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Leak Prevention

nically Speaking

by Marcel Moreau

The ABCs of ATGs

was left in your underground gasoline tank, there was only

one way to do it: Insert a long wooden stick into the tank
and see at what level the stick was wet. In today’s world of
large tanks, very high throughput facilities, and careful man-
agement of fuel inventories, the wooden stick is rapidly
becoming obsolete. Liquid fuel measurement has entered the
electronic age, and the wooden stick is being replaced by the

F ifteen years ago, if you wanted to know how much liquid

automatic tank gauge or “ATG.”

Automatic tank gauges can dramatically improve fuel inven-
tory recordkeeping and underground tank leak detection accu-
racy. Unfortunately, however, while the technology has entered
the electronic age, a great many owner/operators haven’t—many
still regard their tank gauges as convenient, but over-priced,
wooden sticks. They do not fully utilize the fuel management
capabilities of these devices, nor do they understand the regula-
tory requirements associated with their use as tank leak detection

devices.

When ATG Means “Another
Tank’s a Goner”

Here’s a true story that illustrates
how some people don’t understand
the ABCs, let alone the XYZs, of
ATGs. A tank owner installed an
ATG at a facility where the tanks
were a few years old. Everything
was fine for the first few months, but
then one morning the ATG printout
showed that the super unleaded tank
had failed a leak test. The owner
called the service person.

The service person got a read-
ing of the product level from the
tank gauge, confirmed the reading
with a gauge stick, declared that
everything was working fine, and
went on to his next call. But the next
morning the printout, again, indi-
cated a failed test. The service person
returned and removed the probe
from the offending tank. The prob-
lem went away...but not for long. A
week later the service person was
called back because the super
unleaded pump wasn’t working.

The service person determined
that the pump was fine, but that the
tank was empty. The owner said this
was impossible; he had not sold that
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much super unleaded. The ser-
vice person suggested that per-
haps the previous delivery of
super unleaded product had \
been made to the wrong tank.
The owner ordered another
3,000 gallons of super unleaded.
Within a few weeks, the super
unleaded pump stopped working
again, and like before, the tank was
determined to be empty. This time
the service person suggested that
someone was stealing the product.
The owner ordered another 3,000
gallons of super unleaded and
waited, under cover, for a week at
his facility to catch the thief. The thief
never appeared, but within a few
weeks, the super unleaded tank was,
once again, prematurely empty.
At this point, the owner began
to suspect that the tank might have a
problem. The service person (who
had also installed the tank) insisted
that the tank could not be leaking.
The owner ordered another 3,000
gallons of super unleaded, locked
the fill pipe and dispenser, and mon-
itored the product level with a gauge
stick (because the ATG probe had
not yet been replaced). No doubt
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he was los-
ing product. When the tank was
finally excavated, the affliction was
apparent: the steel tank had split a
seam. And, to top it off, the town’s
water supply well was a half mile

from the tank.

The irony of this story is that
had anyone bothered to look, the
ATG would have revealed at the
press of a few buttons that there had
been no delivery to the wrong tank
and no one was stealing product in
the middle of the night. Instead, mil-
lions of dollars were spent cleaning
up 10,000 gallons of product when a
little knowledge about ATGs (and
quick response to the problem) could
have cut the loss to a few hundred
gallons.

So let’s zoom in on these ATGs
and answer such basic questions as:
How do they work? What kinds of
information do they provide? And
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what recordkeeping procedures are
required when they are used to meet
leak detection requirements?

How Do ATGs Work?

An ATG system consists of a probe
that is permanently installed inside
each buried storage tank and a box,
or “console,” that is mounted on a
wall inside the facility. The console,
which is connected to the probes by
wires, processes and communicates
the information produced by the
probes. There are three common
types of ATG probes: Magnetostric-
tive, ultrasonic, and mass measure-
ment. All three types of probes are
well suited to the job and can pro-
vide the required level of measure-
ment accuracy.

Magnetostrictive Probes consist of
long rods that extend down to the
bottom of the tank. The rods have
two donut-shaped floats that can
move up and down the length of the
rod. One float is designed to float on
top of the product level in the tank;
the other floats on top of any water
that may be present in the bottom of
the tank. Both floats contain
magnets.

To understand how a magne-
tostrictive probe works, you must
think back to high school physics
and remember that whenever an
electric current flows through a wire,
a magnetic field is produced around
the wire.

The probe determines the lig-
uid level by sending a pulse of elec-
tric current down a wire inside the
rod. The pulse of current induces a
magnetic field around the wire
which interacts with the magnetic
field produced by the magnets in the
floats. This interaction of the two
magnetic fields produces a slight
twisting movement in the wire that
travels along the wire to the top of
the probe.

A small sensing coil at the top
of the probe detects the arrival of this
twist. The time elapsed between the
initiation of the electric pulse and the
arrival of the wire’s twisting move-
ment at the top of the probe is pre-
cisely measured and is used to
determine the distance between the
floats and the top of the probe. This
distance is converted to depth of lig-
uid and the depth is converted to
volume of liquid, based on informa-

tion that has been programmed into
the ATG concerning the dimensions
of the tank.

Magnetostrictive probes typi-
cally measure temperature at five
discrete points on the probe, using
temperature sensing devices called
thermistors that are built into the
central rod of the probe.
|

...while the technology has entered
the electronic age, a great many
owner/operators haven’t—many
still regard their tank gauges as

convenient, but over-priced, wooden
sticks. They do not fully utilize the
fuel management capabilities of
these devices, nor do they
understand the regulatory
requirements associated with their
use as tank leak detection devices.

Ultrasonic Probes work by sending
a high frequency sound wave from a
transducer, located in the bottom of
the tank, upward through the liquid
in the tank. The sound wave reflects
from the surface of the liquid and
travels back to the transducer which
acts as a microphone and “hears”
the signal. Like the magnetostrictive
probe, it is the travel time of the
signal that is measured and used to
calculate the liquid depth, which is
then converted to liquid volume,
based on the tank dimension
information that has been
programmed into the ATG.

Because the speed of sound in a
liquid varies with temperature, there
are calibration rods built into the
probe that are a known distance
from the transducer. Using measure-
ments of the time it takes for signals
to reflect from these rods, the device
calculates the temperature of the
product and corrects the product
level measurement for temperature
effects.

Water in the bottom of the tank
can be measured by setting the trans-
ducer above the tank bottom and
sending a signal downward that will
reflect off the water/product inter-
face if one is present. Another water
measuring technique involves using
a small float that sits at the bottom of
the probe. A small wire extends

upward from this float and is bent at
aright angle above the transducer so
that this wire will reflect a small por-
tion of the sound pulse back to the
transducer, providing an measure-
ment of water depth.

The software that processes the
transducer signals must be able to
distinguish the reflections coming
from the water interface (water sen-
sor), the calibration rods, and the lig-
uid level.

The Mass Measurement technique
utilizes a sealed, hollow glass
cylinder that is several inches in
diameter and slightly less than the
diameter of the tank in length. The
glass cylinder is suspended inside
the tank from a very sensitive scale
that monitors its weight. According
to Archimedes’ principle, the weight
of the cylinder will be reduced by an
amount that is exactly equal to the
weight of the liquid displaced by the
cylinder.

In other words, the weight of
the glass cylinder is proportional to
the percentage of the probe that is
submerged below the liquid level in
the tank. For example, when the tank
is nearly full of product and the glass
cylinder is almost fully submerged,
the weight of the cylinder measured
by the scale will be approximately
half the weight measured when the
tank is half full and the cylinder is
only half submerged. With proper
calibration, the weight of the cylin-
der is converted by the ATG soft-
ware into a liquid level.

The mass measurement tech-
nique compensates for temperature
effects quite elegantly. The weight of
the glass cylinder depends on the
weight of the liquid that the cylinder
displaces, and the weight of the lig-
uid (its density) varies with tempera-
ture.

Fortunately, the liquid density
and the liquid volume are inversely
related; as the liquid becomes less
dense, the liquid volume increases
and vice versa. As a result, a rise in
temperature of the liquid produces
an increase in the volume of the lig-
uid (and a rise in liquid level) and a
corresponding decrease in the den-
sity of the liquid, so that the net
weight of the liquid displaced by the
glass cylinder remains constant.
Consequently, the weight of the

m continued on page 20
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glass cylinder also remains constant
despite changes in temperature.

To make the liquid level mea-
surement independent of tempera-
ture changes is a little more difficult
in an underground tank, because the
surface area of the liquid varies with
the liquid level in the tank. For this
reason, changes in liquid level will
not be exactly compensated by the
changes in liquid density unless the
glass cylinder is shaped so that it is
proportional to the shape of the tank.
To accomplish this, the glass cylinder
has a slightly larger diameter in the
middle and tapers toward both ends.
This shape reflects that of the tank
which has a larger horizontal diame-
ter in its mid-section than near its top
and bottom. Because of the precisely
calculated taper in the glass cylinder,
changes in liquid level caused solely
by temperature do not affect the
weight of the probe.

Water in the bottom of the tank
is detected by a separate sensor that
uses conductivity to measure water
depth. Because knowledge of the
product temperature is not required
for this measurement technique to
work, ATGs equipped with this type
of probe usually report only the
gross volume (see below) of liquid in
the tank.

What Information Do ATGs
Provide?

Although there are some differences
in the probe technology and internal
software of the many brands of
ATGs available, virtually all of them
provide identical output informa-
tion. Typical ATG output includes:

= Facility ldentification The
facility name and address are
printed on paper tape output to
identify the facility.

= Date The current date is printed
on paper tape output.

= Time An internal clock is re-
quired to conduct leak tests. ATGs
also can be programmed to print
reports or conduct tests at specified
times.

= Product Liquid Level The depth
of product in inches (usually to the
nearest hundredth of an inch).

= Gross Product Volume The
volume of product calculated from
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the measured depth of liquid and
tank dimension information entered
into the ATG by the installer. Note
that while the liquid level can be
measured very accurately, the
accurate calculation of product
volume is completely dependent on
the data provided by the person
installing the ATG

= Net Product Volume This is the
temperature-compensated volume
of product or the volume the
product would have if it were at 60°
Fahrenheit.

= Water Depth The depth of water
in the tank in inches (usually to the
nearest tenth or hundredth of an
inch).

= Water Volume The volume of
water present calculated from the
measured depth of water and the
tank dimension information entered
into the ATG by the installer.

= Ullage Volume The capacity of
the tank minus the gross volume of
product. This is the volume of the
empty space in the tank.

= 90 Percent Ullage The usable
space left in the tank. Most tanks
have overfill prevention devices that
do not allow the tank to be filled
above a certain point (often 90% of
tank capacity). The 90-percent ullage
is the number that should be
considered when ordering product
for a tank.

= High-Level Alarm Programmed
by the installer to warn when the
product level exceeds a set level. It
can serve as overfill prevention
when the ATG is connected to an
external alarm that will notify the
delivery person that the tank is
nearly full.

= Low-Level Alarm Programmed
by the installer to warn when the
product level is below a set point.

= High-Water Alarm Programmed
by the installer to warn that it is time
to remove water from the tank

= Theft Alarm Programmed by the
installer to warn that a withdrawal is
occurring from the tank at a time
when the facility is not operating.

= Delivery Volume An automatic
calculation of delivery volume based
on “before” and “after” delivery
readings of tank volume.

= Test Result A report of the
results of the last evaluation of the
tank integrity.

In addition to the standard features
listed above, most ATGs also can be
equipped (at additional cost) with
the following features:

= Sensors A wide variety of liquid
and vapor sensors can be connected
to ATGs to monitor piping sumps,
interstitial spaces of tanks, or
monitoring wells.

= Line Leak Detectors ATGs by
themselves only provide leak
detection for the tank. Additional
hardware can be added to the
submersible pumps that will meet
all required leak detection re-
quirements for pressurized piping.

= Communications ATG consoles
can be equipped with modems for
remote communication capabilities,
ports to permit communication with
point of sale (POS) systems to
integrate sales and inventory data,
and automatic dialers to alert off-site
personnel of conditions at a facility.

What Do The Rules Require?

In addition to all the capabilities
listed above, ATGs also can be used
to meet federal and state leak detec-
tion regulations. According to regu-
lations, the ATG must detect leaks of
0.2 gallons per hour (gph) with a
probability of detection of at least 95
percent and a probability of false
alarm of no more than 5 percent.

A volume of 0.2 gallons is
about 3 cups. A probability of detec-
tion of 95 percent for leaks of 0.2 gph
means that if you were to conduct a
leak test on 100 tanks, each of which
is leaking at a rate of exactly 0.2 gph,
you would correctly identify 95 of
these tanks as leakers, and incor-
rectly call the other five tanks tight.
A probability of false alarm of 5 per-
cent means that if you were to con-
duct a leak test on 100 tanks, each of
which is absolutely tight, you would
incorrectly identify five of these
tanks as leakers.

m Monthly Verification of Tank
Integrity When ATGs are used for
leak detection, regulations require
that the integrity of the storage tank
be verified every 30 days. There are
three approaches used by ATGs to
verify tank integrity:
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Periodic Test This is the approach
first developed by ATG
manufacturers to detect leaks. To
conduct the test, the tank must not
be in service and the product
temperature must be fairly stable.
The liquid level and temperature are
monitored over a period of time (4-8
hours). A significant change in the
liquid volume during the test period
that is not caused by temperature
results in a failed test.

Continuous Test Many facilities
are open on a 24-hour basis and
owners do not wish to shut down
once a month to allow the ATG to
conduct a periodic leak test. In
response, ATG manufacturers have
developed ATGs that continuously
test the tank. These devices work by
closely monitoring the liquid
volume whenever the storage tank is
idle for more than a few minutes. By
piecing together liquid level data
from intervals when the system is
idle, the ATG eventually gathers
enough information to determine
whether the tank is tight.

Although piecing together data
from a number of quiet intervals to
establish that a storage system is
tight is conceptually simple, the task
is, in fact, difficult to execute. Factors
such as evaporation and condensa-

tion of product, tank deformation,
variation in leak rate with liquid
level, not to mention temperature
stability and frequent deliveries of
product challenge the ATGs ability
to gather reliable data and accurately
interpret the results.

As with all quantitative leak
detection devices, manufacturers are
required to document the perfor-
mance of continuous test ATGs.
Because there were no existing eval-
uation protocols that were directly
applicable to this type of device,
manufacturers developed their own
test protocols.

As might be expected, such
self-evaluations proved to be a bit
lenient. The state of California called
the manufacturers to task and
refused to accept the manufacturer’s
evaluations as adequate documenta-
tion of the equipment performance.
In the fall of ‘95, after more than a
year of discussions, California per-
sonnel and manufacturer’s represen-
tatives agreed on the parameters for
an acceptable evaluation. As of June
of ‘96, California was still reviewing
the results of the new evaluations.

One manufacturer calls this
technique of continuous testing
“Continuous Statistical Leak Detec-
tion (CSLD)” because statistical

analysis of the data is required to
determine a tank’s leak status. This
technique should not be confused
with statistical inventory reconcilia-
tion (SIR). CSLD conducts a test
solely by monitoring the liquid level
of the tank during inactive periods.
SIR evaluates a tank by comparing
numerous estimates of the amount of
product pumped, the volume of
product delivered, and the volume
of product remaining in the tank (see
below).

Inventory Another approach used
by some ATG owners to meet leak
detection requirements is to use the
inventory information provided by
the ATG as the raw data for a
statistical inventory reconciliation
(SIR) system. SIR performs
sophisticated statistical analyses on
basic inventory data (amount
pumped, amount delivered, tank
liquid volumes) to establish whether
the storage system is tight. Although
SIR can work with inventory
readings taken with a wooden stick,
the increased accuracy and
consistency of ATG data can
improve the accuracy and reliability
of the SIR results.

The use of SIR does not require
that a storage system be out of ser-
vice, so 24-hour facilities equipped
with ATGs that perform periodic
tests do not need to shut down to
meet the regulations. In addition, SIR
analyses should detect product lost
through piping leaks, so monthly
piping leak detection requirements
can also be met using this technique.

m Recordkeeping

No matter what technique is used to
verify the integrity of a storage sys-
tem, records of at least the last year
of leak detection results must be kept
on hand. Some states require that
records be kept for longer periods
(Minnesota wants records to be kept
for 10 years), so check with your
state agency before throwing any old
records away.

For ATGs that are conducting
periodic or continuous testing, the
paper printouts indicating the test
results are convenient leak detection
documentation. Note that | am talk-
ing here of a test report that docu-
ments the result of a tank test, not the
standard printout that lists the liquid

m continued on page 22
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level, temperature, and volume of
product in the tank. Only one test
report every 30 days needs to be
retained to document that tests are
conducted at the proper frequency.
A great many ATG owners are found
to be in violation of leak detection
requirements because they fail to
keep a record of test results.

Results of monthly SIR analy-
ses also should be kept on hand for
at least a year to document compli-
ance with regulations.

m Reporting

Any single failed ATG test result that
cannot be readily explained must be
reported to state regulatory agencies.
An explanation for a failed test might
be that the test was started too soon
after a delivery (and so temperature
had not stabilized) or that fuel was
pumped inadvertently during the
test interval, or that the ATG was
improperly programmed.

If an ATG conducts periodic
tests on a daily basis or is a continu-
ous model and prints daily test
reports, you need only keep one test
result per month for recordkeeping
purposes, but you must report to the
regulatory agency any failed test that
cannot be readily explained. Like-
wise, any SIR results that indicate a
leak should also be reported to regu-
latory agencies.

m Certification of Equipment
Performance

All ATGs installed after December
22, 1990 must be accompanied by a
certificate from the manufacturer
stating that the ATG meets the 0.2
gph leak detection performance
requirements set in the federal regu-
lations. The regulations state that the
manufacturer must certify the per-
formance of the equipment, but the
owner of the equipment must retain
proof of this certification.

This certificate is also useful to
the owner because it states valuable
information about the device, such
as the liquid level required for a
valid test, the required minimum
duration of the test period, and the
time required after a delivery before
a test can be conducted. These are
handy facts to know if you have a
failed test result and are looking for
an explanation.
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ATGs must be understood in order

to be used effectively.
Manufacturers can increase
customer satisfaction by making
their ATGs easy to install, program,
and use. Owners can get their
money’s worth only if they read and
understand the operating

instructions for their ATGs.
|

How can you tell if you have this
certificate? Look for a piece of paper
that reads at the very top “Results of
US EPA Standard Evaluation,” and
contains headings that state “Evalua-
tion Results,” “Test Conditions Dur-
ing Evaluation,” and “Limitations on
the Results.” If you do not have it, call
your ATG supplier.

m Proper Calibration,
Maintenance, and Repair

If your inventory records contain sig-
nificant discrepancies or the ATG is
producing invalid test results, be
sure to call in a service person to find
out what is going on. There are
reports that as many as 75 percent of
ATGs are improperly programmed
when they are installed and, there-
fore, fail to produce the quality data
of which they are capable (and that
you paid for). Some ATG manufac-
turers now certify technicians to
work on their equipment. When the
ATG is serviced, you are required to
keep records of the type of service
performed for at least a year (longer
in some states).

m ATGs and Inventory Control

A literal reading of the federal regu-
lations (40 CFR 280.43(c)) indicates
that facilities using ATGs for leak
detection also are required to keep
detailed inventory records. The ATG
manufacturers have requested inter-
pretation of this and have been told
that facilities with ATGs that are not
certified by the manufacturer as
meeting the leak detection require-
ments of the regulations (see above)
also are required to keep inventory
control records. Facilities with ATGs
that are certified to meet the federal
performance requirements are
exempt from the inventory record-
keeping requirements.

A number of states (e.g.,
Florida, Texas, California) require

that inventory control records be
kept regardless of what type of leak
detection method is used. Check with
your state regulatory agency to deter-
mine whether you are required to
keep inventory control records for
leak detection purposes even if your
ATG is certified by the manufacturer.

The Future of ATGs

ATGs are continuing to evolve.
Already there are models where the
tank probes are directly connected
into personal computers, eliminating
the need for an expensive console to
process the probe data and commu-
nicate results. Accompanying soft-
ware allows any computer to
function exactly like an ATG, with
vastly improved capabilities for
graphical display of information,
report generation, and printing.

There also are greatly simpli-
fied consoles being developed that
will do little more than serve as a
communications interface. A remote
computer will call up this communi-
cations box, download inventory
information, and produce manage-
ment reports for all of a marketer’s
facilities automatically. USTs, which
a decade ago were still in the age of
wooden sticks and Model T Fords,
are now able to cruise the informa-
tion superhighway.

What | believe is the most excit-
ing development in the ATG field is
the hybridization of ATG’s and SIR.
ATGs that work with only tank
information have several limitations:

- They cannot conduct product
inventory (sales information is
lacking);

- They make conducting a CSLD
type of test a much more compli-
cated procedure than it might
seem at first glance.

By allowing an ATG to access sales
information directly through the dis-
pensing meter, however, all of these
problems can be addressed.

- Inventory can be kept without any
intervention from unreliable
humans. Therefore, it becomes
possible to conduct very accurate
SIR and inventory management
that up until now has only been
wishful thinking.

- SIR has the advantage of includ-
ing piping leak detection at no
extra cost.
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Having the SIR software in the ATG
box also allows leak detection to
occur in essentially real time. This
means that small leaks could proba-
bly be identified in a matter of hours,
and the SIR/ATG combination
should even be able to function as a
pressurized piping line leak detector
(i.e., find 3 gph piping leaks in one
hour), thus meeting ALL of a storage
system’s leak detection requirements
in one fell swoop.

Of course, this rosy picture is
highly dependent on the accuracy
and consistency of the meters that
dispense product and requires an
unshakable faith in the ability of sta-
tistics to successfully tease out a ker-
nel of truth from a tangle of data.

P.S.

ATGs in their many forms can ensure
environmental protection and prof-
itability of petroleum product storage

and marketing facilities. But as with
any tool, ATGs must be understood
in order to be used effectively. Manu-
facturers can increase customer satis-
faction by making their ATGs easy to
install, program, and use. Owners
can get their money’s worth only if
they read and understand the operat-
ing instructions for their ATGs. Keep
in mind that the story at the begin-
ning of this article is true. Don’t let it
happen to you. m
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