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Medea, to be performed by the 

New epic theater at the Lab theater in 

minneapolis, was cancelled before opening 

night in may because the actors didn’t feel 

safe on stage with the planned water effect. A 

local magazine published a very long article 

about the incident, and not once was there 

any mention of the use of ground-fault circuit 

interrupters (GfCIs). It’s unclear whether 

or not the circuits in question were in fact 

protected by GfCIs, and if not, then the actors 

were absolutely right in refusing to go on stage 

under the circumstances.

Any time electricity is being used in the 

proximity of water or moisture, the risk of 

electrocution increases because wet skin has 

much lower resistance to the flow of current 

than does dry skin.

According to ohm’s law (I = V ÷ r), if you 

get shocked, the amount of current that flows 

through your body is inversely proportional 

to the resistance of your body; the lower your 

resistance, the higher the current. And it’s 

electrical current that can kill you, regardless 

of the voltage involved.

raymond m. fish, phd and md, and Leslie 

A. Geddes, mS, phd, and dSc, wrote an article 

in 2009 entitled, “Conduction of electrical 

Current to and through the Human body: A 

review.” one of the points they made is that 

your skin is normally a relatively good barrier 

against the risk of electrocution because it has 

a relatively high resistance.

“more than 99% of the body’s resistance to 

electric current flow is at the skin,” they said. 

“A calloused, dry hand may have more than 

100,000 Ω because of a thick outer layer of 

dead cells in the stratum corneum.” but wet 

skin is very different, they said, and that the 

resistance of the skin is “effectively bypassed” 

when it is immersed in water. the internal 

resistance of the human body is only about 

300 Ω because of the “wet, relatively salty 

tissues beneath the skin.”

the consequences of that can be deadly. 

If your skin is wet and the resistance of your 

body is 300 Ω, then if you accidentally come 

in contact with 120 V, according to ohm’s law, 

400 milliamps (0.4 A) will flow through your 

body. depending on the length of time the 

current flows, the probability of ventricular 

fibrillation (which is when your heart beats 

erratically, effectively not pumping blood) for 

a current of that magnitude can range from 

0% to over 50%.

IeC 60479-1:2005: effects of current on 

human beings and livestock is a technical 

specification based on the results of 

experiments designed to identify specific 

effects for given levels of current flowing 

through a human body. one of the graphics 

in the document plots the current against 

the length of time that current flows, and it 

indicates that a current of 400 mA flowing 

through your body would have to be 

interrupted in about one-tenth of a second 

in order to avoid fibrillation. In fact, 400 mA 

is dangerously close to stopping the heart 

altogether according to the US department 

of energy electrical Safety Guidelines.

there’s no question that using electricity 

in the proximity of water or moisture 

increases the risk of electrocution. but it’s 

not unusual to use underwater lighting 

in fountains and swimming pools 

because it’s also mandated that they be 

used in conjunction with GfCIs in those 

circumstances. So it’s possible to control the 

risk with the proper use of GfCIs.

electricity in the proximity of water or 

moisture puts lives at risks, but GfCIs save 

lives. A GfCI has a sense coil through which 

the hot (or live) conductor and the neutral 

conductor of a branch (or final) circuit are 

run. As current flows through the circuit, 

both conductors generate a magnetic field, 

but in opposite directions. If the outgoing 

current and the return current are the same, 

then the magnetic fields cancel. However, 

if someone is being shocked or there is a 

ground-fault, then the outgoing current 

will be higher than the return current. If the 

current leaking from the circuit is 6 mA (6 

thousandths of an amp) or more, then the 

resulting magnetic field will cause the sense 

coil to generate a signal that is fed to an IC 

           Electricity in the proximity 
of water or moisture puts lives at 
risks, but GFCIs save lives.“

“

Ground-fault circuit 
interrupters can 
protect the stage
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In Macau’s The House of Dancing Water, the dancing water was provided by 
258 water jets embedded in the lift lids, each of which was illuminated by 
two 3W LED uplights.
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chip. the IC chip then outputs a signal that 

triggers a solenoid and opens the switching 

contacts, thus interrupting circuit within a 

specified amount of time.

In a Class A GfCI, if the leakage current 

is 6 mA or more then it has to trip within 

5.59 seconds or less. In general, the higher 

the leakage current, the faster it trips, up to 

a point. the time it takes to trip is dictated 

by the formula t = (20/I)1.45, where t is in 

seconds, and I is in milliamps. but if the 

leakage current exceeds 300 mA, then the 

trip time is fixed at 20 milliseconds, which is 

the case in the scenario above. the effects of 

400 mA shock for 20 msec, according to IeS 

60479-1:2005, would be muscle contractions 

with reversible effects, meaning that it is 

likely a survivable shock if the GfCI does its 

job properly.

Still, there are caveats. only skilled and 

qualified electricians should endeavor 

to use water effects in the proximity of 

electrical circuits. Secondly, only listed, 

Class A GfCIs should be used, and the 

listing should reference UL 943. thirdly, 

every GfCI should be tested before they are 

put into service and again every 30 days or 

less because it has a lot of parts, including 

an integrated circuit chip, bridge rectifier, 

SCr, solenoid, capacitors, resistors, diode, 

and more, any of which could fail at any 

time. And, in the event of a failure of any 

of these parts, there would be no outward 

indication of such. many times they will still 

pass current but provide no ground-fault 

protection, so one should never assume that 

a GfCI is working. In 2001, the National 

electrical manufacturers Association 

(NemA) undertook a study in which they 

found that about 14% of all GfCIs that were 

surveyed were non-operational. the most 

common causes were failures of the IC chip, 

SCr, and the solenoid.

testing GfCIs is very quick and easy: you 

simply press the test button and listen for 

a click. If it clicks, then it’s working. If not, 

then it’s not and it should be replaced.

there is more to know about the use 

of Class A GfCIs in the entertainment 

industry, much of which is spelled out in 

aNSI e1.19 – 2015 Recommended Practice 

for the Use of Class a Ground-Fault Circuit 

Interrupters (GFCIs) Intended for Personnel 

Protection in the entertainment Industry 

(www.tsp.esta.org). Some of the more 

important points include:

Standard GfCIs can’t be used on the load 

side of dimmed circuits because the IC chips 

get their power from the hot conductor. If 

it’s dimmed too low, then the IC chip will 

stop working. there are dimmer modules 

with built-in GfCI protection as well as 

stand-alone GfCIs with separate power 

inputs that allow you to connect them to a 

dimmed circuit while providing constant 

power for the electronics.

Harmonic currents can cause nuisance 

tripping of GfCIs, which can discourage 

some people from trying to use them at all. 

Look for gear with high power factor and 

low harmonic distortion to get the best 

results. If that’s not an option, try using a 

portable GfCI, like the Yellow Jacket 2762 

(about USd $20 street price), and placing it 

as close to the load as possible to minimize 

leakage due to cabling. that might help. 

otherwise, think of the five ways we protect 

ourselves against the hazards of electricity: 

insulation, isolation, circuit breakers, GfCIs, 

and grounding. If you can’t get a device to 

work on GfCI protection, then it should 

be completely isolated (barriered against 

the possibility of coming into contact with 

anyone), which would rule out having any 

actors within touching distance.

GfCIs should not be used on circuits 

with egress or exit lighting, emergency 

systems, or on circuits in which the loss of 

power will create a hazard. for example, 

don’t use GfCIs on a circuit feeding power 

to a fan inflating an air bag used by special 

effects for a stunt fall.

(for more complete information, 

download and read the standard. It will cost 

you nothing but a few moments of your 

time.)

Although there are statistics that 

empirically point to the fact that GfCIs 

save lives, they aren’t perfect. there is a 

percentage of the population, albeit a low 

percentage, who is more susceptible to 

electrocution, and that includes infants, 

elderly, and people with compromised 

health. If that matches the description of 

any of the cast members in your production, 

then you should keep them away from water 

effects on stage.

there are many factors that ultimately 

determine the impedance of the human 

body, including the path that current 

takes through the body, the touch voltage, 

the length of time that current flows, the 

frequency, the degree of moisture of the 

skin, the surface area of contact, the pressure 

exerted, and the temperature. If you’ve 

ever survived a shock, and most of us have, 

then it was only because the circumstances 

happened to be in your favor. You can 

greatly increase the odds of survival by 

liberally applying the use of Class A GfCIs.n
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           For more complete information, 
download and read the [ANSI E1.19] 
standard.“
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           Testing GFCIs is very quick 
and easy . . .“
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