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POWER PLAY

High-resistance grounding is rela-
tively simple and easy to apply in 
radial distribution systems. It has 

been used in the healthcare industry for 
many years, considered to be best practice 
for hospitals. The concept is well-known, 
recognized by the Canadian Electrical Code 
and driven by four basic factors: power is not 
interrupted in the event of  a single ground 
fault; negligible damage at the point of  fault, 
resulting in lower repair costs and faster 
return of  equipment to service; negligible 
arc flash hazard in the event of  a single 
ground fault; and negligible risk of  a single 
ground fault escalating into a damaging line 
to line or three phase fault.

High-resistance grounding provides safer, more reliable  
electrical distribution for healthcare facilities

It is best practice to have the low voltage 
(600V) and high voltage (4,160V) systems 
equipped with high-resistance grounding. 
This has often taken the form of  a neutral 
grounding resistor applied between trans-
former neutral and ground. An alarm is 
raised on the occurrence of  a ground fault in 
the distribution as required by the installation 
codes. In modern relays, the zero-sequence 
sensor signal causes a pick up, then the simul-
taneous presence of  unbalanced voltage to 
ground is verified before an alarm is indi-
cated. To avoid the possibility of  nuisance 
alarms caused by inrush currents and non-
linear loads, the zero-sequence current sen-
sor output is filtered and only the 

fundamental signal is extracted. These mea-
sures have been effective in avoiding nui-
sance alarms and trips in sensitive ground 
fault relays. 

VANTAGE POINT

The use of  high-resistance grounding offers 
many benefits.

Arc flash and blast hazard for a line to 
ground fault is prevented. For systems up to 
4,160V, where the resistor let-through cur-
rent is 10A (amperage) or less, the arc blast 
is unlikely. Such systems can continue to 
operate with one ground fault. The fault 
does not escalate so the distribution system 
is safer. Accidents causing line to ground 
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faults will not produce a hazardous blast or 
arc flash.

Fault damage at the point of  fault is very 
low and can be easily repaired. It minimizes 
maintenance repair costs. Motor and gen-
erator laminations will not get burnt and 
winding repair costs will be small.

For systems up to 4,160V, where the 
resistor let-through current is 10A or less, the 
line to ground fault can be kept on the 
system continuously. No fault isolation needs 
to occur per Canadian Electrical Code 
10-1100 through 1108.

Damaging voltage transients that can 
occur on ungrounded systems are avoided 
since the system is grounded.

On the other hand, four application 
concerns arise when resistance grounding is 
applied to distribution.

All cables need to have a line to ground 
voltage rating of  line to line voltage for 
the maximum duration of  the line to 
ground fault. This is not an issue at low 
voltage, such as 600V. The standard 
cables have adequate ratings. 

Lightning arrestors and surge suppression 
devices that are connected line to ground 
also need to be adequately rated.

Voltage to ground impressed on capaci-
tors will also increase to line to line value.

The circuit breakers and contactors 
employed in resistance grounded systems 
must be able to break line to line voltage 
across one pole of  the device. For example, a 
three pole 600V breaker must be able to 
open fault current and withstand 600V 
across one pole, which most 600V breakers 
are capable of. However, some breakers only 
have a 347/600V rating. This means they 
are able to interrupt only 347V across one 
pole, making them unsuitable. The same 
would apply to contactors.

FAULT SCENARIO 

In a typical hospital, there will be a 600V 
normal power system and a 600V generator 
power system. The most critical loads are fed 
from the emergency power distribution, 
which is downstream of  one or more trans-

fer switches. The transfer switches get power 
from both the normal power system and the 
generator power system. In this scenario, a 
ground fault occurs in the switchboard 
downstream of  a transfer switch. This fault 
could have a number of  causes.

In the solidly grounded system, the ground 
fault results in a large current flow creating 
significant damage within the switchboard, 
vapourizing components and coating the 
inside of  the switchboard with semi-
conductive residue. The high fault current 
subjects the upstream transformer to high 
stresses and causes the upstream breaker to 
trip. All power to the critical loads is lost. The 
loss of  power is sensed at the transfer switch, 
which starts the emergency generator and 
transfers the critical load over to the generator. 
Since the switchboard is contaminated with 
residue from the previous fault, another fault 
occurs and this further damages the 
switchboard. It also stresses the generator with 
a high magnitude fault current and causes the 
generator breaker for the transfer switch to 
trip. The critical loads, including the 
emergency department and intensive care 

unit, are shutdown and remain so until their 
feeders can be cut away from the failed 
switchboard, spliced and extended to 
another source of  power — a process that 
takes many hours and leaves the critical 
loads on normal power only. The hospital is 
forced into emergency mode and must 
transfer critical patients to other areas of  
the hospital, which were not designed for 
their care, and in some cases to another 
hospital. Full restoration of  the system 
requires replacement of  the switchboard. 
This takes many months as switchgear is 
built to order.

In the resistance grounded system, the 
ground fault results in an alarm. There 
are no power interruptions, the main 
transformer is not subjected to the 
stresses of  a fault, and the generator does 
not start and is not exposed to a fault cur-
rent. Most importantly, the damage to 
the switchboard is minimal requiring the 
replacement of  a single insulator, which 
is scheduled for a time when the hospital 
can accommodate the short shutdown 
necessary to perform the work. 

THE PRIMARY BENEFIT OF USING HIGH-RESISTANCE GROUNDING IS THE 
FAULTED FEEDER DOES NOT NEED TO BE ISOLATED ON THE OCCURRENCE  
OF A PHASE TO GROUND FAULT.

 In this scenario, a ground fault occurs in the switchboard downstream of a transfer switch. 

t
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Oversized backsplash
has coved edges and helps to keep water 
contained and flowing toward drain.

Offset drain position
keeps water from splashing directly  
into drain and the contents of the trap 
from aerosolizing.

Sloped rear basin wall 
minimizes splashing of water stream  
and creates circuitous flow to drain.
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GROUND CURRENT DETECTION

A major functional enhancement occurs when detection and alarm of  
ground faults is supplemented with monitoring of  all the feeders to 
indicate which feeder is faulted and administer assistance for quickly 
locating the fault.

To provide assistance in locating a fault in high-resistance grounded 
systems, the fault current is modulated by oscillating it between values 
such as 5A-10A, typically at one cycle per second. This is accomplished 
by changing the resistor value using a contactor, which has been called 
‘pulsing’ in the industry. The pulsing is manually started. A flexible 
zero-sequence sensor or a clamp on the current transformer (CT) 
encircling all phase conductors is used to provide an oscillating signal 
to a handheld multimeter. Readings are taken on the faulted feeder 
moving away from the switchboard. The signal will disappear once the 
fault location is passed. Often, two or three measurements are 
sufficient to point to the fault location. Readings are taken from the 
outside of  the grounded raceways, conduits or busways, while the 
system is energized and running. This technique has been in use for 
many years. It is quite effective for voltages up to 4,160V. 

TRIPPING UP

The primary benefit of  using high-resistance grounding is the faulted 
feeder does not need to be isolated on the occurrence of  a phase to 
ground fault. While the faulted system continues to operate, there is a 
possibility that another phase to ground fault may occur on a different 
phase in some other weak spot in the distribution system. With the 
presence of  a second fault, the fault current is no longer limited by the 
resistor and will be a higher magnitude fault. The zero-sequence 
sensors continue to monitor the fault current and if  a significantly 
higher current than that limited by the resistor is detected, then the 
system recognizes that a line to ground to line fault exists and identifies 
the two feeders involved. Only one feeder breaker needs to be tripped 
to revert the rest of  the system to a single fault condition. A level of  
priority can be assigned based on the relative importance of  the 
feeders. The one feeder with lower priority is tripped. Fast operation 
provides protection and minimizes fault damage. Such systems have 
been in use for a long time and this first fault alarm and second fault 
trip is best applied to monitor specific loads. 

IMPROVING THE SYSTEM

On low voltage systems and systems up to 5 kilovolt (kV), high-
resistance grounding provides a safer and more reliable distribution 
system. The arc flash hazard in the event of  a line to ground fault can 
be eliminated and power continuity maintained. The performance of  
the distribution system can be enhanced by using high reliability 
neutral grounding resistors with low temperature coefficients, 
monitoring the neutral ground resistor continuously, using a pulsing 
system to find ground faults and using coordinated selective second 
fault tripping. In many applications, it is more beneficial to apply the 
neutral grounding resistor at the main bus. In such a case, the 
incoming supply feeders can be monitored for ground fault very cost-
effectively by applying multi-circuit relays.  
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