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Wired Magazine, October 2010
Think Visual, by Clive Thompson

fa s t

Easy

Keith Williams, Owner, California Utility Surveys

ac c u R at E

“…Dan Roam, a visual-thinking guru and author of The Back of the
Napkin…argues that our culture relies too heavily on words: Our school
systems—and political systems—are designed to promote people who
are verbal and eloquent. And text tends to encourage us to describe our
problems as narratives of linear lists of facts. But dynamic, complicated
problems….often can’t be boiled down to simple narratives. They’re
systems; they have many little parts affecting one another. In these
situations, drawing a picture can clarify what’s going on.”

Let Me Be Clear

Why tackle this project? Because I don’t think it’s been
done before and the information is important. Important as
long as electromagnetic instruments are used to locate bur-

This is a line leg. It has two ends.

This depicts a small part of a
utility system.

ied pipes and cables. While the content may not be clear to
all, I think it should be clear where to find the information:
Underground Focus. If your job is at all impacted by the
location of underground pipes and cables, then you rub elbows with people that really, really need to understand this
information. And guess what? We’re printing enough copies
of this issue to get one in each of those persons’ hand.
Of all the unique language we use to describe what happens with locating, the weirdest phrase might just be “line
legs.” Since we use so many photos in this issue, I want to
take a stab at explaining line legs using match sticks.

This is two line legs. There is a
gap between the match sticks.

Adding a few coins and we
identify the location of topside
utility structures.

This is three line legs. In utility
lingo, it’s a tee or a splice.

“ With RIDGID Locators, we
saved our customer $120,000.”
®

The Emerson logo is a trademark and service mark of Emerson Electric Co. ©2010, RIDGID, Inc.

Let me be clear: Locating Unlimited 2010 will not be clear
for some of you. That’s our fault, not yours. Sorry. We delve
into the nitty-gritty of locating buried utilities in this issue
and it seems there’s just no easy way to present this information. We’ve tried our best. Using an abundance of photos and diagrams we’ve tried to make this complex information as easy to follow along as possible. Still, we know we
will have failed some of you.

Keith Williams has been locating for over 35 years and recently used
new RIDGID SR-20 locators for a public transportation project. With the
accuracy of the SR-20, Williams eliminated over half of the estimated
holes typically needed for visual utility verification. “RIDGID locators
saved the crew from digging more than 200 unnecessary excavation
sites that would have contained no utility lines.”
RIDGID locators give you more information to find buried utility lines
with confidence. Williams attributes his locating results to the SR-20’s
easy-to-use features. “I’ve tested many other locators during the course
of my career and nothing compares to the SR-20.”
Learn more and schedule demonstrations: 800.769.7743 or
www.RIDGID.com/seektech.

Do you see the connection this
diagram has with the last photo?

If you see the connection, let me be clear: we’re off to a good start. After all, seeing the connection is about all you can
ever expect to see in the realm of locating buried utilities.
4

DIAGNOSTICS

PRESSING

PIPE & TUBE TOOLS

DRAIN MAINTENANCE

POWER TOOLS

An Analogy
Locating Unlimited 2010 addresses a locator’s ability—or
inability—to establish a sufficient amount of electrical
current on an underground metallic pipe or cable so that
the pipe or cable can be easily located. The ability to establish electrical current on an underground utility system
is impacted by the manner in which that utility is built and
what happens to that system over time.
To begin a conversation about locating, we must first focus
on the makeup of a utility system. We begin so by reducing
utility systems to their smallest part: line legs. After a discussion of line legs, common grounds, insulation and farend grounds, (see top photo) we can begin to talk about
the locating instrument, in particular the transmitter.
The transmitter places energy onto a metallic line. The
route that energy flows once it’s on the metallic line is dictated by the path of least resistance. When energy does
not flow the way we want it to flow we have a problem.
When there is not enough current to produce an electromagnetic field, the only way to solve this problem is to
change the path of least resistance by doing something different with the transmitter.
While the transmitter can be explained using electrical
terms such as circuit, ohms, milliamps, capacitance and
impedance, locating is more easily understood if we use
simple terms and simple analogies. Using terms, phrases
and concepts that are not universally understood tends to
diminish the effectiveness of locator training.
Let’s slide into an analogy:
With your house as the transmitter location and your car
as electrical current, imagine driving to work from the
suburbs to the city center. The route you chose to take to
work is the one that is the easiest to drive. Let’s call that
route the path of least resistance.
Each time you approach a 4-way intersection you could
turn left, turn right or go straight. Your decision is based
on what makes for the quickest, shortest, and easiest trip
to work. The same is true of your way home. The trip from
your house to work and back is a complete trip, what
could also be termed a complete circuit.
During your commute, you drive on multiple roadways;
some for blocks and some for miles. Anytime you are driving between intersections you are on a leg of your commute. Each time you pass or turn at an intersection, you
complete one leg of your commute and begin another.
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Like an urban roadway system, a utility system is a collection of legs, what we call line legs. A medium-sized
utility system contains thousands and thousands of line
legs and these line legs end at thousands and thousands
of intersections.
In the photo below there are two intersections: one plastic
and one metal. Each intersection is made of three line legs.
Understanding of what constitutes a line leg is imperative
to understanding the concepts put forth in Locating Unlimited 2010.
Breaking down a complicated system with so many “moving parts” must begin somewhere, so here we go: A line
leg is made of metal.

Line legs

A line leg is the smallest part of a utility system.

A line leg has two ends:
and .

A line leg is made of metal.
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in the two photos above, the tracer wire for the plastic gas service runs from the service riser to where it is spliced
into the main’s tracer wire. The end of the wire at the riser is labeled
and the other end of the wire at the main wire
is labeled
.
A line leg terminates at an intersection with other line legs. Each intersection consists of at least three line legs. “Tees”
are the intersection of two pipes and “splices” are the intersection of two cables.

OHSAS 18001
www.unibardpg.com
800.229.3449

visit our website
www.underspace.com
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There are 3 line
legs at a tee.

3
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Line legs

How many
line legs are
there?

A utility system is a
collection of line legs.

Answer: There is 1 line leg. There were 2
line legs before their ends were spliced.
Now, there is 1 continuously metallic
line leg.

How many
line legs are
there?

ANNOUNCING A NEW ALTErNATIvE
TO TrACEr WIrE ThAT COSTS
LESS, BLOCkS WATEr, AND
WON’T COrrODE.

INTrODUCING:

Direct Bury Water Blocking
Detectable MULETAPE
®

With NEPTCO’s new breakthrough in Water Blocking Detectable MULETAPE® you’ll be able to trace your new or existing
water, sewer, gas, and telecom lines for a lot less and with greater peace of mind. Not only does our new product cost
less than traditional solid copper tracer wire, it provides you with a permanent location system.
Costs Less than Traditional Solid Copper Tracer Wire
Permanent Lifecycle Product – No Existing Tracer Wire Can Compare
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1

3

A cable runs from the pit in the foreground to
the traffic signal post in the background. This
is one line leg. In the pit, the end of the cable
is grounded and connected to other line legs.

5

Conductor Won’t Corrode
Passed 3 Meter Water Head Test
Gel Filled Splice Closure Accommodates Lateral Connections
Standard Non-Water Blocking Products Available (RT Series)

Gel Filled Splice Closure

Ideal for Water, Gas, Sewer, Reclamation, Telecom
Patent Pending

2
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Answer: There are 5.

Switch to NEPTCO’s direct bury system.
You’ll find everything you need and you’ll find it for less.
Water

Gas

Sewer

Telecom

800-354-5445 • 30 Hamlet Street, Pawtucket, RI 02861 • www.Muletape.com

Reclamation

Line legs

What does
grounded
mean?

First we took a cyclone.
Then we mounted it on a trailer.
And the rest is history.

Grounded

Not
grounded

What does
connected to
other lines
mean?

McLaughlin vacuums were the first to eliminate the baghouse and use a three-stage filtration process that includes a cyclone separator and two-micron filter.
But that was just the beginning of our innovations.
Since then we’ve developed the first fully external hydraulic door with a mechanical cam-over locking system, eliminating the need for door latches. We’ve
also made it possible to clean the tank without getting dirty, and installed vacuum blowers that operate at 1025 cfm, the industry’s highest air flow rate on a
trailer-mounted unit. Many of our industry-leading innovations are still McLaughlin exclusives, so when you want to put our superior vacuum to work for you,
remember to “Make it a Mac.”
McLaughlin vacuums are available at your local Vermeer dealer.
U.S. General Services Administration Contract GS-07F-0166

MCLAUGHLIN and the MCLAUGHLIN LOGO are trademarks of McLaughlin Group, Inc.
VERMEER and the VERMEER LOGO are trademarks of Vermeer Manufacturing Company.
© 2010 McLaughlin Group, Inc. All rights reserved.

800-435-9340 • mightymole.com/vacuums

The cable at
is not con- The broken wire at
is not
nected to other lines legs.
connected to other line legs.

The cable at
is connected to other lines legs.

The cable at
is connected to other line legs.
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Line leg classifications

Line leg classifications

Line Leg Legend
One end of a line leg.

The opposite end from “A” on a line leg.

End of line leg is grounded.

End of line leg is not grounded.

End of line leg is connected to other lines.

End of line leg is not connected to other line legs.

No matter what utility or what type of utility construction we address, there are only a few features that make line
legs differ from one another. Listed below are three variables that impact the classification of line legs:

Variable #1: Gaps in underground metallic continuity

A line leg ends at a gap in metallic continuity. A water main constructed with slip-jointed pipe is not one line leg but
rather a series of line legs.

Line Leg Classifications
Gaps in metallic continuity can be either intentional, as in the case of a pipe coupling, or unintentional, as with an improperly installed cable splice kit. Whatever the cause of the gap, there exist 2 line legs not 1.

Variable #2: Gaps in above ground metallic continuity

Ends of line legs
fall into one of 4
classifications.

will be grounded to earth

or not grounded to earth

.

will be grounded to earth

or not grounded to earth

.

will be connected to other lines

or not connected to other lines

..

will be connected to other lines

or not connected to other lines

.

Top

All together, there are 16 possible
line leg classifications for insulated
line legs.

Bottom

The nonmetallic gasket and nonmetallic bolt sleeves separate the two metal pipes. The pipe on bottom
is not metallically connected to the pipe on top.

Variable #3: Bare line legs

A line leg is said to be “bare” when it has no insulation. Neither
or not grounded because the entire line leg is grounded.
14

nor

*

on a bare line leg are considered grounded

Examples:
1

is grounded and not connected to other line legs.
is
grounded and connected to
other line legs.

2

is not grounded and connected to other line legs.
is
not grounded and connected to
other line legs.

1

2

bare line legs,
* With
there are only 4 possible
line leg classifications.
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Line leg classifications

Line leg classifications
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The feeder cable—the line leg
to
—runs
from the pedestal in the background to the pedestal in the foreground. At the foreground, the
intersection of three cables marks the end of the
line leg
to
.

The 3-phase cable—the line leg
to
—runs
from the transformer in the background to the
load break center in the foreground.

The secondary cable—the line leg
to
—
runs from the single-phase transformer in the
background to the secondary pedestal in the
foreground.

1 line leg enters the splice and 2 line legs exit the
splice. The splice is not grounded.

1 line leg enters the splice and 2 line legs exit the
splice. The splice is grounded.

1 line leg enters the splice and 3 line legs exit the
splice. The splice is grounded.

The conduit—the line leg
to
—runs from
the pole in the background to the manhole in the
foreground.

1 line leg enters the manhole and terminates. The
termination is not grounded.
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Common grounds

Common grounds
Answer: A common ground is a metallic connection
that connects two or more utilities.

What is
a common
ground?

Electric, phone, and cable TV line legs are both grounded and connected to other lines. The tracer wire line leg
at the gas riser is not grounded and is not connected to
other lines.

2 line legs representing two utilities are metallically connected at a ground rod.

Phone and cable TV line legs are metallically
connected to the electric line leg.

At the houses, each
is connected due to
common grounding, as shown in this photo.

HOUSE

HOUSE

Multiple cable line legs are grounded to the customer
water line.

Telephone and cable TV share a common ground with
electric, which is grounded to the customer gas line.
The end of the tracer wire is not connected to any other line leg at the house.
The electric line leg is grounded to the copper customer
gas line. While the copper customer gas line itself is not
grounded (see the explanation of an insulated union in
the next section, “Current”), it is connected to other line
legs inside the house—such as the metallic water line—
which exit the house and are grounded to earth.
18

The green cable is part of the shared common ground.

The ground rod is part of the shared
common ground.

If a transmitter is attached to the electric ground cable
on the side of this house (such as shown in the inset
photo), current leaving the transmitter will split into
four directions: down the electric, telephone and cable
TV line legs and into the house on the customer gas
line.
19

vLoc Locators

Current

Transmitter legend
Conductive: Location where the transmitter is metallically connected to a line leg.
Inductive: Not metallically connected to a line leg, the location where the transmitter is placed.

Grounding device location: Location of a typical grounding device placement.

vLocML

Inductive coupler: Location where the inductive coupler is utilized.

vLocDM

Coupler: Location of coupler in congested conductor environment.

Current: Line legs energized by transmitter.

Current which leaves the transmitter must come back to the transmitter.
Initial locating scenario

vLocPro

Concerning a conductive locate, we use
to symbolize the end of the line leg to which the transmitter is hooked.
at the opposite end of the line and is referred to as “the far-end.”
is a phone cable that has been ungrounded and metallically separated from the other cable in the pedestal.
encapsulated splice where line legs are connected to each other but not grounded (see photo above).

is
is an

In this diagram, current is conductively placed at
. Current splits 3 ways in an even fashion at
, travels down 3
grounded line legs not connected to other line legs, and then travels back to the transmitter through earth.
20

Transmitters

Please call for an on-site FREE demonstration!
Vivax-Metrotech Corporation
3251 Olcott Street, Santa Clara, CA 95054, USA
Toll Free: +1-800-446-3392
Tel: +1-408-734-1400
Fax: +1-408-734-1415
Website: www.vivax-metrotech.com
Email: sales@vxmt.com

Current

Current seeks the path of least resistance.
A line leg grounded on one end is such a path.
Each line leg inside the transformer is
connected to other line legs.

Hooked-up to a 3-phase transformer,
is grounded and connected
to other lines. The current that leaves the transmitter splits between
the line legs inside the transformer and the transformer’s grounding The transformer’s grounding grid grounds every
grid.
cable inside the transformer as well as the transformer’s metal housing to earth.
Hooked-up to the outside of a
phone pedestal, this locate is just
like the transformer above:
is
grounded and connected to other
lines. Current that leaves the transmitter is split between the line legs
and the pedestal’s ground to earth.

If the pedestal was opened and the line
legs metallically separated from each
other, current would not split and thus
travel solely on the hooked-up line leg.

Hooked-up to a steel gas service,
is
not grounded and not hooked to other
lines. The insulated union on top of the
valve keeps current from traveling toward
the customer line. The coated steel pipe of
the riser and service keep the pipe from
grounding to earth.

23

Current

Current

Transmitters generate alternating current, current which
continuously changes direction on a line leg. In a frozen moment of
time, current would be flowing in only one direction on a line leg:
either toward the transmitter or away from the transmitter.
100%

The tracer wire represents 1 line leg. The end
of the line leg is not grounded or connected
to other line legs. 100% of the current exits the transmitter and flows down the tracer
wire.

Three line legs are connected
to one another on a plate that
is connected to the steel pedestal. The pedestal is grounded
in earth thereby grounding the
ends of the three line legs.

24

The transmitter emits alternating current. Assuming a conductive attachment consists of red and black colored
leads, 100% of the current flows out the red while no current flows out the black. Alternately, in the next fraction
of a second, 100% of the current flows out the black while no current flows out the red.

50%

100%

50%

100% 100%

The two test wires represent the ends of two
line legs. Both line legs are not grounded or
are they connected to other lines. This allows
100% of the current to flow down both test
leads, but not at the same time.

Two of the line legs are
removed from the plate.
Current applied to the remaining line leg travels in
two directions: on the line
leg to pedestal #2 and into
the earth.

The trunk line represents one line leg. The line
leg is not grounded and not connected to other line legs. 50% of the current travels in one
direction on the trunk line and 50% in the opposite direction on the trunk line.

At pedestal #2, current
travels in two directions: on
the line leg to pedestal #3
and also into the earth.

#2

The ground wire—which is connected to a distribution phone cable—represents one line leg. The
end of the line leg is not grounded or connected
to other line legs. 100% of the current travels on
the distribution phone cable.

At pedestal #3, current has no
more line legs onto which to flow.
But current still flows beyond pedestal #3: it flows onto the metallic
pedestal and into earth where the
pedestal is grounded. From here,
current returns to the transmitter.

#3
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Far-end grounds

Far-end grounds

Initial locating scenario
2

Current will always travel to a
grounded far-end before an ungrounded far-end. This is the path
of least resistance at work.

1
3

Less current would flow from
to
when the ends of these electric
cables are not grounded.

In the initial locating scenario, all 3 far-ends beyond “B” are grounded
so current splits equally in 3 directions at B. Once at the 3 grounded
far-ends, current returns to the transmitter.

Locating scenario #2

2
Much more current would flow from
to
the ends of the electric cables are grounded.

3
1

In locating scenario #2, the flow of current beyond “B” splits in half: 50% flows to grounded
far-end #2 and the other 50% flows to far-end
ground #1. Since the line leg at far-end #3 has
been disconnected from its earth ground, no
current flows in this direction.

when

2
Locating scenario #3

3
1
In locating scenario #3, 100%
of the current beyond “B” flows
to far-end #1 as far-end #2’s
ground and far-end #3’s ground
have been disconnected from
earth.
26

Disconnecting the ground from far-end #1.

Disconnecting the ground from far-end #2.
27

Far-end grounds

Far-end grounds

Just like a phone system, steel pipeline systems have metallic components that are
metallically connected to one another as
well as grounded to earth.

W = West
E = East
C = Casing
A = Anode

Box

Just beyond the box that contains these 4 connected wires, a steel gas main crosses under a
railroad track. The main has insulated couplings
where the casing ends on both the east side and
west side of the railroad track. The 4 wires are
connected to:

Box

1. A casing, a protective steel sleeve which serves
as protection for the steel gas main inside.
2. An anode, a device used to inhibit corrosion.
3. The steel main west of the west coupling.
4. The steel main east of the east coupling.

In order to eliminate the flow of current onto the casing, the
C wire has been separated from the other 3 wires.

An insulated coupling.

East
If the transmitter is attached to
all of the wires at once, current
flows in four directions.

Locating scenario #5
After disconnecting
the C wire.

Before disconnecting
the C wire.

Locating scenario #4

West

Casing

Anode

Casing

Anode

28

East

The vent pipe is
part of the protective casing.

The anode is attached to the
casing.

Pipelines
running
in
shared rights-of-way have
their own verison of common grounding. It can be
difficult to get current on
just one pipeline when
there are above ground
and below ground metallic connections shared by
different pipelines.

West
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Complete circuits

Complete circuits

Circuit Legend
Rectifier

Low-low frequency: Up to and including 1 kHz.

Dry soil: Inhibits current flow.

Wet soil: Aids current
flow.

High-low frequency: Higher than 1
kHz but less than 20 kHz.

Low-high frequency: 20 kHz up to
and including 100 kHz.
Insulated: A line leg
not grounded to earth
unless at its ends.
Current flows only when a complete circuit exists. This diagram illustrating a cathodic protection (CP) system is an example of a complete
circuit. For a CP system to do its job, current must flow both on metal
and through earth.

Rectifier: An alternating current (AC)
powered device that adds an induced
direct current (DC) to a cathodic protection system.

For an electromagnetic locating system to do its job, current must flow
both on metal and through earth, too. Here, current exits the transmitter onto the insulated metallic tracer wire. All along the path of the
tracer wire, current leaves the tracer wire and enters earth. Once in
earth, current flows toward the grounding device driven in earth. The
fact that the transmitter connects metal with earth is what creates the
complete circuit.

AC from the power company is generated at a frequency of 60 Hz. The induced direct current provided by the
rectifier retains some characteristics
of AC, including the production of an
electromagnetic field at 120 Hz. Both
60 Hz and 120 Hz are what we term
low-low frequencies.

B

Bare: A line leg
grounded to earth its
entire length.

High-high frequency: Over 100 kHz.

Earth is just as important as
the metal pipe or cable in a
complete locating circuit.
Diagram #1: Current traveling on an insulated tracer
wire in wet, conductive soil will travel away from the
transmitter for a greater distance as compared to the
distance achieved on a bare tracer wire.
Diagram #2: Current traveling on a bare tracer wire
in wet, conductive soil rapidly returns to the transmitter because there is no insulation on the tracer
wire to inhibit this quick return.

Diagram #2: A tracer wire without insulation.

Diagram #1
Ground level

Ground level

Energized Line Leg

A tracer wire with
insulation.

Energized Line Leg

B
Diagram #1

Electromagnetic field

Diagram #2

Electromagnetic field

Transmitters generate a range of frequencies from 98 Hz to 480,000 Hz.
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Ease of locating

Slip-jointed, ductile iron water mains represent a string of line legs because the metallic
continuity ends every 20’, or so. Cast iron water and gas mains using leaded joints represent
a single line even though lead is a poor conductor of current.
When locating bare line legs, soil moisture characteristics dictate which transmitter frequency range will work best. The best
transmitter frequency range for locating slip-jointed bare line legs in wet
soil may differ from that of lead-jointed bare line legs in wet soil.

Ease of locating refers to the ability
to impress a sufficient level
of current onto a series of line legs.
The ease of locating insulated line legs is impacted much less by soil moisture than the locating of bare line legs,
where soil moisture has a much larger impact. The ease of locating insulated line legs is impacted most by the far-end
grounding of line legs. The lack of far-end grounding is why 2-wire street lights are hard to locate.

IT’S NOT
JUST
UNDER
GROUND...

• Underground EM Locating • Ground Penetrating Radar
of subsurface utilities
(GPR) Surveys which assist
in finding utilities that are
• Vacuum Excavation
untraceable and/or have
provides excavation
no direct access
without the chance
of damaging utilities
• GPS/GIS Mapping service
• Sewer/Pipe camera
inspections
• Leak Detection for
water/air lines

While there is a ground rod for the metal street
light pole, no cable is connected to it.
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(888) 858-9830 • www.BHUG.com

Ease of locating

Different transmitter frequencies have
different amounts of induced current.

FIND
IT
ALL

There are 4 major factors that dictate the ease of locating on any line leg:
the line leg’s far-end grounding, the line leg’s insulation, the level of soil
moisture, and the transmitter’s frequency.
The line leg is an electric secondary and metal
contacts earth where the insulation is absent.
The breach in the secondary cable’s
insulation allows metal to come into
contact with earth. This contact acts as
the cable’s far-end ground when the
soil is wet.
Diagram 1: Conductively transmitting a
high-low frequency (such as 8 kHz) at the
transformer, most of the current that flows
down the cable enters earth at the breach
and returns to the transmitter through earth.
While there is sufficient current to locate up
to the breach, there is insufficient current to
locate past the breach.

UNDERGROUND
Cable TV Lines • Cast Iron Pipes
Fiber Optic Lines • Gas Lines • Manhole Covers
Tracer Wire • Power Lines • Telephone Lines
Valves & Valve Boxes • Water Lines

Diagram 2: With a transmitter change to a
low-high frequency, such as 82 kHz), some
of the current leaves the secondary cable to
enter earth at the breach, but some current
continues down the cable to the pedestal.
There is sufficient current to locate the entire cable.

Diagram #1

Diagram #2

The cable’s metallic contact with earth
does not act as a far-end ground when
the soil is dry because the cable’s farend grounding at the pedestal is a superior ground.
Diagram 3: With little or no moisture in the
soil, a high-low frequency travels past the
breach with some current loss at the breach
but continues beyond the breach with a significant amount of current to the pedestal.

Diagram #3

Current Legend
The ease of locating is quantified to be at a high level.
The ease of locating is quantified to be at a moderate level.

800-999-8280 • www.schonstedt.com
58TH ANNIVERSARY

AN EMPLOYEE-OWNED COMPANY

MADE IN USA

The ease of locating is quantified to be at a low level.
The ease of locating is quantified to be at a poor level.
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Locating Scenarios

Locating Scenarios Legend

One end of a line leg.

The opposite end from “A” on a line leg.

End of line leg is grounded.

End of line leg is not grounded.

End of line leg is connected to other lines.

End of line leg is not connected to other line legs.

Conductive: Location where the transmitter is metallically connected to a line leg.
Inductive: Not metallically connected to a line leg, the location where the transmitter is placed.
Inductive coupler: Location where the inductive coupler is utilized.
Coupler: Location of coupler in congested conductor environment.
Current: The ease of locating is quantified to be at a high level.

Low level.

Current: The ease of locating is quantified to be at a moderate level.

Poor level.

Common ground: A metallic connection that connects two or more utilities.
Dry soil: Inhibits current flow.
Wet soil: Aids current flow.

B

Bare: A line leg entirely grounded to earth.
Insulated: A line leg not grounded to earth unless for its ends.
*2009 Research Project by ORC Guideline Division of the Opinion Research Corporation at CGA Excavation Safety Conference & Expo

Low-low frequency: Up to and including 1 kHz.
High-low frequency: Higher than 1 kHz but less than 20 kHz.
Low-high frequency: 20 kHz up to and including 100 kHz.

The preferred marking paint choice of Utility Locators*, Krylon® Industrial
Quik-Mark™ helps you get the job done right the first time.
• Largest tip size in the industry delivers bright, bold marks that go down in ONE pass (no retracing necessary)
• Patented locking, non-clogging tip ensures application in the toughest conditions and won’t come loose or
fall off even with repetitive wand usage
• Advanced UV-resistant, fast-drying formula won’t fade and adheres to hot, cold or wet surfaces

High-high frequency: Over 100 kHz.
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Locating scenarios

The next four locating scenarios show the effects ground rods
have on the direction of current flow on a simplified phone system.
Locating scenario #6

The insulated cable in the
foreground is connected
to a ground rod below.

Partnering for
excellence in Damage
Prevention with:

Locating scenario #6 illustrates
a somewhat hypothetical event.
*Transmitting a low-low frequency
in wet soil, all of the current leaves
the phone line at the first ground
rod and returns to the transmitter.

DigNet of New York City & Long Island
Gopher State One Call
Hawaii One Call Center
Inland Empire Utility Coordinating Council
Kansas One-Call
Lone Star Notification Center

Locating scenario #7

*No transmitter has a locating frequency so low (10 Hz, or less) as
to reasonably expect that no current
would flow past the cable’s far-end
ground at the pedestal.

Louisiana One Call
Missouri One Call System, Inc.
Miss Utility of Maryland
New Jersey One Call
North Dakota One Call
Northwest Utility Notification Center
Oregon Utility Notification Center
Utilities Service Protection Center of Delmarva, Inc.
Utilities Underground Location Center

Locating scenario #7 illustrates
current flow patterns using typical
low-low frequencies, such at 512
Hz: not all of the current returns
to the transmitter at the ground
rod in the pedestal. Instead, some
current continues to the second
ground rod and beyond. Each time
low-low frequency current reaches
a ground rod, a substantial amount
of current exits into earth and returns to the transmitter.

Washington, DC (District One Call)

One Call Concepts, Inc. | 410.712.0082 | occinc.com

Examples of low-low frequencies
include, 128 Hz, 256 Hz, 512 Hz,
577 Hz, 815 Hz, 820 Hz and 982 Hz.
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Locating Scenarios
Locating scenario #8

Locating scenario #9
Locating scenario #9 illustrates a current
flow pattern shared between transmitting a
somewhat hypothetical frequency and transmitting a typical low-low frequency:
1) In dry soil and transmitting a 10 Hz or less
frequency, some current continues flowing
on cables beyond the ground rod inside the
light green cabinet. The ground rod in dry
soil does not mark the return of 100% of the
current to the transmitter (as in locating scenario #8 with the ground rod in wet soil).

The two energized phone cables
shown in locating scenarios #8
and #9 are connected inside an
encapsulated splice. The splice
is not grounded to earth.

In locating scenario #8, the phone line is not
grounded in the pit so 100% of the low-low frequency current flows to the splice cabinet where
the phone line is grounded to earth. From here,
all of the current enters earth at the ground rod
and returns to the transmitter.*

*No transmitter has a locating frequency so low (10 Hz, or less) as to reasonably expect that no current would flow
past the cable’s far-end ground inside
the light green cabinet.

Locating scenario #10

2) Transmitting a typical low-low frequency,
such at 512 Hz, in either dry or wet soil,
some current continues flowing on cables
beyond the ground rod inside the light green
cabinet. Using 512 Hz, more current would
flow on cables beyond the ground rod inside the cabinet when the soil was dry versus
when the soil was wet.

Locating scenarios #10 and #11 show the
effects ground rods have on the direction of
current flow on a simplified electric system.
Locating scenario #11

A primary cable enters and then
exits the transformer. A secondary cable exits the transformer
and feeds the secondary vault.

A typical low-low frequency, such
as 512 Hz, is transmitted in locating scenario #11. Current at the
secondary vault splits between
the ground rod and the secondary
cable going to the transformer.

B
A secondary vault connects the
two secondary cables shown in
locating scenarios #10 and #11.

The transmitted frequency for scenario #10 is the hypothetical
10 Hz or less. All of the current leaves the electric secondary line
at the ground rod located in the secondary vault.
42

If the insulated secondary
cables were replaced with
bare secondary cable (shown
in photo), the results for
locating scenario #11 would
look more like the results of
locating scenario #10.
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SoloShot EHS reinforced directional
™

Locating scenarios

drilling wire pulls through the first time,
every time!

Locating scenario #12
2
Locating scenario #12
diagrams the photo to the
left: a conductive locate
at a 3-wire street light
vault. Locating scenario
#12 could also diagram
a conductive locate at an
electric transformer (see
photo below).

6X the strength of solid copper!
Broken tracer wire means expensive
re-boring. SoloShot is a reinforced
composite tracer wire that has been tested
to have 6 times the breaking strength of
solid copper wire in directional drilling
applications. A special metallurgical
process bonds the high-strength,
high-carbon steel core to a layer of
copper, which provides corrosion
resistance and conductivity. This is
covered with tougher, more durable,
high density polyethylene insulation.

3

The green wire attached to an
unseen ground rod.

1

The conductive located sends current in 5 directions:
down line legs 1, 2, 3, 4 and to earth at the ground rod. If
total current exiting the transmitter splits evenly, line leg
1’s share of total current is 20%.

Copper
Steel Core
High Density Polyethylene (HDPE)

4

The result is a composite tracer wire that is
both more cost effective and more reliable!

Locating scenario #13

2

Locating scenario #13
diagrams the photo to the
left: an inductive locate at
a 3-wire street light vault.
Locating scenario #13
could also diagram an inductive locate at an open
electric transformer (see
photo below.)

Don’t be fooled by imitators
3

1

An inductive coupler around line leg 1 places 50% of total current on line leg 1 and sends 12.5% of total current
to legs 2, 3, 4 and the remaining 12.5% to earth at the
ground rod.
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• 6 times the break load of solid copper, which
eliminates costly re-bores
• No re-bores means reduced material and time costs
• Weighs less, which means reduced shipping costs
• Reduced threat of theft due to virtually no
after-market value

(they do not perform)
Copperhead’s SoloShot is stronger
than all imitators, is UV protected
and uses more durable insulation.

Copperhead installation
methods patent:
Patent #7367748
4

www.copperheadwire.com

Pulls through the first time, every time!

Copperhead Industries, LLC
P.O. Box 1081, Monticello, MN 55362
Ph: 877-726-5644 • Fx: 763-271-3694

Locating scenarios

Locating scenario #14
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The Duct Hunter™ features a copper trace
wire in the rod to trace or map underground conduit or pipe without digging
or trenching. The copper wire is energized
with a detectable signal that is transmitted
above ground to a receiver.

W
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In locating scenario #14 above, the
secondary cable feeding the vault
has sufficient current to locate easily but the primary cable exiting the
transformer to the east does not.

In order to increase the level of current
on the primary cable, locating scenario
#15 shows the transmitter use has been
changed to inductive. With the inductive coupler positioned around the primary cable in the open transformer,
more current runs on the primary than
the other cables.
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Current always follows the
path of least resistance but
current does not always
split in equal increments.

Locating scenario #15

W

E

Locating scenario #16

W

E

An inductive coupler will produce little
current on a line leg if one end of the line
leg is not grounded. Using an inductive
coupler, whatever level of current which
leaves the coupler in one direction leaves
the coupler in the other direction. If the
ease of locating is poor in one direction, it
will be poor in the other direction.

Lateral Gas Line Line Tracer Kit
features ﬁberglass rod with tracer
wire and grounding with integrated
Stufﬁng Box that locates live plastic
lateral gas lines from meter to the
main with no blow-by.

800.346.1956
www.jamesonllc.com

Manufacturing Quality Tools
Since 1956
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4 changes

4 changes

B

Problem: Current travels east but not west
when utilizing the transmitter conductively
at
.

Initially, a low-low transmitter frequency was selected. The grounding device at the transmitter
grounds
while
is grounded at the pedestal.

Solution: Change something with the transmitter: it’s grounding system, or the grounding system of the utility.

A good circuit is created between the the transmitter’s grounding device and the ground rod inside
the eastern pedestal. A poor circuit is created between the transmitter’s grounding device and the
ungrounded cable in the western pedestal.

W

E

4

3

A

1

2

Locating scenario #17

More induced current = greater earth penetration.

There are only 4 possible things to change in an attempt
to increase the level of current on a line leg.
Applying the four changes to locating scenario # 17
1 Change the transmitter’s frequency. Higher frequencies have more induced current than
lower frequencies. That’s what is needed in this scenario: more current to travel west
to B .
2 Change the grounding system. At
, removing the ground rod cable from the end of
the line leg would reduce the amount of current that travels to
giving more current
B
the opportunity to travel to
.
3 Change from conductive to inductive. Utilizing an inductive coupler at A would send
approximately 50% of the current toward B while the other 50% is split amongst the
remaining line legs, including the
to
leg.
4 Move the transmitter. The best option to increase current on the line leg A to B is to
simply change the location of the conductive hook-up to B . Now, the utility ground at
serves to pull current over the entire span B to A and
to
.
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1

Change the frequency.

Compared to the other three transmitter frequency ranges, high-high frequencies have the greatest ability to penetrate earth. A high level of induced current is needed to produce current flow on line legs in adverse locating scenarios, such as broken tracer wires, buried stubbed services, and 2-wire electric
cables ungrounded at their far-ends.
In the case of a broken buried tracer wire, high-high frequencies are needed to
penetrate earth in order to reach the other end of the broken wire.
The stub does not represent the path of least resistance for lower frequencies;
current wants to go where there is more metal mass, bypassing the stub. Highhigh frequencies, such as 480 kHz, follow the path of least resistance too, but
the high amounts of induced current in high-high frequencies
allow
for ease of locating in situations where lower frequencies
will not.

High-high frequencies include 480 kHz, 455 kHz, 300 kHz, and 200 kHz.

Assuming no breaks in metallic continuity, low-low frequencies will locate farther
distances on coated pipelines because they do not penetrate earth well, negating a
quick return back to the transmitter. If the current doesn’t return to the transmitter,
there is more current on the pipe for greater distances.
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4 changes

4 changes
2

Change the grounding system.

Changing an insulated line leg’s grounding or its connections to other lines can alter locating results: the level of current
can be changed as well as the direction current travels. The ability to make these changes varies from utility to utility.

Grounding to an anode provides
both a larger amount of metal
mass as well as a deeper ground.

A copper phone system, full of insulated line legs, allows for the most grounding and line leg connection changes while a
bare water system rarely offers any opportunity for changing its grounding or line leg connection system.
Changing the transmitter’s grounding system can produce higher current levels on line legs in a couple of ways: by providing more metallic surface area to earth and by providing a metallic path back to the transmitter.

APPLIANCES
GROUND TO
WATER LINE
WATER
HEATER

ELECTRIC METER
ELECTRIC
APPLIANCES

PHONE DEMARK (TERMINATION)

GAS METER

CATV SPLITTER (TERMINATION)
INSIDE WATER METER
GROUND WIRE
GRADE

CATV DROP
PHONE DROP
ELECTRIC SERVICE
GAS SERVICE
WATER SERVICE

GROUND ROD

A typical residential grounding scenario

Grounding the customer side of the gas meter
sends current into the building and back out of
the building on the water line and likely all of
the cables that enter the building. This provides a
huge amount of metallic surface area grounding to
earth. See diagram to left.

Pushing the grounding device deeper into earth provides more metallic surface area grounding to earth. A longer grounding device
may also reach wetter soil.

Pipes enter earth here.

A 500’ roll of wire permits the transmitter’s grounding system to extend to any desirable far-end within
reach of the wire.

The path of least resistance.

3 Change from conductive to inductive.

1

1
N

S

2

E

1

2

From the conductive locate 1 at the transformer, current runs on a pair of closely-positioned parallel primary cables heading south. It’s possible that some of this current is lost onto the parallel, insulated phone cable. When one of the primary
cables turns to the east, most of the current has traveled west. In order to increase current on the primary heading east,
the transmitter is used inductively 2 thus ensuring that about 50% of the current flows east.
50

1

2
Hooked-up conductively to one of three parallel and connected pipes 1 , a low
amount of current flows in the direction where the pipes enter earth. Most current
flows in the opposite direction. Since conductive locating did not yield desired results, the transmitter is positioned inductively 2 at the point where one of the pipes
enters earth.
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Safety in Excavation

4 changes
3

Move the transmitter.

www.safetyinexcavation.com
Vol. 74 Issue 1

Contractor Bets on a SHORE THING

Moving the transmitter can be as simple as changing the access point. Both the feeder cable and the
trunk cable show in this pedestal. These lines do
not share a metallic connection within the pedestal. Changing access points significantly changes
the locating results.
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Kinsel Industries, now a part of Insitu-Form,
can’t take any chances when it comes to the project constructed in Jacksonville, Florida. The contract with the city utility authority, J.E.A., is a five
– year, $160 million contract that initially required
the bursting and replacement of sewer pipeline at
a rate of over 45,000 lf. PER WEEK. This
includes the tie-in of utilities to the community.
A great deal of the work is done in tight conditions
and back yards.

© 2004 Safety Products Engineering Group

variety of applications that were encountered.
Carlos Zambrano was one of the many foremen on this vast project. Carlos appreciated the
fast and dependable service provided by Trench
Shoring Services to meet the ever-changing
ground conditions.
The Jacksonville TSS facility also provides steel
trench boxes and road plates to the region. CPT
training is available in English and Spanish to
meet the needs of the growing workforce.

Kinsel Industries has a long history of putting
safety to work, hand in hand with productivity.

..most ultraSHORETM
shields are light enough
for two men to handle
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Moving the transmitter from the pedestal 1 to
+RVWHGE\
the amplifier 2 changes the
path of least resistance and likely changes the locating results.
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The project required constant monitoring for hazardous atmospheres and protection of workers in
the excavation.
The initial use of hydraulic shores proved to be
too time consuming, slowing productivity and
increasing costs. The decision was made to use
the latest technology in aluminum trench shoring,
ultraSHORE ™ trench boxes manufactured in
Denver, Colorado. The trench depths are less
than 12 ft. deep and ultraSHORE™ is well suited to the Florida sands. A variety of MiniExcavators are used to handle the excavation
and boxes, even though most ultraSHORE™
shields are light enough for two men to handle.
The local rental dealer for ultraSHORE™,
Trench Shoring Services, (TSS) was able to
supply a wide selection of inventory to match the

More stories at www.safetyinexcavation.com!

Quick to Install.
As light as 130 lbs.

1

A SHORE THING

2

Are you losing
$$$ in the wet?

3

Industry
Notebook:
Internet Solution
Library

4

OSHA Notebook:
Myths vs Facts
The
ultra 18” Rule
SAFE

5

Taming the Great
Salt Lake

6

Safety Training

Roll your own.
Optional wheel kit.

Stacks easily with
2’ & 4’ high panels.

This is What Aluminum Shoring Was Meant to Be!
Ted Kepper checks air quality

1-800-SHORING

Did you
know?

746-7464

You can see photos of hunwww.shoring.com
dreds of shoring solutions
RIGHT NOW?
Go to www.shoring.com for
details.
Phone:
303-287-2264
Carlos Zambrano
keeps
a watch on safety.
Fax: 303-287-2950

Page 1
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A 10-chapter,
113-minute
training video
intended for
any level of
expertise,
from laymen,
to novice,
to expert
locators.

Section 1: Energize
Section 2: Peak & Null
Section 3: Round Fields & Path of Least Resistance
Section 4: Frequencies & Current
Section 5: Vertical Inspection of the Field
Section 6: Horizontal Inspection of the Field
Section 7: Changing Current Levels
Section 8: Changing Field Shape
Section 9: Superior Results
Section 10: Endpoint

Your
Ticket to

Peak,
Null &
Understanding

$619

Preview and order at
LocatingUnlimited.com
815-468-7814

LOCATING.

Unlimited possibilities,
Unlimited potential.
5-day classes throughout the year at our campus
south of Chicago.
Nationwide, over 25 Locator Certification
Seminars a year.
Customized training at your site,
anywhere, anytime.
3-day Locating Unlimited Seminars coming soon.

Tap into your unlimited potential
at

815.468.7814
www.underspace.com

We. Are. Locating.

