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ABSTRACT 

Current leaking to ground on the load side of a protected 
circuit causes an imbalance in the circuit. This produces 
a change in flux in the magnet core, inducing voltage in 
the transformer's secondary winding -which causes the solid 
state circuity to open the, circuit before the individual is 
hurt who is in the "ground leak circuit." This report de-
scribes the equipment, cost, and a demonstration panel on 
the use and need for ground fault interrupters. This type 
protection is mandatory for outside electrical inlets in 
residential construction and the National Electric Code has 
been interpreted to require it in ORNL facilities where 
applicable. 

^ ' MOTE r i -

I ' The application of ground fault interrupters' is being 
reviewed by Engineering and Safety groups in light of the 

| OSHA requirements1 for ground fault circuit protection for 
| - construction-type activities effective January 1, 1974. 

N O T I C E This document contains infoimatio-i of a preliminary nature 
and was prepared primarily for internal use af the Oak Ridge National 
Laboratory. It is sub|ect to revision or correction an'd therefore does 
not represent a final report. ' ,, 
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NOTICE 
This report was prepared as an account of work 
Sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 
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INTRODUCTION 

The Occupational Safety and Health Act (OSHA) through the National 
Electric Code, 1971, Article 210, Section 22(d) requires installation of 
ground fault interrupters (GFI) on all outdoor residential receptacles. 
Article 680^ Section 6, prohibits receptacles within 10 ft of the inside 
walls of swimming pools, and requires that all receptacles located be-
tween 10 and 15 ft of the inside walls of swimming pools have ground 
fault interrupters installed. 

These regulations have been interpreted to include industrial 
operations at the ORNL site, electrical services are necessary for 
industrial operations at the poolside of 

reactors. Article 680 has 
been interpreted to require that GFIs be installed on receptacles within 
15 ft of reactor pools at ORNL. 

The ground fault interrupter senses an imbalance as low as 0.004 
amperes between the phase and neutral wires of a circuit and operates a 
breaker to disconnect the circuit. Since a normal fuse or breaker would 
not sense this ground current and at the level of 0.050 amperes it could 
be fatal, the GFI represents a major protection device. 

This report describes the equipment, costs, and a demonstration 
panel on the use and need for ground fault interrupters. 

POTENTIAL HAZARDS 

A potential fatal hazard exists whenever the skin resistance of 
an individual who is grounded and in contact with electrical equipment 
drops to 1000-1500 ohms. Ordinarily, resistance of human skin may run 
as high as 30,000-40,000 ohms (30-40 kilohms). This resistance is reduced 
markedly by water. A person actively engaged to the point of perspiration 
he's a skin resistance as low as 1000 ohms (1 kilohm). 

Approximately 50 milliamperes (0.050 ampere) through the heart will 
cause fibrillation of the heart. This is a condition where the heart 
ceases to pump and goes into a spasmatic quivering. A defibrillator is 
required to restore natural action. Only a very short time can elapse 
between the shock and the use of the defibrillator before brain deteriora-
tion sets in, since no blood is received by the brain during fibrillation. 
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Voltages as low as 110 volts can produce 50 mi1Hamperes through 
the heart when skin resistance has been reduced to 1000 ohms. Slight 
resistance deterioration within an electrical appliance or tool can pro-
duce this voltage on a case or metallic covering. Leakage of currents 
as low as the 50 milliamperes would not be sensed by the fuse or breaker 
normally used in household or industrial circuit panels. 

OCCUPATIONAL SAFETY AND HEALTH ACT (OSHA) 

By incorporating the National Electric Code into its mandatory 
compliance coverage, OSHA requires that GFIs be installed in outdoor 
residential receptacle circuits and in circuits feeding receptacles 
adjacent to swimming pools,, These requirements are found in Article 
210, Section 22(d), and Article 680, Section 6, of the 1971 National 
Electric Code. These regulations have been interpreted at ORNL to 
require GFIs on outdoor receptacles and on receptacles within 15 ft 
of inside walls of reactor pools. 

EQUIPMENT 

Most electrical device manufacturers such as Square D, Pass and 
Seymour, and Federal Pacific now have ground fault circuit interrupters 
in their catalogs. In general, these GFIs consist " two types: panel 
circuit breakers and integral receptacles. The cir.̂ J-t breaker type can 
be readily exchanged in the manufacturers' panels .for a standard breaker. 
The integral receptacle type will with a little squeezing fit into most 
receptacle boxes, and it will protect all other receptacles on the same 
circuit if the circuit is the extendable type. 

Most of the devices investigated use the manufacturers' standard 
breaker and a sensing device to operate the breakers. The sensing device 
consists of a small differential transformer ?nd a sensing and tripping 
circuit (solid state). All elements are usually potted; and in some 
instances, the entire device is potted. All of these devices include a 
test circuit, and it is recommended that these sensing elements be tested 
monthly. 

The GFIs list at $45-50 but can usually be purchased at approxi-
mately half their list price. 
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ORNL APPLICATIONS 

Three general conditions exist in the ORNL area where these 
devices have specific application. Two of the conditions are 
obvious as they are extensions of the intent for residential situa-
tions: outside receptacles and receptacles adjacent to reactor pools. 

The third condition, metallic platforms or tanks where electrical 
devices of over 50 volts are used, is less obvious and requires some 
searching to identify. This condition contains all the hazards of an 
outdoor receptacle and, therefore, is interpreted to require GFIS. 

DEMONSTRATION PANEL 

A demonstration panel (Fig, 1) was constructed by Plant and 
Equipment Division for use in their safety meetings. This panel 
consists of a piece of 1/2-in. plywood approximately 4 feet square 
(1,25 M), framed and mounted on casters. The panel is painted to 
simulate a person touching an electric drill while being grounded. 
There are electrical components to select feed for the drill from 
either a standard breaker or a GF' A pushbutton, when operated, 
simulates failure of the drill's insulation by connecting the phase 
to the case of the drill through a milliarameter and a 1500-ohm 
resister which represents the skin resistance of an active person. 
Thus, by reading the milliammeter, the approximate current which 
would be fed through an individual's body in an actual situation can 
be seen. Fig. 2 is a display circuit diagram of the panel. 

Approximately 60 man-hours were used to construct this safe, 
effective information device devoid of embellishments. 
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PLANT & EQUIPMENT DIVISION 
PHOTO 0787-73 

GROUND FAULT INTERRUPTERS 
C G F I ' S ) 
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Figure 1. Ground Fault Interrupters 
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GFI aRCU/r DMGRAM 

Fig. 2. Display Circuit Diagram 


