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Agenda
• Problem scope 
• Grounding, Bonding, and the Code
• The physiology of an accident
• Causes of accidents
• USCG Study
• Making it safer
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Problem Scope
• Documented deaths (>40) and injuries (>100)
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Grounding and Bonding

• A vital, yet simple system
• Need established in the late 1800s
• Clearly defined and applied through out  

the National Electric Code
• The terms are often used interchangeably, 

but they are distinctly different
• Let’s look at some definitions
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Grounding

A common connection to earth for:

• Lightning discharge
• System voltage stabilization
• Reducing static and RF interference
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Bonding
A common connection joining metal 
components to:

• Provide a low impedance ground fault path 
to trip a circuit protection device

• Prevent dangerous voltages from appearing 
on metal objects

• Prevent DC stray currents
• Acts as a conduit to provide protection by 

cathodic protection systems
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A Very Basic System

Bonding Bonding 
ConductorConductor

Grounding Grounding 
ConductorConductor

Ungrounded 
Conductor

Grounded 
Conductor

Grounding Bus



8D. Rifkin – J. Shafer

First, What Is a Fault?

• An AC fault occurs when the energized 
ungrounded conductor contacts a metal 
component 

• An undetected AC fault occurs when 
the fault current is too low to trip the 
circuit protection device
– Keep in mind that the undetected fault is 

always the killer…
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Bonding System At Work
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AC Supply from Shore
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Compatibility 
• Some argue that the NEC is not applicable 

to boats…
• However, the basis for most if E-11 is the 

Code! 
• It’s vital to follow the Code’s tenets, lest 

we reduce safety margins
• Remember that the Code, and most 

standards are “written in blood”; deviation 
is at one’s own peril and the peril of the 
end users…
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• Here’s what article 250 of the NEC says:

• Here’s what ABYC, E-11 says:
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The Physiology
• Paralysis is the cause of Electric Shock 

Drowning (electrocution is different)
– A swimmer becomes paralyzed and loses the ability to 

stay afloat
– The autopsy will state “drowning” as the cause
– Unless there are witnesses or a victim’s statement, 

electricity is not considered as a cause
• There may be hundreds more Electric Shock 

Drownings we never hear about
– Databases don’t breakout this type of drowning
– We have the only listing known
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Current Effect on Humans
• The generally accepted nominal current levels:

1 ma Tingle

15 ma Paralysis / Drowning

60 ma Heart Failure 
(electrocution)

300 ma Combustion

10 ma = .01 Amps
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Typical Scenario
• Victim enters water, becomes disabled, 

and calls for help
• Rescuers may be unable to assist due 

feeling electrical shock themselves
• Victim’s situation can worsen when 

seeking a “safe haven”
• Bystanders may secure power
• Rescuers attempt first aid if victim can 

be pulled from water
– Victim may not remain on surface
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Electric Shock Injury
• Fresh or saltwater, what’s the difference?

– Freshwater is far more dangerous
• All of our casualties occurred in freshwater

– Reason is the low conductivity of the water
– A human body is much more conductive than 

the typical freshwater lake or river
• And the body is less conductive than saltwater

– So, the body competes more favorably for the 
electric current in freshwater

– Put another way, a much greater percentage 
of the current flowing in freshwater will be 
conducted by the body than in saltwater
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• Does this mean we are not concerned 
with faults in saltwater?  No!

• The same undetected fault in saltwater 
will cause more current to flow at the 
fault
– More current means more heat which 

increases the likelihood of a fire when 
compared to the same fault in a freshwater 
situation

• In freshwater we get lower currents 
but much higher voltage gradients, and 
these gradients are what is dangerous
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Lethal Potentials
• It is recognized that a voltage gradient of  2v 

per foot is considered potentially fatal
– Consider a boat prop elevated to 20v which is 10 feet 

from a grounded dock ladder
– The gradient is 20v/10feet = 2v per foot

• Look at an average human being
– Body impedance about 1000 ohms
– Hand to hand distance of 6 feet 
– At 2v per foot, the total voltage felt is 12v
– Ohm’s law tells us that 12v/1000ohms = 12ma
– This 12ma can cause paralysis and drowning
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So, What Causes These Accidents? 

• In every case, 2 faults are required 
(important concept)
• First, there has to be an electrical fault 

to the bonding system
• Second, there has to be a missing or 

poor bonding connection between the 
energized metal and the source

• In all cases, the fault has not caused a 
circuit protective action (undetected)
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• The fault current seeks all paths 
back to the source and travels in any 
and all parts of:
• The marina/boat bonding (green) wires
• The water

• The path that has the lowest 
resistance will carry the most current
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• When fault current flows back to the  
source in the water, it represents a 
danger to anyone in the water

• Remember, in freshwater, the exposure to 
an electric current can easily be lethal

• It depends on a several factors:
• Magnitude of fault
• Water conductivity
• Surface area of energized metals
• Surface area of the grounded metals
• Condition of bonding system (marina & boats)
• Resulting voltage gradient
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• The worst case is a fault with a complete 
failure of the bonding connection (the 2nd 
fault, i.e. no return path)
• This causes all the fault current to flow in the 

water
• A lower fault current enters the water if 

the bonding system is carrying some 
current
• Note that saltwater represents a bonding 

path which can be as good, or better then the 
bonding conductor in the electrical system

• Let’s look at it pictorially
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• Can you find the 2 faults here which killed a 
mother and daughter on Lake Cumberland in 
May of 2002?

• This plug was wired by the husband/father
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• How can we test for current leaking 
into the water?

• An AC clamp meter that can resolve to 
2 decimal places will do the trick

• While running as many AC loads as 
practical clamp the whole shore cord

• Any reading represents the current 
that is missing (i.e. not coming back in 
the shore cord)

• This missing current can only be going 
one place, into the WATER

• Where is this current coming from?
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3A Fault Current Paths
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No Fault, Ground Current

Bonding BusEngine

Hull    
Fitting

Ground Bus

1 A

7A

7 A

1 A
1 A

Boat 
Shore 
Power 
Inlet

Dock 
Shore 
Power  
120V

Dock 
Xfmr

N

L1

1 A

1 A



31D. Rifkin – J. Shafer

Pedestal Breaker Off, Ground Current
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Other Scenarios
• There are many other ways current can be 

introduced in the water
• One of them is a prohibited connection 

between ground and neutral.  ABYC says:

• As long as the neutral and bonding conductors 
are in good condition there will be little water 
current

• But degrade the neutral and lose the bonding 
connection, and it becomes lethal in freshwater

• Let’s look at a sketch
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Ground-Neutral Connection
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• Making a test to check for a G-N connection 
is easy:
• Unplug the boat, close the main circuit breaker
• Use a multimeter to measure resistance between 

ground and neutral
• Must be > 25kohm (usually reads infinite)
• From ABYC E-11:
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• Another dangerous condition is an AC to DC 
connection (short circuit)
• ABYC standards require AC and DC conductors 

to be isolated by sheathing if run together
• If the DC system becomes energized with AC, 

and the AC-DC ground bond is missing (also 
required by ABYC), the water path carries all 
the fault current

• Tragically, this caused several of the deaths in 
our drowning list
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Standards were violated resulting in the death of this little boy, including 
the lack of separation of AC and DC conductors.  The required connection 
between AC Service and DC grounding systems was also absent.
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AC to DC Short, No AC-DC Grounding Connection
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AC to DC Short, With AC-DC Grounding Connection
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• Testing for the AC to DC grounding 
connection is also easy:
• Unplug the boat
• Use a multimeter and measure 

resistance between the AC and DC 
grounding buses (can use a receptacle 
ground and engine negative)

• Should be less than 1 ohm to be assured 
of a good connection
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Transformers; Isolation Invites Water Path

Courtesy of Professional Boatbuilder #108, Aug/Sep 2007

• A fault without bonding results in water path
• Current will seek its source ashore
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Polarization Prevents Water Path
• With bonding the water path is eliminated
• Due to effective fault clearing path (green)

Courtesy of Professional Boatbuilder #108, Aug/Sep 2007
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The USCG Study
• The purpose was to find causes of accidents 

and recommend ways to make the marina 
environment safer

• We visited freshwater marinas nationwide 
over the past year

• Faults were introduced and the resulting 
electric fields measured around each boat

• Metal and FRP boats were tested in various 
propulsion and mooring configurations

• Here’s some photos and sample page of 
actual data 
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• Here’s the field strength table blown up 
from the data page

• Note the lethal conditions around this boat, 
particularly at the stern and quarters 
(positions 4, 5 and 6)



46D. Rifkin – J. Shafer

Making It Safer
• Here are some general recommendations 

from our study:
• Install Ground Fault Protection (GFP) circuit 

breakers for the boat’s main shore power 
disconnect

• Maintain a good bonding connection between the 
marina grounding system and a boat’s underwater 
metals
• Note that this necessitates wiring transformers as 

polarization vice isolation systems (see Professional 
Boatbuilder #108, Transformers, for more info)

• Test for and eliminate prohibited neutral-ground 
bonds on boats
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• Periodically test boats for fault current leakage 
into the water
• Equipment is available for installation in marinas to 

monitor for these faults 24/7
• More information may be found at 

www.marinaguard.net
• Be guided by NFPA-303-2006
• Never allow homemade or damaged shore cords
• Electrical work should only be accomplished by 

certified marine electricians
• Residential electricians do not always understand the 

unique situation presented by the marine environment
• Never swim around boats using shore power!
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In Conclusion:

• It always takes 2 faults:
• An electrical fault to ground
• Loss of or degraded bonding connection

• When that fault does occur:
• A good bonding system will clear the fault or 

reduce touch potentials
• The use of Ground Fault Protection technology 

is a great safety enhancement, but it never 
takes the place of that good bonding system
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Contact Info

• James Shafer
kp2r@bellsouth.net
www.marinaguard.net

• Capt. David Rifkin 
qualitymarinesvcs@comcast.net
www.qualitymarinesvcs.net
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