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Today's Agenda

Objective: Present some of the more recent best 
practices used in telecommunication 
grounding and bonding at Hydro-Québec.

Three parts:

Why worry about grounding?

Where are the risks?

How grounding models compare?
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Why worry about grounding?
General issues

Our technical problems
Propagation of impulse noise

Unexplained service downtime/interruption

Deficient immunization against power faults (SPDs) 

Insufficient fault energy dissipation (lightning protection)

Doubtful grounding practices (among professionals)

Lack of standards for hardware and installation 
techniques (among contractors)

10-002 Object
(1) The object of bonding metal parts and metal systems together and to the grounded system conductor is
to reduce the danger of electric shock or property damage by providing a low impedance path for fault
current back to the source and to establish an equipotential plane such that the possibility of a potential
difference between metal parts is minimized.
(2) The object of grounding the electrical system and non-current-carrying metal parts is to connect the earth
to the equipotential plane, thereby minimizing any potential difference to earth.
(3) The object of using an ungrounded system or a system incorporating neutral grounding devices is to
provide an alternative to a solidly grounded system, thereby limiting the magnitude of fault current and
minimizing the damage resulting from a single fault.
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Why worry about grounding?
General philosophies(MTGB)       T1.313-2003

Lug termination on front

Lug termination on back

Legend:
NOTE: angled hole array allows
to add or remove lugs while maintaining
lug contact on opposit side of MTGB
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Why worry about grounding?
General hardware (torque efficiency)

Copper (bronze−silica)

Nuts & bolts
assembly
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Why worry about grounding?
General improvement                  Quality of building ground

LG2/A
BEFORE

LG2/A
AFTER

SS
BEFORE

Telecom
ground SS

AFTER

B-Comeau
Before

B-Comeau
After
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Where are the risks?
Grounding: Electric vs telecom

?

?

∆GPR

10-208 Grounding connections for two or more buildings or structures supplied from
a single service
Where two or more buildings or structures are supplied from a single service,
(a) the grounded circuit conductor at each of the buildings or structures shall be connected to a 
grounding electrode and bonded to the non-current-carrying metal parts of the electrical equipment; or
(b) except for buildings housing livestock, the non-current-carrying metal parts of the electrical 
equipment in or on the building or structure shall be permitted to be bonded to ground by a bonding 
conductor run with the feeder or branch circuit conductors.
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Where are the risks?
Our concern: Lightning

Lightning strikes at Lake Macquarie, Peter Kenelly
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Where are the risks?
Voltage dissipation below 100 kHz

Equipotentiality at lower frequencies

Current vs time

Leonid D. Grcev, "Computer Analysis of Transient 
Voltages in Large Grounding Systems", IEEE Transactions 
on Power Delivery, Vol. 11, No. 2, April 1996.
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configuration 
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efficient up to 
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Fourier transformation

di/dt can
cause arc 
flashes and 
dielectric
breakdown
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Where are the risks?
Ground configurations
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Where are the risks?
Models : 2 rod electrodes

1A

? m
3 m

1 m

19mm 
Φ

4/0 AWG

ρ = Ω-m

f = 1 MHz
ρ = 100 Ω-m
D = 6m

f = 1 MHz
ρ =100 Ω-m
D = 3m

f = 1 MHz
ρ = 3000 Ω-m
D = 3m

f =  1 MHz
ρ = 3000 Ω-m
D = 6m
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Where are the risks?
Models: Equilateral triangle configuration

6 m

1 m

ρ = 300/3000 Ω

3 m
19 mm Φ

1 m

3 m

1 MHz
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Where are the risks?
Models: Web configuration

3 m

6 m

ρ = 300/3000 Ω

3 m
19 mm Φ

1 m

NO ground rods

1 MHz

Step voltage
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Impédance en fonction de la fréquence
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Soil c: ρ = 300/3000 Ω-m

Soil a: ρ = 100 Ω-m Soil b: ρ = 100/20 Ω-m

Where are the risks?
Models: Overall performance  Ỵ vs. ∆
Impulse of 1 X 50 s
Frequency domain

6 m
3 m

none

1 m

3 m

6 m

Model 1a/b/C

Model 2a/b/C
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ENCONTROL CONSULTANCY Inc.

Where are the risks?
Models: Tower grounding
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121°
120°

4m

Bâtiment télélcoms
9m X 4m

6m 1m

11m

1

2

34

5

Paratonnerre5m

1m

R 4m

6m

11,0m

1m1m

1m

1,4m

1m

90°

6m

90° 3m

6m

11m

10
m

10
m

10m 10m 4m 10m

10
m

2m

Ρ = 300/3000 Ω-m

1m 10 radials with a fence GND

10 radials without a fence GND

5 radials with  a fence GND

3 radials with a fence GND

Where are the risks?
Models: Tower grounding

3 radial not connected to 
the fence GND
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How do grounding models compare?
HQ-CG-PT-CEM601-1, 1994

18

84

16

- Uniform step voltage within the tower ground loop
- Increasing number of ground rods above 3 has no significant effect
- Number of radials has no influence on ground potential level
- Increasing the number of radials decreases ∆V in the area (step voltage)
- Adding a 300-mm layer of crushed rock on top of local soil improves touch 

voltage tolerance values

CYMGRD - 1992
Р = 10 Ω-m
F = 60 Hz



How do grounding models compare?
Rho = 100 Ω-m & 10,000 Ω-m, f = 100 Hz
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How do grounding models compare?
Rho = 100 Ω-m, f = 100 kHz 
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Z= 3,64 48 ohm

Z= 3,2 38 ohm

Z= 3,08  47 ohm



How do grounding models compare?
Rho = 1,000 Ω-m, F = 100 kHz 
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Z= 14.1  14 ohm
Z= 19,2  9 ohm

Z= 14,07  11 ohm



How do grounding models compare?
Rho = 10,000 Ω-m, f = 100 kHz 
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Z= 133  -5 ohm

Z= 183,4  -5 ohm

Z= 134  -5 ohm

Z= 131  -5 ohm



23

Z= 28,9  31  ohm

Z= 27,24  43 ohm

How do grounding models compare?
Rho = 1,000 Ω-m, f = 1 MHz 

Z= 33.1  44 ohm
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Z= 61,4  -30  ohm
Z= 105   -33  ohm

Z= 65  -35 ohm

How do grounding models compare?
Rho = 10,000 Ω-m, f = 1 MHz 



How do grounding models compare?
3D models

25

5 radials, 100Ω-m, 100kHz
With a fence

5 radials, 10 000Ω-m, 100kHz
With a fence

5 radials, 10 000Ω-m, 100kHz
Without a fence
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A

B

C

How do grounding models compare?
Few or many radials – For what soil type?

D

E
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Effective length as a function of the frequency
Rho 100 Ω-m

Effective length as a function of the frequency
Rho 10 000 Ω-m

Effective length as a function of the frequency
Rho 1,000 Ω-m

Voltage along a radial of 100 m
f=10 MHz, Rho 10 000 Ω-m

10 MHz

1 MHz

100  kHz

10 at 1000 Hz
10  kHz

10 Hz at 100 kHz

10 Hz at 1 MHz

10 MHz

How do grounding models compare?
Conductor length − How long is enough?

6m 18m 12m

18 m 18 m24 m

18m



How do grounding models compare?
Cost effectiveness!

 Equipotentiallity is not observed above 100 kHz

 5 radials are better than 3 
 especially above 100 kHz
 offers backup in case of conductor theft
 less expensive than 10

Connecting the radials to the grounding conductor around the 
fence improves overall performance when fence is within 
18−24 m

 Ground resistivity affects the length of the buried conductor
 6 m (min.), in 6 m increments, maximum of 18 m.

 Complex impedance observed at higher frequencies            
(ex: 61.4 -30 Ω)

28



How do grounding models compare?
Other views! (As presented by Al Martin, ATIS-PEG-2013)

IEC 61312-1 (Protection against lightning electromagnetic 
impulse – Part 1, General principles

Generally ground rods are expected to behave like resistors.

V. Rakov and M. Uman (ICLRT – Camp Blanding (Fl), USA)
Concluded that ground rods (systems’) also have reactive element that 
may change the rise time of a surge at high frequencies.

 Short rods (≤ 3m) resemble a parallel RC circuit (lossy capacitors) 
influenced by р;

 Long rods (≈ 30m) resemble a series RL circuit influenced by р.
A long ground rod contributes to decrease the specific energy (I2t) of a 
surge by directing the high amplitude low-frequency content to ground.

 At higher frequencies (fast rising surges), ground rod length can lead 
to potentially damaging voltage spikes.

29



How grounding models compare 
Safety: There is no safe place outdoors during a thunderstorm!

Do not use the tower structure as a shelter;

Do not touch or be close to the fence during a storm;

If caught outside do not stand near tall objects or anything made 
of metal;

Avoid using a telephone that is connected to a landline;

Once in a safe location, remain there for 30 minutes after the last 
rumble of thunder is heard before resuming your outdoor 
activities.

30
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Conclusion

Being aware ≈ Better grounding

Modeling ≈ Standards

Addressing risks ≈ Security for all
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Questions?

Merci!
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