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INTROBUCTION

Safety in boating covers a wide area, including loading, towing, fueling,
Taunching, and lighting of boats, "rules of the road," on board equiprent, fire,

weather and others. All are important, for failure in any one area can spell
disaster.

But the weather, more than any other factor poses a tragic potential for
the boater, especially the small boater and oftentimes weather safety instructions
pertaining to this group are limited. The purpose of this report is to provide
pertinent weather safety information concerning thunderstorms for boaters in
the state of Florida.

GENERAL

A pilot would not attempt to fly somewhere without first checking the
weather. The same caution shouid be practiced by the boater because adverse
weather conditions have been a major contributing factor in many small boat
accidents. The ironic part is that some people are aware of unfavorable -
forecast conditions but still follow through with their original plans.

The present philosophy of the National Weather Service (NWS) is to
provide services to the public via the mass oriented VHF/FM continuous
weather broadcast. Every sailor, whether it be the 8 foot, car top sailor,
or master mariner should have this valuable service available. Many radios
being sold today contain bands on which this weather forecast service 1is
available. Practically all vessels which have VHF radiotelephones aboard
have provisions to include a separate channel for weather broadcast monitoring.

When setting out on a voyage the boater should understand what the weather
broadcast can really mean to him. If weather conditions are going to deteriorate
sometime during mid-day, he can still safely enjoy the better part of the
morning without danger, but it is important to recognize these factors when
preparing for a day on the water.

For example, if planning to fish in the ocean area east of Miami Beach,
he should be interested in the weather forecast and the actual conditions
observed. Usually the weather forecast is representative of conditions which
are forecast to occur within 12 to 18 hours. In some cases, this still leaves
some time before conditions are expected to deteriorate.

Tport Meteorological Officer, National Weather Service, Miami, Florida.



One way to determine conditions at the present time is to listen for the
actual observations on scene, usually provided with the same broadcast as the
routine weather forecast. The Miami Beach wind conditions are broadcast
frequently by the NOAA Weather Radio station at Miami. These reports are
updated hourly and are supplemented with reports from the Biscayne Bay pilots
and Florida Marine Patrol who give a sea condition report twice daily. Using
this information, along with the forecast can help prudent mariners to take
advantage of the best parts of each day. If conditions offshore are poor,
there are still aiways other sheltered areas to pursue recreational activities
in coastal waterways which afford adequate protection.

THUNDERSTORMS

During the spring, summer and fall in Florida waters thunderstorms pose
an additional hazard to the boater. These thunderstorms are frequently
accompanied by strong gusty winds, heavy rain reducing visibility, rough seas
and particularly lightning. According to the National Climatic Center in
Aﬁhevi11e, N. C. Florida has more lightning storms than any other state in
the nation.

The National Hurricane Center in liami, Florida, reports that the state
has 90 to 100 thunderstorm days a year, compared to 20 or 30 in New York, with

the most dangerous place during a lightning storm being under a tree or in the
water.

Some of the historical evidence pertaining to lightning and its effects
on boats has been described by Peter E. Viemeister in "The Lightning Book"
as follows:

"Storms have plagued sailors since man floated his first raft.
Whether he is an ocean-going professional or one of the millions
of weekend pleasure boatmen, todays sailor is usually more concerned
with winds and squalls than he is with Tightning. Nevertheless,
through history, lightning has taken a heavy toll of ships and
sailors alike. Even now, we often read in our newspapers of cabin
cruisers or sailboats that have been damaged or set on fire by
Tightning.

"There is no record of the total damages incurred by sailing
vessels through the ages because of lightning. But the Royal
Navy had a particularly difficult time. The greatest sea power
for several centuries, the English probably lost more ships than
any other nation. There are many reports of ships being hit in
the 1700's. Sometimes Tightning traveled down the masts and
punched holes in the hull, causing the ships to sink. When
Franklin revealed the secret of the 1ightning rod to the world,
nautical men were quick to use his principles to protect their
ships. The obvious need was for some conducting route from the
high point of the ship to the water....

“MNo less than 35 ships of the line, 13 frigates, and 10
sloops were disabled or greatly damaged by lightning in the
years 1810-1815.....



"Sir William Snow Harris, formerly a doctor in Plymouth who
had given up his successful medical practice to concentrate on
electricity, believed that the best protection for a wooden ship
was to make the masts themselves conductors by nailing copper
plates on the bottom of the hull and keel.

"In 1847, Sir William published the results of his study of
220 ships of the Royal Navy that had been hit by Tightning. He
noted that of these 220 ships, 87 were first line ships, 55 were
frigates, and 78 were sloops. Almost invariably they were struck
high on the mast, with two-thirds of the strikes hitting the
highest point of the ship. A few bolts struck lower points along
the mast and four hit the ship hull itself. One ship was struck
five times in a single hour. In nearly fifty cases the ships
were set on fire. All told, ninety seamen were killed and almost
two hundred were wounded.

"The introduction of metal ships in the 1860's helped relieve
the Tightning problem at sea. An all metal ship with a metal
mast acts in its entirety as a lightning rod. Modern steel ships
are rarely damaged by 1ightning. For example, U.S. Navy files
for 1954-1957 show that there wasn't a single report of material
damage nor crew casualty attributed to lightning"

But small boats remain prone to the same circumstances which were prevaient
prior to the introduction of metal ships. Most small boats, being constructed
of wood or fiberglass do not afford the automatic grounding protection offered
by steel or aluminum hulled craft. Damage to small craft is common and usually
expensive. Small power boats with radio antennas are frequent targets of
tightning, and sailboat masts are frequently struck, even though there are
higher objects in the vicinity.

Exact records of small boat damage incurred by lightning related incidents
are not generally available, but it would be safe to assume that damage to
pleasure boats over the years is quite considerable.

Reliable statistics on lightning related injuries and deaths were not
available until several years ago and may not be complete even today. OCne
source of information of this type, Storm Data, available from the National
Oceanic and Atmospheric Administration has revealed the following:

Reported Tightning incidents in Florida

Injured Killed
1973 19 11
1974 39 17
1975 73 13
1976* 29 14

(through Sept.)



At Teast 9 of the persons killed in 1973 and 1974 were killed in marine
related incidents. Of the 1975 statistics, three were killed in marine
related incidents. Of the 14 killed so far in 1976, at least four were in
marine related accidents. In the above figures, marine related includes those
people involved in activities related to boats, fishing, beach fronts or
piers. Considering the number of people exposed in non-marine areas, it is
apparent that lightning in marine areas is particularly dangerous.

Today's fiberglass constructed small boats, especially sailboats are
particularly vulnerable to 1ightning strikes, since any projection above the
flat surface of the water acts as a potential lightning rod. In many cases,
the small boat operator, or casual weekend sailor is not aware of this added
vulnerability to the hazards of lightning. Boats can be protected from
lightning strikes by properly designed and connected systems of lightning
protection, but a Targe majority of boats are not so equipped.

Many accounts of lightning casualties have revealed that no rain was
occurring at the time of the lightning strike. In frequent cases these
strikes occurred just prior to the onset of a thunderstorm. Boaters should be
particularly aware of the phenomena because they usually can see the approaching
storm very well. 1In many areas, NOAA Weather Radio will give movements of
major c¢loud areas and thunderstorm activity in the frequently updated radar
summaries. Boaters could use this service along with "eyeball" evaluations
to allow for an alternative course of action.

The National Fire Protection Association, Lightning Protection Code of
1968 suggests a number of ways in which the boater can protect his boat and
minimize any damage if the boat is struck or is in the vicinity of a lightning
strike. (See Appendix attached)

On a large power or sailboat, if the antenna is properly grounded and
designed, it will offer a cone of protection. If it is not properly grounded,
it may and can kill. Lightning strikes upon radio antennas have destroyed
boats, caused fires or destroyed radic instruments.

Sailboats with portable masts, or those with the mast stepped on the
cabin roof are particularly vulnerable as they are usually the Teast protected
as far as grounding or bonding is concerned. Grounding precautions are
definitely recommended to Florida boaters. An effective ground plate should
be installed on the outside of all boats when the hulls are constructed. This
ground plate would also help manufacturers design safe antennas that would
function as excellent lightning conductors.

Even with a properly grounded boat, boaters should recognize the 1ightning
potential and take the necessary safety precautions as follows:

1. Remain in the center of the cabin of a closed boat when possible.
2. Don't go in the water or swim until the storm passes.

3. Keep away from any metal fittings aboard the boat, and particularly
those which are connected to the Tightning conductive systen.



10.

11.

Disconnect the major electronic equipment not being used.
Don't touch the radio equipment or wiring.

On small power boats, lower the radio antenna, and keep a low profile
below the freeboard.

Ground small sailboats without sophisticated electronic systems by
using a length of battery cable which is clamped to the wire stays
of the mast and allowed to hang over the side into the water.

If the boat is near shore, seek refuge under a bridge.

After any Tightning storm passes, check the electrical system, and
compass. Lightning strikes have been known to alter the magnetic
characteristics of a boat.

Learn to use and interpret weather broadcasts properly as a means
of protecting property and saving Tlives.

If struck by lightning, inform the local weather office of the incident.
The report could help to identify hazards, and will be recorded as

significant input. A brief account might identify areas where
improvements are necessary or satisfactory.

CONCLUSIONS

To reduce boating accidents, protect property, and save lives, it is the

responsibility of all boaters to practice the basic rules of boating safety.

Learning to use and interpret the NWS continuous weather broadcast on

VHF/FM radio and checking the weather before beginning any boat trip are basic
to any weather safety program. Remembering the precautions pointed out in
this bulletin, and the principles as set forth in the National Fire Protection
Association, Lightning Protection Code of 1968, will reduce the chance of

a boater being killed or injured as a result of a thunderstorm.



APPENDIX

THE NATIONAL FIRE PROTECTION ASSOCIATION
LIGHTNING PROTECTION CODE OF 1968

PROTECTION FORR BOATS AND SIHIPS 78-39

Section 26. Sailboats, Power Jaats, Small DBoats, and Ships.

2600, Genzral Principles.

Successful protection of persons from lightning is depend-
eat upon a combination of proper design, personal behavior,
and maintenance of equipment. Proper design is covered in
this and following sections.  Persounal behavior and mainte-
nance of equipment are covered in paragraph 2660. In view
of the wide variation in structural desiyrn of boats, the fol-
lowing basic guides should be considered and used in destgn-
ing and instaliing a lightning protection system for any given
craft.

2601. A grounded conductor, or lightning protective mast,
will generally divert to itself direct hits which night other-
wise fall within a coue-shaped space, the apex of which is the
top of the conductor or Lightning protective mast and the base
is a circle at the surface of the water having a radius of ap-
proximately two times the height of the conductor.

2602. To provide an adequately grounded conductor or
lightning protective mast, the entire circuii lrom the top of
the mast to the ground should have a comdnetivity equiva-
lent to a No. 8 Awg. copper conductor and the path to ground
followed by the conductor should he essentially straight.

To remove all known risk of melting the conductor when carrying
Lzhtning current, conductivity cquivalent 16 No. 6 or No. 4 Awg. copper
would be necessary. However, the risk in using No. 8 Awg. is considered
adequately smoll in the applications under consideralion, and in many
cases will be mitizated by the presence of clectrically paralleling stays.
This statement should not be interpreted to admit the use of conductivity
smaller than that of No. 8 Awg. opp2r.

2603. 1i ticre are metal objeets of considerable size within
a few feet of the grounding conductor, there will e a strong
tendency for sparks or sidvflashes to jump from the grounding
conductor to the mctal olject at the closest puint. To prevent
damage from such sideflashes an interconnecting condvetor
at least equal to No. 8 Awg. copper should be provided at
all places where they are likely to occur.  l.arge metallic ob-
jects which are not part of the electrieal sysiem of the boat
and which are not already grounded due to their own f[une-
tional or othier requirements may be grounded directly to the
ground plate (sce 2615), provided that it is not practical to
interconnect with the lightning conductor or bonding systems.



78-40 LIGHTNING PHOTECTION CODE

PRITECTED ZOVE_
TAVS GRNNDED ™ «

-

) . RROIECTED ZONE-
CROTECTED ZONE | TN AT 7,1 smmow T 22507

ANTENIEA 6l S \ARRESTER € bl
- k ~
-~
-
~Brorecrio zens
- aasromy” L
“ b
- \
"’ -~
e =
-~
P ~

Diagrams above illustrate the “cone of proteciion” provided by a
groumded mast or antewna. This protective zove is Targely snmine to
direct strokes of lightning. No part of the vezsel to be protected should
extend ouiside the cone of protectien. Thus in the cabin cruizer
Mustrated, adequate lightning protection is afforded only bv the
grounded antenna equipped with a lizhtning acrester or gap on the ¢oil



PROTECTION FOR BOATS AND SHIPS 7841

2604. Lightning protection provisions are quite likely to
receive scant attention and therefore their coniposition and
assembly should be stroug and materials used should be
highly resistant to corrosion,

2610. Installation Recommendations.

2611. Lightning Protective Mast.-—A lightning protective
mast should be of adequate height (paragrapli 2001) and
should be mechanically strong in order to withstand exposure
to use and weaither. i the mast is of nonconducting material,
the associated lightning or grounding conductor should be
essculially straight, sccurely fastened to the mast., should
extead at least 0 inches above the mast, should preferably
terminate in a recciving point, should be led as directly as
practicalile to the prounding connection (paragraph 2015),
and should mect the requirements of paragraph 2613,

2612, Radio Aintenna.—A radio antenna may serve ac a
lightuing protective mast provided i hae adequate conduc.
tivity and is equipped with lightning arresters, lightning pro-
tective.gaps, or means for grounding during ¢leetvical storms.
The grounding of metal rod typé radio antennas constitutes
sulficient protection for wooden boals, without masts and
spars, provided the {ollowing conditions zre miet:

(1) The antenna and all conduciors in the grounding
circuit of the anteana have a conductivity cquivalent to
the No. 8 Awp. cupper in accordance with paragraph
2613(1).

(2) A linc drawn from the top of the antennz down-
ward toward the water at an angle of &J° to the vertical
docs not intercept any part of the boat (paragraph 20601).

(3) Antennas with loading coils are considered to end
at a puint immediately below the loading cuil unless this
cail is provided with” a suitable gap for hy-passing the
lightning current. Such a gap is recommendel,

(4) Nonconducting antenna masts with spirally wrapped
couductors arce not considered suitable for lightuing pro-
teclion purpouscs.

2613. Materials.—The materials used in the making of a
protective system should be resistant 1o corrosion. The use
of combinations of mctals that form galvanic or clectrolytic
couples, if of such a nature as to accelerate corrosion in the
presence of moisturce or direct subniersion, should be avoided.



78-12 LIGHTNING PROTECTION CODE

In thosc cases where it is impractical to avoid a junction of
dissimlar metals, the corrosion effects can be reduced by the
use of saitable platings or special connectors, available for
such purposes. Except for the use of conducting muaterials
which are otherwise part of the structure of the boat, only
copper should be used as the conductor. Where copoer is
used, it should be of the grade ordinarily required for com-
mercial clectrical work, generally designated as bLeing of 93
per cent conductivity when annecaled.

(1) Corrrr Coxvucror.--Copper conductor should weigh
at least 30 ibs. per thousand fect. Ceopper cable conductors
should be of a diameter not less than No. § Awg, The sjze
of any strand of a cable should be not less than No. 17
Awg. The thickness of any copper ribbon or strip should be
not less than No. 20 Awg. (0.032 inch).

Where other materials are used the gage should be such
as to give conductivily equal to or greater than No. 8 Awg.
copper cable.

(2) Jornts—loints should be mechanically strong and
should be so made that they have an electrical resistance
not in cxcess of that of 2 fect of conductor.

2614. Imterconnection of Metalic Masses,.—Metallic masses
abonrd Loats which are a permanent part of the boat, or are
permanently installed within or about it and whosc function
would not be seriously affected by grounding should, with
the exception of those of comparatively small size, be made
a part of the lightning-condactor system by interconncction
with it. [Sce paragraph 2303 as more fully described in para-
graphs 2614(2), (3) and (4).]

The object of interconnecting the metal parts of a boat with tae con-
ductor iz to prevent damage fromn sidefiashes especially in the case ol
rather estensive metal objects that are nearby. The main principle to be
sbhseived in the preveation of such dampze is to pick out on a boat the
places where sideflashes are most likcly to occur and provide metallic
pathe for them. .
. To minimize flow of lightaing discharge current through ergine bear-
ings, it may be preferable to bond enzine blocks directly to the rround
plate rather than.lo an intermediate point on the lightning conducior.

(1) Extexror Bonies or Mrerar.—-Metal situated whelly
on the cxterior of boats should be electrically connec.ed to
the grounding conductor at its upper or its nearest end,
aud, if of considerable length, should be also prounded or
electrically connceted to the conductor at its lower or its
farthest end.



PROTECTION FOR BOATS AND SUIPS 78-13

Exterior metal bodics on boats include any larpe masses such 25 hotj-
zonlal handeails on cabin tops, smokestacks from galley sloves, davits or
mctal signal masls.

(2) InTEmior Bobres or Merar—DMletal situated wholly
in the interior of boats which at any point comes within
6 feet of a lightning conductor should Le electrically inter-
connected with it.

Interior bodics of metal include engines, water and gasoling tanks,
control rods for sicering gear or reversing gear. It is not intended that
small metal objeets such as compasses, clocks, galley stoves, medicine
chests, and other parts of the boat's Lardware should be grounded.

(3) MEeTAL WHICH PROJECTS THIROUGH CARIN TOP'S, DECKS
OR SIDES OF IOATS ABOVE THE SHFEER should be bonded to the
nearest lightuing conductor at the point where the metal
enterges from the hoat and should be grounded at its lower
or extreme cnd within the boat,

(4) Rapio TraxsaiTizR ANTENNA should be (1) equipped
with means {er srounding duringe electrical storms or
(2) the tansmitter and antenna should bhe protected by
hghtning arresters or lightning protective gaps.

2615. Ground Connection.—A ground connection for g hoaat
may consist of any metal suriace which is normally sub-
merged in the water and which has an arca of at least one
square foot. Propellers and noetallic radder surfaces may Dbe
used for this purpose. The ground plate as required by IFCC
for radic transmitters should be considered adequate. A steel
hull itseli constitites an adequate ground.

2616, Vessels with Metal Ilulls.—1{ there is an elecirical
contact between metal hulls and metal masts or other metal-
lic superstructure of adequate heisht to meet the requircinents

of paragraph 2001, no furtier protection agiainst hghtuing is

necessary, Doats with ungrounded or nonconducting ohjects
projecting alove the metal masts or suprrstructure should
have these objects grounded or protected with a grounded
conductor, respectively, in order to protect them.

2620. Protection of Sailboats.

2621. Sailboats.-Sutlboats- with metaliic standing rigging
will be adequately protected provided that all ngging is
grounded, sc that the mast and rigging meet the requirements
of paragraphs 2611 and 2613,

10



7811 LIGHTNING PROTECTION COBE

2622, Open Day-Sailers.— Open  sailboats will be ade-
quately protected af any shrouds, back stays or preventors,
and any continoous metalfie track on the mast and beum
are grounded. These should be clectrically counected at (he
lower or forward end and grounded to a copper plate on ‘he
hull or to a metal rudder, center board or keel,

2623. Cruising Sailboats.—All stays and all sail tracks
should be grounded on cruising sailboats since it is assumed
that persons will be in proximity of fore-stavs as well as
after-stays.  Grounding of other objects on cruising bots
should be in accordance with the foregoing paragraphs,

2630. Protection of Power Boats.

Power boats may be adequately protected by a grounded
radio antenna or other suitable grounded lightning protective
mast as specified in paragraphs 2611, 2612, and 2613, provid:d
tire height of the mast mects the requirements for the cone
of protection specitied in paragraph 2001, Interconnection
and, grounding of metallic masses should be in accordance
with parvagraph 2614,

2631. Wlhere the size of the boat is such as to render the
use of a single mast impractical, additional lightning pro-
tective masts should be erected to form overlapping con s
of protection.

2640. Protection of Small Boats.

Small boats may be protected by means of a temporary
lightning protcctive mast which may e erecled when Jigh:-
ning conditions arc observed in the distance. Groundiny
provisions mav be made by means of fiexible coprper wirz
and a submerged ground plate of approximately one squar=
foot in ar-a.

2650. Prolection of Ships.

Ships almost invariably are constructed with steel masts,
spars, superstractures, hulls, smokestacks and shrouds, and
the array of masts, stacks and radio antennas usually pre-
vilde the coucs of protection called for in paragrapl’ 2001
Thercfore, ships and persounel abovard them are usually in-
hevently protected against the cffcets of lghtning, In (hose
cases where adequate cones of protection are lacking, they
should be corrected in accordance with paragraph 2601, i

11



PROTECTION FOR BOATS AND SHIPS 78-45

accomplished by changes in number or height of masts, or
in accordance with paragraph 3120 if Ly shiclding wires sus-
pended between masts. .

In the cases of wooden-hulled sailing ships with wooden
masts, protection should be in accordance with paragraphs
2000 and 2620, except that grounding and bonding conductors
should have conductivity not less than that of No. 4 Awg.
copper wire, and the copper grounding plate below the light
water line should have an area not less than 36 square feet

(3.3 sq. m.).

2660, Precautions for Personnel and Naintenance Sugges-
tions,

Inasmuch as the basic purpose of protection against light-
ning is Lo insure the salety of personnel, it is appropriate
that the following precautions and sugrestions be listed in
addition to all applicable recamnrendations in paragrapl’ 103:

2661, One should remain inside a ciosed boat, as far as
practical during a lightning storm and should not dangle
arms ot legs in the water.

2662. T'o the extent consistent with safe handling and navi-
gation of the boat during a lightning storm, one should avoid
making contact with any items connected to a lightning con-
ductive system and especially in such a way as to Lridzre
between these items, For example, it is undesirable that an
operator be in contact with reversing gear levers and spot-
light contral handle at the same time unless necessary to avert
collision or shipwreck.

2663. No one should be in the water during a lightning
storm.

2664. Onc should not have a “whip” type radio antenna
tied down during a lightaing storm if it has been designed
as a part of the lightning protective system.

2665. 1f a boat has been struck by lightning, COmasses
and clectrical gear should be checked to determine that no
danmage or change in calibration has taken place.

2666. Since the components of the lightning protective sys-
tem are in a corrosive atmosphere, it is advisable to check
all cables and joints at frequent intervals.
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