Engineering Grounds for Bonding Grounds:
Techniques solidly grounded in science (and experience).
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High tension lines induce energy into fence

Gate 'looks like' a switch
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| If gate is unbonded, it
1l ‘looks”like a switch.
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Substations
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Warning: Graphic injury image ahead
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General Arrangement of an Earth Electrode System at an
Electrical Sub-Station

Courtesv: Pentair Inc.
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Mast Type lightning protection

150° (50 m) Radius 150° (50 m) Radus i

e 7one of Protection



8 ‘y’\“

PROTECTION
ENGINEERS
GRrRoOuP




PROTECTION

atis> S )EG:"®

CONEFERENCE




___________________________________________________________________________________




PROTECTION ° ‘
- E (N ]
Stis= Shonees o

CONFERENCE

Catenary
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Pedestal

Pumps

Filters

Heaters
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Conductor & structure surge impedances and
— | . groundfield are critical to protecting from
backflash and for personnel safety.

Touch
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Backflash
e i

High tension conductor separation distances are calculated to prevent Backflash events.
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Bonding cable shields to ground is intended to prevent
flashover arcing and insulation between the cable shield and
the communication wires within the cable core.

Plastic Insulation Shield  Paper Insulation



PROTECTION

y ENGINEERS
atls GROUP

i
:»._ 2 4 L
4

CONFERENCE




PROTECTION o .

atis- g™ ve

CONFERENCE

"Strand” (Messenger)

e

Stainless steel lashing

ﬁShield and messenger bonds

- [7]
Wire cover ("U-Guard")

To earth ground electrode(s)
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Jacket Cooncentric ncutral Insulation Conductor

Insulation shicld Conductor shucld

AGURE 3.2
A concentric neutral cable, typically used for underground residential power delivery.
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Buried utility and Telco cables sharing a trench

Telco
Sheath
Shield

v*  T&R Neutral Current flows on telco cable shield!

"’*::———_r———Jf’\H

Utility /
Phase Conductor Neutral Conductor Failure

Insulation
Concentric Neutral

C.0.



PROTECTION o .

atis- g™ ve

CONFERENCE

|solation Joint
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EXHIBIT 250.39 A CATV installation that does 1
Code, illustrating why bonding between different 5 B R 10 installation that complies with 250.94.

70 P EZOLGCTYTOD 15 11



PROTECTION
ENGINEERS o ‘

)
®

GRrRoOuP “
CONFERENCE

Intersystem Bonding Termination (IBT)

\

- CATV
(‘-—--.__
1 —+— Sat
Elect|| | 5
]
1l
| IBT
NFPA 70 Article 100: An intersystem bonding
Water termination is a dedicated location for
terminating the equipment grounding conductors
Earth Electrode(s) required in Chapter 8 and 770.93 to the service,

building, or structure’s grounding electrode
system.
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Intersystem Bonding Termination minimizes electrical hazards

1 o

Antenna E[EJ @

Satellite EDI @

Telephone &
[

Electrical L @
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Antenna

Satellite [EFD
Telephone
Electrical og © © © JIBT
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Intersystem Bonding Termination(s)

Residential

Telco C.O.
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Dangerous: Unbonded ground systems

Wa;t*er\\ k
Main =
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Grounding kits on waveguides, and, coax or
composite cables at top of tower, where the cabling
turns off to the ice bridge, every 75' (25 m) in
between and where it enters the shelter or cabinets

N
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L_aF  &F LaF g gv g
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At least 2 bonds between
tower ring and shelter or
cabinet ring

Tower groundfield
designed for max 5 Ohms

Not shown: Bonds on ice bridge and support
stanchions

©20 17 Dan McMenamin and Associates, Inc
Al rights reserved
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Waveguide, coaxial or
R\ composite cable (coax shown)

Only a small amount of the high
frequency current will conduct along the
high impedance path provided by the
90 degree bend.

Most of the high frequency
current will conduct along the
low impedance pathprovided
by the grounding kit and the

ponding elements. A grounding kit just before the

transmission line entrance will
further reduce unwanted energy.

Min 30", or below the frost line oo - . o—
Tower ring to shelter ring bonds

Tower Ring Shelter /pad ring
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Isolated Bonding Network

Euilding steel

Min 2" (5 gm) cleararfce from

building gteel or CBIj systems
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Common Bonding Network

Building steel
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Macro Cell L =

(£)2017 Dan M M enamin and Associates, Inc
Al rights resernved
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Wooden Pole Mounted Small Cells

SPD (either within or
external to the antenna

housing)
] Antenna

: Antenna
If a backhaul antenna is installed, Crossarm
bond its mounting, coax grounding +— | Coax Kit
kits and SPDs to the Ground
conductor.

#2 AWG Bare,
If the service entrance wiringisin . |~ Tinned,Sclid Copper
metallic conduit, bond the conduit : T (BTCU)
to the Grounding wire. :
All connections between the an Loop ::E:r ﬁ;g%md _D Coax Kit
Grounding conductor and PDU |[MCO
conduits require a Listed pipe \ SPD (either
clamp, and #2 BTCU wire. Meter Box MCO g « | within MCO or
Connections to metallic W external to it)
housings or enclosures require _ '
a Listed 2-Hole lug or Service |
exothermic weld. Disconnect|= ml
Service

All connections to #2 AWG BTCU Disconnect 1

requires Listed 12 ton-crimp connectors
or exothermic welds.

All underground Grounding wiring #2 P
AWG Bare, Tinned, Solid CU, and L
Listed 12 ton-crimp connectors or

exothermic welds. " (C)2017 Dan McMenamin and Assodiates, Inc
20— All rights reserved
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If the top of the metallic pole has a
Antenna handhole, terminate the antenna and related
. bonds on the bonding stud within handhole.

If there is no top handhole, use a #2 AWG
green insulated wire and Listed lugs to bond
antenna and network equipment Grounds to
the bonding stud in the handhole at the
bottom,of the pole.

Terminate MCO and
related bonds on the

: 3 @:i bonding stud within
]MCO & pole opposite the
handhole with Listed
lugs.

There should be at least two ground rods
or > 35 feet of #2 BTCU in contact with soll
below the frost line to the hand-hole. (©)2017 Dan McMenamin and Assodiates, Inc

All rights reserved
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If the pole is nonmetallic (plastic, fiberglass
etc.), terminate the antenna and related

- equipment bonds on a #2 AWG green

insulated wire. Bond this #2 wire to the EG
lead of the lighting circuit within the
handhole.

=

There should be at least two ground rods
or = 35 feet of #2 BTCU in contact with soil
below the frost line to the hand-hole. (€)2017 Dan McMenamin and Associates, Inc.

All nghts reserved
i
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Antenna arrays

Alternative:fiber or
Ethernet to Network ~

@ﬂl 17 Dan M o enamin and Associates, Inc
All rights resensed
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Summary
* Bonding and grounding are all about safety
and equipment health & performance.

* Avoid confusion: always consult the latest
relevant documentation.




