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Typical Utility (Line) Locators
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What are Utility Locators?

Transmitter

The typical utility locator consists of a Receiver and Transmitter. 
The transmitter will come with a set of Direct Connection Leads and Ground Stake to 

connect to the utility.  

Receiver
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Accessories 

Transmitter

A popular accessory usually sold with the transmitter is a Signal Clamp.
Sometimes the signal clamp can be used in place of the direct connection leads.
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The Locate Signal
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The Locate Signal

Electromagnetic Locators do not locate buried pipes or cables,

Locators detect the electromagnetic signals radiating from metallic pipes and cables.
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Å Is produced by the flow of alternating current 
(AC), which creates an electromagnetic field

ÅThis electromagnetic field radiates from the line 
and is known as the signal

The Locate Signal

If there is no AC current flowing , there will be no locate signal
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ÅSignals are created by current flowing from the 
transmitter, traveling along a conductor 
(line/cable/pipe) and back to the Ground Stake.

ÅWe think of the signal traveling from the transmitter 
and back to the ground stake. However, the signal is 
continually changing direction, flowing back and forth.

ÅThe rate at which it changes direction is called the 
frequency. For example, 50Hz means the signal 
changes direction 50 times per second, 8000Hz (or 8 
kHz) means 8000 times per second. (The ñkò denotes 
1000).

8

The Locate Signal



Signal Sources
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Signal Sources

Signals used for locating can originate from a 
transmitter ( active locating ) or a variety of 
passive sources ( passive locating ).
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Active with transmitter clamp

Active with transmitter 
direct connectionPassive Sources can be Power and 

Radio signals induced onto the utilities



Passive verses Active Location

ÅPassive Location

- Use to mark the location of unidentified buried lines before digging (Avoidance)

- Do not use to identify or trace specific lines

ÅActive Location

- Use to trace, identify & pinpoint a buried line

- Use to measure the depth estimation of the buried line

- Use to measure the signal current on the buried line
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Passive Signal Sources
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ÅPower

Power transmission & distribution networks (50/60Hz & related 
harmonics)

Passive Signals 
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¸ Radio

Radio transmissions (15 kHz ï27 kHz & related harmonics)

¸ Application specific

Signals from specific applications (Cathodic protection, CATV, etc.)



When to Use Passive Modes

Always Call Before You Dig, follow local Government regulations and your 
companyôs safety and best practices.

Å Search for unknown buried lines when applying signal with a Transmitter 
is not practical

Å For small localized digging

Å The last check before digging
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Passive Signal Sources - Power

Power Signals

ÅFrom cables carrying electric current 
and under load

ÅFrom pipes or other cables carrying 
return electric current

ÅCables may be live; however, no current 
is visible because of no load.
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Passive Signal Sources ïLF Radio

Radio Signals

ÅMainly generated by high power, low frequency 
(LF) communication transmitting towers

ÅBuried pipes and cables act as conductors that 
re - radiate the signal

ÅRadio signals travel further distances if both 
ends of the utility are grounded
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Passive Signal Source - Cathodic Protection & CATV

Application - Specific

ÅSome Pipes have a Cathodic Protection 
current on them to protect against corrosion. 
This may be detectable with CP120 or CP100 
frequencies. 
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Passive Locating - Passive Sweep

Å Passive locating is used to avoid rather than 
identify buried lines

Å Using only the receiver, sweep the area in a 
pattern shown here

Å Sweep in Power modes and Radio modes
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Active Signal Sources
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Active Signals

A transmitter applies active signals

ÅTransmitters have one or more dedicated 
frequencies

ÅThe choice of frequency depends on the line 
being located and the method the signal is 
applied
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When to Use Active Modes

Always Call Before You Dig, follow local Government regulations and 
your companyôs safety and best practices.
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Å Use to trace, identify & pinpoint a buried line

Å Use to measure the depth of the buried line

Å Use to measure the signal current on the buried line



Induction ïinduces the signal onto a pipe 
or cable by placing the transmitter on the 
surface over the target line

Active Signals - Applying 

Direct connection ïred lead to the target 
line, black lead to ground

Clamp ïinduces a signal into a pipe or 
cable without making a direct connection
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Active Locating

Å Active location is used to trace and pinpoint
a specific buried line

Å Active location always requires a transmitter 
and receiver.

* Tracing is following the path of the buried 
line from, or to the transmitter
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Transmitter - Connection Types
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Transmitter - Connection Types

There are three ways to apply the signal:

Direct connection ïRed cable to the 
target line, Black to the ground Stake

Clamp ïinduces a signal onto a cable 
without making a direct connection

Induction ïinduces a signal onto a 
cable or pipe by placing the transmitter 
on the surface over the target line
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Applying The Transmitter Signal

Direct connection

Å Use the minimum output power needed to locate the target line successfully

- Excess power may increase the risk of coupling to other lines

- Using excess power can make locating more complex and increases the risk of mis - locating

- More power reduces battery life

- The transmitter display will confirm how much current is being applied to the line indicating a good or 
bad connection

- A change in speaker tone also confirms a good or bad connection

- If the display shows no current or there is no change of speaker tone, check the connection to the 
target line
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Applying The Transmitter Signal - Direct Connection

Direct connection

Å Direct connection is the preferred 
method of connecting to a utility 
when there is safe access to the 
target line

Å Remove any rust or paint to 
ensure a good electrical connection

Å Place the ground stake in the 
ground at 90 £to the cable and as 
far away as practical
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Applying The Transmitter Signal - Direct Connection

Direct connection

Å When positioning the ground stake 
ïto minimize coupling to other 
lines

Å Do not place it close to other 
lines

Å Do not place it on the other side 
of adjacent lines

Å Do not place it close to metallic 
fences or barriers
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Applying The Transmitter Signal - Signal Clamp

Using a Signal Clamp

Å Use when you cannot directly 
connect to a utility

Å Place the clamp around the utility.

Å Connect below the grounding 
point 

Å The utility line must be grounded 
at each end.

* Clamps are designed for specific frequencies only, typically 8 kHz ï83 kHz 29



Applying The Transmitter Signal - Induction

Induction

Å Allows signal to be applied 
without access to the line

Å The applied signal, or current, is 
generally less than the other 
connection methods (as it has to 
travel through the ground to 
reach the line)

Å It may couple to other metallic 
lines & structures adjacent to 
the target line
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Applying The Transmitter Signal - Induction

Induction

Å Place the transmitter over and in 
line with the target line at a known 
point (but not on top of an access 
point such as a maintenance hole, 
handhold or pedestal)

Å Ensure the transmitter is oriented 
correctly
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Applying The Transmitter Signal - Induction

Induction

Move at least 65ft (20m) away from the 
transmitter to avoid picking up the signal 
through the air.

The accuracy of depth readings may be incorrect if taken closer than 
about 65ft (20M) to a transmitter on induction

Do not place on top of a manhole cover 
or metal plate (the signal will be 
absorbed by the metal)
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Applying The Transmitter Signal ïActive Sweep

Active Sweep

Å One other technique that can be 
undertaken with induction is an 
Active Sweep

Å One person carries the 
transmitter in induction mode

Å Another person 65ft (20m) away 
carries the receiver
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Applying the Transmitter Signal ï
Frequency Selection
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Applying The Transmitter Signal ïFrequency Selection

Å Most transmitters have a selection of several different frequencies

Å The best frequency for the job will vary depending on the way the signal is 
applied (direct connection, signal clamp or induction)

Å Start low and work up till a frequency is found that is stable and strong

Å The distance needed to complete the locate

Å The type of Utility being located
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Applying The Transmitter Signal ïFrequency Selection

High Frequency (65 kHz ï200 kHz)

Å High resistance or poorly grounded

Å Good for jumping insulated joints

Å Most suited to induction

Å Generally shorter distance

Å Will couple to adjacent lines

Å Good for induction, short distance and badly grounded lines

Low Frequency (100Hz ï1 kHz)

Å Direct connection only

Å Travels long distance

Å Less coupling to adjacent lines

Å Requires good grounds

Medium Frequency (8 kHz ï33 kHz)

Å General purpose

Å Cables and pipes

Å Used by direct connection, clamp or induction

Å Moderate distance

Å Good all -around locating frequencies using any method of 
applying the signal

36



Applying The Transmitter Signal ïDFT

The DFT feature should not solely be used to determine which frequency to apply. ALWAYS follow the appropriate 
safety requirements mandated by safety legislation, safety practice, or your companyôs safety procedures when 
applying a locate frequency to a conductor.

¸ D iscrete Fourier Transform is a tool to help choose a frequency to apply to the target conductor. 

¸ The DFT feature will aid the user with nearby interference that may affect the locate quality.
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When using DFT, the receiver will scan all available frequencies while displaying a 
progress bar, and the list of frequencies assessed will be displayed. 

A numerical value ranging from 0dB to 140dB will be presented next to the 
frequency list, with 140dB being the least possible interference detected and 0db 
with the largest possible interference. 

The results are ranked from the least interference possible at the top to the 
largest amount of most possible interference at the bottom .

In this case, the higher the dB number (80dB), the less interference has been 
detected by the receiver.



Receiver Locate Screens
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vLoc3 - Pro Classic Locate Receiver Display

Continuous Depth/Current

Location Mode

dB Gain Setting

Analogue Display 
of Signal Response

Signal Direction (SD) 
Signal Response

Compass Line Direction Indicator Left/Right Indication

Bluetooth and GPS 
Signal Quality

Digital Display of 
Signal Response

Battery Status

Peak Signal Indicatior

Loudspeaker 
Status

Frequency
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vLoc3 - Pro ïReceiver Controls

Gain Control (Reduce gain)

On/Off Control

Gain Control (Increase gain)

Information 
Depth/Current 
Measurement

Location Mode Select

Frequency Select
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Receiver Display - Warnings
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Warnings can be displayed in real time across the display
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Signal Overload Warning

vLoc3 - Pro Receiver Display 

This is a very unusual situation and is

usually caused by operating very close to a

power transformer or placing the unit very

close to a transmitter in the Induction mode .

Moving slightly away from the interfering

signal will cure the problem . Signal overload

will not cause damage to the instrument .



vLoc3 - Pro Receiver Display 
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Shallow Depth Warning

This indicates that the locator has detected a 

cable that is possibly less than 15cm deep. 

Proceed with caution.
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vLoc3 - Pro Receiver Display 

Swing Alert

This indicates that the operator is swinging

the locator excessively and could result in

misleading information . When sweeping the

locator across the direction of the line, try to

keep it vertical . This will improve accuracy .



This indicates that the signal is mainly 

radiating from above. This is usually caused 

by the signal traveling along overhead cables.
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vLoc3 - Pro Receiver Display 

Signal Overhead Warning



Detecting the Locate Signal
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Modes - The response to the electromagnetic field

ÅThere are several antennas in a locator; these can be used in 
different combinations.

ÅEach combination, known as mode, provides different responses.

ÅThe response types for general locating are Peak, Null,  
Left/Right distance sensitive and Omnidirectional. In this 
presentation, we will cover Peak and Null.

ÅTwo additional modes are often used for specific applications

ÅBroad Peak - useful when locating very deep lines -operates like peak 
mode.

ÅSonde Mode - for locating Sondes or CCTV inspection cameras (see 
Sonde section ).
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Locating Modes
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Peak with Arrows ïSimilar as the Peak mode but with Left/Right arrows

Peak Mode ïBest for tracing and pinpoint the line in congested areas

Broad Peak Mode ïBest for tracing and pinpoint deep lines

Null Mode ïBest for verifying the peak locate

Delta Null Mode ïSimilar to Null with a sharper response

Omni Directional Peak ïCan be used regardless of the locator blade orientation

Receiver ïOperating Modes

Select the locating mode:
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Modes ïPeak with Arrows

Peak with Arrows mode

Å Provides a maximum response over the line

Å Uses two peak antennas

Å Left/Right arrows are displayed
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Modes - Peak

Peak mode

Å Provides a maximum response over the line

Å Uses two peak antennas

Å The most accurate locate mode

51



Modes ïBroad Peak

Broad Peak

Å Provides a maximum response 
over the line

Å Uses a single peak antenna

Å Provides increased sensitivity for 
deep utilities

Å The response is broader, so it may 
be difficult to Pin -Point
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Modes - Null

Null mode

Å Provides a minimum response over the line

Å Uses the single vertical bottom antenna

Å Shows left/right arrows

Å Is used to compare the position of the Peak 
locate
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Modes ïDelta Null

Delta Null mode

Å Provides a minimum response over the line

Å Uses top and bottom vertical antennas

Å Used to compare the position of the Peak locate
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Modes ïOmni Directional Peak 

Omni Directional Peak mode

ÅUses twin peak and null antennas

ÅProvides a minimum response over the line

ÅCan be used regardless of the locator blade orientation
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Compass Feature

Compass

¸ Provides the direction and orientation of the line

56



Distorted Fields
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Distorted Fields

A typical distorted field

The magnetic field (the signal) radiating from buried 
lines can be distorted by the presence of adjacent 
metallic conductors, objects or other signals.

This is caused by:

Å Signals induced from the target line to other lines

Å Commonly bonded structures

Å Badly positioned ground (at the transmitter)

Å Large metallic objects above or below the surface

The result is that the locator detects signals from more than 
one source
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A clean undistorted field



No Distortion
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Low Level of Distortion
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High Level of Distortion
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Identifying Distorted Fields

Use Peak with Arrows mode to identify distorted fields

Å On a clean, undistorted field, the Peak and Null locate response will 
line up

Å If distortion is present, the peak and null locate response will not 
line up

Typically, the greater the distortion, the further apart these 
located responses are.
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Identifying Distorted Fields

Å Locate the line & measure depth with the locator resting on the 
ground

Å Lift the receiver off the ground by a known distance (say) 1ft 
(30cm)

Å Take another depth reading

Using Depth Measurement to identify a vertical distorted field

The depth reading should have increased by the distance 
you raised the receiver. If it is significantly different , the 
field is distorted.
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Measuring Depth and Current
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ÅDepth can be measured using a locator

ÅDepth is measured to the center of the signal ïin 
the case of large diameter pipes, this can be closer 
to the top of the pipe

ÅSome locators provide continuous depth and 
current on screen ïthis is only accurate when 
directly over top of the line

Measuring Depth
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Measuring Depth

Å Locate the line & measure depth with the locator resting on the 
ground

Å Lift the receiver off the ground by a known distance (say) 1ft 
(30cm)

Å Take another depth reading

How to measure Depth:

The depth reading should have increased by the distance you 
raised the receiver. If it is significantly different , the field 
is distorted and should not be trusted.
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Measuring Depth and Current

Do not rely on depth and current measurements made ifé

ÅClose to bends in the line

ÅClose to a ñTò in the line

ÅClose to the transmitter

ÅWhere the line is changing depth

ÅWhere the field distortion has been identified

All these factors can result in inaccurate depth readings
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Measuring Depth and Current

The depth and current readings are 
continuously displayed on the receiver.

To take a depth & current measurement, 
first pinpoint the line
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Using Signal Current to Help Identify The Target Line

Å Current reading should closely match what is 
being put out by the transmitter.

Å Current readings are not influenced by depth.

Å Current readings should not be higher than 
the current being transmitted.

Å Current readings should reduce gradually 
unless

- There is a ñTeeò in the line

- A significant fault in the insulation

- You are on the wrong line!
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