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NOTICE 

All questions or other communications relating to this document should be sent only to NFPA HeadL 
quarters, addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpreta- 
tions, proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and 
appeals on matters relating to the content of the document, write to the Secretary, Standards Council, Na- 
tional Fire Protection Association, Batterymarch Park, Quincy, MA 02269. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations 
Governing Committee Projects shall not be considered the official position of NFPA or any of its Commit- 
tees and shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable Federal, State and local laws and regulations. NFPA 
does not, by the publication of this document, intend to urge action which is not in compliance with ap- 
plicable laws and this document may not be construed as doing so. 

Policy Adopted by N F P A  B o a r d  o f  D i r e c t o r s  o n  D e c e m b e r  3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox L 
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with 
that subject in its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic 
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory 
committee to provide specific guidance to the technical committees on questions relating to assessing the 
hazards of the products of combustion. 

L i c e n s i n g  P r o v i s i o n  - -  This document is copyrighted by the National Fire Protection Association 
(NFPA). 

1. Adoption by Reference - -  Public authorities and others are urged to reference this document in 
laws, ordinances, regulations, administrative orders or similar instruments. Any deletions, additions and 
changes desired by the adopting authority must be noted separately. Those using this method are requested 
to notify the NFPA (Attention: Secretary, Standards Council) in writing of such use. The term "adoption by 
reference" means the citing of title and publishing information only. 

2. Adoption by Transcr ip t ion  - -  A. Public authorities with lawmaking or rule-making powers only, 
upon written notice to the NFPA (Attention: Secretary, Standards Council). will be granted a royalty-free 
license to print and republish this document in whole or in part, with changes and additions, if any, noted 
separately, in laws, ordinances, regulations, administrative orders or similar instruments having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof; 
and. (2) that such printing and republication is limited to numbers sufficient to satisfy the jurisdiction's 
lawmaking or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all 
printings of this document by public authorities with lawmaking or rulemaking powers or any other persons 
desiring to reproduce this document or its contents as adopted by the jurisdiction in whole or in part, in any 
form, upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a uonex- 
clusive license to print, republish, and vend this document in whole or in part. with changes and additions, 
if any, noted separately provided that due notice of NFPA's copyright is contained in each copy. Such 
license shall be granted only upon agreement to pay NFPA a royalty. This royalty is required to provide 
funds for the research and development necessary to continue the work of NFPA and its volunteers in con- 
tinually updating and revising NFPA standards. Under certain circumstances, public authorities with 
lawmaking or rulemaking powers may apply for and may receive a special royalty when the public interest 
will be served thereby. 

3. Scope of License Gran t  - -  The terms and conditions set forth above do not extend to the index to 
this document. 

(For further explanation, see the Policy Concerning the Adoption, Printing and Publication of NFPA 
Documents which is available upon request from the NFPA.) 

S t a t e m e n t  o n  N F P A  P r o c e d u r e s  

This material has been developed under the published procedures of the National Fire Protection 
Association, which are designed to assure the appointment of technically competent Committees having 
balanced representation. While these procedures assure the highest degree of care, neither the National Fire 
Protection Association, its members, nor those participating in its activities accepts any liability resulting 
from compliance or noncompliance with the provisions given herein, for any restrictions imposed on 
materials or processes, or for the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document 
and any certification of products stating compliance with requirements of this document is made at the peril 
of the certifier. 
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This edition of NFPA 302, Fire Protection Standard for Pleasure and Commercial Motor Craft, 
was prepared by the Technical Committee on Motor Craft, released by the Correlating 
Committee on Marine Fire Protection, and acted on by the National Fire Protection 
Association, Inc. at its Fall Meeting held November 14-17, 1988 in Nashville, Ten- 
nessee. It was issued by the Standards Council on January 13, 1989 with an effective 
date of February 6, 1989, and supersedes all previous editions. 

The 1989 edition of this document has been approved by the American National 
Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the margin of the 
pages on which they appear. These lines are included as an aid to the user in identify- 
ing changes from the previous edition. 

Origin and Development of NFPA 302 

This Fire Protection Standard for Motor Craft represents the cumulative result of 
63 years of attention to fire safety of power boats by the NFPA. The first edition of 
this standard was adopted by the Association in 1925. Amended in 1926 and 1930, 
a revised edition was adopted in 1936. Fifteen successive editions were adopted between 
1939 and 1980. The present text consists of amendments to the 1984 edition. 
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NFPA 302 

Fire Protection Standard for 

P leasure  and  C o m m e r c i a l  M o t o r  Craft  

1-4 Definit ions.  For the purposes of this standard, the 
following terms will have the meanings listed below. 

Accessible. Capable of being reached for inspection, 
maintenance, or removal without disturbing the perma- 
nent hull structure. 

1989 Edi t ion 
Accommodation Spaces. Spaces designed for living 

purposes for persons aboard a boat. 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on that 
paragraph in Appendix A. 

Information on referenced publications can be found in Chap- 
ter 10 and Appendix D. 

Chapter I General 

1-1 Scope. 
1-1.1 This standard provides minimum requirements for 
the prevention of fire and explosion and for life safety in 
case of fire. This standard also provides minimum require- 
ments for the elimination of possible sources of vapor ig- 
nition, the provision of adequate ventilation of vital areas, 
the avoidance of unnecessary use of combustible materials 
in exposed locations, and the provision of proper fire ex- 
tinguishing equipment and fire exits. 

1-1.2 This standard shall apply to boats of less than 300 
gross tons (849 m 3) used for pleasure and commercial 
purposes. 

1-1.3 No requirement of this standard shall be construed 
as reducing applicable regulations of the United States 
Coast Guard. 

1-2 Purpose.  The purpose of this standard is to mini- 
mize the loss of life and property due to fires and explo- 
sions aboard pleasure and commercial motor craft. This 
standard is directed towards making motor craft as free 
from the hazards of fire as practicable. 

The provisions of this document are considered necessary 
to provide a reasonable level of protection from loss of life 
and property from fire and explosion. They reflect situa- 
tions and the state-of-the-art at the time the standard was 
issued. 

Unless otherwise noted, it is not intended that the pro- 
visions of this document be applied to facilities, equipment, 
structures, or installations that were existing or approved 
for construction or installation prior to the effective date 
of the document, except in those cases where it is deter- 
mined by the authority having jurisdiction that the existing 
situation involves a distinct hazard to life or adjacent 
property. 

1-3 Equivalency. Where strict compliance with specific 
requirements of this standard is impractical, alternative 
means shall be deemed in compliance if it can be shown 
that equivalent protection is provided. 

Approved.  Acceptable to the "authori ty having 
jurisdiction." 

NOTE: The National Fire Protection Association does not ap- 
prove, inspect or certify any installations, procedures, equipment, 
or materials nor does it approve or evaluate testing laboratories. 
In determining the acceptability of installations or procedures, 
equipment or materials, the authority having jurisdiction may base 
acceptance on compliance with NFPA or other appropriate stan- 
dards. In the absence of such standards, said authority may re- 
quire evidence of proper installation, procedure or use. The 
authority having jurisdiction may also refer to the listings or labeling 
practices of an organization concerned with product evaluations 
which is in a position to determine compliance with appropriate 
standards for the current production of listed items. 

Bonding  Conduc tor .  A normally non-current-  
carrying conductor used to connect normally non-current 
carrying metal parts of a boat and normally non-current 
carrying metal parts of direct current devices on the boat 
to the ground. 

Compressed Natural Gas (CNG). A natural lighter- 
than-air gas which consists principally of methane in 
gaseous form plus naturally occurring mixtures of hydro- 
carbon gases. 

Engine Exhaust  System. The means by which prod- 
ucts of combustion are conducted from the engine exhaust 
manifold to an outboard terminus. It includes related ac- 
cessories which may be metallic or nonmetallic, such as 
pipe, mufflers, silencers, turbochargers, spark arresters, 
and all necessary connecting and supporting fittings. Wet 
exhaust systems are provided with water injection into the 
exhaust gas stream; dry exhaust systems do not have this 
provision. 

Galvanically Compatible.* Metals which are close to 
each other in the galvanic series. 

Ground. The electrical potential of the earth's surface 
as established by an electrically conductive connection (in- 
tentional or accidental) with the earth, including any con- 
ductive part of the wetted surface of the hull. 

Grounded Conductor. A current-carryingconductor 
connected to the side of the source which is intentionally 
maintained at ground potential. 

Grounding  Conductor .  A normally non-current- 
carrying conductor provided to connect the exposed metal- 
lic enclosures of electrical equipment to ground for the pur- 
pose of minimizing shock hazard to personnel. 

Igni t ion  Protect ion.* The design and construction 
of a device such that under design operating conditions: 

(a) It will not ignite a flammable hydrocarbon mixture 
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surrounding the device when an ignition source causes an 
internal explosion, or 

(b) It is incapable of releasing sufficient electrical or 
thermal energy to ignite a hydrocarbon mixture, or 

(c) The source of ignition is hermetically sealed. 

Liquefied Petroleum Gas. The terms "liquefied 
petroleum gas," "LP-Gas ,"  and " L P G "  are synonymous 
and include any product composed predominantly of any 
of the following gaseous hydrocarbons: propane, propylene, 
butane, isobutane, butylenes, or a mixture thereof. 

Listed. Equipment or materials included in a list 
published by an organization acceptable to the "author- 
ity having jurisdiction" and concerned with product 
evaluation, that maintains periodic inspection of produc- 
tion of listed equipment or materials and whose listing 
states either that the equipment or material meets appro- 
priate standards or has been tested and found suitable for 
use in a specified manner. 

NOTE:  The means for identifying listed equipment may vary 
for each organization concerned with product evaluation, some 
of which do not recognize equipment as listed unless it is also la- 
beled. The "authority having jurisdiction" should utilize the system 
employed by the listing organization to identify a listed product. 

Machinery Space. Any space containing an internal 
combustion engine. 

Open to the Atmosphere. A space or compartment 
that has at least 15 sqin.  (9.68 x 10 Sm 2) o f n e t o p e n  
area directly exposed to the atmosphere for each cubic foot 
of net compartment volume. 

Permanently Installed. Securely fastened in place 
and not intended for ready removal. 

Readily Accessible. Capable of being reached quickly 
and safely for effective use under emergency conditions 
without the use of tools. 

Shall. Indicates a mandatory requirement. 

Should. Indicates a recommendation or that which is 
advised but not required. 

Ventilation. The changing of air within a compart- 
ment by natural or mechanical means. Ventilation may 
be achieved by introduction of fresh air to dilute contami- 
nated air or by local exhaust of contaminated air. 

Chapter 2 Hull 

2-1 Arrangement. 
2-1.1 The hull shall be arranged so that all compartments 
are accessible and all escape hatches are unobstructed, 
readily accessible, and adequate for their designed pur- 
poses. Egress to permit escape from accommodation spaces 
shall be provided that will not be blocked by a fire in the 
engine room or galley. 

2-1.2" Engine compartments shall be separated from ac- 
commodation spaces by bulkheads or barriers designed to 
serve as fire barriers and capable of minimizing the escape 
of fire extinguishing materials discharged into the engine 
compartment. 

2-1.3 Bilges of spaces containing fuel line fittings shall 
be separated from bilges of accommodation spaces and 
other enclosed spaces containing sources of ignition by 
bulkheads which will not permit more than 0.25 oz (.74 
x 10 5 m 3) of leakage per hour when the liquid in the 

bilge is at a height of 12 in. (.305 m) or 1/3 the maximum 
height of the bulkhead, whichever is less. Above 12 in. 
(. 305 m) or ~ the maximum height, the bulkhead may have 
openings for the passage of conductors, piping, ventilation 
ducts, mechanical equipment, doors, hatches and access 
panels providing the maximum annular space around each 
item is not more than 1/4 in. (.006 m). 

Exception: Boats using diesel fuel only. 

2-1.4 Machinery spaces shall be readily accessible. 

2-1.5 The galley or the area used for galley purposes shall 
be provided with adequate ventilation. 

2-1.6 Materials used for thermal and/or acoustical in- 
sulation in any compartment or enclosure containing an 
internal combustion engine or heater shall have a flame 
spread of 75 or less. Material shall be labeled or certified 
as having been tested to NFPA 255, Method of Test of Sur- 
face Burning Characteristics of Building Materials. 

2-1.7 Materials used for thermal and/or acoustical in- 
sulation shall be resistant to degradation in the presence 
of hydrocarbon vapors. 

2-1.8 Materials used for thermal and/or acoustical in- 
sulation shall be designed and installed such that hydrocar- 
bon vapors cannot accumulate within the material thereby 
reducing its flame spread rate. 

2-2" Ventilation. 
2-2.1 Powered Ventilation. Each compartment, not 
open to the atmosphere, that has a permanently installed 
gasoline or compressed gas fuel engine with a cranking 
motor must be ventilated by an exhaust blower system. 

2-2.2* Natural Ventilation. Each compartment, not 
open to the atmosphere, must be provided with a natural 
ventilation system, if it: 

(a) Contains a permanently installed gasoline or com- 
pressed gas fuel engine. 

(b) Contains a portable fuel tank that vents into the com- 
partment. Space under a motor well in outboard boats that 
is large enough to accommodate a 6 gal (.023 m 3) portable 
fuel tank but is not intended for such usage shall be la- 
beled to prohibit its use for fuel storage. 

(c) Contains fuel tank compartments containing non- 
ignition protected components. 

2-2.3 Spaces Open to the Atmosphere. 
2-2.3.1 Spaces which are open to the atmosphere do not 
require ventilation. 
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2-2.3.2 Compartments  or spaces connecting with engine 
or portable fuel tank spaces that are open to the atmosphere 
do not require ventilation if the connecting space has open 
area of at least 15 sq in. per cu ft (.34 m~/m ~) of its net 
volume. The open area shall be open either to the atmos- 
phere or into another open space providing there is a total 
area open to the atmosphere for the combined net volumes 
of the connecting spaces of at least 15 sq in. per cu ft 
(.34 m2/m~). 

2-2.3.3 Long narrow spaces formed by side panels or ac- 
commodat ion floors shall have openings at both ends or 
along the sides if they are to be considered open to the 
atmosphere. 

2-2.4 Connecting Compartments or Spaces. 
2-2.4.1 Compar tments  communicat ing with compart-  
ments open to the atmosphere, which have interconnect- 
ing openings the area of which is equal to 2 percent or less 
of the area between the compartments ,  shall not be con- 
sidered as connecting compartments.  

2-2.4.2 The volume of compartments  or spaces that are 
not open to the atmosphere, and which communicate with 
a compartment requiring ventilation by means of intercon- 
necting openings whose aggregate area is more than 2 per- 
cent of the area between the compartments,  must be added 
to the volume of the compar tment  or space requiring ven- 
tilation when determining ventilation requirements,  or 
must be ventilated separately. 

2-2.4.3 An accommodation compartment  above a com- 
partment  requiring ventilation that is separated from the 
compartment  requiring ventilation by a deck or other 
enclosure is not considered a connecting compartment .  

2-2.5 Powered Ventilation System. 

2-2.5.1 Blowers. 
2-2.5.1.1 Blowers shall be rated for continuous opera- 
tion at 120 percent of nominal voltage. 

2-2 .5 .1 .2  As installed, no surface temperature shall ex- 
ceed 150 °C (302 °F) when operating, and with a stalled 
rotor, at 120 percent of nominal voltage in an ambient  
temperature of 60 °C (140 °F) for a period of  seven hours. 

2-2 .5 .1 .3  Blowers shall meet the external ignition pro- 
tection requirements of U L  1128, Standard for Marine 
Blowers; U L  1500, Ignition Protection Test for Marine 
Products; SAE J l171 ,  External Ignition Protection of  
Marine Electrical Devices; or equivalent standard. 

2-2.5.1.4 Blowers shall be rated for air flow in cubic feet 
per minute,  at nominal voltage in accordance with Figure 
12 of Air Movement  and Control  Association (AMCA)  
Standard 210-74, Test Code of Air Moving Devices, or 
Underwriters Laboratories U L  1128, Standard for Marine 
Blowers, or equivalent standard. 

2-2.5.2 Installation of Powered Ventilation. 
2-2.5 .2 .1  Blower(s) capacity shall be selected in accor- 
dance with the "blower  capacity curve"  in Figure 
2-2.5.2.1. More than one blower may be used. 

1~ i 5 (  : : : :  
. t ~ j l ,  * ~ ,  . . . . .  i 

FLOW 1000  ~ - ~  50 ~ ~_+:~. ,.., -~ ~: :  

800 !L~-7:,H!2:. i~£__ ~s ' !  : ~  • ~ . . . .  ~ : : - 2  - - ~  

300 ~ _ _ _ _ ~ _  _ _ ~ _ _  

200 ~ - ~ ' : ~ T z -  "~ - "  J . . . . .  T T : : - \ ~  : :  : : ~  . . . . .  ~ . ~ q  

,oo i _ ; e ~ , ~ _  ' . . . . .  - . . . . . . . . . . . .  - - ~ - . . . ~ . ~  . . . .  ~ . . . .  
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F o r S l  U n i t s :  C F M  = 4 . 7 1 9  × ] 0  4 m S / s ;  c u f t  - 9 . 8 3 2  × 10 ~ m  ~ 

Figure 2-2.5.2.1 Minimum Blower Capacity and System 
Performance. 

NOTE: The blower capacity curve is added for information pur- 
poses and represents the average relationship of capacity to 
performance. 

2-2.5.2.2 As installed, the blower system(s) shall exhaust 
air from the boat at a rate in accordance with the "system 
performance curve"  in Figure 2-2.5.2.1 when the engine 
is not operating and the blower is operating at the elec- 
trical system's nominal  voltage. 

2-2 .5 .2 .3  Blowers shall be mounted above the normal 
level of accumulated bilge water. 

Exception: Submersible blower motors. 

2-2.5 .2 .4  Blowers shall be installed with ducts whose in- 
take openings are: 

(a) Permanent ly  fixed, 

(b) Located in the lower one-third of the compartment,  

(c) Above the normal level of accumulated bilge water, 
and 

(d) As nearly as practicable below the engine(s) which 
it serves. 

2-2 .5 .2 .5  Electrical wiring shall be installed in accor- 
dance with Chapter  7 or 8. 
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2-2.5.2.6 Each boat that requires a powered ventilation 
system shall have a label displaying the information con- 
tained below, located in plain view of the operator and as 
close as practicable to each ignition switch (includes aux- 
iliary equipment). 

Powered Ventilation Label 

W A R N I N G  
Gasoline Vapors Can Explode 

Before Starting Engine: 

- -  Check Engine Compartment for Gasoline or Vapors 

- -  Operate Blower for 4 Minutes 

- -  Run Blower When Below Cruising Speed 

2-2.6 Natural Ventilation. 
2-2.6.1 Each natural ventilation system shall be con- 
structed with at least one intake opening. Each intake open- 
ing shall be on the boat's exterior surface. 

2-2.6.2* Each compartment requiring natural ventila- 
tion shall be equipped with an exhaust duct(s) originating 
in the lower one-third of the compartment, the duct open- 
ing permanently fixed above the normal accumulation of 
bilge water. If the compartment is an engine compartment, 
exhaust duct(s) shall be located as nearly as practicable 
below the engine(s). 

2-2.6.3 Each exhaust duct shall be fitted with a cowl or 
the equivalent, facing aft. 

2-2.6.4 Air intake openings inside a compartment shall 
be separated from exhaust duct openings inside the com- 
partment by at least 24 in. (.61 m), compartment dimen- 
sions permitting. 

2-2.6.5 The minimum aggregate internal cross-sectional 
area of intake ducts or openings shall be calculated as 
follows: 

A = 5 log e (V/5) 
Where: 
A = The minimum aggregate internal cross-sectional 

area of the openings or ducts in square inches. 

V = The net compartment volume in cubic feet, in- 
cluding the net volume of other compartment sharing the 
same ventilation system. 

Log e (V/5) = The natural logarithm of the quantity 
V/5. (See Figure 2-2.6. 5. ) 

2-2.6.6 The minimum aggregate internal cross-sectional 
area of exhaust ducts or openings shall be calculated in the 
same manner as for intakes. (See 2-2.6. 5.) 

2-2.6.7 Duct sizes may be selected using cross-sectional 
areas based on their nominal diameters. 

2-2.6.8 The nominal diameter of ventilation ducting 
shall be at least 2'/2 in. (.064 m). Openings shall be of at 
least equivalent cross-sectional area. See Table 2-2.6.8 for 
standard duct sizes. 

1o 20 3o 40 ~ 60 70 80 ~ I ~  

NET COMPARTMENT V O L U M E  - CU FT. 

Figure 2-2.6.5 A r e a  of  Open ings .  

F o r S I U n i t s : l s q .  in. = 6.45 × 10 4 m 2 ; l c u f t  = 2.832 × 10 2 m  3 

Table 2-2.6.8 Standard Duct Sizes 

4.91 sq in. ( 2 ~  in. d i am. )  
7.07 sq in. (3 in. d i am. )  
9.62 sq in. ( 3 ~  in. d i am. )  

12.57 sq in. (4 in. d i am. )  
19.63 sq in. (5 in. d i am. )  

For  SI Units:  1 sq. in. = 6.4 x 10 -4 m2; 
1 in. = 2.54 x 10 2 m.  

2-2.6.9 The minimum cross-sectional area of terminal 
fittings for flexible ventilation ducts shall not be less than 
80 percent of the required internal cross-sectional area of 
the flexible ventilation duct. 

2-2.7 Arrangements of Openings. 
2-2.7.1 Ventilation openings shall be located to prevent 
entrance of significant amounts of water considering maxi- 
mum conditions of heel or trim, reverse operation, eccen- 
tric loading or wave action. 

2-2.7.2 External openings of intakes and exhausts shall 
be located to minimize re-entry of exhausted fumes. 

2-2.7.3 External openings of intakes and exhausts shall 
be located and oriented to prevent entry of fuel vapors. 
In no instance shall the intakes and exhausts be closer than 
15 in. (.38 m) from the gasoline fill and vent fittings. 

2-2.7.4 Ventilation openings shall remain outside of 
weather enclosures. 
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2-3"  L i g h t n i n g  P r o t e c t i o n .  

2 - 3 . 1  G e n e r a l  P r i n c i p l e s .  

2-3.1.1 A lightning protection system offers no protec- 
tion when the boat is out of water and is not intended to 
afford protection if any part of the boat comes in contact 
with power lines while afloat or ashore. Successful protec- 
tion of persons and watercraft from lightning is dependent 
upon a combination of proper design and maintenance of 
equipment, and behavior of personnel. If a lightning pro- 
tection system is installed, proper design is covered in this 
and following sections. Maintenance of equipment and per- 
sonal behavior is covered in Appendix C. In view of the 
wide variation in structural design of boats, specific recom- 

mendations cannot be made for all cases. However, the 
basic guides contained in this section shall be considered 
and used in designing and installing a lightning protection 
system for any given craft. 

2-3.1.2 A grounded conductor, or lightning protective 
mast, will generally divert to itself direct hits which might 
otherwise fall within a cone-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 
which is related to the height. For a mast height not ex- 
ceeding 50 ft (15 m) above the water, this radius is approx- 
imately equal to the mast height (see Figures 2-3.1.1 and 
2-3.1.2). 

H 2 

PROTECTED ZONE WITH SOLID 
,,~ "~  ANTENNA EXTENDING THE 

iS/ ~'~. ~v~"~HEIGHT OF THE LIGHTNING 
/ f /  . ~  MAST TO PROTECT ENTI R E BOAT 

/ ' 

/ \ -  P.OTECTED ONEWITH 

Figure 2-3.1.1 Diagram of Boat with Mast Not Exceeding 50 ft (15 m) Above the Water. 
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Figure 2-3.1.2 Diagram of Small Sailboat with Mast Not in Excess of 50 ft (15 m). 
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Figure 2 - 3 . 1 . 3  Diagram of B o a t  w i t h  M a s t s  i n  E x c e s s  o f  50 f t  (15 m )  Above the Water - -  Protection Based on Lightning  Striking 
Distance of 100 ft (30 m ) .  

2-3.1.3 For mast heights in excess of 50 ft (15 m), the 
zone of protection is based on the striking distance of the 
lightning stroke. Since the lightning stroke may strike any 
object within the striking distance of the point from which 
final breakdown to ground occurs, the zone of protection 
is defined by a circular arc concave upward (see Figure 
2-3.1.3). The radius of the arc is the striking distance, and 
the arc passes through the tip of the mast and is tangent 
to the ground. Where more than one mast is used, the arc 
passes through the tips of adjacent masts. 

The striking distance is related to the peak stroke cur- 
rent and thus to the severity of the lightning stroke; the 
greater the severity of the stroke, the greater the striking 
distance. In the vast majority of cases, the striking distance 
exceeds 100 ft (30 m). Accordingly, the zone based on a 
striking distance of 100 ft (30 m) is considered to be ade- 
quately protected. 

The zone of protection afforded by any configuration 
of masts or other elevated, conductive grounded objects 
can readily be determined graphically. Increasing the 
height of a mast above the striking distance will not in- 
crease the zone of protection. 

2-3.1.4 To provide an adequately grounded conductor 
or lightning protective mast, the entire circuit from the top 
of the mast to the ground shall have a conductivity not less 
than that of a No. 8 AWG copper conductor and the path 
to ground followed by the conductor shall be essentially 
straight. To remove all known risk of melting the conduc- 
tor when carrying lightning current, conductivity equiva- 
lent to No. 6 AWG or No. 4 AWG copper would be neces- 
sary. However, the risk in using No. 8 AWG is considered 
adequately small in the applications under consideration, 
and in many cases will be mitigated by the presence of elec- 
trically paralleling stays. This statement shall not be in- 
terpreted to permit the use of conductors of conductivity 
less than that of No. 8 AWG copper. 

the grounding conductor to the metal object at the closest 
point. To prevent damage from such sideflashes, an inter- 
connecting conductor at least equal to No. 8 AWG cop- 
per shall be provided at all places where they are likely to 
occur. Large metallic objects which are not part of the elec- 
trical system of the boat and which are not already 
grounded due to their own functional or other requirements 
may be grounded directly to the ground plate, provided 
that it is not practical to interconnect with the lightning 
conductor or bonding systems (see 2-3.4). 

2-3.1.6 Lightning protection provisions are quite likely 
to receive scant attention after installation and therefore 
their composition and assembly shall be strong and 
materials used shall be highly resistant to corrosion. 

2-3.2 Installation Recommendations. 
2-3.2.1 Lightning Protective Mast. A lightning pro- 
tective mast shall be of adequate height and shall be 
mechanically strong in order to withstand exposure to use 
and weather (see 2-3.1.2, 2-3.1.3 and 2-3.1.4). If the mast 
is of non-conducting material, the associated lightning 
grounding conductor shall: (a) be essentially straight; (b) 
be securely fastened to the mast; (c) extend at least 6 in. 
(150 mm) above the mast; (d) preferably terminate in a 
receiving point; (e) be led directly as practicable to the 
grounding connection (see 2-3.5); and (f) meet the re- 
quirements of 2-3.3. 

2-3.2.2 Radio Antenna and Outrigger. A radio an- 
tenna or outrigger may serve as a lightning protective mast 
provided it has conductivity equivalent to No. 8 AWG cop- 
per and is equipped with lightning arresters, lightning pro- 
tective gaps, or means for grounding during electrical 
storms. The grounding of metal rod type radio antennas 
constitutes sufficient protection for boats, without masts 
and spars, provided the following conditions are met: 

2-3.1.5 If there are metal objects of considerable size 
within a few feet of the grounding conductor, there will 
be a strong tendency for sparks or sideflashes to jump from 

2-3.2.2.1 The antenna and all conductors in the ground- 
ing circuit of the antenna have a conductivity equivalent 
to No. 8 AWG copper in accordance with 2-3.3.3. 
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2-3 .2 .2 .2  The top of the antenna is not more than 50 
ft (15 m) above the water, and a line drawn from the top 
of the antenna downward toward the water at an angle of 
45 degrees to the vertical does not intercept any part of  
the boat (see 2-3.1.2). 

2-3.2 .2 .3  The antenna loading coil is provided with a 
suitable protective device for bypassing the lightning 
current. 

2-3.2.3 Nonconduct ing antenna masts with spirally 
wrapped conductors are not considered suitable for light- 
ning protection purposes. 

2-3.3 Materials.  
2-3.3.1 The materials used in the making of a protec- 
tive system shall be resistant to corrosion. The use of com- 
binations of metals that form galvanic or electrolytic couples 
shall be avoided. 

2-3.3.2 In those cases where it is impractical to avoid 
a junction of dissimilar metals, the corrosion effects can 
be reduced by the use of suitable platings or special con- 
nectors, available for such purposes. Except for the use of 
conducting materials which are otherwise part of the struc- 
ture of the boat, only copper shall be used as the conductor. 

2-3.3 .3  Copper Conductor.  Copper  cable conductors 
shall be of a diameter not less than No. 8 AWG.  Conduc-  
tor stranding shall be in accordance with Table 8-14.4, 
Types 1 or 2. The thickness of any copper ribbon or strip 
shall be not less than 20 gage and of sufficient width to 
provide conductivity equal to or greater than No. 8 A W G  
copper conductor.  

2-3.3 .4  Conduc t ive  Jo in t s .  Conductive joints shall be 
mechanically strong and wiring connections made in ac- 
cordance with Section 7-15 and supported in accordance 
with 7-14.6. 

2-3.4 Interconnect ion of Metall ic Masses.  
2-3.4.1 Metallic masses aboard boats which are a per- 
manent part of the boat or are permanently installed within 
or about it and whose function would not be seriously af- 
fected by grounding shall, with the exception of those of 
comparatively small size, be made a part of  the lightning- 
conductor  system by interconnection with it. (See 2-3.5, 
2-3.6, 2-3.7.) 

2-3.4.2 The object of  interconnecting the metal parts of 
a boat with the conductor  is to prevent damage from side- 
flashes, especially in the case of  rather extensive metal ob- 
jects that are nearby. The main principle to be observed 
in the prevention of such damage is to identify on a boat 
the places where sideflashes are most likely to occur and 
to provide metallic paths for them. 

2-3.4.3 To minimize flow of lightning discharge current 
through engine bearings, it may  be preferable to bond 
engine blocks directly to the ground plate rather than to 
an intermediate point on the lightning conductor.  

2-3.4 .4  Exterior Bodies  of  Metal.  
2-3.4 .4 .1  Metal situated wholly on the exterior of boats 
shall be electrically connected to the grounding conductor. 

2-3 .4 .4 .2  Exterior metal bodies on boats include any 
large masses such as horizontal guardrails, handrails on 
cabin tops, smokestacks from galley stoves, electric 
winches, davits or metal signal masts, and metallic hatches. 

2-3.4 .5  Interior Bodies of  Metal.  
2-3.4 .5 .1  Metal situated wholly in the interior of boats 
and which at any point comes within 6 ft (1.8 m) of a light- 
ning conductor shall be electrically interconnected with this 
lightning conductor.  

2-3.4.5.2 Interior bodies of metal include engines, water 
and fuel tanks, and control rods for steering gear or revers- 
ing gear. It is not intended that small metal objects such 
as compasses, clocks, galley stoves, medicine chests, and 
other parts of the boat 's  hardware be grounded. 

2-3.4 .6  Metal which projects through cabin tops, decks 
or sides of boats above the sheer shall be bonded to the 
nearest lightning conductor  at the point where the metal 
emerges from the boat and shall be grounded at its lower 
or extreme end within the boat. 

2-3.4.7 Radio transmitter antennas shall be (a) equipped 
with means for grounding during electrical storms or (b) 
transmitters and antennas shall be protected by lightning 
arresters or lightning protective gaps. 

2-3.5 Ground Connect ion .  A ground connection for a 
boat may consist of any metal surface which is normally 
submerged in the water and which has an area of at least 
1 sq ft (0.093 m). Propellers and metallic rudder  surfaces 
may be used for this purpose. The ground plate as required 
by the Federal Communicat ions  Commission for radio 
transmitters shall be considered adequate. A metal hull 
itself constitutes an adequate ground. 

2-3.6 Vessels wi th  Metal  Hulls.  I f  there is an electrical 
contact between metal hulls and metal masts or other 
metallic superstructure of adequate height to meet the 
recommendat ions of 2-3.2, no further protection against 
lightning is necessary. Boats with ungrounded or noncon- 
ducting objects projecting above the metal masts or super- 
structure shall have these objects grounded or protected 
with a grounded conductor,  respectively, in order to pro- 
tect them. 

2-3.7 Protect ion of Sailboats (Nonmetal l ic) .  
2-3.7.1 Sailboats with metallic standing rigging will be 
adequately protected provided that all rigging is grounded, 
so that the mast and rigging meet the requirements of 2-3.2 
and 2-3.3. Sailboats will be adequately protected if all 
shrouds, back stays, preventors, and continuous metallic 
track on the mast and boom are grounded and meet the 
requirements of 2-3.2, 2-3.3 and 2-3.5. All stays and sail 
tracks shall be grounded since it is assumed that persons 
will be in their proximity. Grounding of other objects shall 
be in accordance with 2-3.4. 

2-3.8 Protect ion of  Power  Boats (Nonmetal l ic) .  
2-3.8.1 Power boats shall be adequately protected by a 
grounded radio antenna,  outrigger, or other suitable 
grounded lightning protective mast as required in 2-3.3 
provided the height of the mast meets the requirements for 

1989 Edition 



302 12 P L E A S U R E  AND C O M M E R C I A L  M O T O R  C R A F T  

the zone of protection in 2-3.1.2 or 2-3.1.3. Interconnec- 
tion and grounding of metallic masses shall be in accor- 
dance with 2-3.4. 

2-3.8.2 Where the size of the boat is such as to render 
the use of a single mast impractical, additional lightning 
protective masts shall be erected to form overlapping zones 
of protection. 

2-3.9 Protection of Small Boats. 
2-3.9.1 Small boats shall be protected by means of a tem- 
porary lightning protective mast which can be erected when 
lightning conditions are observed in the distance. Ground- 
ing provisions shall be made by means of flexible copper 
wire and a submerged ground plate of at least 1 sq ft 
(0.093 m 2) in area. 

Chapter 3 Engines 

3-1 Engines. Propulsion and auxiliary engines shall be 
designed for marine use. 

3-1.1 No exposed surface of the engine shall exceed 
225 °C (437 °F) under any operating condition. Liquid- 
cooled engines shall be cooled by water from a pump which 
operates whenever the engine is operating. 

3-1.2 Gasoline engine fuel pumps of the diaphragm type 
shall be designed so that fuel is not released to the engine 
space should primary diaphragm failure occur. Means shall 
be provided to determine that diaphragm failure has oc- 
curred without having to dismantle the fuel pump. 

3-1.2.1 Electrically operated fuel pumps shall operate 
only when the engine is operating, when the cranking 
motor is energized, or when operated by a momentary 
switch for priming. 

3-1.3 Marine Carburetors. 
3-1.3.1 Marine carburetors shall be designed to prevent 
leakage of fuel around shafts or other connections and shall 
not be externally vented. 

3-1.3.2 Marine carburetors shall not leak more than 5 
cubic centimeters (.305 in3) of fuel in 30 seconds when 
the float valve is open, the carburetor is at half throttle and 
the engine is cranked without starting or the fuel pump 
is delivering the maximum pressure specified by its 
manufacturer. 

3-1.3.3 Each updraft and horizontal draft carburetor 
shall have a device that collects and holds fuel that flows 
out of the carburetor venturi section toward the air intake, 
prevents collected fuel from being carried out of the car- 
buretor assembly by the shock valve of a backfire or by 
reverse air flow, and returns collected fuel to the engine 
induction system after the engine starts. 

3-1.3.4 Carburetor air intakes shall be fitted with a 
means of backfire flame control approved by the U.S. 
Coast Guard. 

3-1.4 Engine electrical components shall comply with ap- 
plicable parts of Chapters 7 and 8. 

3-1.4.1 Electrical components on engines shall be 
mounted as high above the bilges and as remote from the 
fuel system as practicable. 

3-1.5 Air-Cooled Engines. Air-cooled engines shall 
comply with 3-1.5.1 through 3-1.5.4. 

3-1.5.1 Carburetors and electrical components shall 
comply with 3-1.3 and 3-1.4. 

3-1.5.2 

3-1.5.3 
parts of 

3-1.5.4 
warn of 

Fuel systems shall comply with Chapter 5. 

Exhaust systems shall comply with applicable 
Chapter 4. 

An audible or visual device shall be installed to 
excessive engine temperature. 

3-1.5.5 If air-cooled engines are enclosed, the following 
shall apply: 

(a) Compartment ventilation shall be adequate to meet 
the needs of the engine-cooling system. 

(b) Installation shall be arranged to ensure the air used 
to cool the engine is not recirculated within the engine 
space. 

3-1.5.6 Permanently installed air-cooled engines with 
self-contained fuel systems shall be located only on open 
decks or on cabin tops. Any housing over such units shall 
be open whenever the engine is operating. 

3-1.6 Portable engines shall be secured when in use. 
When not in use, portable engines with integral fuel tanks 
shall be stowed in an open or ventilated space in accor- 
dance with Section 2-2 so that fuel or vapors cannot reach 
interior spaces. 

Chapter 4 Engine Exhaust Systems 

4-1 General Requirements. 
4-1.1 Exhaust systems shall 

(a) Be gastight to hull interiors; 

(b) Be designed and installed to prevent water from the 
exterior of the boat or from the cooling system from return- 
ing to the engine including consideration of operating 
conditions; 

(c) Have all connections accessible; and, 

(d) Be supported to prevent undue stress that could 
cause fractures. 

(e) Have no fittings into the exhaust system (which rely 
solely on the threaded connection for securing). 

Exception: Engine cooling water. 

4-1.2 Wherever personnel or combustibles may come in 
contact with hot surfaces, effective protection shall be pro- 
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vided by water-jacketing, lagging, shielding, guards or 
engine enclosures. 

4-1.3 Hangers, brackets, or other means used to sup- 
port metallic exhaust systems within 6 ft (1.83 m) of the 
engine connection(s) shall be noncombustible. 

4-1.4 A means to indicate loss of exhaust cooling water 
shall be provided so that it is effective at all helm positions. 
Devices other than gages may be used provided they are 
of a type that can be tested by the operator. 

Exception: Outboard engines. 

4-1.4.1 Auxiliary engines may have automatic shutdown 
due to high exhaust temperature instead of an audible or 
visual device. 

4-1.5 A separate exhaust system shall be provided for 
each engine. 

4-2 Materials. 

4-2.1 Materials used in engine exhaust systems shall be 
resistant to fuels, products of combustion, water corrosion, 
and to the highest normal temperatures which may be 
encountered. 

4-2.2 Copper shall not be used in contact with dry diesel 
exhaust gases. Copper may be used six pipe diameters 
downstream from the point of water entry in water-cooled 
exhaust systems. 

4-2.3 As installed, nonmetallic exhaust system com- 
ponents shall retain watertight integrity after a total loss 
of cooling water for two minutes with the engine operating 
at full power. 

4-3 Hose Connections. Hose connections shall be dou- 
ble clamped. 

Exception. Hoses designed for specific use as part of an engine 
assembly which shall be clamped. 

4-4 Temperature Protection. The turbine side of non- 
water jacket turbochargers and unjacketed single wall dry 
exhaust components shall be installed so that the temper- 
ature of adjacent combustible surfaces will not exceed 
250 °F (93.3 °C). 

4-5 Labeling. Except for components designed for use 
as part of a specific engine assembly, all nonmetallic ex- 
haust components shall be labeled or designated "marine 
exhaust." 

Chapter 5 Fuel Systems 

5-1 Scope. 

5-1.1 The requirements of this chapter apply to the 
design, construction, choice of materials, and installation 
of permanently installed fuel systems (except compressed 
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gas) from the fuel fill opening to the connections at each 
engine or at auxiliary equipment. 

5-1.2 The requirements of this chapter apply to all tanks 
that are permanently installed and any tank of more than 
7 gallons capacity. 

5-2 General Requirements. 
5-2.1 Except as specifically noted for diesel systems, all 
fuel systems shall be designed and installed to comply with 
the minimum requirements of the U.S. Coast Guard fuel 
systems regulations of 33 CFR 183 Subpart J. 

5-2.2 Fuel systems shall be liquid- and vapor-tight with 
respect to hull interiors. Individual system components and 
the system as a whole shall be designed and installed to 
withstand the stresses of and exposure to marine service 
such as pressure, vibration, shock, movement, grease, 
lubricating oil, bilge solvents, high aromatic fuels, and cor- 
rosive environment. 

5-2.3 All individual components of the fuel system, as 
installed in the boat, shall be capable of withstanding a 
21/2-minute exposure to free-burning fuel without failure 
resulting in leakage of liquid or vapor. 

Exception No. 1: Fuel distribution lines on boats need not com- 
ply with 5-2. 3 if  a break at any point in the line will result in 
a discharge of not more than 5. 0 oz (1.48 x 10 -~ m 3) of fuel 
within 21/.2 minutes. (See 5-6.2.2.)  

Exception No. 2." Self-draining fuel tank vent hose located out- 
side the engine compartment need not comply with 5-2.3. 

5-2.4 To ground static electricity the resistance between 
ground and each metallic or metallic plated component of 
the fuel fill system and fuel tank which is in contact with 
fuel shall be less than 100 ohms. 

5-2.5 Pressurized fuel tanks shall not be used. 

5-3 Fuel Tank M Materials. 

5-3.1 Fuel tanks shall not be integral with the hull 
structure. 

Exception: Tanks for diesel in metal-hulled boats. 

5-3.2 Materials for fuel tanks shall be corrosion resistant. 
Materials meeting the specifications listed in Table 5-3.2 
shall be considered as satisfying this corrosion resistance 
requirement. Any departure from these specifications shall 
be specifically listed and labeled. 

5-3.3 Nonmetallic materials meeting the applicable re- 
quirements of Chapter 5 may be used, providing the aggre- 
gate permeability rate of such tanks does not exceed 1.2 
grams (.42 oz) of fuel loss in 24 hours per cu ft (.084 
hr/min 3) of net compartment volume or, if the compart- 
ment volume is less than 1 cuft  (.028 mS), the permeabil- 
ity rate does not exceed 1.2 grams (.42 oz) of fuel loss in 
24 hours. (See 5-5.4.) 

5-4 Fuel Tank M Design and Construction. 

5-4.1 Fuel tanks shall conform to the following: 

(a) They shall not have openings in bottom, sides, or 
ends. 
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Table  5-3.2 Minimum Plate Thickness 
for Fuel Tank  Corrosion Resistance 

Minimum 
Nominal  

Sheet 
Material Specification Thickness  Gage ~ 

Nickel-Copper ~.3 ASTM B127 0.031 in. 22 
Class A 

Copper-Nickel ASTM B122 0.045 in. 17 
Steel 4 ASTM A93 0.0747 in. 14 
Aluminized 

Steel s ASTM A463 0.0478 in. 18 
Aluminum Alloy 5052 0.090 in. 

Alloy 5083 
Alloy 5086 

Stainless 
Steep 316L .031 22 

5 -4 .5  Fuel  tanks less than  25 gal ( .095 m 3) capaci ty  shall 
not  leak when  subjec ted  to the shock test r e q u i r e m e n t  of  
33 C F R  183.584. 

5 - 4 . 6  Fuel  tanks  of  200-gal  ( .76-m 3) capac i ty  o r  m o r e  
shall not  leak w h e n  subjec ted  to the slosh test of  33 C F R  
183.588. 

5-4.7 All me ta l  tanks  and  the meta l  f i t t ing plates of  
nonme ta l l i c  fuel tanks  shall be p rov ided  wi th  a b o n d i n g  
te rmina l  suitable for the a t t achment  of  a No.  8 A W G  bond-  
ing  conduc to r .  

5 - 4 . 8  I n d e n t a t i o n s  for l abe l ing  or  o the r  ident i f ica t ion  
shall not  w e a k e n  the fuel tank.  

ForSI Units: 1 in. = 2.54 x 10-2m 
Notes to Table 5-3.2: 

1. Gages listed in the table are U.S. Standard for nickel-copper, 
AWG for copper-nickel, and Manufacturers Standard for steel. 

2. U.S. Standard No. 18 [0.05-in. (.0013-m)] nickel-copper may 
be used only with oxyacetylene, shielded arc, atomic hydrogen, and 
electric resistance seam welding, as well as brazed joints and riveted and 
brazed joints. 

3. U.S. Standard No. 22 [0.031-in. (.00079-m)] nickel-copper may 
be used for tanks up to 30 gal (.114 m 3) capacity provided they are 
formed with electric resistance seam welds. 

4. Steel tanks, except those used for diesel fuel, shall be galvanized 
inside and outside by the hot-dip process. 

5. Aluminized steel tanks of less than 0.0785 in. (.002 m) thickness 
shall only be installed above the cockpit floor or above deck if no clearly 
defined cockpit exists. 

6. Stainless steel tanks shall be cylindrical with domed heads and a 
capacity less than 20 gal (.076 m3). 

(b) Open ings  for fill, vent ,  and feed pipes and level gages 
( if  instal led)  shall be  at o r  above  the t opmos t  surface  of  
tanks.  

(c) C l e a n  out  plates shall not  be instal led.  

(d) Plates  used  for f i t t ings shall be secured  in such a 
m a n n e r  that  they  canno t  be  used  for c l eanou t  purposes .  

Exception: Diesel fuel tanks need not comply with 5-4.1. 

5-4 .2  T a n k s  shall be cons t ruc ted  so that ,  when  installed, 
ex te r io r  surfaces will  not  t r ap  water .  

5 -4 .3  T h r e a d e d  fi t t ings shall c o n f o r m  to T a b l e  5-4.3.  

5 -4 .9  All fuel tanks shall bea r  a legible,  p e r m a n e n t  label 
loca ted  so that  it is vis ible for inspec t ion  af ter  instal la t ion.  
T h e  label  shall  p rov ide  the  fo l lowing  in fo rma t ion :  

(a) M a n u f a c t u r e r ' s  n a m e  or  logo and  address ,  

(b) M o n t h  (or lot or  serial n u m b e r )  and  yea r  of  
m a n u f a c t u r e ,  

(c) Capac i t y  in U . S .  gallons (capaci ty  m a y  addi t ional ly  
be  expressed  in l i ters),  

(d) C o n s t r u c t i o n  ma te r i a l  and  thickness ,  

(e) Fuel  for which  t ank  is in tended ,  

(f) M a x i m u m  test pressure ,  

(g) M o d e l  n u m b e r ,  i f  appl icable ,  

(h) T h e  s t a t e m e n t  " T h i s  t ank  has  been  tested u n d e r  33 
C F R  183 .510(a ) . "  

(i) I f  the t ank  is tested u n d e r  33 C F R  183.584, at less 
t han  25 g ver t ica l  acce lera t ions ,  the s t a t emen t  " M u s t  be 
ins ta l led  aft of  the ha l f  l eng th  of  the b o a t . "  

5 - 4 . 1 0  All fuel tanks shall be tested by the m a n u f a c t u r e r  
for fuel t ightness  at 3.0 ps ig  (2.07 x 10 ~ Pa)  or  1.5 t imes  
the m a x i m u m  head  to which  it m a y  be sub jec ted  in ser- 
vice,  w h i c h e v e r  is greater .  

5 -4 .11  Because  the  t ank  m a y  flex in service,  the des ign  
of  the p ickup  tube  shall p rec lude  d a m a g e  to the t ank  
bo t t om.  

5 - 4 . 1 2  T h e  use of  gage glasses shall be res t r ic ted  to day 
or  service tanks  of  diesel  fuel systems.  

Table  5-4.3 Minimum Thread Engagement 

Minimum Length of 
I .P.S.  Thread Engagement 
¼ in. % in. 

in. % in. 
½ in. l,~ in. 
3~ in. ~s in. 
1 in. % in. 

1 ¼ in. % in. 
1½ in. % in. 
2 in. '~s in. 

For SI Units: 1 in. = 2.54 × 10 2m 

5 - 4 . 4  Fue l  tanks  25 gal ( .095 m 3) o r  o v e r  capac i ty  shall 
not  leak w h e n  subjec ted  to the  pressure  impul se  test re- 
q u i r e m e n t  of  33 C F R  183.586. 

5 - 5  F u e l  T a n k  - -  I n s t a l l a t i o n .  

5-5 .1  Fue l  tanks  and  the i r  f i t t ings shall be accessible.  

5 -5 .2  Meta l l i c  fuel tanks  shall be pos i t ioned  above  nor-  
ma l  a ccumula t i ons  of  bi lge wa te r  and  suppor ted  in a m a n -  
ne r  tha t  will ensure  comple t e  d r a inage  of  wa t e r  f rom all 
ex te r io r  t ank  surfaces,  as instal led.  

Exception: Diesel fuel tanks which are integral with the hull. 

5-5 .3  Fuel  tanks  shall be ins ta l led and  res t ra ined  to pre-  
ven t  p e r m a n e n t  d e f o r m a t i o n  and  to p rov ide  as close to no 
m o v e m e n t  as is prac t icable .  

5 -5 .4  Nonmeta l l i c  fuel tanks which d imensional ly  expand  
af ter  exposure  to fuel shall: 
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(a) Be installed in accordance with the fuel tank 
manufacturer ' s  instructions which clearly indicate in dia- 
gram form the clearances required, and 

(b) Have a warning label including the information in 
the following sample label: 

WARNING:  To prevent hull and tank damage due to expan- 
sion of the tank in service, installation shall be in accordance with 
the manufacturer 's instructions. 

5-5.5 In order to permit free circulation of air, contact 
between metallic fuel tanks and other structures shall be 
limited to necessary structural supports. 

I 5-5.6 All abrasive or absorbent surfaces of tank supports 
and braces shall be effectively insulated from contact with 
tank surfaces by a nonabrasive and nonabsorbent material. 

5-5.7 Aluminized steel tanks of thicknesses less than 
0.0785 in. (.199 x 10 2 m) shall be installed above the 
cockpit deck, or above deck if there is no clearly defined 
cockpit. 

5-5.8 Nonferrous and nonmetallic fuel tanks may be 
foamed in place if they comply with the requirements of  

] 33 C F R  183.516. (See 5-5.4.) 

5-5.9 Fuel tanks shall not be installed above the engine 
or other sources of  ignition. 

5-6 Fuel Lines and Related Accessories.  

5-6.1 For the purposes of this section, fuel lines shall 
mean all pipes, tubing, or hose that conduct fuel from the 
deck fill plate to the engine connection. Related accessories 
shall include any attachments to fuel lines such as valves, 
filters, strainers, pumps,  and connecting fittings. 

5-6.2 Genera l  Requ i rements .  

5-6.2.1 Rigid metallic fuel lines shall be made of seamless 
annealed copper, nickel-copper, or copper-nickel having 
a min imum nominal wall thickness of  .032 in. (.08 x 
10 -2 m). 

5-6.2.2 Flexible nonmetallic fuel hose shall be U.S .C.G.  
] Type A-1 hose where 21/2 minutes min imum fire resistance 
] is required or U .S .C .G.  Type  B-1 hose, where 21/2 minutes 

min imum fire resistance is not required. (See 5-2.3.) 

5-6.2 .3  Fuel lines, connections, and accessories shall be 
accessible. 

5-6 .2 .4  Plastic fittings shall not be used in fuel distribu- 
tion, vent lines, and fill lines. (See 5-2.3.) 
Exception No. 1: Components of deck fill fittings, vent fillings, 
carburetor fittings, fuel pump fittings, and fuel filter fittings. 
Exception No. 2: Engineering grade plastics such as glass rein- 
forced nylons. 

5-6.2 .5  Fuel lines shall be secured against damaging  
movement  or vibration by using noncombustible clips or 
straps having no rough surfaces or sharp edges. Clips and 
straps shall be of  equivalent fire resistance to the require- 
ment  of the line it supports. 

5-6 .2 .6  When  making up threaded pipe connections, a 

gasoline-resistant sealing compound or tape shall be used. 

5-6 .2 .7  When making flared tubing connections, it is 
essential that tubing be cut squarely and flared by tools 
designed for the purpose. Tubing  shall be deburred and 
copper tubing shall be annealed prior to being flared. 

5-6 .2 .8  Outlets for drawing fuel from the system are 
prohibited. 

Exception." Filter bowl plugs provided for the purpose of servicing 
only. 

5-6.2 .9  Manual ly  operated multiposition valves need 
only indicate their open and closed positions. Manual ly  
operated stop valves shall be designed with positive stops 
in the open and closed positions. 

5-6.3 Ins ta l la t ion  of  Fill and  Ven t  Pipes.  

5-6.3.1 Fuel tank fill and vent pipes shall be located so 
that liquid and vapor overflow cannot escape to the inside 
of the hull and to provide protection against escaping 
vapors flowing into the hull. 

5-6.3.2 No liquid fuel shall enter the boat from the fill 
due to an overflow of 5 gpm (3.16 x 10 4 m3/s) for 5 sec- 
onds when the boat is in its static floating position. 

5-6.3 .3  The vent pipe shall terminate as remotely as 
practicable from any hull opening and shall be installed 
to minimize the intake of water without resisting the release 
of vapor. Overflow from the vent at the rate of 2 gpm (1.26 
x 10 , m3/s) shall not enter the boat. 

5-6 .3 .4  The min imum inside diameter of the fill pipe 
system shall be 11/4 in. (32 mm) [minimum hose diameter 
of  11/2 in. (38 mm)].  

5-6.3 .5  The fill pipe shall run as directly as possible, 
preferably in a straight line, from deck plate or other 
closable plate to tank top spud. 

5-6.3 .6  The fuel fill shall be identified by a permanent  
marking indicating type of fuel. 

5-6 .3 .7  If  a nonmetallic hose is used in the fill pipe 
system, it shall be tightly secured with a min imum of two 
corrosion-resistant metal clamps of 1/2 in. (1.27 x 10-2 m) 
min imum width at each end of the hose. Clamps depend- 
ing solely on spring tension shall not be used. 

5-6.3.8* Bonding wire ends shall not be clamped be- 
tween the fill pipes and the flexible tubing. 

5-6.3 .9  There shall be no blow back of fuel through the 
fill fitting when filling at a rate of 9 gpm (5.68 x 10 4 
m3/s) from 1/4 to 3/4 of the capacity of the tank label. 

5-6.3.10 The vent pipe connection shall be at the highest 
point of the tank, as installed in the boat, under conditions 
of normal trim. 

5-6.3 .11 The min imum inside diameter of any compo- 
nent of the vent line system shall be not less than 7/16 in. 
(11 mm). 
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5-6.3.12 The hull vent line fittings shall be corrosion- 
resistant, shall have cleanable screens of 30 x 30 mesh or 
equivalent noncorrosive metal, shall be fitted at the hull 
vent opening, and shall be an effective flame arrester. 

Exception: I f  metallic vent lines are used and serve as effective 
flame arresters, the hull vent fitting does not have to be a flame 
aTTester. 

5-6.4 Installation of Fuel Feed Lines and Accessories. 
5-6.4.1" Electric fuel supply pumps shall operate only 
when the engine is operating, when the cranking motor 
is energized, or when operated by a momentary switch for 
priming and shall be located either on or within 12 in. 
(30 era) of that engine. Hose installed on the pressure side 
of the fuel pump shall be U.S.C.G. Type A-1. 

Exception." Priming in outboard motor fuel pumps systems. 

5-6.4.2 Fuel lines shall be run with as few connections 
as practicable. 

5-6.4.3 Anti-siphon protection shall be provided in fuel 
systems which are exempted from the requirements of 5-2.3 
or where the fuel level in the tank is higher than the car- 
buretor inlet fitting. Anti-siphon protection shall be pro- 
vided by one of the following: 

(a) Keeping all parts of the fuel distribution lines above 
the tank top when the boat is in its static floating position. 

(b) Installing an anti-siphon valve at or above the tank 
withdrawal fitting. 

(c) Installing an electrically operated valve at or above 
the tank withdrawal fitting which is open only when the 
engine is energized and having provisions for manual 
override. 

5-6.4.4 A readily accessible manual shutoff valve shall 
be installed on all fuel tanks directly at the tank connec- 
tion except on fuel systems provided with anti-siphon pro- 
tection. If the fuel tank(s) is/are located in the same com- 
partment as internal combustion machinery, a means of 
closing the valve(s) without exposing the operator to in- 
jury shall be provided. 

5-6.4.5 That part of the fuel feed line secured to the hull 
members shall be separated from that part secured to the 
engine by a flexible section meeting 5-6.2.2. 

5-6.4.6 The fixed fuel line shall be fastened to structure 
within 4 in. (. 102 m) of the connection to the flexible sec- 
tion to secure against vibration and movement. 

Chapter 6* Cooking, Heating, and 

Auxiliary Appliances 

6-1 General. 
6-1.1 Appliances shall be labeled or designated for 
marine use. Printed instructions for proper installation, 
operation, and maintenance shall be furnished. A durable 

and permanently legible sign covering safe operation shall 
be provided and installed on or adjacent to the appliance. 

6-1.2 Appliances using gasoline for fuel shall not be used 
aboard boats. 

Exception: Sealed combustion chamber heaters complying with 
6-4.6. 

6-1.3 The area in which a fuel burning appliance is in- 
stalled shall comply with the ventilation requirement of 
2-1.5. 

6-1.4 Appliances shall be securely fastened when in use 
and when stored. 

6-1.5 Any burner system that may adversely affect safety 
by reason of normal motion of the boat shall not be used. 

6-2 Cooking Appliances. 
6-2.1 Exposed materials and finishes above and im- 
mediately surrounding stovetops shall have a flame spread 
of not more than 75 as determined in accordance with 
NFPA 255, Method of Test of Surface Burning Characteristics 
of Building Materials. 

6-2.2 Fabrics above and within 3 ft (.91 m) of a galley 
stovetop, used for decorative or other purposes, shall be 
flame resistant in accordance with NFPA 701, Standard 
Methods of Fire Tests for Flame-Resistant Textiles and Films. 

6-3 Coal, Charcoal, and Wood Burning Appliances. 
6-3.1 Coal, charcoal, and wood burning stoves shall be 
either mounted on a noncombustible base (preferably 
hollow tile) or mounted on legs providing clearance of at 
least 5 in. (. 13 m) between stove bottom and deck and the 
deck shall be effectively insulated with a noncombustible 
material or sheathing. Sides and backs of uninsulated stoves 
shall have a minimum clearance of 9 in. (.23 m) from the 
exposed materials and finishes which must meet 6-2.1 or 
be separated by fire-resistant thermal insulation. Sides and 
backs of insulated stoves shall have a minimum clearance 
as specified by the manufacturer. 

6-3.2 Single wall smoke pipes and stacks shall have a 
minimum clearance of 9 in. (. 23 m) from combustible ma- 
terials, including painted surfaces, or shall be separated 
by fire-resistant thermal insulation. Listed and labeled dou- 
ble or triple wall smoke stacks shall be installed with a 
minimum clearance specified by the manufacturer. 

Exception: At decks equipped with water irons. 

6-3.3 Smoke pipes or stacks shall terminate with smoke 
heads designed to prevent water entry, spark emission, and 
back draft. 

6-3.4 Coal and wood shall be stowed in a ventilated 
locker or bin. 

6-3.5 To prevent spontaneous combustion, charcoal shall 
be kept dry and stored in a closed dry container. 

6-4 Liquid Fuel Appliances. 
6-4.1 Both pressure or gravity fed burners shall be 
permitted. 
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6-4.2 Fuel supply tanks shall be constructed of corrosion- 
resistant metal with welded or brazed joints and fittings. 

6-4.2.1 Pressure tanks integrally installed with stoves 
shall withstand a test pressure of at least 200 psig (1.38 
x 108 Pa). They shall be effectively protected from the heat 

of burners. 

6-4.2.2 Pressure tanks for remote installation shall be 
able to withstand a test pressure of at least 100 psig (6.9 
x 107 Pa). They shall be rigidly secured in an accessible 

location permitting convenient filling and pump operation. 

6-4.2.3 Gravity tanks shall be substantially secured. 
They shall be so located or shielded that, under continuous 
operation at maximum output, the temperature of con- 
tained fuel will not be substantially raised by heat from 
the burners. 

6-4.2.4 No gravity tank shall have a capacity exceeding 
2 gal (7.57 x 10 s mS). Tanks of larger capacity shall 
meet the requirements of Section 5-3. 

6-4.2.5 Gravity tanks shall have provisions for filling and 
venting outside the galley space. 

6-4.3 If  fuel tanks are remotely located, as is preferred 
for gravity feed systems, stop valves shall be installed close 
to tanks and fuel lines shall be installed with as few fittings 
as practicable between valves and stove connections. 

6-4.4 If  solidified fuel is used, the containers shall be 
properly secured on a fixed base to prevent sliding or over- 
turning due to a sudden roll of the vessel. 

6-4.5 Stacks and stoves shall comply with the applicable 
requirements of Section 6-3. 

6-4.6 Sealed combustion chamber heaters burning 
gasoline or fuel oil may be used provided they are designed 
to provide complete separation of the combustion system 
from the atmosphere in the boat. A combustion air inlet 
and flue gas outlet shall be provided as integral parts of 
the appliance. 

6-5" Liquefied Petroleum Gas (LPG) and Compressed 
Natural Gas (CNG) Systems for Appliances Only. 
6-5.1 The use or storage of stoves with attached LPG 
or C N G  containers is prohibited on boats having enclosed 
accommodation spaces. 

6-5.2 All component parts of the systems shall be design 
compatible for the fuel used. 

6-5.3 All component parts of LPG and CNG systems 
subject to container pressures shall have a rated working 
pressure of not less than that of the container. LPG and 
CNG containers shall comply with U.S. Department of 
Transportation or ASME standards. 

6-5.4 Ignition protection shall be provided in accordance 
with 7-9.2 and 8-7.2 

6-5.5 With each LPG or CNG system installed on a boat, 

at least two signs required by 6-1.1 shall be provided. 

6-5.5.1 These signs shall include: 

(a) The signal word " W A R N I N G . "  

(b) The statement " T o  Avoid Fire and Explosion." 

6-5.5.2 These signs shall also provide information in ac- 
cordance with the following sample wording: 

(a) An applicable statement: "This  system is designed 
for use with (insert LPG or CNG)  only. Do not connect 
(CNG or LPG) to this system." 

(b) The following directions: 
1. Close container valves when boat is unattended 

and in case of leak or fire. 

2. Close all appliance valves before opening container 
valves. 

3. Always apply the source of ignition to burner 
before opening burner valve. 

N O T E :  This  s ta tement  is not required on the sign at the 
container .  

4. Test system for leakage at least twice a month, 
when system is serviced or container changed as follows: 

With the appliance valves closed and all other valves 
open, note pressure on the gage. Close container valve. 
The pressure should remain constant for at least 10 min- 
utes. If  pressure drops, locate leakage by application of 
soapy water solution at all connections. Repeat test for each 
container in multi-container systems. NEVER USE 
FLAME T O  C H E C K  FOR LEAKS. NEVER USE 
SOAP C O N T A I N I N G  A M M O N I A .  

N O T E :  I f a  leak detection device is installed, these instructions 
should be modified as appropr ia te .  

5. Container locker for storage of(LPG or CNG) con- 
tainers only. 

6. Keep valves closed and plugged on empty or un- 
connected containers. 

N O T E :  This  s ta tement  is not required on the sign at the 
appliance.  

6-5.6 The required warning signs shall be installed in 
plainly visible locations on the outside of each container 
enclosure and adjacent to each consuming appliance. 

6-5.7 Containers. 
6-5.7.1 Containers shall be constructed, tested, marked, 
maintained, requalified for continued service, and refilled 
in accordance with: 

(a) The regulations of the U.S. Department of Trans- 
portation for containers in LPG or CNG service, 

(b) Equivalent specifications or regulations determined 
by the authority having jurisdiction. 

6-5.7.2 Containers shall be condemned and withdrawn 
from service when they leak, when corrosion, denting, 
bulging or other evidence of rough usage exists to the ex- 
tent they may be weakened appreciably, or if exposed to 
a fire. 

6-5.7.3 A container shall not be charged with fuel unless 
it bears the proper markings of the code under which it 
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I was fabricated, its water weight capacity, and its tare 
weight. 

6-5 .7 .4  No container which is due for requalification 
shall be charged with fuel until it has been retested or other- 
wise qualified for service in accordance with U.S. Depart-  
ment of Transportat ion requirements. 

6-5.8 Container Valves and Safety Relief Devices. 
6-5.8.1 Each container shall have a manually operated 
shutoff valve installed directly into the container outlet 
opening, which can be operated without the use of tools. 

6-5.8.2 All containers shall be provided with safety relief 
devices as required by U.S.  Depar tment  of  Transporta-  
tion regulations or equivalent regulations. 

6-5.8 .3  LPG container valves and safety relief devices 
shall have direct connection with the vapor space of the 
cylinder. 

6-5 .8 .4  In addition to the shutoff valve required in the 
container, a dual container system shall be arranged so that 
replacement of  containers can be made without shutting 
off the flow of gas to the appliances. 

6-5.8 .5  All relief valves shall discharge to the open at- 
mosphere at a point at least 2 ft (.61 m) from any opening 
to a cabin or hull interior or from an engine exhaust 
terminus. 

6-5.8 .6  Valve outlets on containers shall be equipped 
with an effective seal such as a plug, cap, or an approved 
quick closing coupling. This seal shall be in place whenever 
the container is not connected for use, and the valve shall 
be kept tightly closed. 

6-5.8.7* A remotely operated valve, if installed, shall be 
located at the regulator and shall be operable from the 
vicinity of the appliance. 

6-5.9 Reducing Regulators. 
6-5.9.1 Each system shall be provided with a pressure- 
regulating device, specifically designed for the type of gas 
being used and so adjusted as to deliver gas to the distribu- 
tion piping at a pressure not to exceed 18 in. of water (ap- 
proximately 0.653 psig) for L PG systems or 6 in. of water 
(approximately 0.217 psig) for C N G  systems. 

6-5.9.2 A low pressure relief valve shall be integral with 
each regulator. It shall discharge at between two and three 
times the delivery pressure of the regulator. 

6-5.9.3 Low pressure relief valve discharge shall conform 
to 6-5.7.5. 

6-5.9 .4  The relief valve vent outlet shall be located and 
designed to prevent water from entering the discharge 
system. 

6-5.9.5* Each reducing regulator shall be fitted with a 
pressure gage on the high pressure side. A leak detector 
may be used in addition to the gage. 

6-5 .9 .6  Regulat ing devices shall be made of materials 
that are compatible with the specific gas and shall resist 
the corrosive elements associated with normal marine 
service. 

6-5 .9 .7  Each C NG system shall be supplied with a high 
flow check valve located on the container pressure side of 
the regulating device. The high flow check valve shall ac- 
tuate and control gas flow through the vent or vent systems 
to the atmosphere in the event of regulator malfunction, 
and shall maintain this gas flow within the vent system 
designed pressure limits. 

6-5.10 Piping and Fittings. 
6-5.10.1 All low pressure distribution piping between the 
regulator and appliances shall be galvanically compatible 
for a marine environment and shall be: 

(a) In LPG systems, either copper tubing of  standard 
Type  K or L, or equivalent. 

(b) In C N G  systems, internally tinned copper tubing 
of standard Type  K or L, or equivalent. 

(c) In LPG or C N G  systems, flexible hose certified and 
labeled for the fuel used. 

6-5.10.2 Connecting fittings shall be accessible. Metallic 
connections, if soldered, shall be soldered or brazed with 
a material having a melting point exceeding 1000 °F 
(538 °C). 

6-5.10.3  Distribution lines shall be protected from 
physical damage and shall be accessible for inspection. 

6-5 .10.3 .1  Lines shall be secured against vibration. 

6-5 .10 .3 .2  Lines shall be protected from abrasion 
wherever they pass through decks or bulkheads. 

6-5 .10 .3 .3  Lines shall be continuous lengths of tubing, 
without joints, except to feed other appliances. 

6-5.11 Appliances. 
6-5.11.1 Appliances designed for operation with con- 
tinuous pilot lights or automatic glow plugs are prohibited 
except for sealed combustion chamber  heaters complying 
with 6-5.11.3. 

6-5.11.2 A cooking stove is considered to be an attended 
appliance; however, a cooking stove with an oven shall in- 
corporate an oven flame failure safety device that will pre- 
vent gas from flowing to the oven burner  if flame is not 
present at the oven burner.  

6-5.11.3 Cabin space heaters shall be of the sealed com- 
bustion chamber type, designed to provide complete sepa- 
ration of the combustion system from the atmosphere in 
the boat. A combustion air inlet and flue gas outlet shall 
be provided as integral parts of the appliance. 

Exception: A cabin heater need not be of the sealed combustion 
chamber type provided that it conforms with all of the following." 

1. It is a vented appliance. 

2. It incorporates provisions for introduction of combustion 
air from outside the cabin. 
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3. h incorporates a safety control system that will prevent 
burner operation under any operating conditions that would allow 
products of combustion to discharge into the interior of the cabin. 

4. It incorporates provisions either integral with the heater 
design or by use of a safety control system(s) to protect against igni- 
tion of ftammable materials which could come in contact with a heat 
source or part of the heater. 

5. It is listed for commercial and pleasure craft installation 
and is installed with the terms of the listing. 

6-5.12 Locat ion and Installation.  
6-5.12.1 Containers, regulating devices and safety equip- 
ment shall be: 

(a) Rigidly secured, 

(b) Readily accessible for operation of valves and testing 
for leakage, and 

(c) Protected by a housing or locker. 

Exception. Containers located on open decks such that escaping 
vapor cannot accumulate in a cockpit or enclosed spaces, providing 
regulators, tank valves, and fittings are protected against mechanical 
damage by a shield or guard. 

6-5.12.1.1  The protective housing or locker shall be: 

(a) Located above the waterline, 

(b) Vapor  tight to the hull interior, 

(c) Provided with a means to latch its cover, 

(d) Vented to the atmosphere, and 
(e) Located so that with its cover open or closed escap- 

ing vapor cannot reach the bilges, machinery spaces, ac- 
commodations,  other enclosed spaces, or accumulate in a 
cockpit. 

Exception." CNG systems where a single container of not more than 
100 cuft (2.83 m 3) at 14.7psia (101.4 kPa) and 70 °F(21 °C) 
is connected to the system, and the volume of the compartment and 
connecting spaces is at least 20 times the container capacity at STP. 

6-5 .12 .1 .2  Protective housings or lockers with a top 
opening shall be vented as follows: 

(a) For LPG systems, a vent pipe of at least 1/2 in. 
(. 013 m) internal diameter led outboard without water traps 
through the hull from the bot tom of the locker or housing 
terminating at a discharge point above the waterline lower 
than its bottom. 

6-5.12.2 Installation of gas equipment in lockers or hous- 
ing shall be such that when the means of access to the 
lockers or housing is open, the container valves can be con- 
veniently and quickly operated, and the system pressure 
gage dials are fully visible. 

6-5.12.3  Lockers or housings shall not be used for 
storage of any other equipment  nor shall quick access to 
the gas system be obstructed in any way. 

6-5 .12.4  Provisions for storage of unconnected reserve 
containers, filled or empty, shall be the same as for con- 
tainers in use. Valves to containers, even those considered 
empty,  shall be kept tightly closed and effectively sealed 
with a plug or cap. 

6-5.12.5  After installation, distribution tubing shall be 

tested prior to its connection to the regulator and appliance 
by an air pressure of not less than 5 psig (3.45 × 104 Pa). 
The container valve shall be checked for leakage at its outlet 
and at its connection to the container by application of 
liquid detergent or soapy water solution prior to connec- 
tion of the system. After these tests and when appliances 
and high-pressure equipment have been connected, the en- 
tire system shall be subjected to the following test. 

(a) With appliance valves closed, the master shutoff 
valve (if provided) on the appliance open, and with one 
container valve open, note the pressure on the gage. 

(b) Close the container valve. 

(c) Pressure should remain constant for at least 10 
minutes. 

(d) If  pressure drops, locate leakage by application of 
soapy water solution at all connections. 

(e) Never use flame to check for leaks. 

N O T E :  Avoid soaps conta in ing a m m o n i a  which will cause season 
c r a c k i n g  at  some meta l  fittings. 

6-6 H e a t i n g  E q u i p m e n t .  

6-6.1 Service Water Heat ing  Units .  
6-6.1.1 Open  flame heating units shall be installed well 

] above accommodation flooring and in compliance with ap- 
plicable requirements of Sections 6-1, 6-2, 6-3, 6-4, and 
6-5. 

6-6.1.2 A vent stack shall be fitted at the top of each 
heating unit and led to the atmosphere with an effective 
device for preventing flame extinguishment or flareback 
from back draft. 

6-6 .1 .3  Dampers  shall not be installed in vent stacks. 

6-6.2 Cabin Heaters.  
6-6.2.1 Cabin heating equipment  shall comply with ap- 
plicable provisions of Sections 6-1, 6-2, 6-3, 6-4, and 6-5. 

6-6.2.2 Cabin heating equipment using liquid or gaseous 
fuel shall be equipped with a means for automatic fuel shut- 
off in the event the flame goes out. 

6-7 Auxi l i a ry  Appl iances .  

6-7.1 Lamps and Lanterns.  
6-7.1.1 Gasoline shall not be used for fuel. 

6-7.1 .2  Oil lamps and lanterns shall be approved for 
marine use. 

6-7.1.3 Oil lamps shall have metal bodies and shall be 
hung  in gimbals. 

6-7.1.4 Oil lamps shall not be located directly over galley 
stoves or heating units. 

6-7.1.5 Metal shields shall be secured above chimneys. 

6-7.1 .6  Oil lanterns, if suspended, shall be secured by 
clips or lashings. 

6-7.1 .7  Lantern stowage shall be in a noncombustible 
enclosure. 
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Chapter 7 Electrical Systems Under 50 Volts 

7-1 Genera l .  The following standards and practices 
establish the requirements  for the design and installation 
of direct current  (DC) electrical systems on boats which 
operate at potentials of 50 volts or less. 

Exception." Any wire permanently attached to an outboard engine 
and extending not more than 72 in. (1.83 m)from the outboard 
engine. 

7-2 Definitions. 
Battery Cold Cranking Rating. The discharge load 

in amperes which a battery at 0 °F (-17.8 °C) can deliver 
for 30 seconds and main ta in  a voltage of 1.2 volts per cell 
or higher. 

Battery Reserve Capacity. The n u m b e r  of minutes  
a new fully charged battery at 80 °F (26.7 °C) can be dis- 
charged at 25 amperes and maintain  a voltage of 1.75 volts 
higher per cell (10.5 volts for a 12 volt battery or 5.25 volts 
for a 6 volt battery). 

Bonding Conductor. A normal ly  non-cu r r en t -  
carrying conductor used to connect normal ly  non-cur ren t  
carrying metal parts of a boat and normal ly  non-current  
carrying metal parts of direct current  devices on the boat 
to the ground.  

Engine Negative Terminal. The point on the engine 
at which the negative battery cable is connected. 

Ground. Ground  applies to the potential of the earth's 
surface. The boat ' s  ground is established by a conduct ing 
connection ( intent ional  or accidental) with the earth, in- 
cluding any conductive part of the wetted surface of a hull. 

Grounded Conductor. A current-carrying conductor 
connected to the side of the source which is intent ional ly 
main ta ined  at ground potential. 

Ignition Protection. The design and construction of 
a device such that under  design operating conditions: 

(a) It will not ignite a f lammable hydrocarbon mixture 
sur rounding  the device when an ignition source causes an 
internal  explosion, or 

(b) It is incapable of releasing sufficient electrical or ther- 
mal energy to ignite a hydrocarbon mixture,  or 

(c) The source of ignition is hermetically sealed. 

A flammable hydrocarbon mixture is a mixture of 
gasoline and air or propane and air between the lower ex- 
plosive limit (LEL) and upper explosive limit (UEL).  

NOTE 1: It is not the intention to require such devices to be 
"explosionproof' as that term is defined in the National Electrical 
Code ® of the NFPA pertaining to shore systems, or 46 CFR 
110.15-65(e) of CG 259, Subchapter J-Electrical Engineering. It 
is intended that the protection provided be generally equivalent 
to that of wiring permitted by this standard wherein a definite short 
or break would be necessary to produce an open spark. 
NOTE 2: Devices that are "explosionproof' are considered to 
be ignition protected when installed with the appropriate fittings 
to maintain their "explosionproof" integrity. 
NOTE 3: It is not the intention to require such devices to be 
"intrinsically safe" per Article 500 of the National Electrical Code 

of the NFPA or 46 CFR 111.80-5(a)(3) of CG 259, Subchapter 
J-Electrical Engineering. 
NOTE 4: Devices that are "intrinsically safe" are considered 
to be ignition-protected. 

Overcurrent Protection Device. A device, such as a 
fuse or circuit breaker, designed to interrupt  the circuit 
when the current  flow exceeds a predetermined value. 

Panelboard. A single panel or group of panel units  
designed for assembly in the form of a single panel;  in- 
cluding buses, overcurrent  devices, and with or without 
switches for the control of light, heat or power circuits; 
designed to be placed in a permanently mounted enclosure, 
accessible only from the front. 

Pigtai ls .  External conductors that originate within an 
electrical component  or appliance. 

Polarized System. A system in which the grounded 
(negative) and ungrounded  (positive) conductors are con- 
nected in the same relation to all terminals or leads on all 
devices in the circuit. 

Sheath.  A material used as a cont inuous protective 
covering, such as overlapping electrical tape, molded rub- 
ber, molded plastic, or flexible tubing, around one or more 
insulated conductors. 

Trip-Free Circuit Breaker. A thermal  and/or  
magnetically operated overcurrent  protection device, de- 
signed so that the resetting means cannot be manual ly held 
in to override the current - in ter rupt ing mechanism. 

Watertight. Enclosed so that equipment  does not leak 
when a stream of water from a hose with a nozzle one inch 
in diameter that delivers at least 65 gallons per minute  (246 
lpm) is played on the enclosure from any direction from 
a distance of 10 feet (3.1 m) for 5 minutes.  

Weatherproof. Constructed or protected so that ex- 
posure to the weather will not interfere with successful 
operation. 

NOTE: For the purpose of this standard as applied to marine 
use, weatherproof implies resistance to rain, spray and splash. 

7-3 Requirements u In General. 
7-3.1 Two-Wire System. All direct current  electrical 
distr ibution systems shall be of the two-wire type, using 
insulated conductors. The feed and re turn wires shall run  
together where the wiring is routed near compasses or other 
magnetically sensitive equipment .  See Diagrams 7-4.1(1) 
and 7-4.1(2). 

Exception. See Section 7-12, 

7-3.2 Return Circuit. A metal hull, bond ing  conduc- 
tor or grounding  conductor shall not be used as a re turn 
circuit. 

Exception: See Section 7-12, 

7-3.3 Grounded Systems. If one side of a two-wire 
direct current  system is connected to ground,  it shall be 
the negative side and the system shall be polarized. 

7-3.4 Mul t ip le  Engine Installation. If a boat has more 
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than one inboard propulsion or auxiliary engine, grounded 
cranking motor circuits shall be connected to each other 
by a common conductor that can carry the starting cur- 
rent of each of the grounded cranking motor circuits. 

7-4 Batteries. 
7-4.1 Batteries shall not be tapped for voltages other than 
the total voltage of all the cells comprising the battery. 

7-4.2 Batteries shall be located so that hydrogen gas 
generated during charging will not accumulate or be 
trapped in the boat. 

7-4.3 Batteries shall be restrained to provide as close to 
no movement as practicable. (See Code of Federal Regulations, 
33 CFR Part 183.) 

7-4.4 Acid batteries shall be located in a liquid-tight tray 
or battery box of adequate capacity to retain normal spill- 
age or boilover of electrolyte. The tray shall be constructed 
of or lined with materials resistant to deterioration by the 
electrolyte. 

7-4.5 A nonconductive perforated cover or other means 
shall be provided to prevent accidental shorting of the un- 
grounded battery terminals and cell connectors. 
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Diagram 7-4.1(1) 

7-4.6 Batteries with metal cell containers shall be 
assembled in nonconductive trays having insulated cell sup- 
ports. Provision shall be made to prevent other conduc- 
tive materials that could cause a short circuit from contact- 
ing cell containers. 
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BRANCH C*RCU~T *t 
CIRCUIT BREAKERS OR FUSES I I 

BRANCH CIRCUITS "a 

WIRES RUN TOGETHER 

PANE LBOARD RETURN 
PANE LBOARD CONDUCTOR 
FEEDER 

CIRCUIT BREAKER 

~ID ~ ~  BAttERY 
BONDING GROUND 

- -  CONNECTION 

O U T B O A R D  " ENGINE NEGATIVE 
TERMINAL 

PANELBOARD " ~  
BRANCH CIRCUIT 
CIRCUIT BREAKERS OR FUSES~ 

BRANCH CIRCUI T ~ 

WIRES RUN TOGETHER 

PANELBOABD FEEDER CONDUCTOR 
PANELBOARD RETURN CONDUCTOR 

ACCESSORY ~ CIRCUIT BREAKER OR FUSE 

Y+.DS . . . . . .  
NEGATIVE BUS - ~ L . - - - 4 ~ . - ~  CONDUCTOR 

, ,~  BONDING GROUND 

OUTBOARD .-2" CONNECTION 

INE NEGATIVE TERMINAL 

Diagram 7-4.1(2) 

7-4.7 Each metallic fuel line and fuel system component 
within 12 in. (.305 m) and above the horizontal plane of 
the battery top surface as installed shall be shielded with 
dielectric material. (See Code of Federal Regulations, 33 CFR 
Part 183. ) 

7-4.8 The positive terminal of each battery shall be iden- 
tified by the letters "PUS" or "P" or by the symbol " + ," 
marked on the terminal or on the battery case near the 
terminal. 

7-4.9 Battery terminal connections shall not depend on 
spring tension. 

7-5 Power Distribution System Negative Connections. 

7-5.1 The negative terminal of the battery and the 
negative side of the electrical power distribution system 
shall be connected to the engine negative terminal or its 
bus. 
Exception: Outboard boats may use the battery negative terminal. 

7-5.2 Separate Negative Bus. A separate negative bus 
may be created off the engine, or, in the case of outboard 
boats, off the battery providing: 

(1) All accessories connected to the bus are branch cir- 
cuit from the same panelboard. 

(2) The negative bus, the negative bus return conduc- 
tors and its terminals and connections shall have an am- 
pacity equal to the panelboard feeder. 
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(3) The negative return conductor from the panelboard 
feeding the branch circuits using the separate negative bus 
shall remain equal in size to the positive feeder to the 
panelboard. 

7-6 Energ ized  Par ts .  
7-6.1 C o n t i n u o u s l y  Energ ized  Par ts .  Except for cir- 
cuits provided with overcurrent  protection in accordance 
with 7-10,6, continuously energized parts, such as positive 
battery terminal and both ends of all wires connected 
thereto, shall be protected by boots, sleeving or other in- 
sulation to prevent accidental short circuit. 

7-7 M a r k i n g .  

7-7.1 Marking .  Switches and electrical controls shall be 
marked to indicate their usage. 

Exception: A switch or electrical control whose purpose is obvious 
and whose mistaken operation will not cause a hazardous condition. 

7-7.2 M a r k i n g  of  E q u i p m e n t .  Electrical equipment,  
except a part of  an identified assembly, such as an engine, 
shall be marked or identified to indicate: 

(1) Manufacturer .  

(2) Identifying number.  

(3) DC electrical rating in volts. Rated current of elec- 
trical equipment  shall be available and may be marked on 
the device. 

(4) The  terminal polarity or identification, if necessary 
to operation. 

(5) Ignition protection if applicable. 

7-8 Ambien t  Tempera tu r e .  

7-8.1 The ambient temperature of machinery spaces is 
considered to be 50 °C (122 °F) and of all other spaces is 
considered to be 30 °C (86 °F). 

7-9 Ign i t i on  Sources.  
7-9.1 Potential sources of ignition located in gasoline 
powered machinery and fuel tank spaces, and in spaces 
containing joints, fittings or other connections between 
components  of  the gasoline fuel system shall be ignition- 
protected, unless the electrical component  is isolated from 
a gasoline fuel source as described in Figures 7-9.1(1) 
through (7). 

Exception." Boats using diesel fuel as the only fuel. 

r ~  IGNITION PROTECTION NOT 
• / . ' -  __ ' REQUIRED - IGNITION SOURCE 
/ / /  / .g ~ "  ~'~ f AND GASOUNE SOURCE 

~ / / / X ~  ~ /.,....,._ t SEPARATED BY BULKHEADS 
/ 7 / "  - I ANO  EOK 

WATER-TIGHT BULKHEAD TO ~ HEIGHT . ~  IGNITION:.PI~OTEGTED ' ~ ~J 
OR 12 INCHES WHIOHEVER IS LESS - PUMP ""X-"'~X 

[ •  SPACES REQUIRING IGNITION-PROTECTED EQUIPMENT 

For S1Units: 1 in. = 2.54 × 10 2m 
Figure 7-9.1(1) 

IGNITION PROTECTION 
j NOT REQUIRED - IGNITION SOURCE 

'/.., t , f " / A N O  GASOUNE SOURCE SEPARATED 
~ ' / ~  ~ ) ~ -BY 2 FOOT DISTANCE 

~'¢r  ENGINE AND BLOWER 

WATER-TIGHT BULKHEAD TO I/3 HEIGHT~.- - - - -~"~IGNITION-PROTECTED J ~ ~I 
OR 12 INCHES WHICHEVER IS LESS PUMP 

~ SPACES REQUIRING IGNITION-PROTEGTIED EQUIPMENT 

For SI Units: 1 in. = 2.54 x 10 2 m; 1 ft = 3.048 × 10 ~ m 
Figure 7-9.1 (2) 

1989 Edition 



ELECTRICAL SYSTEMS UNDER 5 0  VOLTS 3 0 2  2 3  

16NITION - PROTECTED 
COMPONENTS- NO ~ 
SEPARATION F R O M  k , ~  ~ 
FUEL SOURCES ~ 

UMP- IGNITION PROTECTION " ~ NOTREQUIR~ ~ _, . 

TO 12 IN. OR I/~ HEIGHT AND COMPONENTS 
WHICHEVER F3 LESS 

] S P A C E S  REQUIRING 
IGNITION-PROTEGTED 
EQUIPMENT 

For SI Units: 1 in. = 2.54 x 10 2 m  

F i g u r e  7-9.1(3) 

IGNITION- PROTECTED 
COMPONENTS - NO 
SEPARATION FROM 
FUEL SOURCES 

ALTERNATE 

FUELTANK 

ENGINE COVER- 
SEAMS ~LESS THAN 

C 
TO 12 IN. OR I/- 5 HEIGHT 
WHIGHEVER IS LESS 

IGNITION- PROTECTED COM PON ENTS 
NOT REQUIRED- ENCLOSURE MUST PROVIDE 
EQUlVALENT IGNITION-PROTEGTION 

PUMP NOT REQUIRED 
TO BE IGNITION- 
PROTECTED 

~ SPAGES REQUIRING 
IGNITION - PROTECTED 
EQUIPMENT 

For SI Units: 1 in. = 2 . 5 4 m  

F i g u r e  7-9.1 (4) 
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/ 
IGNITION - PROTECTED COMPONENTS 
NOT REQUIRED- ENCLOSURE PROVIDED 

SEALED WIREWAY 

FUEL TANK 

~ SPAGES REQUIRING IGNITION-PROTEGTED 
EQUIPMENT 

IGNITION- PROTEGTED ENGINE 
AND GOMPONENTS 

Figure 7-9.1(5) 

anNITInN-P~tfflFCTED COMPONENTS I R N I T I ( 1 N -  

AREA OF OI 
ING AT LEA: 
SQ. IN./GU. F 
NET GOMP. 41 
VOLUME 

- - '~  SPACES REQUIRING ~ ,,.ETRD.E". PANEL .A" BE AN ,ON,T,ON SOURCE 
IGNITION" PROTEGTED /UNLESS ,T 'S ,O',.T,O'.'ROTECTEO 

J t  PARTIAL BULKHEAD TO CREATE ISOLATION OF FUEL EQUIPMENT ~ / ~ / j  / SOURCE FROM ,.NITION BOURCE 

/ ~ . . . . ~ \  ~ ~",LE~,,T,E,DN,T,ONPROTECTEO '__ 
• IE SQUARE, INCHES OPEN AREA PER EACH - -  

COCKPt T ,- . .  j ; 
AREA L .  ~ ;  "2' M;N "J 

EACH CUBIC FOOT OF NET 

C TOE BOARD 

F o r  SI  U n i t s :  1 in .  = 2 . 5 4  × 1 0 - Z m ;  1 ft  = 3 .048  × 10 - l m ;  1 s q i n .  = 6 .45  x 1 0 - * m Z ;  1 c u f t  = 2 .83  × 1 0 - Z m  3 

F i g u r e  7 -9 .1 (6)  
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For SI Units: 1 in. = 2.54 × 10 ~ m  

F i g u r e  7-9.1 (7) 

N O T E  1: Seepage of not more than  ¼ fluid ounce (7.4 x 
10-6 m 3) per  hour  pe rmi t t ed  below the water-resis tant  height .  
This  includes bu lkhead  fastenings and  space a round  hatches,  
doors, access panels,  etc. and  items passing th rough  the 
bulkhead.  

N O T E  2: Openings  above the water-resis tant  height  may not 
have more than  ¼ in. (7.4 × 10 6 m s) annu l a r  space a round  
items passing th rough  the openings.  

7-9.2 If  LPG or C NG is provided on the boat, electrical 
devices which can function or cycle automatically without 
the presence of a person shall be ignition-protected. 

Exception: The ignition protection requirements will not be ex- 
tended beyond those in 7-9.1 if  the following conditions are met. 

(1) Only one gas appliance is provided on the boat. 

(2) The gas supply at the tank can be shut off by means of an 
automatic or manually operated control that is an integral part of,, 
or is located in the vicinity of the gas appliance. Manual controls 
shall have a warning light or warning device to indicate when the 
gas supply valve is open. 

7-9.3 An electrical component is isolated from a gasoline 
fuel source if: 

(a) The distance between the electrical component  and 
the fuel source is at least 2 ft (.61 m) and the space is open 
to the atmosphere. 

(b) The electrical component  is: 

(1) Lower than the gasoline fuel source and a means 
is provided to prevent gasoline fuel and gasoline fuel 
vapors, that may  leak from the gasoline fuel sources, from 
becoming exposed to the electrical component ,  or 

(2) Higher  than the gasoline fuel source and a deck 
or other enclosure is between it and the gasoline fuel source, 
o r  

UNDER 5 0  VOLTS 3 0 2 - 2 5  

(c) A bulkhead is provided between the fuel source and 
ignition source that: 

(1) Separates the electrical component  from the fuel 
source and extends both vertically and horizontally the dis- 
tance of  the open space between the gasoline fuel source 
and the ignition source, and 

(2) Resists a water level that is 12 in. (.305 m) high 
or t/s of the max imum height of  the bulkhead, whichever 
is less, without seepage of more than 1/4 fluid ounce (7.4 
x 10 6 m 3) of fresh water per hour, and 

(3) Has no opening higher than 12 in. (.305 m) or 
1/3 the max imum height of the bulkhead whichever is less, 
unless the opening is used for the passage of conductors,  
piping, ventilation ducts, mechanical equipment,  and 
similar items, or doors, hatches, and access panels; and 
the maximum annular  distance around each item or door, 
hatch or access panel is not more than 1/4 in. (.64 x 

10 2 m ) .  

7-10 Overcurrent Protection. 

7 - 1 0 . 1 0 v e r c u r r e n t  Protection Location. Conductors 
other than cranking motor  conductors shall be provided 
with overcurrent protection within a distance of 7 in. 
(. 18 m) of the point at which it is connected to the source 
of power measured along the conductor.  See Diagram 
7-10.1. 

S I N G L E  B A T T E R Y  
7Z'" MAX 

OVERCURREN T PROTECTION 
DEVICE ( FUSE OR CIRCUIT 
BREAKER ) TYPICAL 

CRANKING MOTOR 
CONDUCTO R 

o ,  
40"MAX • 

CONOUCTORS TO i 
VAR IOUS LOADS AS 
NEEDED I NO LENGTH 
RESTRICTION ) 

7" MA X 

.... m m J '  

D U A L  B A T T E R I E S  

A T T E  Y 

7 2 " M A X .  

\ mzw--- ,  

CONDUCTORS TO VARIOUS 
LOADS ASNEEDED 

7" MAX. 

4O" MAX . t  

OVERCURRENT PROTEC~tON 
DEVICE (FUSE OR CIRCUIT 
0REAKER ) TYPICAL 

NQ B A T T E R Y  SWITCH 

~ "  MAX • 

Diagram 7-10.1 

F o r S I  Units: 1 in. = 2.54 x 1 0  2 m  

NOTE:  Up to 40 in. (1.02 m) is al lowed if the conductor ,  
th roughout  this distance,  is con ta ined  in a sheath or enclosure, 
such as a junct ion  box, control  box, or enclosed panel .  

N O  S T A R T E R  C I R C U I T  

~2" MAX. 

OVERCUFIRE f ~ O T E C T I O N  :Y DEVICE ( FUSE OR CIRCUIT 
BREAKER ) 

' CONDUCTOR TO LO 

Exception No. 1: I f  the conductor is connected directly to the bat- 
tery terminal the 7-in. (. 18-m) distance may be increased to 72 in. 
(1.83 m). 
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Exception No. 2: I f  the conductor is between the source of power, 
other than the battery terminal, and the required overcurrent protec- 
tion device, and is contained throughout its entire distance in a sheath 
or enclosure such as a conduit, junction box, control box or enclosed 
panel, the 7-in. (. 18-m) distance may be increased to 40 in. 
(1.02 m). 

7 - 1 0 . 2  M o t o r s  or  M o t o r  O p e r a t e d  E q u i p -  
ment.  Motors and motor operated equipment, except for 
engine cranking motors, shall be protected internally, at 
the equipment, or by branch circuit overcurrent devices 
suitable for motor current. The protection provided shall 
preclude a fire hazard if the circuit, as installed, is energized 
for seven hours under any conditions of overload, including 
locked rotor. This may require the use of thermally respon- 
sive protection devices on the equipment or system if the 
motor is not capable of operating continuously at maximum 
possible loading. 

N O T E :  It m a y  be necessary  to test as installed in o rder  to assure  
compl i ance  wi th  the locked ro to r  r equ i r emen t .  Vol tage  d r o p  due  
to wire size a n d  delay charac ter i s t ics  of  the o v e r c u r r e n t  protec-  
t ion device m a y  have  to be ad jus ted  to pro tec t  the motor .  

7-10.3 Resistive Loads. The rating ofovercurrent pro- 
tection devices used to protect both the conductor and a 
load other than a DC motor shall not exceed 150 percent 
of the current-carrying capacity of the conductor being 
protected. 

7-10.4 Branch Circuits.  Each ungrounded conductor 
of a branch circuit shall be provided with overcurrent pro- 
tection at the point of connection to the panelboard or 
unless the main circuit breaker or fuse provides such 
protection. 

7-10.5 Distr ibut ion Panels ,  Panelboards and Switch- 
boards. A trip-free circuit breaker or a fuse shall be in- 
stalled at the source of power for the panelboard. The over- 
current protection shall not be more than 100 percent of 
the load capacity of the total load of the panelboard and 
shall not exceed 100 percent of the current-carrying capac- 
ity of the feeders to the panelboard. The protection at the 
power source shall not be greater than 150 percent of either 

PANELBOARD 

PANELBOARD FEEDER CON DUCTOR 

PANELBOARO 
PROTECTION 
100PERCENT 
MAXIMUM 

PANELBOARD FEEDER 
PROTECTION ~_~ 
T50PERCENT 
MAXIMUM 

l 
PANELBOARD FEEDER CONDUCTOR 

PANELBUARD J~ 
PROTECTION 
100 PERCENT 
M&XIMUM 

Diagram 7-10.5  

the supply or return conductor ampacity unless it also is 
the distribution panel or switchboard overcurrent protec- 
tion in which case it shall not exceed 100 percent of the 
load capacity. 

7-10.6 Circuit Breakers. Circuit breakers shall: 

(a) Have a DC voltage rating of not less than the 
nominal system voltage. 

(b) Be of the trip-free type. 

(c) Be capable of an interrupting capacity according to 
Table 7-10.6 and meet the marine requirements of UL 489, 
Molded Case Circuit Breakers and Circuit Breaker Enclo- 
sures or UL 1077, Supplementary Protectors for Use in 
Electrical Equipment or SAE J1428, Marine Circuit 
Breakers. Circuit breakers which meet the requirements 
of UL 1077 may be used as branch circuit breakers if they 
can interrupt the current specified for branch circuit 
breakers in Table 7-10.6 alone or in combination with the 
main circuit breaker. 

(d) Meet the requirements of UL 1500, Test Procedure 
for Ignition-Protection or SAE Jl171, External Ignition 
Protection of Marine Electrical Devices at 4 times their 
rated current if located in a space that requires ignition 
protection. 

Table 7-10.6 Circuit Breaker Minimum 
Amperage Interrupting Capacity 

Cold  Cranking 
Current Rating 
at °F of Total 
Connected 
Battery Capacity 

Ampere Interrupting Capacity (A . I .C . )  
(Amperage Available at Circuit Breaker 

Terminals) 
Main Circuit Breaker Branch Circuit Breaker 

(Amperes )  (Amperes) 
(See No te  1) (See No te  1) 

12 Volts and  24 Volts 
650 or less 1500 750 
6 5 1 - 1 1 0 0  3000 1500 
over 1100 5000 2500 

32 Volts 
1250 or  less 3000 1500 
over 1250 5000 2500 

N O T E  1 : T h e  " M a i n  Ci rcu i t  B reake r "  shall  be  cons idered  to 
be the  first breaker(s)  in a c i rcui t  c o n n e c t e d  in series with the  
ba t t e ry .  All subsequen t  b reakers  c o n n e c t e d  in series wi th  a Main  
Ci rcu i t  Breake r  shall  be cons idered  to be " B r a n c h  Circui t  
Breake r s . "  

N O T E  2: U n d e r  Ba t t e ry  Counci l  I n t e rna t i ona l  convers ion fac- 
tors the fol lowing a p p r o x i m a t e  cor re la t ions  are  of fered  for  °F: 

Co ld  Cranking Amperes Ampere Hours (20 hour rating) 

630 120 
1076 205 
1260 240 

For  the pu rpose  of  conve r t i ng  the 20 h o u r  a m p / h o u r  r a t i n g  to 
a p p r o x i m a t e  cold c r a n k i n g  amps ,  use a value  of  5.25 x the 
a m p / h o u r  r a t ing .  

7-10.7 Fuses. Fuses shall: 

(a) Have a DC voltage rating of not less than the 
nominal system voltage. 

(b) Be capable of an interrupting capacity according to 
Table 7-10.6. 

(c) Meet the requirements of UL 1500, Test Procedure 
for Ignition-Protection or SAE J l171, External Ignition 
Protection of Marine Electrical Devices at 4 times rated 
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current  if located in a space that requires ignit ion 
protection.  

7-10.8 In tegra l  Overcurrent Protection Devices.  Inte- 
gral overcurrent  protection devices without a manual  reset 
may  be used as an integral  part  of  an electrical device pro- 
vided the rest of the circuit  is protected by a tr ip-free cir- 
cuit protect ion device(s) or a fuse(s). In tegral  overcurrent  
protect ion shall be sized to protect  the accessor in which 
it is installed. 

7-10.9 P ig ta i l s .  Pigtails less than 7 in. (. 18 m) in length 
are exempt  from overcurrent  protect ion requirements .  

7-11 Switches. 
7-11.1 B a t t e r y  Swi tch  L o c a t i o n .  If  used, a ba t te ry  
switch shall be moun ted  as close as pract icable  to the bat-  
tery and shall be readi ly accessible without  opening  the 
engine space. 

7-11.2 Vessels 26 fl (7.9 m) and over in overall  length 
shall have an approved  mas te r  bat tery  switch. 

NOTE: Automatic bilge pumps may be wired to bypass this 
switch. 

7-11.3 Ba t t e ry  Swi tch  Rat ings .  The intermittent rating 
of a ba t te ry  switch shall not be less than the m a x i m u m  
cranking current  of the largest engine cranking motor  
which it serves. The  cont inuous rat ing of a bat tery  switch 
shall not be less than the total of the ampaci t ies  of the main  
overcurrent  protect ion devices connected to the ba t te ry  
switch. 

7-11.4 If  single pole switches are used in branch circuits 
they shall be installed in the positive conductor  of the 
circuit.  

Exception No. 1: Engine mounted pressure, vacuum and 
temperature operated switches. 

Exception No. 2: Switches such as used for control of alarm 
systems. 

7-11.5 Switches shall have voltage rat ings not less than 
the system voltage and current  rat ing not less than the con- 
nected load. 

NOTE: Consideration shall be given to selection of special 
switches for use with high current inductive loads. 

7-12 Appliances and Equipment.  
7-12.1 Appl iances  and fixed DC electrical equ ipment  
shall be designed so that the cur ren t -car ry ing  parts  of  the 
device are insulated from all exposed electrically conduc-  
tive parts.  

Exception No. 1: Engine mounted equipment. 

Exception No. 2: The foUowing devices may have the negative 
conductor connected to exposed electrically conductive parts. The 
polarity of both the positive and negative connections shall be iden- 
tiffed and these devices shall be mounted only on electrically non- 
conductive material and not be bonded. 

(a) Communications and audio equipment. 
(b) Electronic navigation equipment. 
(c) Instruments and instrument clusters. 

(d) Cigar lighters. 

UNDER 50 VOLTS 302-27 

(e) Liquid level gage transmitters (for installation on conductive 
surfaces) 

09 Navigation lights operating at 12 volts or less. 

7-12.2 G r o u n d e d  L i q u i d  L e v e l  Gage Transmitters 
(Senders). G r o u n d e d  l iquid level gage t ransmit ters  
moun ted  on metall ic  tanks or tank plates shall have the 
t ransmi t te r  negat ive re turn  conductor  connected directly 
to the engine negat ive terminal ,  its bus,  or for ou tboard  
boats  the ba t te ry  negative terminal .  This  conductor  shall 
also serve as the static ground and/or  the bonding  conduc- 
tor. I f  this conductor  is used as the tank system bonding  
conductor  it shall be at least No. 8 A W G .  No other  device 
shall be connected to this conductor .  

Exception: Tank fills and vents may be statically grounded to the 
tank or the tank plate. 

7-12.3 Pigtail  connect ions on submers ible  devices such 
as submers ible  bilge pumps  shall be not less than 16 in. 
(.41 m) long. 

7-13 System Wiring. 

7-13.1 Conductors  and flexible 
m i n i m u m  ra t ing  of 300 volts. 

cords shall have a 

7-13.2 The  construction of insulated cables and conduc- 
tors shall conform with the requi rements  of SAE J378,  
j l 1 2 7 ,  j l 1 2 8  or U L  1426, Boat Cable .  

7-13.3 Conductors  may be selected from the types listed 
in Tables  7-13.3 and 8-14.2. The  t empera tu re  ratings 
shown contempla te  the rout ing of wires above bilge water  
in locations protected from dr ipping,  exposure to weather,  
spray and oil. 

Table 7-13.3 SAE Conductors 

Available 
Insulation Temp. Rating 

Type Description per SAE J378b 
GPT Thermoplastic Insulation, 60°C (140°F) 90°C (194°F) 

Braidless 105 °C (221 °F) 
HDT Thermoplastic Insulation, 60°C (140°F) 90°C (194°F) 

Braidless 105°C (221 °F) 
SGT Thermoplastic Insulation, 60°C (140°F) 90°C (194°F) 

Braidless 105°C (221 °F) 
STS Thermosetting Synthetic 85°C (185°F) 90°C 

Rubber Insulation, Braidless (194 °F) 
HTS Thermosetting Synthetic 85°C (185°F) 90°C 

Rubber Insulation, Braidless (194°F) 
SXL Thermosetting Cross-Linked 125°C (257°F) 

Polyethylene Insulation, 
Braidless 

7-13.4 Flexible cords shall conform with the National Elec- 
trical Code and shall be selected from the types listed in Table 
8-14.3. 

7-13.5 Conductors  and flexible cords shall be s t randed 
copper  according to Table  8-14.4 and sized according to 
Table  8-14.5. 

7-13.6  Conduc tors  and flexible cords shall be sized for 
voltage d rop  in accordance with the following: 

(a) Pane lboard  Ma in  Feeders  - -  3 percent .  

(b) Naviga t ion  Light  Circui ts  - -  3 percent .  
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(c) Electronic Equ ipmen t  Circui ts  - -  3 percent .  

(d) Bilge Pump,  Blower and Refr igera t ion  M o t o r  Cir-  
cuits - -  3 percent .  

(e) All Othe r  Non-Cr i t ica l  Circui ts  - -  10 percent .  

7-13.7 Conduc to r  sizes may  be calculated by means  of 
the following formula  based on the 3 percent  and  10 per- 
cent voltage drop.  I f  the circular  mil a rea  is found to be 
less than the value in Table  8-14.4 the next larger  size con- 
ductor  is to be used. 

K ×  I ×  L CM 
E 

Legend 
CM = Circular  mil area of conductor .  

K = 10.75 (constant  represent ing the rail-foot resistance of copper) .  

I = Load  current  in amperes .  

L = Length  of conductor  f rom the positive power source connect ion 
to the electrical device and back to the negative power source 
connection,  measured  in feet. 

E = Voltage drop at load in volts (e.g.,  12 volt @ 3% = 0.36). 

7-14 W i r i n g  I n s t a l l a t i o n .  

7-14.1 Cur ren t - ca r ry ing  conductors  shall be routed as 
high as pract icable  above the bilge water  level and  other  
areas where water  m a y  accumulate .  

Exception: I f  conductors must be routed in the bilge or other areas 
where water may accumulate, the wiring and connectors shall be 
watertight. 

7-14.2  Conductors  shall be routed as far away as prac-  
ticable from exhaust  pipes and other heat  sources. A clear- 
ance of  at least 2 in. (.051 m) between conductors  and  
water-cooled exhaust components and a clearance of at least 
9 in. (.23 m) between conductors  and dry  exhaust  compo-  
nents shall be maintained.  The  clearance shall be increased 
to 18 in. (.46 m) directly above a dry  exhaust.  

Exception No. 1: Wiring on engines. 

Exception No. 2." Exhaust temperature sensor wiring. 

7-14.3 Battery cables shall not be routed such that  they 
are in contact  with metall ic fuel system components .  

7-14.4 Conductors  which m a y  be exposed to physical  
damage shall be protected by loom, conduit,  tape, raceways 
or other equivalent protection. The  protection shall be self- 
draining.  Conductors  passing through bulkheads or struc- 
tural  members  shall be protected to min imize  insulat ion 
damage  such as chafing. Conduc tors  shall also be routed 
clear of sources of chafing such as steering cable and link- 
ages, engine shafts and  belts and  thrott le  connections.  

7-14.5 Conductors  shall be at least 16 gage. 

Exception: Eighteen gage conductors may be used if  included with 
other conductors in a sheath and do not extend more than 30 in. 
(. 76 m) outside the sheath. 

7-14.6 Conduc tors  shall be suppor ted  throughout  their  
length or, a l ternat ively,  shall be secured at least every 18 
in. (.46 m) by one of the following methods:  

(1) Nonmeta l l ic  clamps of  a size to hold the conduc-  
tors f irmly in place. Nonmetal l ic  straps or clamps shall not 

be used over engine(s),  moving  shafts, other  machinery  
or  passageways if failure would result in a hazardous  con- 
di t ion.  The  mater ia l  shall be resistant  to oil, gasoline, and 
water  and shall not break or  crack under  flexing within 
a t empera tu re  range of 34 °C (-30 °F) to 121 °C (250 °F). 

(2) Meta l  straps or c lamps with smooth,  rounded  
edges. That  section of the conductor or cable directly under  
the strap or c lamp shall be protected by means  of loom, 
tape or  other  suitable wrapp ing  to prevent  injury to the 
conductor .  

Exception No. 1: Battery cables within 36 in. (. 91 m) of a bat- 
tery terminal. 

Exception No. 2." Cables attached to outboard motors. 

(3) Meta l  c lamps l ined with an insulat ing mater ia l  
resistant  to the effects of oil, gasoline and water.  

7-15 W i r i n g  C o n n e c t i o n s .  

7-15.1 Metals  used for the terminal  studs, nuts and 
washers shall be corrosion resistant  and  galvanical ly com- 
pat ible  with the conductor  and  terminal  lug. A l u m i n u m  
and unpla ted  steel shall not be used for studs, nuts and 
washers. 

7-15.2 Wi r ing  connections and terminals  shall be 
specifically designed for use with s t randed wire. 

7-15.3 Each conductor  splice jo in ing  conductor  to con- 
ductor ,  conductor  to connectors,  and conductor  to termi-  
nals shall be able to wi ths tand a tensile force equal  to at 
least the value shown in Table  8-15.9 for the smallest con- 
ductor  size used in the splice for a one-minute  dura t ion  
and not break.  

7-15.4 Te rmina l  connectors  shall be the r ing or captive 
spade types. 

Exception: Friction type connectors may be used if: 

(1) The voltage drop from terminal to terminal does not exceed 
50 millivolts for a 20-amp current flow, and 

(2) The connection does not separate if  subjected to a 6-lb 
(26. 7-N) tensile force along the axial direction of the connector for 
one minute. 

7-15.5 Connect ions  may  be made  using a set-screw 
pressure- type conductor  connector  provid ing  a means  is 
used to prevent  the set screw from bear ing  directly on the 
conductor  strands.  Set-screw type conductor  connectors  
without  such means  shall be used only on seven-strand 
conductors .  

7-15.6 Twist-on connectors (wire nuts) shall not be used. 

7-15.7 Solder  shall not be the sole means  of mechanical  
connect ion in any circuit.  

Exception: Battery lugs with a solder contact length of not less 
than 1.5 times the diameter of the conductor. 

7-15.8  Solderless c r imp-on connectors  shall be a t tached 
with the type of c r imping  tools designed for the connector  
used. 

7-15.9 Each ba t te ry  te rminal  post shall not be used for 
more  than one conductor .  
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7-15.10 No more than four conductors shall be secured 
to any one terminal stud. 

7-15.11 Ring and captive spade type terminal connec- 
tors shall be the same nominal size as the stud. 

7-15.12 Conductors terminating at switchboards, in 
junction boxes or fixtures shall be arranged to provide a 
length of conductor to relieve tension, to allow for repairs 
and to permit multiple conductors to be fanned at terminal 
studs. 

7-15.13 The shanks of terminals shall be protected 
against accidental shorting by the use of insulation bar- 
riers or sleeves, except for those used in grounding systems. 

7-16 Receptacles. 
7-16.1 Receptacles shall be installed in locations not nor- 
mally subject to rain, spray or flooding. If receptacles are 
used in such areas, the following shall apply: 

(a) Weatherproof if subject to rain or spray. 

(b) Watertight if subject to flooding. 

7-16.2 Receptacles and matching plugs used on DC 
systems shall not be interchangeable with receptacles and 
matching plugs used elsewhere on the boat for AC systems. 

7-17 Plug Connectors. 
7-17.1 Connectors used in conjunction with harness-type 
wiring systems shall comply with the following: 

(a) Connectors shall incorporate means such as cable 
clamps, molded connectors, insulation grips or extended 
terminal barrels to limit flexing at the connection. 

(b) Connectors exposed to weather shall be weatherproof 
or if subject to immersion shall be watertight. 

(c) Each terminal in a multi-wire connector shall be pro- 
tected from accidental short-circuiting to adjacent 
terminals. 

(d) Connectors shall have provision for a minimum 
disengagement force of 6 lb (26.7 N) along the axial direc- 
tion of the connector for one minute. 

Chapter 8* Alternating Current (AC) 

Electrical Systems on Boats 

8-1 General. The following practices and standards 
establish the requirement for the design and installation 
of alternating current (AC) electrical systems on boats 
operating at frequencies of 50 or 60 hertz and less than 
300 volts including shore-powered systems up to the point 
of connection to the shore outlet. 

8-2 Definitions. 

Engine Negative Terminal. The point on the engine 
at which the negative battery cable is connected. 

Ground. Ground applies to the potential of the earth's 
surface. The boat's ground is established by a conducting 

connection (intentional or accidental) with the earth, in- 
cluding any conductive part of the wetted surface of a hull. 

Ground-Fault Circuit-Interrupter. A device in- 
tended to interrupt the electric circuit to the load when a 
fault current to ground exceeds some predetermined value 
that is less than that required to operate the overcurrent 
protective device of the supply circuit. 

Grounded Conductor. A current-carryingconductor 
connected to the side of the source which is intentionally 
maintained at ground potential. 

NOTE: This may be referred to as the neutral (white) conduc- 
tor in AC electrical systems. 

Grounding Conductor (Green). A conductor, not 
normally carrying current, provided to connect the exposed 
metallic enclosures of electrical equipment to ground for 
the purpose of minimizing shock hazard to personnel. 

Ignition Protection. The design and construction of 
a device such that under design operating conditions: 

(a) It will not ignite a flammable hydrocarbon mixture 
surrounding the device when an ignition source causes an 
internal explosion, or 

(b) It is incapable of releasing sufficient electrical or ther- 
mal energy to ignite a hydrocarbon mixture, or 

(c) The source of ignition is hermetically sealed. 
A flammable hydrocarbon mixture is a mixture of gaso- 

line and air or propane and air between the lower explosive 
limit (LEL) and upper explosive limit (UEL). 

NOTE 1: It is not the intention to require such devices to be 
"explosionproof" as that term is defined in the National Electrical 
Code of the NFPA pertaining to shore systems, or 46 CFR 
110.15-65(e) of CG 259, Subchapter J-Electrical Engineering. It 
is intended that the protection provided be generally equivalent 
to that of wiring permitted by this standard wherein a definite short 
or break would be necessary to produce an open spark. 

NOTE 2: Devices that are "explosionproof" are considered to 
be ignition-protected when installed with the appropriate fittings 
to maintain their "explosionproof'  integrity. 

NOTE 3: It is not the intention to require such devices to be 
"intrinsically safe" per Article 500 of the National Electrical Code 
of the NFPA or 46 CFR 111.80-5(a)(3) of CG 259, Subchapter 
J-Electrical Engineering. 

NOTE 4: Devices that are "intrinsically safe" are considered 
to be ignition-protected. 

Isolator. A device installed in series with the ground- 
ing (green) conductor of the shore-power cable to effectively 
block galvanic current flow but permit the passage of alter- 
nating currents (AC) normally associated with the ground- 
ing (green) conductor. 

Overcurrent Protection Device. A device, such as a 
fuse or circuit breaker, designed to interrupt the circuit 
when the current flow exceeds a predetermined value. 

Panelboard. An assembly of devices for the purpose 
of controlling and/or distributing power on a boat. It may 
include devices such as circuit breakers, fuses, switches, 
instruments and indicators. Panelboards are intended to 
be installed in enclosures and may be accessible from the 
front or the rear. 

Polarized System. A system in which the grounded 
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(white) and ungrounded conductors are connected in the 
same relation to all terminals or fixture leads on all devices 
in the circuit, including the shore power connections. 

NOTE: This standard assumes the shore-power source is wired 
in accordance with the National Electrical Code, Article 555. 

Pigtails. External conductors that originate within an 
electrical component or appliance. 

Self-Limiting. A machine whose maximum output is 
restricted to a specified value by its magnetic 
characteristics. 

Shore-Power Inlet. The fitting designed for mount- 
ing on the boat, of a reverse-service type, requiring a female 
connector on the shore-power cable in order to make the 
electrical connection. 

Trip-Free Circuit Breaker. A thermal and/or 
magnetically operated overcurrent protection device, de- 
signed so that the resetting means cannot be manually held 
in to override the current-interrupting mechanism. 

Watertight. Enclosed so that equipment does not leak 
when a stream of water from a hose with a nozzle one inch 
in diameter that delivers at least 65 gallons per minute (246 
lpm) is played on the enclosure from any direction from 
a distance of 10 feet (3.1 m) for 5 minutes. 

Weatherproof. Constructed or protected so that ex- 
posure to the weather will not interfere with successful 
operation. 

NOTE: For the purpose of this standard as applied to marine 
use, weatherproof implies resistance to rain, spray and splash. 

8-3 Requirements - -  In General. 
8-3.1 The system shall be polarized. 

8-3.2 A grounded neutral system is required, but the 
neutral shall be grounded only at the power source, i.e., 
at the on-board generator, or the secondary of the isola- 
tion transformer, or through the shore-power connection. 

8-3.3 Individual circuits shall not be capable of being 
energized by more than one source of electrical power at 
a time. Each shore-power inlet or generator is a separate 
source of electrical power. 

8-3.4 Energized parts of electrical equipment shall be 
guarded against accidental contact by the use of enclosures 
or other protective means; these shall not be used for non- 
electrical equipment. Access to enclosures containing ener- 
gized parts of the electrical system shall require the use of 
hand tools. 

8-4 Marking.  
8-4.1 Shore-Power Inlet Warning. A permanently 
mounted waterproof warning sign shall be located alongside 
each shore-power inlet location on the boat. The warning 
sign shall include the informational elements shown in Fig- 
ure 8-4.1 except item (3) is not required if a polarity in- 
dicator is not required. 

8-4.2 Marking of Controls. All switches and controls 
shall be marked to indicate their usage, unless the purpose 
of the switch is obvious and if operation of the switch could 

not under normal operating conditions cause a hazardous 
condition. 

Figure 8-4.1 Shore-Power Inlet Warning 

WARNING 
To minimize shock and fire hazards: 

(1) Turn off the boat's shore connection switch before 
connecting or disconnecting shore cable. 

(2) Connect shore-power cable at the boat first. 

(3) If polarity warning indicator is activated, immedi- 
ately disconnect cable. 

(4) Disconnect shore-power cable at shore-outlet first. 
(5) Close shore-power inlet cover tightly. 

DO N O T  A L T E R  S H O R E - P O W E R  CABLE 
CONNECTORS.  

8-4.3 Marking of Equipment. All electrical equipment 
shall be marked to indicate: 

(a) Manufacturer's identification. 

(b) Model number. 

(c) Rating in volts and amperes or volts and watts. 

(d) Phase identification if applicable. 

(e) Ignition-protected if applicable. 

8-5 System Voltage. 
8-5.1 Nominal system-voltages for AC electrical systems 
shall be selected from the following: 

120 volts AC, single phase 

240 volts AC, single phase 
120/240 volts AC, single phase 

120/240 volts AC, delta three-phase 

208Y/120 volts, three-phase 

8-6 Ambient Temperature. 
8-6.1 The ambient temperature of machinery spaces is 
considered to be 50 °C (122 °F) and of all other spaces is 
considered to be 30 °C (86 °F). 

8-7 Ignition Source. 
8-7.1 Potential sources of ignition located in machinery 
and fuel tank spaces, and in spaces containing joints, 
fittings or other connections between components of the 
gasoline fuel system shall be ignition-protected, unless the 
electrical component is isolated from a gasoline fuel source 
as described in 8-7.3. 

Exception." Boats using diesel fuel as the only fuel. 

8-7.2 If LPG or CNG is provided on the boat, all unat- 
tended potential sources of ignition below the main deck 
shall be ignition-protected. 

Exception: The ignition protection requirements will not be ex- 
tended beyond those in 8-7.1 if all of the following conditions are met. 

(a) Only one gas appliance is provided on the boat. 

(b) The gas supply at the tank can be shut off by means of an 
automatic or manually operated control that is an integral part @ 
or is located in the vicinity of, the gas appliance. Manual controls 
shall have a warning light or warning device to indicate when the 
gas supply valve is open. 
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TO FUEL L SOURGE - GOMPARTMENT BLOWER 

AREA OF 0 
ING AT LEA 
SQ. IN./GU. 
NET GOM 
VOLUME 

B E L O W  F U E L  S O U R C E S  I G a  I T | O N  ° P R O T E C T E  D E N G I N  E 

SPAGES REQUIRING 
~ IGNITION- PROTEGTED 

/ '/J~ J ~ INSTRUMENT PANEL MAY BE AN tGHITION SOURCE 

• 

AREA "2' M N ~,' 

COCKPIT DECK TOE BOARD I 

INSTRUMENT PANEL MAY BE AN IGNITION SOURCE 
/'UNLESS tT IS IGNITION.PROTECTED 

/ PARTIAL BULKHEAO TO CREATE ISOLATION OF FUEL 

For  SI Units: 1 ft = 3.05 x 10 '; 1 sq in. = 6.45 × 10 4 rnZ: 1 cu ft = 2 .83 x 10 e m 3 

Figure 8-7.1 

8-7.3 An  electrical component  is isolated from a fuel 
source if: 

(a) A bulkhead that meets the requi rements  of  8-7.4 is 
between the electrical component  and  the fuel source; 

(b) The  electrical component  is: 

(1) Lower than the fuel source and a means  is pro-  
vided to prevent  fuel and  fuel vapors  that  may  leak from 
the fuel sources from becoming  exposed to the electrical 
component ;  or 

(2) Higher  than the fuel source and a deck or other  
enclosure is between it and  the fuel source; or 

(c) The  space between the electrical component  and the 
fuel source is at least 2 ft (.61 m) and the space is open 
to the a tmosphere .  

8-7.4 Each bulkhead  shall: 

(a) Separate  the electrical component  from the fuel 
source and extend both vert ical ly and horizontal ly  the 
distance of  the open space between the fuel source and the 
ignit ion source; and  

(b) Resist  a water  level that  is 12 in. (.305 m) high or  
1/3 of the m a x i m u m  height of the bulkhead,  whichever is 
less, without  seepage of more  than 1/4 fluid ounce (7.4 x 
10 6 m 3) of fresh water  per  hour;  and 

(c) Have  no opening  higher  than 12 in. (.305 m) or  l/s 
the m a x i m u m  height  of the bulkhead,  whichever  is less, 

unless the opening  is used for the passage of  conductors ,  
piping,  venti lat ion ducts,  mechanical  equipment ,  and  
s imilar  i tems, or doors,  hatches,  and  access panels;  and 
the m a x i m u m  annu la r  space a round  each i tem or door,  
hatch or access panel  must  not be more  than 1/4 in. (.64 
x 10 ~ m). 

8-8 S h o r e - P o w e r  P o l a r i t y  Devices .  

8-8.1 Reverse  polar i ty  indica t ing  devices provid ing  a 
continuous visible or  audible signal shall be installed in 120 
V A C  shore-power  systems, if: 

(a) The  polar i ty  of the system must  be ma in ta ined  for 
the proper  operat ion of electrical devices in the system, or; 

(b) A branch circuit  is provided with overcurrent  pro- 
t ec t ion  in on ly  the u n g r o u n d e d  c u r r e n t - c a r r y i n g  
conductors .  

Exception: Systems with polarization or isolation transformers 
which establish the polarity of the on-board system. 

N O T E  1: Reverse  polar i ty  ind ica t ing  devices r e spond  only  to 
reversal of  u n g r o u n d e d  conductors  and  g rounded  (white) conduc tor  
when  there  is con t inu i ty  of  the g r o u n d i n g  (green)  c o n d u c t o r  to 
shore. 
NOTE 2: Reverse polarity indicating devices may not respond 
to reversals of ungrounded conductors and grounding (green) con- 
ductor, grounded (white) conductor and grounding (green) con- 
ductor or reversal of three-phase conductors. 

1989 Edition 



302-32 PLEASURE AND COMMERCIAL MOTOR CRAFT 

WATER-RESISTANT H E I G H ~  I <%'I~','?LX;~M'~M";,"'t;" T " ~ ' ~  

For S1Units: l in. = 2.54 × 1 0 - l m  

F i g u r e  8-7.4 

N O T E  1 : Seepage of not more than  V~ fluid ounce per  hour  per- 
mi t ted  below the water-resis tant  height.  This  includes bu lkhead  
fastenings and space around hatches, doors, access panels, etc. and 
i tems passing through the bulkhead.  

N O T E  2: Open ings  above the water-resis tant  height  may not 
have more  than  1/, in. (.64 x 10 -~ m) annu la r  space a round  
i tems passing th rough  the openings.  

8-8.2 The total impedance of polarity indicating and pro- 
tection devices connected between normal current-carrying 
conductors and the grounding conductor shall not be less 
than 25,000 ohms at 120 volts, 60 hertz at all times. 

8-8.3 Conductors shall be identified to indicate polarity 
according to Diagrams 8-8.3(1) through (9). 

UNGROUNDED CONDUCTOR (BLACK) 

GROUNDED NEUTRAL CONDUCTOR (WHITE) 

GROUNDING CONDUCTOR (GREEN) 

L ~ ~ ~ ~----BHORE CONNECT'ON 
¢,.: . . . . . .  ~ SHORE-POWER CABLE 

. . . . . . .  ~_.___-----~ POWE R INLET 
SHORE SIDE - - - -  F /~ \ ")T x" / ~ ~._ . . . . . . . . . . . .  

' "~-T:~:-~:  ~_ ~--~.LAR,TYD~ ~ - -  '----I- - - - - -L- -J  's~BECT'°N'' 
ISEOpTLIAoTNOARL)-~ " ~  V~-'~tT~7 MAIN SHORE-POWER DISCONI 

-IL___J J ~ C,RCD,T BReAKeR 
1207 

AUXILIARY . ~ , , ~ ,  
GENERATOR 

BOAT GROUND 

;ROUNDING CONDUCTOR 

BREAK-BEFORE MAKE SWI~ 

1. AUXILIARY GENERAT( 
2. OFF ;OPTIONAL) 
3. SHORE-POWER (SHOW~ ON) 

TO BRANCH CIRCUIT 
PROTECTIVE DEVICES 

Diagram 8-8.3(1) T y p i c a l  S ingle-Phase  120-Voh A u x i l i a r y  Generator 

Shore-Power Selector Switch  C i r c u i t  

GROUNDED NEUTRAL CONDUCTOR (WHITE) 

GROUNDING CONDUCTOR (GREEN) 

~. . . . .  ~ ~ SHORE-POWER C~ 

- - - ~ w J - ~  POWER INLI 

~'-- BOAT ~__ ) . . . . . . .  ~)--~1 v 

GROUNDING CONDUCTOR (GREEN) ~ MAIN SHORE-PO~ 
CIRCUIT I 

DISCONNECT 

MARINE 
BATTER~ 
CHARGEr I-5-- 

120 VAC 

CIRCUIT 
BREAKERS 

NOTE: SINGLE CIRCUIT BREAKERS (IN UNGROUNDED CONDUCTOR) MAY BE USED IF 
POLARITY INDICATOR IS USED. 

Diagram 8-8.3(2) Single-Phase 120-Volt System with Shore 
Grounded Neutral Conductor and Shore Grounding Conductor 
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3.POL 
TYPE 
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UNGROUNDED CONDUCTOR (BLACK) 
GROUNDED NEUTRAL CONDUCTOR (WHITE| 
UNGROUNDED CONDUCTOR (RED) f I I 
GROUNDING CONDUCTOR (GREEN) / / 

3- POLE, 4- WIRE GROUNDING ~ 1 i i ~ L~---- SHOR E CONNECTION TYEEPLUGS'RECEPTACLES \ ' t t 

r -  1 -  - 1 - - - - - - - - T - ' - ~  PO~R ,NLET 

~BoA, 'L~_~__~_ £ J  ~ ' ~ - -  ~ ~ -  

] I l" SOLATION TRANSFORMER 
I INSULATED FROM 

I J BOAT GROUND 

BOAT GROUNDED NEUTRAl. :) (RED} 

~ I T E (  ~ REEN) 

~ TYPE RECEPTACLE 

Diagram 8-8.3(3) Single-Phase 120/240-Voh System with Shore  
Grounded  Neutra l  Conductor  and  G r o u n d i n g  Conductor  

D i a g r a m  8-8.3(5) Isolation T rans fo rmer  System with Single-Phase 
240-Volt I npu t  and  120/240-Voh Single-Phase Ou tpu t  

UNGROUNDED ODNDUCTOR (BLACKI 
GROUNDED NEUTRAL CONDUCTOR (WHITE] 
GROUNDING CONDUCTOR (GREEN) [ I  

SoAr _ : ~ _  ~ _  $_ ._~_ 
N ) ~ ~ ~ ~  ~ ~ METALLIC COMPONENTS 

INSULATED FROM BOAT 
GROUND 

GROUNDING CONDUCTOR (GREEN) MAIN SHORE*POWER DISCONNECT 
r . . . . . . .  1 CIRcu,T BBEANER 

II L' , I SINGLE~HASE 1:1 ISOLATION 
~ TRANSFORMER INSULATED 

1 [ l j  FROM BOAT GROUND 

L - / 
(WHITE) 

BOAT GROUND ~ -- 
BRANCH CIRCUIT 

- -  BREAKERS - -  

120 VAC 

120 VOLT GROUNDING TYPE 

UNGROUNDEOCONDUCTOR |BLACK) 
GROUNDED NEUTRAL CONDUCTOR )1 
GROUNDING CONDUCTOR (GREEN) 

2-POLE, 3-WIRE GROUNDING 
TYPE PLUGS & RECEPTACLES 

- - r . _ ~ o T ~ -  . . . . .  -~ i 
i GALVANIC ISOLATOR 

IF PROVJUED ~ 
t 

GROUNDING CONDUCTOR |GREEN) -- 

BRANCH CIRCUIT 
BREAKERS 

RECEPTACLE 

--~---,~...-~POWER *NLrr 
_.j }- .......... 

r-~ I~._ METALLIC SHE LL INSULATED 
p ~ 

F |  FROM BOAT GROUND IF 
GALVANIC ISOLATOR IS 

USEOMAIN-- SHORE-POWER DISCONNECT 
~ ! -  / " ~  "l CIRCUIT RREAKER 

SINGLE.PHASE t:l POLARIZATION 
b TRANSFORMER CONNECTED 

' ~ ' ~  | TO BOAT GROUND 
. . . . .  -J 

3UND 

I I I  
1 2 0  V 

IG TYPE 

Diagram 8-8.3(4) Single-Phase 120-Voh Isolation 
Transformer System with Grounded Secondary 

Diagram 8-8.3(6) Single-Phase 120-Volt Polarization 
Transformer System with Shore Grounding Wire Protection 

of Transformer Primary 
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UNGROUNDED CONDUCTOR (BLACK) 
GROUNDED NEUTRAL CONDUCTOR (WHITE) 

~ ~ . ~ G R O U N D I N G  CONDUCTOR (GREEN) 

2-POLE. 3-WIRE GROUNDING SHORE CONNECTION 

C " ~ ' ~  SHORE-POWER CABLE 

) ) k. MAIN SHORE-POWER DISCONNECT 
_ :=_.Jl CIRCUIT BREAKE R WITH GFCI 

BOAT GROUND ~ [ ~  - -  ] I ToTRANSFORMER CONNECTEDBoAT GROUND 

3LACK) 

I J BREAKERS 

) . . '  , ovAc 

~ 1 2 0 V O L T  GROUNDING TYPE EAF AC ' 
RECEPTACLE ICE~ 

Diagram 8-8.3(7) Single-Phase 120-Volt Isolation 
Transformer System with GFCI Protection of Transformer Primary 

UNGROUNDED CONDUCTOR (BLACK) 
GROUNDED NEUTRAL CONDUCTO~ (WHITE) 
UNGROUNDED CONDUCTOR (REDI 
GROUNDING CONDUCTOR (GREEN) 

:}'POLE, 4-WIRE GROUNDING t--SHOBE NNECTION 
~ -  ~ SHORE-POWER CABLE 

~EOAT L---~- - - ~ - -  -- '2- - - % "  

. . . .  - FROM BOAT GROUND 

, ~ : _ _ _  _ ~ _ - _ _ :  MAIN SHORE-POWE' DISCONNECT 
I I CIRCUIT BREAKER WITH GFCI 

~--~ I.~S__INGLE'JPHASE 1:1 ISOLATION 
BOAT GROUND I TRANSFORMER CONNECTED - - - ,  . . . . .  . . . . . .  TOBOATOROOND 

I EOAT GROONG /WH'TE~ 
f 1 . I . . . .  i . . (GREEN,  

o.ou o 
BRANCH CIRCUIT 

BREAKER I 

" ~  120 MAC o~ [ 

TYPE RECEPTACLE , _ ~  - -  
120 VAC 

I APPLI~ ~ 

Diagram 8-8.3(8) Isolation Transformer System -- Single-Phase 
240-Volt Input and 120/240-Volt Single-Phase Output with GFCI 

Protection of Transformer Primary 

UNGROUNDEDCONDUCTOR(BLACN) 
GROUNDEDNEUZRALCONDUCTORt 
UNGROUNDED CONDUCTOR{RED) 

3- P ,LE 4 WIRE GHOUNDING 
TV,'L PL ;G5 & RECEPTACLES 

'\ 
, k _ _ I . . . .  "r.~- - - SHORE POWER CABLE 

I I  , ~1 
I 

. . . .  ~ METALLIC SHELL INSULATED 
FROM BOAT GROUND tF 

. . . .  '- -- / GALVANIC ISOLATOR IS USED 

J . . . .  ,HOREPO . . . . .  s . . . . . . .  

I . . . . . . . . . . . . .  i 
~ ~  CIRCUIT BREAKER 

- -  1 
~ SINGLE PHASE 1 1 

'~OLAR ZAT ON TRANSFORMER 
I CONNECTED TO 
i BOAT GROUND 

_J  
. . . .  {BL.~CK1 -- (RED1 

- 

[3OAT ~ {GREEN; 
OROUNF) 

120 VAC 

~ , ~  Ot T GDOUNDING~ , /  
TYPE RFCBPTACLE 

VAC 

~BO~ r I_ 

GALVANIC ISOLATOR I 
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Diagram 8-8.3(9) Single-Phase Polarization Transformer System 
with Single-Phase 240-Volt Input and 120/240-Voh 

Single-Phase Output - -  Shore Grounding Protection 
of Transformer 

8 - 9 0 v e r c u r r e n t  Protection. 
8-9.1 Rating of Overcurrent Protection Devices. 
Overcurrent protection devices shall have a temperature 
rating and demand load characteristics consistent with the 
protected circuit and their location in the boat, i.e., 
machinery space or other space. The rating of the over- 
current protection device shall not exceed the maximum 
current-carrying capacity of the conductor being protected. 

8-9.2 Circuit Breakers. Circuit breakers shall: 

(a) Meet the marine requirements of Underwriters 
Laboratories Inc. Standards UL 489, Molded Case Cir- 
cuit Breakers and Circuit Breaker Enclosures; UL 1077, 
Supplementary Protectors for Use in Electrical Equipment; 
or UL 1133, Boat Circuit Breakers. 

(b) Be of the trip-free type, and 
(c) Be capable of an interrupting capacity at rated 

system voltage of at least 5000 amperes for main circuit 
breakers and at least 3000 amperes for branch-circuit 
breakers. 

(d) Be of the manual reset type. 
(e) Meet the requirements of UL 1500, Test Procedure 

for Ignition Protection or SAE J 1171, External Ignition 
Protection of Marine Electrical Devices at 4 times their 
rated current if located in a space that requires ignition 
protection. 

8-9.3 Fuses. Fuses shall: 

(a) Have a voltage rating of not less than the nominal 
system voltage. 
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(b) Be capable of an interrupting capacity at rated 
system voltage of at least 5,000 amperes for the feeders be- 
tween the shore-power inlet and the main circuit breaker 
and 3,000 amperes for branch circuits. 

(c) Meet the requirements of UL 198 for Class J, L, R, 
S or T fuses. 

(d) Meet the requirements of UL 1500, Test Procedure 
for Ignition Protection or SAE Jl171, External Ignition 
Protection of Marine Electrical Devices at 4 times their 
rated current if located in a space that requires ignition 
protection. 

8-9.4 Fuse holders. Fuse holders shall meet the re- 
quirements of UL 512, Fuse Holders, for the class of fuse 
being used. 

8-10 Main Supply. 
8-10.1 Common-trip circuit breakers shall be provided 
in main supply conductors as follows: 

120 volt AC, single phase - -  ungrounded and grounded 
conductors (white) 

240 volt AC, single phase - -  both ungrounded 
conductors 

120/240 volt AC, single phase - -  both ungrounded 
conductors 

120/240 volt AC, delta three-phase - -  all ungrounded 
conductors 

120/208 volt AC, wye three-phase - -  all ungrounded 
conductors 

8-10.2 If the main supply feeder from the shore-power 
inlet to the main circuit breaker is in excess of 10 ft (3 m) 
in length, additional fuses or circuit breakers shall be pro- 
vided within 10 ft (3 m) of the shore-power inlet. If addi- 
tional fuses are used, their rating shall be such that circuit 
breakers trip before the fuses open the circuit in the event 
of overload. 

8-10.3 Overcurrent protection for AC generator power- 
feeders, if required, shall be within 7 in. (.18 m) of the 
output connection or may be within 40 in. (1.02 m) of the 
output connections if the unprotected insulated conductors 
are contained throughout their entire distance in a sheath 
or enclosure such as a conduit, junction box, control box, 
or enclosed panel. 

8-11 Branch Circuits. 
8-11.1 Branch Circuits. Each ungrounded conductor 
of a branch circuit shall be provided with overcurrent pro- 
tection at the point of connection to the panelboard bus. 
Each circuit breaker or fuse used for this purpose shall be 
rated not to exceed the current rating of the smallest con- 
ductor between the fuse or circuit breaker and the load. 

8-11.2 In branch circuits, circuit breakers and switches 
shall simultaneously open all grounded and ungrounded 
conductors. 

Exception: In branch circuits, switches, circuit breakers, or fuses 
may open only the ungrounded current-carrying conductors in the 
circuit if." 

(a) The wiring from shore-power inlets throughout the boat is 
polarized, including lighting fixtures, and a polarity indicator is 
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installed to indicate the polarity of the feeder conductors between the 
shore-power inlets and main circuit breakers, or 

(b) The neutral leg of the secondary of an isolation transformer 
is grounded. 

NOTE: Fuses shall not be used in the grounded conductor. 

8-11.3 If circuits contain two or more ungrounded 
current-carrying conductors which are protected by fuses, 
means shall be provided to disconnect all energized legs 
of the circuit simultaneously or remove all fuses from the 
circuit sinmltaneously. 

8-11.4 AC Motors. Each motor or motor-operated 
device shall be protected by an overcurrent protection 
device that is responsive to the motor current. The over- 
current protection device shall not be rated at more than 
125 percent of the motor full-load current rating and may 
be integral and an automatic resetting type. Motors that 
will not overheat under locked rotor conditions are exempt 
from the above overcurrent protection. 

8-! 1.5 Battery Chargers. Each ungrounded conductor 
to a battery charger shall be provided with overcurrent pro- 
tection at the point of connection to the main switchboard, 
the distribution panel, or the battery. In addition, the un- 
grounded conductor shall be provided with overcurrent 
protection within the battery charger based on the maxi- 
mum output of the charger unless the battery charger out- 
put is current limited. 

8-12 Ground-Fault Circuit-Interrupter. 
8-12.1 Ground-fault circuit-interrupters (GFCIs) may be 
used on any single-phase AC circuit and shall be used for 
all receptacles in the head, galley, machinery spaces and 
on weatherdecks. 

8-12.2 GFCI Breakers. 
(a) GFCI breakers shall meet the requirements of 

Underwriters Laboratories Standard UL 943, Ground 
Fault Circuit Interrupters and UL 489, Molded-Case Cir- 
cuit Breakers and Circuit Breaker Enclosures. 

(b) If installed in a head, galley, machinery space or on 
weather decks, the receptacle shall be protected by a Type 
A (nominal 5 milliampere) ground-fault circuit interrupter. 

(c) GFCI breakers may be installed as panelboard feeder 
breakers to protect all associated circuits or in individual 
branch circuits. 

8-12.3 GFCI Receptacle Devices. 
(a) GFCI receptacle devices shall meet the requirements 

of Underwriters Laboratories Inc. Standard UL 943, 
Ground Fault Circuit Interrupters and UL 498, Electrical 
Attachment Plugs and Receptacles. 

(b) GFCI receptacle devices may be installed as part of 
a convenience outlet installation either in single outlet ap- 
plications or in multiple "feed-through" installations. 

8-12.4 Isolation Transformer Primary. GFCI circuit 
breakers may be installed as the main breaker on the 
primary side of isolation transformers. 

NOTE: This GFCI breaker will provide ground-fauh protection 
only for the primary winding of the transformer. 
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8-13 Appliances and Equipment. 
8-13.1 Appliances and fixed AC electrical equipment 
used on boats shall be designed so that the current-carrying 
parts of the device are effectively insulated from all exposed 
electrically conductive parts. 

8-13.2 All exposed electrically conductive non-current- 
carrying parts of fixed AC electrical equipment, and ap- 
pliances intended to be grounded shall be connected to the 
grounding system. 

NOTE: If an appliance has a neutral-to-ground bonding strap, 
it must be removed. 

8-13.3 Integral overcurrent protection may be provided. 

8-14 Conductors and Flexible Cords. 
8-14.1 Conductors shall have a minimum rating of 600 
volts. Flexible cords shall have a minimum rating of 300 
volts. 

8-14.2 Conductors shall be selected from the types listed 
in Table 8-14.2. 

8-14.3 Flexible cords shall be selected from the types 
listed in Table 8-14.3. 

8-14.4 Conductors and flexible cords shall be stranded 
copper with circular mil area and stranding according to 
Table 8-14.4. 

8-14.5 Conductor sizes, as determined by 8-14.4, shall 
not carry current greater than that indicated in Table 
8"-14.5 ,based on the temperature rating of the wire and the 
following derating factors: 

(a) Conductors used in or routed through an engine 
space must be corrected in accordance with Note(l)  of 
Table 8-14.5. 

(b) Current-carrying conductors which are bundled shall 
be derated in accordance with Note (2) of Table 8-14.5. 

8-14.6 Conductors shall be at least No. 16 AWG. 

8-14.7 All conductors shall meet the applicable standards 
of Underwriters Laboratories Inc. and shall be so labeled. 

Table 8-14.2 Acceptable Insulation Types 

Available 
Insulation 

Types Description Temperature Rating 
THW Moisture- and Heat- 75°C (167°F) 

Resistant, Thermoplastic 
TW Moisture-Resistant, 60 °C (140 °F) 

Thermoplastic 
THWN Moisture- and Heat- 75°C (167°F) 

Resistant, Thermoplastic 
XHHW Moisture- and Heat- 90°C (194°F) 

Resistant, Cross Linked 
Synthetic Polymer 

MTW Moisture-, Heat- and Oil- 90°C (194°F) 
Resistant, Thermoplastic 

AWM Moisture-, Heat- and Oil- 105°C (221 °F) 
STYLE Resistant, Thermoplastic, 
NOS: 1230 Thermosetting 

1231 1329 1338 3403 
1275 1335 1339 
1276 1336 1340 

1337 1345 
UL 1 4 2 6  Boat Cable (See UL 1426) 

Table 8-14.3 Flexible Cords 

Type Description 

Insulation 
Temperature 

Rating Application 

SO Hard Service 60°C (140°F) 
Cord - Oil-Resis- 
tant Compound 

75°C (167°F) & 
higher 

General Use 
except for 
machinery space 
General Use 

ST Hard Service 60°C (140°F) 
Cord - Thermo- 
plastic 

75°C (167°F) & 
higher 

General Use 
except for 
machinery space 
General Use 

STO Hard Service 60°C (140°F) 
Cord Oil-Resis- 
tant Thermo- 
plastic 75°C (167°F) & 

higher 

General Use 
except for 
machinery space 
General Use 

sjo Junior Hard 60°C (140°F) 
Service Cord - 
Oil- Resistant 
Compound 75°C (167 °F) & 

higher 

General Use 
except for 
machinery space 
General Use 

SJT Junior Hard 60°C (140°F) 
Service Cord - 
Thermoplastic 

75°C (167°F) & 
higher 

General Use 
except for 
machinery space 
General Use 

SJTO Junior Hard 60°C (140°F) 
Service Cord - 
Thermoplastic 

75°C (167°F) & 
higher 

General Use 
except for 
machinery space 
General Use 

Table 8-14.4 Conductor Circular Mil (cm) Area and Stranding 

Conductor Nominal Minimum Minimum Number of Strands 
Size CM Area Acceptable 

AWG CM Area I Type 1" Type 2** Type 3*** 

18 1,620 1537 7 16 
16 2,580 2336 7 19 26 
14 4,110 3702 7 19 41 
12 6,530 5833 7 19 65 
10 10,380 9343 7 19 105 
8 16,510 14810 7 19 168 
6 26,240 25910 37 266 
4 41,740 37360 61 420 
2 66,360 62450 127 665 
1 83,690 77790 127 836 

1/0 105,600 98980 - 127 1064 
2/0 133,100 125100 127 1323 
3/0 167,800 158600 259 1666 
4/0 211,600 205500 418 2107 

*Type 1 Conductors with Type i stranding shall be used only where 
the wire is firmly attached to a rigid structure and is not subject to 
movement or vibration. 

**Type 2 Conductors with Type 2 stranding shall be used for cen- 
tral wiring which is subject to some movement from vibration or minor 
flexing. 

***Type 3 Conductors with Type 3 stranding shall be used for any 
wiring where flexing is involved in normal use. 

NOTE: Metric wire sizes may be used if of equivalent circular 
rail area. If the circular rail area of the metric conductor is less 
than that listed, the wire ampacity shall be corrected based on 
the ratio of the circular rail areas. 

~Applies only to systems under 50 volts. 
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Conductor Temperature Rating of Conductor Insulation 
Size 60°C 75°C 80°C 90°C 105°C 125°C 200°C 

AWG (140°F) (167°F) (176°F) (194°F) (221°F) (257°F) (392°F) 

18 10 10 15 20 20 25 25 
16 15 15 20 25 25 30 35 
14 20 20 25 30 35 40 45 
12 25 25 35 40 45 50 55 
10 40 40 50 55 60 70 70 
8 55 65 70 70 80 90 100 
6 80 95 100 100 120 125 135 
4 105 125 130 135 160 170 180 
3 120 145 150 155 180 195 210 
2 140 170 175 180 210 225 240 
1 165 195 210 210 245 265 280 
0 195 230 245 245 285 305 325 
00 225 265 285 285 330 355 370 
000 260 310 330 330 385 410 430 
0000 300 360 385 385 445 475 510 

NOTE 1: Engine room temperature derating factor: 

60oc 7 5 ° C  8 0 ° C  90°C  105oC 125°C 200°C 
(140°F) (167°F)(176°F)(194°F)(221°F) (257°F) (392°F) 

Temper- 
ature 
rating of 
conductor 0.58 0.75 0.78 0.82 0.85 0.89 1.00 

NOTE 2: Current-carrying conductor bundling derating factor: 

Correction Factor 
3 0.70 
4 to 6 0.60 
7 to 24 0.50 
25 and above 0.40 

8-15 I n s t a l l a t i o n .  

8-15.1 All connections normal ly  carrying current  shall 
be made in enclosures whose interior surfaces have a flame 
spread rat ing of not more than 25. 

8-15.2 All conductors shall be supported and/or clamped 
to relieve strain on connections. 

8-15.3 Junc t ion  boxes, cabinets and other enclosures in 
which electrical connections are made shall be weatherproof 
or installed in a protected location to minimize the entrance 
or accumulat ion of moisture or water within the boxes, 
cabinets or enclosures. In wet locations, metallic boxes, 
cabinets or enclosures shall be mounted  to minimize  the 
entrapment  of moisture between the box, cabinet or enclo- 
sure and the adjacent structure. If air spacing is used to 
accomplish this, the m i n i m u m  shall be 1/4 in. (6 mm).  

8-15.4 Unused openings in boxes, cabinets and weather- 
proof enclosures shall be closed. 

8-15.5 Curren t -car ry ing  conductors shall be routed as 
high as practicable above the bilge water level and other 
areas where water may accumulate. If conductors must  be 
routed in the bilge or other areas where water may accum- 
ulate, the wiring shall be a submersible type and connec- 
tions shall be watertight. 

8-15.6 Conductors  shall be routed as far away as prac- 
ticable from exhaust pipes and other heat sources. Unless 
an equivalent  thermal barr ier  is provided, a clearance of 
at least 2 in. (.051 m) between conductors and water- 
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cooled exhaust components  and a clearance of at least 9 
in. (.23 m) between conductors and dry exhaust compo- 
nents shall be mainta ined.  Directly above a dry exhaust 
the clearance shall be increased to 18 in. (.46 m). Con- 
ductors which may be exposed to physical damage shall 
be protected by loom, conduit ,  tape, raceways or other 
equivalent  protection. The  protection should be self- 
draining.  Conductors passing through bulkheads or struc- 
tural members  shall be protected to minimize  insulation 
damage such as chafing. Conductors  should also be routed 
clear of sources of chafing such as steering cable and 
linkages, engine shafts and throttle connections. 

8-15.7 Conductors  shall be supported throughout  their 
length or, alternatively, shall be secured at least every 18 
in. (.46 m) by one of the following methods: 

(a) Nonmetall ic clamps of a size to hold the conductors 
firmly in place. Nonmetall ic straps or clamps shall not be 
used over engine(s), moving shafts, other machinery or 
passageways if failure would result in a hazardous condi- 
tion. The material  shall be resistant to oil, gasoline, and 
water and shall not break or crack under  flexing within 
a temperature  range of-34 °C (-30 °F) to 121 °(:I (250 °F). 

(b) Metal straps or clamps with smooth, rounded edges 
to hold the conductors firmly in place without damage to 
the conductors or insulation.  Tha t  section of the conduc- 
tor or cable directly under  the strap or clamp shall be pro- 
tected by means of loom, tape or other suitable wrapping 
to prevent in jury to the conductor.  

(c) Metal clamps lined with an insulating material resis- 
tant to the effects of oil, gasoline or water. 

8-15.8 All permanent ly  installed appliances and utiliza- 
tion equipment  shall be securely mounted  to the boat ' s  
structure. 

8-15.9 W i r i n g  C o n n e c t i o n s .  

(a) Wir ing  connections shall be designed and installed 
to make mechanical  and electrical joints without damage 
to the conductors. 

(b) Metals used for the terminal studs, nuts and washers 
shall be corrosion resistant and galvanically compatible 
with the conductor and terminal  lug. A l u m i n u m  and un- 
plated steel shall not be used for studs, nuts  and washers. 

Table 8-15.9 Tensile Test Values for Connections 

Conductor Size Tensile Force Conductor Size Tensile Force 
Gage Pounds/Newtons Gage Pounds/Newtons 

18 lO 44 4 70 311 
16 15 66 3 80 355 
14 30 133 2 90 400 
12 35 155 1 100 444 
10 40 177 0 125 556 
8 45 200 O0 150 667 
6 50 222 000 175 778 
5 60 266 0000 225 1000 

(c) Each conductor  splice jo in ing  conductor  to conduc- 
tor, conductor to connectors, and conductor to terminals  
shall be able to withstand a tensile force equal to at least 
the value shown in Table 8-15.9 for the smallest conduc- 
tor size used in the splice for a one-minute  durat ion and 
not break. 

(d) Termina l  connectors shall be the r ing or captive 
spade types. 
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Exception: Friction type connectors may be used on components if: 

(1) The circuit is rated at not more than 10 amperes. 

(2) The voltage drop from terminal to terminal does not exceed 
50 millivolts for a 20 amp current flow, and 

(3) The connection does not separate if  subjected to a 6-lb 
(26. 7-N) tensile force along the axial direction of the connector for 
one minute. 

8-15.10 Connections may be made using a set-screw 
pressure-type conductor connector providing a means is 
used to prevent the set screw from bearing directly on the 
conductor strands. Set-screw-type conductor connectors 
without such means shall be used only on seven strand 
conductors. 

8-15.11 Twist-on connectors (wire nuts) shall not be 
used. 

8-15.12 Solder shall not be the sole means of mechanical 
connection in any circuit. 

8-15.13 Solderless crimp-on connectors shall be attached 
with the type of crimping tools designed for the connector 
u s e d .  

8-15.14 No more than four conductors shall be secured 
to any one terminal stud. If additional connections are 
necessary, two or more terminal studs shall be connected 
together by means of jumpers or copper straps, 
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minal identified by letter(s) or a light color (normally 
silver). The ungrounded conductor(s) shall be attached to 
the terminal identified by letter(s) or a dark color (normally 
brass or copper). 

8-16.5 A branch circuit supplying a combination of 
receptacle loads and permanently connected loads shall not 
supply fixed loads in excess of the following: 

600 watts for a 15 ampere circuit 

1000 watts for a 20 ampere circuit. 

8-16.6 Receptacles provided for the galley shall be 
located so appliance cords may be plugged in without cross- 
ing a traffic area, galley stove or sink. 

8-16.7 If installed in a head, galley, machinery space or 
on a weather deck the receptacle shall be protected by a 
Type A (nominal 5 milliamperes) Ground-Fault Circuit- 
Interrupter (GFCI). 

8-16.8 Electrical systems not equipped with polarity in- 
dicators using two-pole circuit breakers shall use two-pole 
GFCI in place of single-pole GFCI receptacles in the cir- 
cuits supplying receptacles. 

8-17 Main Panelboard. 

8-17.1 A main panelboard shall be installed in a readily 
accessible location, shall be weatherproof or protected from 
the weather and splash and may serve as a distribution 
center. 

8-15.15 Ring and captive spade type terminal connec- 
tors shall be the same nominal size as the stud. 

8-15.16 Conductors terminating at panelboards, in junc- 
tion boxes or fixtures shall be arranged to provide a length 
of conductor to relieve tension, to allow for repairs and to 
permit multiple conductors to be fanned at terminal studs. 

8-15.17 The shanks of terminals shall be protected 
against accidental shorting by the use of insulation bar- 
riers or sleeves, except for those used in grounding systems. 

8-16 Receptacles. 

8-16.1 Receptacles should be installed in locations not 
normally subject to rain, spray or flooding, but if recep- 
tacles are used in such areas, the following shall apply: 

(a) Receptacles installed in locations subject to rain, 
spray or splash shall be weatherproof as may be provided 
by a spring-loaded self-closing cover. 

(b) Receptacles installed in areas subject to flooding or 
momentary submersion shall be of a watertight design as 
may be provided by a threaded, gasketed cover. 

8-16.2 Receptacles shall be of the grounding type with 
a terminal provided for the grounding (green) conductor 
as shown in ANSI C73. 

8-16.3 Receptacles and matching plugs used on AC 
systems shall not be interchangeable with receptacles and 
matching plugs used on DC systems. 

8-16.4 Power wiring for receptacles shall be connected 
so that the grounded (white) conductor attaches to the ter- 

8-17.2 Panelboards shall be permanently marked with 
the system voltage and either " V A C "  or system frequency. 

Example: 120 VAC or 120V-60 hertz 

8-17.3 If the frequency is other than 60 hertz, the fre- 
quency shall be indicated. For three-phase systems the sys- 
tem voltage, phase and number of conductors shall be 
indicated. 

8-17.4 A system voltmeter shall be installed if: 

(a) The system is designed to supply motor circuits, or 

(b) An on-board generator is installed. 

8-18 AC Generator. 

8-18.1 AC generators shall be connected to the electrical 
distribution system through a selector switch in accordance 
with 8-3.3. 

8-18.2 The power feeders from the AC generator shall 
be sized to at least accommodate the generator's maximum 
rated output and shall be protected at the generator with 
overcurrent protection devices in accordance with Section 
8-9. The rating of these overcurrent protection devices shall 
not exceed 120 percent of the generator rated output. 

Exception: Self-limiting generators, whose maximum overload cur- 
rent does not exceed 120 percent of their rated current output, do 
not require additional external overcurrent protection. 

8-19 Isolation of Galvanic Currents. 

8-19.1 Boats with aluminum or steel hulls or aluminum 
outdrives subject to accelerated galvanic corrosion (via the 
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grounding conductor) shall use an isolation transformer 
system in accordance with 8-23.4 or 8-23.7 or an isolator 
in the grounding conductor in accordance with 8-19.2. 

8-I9.2 The isolator shall: [see Diagram 8-8.3(1).] 
(a) Effectively block galvanic current flow through the 

grounding (green) wire. 

(b) Withstand the application of power from a test cir- 
cuit capable of delivering 5000 amperes RMS symmetrical 
at the test terminals when tested in series with a 25-ft 
(6.35-m) length of shore cable and a circuit breaker of the 
same rating as the isolator. 

(c) Not introduce a voltage drop in excess of 2.5 volts 
at 100 percent of the shore-power cable ampacity rating 
in addition to the voltage drop of the shore-power cable 
and connections. 

8-20 Shore-Power. 
8-20.1 Power Inlet. The receptacle, or receptacles, in- 
stalled to receive a connecting cable to carry AC shore- 
power aboard shall be a male-type connector. 

(a) Power inlets installed in locations subject to rain, 
spray or splash shall be weatherproof as may be provided 
by a spring-loaded, self-closing cover, the integrity of which 
is not affected when the receptacle is in use (female-type 
connector inserted). 

(b) Power inlets installed in areas subject to flooding or 
momentary submersion shall be of a watertight design as 
may be provided by a threaded, gasketed cover. 

(c) See Figure 8-4.1 for shore-power inlet warning sign. 
(d) If a boat uses an isolation transformer or an isolator 

to prevent galvanic current flow through the grounding 
conductor, the metallic shell of the shore-power inlet shall 
be insulated from metallic surfaces or any contact with a 
boat ground. See Diagrams 8-8.3(4), (5), (6), (7), (8) and 
(9). 

8-21 Shore-Power Cable. Boats with an AC electrical 
system(s) intended to use shore-power provided in accor- 
dance with Article 555 of the National Electrical Code and 

I NFPA 303, Standard for Marinas and Boatyards, shall be pro- 
vided with a shore-power cable that: 

(a) Is provided with a shore connection that is a male 
locking and grounding type which conforms to ANSI C73 
and Article 555 of the National Electrical Code. 

(b) Is provided with a female boat connection of the 
locking and grounding type that conforms to ANSI C73. 

(c) Has a minimum length of 25 ft (6.35 m) and a maxi- 
mum length of 50 ft (12.7 m) and meets the marine re- 
quirements of UL 817, Standard for Cord Sets and Power 
Supply Cords. 

8-22 Devices Employing Isolation Transformers. 
8-22.1 Devices employing isolation transformers, such 
as battery chargers, may be connected directly to the shore 
conductors or to the secondary of the system isolation 
transformer. 

8-23 Application of Types of Shore-Power Circuits. 
8-23.1 Single-Phase 120-Volt System with Shore- 
Grounded Neutral and Shore Grounding Conductor. 
This system, wired in accordance with the basic circuit in 

Diagram 8-8.3(2), may be used on any nonmetallic-hulled 
boat with underwater hardware of metal alloys which are 
at least as galvanically noble as manganese bronze. This 
system may also be used with metal-hulled boats if pro- 
tection against galvanic corrosion is provided by means of 
a cathodic protection system or a galvanic isolator is used. 

8-23.2 Single-Phase 120/240-Volt System with Shore- 
Grounded Neutral and Shore Grounding Conductor. 
This system, wired in accordance with the basic circuit in 
Diagram 8-8.3(3), may be used on any nonmetallic-hulled 
boats with underwater hardware of metal alloys which are 
at least as galvanically noble as manganese bronze. This 
system may also be used with metal-hulled boats if pro- 
tection against galvanic corrosion is provided by means of 
a cathodic protection system or a galvanic isolator is used. 

8-23.3 Single-Phase 120-Volt Primary and Secondary 
Isolation Transformer System. With shore grounding 
protection of transformer core, this system, wired in ac- 
cordance with the basic circuit in Diagram 8-8.3(4), may 
be used with any metallic or nonmetallic-hulled boat. In 
this system the grounded transformer core and the metallic 
shell of the shore-power inlet shall be insulated from con- 
tact with any boat ground. The transformer secondary is 
grounded on the boat. 

8-23.4 Isolation Transformer with Single-Phase 
240-Volt Input and 120/240-Volt Output with Shore 
Grounding Protection of Transformer Core. This 
system, wired in accordance with the basic circuit in 
Diagram 8-8.3(5), may be used with any boat and shall 
be used on all metal-hulled boats, if other means of pro- 
tection against galvanic corrosion, such as a galvanic 
isolator, is not provided. The metallic shell of the shore- 
power inlet shall be insulated from contact with any boat 
ground. The center leg of the transformer secondary is 
grounded on the boat establishing a new neutral for the 
boat system. 

8-23.5 Single-Phase 120-Volt Primary and Secondary 
Polarization Transformer System with Shore-Grounded 
Neutral and Shore Grounding Protection of Trans- 
former. This system, wired in accordance with the basic 
circuit in Diagram 8-8.3(6), may be used on any non- 
metallic-hulled boat with underwater hardware of metal 
alloys which are at least as galvanically noble as manganese 
bronze. This system may also be used with metal-hulled 
boats, if protection against galvanic corrosion is provided 
by means of a cathodic protection system or a galvanic iso- 
lator is used. The transformer secondary is grounded on 
the boat. 

8-23.6 Single-Phase, 120-Volt Primary and Secondary 
Polarization Transformer System with Shore-Grounded 
Neutral and GFCI Protection of Transformer Primary. 
This system, wired in accordance with the basic circuit in 
Diagram 8-8.3(7), shall be used with any metallic or 
nonmetallic hulled boat. The metallic shell of the shore- 
power inlet shall be insulated from contact with any boat 
ground. The transformer secondary is grounded on the 
boat. 
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8-23 .7  Single-Phase Isolat ion Transformer with  
240-Volt Input and 120/240-Volt Secondary with GFCI 
Protection of Transformer Primary. This system, 
wired in accordance with the basic circuit in Diagram 
8-8.3(8), may be used with any metallic or nonmetallic 
hulled boat. The metallic shell of the shore-power inlet shall 
be insulated from contact with any boat ground, The cen- 
tral leg of the transformer secondary is grounded on the 
boat, establishing a new neutral for the boat system. 

8-23.8 Single-Phase Polarization Transformer with 
240-Volt Input and 120/240-Volt Secondary and Shore 
Grounding Conductor Protection of Transformer Core. 
This system, wired in accordance with the basic circuit in 
Diagram 8-8.3(9), may be used on any nonmetallic hulled 
boat with underwater hardware of metal alloys which are 
at least as galvanically noble as manganese bronze. This 
system may also be used with metal hulled boats if protec- 
tion against galvanic corrosion is provided by means of a 
cathodic protection system or a galvanic isolator is used. 
The center leg of the transformer secondary is grounded 
on the boat establishing a new neutral for the boat system. 

Chapter 9 Fire Protection Equipment 

9-1 General Requirements. 
9-1.1 Portable fire extinguishers shall meet the require- 
ments of and be inspected and maintained in accordance 
with NFPA 10 and shall be U.S. Coast Guard approved. 

9-2 Equipment.  
9-2.1 All boats shall be equipped with portable fire extin- 
guishers at least to the extent of the minimum requirements 
of Tables 9-2.1(a) and (b) and the requirements of this 
section. 

All required fire extinguishers located in accommoda- 
tion spaces shall have Class A capability. All extinguishers 
shall be located adjacent to exit paths. It shall not be neces- 
sary to travel more than half of the length of the boat or 
33 ft (10 m), whichever is less, to reach an extinguisher. 

9-2.2* All inboard-powered boats with the engine com- 
partment enclosed shall have provisions for discharging the 
extinguishing agent directly into the space immediately sur- 
rounding the engine without opening the primary access. 
Where portable equipment is to be used, a small, suitably 
labeled, readily accessible port to the enclosure shall be pro- 
vided which allows the extinguisher to remain upright dur- 
ing discharge. 
Exception: I f  the access port cannot be positioned so as to permit 
the portable extinguisher to remain upright the port shall be posi- 
tioned low or in a horizontal surface providing the portable extin- 
guisher is equipped with a discharge hose. 

9-2.2 . !  If  the above extinguisher is portable and read- 
ily removable from its fixed mounting, it may also be cred- 
ited as one of the extinguishers required in Table 9-2.1. 

Table 9-2-1(a) Number and Distributions of Fire Extinguishers 

Class of Minimum Recommended 
Type of Boat Extinguishers Required Locations 

Open boats under 16 ft B-! 
Open boats over 16 ft B-I 

Boats under 26 ft B-1 

Boats 26 40 ft B-I 

Boats 40 65 ft B-I 

Boats 65 75 ft B-I 

Boats 75 100 ft B-I 

l Helmsman's position 
2 Helmsman's position 

and passenger 
space 

2 Helmsman's position 
and cabin 4 

3 Engine compartment, 
helmsman's 
position, and 
cabin s4 

4 Engine compartment, 
helmsman's 
position, crew 
quarters, and 
cabin s.4 

5 Engine compartment, 
helmsman's 
position, crew 
quarters, and 
cabin s,4 

6 Engine compartment, 
helmsman's 
position, crew 
quarters, and 
cabin s.~ 

For SI Units: 1 ft = 3.048 × 10 ~ m 

Notes to Table 9-2.1: 

~One of the required extinguishers shall additionally have the capa- 
bility of extinguishing Class A fires. 

q f  more than three B-[ units are required, the extinguishing capacity 
may be made up of a smaller number of larger units, provided each 
recommended location is protected with an extinguisher readily accessi- 
ble, e.g., 3 B-I! units may be used in lieu of 4, 5. or 6 of the smaller B-I 
units. 

3Extinguishers recommended for "engine compartment" shall not be 
located inside such compartment but near an entrance to the compart- 
ment unless someone is normally present in the compartment.  

4On boats having galley stoves, one of the required extinguishers of 
suitable types shall be readily accessible thereto. 

Table 9-2-1(b) 
Minimum Supplemental Requirements for Vessels 

Propelled by Machinery Over 65 Feet 

Gross Tonnage Minimum Number of B-II Portable 
Over Not Over Fire Extinguishers 

50 I 
50 100 2 

100 500 3 
500 1000 6 

1000 - -  8 

NOTE 1 : In addition to the above hand portable fire extinguishers, ONE 
B-II hand portable fire extinguisher shall be carried on board for each 
1000 brake horsepower (BHP) of main engines or fraction thereof. 
However, not more than SIX such B-II extinguishers need be carried. 

NOTE 2: Vessels over 300 gross tons must carry either ONE B-III semi- 
portable fire extinguisher or an approved fixed fire extinguishing system 
installed in the machinery space. 

9-2.3* Fixed Systems. 
9-2.3.1 Systems can be manually and/or automatically 
operated. Carbon dioxide systems which are installed to 
protect accommodation compartments or to protect engine 
compartments which can be normally occupied shall be 
equipped with a predischarge alarm. 

9-2.3.2 If spaces are connected, such spaces shall be con- 
sidered as one in determining the capacity of the system. 
In determining the degree of connecting spaces the require- 
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ments of 2-3.4 shall be used. The actuation of the system 
shall be such that all the connecting spaces are flooded. 
If multiple units are used to provide the required capacity 
they shall discharge simultaneously. 

9-2.3.3" If a manual or manual/automatic fixed system 
is used in lieu of one required portable extinguisher, the 
system shall be in accordance with the manufacturer's U.S. 
Coast Guard approved instructions manual and NFPA 12, 
12A or 12B as appropriate and shall incorporate a visible 
or audible means outside of the protected space indicating 
that the system has discharged. 

9-3 Installation.  
9-3.1 Portable fire extinguishers shall be placed so that 
they are readily accessible from outside the compartment 
which they are intended to serve. 

9-3.1.1 Extinguishers shall be secured with a marine 
bracket to permit immediate release. 

9-3.2* Fixed extinguishing systems shall be installed in 
accordance with the manufacturer's installation procedures 
and with NFPA 12, 12A or 12B as appropriate. 

9-3.2.1 Extinguishing agent cylinders shall be mounted 
a minimum of 2 in. (.051 m) above moist or wet surfaces 
to reduce danger of corrosion. 

9-3.2.2* Manual controls shall be placed so they are 
readily accessible outside the spaces served by the systems. 

9-3.2.3 Systems shall be designed for one of the follow- 
ing modes of application (see 9-2. 3.2). 

(a) Independent systems installed to cover the various 
unconnected protected spaces. 

(b) Single system of sufficient capacity to flood all pro- 
tected spaces simultaneously. 

(c) Single system of sufficient capacity for the largest 
protected space, distributed to the selected space by valves 
at the controls. 

Chapter 10 Referenced Publicat ions 

10-1 The following documents or portions thereof are 
referenced within this standard and shall be considered part 
of the requirements of this document. The edition indicated 
for each reference is the current edition as of the date of 
the NFPA issuance of this document. 

10-1.1 NFPA Publicat ions.  National Fire Protection 
Association, Batterymarch Park, Quincy, MA 02269. 

NFPA 10-1988, Standard for Portable Fire Extinguishers 
NFPA 12-1989, Standard on Carbon Dioxide Extinguishing 

Systems 
NFPA 12A- 1987, Standard on Halon 1301 Fire Extinguishing 

Systems 
NFPA 12B-1985, Standard on Halon 1211 Fire Extinguishing 

Systems 

NFPA 52-1988, Standard for Compressed Natural Gas 
Vehicular Fuel Systems 

NFPA 58-1989, Standard for the Storage and Handling of 
Liquefied Petroleum Gases 

NFPA 70-1987, National Electrical Code 
NFPA 255-1984, Standard Method of Test of Surface Burn- 

ing Characteristics of Building Materials 
NFPA 303-1986, Fire Protection Standard for Marinas and 

Boatyards 
NFPA 701-1977, Standard Method of Fire Tests for Flame- 

Resistant Textiles and Films. 

10-1.2 Other Publicat ions.  
10-1.2.1 AMCA Publication. Air Movement and Con- 
trol Association, 30 W. University Drive, Arlington 
Heights, IL 60004. 

AMCA 210-74, Test Code of Air Moving Devices. 

10-1.2.2 ANSI Publication.  American National Stan- 
dards Institute, 1430 Broadway, New York, NY 10018. 

ANSI C73-1973 (including supplement C73a-1980), 
Dimensions of Attachment Plugs and Receptacles. 

10-1.2.3 SAE Publicat ions.  Society of Automotive 
Engineers, 400 Commonwealth Drive, Warrendale, PA 
15096. 

SAE Standard J378C-84, Marine Engine Wiring 
SAE Standard Jl127-80, Battery Cable 
SAE Standard J1128-75, Low-Tension Primary Cable 
SAE Standard Jl171-86, External Ignition Protection of 

Marine Electrical Devices 
SAE Standard J1428-85, Marine Circuit Breakers. 

10-1.2.4 UL Publications.  Underwriters Laboratories 
Inc., 333 Pfingsten Road, Northbrook, IL 60062. 

UL 489-86, Molded Case Circuit Breakers and Circuit Breakers 
Enclosures 

UL 198C-86, High-Interrupting Capacity Fuses, Current- 
Limiting Types 

UL 198E-82, Class R Fuses 
UL 198F-88, Plug Fuses 
UL 198H-82, Class T Fuses 
UL 498-86, Attachment Plugs and Receptacles 
UL 943-85, Ground-Fault Circuit Interrupters 
UL 1077-87, Supplementary Protection for Use in Electrical 

Equipment 
UL 1128-88, Marine Blowers 
UL 1133-88, Boat Circuit Breakers 
UL 1426-86, Boat Cable 
UL 1500-82, Ignition Protection Test for Marine Products. 

10 -1 .2 .5  U . S .  G o v e r n m e n t  P u b l i c a t i o n s .  U .S .  
Government Printing Office, Superintendent of Docu- 
ments, Washington, DC 20402. 

Code of Federal Regulations, 46 CFR Parts 110-113 
Code of Federal Regulations, 33 CFR Part 183 
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