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Lightning Protection for
External Floating Roof Tanks

lightning strike consists of

two components: a short

duration, high-energy

spike, followed by a longer
duration, lower

secondary effect of lightning. A thun-
derstorm is an electrically charged
cloud mass, with a charge, usually
negative, at its base. That charge in-

duces an oppo-

energy tail (see
graph on back).
While the high-
energy spike is

truly  impres-
sive, it is the
lower energy,
long  duration

component that
is actually re-
sponsible for ig-

Lightning protection for ally
external floating roof tanks has
been the subject of much
discussion in recent years, and
the American Petroleum Institute,
through API 545, Lightning
Protection for Hydrocarbon
Storage Tanks, has recently
devoted much time and study
to this subject.

site charge, usu-
positive,
on the surface
of the earth be-
neath it. When
lightning  at-
taches to a tank
or other object
on the surface
of the earth, the
charge at the

nitions in these
tanks.

The roof of the tank floats on pon-
toons on the stored product. It is
centered in the tank shell by center-
ing shoes. Vapor is contained by a
primary and a secondary seal. These
tanks have traditionally been equipped
with flexible, stainless steel grounding
shunts extending over the secondary
seal and spaced at frequent intervals
(10’ maximum) around the perimeter
of the floating roof. Additionally, the
floating roof is usually bonded to the
tank shell with one grounding conduc-
tor run along the stairway from the top
of the tank shell to the floating roof.

Lightning becomes an issue when
it strikes either the floating roof, the
tank shell, or nearby. Ignition is not
normally caused by the heat of the
lightning channel igniting venting va-
pors. It is caused by arcing from the
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point of attach-
ment changes
dramatically and almost instantly.
The surrounding ground charge rushes
toward the point of the strike. If that
in-rush of charge crosses a gap, it may
arc. If that gap is between the floating
roof and the side of the tank shell, and
there are flammable vapors present,
those vapors may ignite.
Another way of looking at this phe-
nomena is to consider a lightning at-
tachment to the shell of the tank. The
tank shell changes potential almost
instantly. The floating roof, being
somewhat electrically isolated from
the shell, does not. That difference in
potential between the floating roof and
the tank shell must equalize. Unless a
preferred path is provided, a
potential equalizing arc may
occur, once again igniting any
flammable vapors present.

Lightning Master is a full service, full
spectrum static solutions and lightning and

transient protection company
serving the oil and gas and chemical
industries since 1984.
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SOLUTIONS

Most tanks are equipped
with flexible stainless steel
grounding shunts around the
perimeter of the floating roof.
These shunts are attached to
the roof, and bent upward
and outward to press against
the tank shell wall. They ride
against the tank shell wall, up
and down as the roof rises and
falls. Asyou can imagine, the
electrical contact to the wall
is only good when the tank is
new and the wall is clean. Af-
ter a few trips up and down,
the tank wall becomes coated
with a variety of substances
that compromise the electri-
cal bond. Because of the short
length and frequent spacing
of these shunts, they are the
preferred path of equalization
between the floating roof and
tank shell for the high-energy
short duration component of
the lightning strike. API 545
recommends employing these
shunts for this purpose. How-
ever, because of the imperfect
electrical connection to the
tank wall, these shunts tend
to emit a shower of sparks
when they perform their in-
tended function. One solu-
tion suggested by 545 is to re-
locate these shunts so they are
submerged under the stored
product and there is no oxy-
gen available at the source of
the sparks to support ignition.
This may create other prob-
lems when the roof is landed,
thus will be the subject of an-
other article.

To address the lower ener-
gy, long duration component
of the lightning strike, API

545 recommends the instal-
lation of by-pass conductors
between the floating roof and
tank shell at intervals not to
exceed 100’ around the roof
perimeter.  These conduc-
tors provide a low-resistance
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bonding path between the
roof and tank shell, and are
intended to prevent ignition-
causing arcs generated by this
current flow.

Several iterations for this
bonding by-pass conductor
have been offered in recent
years. In the late 1990’s, we
designed a grounding reel in
response to a request by Engi-
neering for the Petroleum and
Process Industries (ENPPI) in
Cairo, Egypt. This reel sys-
tem was similar to that used
to bond a fuel truck to an air-
plane, with several important
differences. This system em-
ployed a flat, braided, tinned
copper strap. The strap of-
fered lower surge impedance
than a round conductor, and,
as the strap retracted into the
reel, it was pressed against
the inner windings of strap,

effectively shortening the
overall length of the conduc-
tor. Because of the high cost
and questionable durability,
we elected not to produce this
system.

Indeed, as the by-pass

200 - 300 Amps

1/3 - 1 Second
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conductor is intended to ad-
dress the lower-energy longer
duration component of the
lightning discharge, it turns
out that almost any conductor
of sufficient size is adequate
for this propose. Simply at-
taching a length of conductor
from the edge of the floating
roof to the top of the tank
shell is adequate. However,
the problem is keeping this
conductor out of trouble. In
response to this need, we de-
veloped a simple, reliable,
low-cost by-pass conductor
solution (patent pending).
It consists of an adjustable
mechanism that attaches me-
chanically and electrically to
the perimeter of almost any
type of floating roof. It may
be “aimed” to miss tank ap-
purtenances that may foul
the conductor. The conduc-

tor runs through a tube from
this anchoring mechanism to
the top of the tank shell. The
tube encloses and supports
the conductor for slightly un-
der half its length. An appli-
ance is attached to the end of
the tube to govern the bend-
ing radius of the conductor
as it exits the tube. The con-
ductor is then run back to the
top of the tank shell. There
it attaches with another appli-
ance designed to govern its
bending radius, assure that it
is electrically bonded to the
tank shell wall, and prevent it
from fouling on tank appurte-
nances.

Is there a difference in per-
formance between a retract-
able reel system and a simple
conductor? Theoretically,
yes, practically, no. The elec-
trical performance of a simple
conductor is adequate to the
required task. Additionally,
the simplicity of the simple
conductor system, enhanced
by a mechanism to reduce
stresses and keep it out of
trouble, indicates a system
that will provide years of reli-
able and trouble-free service,
at a greatly reduced cost.

The lightning protection
bonding on a tank is a cost
item. It does not make the
tank better, last longer, or
store more product. It simply
provides lightning bonding.
Therefore, employ the least
complex, lowest cost system
that performs as required.

Contact us at: 1-800-749-6800 | info@lightningmaster.com | www.lightningmaster.com
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TYPE EXAMINATION CERTIFICATE

Equipment or Protective System Intended for use in Potentially
Explosive Atmospheres Directive 94/9/EC

Type Examination Certificate Number: ITS14ATEX18025X

Equipment or Protective System: Movable Arm Grounding System (MAGS)
Manufacturer: Lightning Master Corporation

Address: 1770 Calumet St.; Clearwater, FL 33765, USA

This equipment or protective system and any acceptable variation thereto is specified in the schedule to this
certificate and the documents therein referred to.

Intertek Testing and Certification Limited certifies that this equipment or protective system has been found to
comply with the Essential Health and Safety Requirements relating to the design and construction of
equipment and protective systems intended for use in potentially explosive atmospheres given in Annex Il to
the Directive 94/9/EC of 23 March 1994
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The examination and test results are recorded in confidential Intertek Report 101150717DAL-001 dated May
7,2014.

9. Compliance with the Essential Health and Safety Requirements has been assured by compliance with
standards EN 13463-1:2009, EN 13463-5:2011, and EN 1127-1:2011 except in respect of those
requirements referred to at item 16 of the Schedule.

=IO

10. If the sign “X" is placed after the certificate number, it indicates that the equipment or protective system is
subject to special conditions for safe use specified in the schedule to this certificate.

—— )

11. This Type examination certificate relates only to the design, examination and tests of the specified
equipment or protective system in accordance to the directive 94/9/EC. Further requirements of the
Directive apply to the manufacturing process and supply of this equipment or protective system. These are
not covered by this certificate.

G

12. The marking of the equipment or protective system shall include the following:

Ex) 112G ¢ TX

qo,ch-—m—- oﬁ—m—(o’-ﬁ

M2

Intertek Testing & Certification Limited P Moss
Intertek House, Cleeve Road, Leatherhead, Surrey, KT22 7SB Certification Officer
Tel: +44 (0)1372 370900 Fax: +44 (0)1372 370977 23 July 2014

http://www.intertek.com
Registered No 3272281 Registered Office: Academy Place, 1-9 Brook Street, Brentwood, Essex, CM14 5NQ.

This certificate may only be reproduced in its entirety and without any change, schedule included and is subject to Intertek Testing
and Certification Conditions for Granting Certification.
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SCHEDULE
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TYPE EXAMINATION CERTIFICATE NUMBER ITS14ATEX18025X
13. Description of Equipment or Protective System

The MAGS bonding system provides electrical bonding between the floating roof and the tank
shell of a floating roof storage tank. By-pass conductors are intended to supplement, not replace,
shunts. The primary functional component is the main conductor running from the top rim of the
tank shell to the perimeter of the floating roof, providing a good electrical bond. Secondary
components are designed to keep the primary conductor from becoming fouled on various tank
appurtenances, including hatches, legs, etc. They include the mast system with its base plate to
attach to the floating roof, rim bracket to attach to the tank shell rim, and bonding jumpers to
maintain metallic components at the same potential to prevent arcing. The bonding cable strung
between the floating roof and tank shell is protected via the polymeric telescoping mast and a
flexible polymeric conduit.
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14, Report Number:

Intertek Report 101150717DAL-001 dated May 7, 2014.

15. CONDITIONS OF CERTIFICATION:;

== OR=OK

(a). Special Conditions for safe use

15.1  The maximum surface temperature depends not on the equipment itself, but on operating
conditions. The relevant information is given in the instructions for use. The equipment’s
maximum ambient temperature is +40°C.

15.2 In order to protect against ignition due to equipotential difference of energy, the
equipment should only be attached between parts which are already bonded together.

(b). Conditions For Use (Routine Tests)
No Routine Testing required.
16. Essential Health and Safety Requirements (EHSR’s)

The relevant EHSR's have been identified and assessed in Intertek Report 101150717DAL-001 dated May
7,2014.
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Intertek Testing & Certification Limited
Intertek House, Cleeve Road, Leatherhead, Surrey, KT22 7SB
Tel: + 44 (0)1372 370900 Fax: +44 (0)1372 370977
http://www.intertek.com
Registered No 3272281 Registered Office: Academy Place, 1-9 Brook Street, Brentwood, Essex, CM14 5NQ.
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This Certificate is the property of Intertek Testing and Certification Ltd and is subject to Intertek Testing and Certification Conditions
for Granting Certification.
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SCHEDULE

TYPE EXAMINATION CERTIFICATE NUMBER ITS14ATEX18025X

§ 17. Drawings and Documents
A ["Number Title Issue Date
<§ MAGS ASSEMBLY | LIGHTNING MASTER MAGS ASSEMBLY 1 2014-04-10
\] | BASE PLATE-304 | LM-MAGS 1 2014-04-10
) | s.s.
ﬁi TELESCOPING LM-TELESCOPING MAST 1 2014-04-10 A
y| | MAST 1y
ARTICULATING LM-MAGS-COMP-AC 1 2014-04-10 §>
% | | CONDUIT :
§ RIM BRACKET — 304 | LM-MAGS-COMP-RB 1 2014-04-10 §
N | S.S. 1
! | THERMAL PRINT LM-DECAL 1 2014-04-10 !
> |Beon &
Y | MAGS MOVABLE ARM GROUNDING SYSTEM (MAGS) 1 2014-04-10 Y
<§ INSTALLATION INSTALLATION INSTRUCTIONS §
1) | INSTRUCTIONS 1
3 <
4 A
' &
? g
{) I

This Certificate is for the exclusive use of Intertek's client and is provided pursuant to the agreement between Intertek and its
Client. Intertek's responsibility and liability are limited to the terms and conditions of the agreement. Intertek assumes no
liability to any party, other than to the Client in accordance with the agreement, for any loss, expense or damage occasioned by
the use of this Certificate. Only the Client is authorized to permit copying or distribution of this Certificate and then only in its
entirety. Any use of the Intertek name or one of its marks for the sale or advertisement of the tested material, product or service
must first be approved in writing by Intertek.
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Intertek Testing & Certification Limited
Intertek House, Cleeve Road, Leatherhead, Surrey, KT22 7SB
Tel: + 44 (0)1372 370900 Fax: +44 (0)1372 370977
http://www.intertek.com
Registered No 3272281 Registered Office: Academy Place, 1-9 Brook Street, Brentwood, Essex, CM14 5NQ.
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This Certificate is the property of Intertek Testing and Certification Ltd and is subject to Intertek Testing and Certification Conditions
for Granting Certification.
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