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Seeing a Utility Network

With Omni-Frequency Receivers

Background

In underground utility locating, each frequency
used tells a different story about an underground
network. Instead of frequencies that are “right”
or “wrong” for a given locate, any frequency can
contribute to the larger picture of what’s happen-
ing underground. What lower frequencies reveal
about the location of nearby utilities is different
from what higher frequencies can show.

Throughout the profession’s history, various
transmitters have been designed to address this
reality of frequency selection. With these trans-
mitters the operator applies alternating current to
the utility using multiple frequencies, and traces
each frequency separately using the receiver.
This method of locating can reduce time spent
in the field, letting operators seamlessly go from
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tracing one utility to the next without needing to
readjust the transmitter’s leads or switch fre-
quencies.

The latest in this evolution is omni-frequency
transmitters, which significantly improve on
multi-frequency transmitters by offering a greater
selection of frequencies to use.

Overview

The following paper discusses the evolution of
multi-frequency locating with both omni-frequen-
cy receivers and transmitters. Made to comple-
ment omni-frequency transmitters, omni-fre-
quency receivers simultaneously detect and
track multiple frequencies. Together, this locating
set leverages the power of each frequency to
get more mission-critical data about the locate,
giving professionals a more complete picture of
a local network of utilities.
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Introduction: The Story of Frequency

Utility locating professionals have a challeng-
ing job: finding things they cannot see, in var-
ied conditions, using specialized and complex
equipment. Without the ability to see what is
underground, the success of a locate depends
on the quality and quantity of information the re-
ceiving instrument can provide the operator. How
accurately the received signal communicates
the utility’s underground position can make the
difference between a successful and unsuccess-
ful locate.

A signal’s frequency plays a crucial role in the
locate. Frequency describes how often alternat-
ing current cycles between directions in a circuit.
Along with site conditions, the quality and type
of the utility, and other factors, frequency has a
powerful effect on where current flows on the
utility and the return path it takes to the transmit-
ter, and can significantly determine whether the
signal will energize nearby utilities.

Because of its influence on the path of the cur-
rent, frequency partly controls what the operator
can “see.” What a lower frequency reveals is
different than what a higher frequency can show.

An In-Depth Look: Frequency Explained

The following are some general statements
about different ranges of frequencies and how
they affect locates:

. Very low frequency (4 Hz - 500 Hz):
Very low frequencies travel farthest on
well-insulated, undamaged utilities with a
good far-end ground.**® This is because
at lower frequencies, utility insulators
block current from bleeding off the utility.

Very low frequencies can travel for miles
on pipelines once they have been en-
ergized. However, very low frequencies
typically cannot travel past insulated
joints, old tracer wire splices, corrosion,
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and damages. Without a good far-end
ground, very low frequencies may not
energize a utility in the first place.

Low frequency (500 Hz - 1 kHz): Cur-
rent industry best practices teach to

start a locate with a low frequency and
increase the frequency incrementally only
as required. Low frequencies behave
similar to very low frequencies, with a few
differences. They do not travel as far on

a well-insulated, undamaged utility with a
good far-end ground.

Medium frequency (1 kHz - 35 kHz): If
a low frequency fails to energize a utility
or line leg, best practices teach to use

a medium frequency before resorting to
a high frequency. The thinking is that, in
general, a medium frequency might be
just high enough to travel through barri-
ers that disrupt metallic continuity on the
target utility, but not so high that it bleeds
off significantly. 8 kHz and 33 kHz are
commonly used medium frequencies and
are available in many transmitters.

High frequency (35 kHz - 200 kHz):

At higher frequencies, current bypasses
obstacles that prevent the flow of lower
frequencies. Poorly grounded utilities,
utilities that are damaged or corroded,
and utilities with insulated joints may
require a high frequency to be energized.
In fact, a locate may require a high fre-
quency due to anything that can cause a
poor circuit. Signal also bleeds off more
quickly at higher frequencies as a result
of capacitance.

Very high frequency (200 kHz and

up): Very high frequencies can energize
utilities with high electrical resistance,
such as damaged utilities or utilities with
ungrounded tracer wire, and bleed off
significantly. The FCC limit for utility locat-
ing equipment is at 490 kHz.”
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The Ideal
Frequency

The combination
of best practices
and standards for
frequency usage
make clear that
there is no ideal
frequency for a
locate. Instead,
there are frequen-
cies that perform
better than others
in different locat-
ing situations, and
the frequency that
performs best can
change throughout
the locate as the

operator moves
along the utility being located.

Because there is no perfect frequency for any
given locate, utilities can remain obscured from
the locating professional’s notice. If as-built
maps have missing or incorrect information

regarding a utility’s position, it is even more likely

that an operator, despite experience and train-
ing, can mismark a utility’s location—or leave
it unmarked entirely. This can lead to damaged
assets during excavations.

The bottom line is that the position of an under-
ground utility isn’t known definitively until it has
been exposed. The best damage prevention is
giving locating professionals as much informa-

tion as possible to see what’s underground first.

A Need for More Information

Between locating standards, training, and tech-
nological advancements, the damage preven-
tion industry has made an effort to improve

the accuracy of utility locating. For all these
efforts, to provide higher quality information to
excavators boils down to a need for more data.

Omni-frequency transmitters apply a suite of six

frequencies to a target utility. Omni-frequency
receivers trace all six frequencies at once.

Armed with a more complete picture of the local
network of utilities, a locating professional can
make improved estimates of a utility’s under-
ground position.

Omni-frequency receivers and transmitters are
electromagnetic locating equipment that create

a more complete story of an underground utility
network. The technology takes advantage of how
alternating current behaves at different frequen-
cies, bypassing many of the shortcomings that
occur when using one frequency at a time.

Here’s how they work: omni-frequency trans-
mitters simultaneously apply a set of multiple
frequencies to a utility. The combination of low to
high frequencies overcomes barriers associated
with energizing a utility with one frequency at a
time, ensuring that the best-suited frequencies
for any locate are on the target utility.




The other end of this technology is omni-fre-
quency receiving. Omni-frequency receivers
search for, detect, and process multiple frequen-
cies, all at the same time. Their unique antennas
give operators the information they need to make
informed judgements about a utility’s location.

By tracing the same set of frequencies applied
to a utility by an omni-frequency transmitter,
omni-frequency receivers get locating profes-
sionals closer to seeing the full picture of an
underground network.

Degrees of Information

The locator training program from Staking Uni-
versity teaches that receivers are the “dumb end”
of utility locating technology.! And it’s no surprise
why: whereas a transmitter can be manipulated
in a number of ways to improve locating speed
and accuracy, a conventional receiver can only
detect signal strength at a specific frequency. On
the receiving end, it is taught, not much can be
done to improve locating conditions or the trace-
ability of the signal.

That said, the more information a receiver pro-
vides, the more useful it is. Receivers can be
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a particular frequency at a time. This limitation of
the technology means receivers can only reveal
a fraction of relevant information about an un-
derground network. As locating operators know,
there’s a lot happening underneath, and it takes
time and careful execution to locate accurately.
Without the ability to trace multiple frequencies
at once, professionals can only see part of the
picture that makes up the underground.

Finding Assets with Omni-Frequency
Receivers

Omni-frequency receiving technology has the
potential to result in faster locates and better
information for facility owners, locators, and
other stakeholders. Their ability to track multiple
frequencies simultaneously means that locating
professionals can see where each frequency is
traveling independently. Tracing multiple fre-
quencies can provide indications of a variety of
features about not only the signal, but the under-
ground environment as well.

Omni-frequency transmitters include different
“suites” of six frequencies that range from low to
high. The logic of omni-frequency receivers is the

moved throughout an
area to yield information
about a signal: how
strong it is, its direction,
and whether it is round.
More sophisticated
receivers provide more
information about a sig-
nal, such as depth and
interference. Receivers
with omni-directional
antennas provide all of
this information at once,
including field shape.?

However, even the most
advanced receivers on
the market are limited
to tracing one signal of
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With the ability to simultane-
ously track signals with many
frequencies, omni-frequency
receivers offer a better view
into a local underground
network, including tees, cross-
ings, and other underground
intersections.

Revisiting Bleed-0ff and

A utility energized by an omni-frequency
transmitter (left) is distinguished from a parallel
utility that has been energized with one frequency

only (right).

same: operators can choose from one of many
suites of six frequencies to trace, including both
active frequencies for use with the transmitter
and passive frequencies. They are also capable
of broadband receiving: frequencies from the
very low to very high ranges can be traced.

In addition to detecting multiple frequencies at
once, omni-frequency receivers are able to dis-
tinguish the position, direction, and orientation
of signals at any of the frequencies it can trace.
If two parallel utilities are energized with sets of
signals at different frequencies, the omni-fre-
quency receiver display shows two separate
lines representing the two sets of frequencies.

In one experiment on locating a tee, industry
publication Underground Focus writes:

A receiver cannot determine the exact location
of a tee because the receiver in unable to simul-
taneously locate two lines. It doesn’t matter if the
two lines are parallel or perpendicular, connect-
ed to each other or not. The receiver processes
information and presents it as if there is only a
single line running in a single direction.®

It remains true that modern receivers cannot lo-
cate two lines at once. However, omni-frequency
receivers bring the industry closer to that reality.

Bleed-On

Having higher frequencies on a utility means
that significant bleed-off is inevitable. Usually,
significant bleed-off would pose a problem with
conventional locating equipment. But omni-fre-
quency receivers leverage bleed-off to their
advantage.

First, the existence of lower frequencies on a util-
ity ensures that a well-grounded utility can still be
traced, even if higher frequency signals bleed off
quickly. Since omni-frequency receivers identify
signal at different frequencies, tracing a target
utility is as straightforward as following the lower
frequencies.

Second, omni-frequency locating is less sus-
ceptible to distortion. Distortion is caused by the
interaction of two or more signals at the same
frequency. In conventional locating, distortion is
a common issue that prevents accurate locating.
With omni-frequency locating, the target utility

is energized with multiple signals at different fre-
quencies. This enables the operator to trace the
different signals without distortion, lowering the
risk of mis-marking the utility.

Lastly, some locates require bleed-off to be
successful, and it’s impossible to know wheth-
er it will be necessary in advance. The higher
frequencies in an omni-frequency suite better the
odds that line legs, crossings, tees, and laterals
are energized.



Next Steps: Getting the Whole Picture

Omni-frequency receivers and transmitters offer
significantly improved visibility to what’s under-
ground. Their ability to simultaneously apply and
trace multiple frequencies gives locating pro-
fessionals the means to see the whole picture,
pushing the industry closer to faster and more
comprehensive locating.

About SeeScan

SeeScan, Inc. is an original equipment manu-
facturer in San Diego, CA. For over twenty years
SeeScan has engineered and manufactured a
range of the most reliable diagnostic and utility
locating technology on the market, including its
SeekTech® line of utility locating receivers and
transmitters and SeeSnake® pipe inspection
equipment, sold under the RIDGID® brand with
partner Ridge Tool Company.

SeeScan continues to strive for excellence in
designing and manufacturing innovative lo-
cating technology. For more information, visit
www.seescan.com.
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Glossary

Current: The movement of electrons in a conduc-
tor. Direct current (DC) flows from the positive
end of an electrical circuit (the source) to the
negative end (the termination). Alternating cur-
rent (AC), which is used in active utility locating,
alternates between two directions in a circuit.

Frequency: How many times alternating current
cycles per second, expressed in Hertz (Hz). For
example, a 512 Hz frequency cycles 512 times
per second, so it reverses direction 1,024 times
per second.
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1 Hz = 1 cycle/second
1 kHz = 1,000 cycles/second
1 MHz = 1,000,000 cycles/second

Voltage: Not to be confused with frequency or
current, voltage is electrical potential. A build-
up of charged particles at one point of a cir-
cuit causes the particles to flow towards lower
charge.

Bleed-off: The phenomenon where current
flows from a utility into the soil. Depending on
local resistivity, current in the soil takes different
pathways to complete a circuit to the transmit-
ter, including through other utilities and buried
conductors.

Indirect coupling: When current that has bled-
off one utility into the soil couples onto another
utility.

Direct coupling: When current flows directly

from one utility into another. This can occur if the
metallic components of two utilities are touching
or if the utilities are grounded together, which is
known as common bonding. Current couples di-
rectly through common bonding or direct contact
at any frequency.

Inductive coupling: When the signal from current
flowing on a conductor energizes another nearby
conductor.

Capacitance: The ability to store electrical
charge. At higher frequencies, the capacitance of
a utility’s insulation enables bleed-off by allowing
alternating current to bypass the insulation.

Capacitive coupling: A type of coupling where
current flows through a utility’s insulation via ca-
pacitance and into another section of the utility.
This happens at higher frequencies.

Resistivity: The opposition to flowing electrical
charge. At lower frequencies, utility insulators
resist electrical charge, effectively preventing

current from flowing into the insulator.



Conductivity: The ability to conduct current.
Several factors determine a utility’s conductivi-
ty, including its size, metallic composition, and
condition.

Skin effect: The propensity of alternating current
to be distributed more at the surface of a con-
ductor than farther within the conductor. This
effect is greater at higher frequencies. As more
electrical charge piles at the surface of a utility,
the more likely current will flow through the utili-
ty’s insulation via capacitance.
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