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IMPORTANT NOITCE: This stamderd & mof infemded to emsure sqfery, security, health, or
envirenmentel protection. Implementers of the standard are responsible for determining appropriate
sqfiety, security, emvironmental, and health practices or regulatory reguirements.

Thiz TEEE docnment is made available for nse subject to important notices and legal dizclaimers.
These nofices and disclaimers appear i ol publicaffons contgining this decumend amd Pay

be foumd wmnder the Reading “Tmportamy Notice™ or “Importamt Novtices and Discloimers
Concerning [EEE Doecumemnts.” They can alse be obigined om reguest from IEEE or viewed af

hitp-Sriandards_ieee org/ TP R divelaimers. fimi

1. Overview

1.1 Scope

Thiz doomment presemts enminesring desipn guidelines for the prevention of lishining damage to
1.2 Purpose

The purpose of this guide is to provide reliable enginesring methods and practices to minimize damages to
commmmications equpment ecated within a stroctone.

1.3 Application

The protection of the stuche plays an importsnt role in the protection of the egoipment within the

the stmacture honsine the equipment is also coversd in this dooument.
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Colorado Division of Wild|

ildlife official Russ Mason examines elk carcasses in the Mount Evans wilderness. Lightning is blamed for the deaths of the 56 a
als. “It's quite rare to find so many animals killed in a single incident,” biologist Janet George said.

A herd of 56 elk have been
iscovered dead on remote tundra
n the Mount Evans wilderness,
he victims of an apparent light-
ing strike, state wildlife officials
b hursday.

While such deaths are common

before that were killed by light-
hing — it's probably something
hat happens every year in Colora-

WILDLIFE DEATHS

Other wildlife deaths blamed
on lightning:

1997 — Six bighom sheep
killed in Colorado’s Kenosha
Mountains.

1986 — 12 elk killed on the
Continental Divide north of the
Eisenhower Tunnel.

1972 — 52 caribou killed in
Central Alaska.

Source: Colorado Division of
Wildlife.

do,” said Janet George, a wildlife
biologist with the Colorado Divi-
sion of Wildlife. “But it's quite
rare to find so many animals killed
in a single incident.”

A Jefferson County man scout-
ing hunting sites made the grisly
discovery Aug. 17 on a ridge at

12,200 feet, about four miles south
of the summit of Mount Evans.

“We got up there and our chins
just about hit the ground,” said
Dave Workman.

Workman, his 12-year-old son,
Thomas, and several friends had
been riding horses for about four
hours when they found the herd.

“I said, ‘OK, there are a couple
elk up there on the ridge bedding
down,” ”” Workman said.

But when he borrowed a tele-
scope from his friend Glenn Reyn-
olds, Workman said he was sur-
prised to see the hooves on one
animal pointing up.

As they drew closer, they real-
ized all the elk were dead. The
bodies were decomposed and oth-
er wildlife — ravens, golden ea-
gles and coyotes — appeared to
have been feasting on them.

In all there were 34 cow €lk;
bull elk and nine calves.Officia
said 48 were grouped within a 6
foot circumference. Another fiy
were 75 feet away and three mo
were 130 feet away.

George said a combination ¢
factors led to a conclusion thj
they had been hit by lightning
recent thunderstorms and the el
vation where the deaths occurred

The bodies were too badly dd
composed to check for the dim
sized burns that lightning leave
George said.

There are more than 2,000 el
in the Mount Evans area.

Wildlife officials plan to let ng
ture take its course and are lea

said. “There’s a lot of happy ray
ens, eagles and coyotes up there.
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AA_galnst 60 Hz power contact?

I The NEC and NESC apply as stated in the scope of these two codes

AAgainst a Lightning Strike?

I NFPA 780 code covers ntraditional"
installation, i.e., air terminals, ground rods, with ne‘thought to there
being such athing as Ground Potential Rise!

I |IEEE Std. 1692-2011 covers the protection . of equipment from
lightning induced Ground Potential Rise (GPR) as well as a

m}ﬂmding System to minimize GPR: i _.._1__~_’
visog Lo aauRgroundl ng sy

U'have alsorprotected against 60 Hz
WEr contact by a very large margino !

AThe reverse IS not so!
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Triggered lightning test, Sandia Labs, 1993, grounded using vertical ground rods.

This picture shows the results of a In 1996, at the suggestion of SAE
friggered lightning test (with a Inc., Sandia used a horizontal
current of 29.5 kiloamps) by Sandia radial system to ground the
National Laboratories in 1993. The launching platform. This

vertical ground rods used to configuration was hit repeatedly
ground the rocket launching by triggered lightning and no
plafform were ineffective in flashover occurred. The Sandia
lowering the ground potential rise. tests demonstrate that horizontal
As a result, a flashover occurred grounding systems effectively
forming a radial pattern in the dissipate lightning energy.
horizontal plane.




what about

hedance?
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;_.A,Cari‘We get out our impedance meter. now and check our.
~ grounding system for its impedance to a lightning

strike?
A Not hardly

A Can we still design a grounding system keeping in mind
what we do know about surge impedance?
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A Yes, you bet we can! The answer is radial capacitive grounding“
rge flat.conductive concrete radialsiareleventbetteramss

system employing exclusively ground rods
A Because of reduced impedance
A Because of the principle of division
A Because of high frequency components of lightning



- 731 U‘htnlng current ranges from dc to approxrmately
- — 2Mhzwith-most of the current frequency ranging at
the upper end of the spectrum

A Impedance in conductors for lightning current is thus
very large, resulting in an approximate voltage drop of
1500 V per foot for a 2/0 AWG copper conductor

A Impedance is a little less, approximately 800 volts per
oot fora copper conductor the size of your erst'

| voltage drop of 15, OOO Volts to just get to the
ground rod!

A The answer has to be many paths for lightning
currents and ground rods are not the answer either!
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A A radlal (horizontal conductor) is similar to one side of a

~Capacitor-and the other side of the Capacitor is the Earth

A At Time (T) = 0 a Capacitor is a short circuit, thus lightning
current (at less than 5 nanoseconds) Is flowing current in that
radial |

A At Time (T) = 0 an Inductor (like a vertical ground rod) is an
open circuit and hindering the flowing lightning current to the

~
T —
mla@ed-h@ﬁiMy are better
aters of lig tnlng current by acting like Capacitors

A The more radials the better. This is current division and very
Important to reduce overall impedance.




- G:round rods zire laced cirourid insgiowsr grourel gine)
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SINKhe [OWerfreqUEnCIES Of CUTTENT toremote eari

A Radials are placed offiof'each ground rod to sink the
- h“"her frequencies of current to remote earth

A Maximum length of a radial is 80 feet, 40 feet being ok

A Number of radials is determined by the required grounding
system resistance to remote earth; numberisimore
Important than length

A Each Radial length can vary becauseonly the total sum
gtfisiisinecessarny. to achieve required grounding systems

es*StamW p—__
W@) Etter towergrounding system to remote

eartin, using radials, will prevent almost all equipment
damage, only if equipment building is also properly
grounding and equipment Is either isolated or surge
protected from any remote ground.




Single Point
Ground

4

Ground Bar
( equipment, communications,
and power ground )

Tower Ground)my

- 2

30 feet
minimum




Ar-Make-Four(4) Probe Soil ReS|st|V|ty Measurements orthe
planned depths of the ground rings, radials, and the ground rods

A Us'e Er-l nNg- Suntwecaltyatefthe multitudeaofs
different system component ground resistances, I.e.; rings, ground
rods, radials, straight wire, etc.

A Calculate total system ground resistance, i.e.(in parallel); 1/R =
1/r + 1/r...

A Add radials (as necessary) off of the tower ring to lower system
ground resistance to the required design specification. Six (6)
radials approximately 40 to 60 feet in length are all that is usually

%wary {0 obtain a 2 ohm or bettergreund to remote.g@ﬁn_
—pe method provides S (97%+) to the
W Istredrtetal sys em ground resistance as a final check
e groundmg system impedance to remote earth.
A Any Wenner Three Probe final system grounding system test
must be measured without a bond to multi-grounded neutral

(MGN).




g ne four-ooint (Wannsre) meaineocl 1S iels plosit zleeL);

R —

méasurlng large velumes of undisturbed earth.

A Earth resistivity In-meter-ehms: | =2x(3.1416)x(a)x(R) where
a=probe spacing in meters & R= meter reading in ohms.

A At a 4 foot depth (which is a 4 foot probe spacing):

| =7.66 X meter reading in ohms (R)




Surge Energy

_A—-B'CV C"," nge‘eln mﬂd ne - “CtC -, -'Glﬂfﬂs EI__ ‘,“.
—equal izeall pofentlé‘l_‘thmughout = —

JA-lLocating the tower at least 30 feet away from equipment building will
—almost eliminate the electromagnetic radiation from the lightning strike

Provide radials in the grounding system to current divide the lightning
strike energy

Use a bulkhead to ground lightning surges on the tower coaxial cables
from entering the equipment building

Do not confuse the function of the Internal Equipment Ring Ground (IERG)
with the function of the HALO Ground.

IERG must be at the height of bulkhead and only:bonded to earth ground
At the SPG

HALO Ground is an RF grounding of metal building objects, i.e.; window
rames, door ja ay be bonded to the

R

A
A
A
A

ntally bonding equipment to the HALO Ground will result in
catastrophic damage to equipment by placing four (4) different voltage
potentials from resulting lightning strikes



