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INTRODUCTION

The energized down-wire has vexed utilities for the life of the
industry. It is widely regarded by utility engineers as a problem
impossible to solve without the extremes of total underground
conversion or a distribution system equivalent of "Star Wars" -
computerized monitoring and analysis of conditions on every tap of
every feeder.

The down-wire problem is also widely misunderstood and
unappreciated by utility managers unfamiliar with distribution
operations. Therefore, the first response must be involvement of
top management in the distribution system, which has functioned in
a fairly unattended fashion for many years, while executives
focused on energy shortages and environmental issues. Of course,
the danger of down-wire may well be the next great environmental
issue. It will require effort by lawyers and financiers of the
industry, combined with distribution engineers rarely heard in the
executive suite.

"FIGURE 1). Beating the hazanrd
of enengized down-wirnes has
stumped wtilities since
Edison's time.




Major oversights have occurred in this very technical debate.
Available enhancements of automation systems, common-sense utility
practices, and simple devices can greatly mitigate the public risk.
We must do what we can do now, while we hope for something better.

PRESENTLY AVAILABLE IMPROVEMENTS

The electric utility industry began actively pursuing the down-wire
problem about 1980 [1]. The common viewpoint has matured from the
"quick fix" dream of a single, high-tech device to a balanced mix
of practice and hardware. The new theme is the old idea to take
action when and where practical, solving the problem in an
incremental way, without rate shock to customers, or technological
shock to the utility.

8YSTEMS

DISTRIBUTION AUTOMATION SYSTEMS

Most wutilities have installed some 1level of distribution
automation. This usually amounts to SCADA (Supervisory Control And
Data Acquisition) on some or all feeder breakers at the substation.
The next extension has equipped major sectionalizing switches with
motor operators, complete with SCADA monitoring and control. SCADA
has also extended to pole-top voltage regulators, automatic throw-
over switches, remote line loading monitors, and reading of meters
for major customers, inaccessible meters, and load research.
Technology is available to monitor nearly any parameter or control
any device.

Automation system expansion (aside from research and development
projects) has been driven by economic and service reliability
concerns [2]. Concern for public safety can be incorporated into
this expansion by coordinating the system design with methods for
detecting and clearing down-wire hazards. This criteria puts
emphasis on use of multiple, remote, addressable, and self-
actuating devices for interrupting load currents. Electronically
triggered fused cutout barrels offer some promise for this need.
Another requirement of this planning criteria is a widely
distributed communications subsystem which allows many unique
device addresses. Present SCADA systems mostly use point-to-point
communications to control substation-based feeder breakers.

Full automation can not happen overnight. For example, simple SCADA
has been widely used for more than 30 years, yet many circuit
breakers are still not controlled for various practical or economic
reasons.



Since system enhancement is a given, utilities should plot a design
course which incorporates the features needed to add down-wire
protection. This protection can be installed initially, or at some
later date - if designs for the communications element and the
switching element allow retrofit.

The third element of a down-wire protection system is detection and
verification. Detector/verifiers can be classified as, a) basic;
b) complex; and c) integrated. Any combination of
detector/verifiers can be worked into a well planned distribution
automation system as it gradually expands.

Basic down-wire detectors

*Loss-of-voltage detection is based on the simple concept that a
sustained loss of voltage on any one or two phases at the end of
a feeder section means a phase wire has separated [1,3]. The cause
of lost voltage may be only a melted jumper, or something else not
hazardous to the public, but a wire has most definitely separated.
Loss of voltage on all three phases would be ignored as a
conventional outage of the entire circuit.

Practical details include the type of voltage sensors at the end
of each feeder section, the type of remote terminal, communications
media, and the central logic which checks for other causes of lost
potential or bad communications. There are many possible hardware
configurations for implementing this concept, and it fits very well
with distribution automation as it is eventually installed.

Disadvantages of the method begin when the main feeder splits into
subsections, or divisions. Sensors and a remote terminal are
required at the end of each protected section of the circuit. A
typical feeder may have 5 to 10 such splits, each requiring full
instrumentation, communications, and control logic integration. All
the failure modes of these electronic systems must be considered
before arming a trip function.
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FIGURE 2). Typical configuration of Zhe Loss-of-voltage
detector forn a feeder with two sections.



Loss-of-voltage protection cannot be extended through a 51nqle
phase 1nterrupt10n device, unless the status of that device is
included in the 1logic which determines a down-wire condition.
Therefore, fused taps, or any portion of the main feeder beyond a
fuse or single phase recloser can not be protected with this
method.

Complex detectors

This class of detectors is in various stages of development. The
detail of each technique is beyond the scope of this paper.
However, a brief description of the major types under development
is in order.

*Arcing noise detectors are sensitive to the electrical noise
produced by an ar01ng fault. Some detect high frequency [4] or low
frequency [5,6) noise, and some operate on "burst noise" [7] or
noise correlated to the power frequency. All these detectors use
microprocessors to analyze the noise, and may have difficulty
discriminating the arc of a down-wire from the many arcing
incidents which are fairly benign, such as arcs to tree branches
and failing insulators.

*Harmonic current detectors depend on the harmonics of power
frequency current which are produced when the down-wire contacts
a non-linear grounded surface. Some methods examine changes in the
magnltude of particular harmonics [8,9], and one method looks at
changes in the phase angle of the third harmonic [10,11]. These
detection methods must be concerned with the ambient harmonic
content of each feeder, and the proliferation of harmonic producing
loads [12].

Integrated detectors

This broad class of detector/verifiers would simply be any
combination of detectors looking at different parameters. This
technique capitalizes on the strengths of various schemes to yield
a composite which is more selective and sensitive than any detector
alone [3].

The ultimate integration is found in development of expert systems
for protection against down-wires. Many detection and verification
inputs can be combined with non-electrical information, such as
time of day and weather conditions, to yield a much better basis
for circuit interruption decisions. Expert systems are also
adaptive and dynamic; able to learn from its mistakes. A more
complete description of these developments is also beyond the scope
of this paper.



COORDINATED EMERGENCY RESPONSE SYSTEMS

Utilities can greatly improve the response to reports and
indications of down-wire. There are major problems with existing
response procedures, but many can be overcome if the community,
public safety agencies, utility operators, and the distribution
plant are viewed as one macrosystem.This discussion must remain
fairly vague, because each utility and community are unique;
however, examples of this Y“system" approach come to mind:

*Certified training modules for police officers, firemen, EMT's,
and other field-based municipal workers can relieve a lot of
pressure created by wire-down reports. Utilities must respond as
if it is a 1live primary until someone with knowledge and
credibility confirms it to be telephone line, guy wire, television
cable, or other low voltage wire. Utility training centers can
conduct real world training for these agencies, and develop a
system of reporter verification.

*Utility dispatch - 911 1links can be upgraded from the simple
"hotline"™ to a computer link which ties the distribution system
with the 911 phone number database. This can allow the device which
must be tripped to be brought up on the utility dispatcher's SCADA
console, ready for command.

*Structured procedures, written and frequently practiced, can bring
order to an inherently chaotic process. One suggestion is to
consider the "all points bulletin" techniques common to police
agencies. First "look response" can be meter readers, field
engineers, and other utility workers other than line crews:; even
properly trained and certified public safety personnel.

PRACTICES
CONSTRUCTION PRACTICES

We must take a hard look at construction standards and practices
used over the last 50 years with an eye for things which contribute
to failure of a conductor; and when a wire does fall, things which
allow it to miss contact with the grounded neutral.

These changes can be controversial with designers and operating
personnel. For instance, stand-off brackets for post insulators
mean more elbow room between phases for the worker in the bucket,
but this a "wider" framing which makes it more probable a downed
phase will miss the neutral. Once we identify the reasons for an
old standard, we must weigh them against the improved public
safety we might achieve with a new practice. Some revised
practices, like use of larger conductors, also carry econonic
benefit (loss reduction in this case). Some recommendations:



*Use larger conductor, even when smaller wire will meet load
current requirements. The most common scenario for a down-wire
incident begins with a "normal" fault (from lightning flashover or
tree contact) which melts the primary wire. After the circuit
recloses, the primary is left on the ground energized. Bigger wire
dissipates much more heat from the arc without melting. Using ACSR
(aluminum conductor, steel-reinforced) instead of all-aluminum
conductor is a related practice. Large wire is also more resistant
to mechanical failure from fatigue or the weight of ice and trees.

*Use tighter configurations to improve chances of neutral contact
by a falling phase wire. This rule precludes framing with
crossarms, standoff brackets, or anything else which pushes the
conductors out in the horizontal plane. The tightest design
available is vertical post, with the neutral spool on the same side
of the pole as the phase conductors. A subset of this practice is
single phase construction on a post insulator-on the side (over the
neutral) of the pole, instead of the common pin insulator centered
on top of the pole. A centered phase wire has a 50% chance of
falling down the side away from the neutral, placing 8 to 10 inches
of wood between the phase and metallic neutral contact.

*Avoid "compressed neutral" construction. When the neutral spacing
is "compressed" (ultimately up to the crossarm, as in one REA
standard), it is difficult for a falling phase wire to make
metallic contact.

*Avoid covered conductor, unless needed for an over-riding safety
concern like clearance to a building. Even when it falls on a
fairly conductive surface, covered wire often doesn't draw enough
current to blow a fuse. Covered wire may also be more likely to
fall. A power arc tends to concentrate at the point of failure in
the covering, instead of "motoring" along, as is common with bare
conductor. The resulting localized heating often melts the wire.
Reduced tree trimming requirements may not be sufficient cause to
run the risks of covered conductor.

FIGURE 3). Fused cutouts are
the ginst Line of defense
against down-wines; unfused
- taps arne hand fo justify,
rnegandless of tap Load on
wire size.




*Avoid unfused taps, especially with small wire size, and even when
the tap load is insignificant. The reliable fused cutout is our
first line of defense against "normal" faults. When a liberal use
of fuses is combined with the changes in fusing philosophy proposed
later in this discussion, the cutout becomes very effective against
down-wires. Fortunately, cutouts are usually easy to retrofit onto
all but the most crowded poles.

*Avoid mid-span connections, or "double up" the jumpers. The flying
tap is a handy construction technique, but can be a source of
localized heating and mechanical stress on the wire.

*Avoid floated-wye capacitor banks out on the distribution feeder.
This configuration can be a dangerous backfeed source during load-
side down situations. When a wire breaks at the pole [where most
do], and only one span falls, the odds are 50-50 for the load side
going down. Backfeed situations are a particularly insidious
hazard, because the equivalent source impedance may keep the down-
wire from sparking, smoking, or giving other signs of its energized
state.

*Avoid grounded-wye high, delta low side distribution transformer
connections. This presents a backfeed hazard for load-side down
incidents similar to that caused by a floated-wye capacitor bank.

FIGURE 4). Floated-wye
capacitons and ghounded-
wye high s4de, delta Low
sdde thansgormesns are
sounces of backfeed
dangen 4in Load-side-down
incidents.




#*Improve lightning protection in lightning prone areas. Use more
arresters, better arresters, lower grounding impedance and larger
downleads (low impedance to high frequency content of lightning
current waveshape) for arresters.

#Prohibit rear lot line construction. In overgrown rear easements,
maintenance is more difficult and occurs less frequently, so these
lines are more likely to fall. When they do fall, they often go
down in hedgerows and are generally more accessible, but less
visible to the public.

*Boost incentives for underground development. This can even be
economically favorable if maintenance and storm repair costs are
evaluated over the life of the system. Developers will often
participate for the aesthetic benefits of underground distribution.

OPERATING PRACTICES

The same kind of hard look at how we operate our systems has
revealed a number of ways to minimize down-wire events, and improve
things when they do happen. These recommendations can be as
debatable as the changes in construction standards, and require
equally careful analysis of risk and benefit. Some recommendations:

*Increase tree trimming. There are many reasons, other than down-
wire risks, for enhanced trimming; so add public safety to the
list. Chronic arcing to branches weakens and melts conductors,
branches can cause phase-to-phase faults, and trees often
physically tear down the line.

*Convert 4160 volt systems to the higher voltage. There are
capacity and economic incentives to make the conversions we have
been planning for so many years. A public safety incentive is added
when we see how difficult it is to detect a 2400 volt fault to
ground.

*Repair crossarm framing with post construction when failures
occur. The tighter configuration is preferred, and risk of decayed
crossarms is eliminated. Though this "inconsistent" framing may be
traumatic to the utility culture, its been proven that the public
doesn't notice such construction features of overhead lines.

#*Evaluate reclosing philosophy. Try reducing the number of
reclosures and the elapsed time between fault initiation and final
reclosure. Each shot is a full arcing and wire-melting event at the
fault location. Long cycle times give curious bystanders time to
approach the temporarily dead conductor. Present practice should
be examined in both quantitative and qualitative ways. Ask
questions -~ What is really gained by a 4th reclose that a 3rd
misses? What is really gained by waiting 60 seconds to reclose
that is lost by waiting only 5 seconds? Isn't "no intentional
delay" of the first reclose as upsetting to digital-age customers
as a 3 second delayed reclose (which helps arc products dissipate)?
Are there times or circumstances when no reclose should occur? [13]



*Evaluate fusing philosophy with a focus towards minimum sizing.
The present emphasis seeks the maximum rating which will still
coordinate with upstream devices, hoping to reduce nuisance blowing
during peak load periods. This has resulted in the simple stepped
schemes (eg 600A-100A-65A) common to the industry. A more rational
approach asks the minimum size possible given a generous overload
factor. The result is a wide range of sizes, so this scheme really
wasn't practical before computerized databases and computer
generated fusing diagrams became available. Why put a 40A link in
series with a 6A transformer fuse, when we can put a solid 1link in
the transformer jack and move the 6A link out to the road to
replace the bigger fuse? [13]
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ot the down-wine problem.

*Boost public education programs, especially for children, and
especially focused on the down-wire problem. Stress the dangers
even if the wire isn't sparking and even if it is covered with
insulation and looks like an extension cord.

*Provide scenario simulation for operators. No amount of "what-if?"
discussion will give operators all the answers, but every exercise
helps provide structure for thought when situations occur.



DEVICES

Every fault protection device can be characterized by the location
it senses the fault and the location it clears the fault. Down-wire
protection should follow this same assessment scheme. Sensing the
down-wire at the first upstream protective device, such as a fused
cutout, is said to be local sensing (LS). If this detection occurs
two or more protective levels upstream, the protection method is
source sensing (SS). De-energizing of the down-wire can be grouped
likewise as either local or source clearing.

In various forums [14] and recent discussions of the down-wire
issue, utility engineers, particularly those with operating
responsibilities, have expressed a strong preference for the local
mode of sensing and clearing a down-wire (LS-LC). This standard
stems from the other hazardous conditions created by unnecessary
power outages.Traffic signals, fire protection, hospitals, andhome-
bound life support systems are examples of our dependence upon
electric power for public safety and health.

RATTO~GROUND REIAYS

These relays have been available in electromechanical form for
about 7 years [15]. Considerable operating experience has been
documented for conventional 4-wire wye (multi-grounded)
distribution systems [16]. A high percentage of improper operations
during these trials have led many to conclude the ratio-ground
concept is more useful as a monitoring device advising the system
operator, rather than tripping and locking out the circuit.

The ratio-ground relay behaves 1like a very sensitive ground
overcurrent relay with a variable pickup setting. These features
are achieved by using the circuit's current unbalance and current
to ground to produce operating torque on the relay. Restraining
torque is produced by the balanced '"normal" load current of the
circuit [17]. If a wire carrying much current breaks and falls to
the ground, all aspects of this design are utilized. The circuit
is unbalanced by the amount of load current which was interrupted
by the break, producing operating torque. What little ground fault
current occurs will add to this operating torque, and the reduction
in normal, balanced load current reduces the restraining torgque.
If these conditions persist for a fairly long time, the relay
contacts trip the breaker, or send an alarm.

Several operating difficulties arise with this relay's source
sensing, source clearing (SS-SC) mode of operation. It does not
locate the down-wire, other than to indicate the suspect feeder.
Since an average feeder circuit may contain 20 or 30 pole-miles of
line, an alarm requires extensive and time-consuming inspection of
the entire feeder.



Use of this relay, even as a monitor, requires: a) frequent
balancing of phase currents, b) aggressive tree trimming schedules,
and c) a very structured and effective response by operators when
a trip or alarm occurs. Since these practices have other benefits
to a utility, their implementation should not be charged entirely
against down-wire protection.

Even with perfect phase balance, the possibility of a false
operation occurs anytime a single phase protective device operates
for other reasons. For instance, if a capacitor fails and blows its
fuse, or a division fuse blows on overload, a false operation of
the ratio-ground unit may be caused by the resulting unbalanced
currents. This device is most effective when used as part of a
composite protection plan.

MECHANICATL GUARDS

This approach is so old that it is new, and so simple we tend to
overlook it [1,18,19,20]. It just forces any down-wire to make
metallic contact with the neutral by way of a metal rod suspended
below the neutral, and at right angles to the conductors. The
resulting short-circuit current is a predictable value, and large
enough to operate the first upstream protective device. This local
sensing, local clearing (LS-LC) form of protection has obvious
advantages for utility operating personnel because: a) it locates
the down-wire, b) it uses existing overcurrent protection to de-
energize the down wire, c) the outage section is minimized, and 4d)
no decisions or actions are required of the system operator.

FIGURE 6). Mechanical guands
ofpen protection grom wires
which sag, but don't conta
the ground. :




The mechanical guard device is effective against phase wires which
are only sagging, without touching the ground or breaking. This
type of sag occurs when crossarms fail, insulators are broken, or
clamping hardware fails. If the spans are long, the wire may sag
to within a few feet of the ground. The guard also offers fair
protection from load-side-down (backfeed) hazards.

Installation details must be decided on a span-by-span basis, and
include several considerations. One to four guards per span are
recommended, based on the possibility of mid-span flashovers,
splice fallure, or a desire to support broken conductors over a
road crossing. In other words, a "clean" span with no threatening
trees, m1d~span taps, or splices might only require 1 guard at mid-
span, since flashover or connector heating failure is most likely
at the poles. This discussion of physical configuration raises the
questlon of failure modes for the device itself. Some scenarios of
a wire falling may have dynamic aspects which could cause the wire
to miss contact with a guard. More guards per span can mitigate
these concerns, so the utility must do a probability assessment.

In some spans the neutral may be so close to a phase wire that a
fault might occur if the guard is tilted by say, asymmetric ice
loading (birds tend to fly away if their perch starts to move). In
these situations, a short length of small insulating hose should
be placed on the phase wire over the guard.

Disadvantages of this approach center on the material and labor
costs for installation, and the resulting demand on the skilled
workforce and scarce bucket trucks. These problems, and the problem
of installation in a rear easement, are relieved by the
availability of a "hot stick" version of the neutral suspension
clamp. Fault energy withstand ratings (I‘t) should be applied to
determine a guard's ability to withstand multiple re01051ng cycles.
Application of the guards downstream from fuses is very
complementary to the loss- of—potentlal method, which can not be
extended beyond a fuse, but is effective 1mmed1ately downstream
from the feeder breaker. A composite protection scheme is again
indicated, but a utility may eventually cover the entire system
with guards to protect from sagging-conductor accidents.

FIGURE 7). Mechanical guands can be installed by "hot siick"
where spans Lack bucket thuck access, on Lo conserve skilled
Labor and equipment resowrces.



SUMMARY

RATIONAL RESPONSE AT A REASONABLE RATE

We can't solve this problem overnight. Managers who come to terms
with the crisis today will still require several years to implement
a balanced protection plan. A progressive response by utilities
might include the following steps in an overlapping fashion:

1) Evaluate construction and operating practices for
effectiveness in down-wire prevention and protection.
Make changes and retrofit as much as is reasonable.
Concurrently;

2) Evaluate mechanical guard protection. Make test
installations downstream from fuses first, then extend
system coverage if performance 1is satisfactory.
Concurrently;

3) Install a source sensing monitor, like the ratio-
ground device, on all feeders to provide backup coverage
or advisory alarms until:

4) Loss-of-potential, or other reliable down-wire
detectors, are added with ultimate distribution
automation expansion; thus completing the down-wire
protection plan.

When a down-wire tragedy happens, someone will ask the unpleasant
question: Was there any reasonable thing which could have been done
to prevent it? If the answer is yes, and it lies in some simple
operating or construction practice, or an equally simple protective
device; the impact can be financially damaging to the utility and
emotionally devastating to the responsible managers.

FIGURE §). Down-wire may be the
next great envaironmental Lssue,
but some things can be done
Zoday to prevent a crisdis.
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