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Introduction

The Planning Committee requested the System Protection and Control Task Force to: “Study and report
on the implications (pros and cons) of eliminating zone 3 relays.” This paper is presented in fulfillment
of that charge.

Local and Remote Protective Relaying Backup Systems

The transmission protective relaying systems in North America are built with various levels of
redundancy to ensure that fault conditions and equipment are quickly isolated from the system with
minimal system disruption. The voltage level of the facilities, its criticality to the network, when it was
built, the area of the country where it is located, the one-line configuration, dynamic stability
considerations, and the characteristics of the system are all factors in how this redundancy is achieved.
One method of adding backup protection is to have total redundancy at a substation such that any element
failing will be backed up by another device at the substation. This method is referred to as local backup.
Another method to provide the backup is to provide remote backup of failed elements by adjusting the
sensitivity of the protective relays at all adjacent stations to detect faults that should be cleared by the
local station with the failed protective element. This method is referred to as remote backup. Either
method or a combination of the two is acceptable, and both have advantages and disadvantages.

Local Backup

For complete redundancy for local backup of the protective relaying system, redundant relays must sense
every fault, and separate substation batteries, current transformers, voltage transformers, dc circuitry, and
breaker trip coils must be used between the primary relaying elements and the backup relaying elements.
As much as practical, physical separation is required between the primary relaying system and the
redundant relaying system. To back up the failure of a circuit breaker, breaker failure circuitry must be
used to initiate a trip signal to all circuit breakers that are adjacent to the failed breaker. On some bus
arrangements, this requires transfer tripping to one or more remote stations.

Local Backup Advantages
The major advantages of local backup protective systems are:

¢ Minimal system disruption — For the failure of the local protective relays or the circuit breaker,
local backup protection usually isolates a smaller portion of the transmission grid as compared to
remote backup protection.

o No effect on system loadability — Local backup protection has no effect on the system loadability
and is less susceptible to stable power swings.

o Speed of operation — Generally, local backup systems can be set to operate more quickly than
remote backup systems.

Local Backup Disadvantage

The major disadvantage to local backup protection is the opportunity for a single event or component
failure to disable both the primary and backup scheme if total redundancy and physical separation is not
designed into the system. Significant care must be taken to ensure that no reasonable contingency
would disable both the primary and secondary schemes. In addition to establishing physical separation
of all circuit elements, total electrical separation is required for complete redundancy. Different current
transformer windings, potential transformer secondary windings, batteries, dc control wiring, relays,
and trip coils are required to achieve redundancy. It is difficult to predict all contingencies that could
occur.
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Remote Backup

When remote backup relaying is used, the relays at the remote station are set sensitive enough that they
can detect all faults that should be cleared from their adjacent substation. Since the remote backup
relaying shares no common elements with the relay system that has failed, inherent redundancy is
achieved. The remote backup relaying is intentionally set with time delay to allow the local relaying
enough time to isolate the faulted elements from the system prior to the remote terminals operating. The
remote backup relaying covers the failure of a relay system and/or the failure of a circuit breaker.

Remote Backup Advantage

No common mode failures — Remote backup systems, because of their physical separation, have no
common mode failure components.

Remote Backup Disadvantages

Remote backup often requires longer fault clearing times and that additional circuit elements be
removed from the system to clear the fault. While the latter usually has no worse effect on the
transmission system than does local backup relay operation, it does interrupt all tap load on all lines that
are connected to the substation where the relay/breaker fails to operate.

The primary disadvantage of remote backup protection is that it can restrict the amount of load a circuit
can carry under emergency conditions. Generally, relays designated as Zone 3 relays provide this
remote backup function for phase to phase and three phase faults; however other relay designations may
be used to provide the remote backup function.

Backup Usage in North America

Both local and remote backup systems are used in North America. While many of the local backup
systems are fully redundant (have no single point failure mode), many are not. For instance, on some
systems using local backup protection, a single battery and/or communication system is used. The degree
to which local backup systems have single point failure possibilities varies widely. A significant
cascading outage could result for a failure of these schemes to properly operate.

Generally, to some degree, remote backup systems have a dependability advantage over local backup
systems; however system loading requirements have not universally allowed their use. Historically from
a security perspective, there have been several cases where remote backup relays (Zone 3) have been
involved in significantly expanding system outages by tripping due to unexpected loading during some
system contingencies. Less obvious are many times that remote backup (Zone 3) relays have
unintentionally operated to remove uncleared faults from the system or to halt cascading outages.

Compliance with recently developed NERC loadability guidelines and the relatively recent introduction
of microprocessor relays that are less load sensitive should significantly mitigate any disadvantage of the
use of remote backup relaying where it is presently used. Because of this, it would be impractical,
unnecessary, and somewhat risky to prohibit the use of remote backup (Zone 3) relaying.

Conclusion

With proper segregation from the primary relaying system and with relay settings that are compatible
with the recently published NERC loadability guidelines, remote backup systems (including Zone 3
relays) or local backup systems are acceptable for usage as redundant protection for electrical
transmission systems.
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