena could only be
caused by potential difference between the human
body and objects.

If the human body is wearing rayon or rubber
insulated clothing and shoes, then when this person
starts to perform an action (such as walking or
pick up items), it will generate electric charge that

accumulates in the body, and would not easily



Analysis and Protection Discussion of Self-service Gas Stations’ Hazards Caused by Electrostatic Discharge

dissipate. In order to avoid the human body carrying
an electric charge and creating potential differences
with machines and equipment, resulting in static
sparks and causing a fire, the best way would be to
eliminate human body static before refueling. One
of the leading gasoline companies in Taiwan has set
up static elimination bars and guides the consumer
to touch a static elimination bar before refueling in
order to reduce static discharge hazards. In addition
to setting up static elimination devices, if the
operational panel has good electrical conductivity,
then when the consumer pushes the keypad buttons,
a static elimination result is achieved. When
measuring the charge dissipation time needed when
using the keypad of self-service gas stations, the
results showed that when the machine grounding
system was functioning properly, it would only
take 1-2 seconds to eliminate body charge by
pushing the buttons, thus the gas station owner
has set operational steps for pushing buttons to
input numbers before refueling so as to effectively
eliminate electric charge of the body. However,
what needs to be paid attention to is the importance
of regular inspection and maintenance. If the
grounding equipment has problems, then the
measured charge dissipation time of the button
panel could be up to 33 seconds and lose its
effectiveness.

When two different substances have mutual
electron-positron flow, they would be creating
friction and agitation that would produce static
electricity after contact, thus when gasoline flows
through the pipeline of the refueling gun, it could
also create static. In order to prevent sparks from

collisions, gas stations’ refueling guns are made of
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aluminum alloy, which has good conductivity and
equipment grounding. However, after measurement,
92, 95 and 98 unleaded gasoline are all insulated
liquids, so when gasoline ejected from the refueling
gun there would be potential electrostatic discharge.
Thankfully, in the scope of normal procedures,
when placing the refueling gun into a gas tank filled
with gas vapors, due to the lack of combustion-
supporting air inside the tank, even if there were
static sparks, there would be no danger of fire and
explosion.

Worthy of notice is the wiping of the refueling
gun port with a rag. Based on the concept of
environmental protection and human health, in
order to avoid residual gasoline on the refueling
gun from dripping off and letting its volatile oil
gas spread in the air and cause safety and health
hazards, many gas stations place a rag on the
refueling gun so that consumer can use the rag to
absorb remaining gasoline droplets when extracting
the refueling gun from the gas tank. However,
after testing rags brought back from field visits
to gas stations, rags A and B were both insulating
materials and would easily accumulate electric
charge. Moreover, the wiping action would make
the refueling gun port carry static, and creating a
difference of electric potential with the gas tank
port. However, volatile oil gas from the gas tank
and the air in the atmosphere would be mixed into
a flammable environment in the gas tank port, so
if there would be static sparks generated, it could
cause fire and explosion hazards. Therefore, we
recommend instead using rags with anti-static
materials, or to install recovery devices, so as to

reduce the hazard of static sparks.
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The reason for installing a plastic cover on
refueling gun grips was to make the consumer
feel comfortable when gripping it. However, the
plastic cover of aluminum alloy refueling guns
cannot guide electric charge eliminated from the
body while the consumer grabs the handle, so
based on the consideration of anti-static hazards,
we propose removal of the plastic cover. Although
the accumulated electric charge of the human body
can be eliminated via a panel or an electrostatic
elimination bar, what needs to be paid attention to is
that during the refueling process, the motions of the
human body could also cause electric charge due
to friction. Therefore, it is also recommended that
the flow rate switch stopper be removed so that the
consumer needs to continuously hold the refueling
gun, as electric charge generated by human body
can be eliminated through the grip.

According to study results, existing self-service
gas stations have all taken grounding measures to
prevent electrostatic hazards. However, the most
important things are for regular inspections and
maintenance to be reliably executed, as well as the
training of staff and maintenance personnel on static
discharge hazards, so as to ensure its effectiveness;
and in addition, by establishing standard operating
procedures by using public education to promote
compliance with correct safety concepts and
following proper steps for self-refueling, we can
make electrostatic precaution measures become
functional and effectively prevent hazards of

electrostatic discharge from arising.

Conclusion

1. Regularly inspect and maintain grounding
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measures, and formulate appropriate
management procedures.

Establish standard operating procedures (SOP)
and use easily understandable signs or labels,
and post them places where the operator can
plainly and visibly see them.

In addition to stopping the engine before
refueling, operating guidelines or design
should guide customers to touch the key panel
or electrostatic elimination bar.

It is recommended that the plastic cover of the
refueling gun be removed.

Remove the flow rate switch stopper to avoid
the operator from using automatic refueling
and making motions that generate electrostatic
charge.

Use rags with anti-static materials, and frequently
replace them.

Maintenance personnel, workers and executives
should take training for electrostatic hazards

prevention.
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