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Abstract:

An unexpectedly high number of unexplained outages on Montana Power Company’s 500kV
transmission lines resulted in an investigation into the cause of the outages. Nearly all of the outages
were of the single-phase-to-ground type, and they were self clearing with little or no evidence left
behind as to the cause of the fault. It was hypothesized that birds were a source of the outages because
of the large number of raptors seen perching and nesting on the transmission line towers. The most
significant birds seen in the area include Golden Eagles, Red-Tailed Hawks, and Ravens.

Previous investigations into the cause of outages on Montana Power Company’s 500kV lines as well as
other utilities high voltage transmission lines were analyzed. Also, trends observed from the historical
outage data on Montana Power’s lines were examined and compared to the raptor activity along the
transmission line corridor. Furthermore, 29 miles of transmission line towers were equipped with bird
perches in an attempt to modify the behavior of the raptors and thus reduce the number of unexplained
outages.

Although no outages have occurred on towers equipped with bird perches since their installation, not
enough time has passed to classify the perches as statistically significant in reducing the outages.
However, substantial data were gathered through this two-year study to suggest that birds are a likely
source of faults on Montana Power Company’s 500kV lines.
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ABSTRACT

An unexpectedly high number of unexplained outages on Montana Power Company’s
500kV transmission lines resulted in an investigation into the cause of the outages. Nearly
all of the outages were of the single-phase-to-ground type, and they were self clearing with
. little or no evidence left behind as to the cause-of the fault. It was hypothesized that birds
were a source of the outages because of the large number of raptors seen perching and
nesting on the transmission line towers. The most significant birds seen in the area include
Golden Eagles, Red-Tailed Hawks, and Ravens.

Previous investigations into the cause of outages on Montana Power Company’s
500kV lines as well as other utilities high voltage transmission lines were analyzed. Also,
trends observed from the historical outage data on Montana Power’s lines were examined and
compared to the raptor activity along the transmission line corridor. Furthermore, 29 miles

“of transmission line towers were equipped with bird perches in an attempt to modify the
behavior of the raptors and thus reduce the number of unexplained outages.

Although no outages have occurred on towers equipped with bird perches since their
installation, not enough time has passed to classify the perches as statistically significant in
reducing the outages. However, substantial data were gathered through this two-year study
to suggest that birds are a likely source of faults on Montana Power Company’s 500kV lines.
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rating of 525kV. Two substations, Broadview and Garrison, are located along the line route
in Montana. |

MPC operates approximately 362 km (225) miles of parallel 500kV transmi;sion lines,
iltustrated in Figure 1, which consist of separate, single-circuit, SOOi<V lines on steel towers.
BPA uses double-circuit S00kV towers for transmission. As seen in Figure 1, the MPC ﬁes -
between ‘—Colstn'p and Broadview are labeled as “A” and ‘B’ and the lines between Broadview :
. and Townsend are labeled as ‘1’ and ‘2°. The B-Line and Lines 1 émd 2 are built exactly the
same and the construction of these lines was completed in 1983. The A—Liné is somewhat
different in construction compared to the B-Line and Lines 1 and 2,-however the lines are
similar in voltage and phase configuration. The A-Line was converted from a doﬁble-circuit
230kV line to a single circuit SOOk\./' line, also in 1983. Figures 2, 3, and 4 illustrate the '
different types of 500kV towers used by MPC and BPA. \Simi,lar type glass iqsdators (5-3/4"
by 10") made by the Sedivar Company are used on both tower designs, although the A-Line
* towers have 25 insulat’ors per string, compared to the B-Line aﬁd Lines 1 and 2, which have
22 insulators per string. Other differences exist in the tow:er cohstmc‘gions. The Mum air
gap between a cpnductor and tower on the A-Line is 350.5 cm (138 inches), while the otﬁer
lines have a minimui air gap of 294.6 cm (116 inches)‘. Furthermore, the A-Line has no
horizontal sections of angle iron above any of the phase wires, while the B-Line and Lines 1
and 2 do have a horizontal section above the top “window” phase. All of tﬁe t.ower heights
: vary between 30.5 m (100 ft) and 45.7 m (150 ft), depending on the change in elevation
‘between the closest towers. Lines 1 and 2 are both 214 km (133 miles) long, compared to

the B-Line and A-Line which are approximately 184 km ('1 14 miles) in length. R
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Historical Fauit Data (1984-1995)

| Nearly all of the disturbances on MPC’s 500kV lines are single—phase-to-g;ound
faults. Any type of arc or conductive path between the grounded, metal tower and the hot -
phase wirés could create this type of fault. Virtually all of the faults are self‘-clean'ng, w1th1n
a few cycles of the dismri)ance, and little or no evidence is left behind as to the cause of the
fault. The faults can become expensive to the utility because of excessive use of the °
equipment (i.e. circuit breakers and relays) and the stress put on the Colstrip génerators
created from the transients associated with the faults. Also, there is always the chan_ce ofloss
of system stability whenever a fault occurs. Power system' s\tabi]jty may be broadly deﬁ;lgd
as that propérty of a power system that enables it ’;o remain in a state of operating equilibrium
under normal operating conditions and to regain an acceptable state of equilibrium after being
subjected to a disturbance (Kundar 1993),[2]. In the event that the power system does not
return to an acceptable state of equilibrium, the utility can experience loss of generation
and/or severe damage to their equipment resulting in millions of dollars of losses. A fault on
the MPC 500kV lines could initiate a transient into the western U.S. power grid.
Additionally, it is becoming increasingly important for utilities to have a reliable transmission
system because customers are demz;,nding transient free, reliable power.
Design standards for typical high voltage transmission lines are for 1-2 unexplained
outages/100 mi (161 km)/year (Sandhu et al. 1988),[3]. Table 1, on the following page,

examines the outage rates (outages/100mi/yr) on MPC’s different S00kV lines. The high
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outage rates (6 times the expected rates) are what prompted an investigation into the cause

of the outages. The first step in reducing the number of unexplained outages is determining

the cause of the outages.

*Table 1. Unexplained Outage Rates for BV-TN S00kV Line

YEAR LINE #1 LINE #2
1984 5.26 3.01
1985 5.26 1.50
1986 3.01 6.02
1987 6.02 9.77
1988 3.76 4.50
1989 677 9.02
1990 9.77 6.77
1991 5.26 12.03
1992 6.77 7.52
1993 6.77 5.6
1994 4.51 301
1995 2.26 6.02
AVERAGE 5.45 6.20

* (outages/100 miles/year)

Whenever a fault occurs, Montana Power Company engineers supply Montana State

University (MSU) researchers with the following data; date, time, line, phase, cause (if

known), location, and the generators and series capacitors that were in service at the time of

the fault. All of these data are entered into a spreadsheet for analysis to determine any trends

in the data. Several histograms and descriptions pertaining to the historical fault data can be
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CHAPTER 2

PREVIOUS INVESTIGATIONS

Other utilities, besides Montana Power have also reporte_d a high rate of single-phase-
to-ground, self clearing unexplained outages on their high voltage (345 to 500kV)
transmission lines. Several common trends such as tower configuration, insulator
configuration, time of day, and time of year exist between the utilities affected by the outages
(Sandhu et al. 1988),[3]. Some of the suspected causes of the outages include equipmént
failures, switching surges, lightning, weather, insulator contamination, and birds. The
following pages contain discussions of the findings of several utility investigations into the

cause of faults.

Equipment Failures and Other Known Causes

Equipment failures such as circuit breaker and reclosure malfunctions have been
known to cause outages on MPC’s transmission lines. It is known when this type .of
'phenomeﬁon occurs, and therefore these outages are not classified as unexplained faults.
Other known causes of outages that are not weather related include vandalism, (insulators
damaged by gun shots) broken lines, and fires. Inspection of the line after a fault oc\currence
helps determine these causes. Only 13 of the last 123 faults (10.5 %) in the last four years

have been attributed to these known causes.
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Switching Surges

In the 1960's, switching surges were considered to be the leading cause of unexplained
outages on high voltage transmission liﬂes (Lloyd and Schneider 1982),[4]. A switéhing
surge is an over-voltage occurring on a power system that occurs as a result of a perturbation
caused by a switching operation (Zaﬂ‘anella et al. 1982),[5]. Some examples of switching
operations include the addition of capacitor banks, the energization or reclosing of a powér
line, and sudden load changes. The waveshape of switching over-voltages may vary over a
wide range depending on the system configuration and’the electrical parameters of the
equipment. The waveforms are usually short in duration (a ;fraction of a millisecond to a few -
milliseconds) e;nd they’ can be high in magnitude. Brown et al (1982),[6] point ou'; that this

'is important because the breakdown of the electrical insulatic;n used to suspend the
transmission lines from the towers depends to a great extent upon the over-voltage stress and
the length of time during which the stress is applied. A single-phase-to-ground fault could
occur when this overvoltage stress magnitude exceeds a critical value for a short duration of
time. Breakdown across the insulators occurs when the voltage gradient exceedsl about
500k V/meter. Tﬁe insulators breakdown and a flashover (arc) occurs between the I_netél
tower and the hot phase wires. |

Several ye;ars ago, Montana Power Company engineers investigated switching surges
as a possible cause of outages on their SOOkV lines. The‘y' compared the times of the
switching operations with the times of the faults and conclucied that switching surges wer’e'

not causing the outages on their lines, because the times did not match. In addition, digital k
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fault recorder data afe now available for every fault that o;curs on MPC’s 500kV lines. The
digital fault recorder'data gives the waveforms of the currents and voltages of each phase
before, during, and after the fault occurs. Froﬁ the digital fault recorder data, it is apparent
that before the fault occurs, there is not a transient switching overvoltage associated with any
of the faulted phases. This further reinforces the conclusion that switching surges are Lnot a

cause of outages on MPC’s 500kV lines.

Lightning and Weather

Liglﬁning has long been a suspected cause of outages on high voltage transmission
lines around the world. Sforzini (1971), [7] feported that over 70 % of the'faults occurring
on a particular 275kV line in England were caused by lightning and Florida Power and Light.
attributed- 465 outages on their transmission lines between 1988 and 1992 to lightning
(Burnham 1995),[8]. A subject committee on ﬁe outages was formed jointly in 1962-1963
by the Transmission and Dis1;ribution Commi;ctees of the Edison Electrical Institute and the
Institute of Electrical and Electronics Engineers to obtain fundamental operating data on
transmission line outages. Outage data were gathered from 42 different operating utilities
across the country and a report was published (Rothfus et al. 1967),[9] which indicated that
the number one cause of outages was ﬁghtning.

Lightning transients, sumlar to switching surges, have varying waveshapes‘ that are
usually short in duration and have a high magnitude. Lightning causes single-line;to_-ground
faults in two different ways (Brown et al. 1982),{6]:

1) Lightning directly striking a conductor and the resulting voltage wave
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propagating along the conductor until a flashover develops at some weak point
in the line insulation. This generally occurs across an insulator string at the
first tower encountered by the lightning waveform.

2) Lightning striking a transmission line tower, which elevates the tower
to a potential above that of the remote earth. The potential of the phase
conductors remains the same and the net result is that a very high voltage
develops between the phase conductors and towers. This type of flashover
is commonly referred to as the “back-flashover” mechanism.

MPC’s 500kV transmission lines have two shield wires suspended from the top of
each tower. The shield wires are the highest conductors on'the towers, and therefore provide
some protection from lightning directly striking the phase conductors and causing a flashover.
Any lightning caused faults on MPC’s lines are most likely caused by the “back-flashover”
mechanism. Whenever a fault occurs, the exact time and general location of the outage are
recorded, and whenever a lightning stroke occurs, data are available to determine the exact
time that the lightning stroke occurred and its location. If the fault data and lightning data
match, the fault is classified as lightning caused. The lightning data have become of good
quality and they are readily available now and from analysis of the historical fault and
lightning data, it can be concluded that lightning is not a significant cause of outages on
MPC’s 500kV transmission lines (Maehl et al. 1995),[10]. Some utilities initially blame
lightning as a cause of faults when in reality, the lightning data may not correlate with the
fault data.

Other weather related faults such as high winds are also rare on MPC’s lines because

nearly all of the unexplained outages occur during moderate temperature periods and when

the wind speeds are moderate. Figures 12 and 13 show the temperatures and wind speeds
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Insulator Contamination

Significant research has been conducted worldwide on insulator contamination as a
source,of faults on high voltage transmission lines. A joint utility investigation of unexplained
transmission line outages, consisting of Sierrz; Pacific Power, Pacific Power _& Light,
Bonneville Power and Idaho Power, concluded that “A relationship between contamination
and outages was identified as probable” (Sandhu et al. 1988),[3]. Kawai (1967),[11] fron{
Japan and El-Arabaty et al. (1974),[12] from Egypt also reported significant outages caused
by contamination flashover on their transmission lines.

Several different theories exist about insulator contamination, but when one considers
all the research conducted, it is agreed upon that certain conditions must be present in order

for insulator contamination to occur;

- wetting of the insulators (usually from dew, fog, or drizzle)
- contamination of the‘ir‘lsulator surface most often caused by natural alkali dust
from soils, sea salts, industrial pollution, or agricultural activity.
An insulator contaminated fault occurs when alkali or salt conta.miﬁated insulators become
slightly wet, which causes leakage current to flow over the surface of the insulators aﬁd caus-e
dry-bands to form, thus causing a breakdown of the insuiator. The final result is a
contamination flashover, or arcing across the insulators to the electrically grounded tower.

It was initially hypothesized that the excessive number of unexplained outages on the.
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MPC 500kV transmission lines were a result of contamination flashover. Extensive research
was conducted by Major (1993),[1] to prove or disprove this theory. The rﬁeteorological
coﬁditions, gathered from the weather stations along the transmission line route, and
corresponding in time to the 19 unexplained faults that occurred on MPC’s lines, were
carefully analyzed. An algorithm was designed to provide a general guideline for evaluating
the weather data to see if it was consistent with contamination flashover conditions. Ideal
contamination flashover weather conditions call for extended periods of dry weather to allow
contamination to accumulate on the insulators, and the presence of light n’loisti.lre on the
insulators just before the fault o-ccurrence. Of the 19 faults, only one was consistent with
these contamination flashover conditions.

To determine the amount of contamination of the insulators, Major,[1] performed

. Equivalent Salt Deposit Density (ESDD) sampling on “dummy” insulators along the

transmissipn line route and on insulators taken out of service, generally for repair. The ESDD
is measured by removing the contaminants from the insulator with a cotton swab and
dissolving it in distilled water, and then the conductivity of the water is determined. The
equivalent density of NaCl to produce the same condu(;tivity as that of the tested insulator
surface area is then calculated and expressed in mg/cn}z. An accepted standard in the eiectric
utility industry (Lloyd and Schneider 1982),[4] for the site severity levels of ESDD

contamination is shown in Table 2.
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concluded that insulator contamination flashovers were not a significant cause of unknown

“faults on MPC’s 500kV transmission lines.

Birds

Birds were considered as a source of faults on Southern California Edison’s 220kV
transmission lines as early as the 1920's (Stockbridge 1925),[13]. Since then, several other
utilities have also reported bird related outagés on their high voltage transmission lines. ’Some
of the utilities with bird related problems include Pacific Power a.nd~ Light (Young et al.
1988),[14] Bonneville Power Administration (West et al. 1971),[15] Florida Power and Light
(Burnham 1995),[8] Minnkota Power Coop. (Gaines 1985),[16] andl Sierra Pacific Power
(Sandhu et al. 1988),[3]. However, as Burnham,[8] from Florida Power and Light poiﬁts oﬁt,
bird caused faults are generally not recognized as being a significant problem by the utility
industry. It is not mentioned as a c;1use of outages in EPRI’s Transmission Ling Re;ference
Book and is not considered in any of the design parametérs of these reference books. There
are several reasons for this general lack of acknowledgment; these‘ faults are not witnessed
because they often occur during the early morning hours in remote areas; there is little or no
evidence left that a bird caused the fault; and it is easier to attribute faults to causes that have
been e)ctensix)ely studied.

Montana Power’s 500kV transmission lines go through some \of the best eagle and
raptor habitat in the country and the towers present an opportune place for raptors and ravens

to nest and perch ‘(Olendorﬁ‘ et al. 1981),[17]. The bird nests in the towers are somewhat
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sheltered from the elements and the raptors have an excellent view of the open prairies from
the towers. The exact tower where a fault occurred in September of 1993 was determined
and it was located in the tower adjacent to an occupied Golden Eagle’s nest. This is what

initially triggered an investigation of birds as a possible cause of unexplained outages.

Statement of Hypothesis

After the occurrence of a fault, MSU researchers try to investigate the general
iocation of the fau—It as quickly as possible. Upon arrival at the fault location, raptors are often
seen perching and/or nesting on the towers. The most significant birds seen using the towers
include Golden Eagles (Aquila chrysaetos), Red-Tailed Hawks (Buet;) jamaicen:sis), and

Common Ravens (Corvus corax). Based on the background developed in this thesis and the

raptor observations, it is hypothesized that bird caused flashovers are a major source of

unexplained faults on Montana Power Company’s 500kV transmission lines.
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CHAPTER 3

RESEARCH OBJECTIVE AND PROCEDURES

The objective was to determine if birds indeed do cause a majority of the unexplained -
faults on MPC’s 500kV lines and, if so, how to prevent this from oc;:urﬁng. The following | h
experimental procedures were designed to deternﬁne the objectives: |

- Determine how birds cause faults

- Study large bird’s habits

- Install bird perches on towers along transmission line route

- Locate exact tower where faults occurred with the use of magnetic flag fault
indicators and relate fault locations to bird activity

- Perform an analysis of meteorological conditions surrounding faults and bird activity
- Analyze the digital fault recorder data from faults of both known and unknown

T ocause.

Bird Caused Faults

It is hypothesized that the birds perch on the tower angle iron above the hot phz;se
wires (actually an observed fact) and excrete a long stringy mucus material (mute) while
perching or when leaving the tower. The mucus string has sufficient conductivity and length
to reduce the gap betweeﬁ the phase wires and the tower to a distance where 1;he air will

ionize across the remaining gap and a single-phase-to-ground fault will occur. Raptors and h
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physiologists_ were consulted and the consensus was that large birds can store and rélease as
much as 60 cm’® of excrement at any one time. At a BPA laboratory, a bird simulator with
similar liquid, resistivity, and volume was set up and tests were perfc;rmed on a 500kV line
with insulation and air éap characteristics similar to MPé’s lines. Test results iﬁdicated that
it was definitely possible for bird mute to cause a ﬂashove\r with very little evidence lefi
behind. A 50to 60 cm® discharge can produce 2.43 to 2.74 m (8 to 9 ft) conductivel strings
and thus bridge the gap between the phase wires and tower and cause a flashover. The study
. also determined that the excrement stream can be és far away as 49 inches (1.24 m) from the

insulator string and still cause an outage.

Bird excrement buildup on the insulators has also been suggested as a cause of faults

on high'voltage transmission lines (Young and Engel 1988),[14]. This is not considered a
significant problem on MPC’s lines because of the lack of evidence left behind after the faults.
Also, materials that the birds bring into their nests located in the towers may be a source of
faults. Barbed wire, animal entrails, and other conductive material are often found i;l\nests;
and if these materials f;all out of the nest, they could potentially cause a flashover or short out

the insulators. Furthermore, a raptor could cause a fault by taking the insides out of an animal

while it was perched above a phase wire and thus short out the insulator string with the

conductive animal parts.
Bird Habits

Several of the different large bird’s habits were studied to determine if any of their

routines correlate with the historical fault trends. Sources include personal observations,




.25 ‘ ~
literature, surveillance camera, and meetings with experts in the raptor field.

Golden Eagles are oﬁer'l spotted during the winter months along MPC’s transmission
line route and are,‘ for the most part, resident birds in Southérn Montana. Most Red-‘Tailed
Hawks and Common Ravens, uniike Gold.en' ‘Eagles, migrate from Montana té) southern
destinations during the winter months. Very few of these birds are spotted along the
transmission line routes during. colder months. The historical Montﬁly Fault Distﬁbution

(Figure 10) shows that a majority of the faults occur during the summer months, which may’

suggest that the presence of Common Ravens and Red-Tailed Hawks increases the likelihood L

of faults on MPC’s 500KV lines. August is the most faulted month of the year and also th;e a
month in which most of the diijferenf species of young birds begin to fledge (learn to fly),
which signifies th;:lt fledging birds may also contribute to the fault a(;tivity.

Raptors often will mute upon take-off from their perching location. Time of aay and
quantity of food consumed are both factors that may affect the volume of the mute. , It has
been suggested (Burnham 1995),[8] that birds, after roosting on the transmission line towers
all night, will mute a large quantity around sunrise prior to commencing their daily activity.
This may be an explanation for the large number of faults that occur between 04:00 and 06:00
(see Figure 11).

All of the birds seen in tﬁe study area primarily eat the same foods; jackrabbits, ground
équirrels, snakes, carrion, and some types-of other birds. Most of these types of foods are
found in the open prairies. Additionall}lf, without thle presence of tr'ees, the transmission line -
towers present a commanding viev,v of the open prairies. Referring back to Figure 7, Fault .

Location Distribution, it was noted that the areas of the highest fault activity along the line
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route are all located in expanses‘ofl flat rangeland and open prairies, which is also Where most
of the raptors have been spotted. There is a strong correla'?ion between the bird activity and
fault locations along MPC’s lines. |

Several studies have been performed to determine the impact of transmission lines on
raptor behavior. One such study executed by Worley (1984),[18] determined that the
presence of newly constructed transmission lines seemed not to adversely affect Golden Eagle .-
nesting habits, but instead it provided a place for'the birds to build more nests. The same
study also concluded that within a year of the completion of the line, the birds became
accustomed to the lines with ravens acting as pioneers (first users) for other large birds in the
area. Unexplained outages started occurring on MPC’s lines within one year of the-
energization of the lines. A different study (Gaines 1985),[16] found that “The number of
occupied hawk nests located on power line towers has increased almost every year, while the
local population has remained unchanged.” This indicates that lqrge Birds become more
accustomed with the tower structures as time progresses and therefore if birds are the cause
of faults, it is important to address the problem now.

Dr. Al Harmata [20], eagle expert, has suggested that eagles and other large birds

prefer to perch with their beﬂies resting on a flat surface. Also from several personal

observations of birds perching on the towers, most of the birds seen on the towers were on

a horizontal surface. The A-Line, which has experienced very few faults, has no horizontal
surfaces on which the birds can perch. Additionally, no nests have been documented in the
A-Line towers compared to several nests in the B-Line, Line 1, and Line 2 towers, which do

have horizontal sections on which the birds can perch. Figure 16 shows the nesting sites
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These perches were labeled as Phase I perches and were installed in three separate “significant
bird activity” areas; namely where the lines pass through Ringling, thé Breding Ranch, and

the Welbom Ranch.

Ringling

Phase I perches were installed on Line 1 on 25 towers (6 miles) near Ringling on
7/20/94. This area, 94 to 100 miles west of B;oadview (MW OB), consists of flat rangeland
and some agricultural ;activity. It is known as “The Valley of the Eagles” and rightly so
because of the significant Golden Eagle I;opulation. | This is also one of the areas where the
most faults occur along the line route. JT McCurr;ll, a resident of Ringling, has been checking
the iine twice daily for a year and a half to determine tﬁe birds’ response to the perches. On
10/26/95 five more rﬁiles of Phase I perches were installed on alternate towers just west of - -
this area on Line 2. The perches were introduced here because during the previous sum;rlef,
3 outages occurred on this stretch of line (100 to 110 MWOB). The perch use has not been
documented in this area, therefore the effectiveness of the perches will be determined by the

future outage rate in this area or new arrangements for observations will have to be made.

Breding Ranch

Phase I per'ches were also installed on 25 towers on Line 1 near the Breding Ranch.
The Breding Ranch is located approximately 15 miles south of Harlowton and 37 to 43 miles ‘

west of Broadview. It is also an area of flat rangeland with some agricultural activity and
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significant bird and fault activity. A large Golden Eagle’s nest is located here in a tower
where a bird caused fault was suspected to have occurred. Seth Breding occasionally checks.
the bird activity relative to the perches and a surveillance camera was also installed here to

observe the nest activity and perch usage.

Welborn Ranch

) The Welborn Ranch is located east of Broadview near Worden, MT approximately
65 miles west of Colstrip.' Located in the area are trees, some rangeland, ?.nd a prairie dog
town which is within a bird’s eye view of the towers. Several Golden Eagles have been

" spotted on towers in the area, although no faults had been documented prior to the
installation of perches on the one mile stretqh of towers with perches. Different types of
perches such as tree branches, laxidscape timbers, ar;d distribution cross arms v;/ere used here
as a “test” to determine if the birds prefer a particular type of perch. The perches were

installed on 8/4/94 and Brian Welborn checked the line twice daily for one year to determine

the effectiveness of the perches.

Phase I

Phase II perches were installed during the fall of 1995. Aﬂer further consideration
it was decided that with a bird perching on the outer edges of the top Phase I perches, a mute
caused lower phase fault could possibly still occur. Therefore, perches illustrated in Figure

18 were installed on the tops on 42 different towers (10 % miles) on Line 2 between 94 and
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The Phase II perches were built in such a manner that the birds could rest their bellies - - '

on a flat surface, take off and land into the wind, and let their tail hang out over the edge
while perching, all characteristics observed from Dr. Al Harmata’s captive Golden Eagles.
The platforms on the perches varied between 8 by 8 inches and 10 by 10 inches and artificial

grass was used on some of the platforms. Other Phase II perches consisted-of a simple piece

of 2 by 6 fi lumber.

A total of 29 miles of transmission lines were equipped with bird perches and the - ‘

locations along the line route can be seen in Appendix C. A complete discussion of the results

and conclusions are presented in the following chapter.

Magnetic Flag Fault Indicators

MPC presently uses four different distance relays to determine the general location
of a fault. Often, the relays will estimate the fault to be in a ten mile radius which prompts
the inspection of many towers after a fault occurrence. Obviously it is beneficial to determine

the actual tower where the fault occurred if the cause is to be identified. For this reason,

manually reset magnetic flag fault indicators (mag flags) were installed along 91 miles of the

transmission line route. The mag flags, attached to the ground wire or metal tower, operate

as simple magnetic balance circuits. A fault current in excess of the trip rating demagnetizes
the yoke, thus causing the flag to change state (tumn red). The mag flags used on MPC’s lines
are rated for 100 amps, therefore the thousands of amps of fault current easily trip the mag

flags. The mag flags are checked and reset approximately three times a year. Because of
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cows interfering with the mag flags on the ground wire at the base- of the towers, the mag
flags have recently been elevated on the towers to prevent this from occurring. The mag flags
trip when they are installed directly on the metal towers so a small piec;e of PVC was used as
a medium bet\;veen the tower and the flags. Tests and.calculations were performed to
determine if é, “normal” fault current would still t;ip the mags flags that were attached to the
tower and it was concluded that the flags would trip in the presence of a single-phase;to-
ground fault. Therefore, mag flags were installed approximately six feet above the groupd
on all towers equipped with bird perches, all towers with nests, and in a.reés of recent fault
activity. A compléte listing of the mag flag locations and status can be seen in Appendix D.

Since the installation of the mag flags, four actual towers have been located where outages

have occurred and all four faults were thought to have been bird related.
Weather Stations

Six weather stations were initially installed approximately 20 miles from each other
along the transmission line study area to evaluate insulator contamination flashover as a cause
of outages. The weather stations provide average temperature, wind speed, wind direction,
precipitation, relative humiditi barometric pressure, solar, and dew sensér outputs every 15
minutes. chh weather station data logger is equipped with enough memory to store the data
for a month. Therefore, once a month the weather data is downloaded via a lép—top computer
and a standar;i RS232 communications interface. The meteorological data are then entered
into a spreadsheet allowing the generation of plots and statistical calculations. The data from

the nearest weather station are now analyzed after every fault to determine if the weather
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conditions give any insight as to the cause of the fault. The weather stations also provide

meteorological conditions surrounding the bird activity on the wooden perches.

Digital Fault Recorder

| For all of the faults since 1995, both of known and unknown cause, digital fault
recorder data have been available. Digital fault recorder data consists of voltage and current
waveforms of all phases befofe, during, and after a f;Iult occurrence. The data are gathered
at the lColstn'p, Broadview, and’ Garrison substations. The current and voltage waveforms on
the faulted phase are dependant upon the amount of generation at Colstrip, the location of the
fault along the line, and the fault resistance, amor;g other factors,. it is possible that some type
‘of “signature” waveform is_ associated with particular causes of faults. The digital fault
recorder data have been analyzed in detail to determine if there is such a “signature” for bird
caused outages. These data will be presented in the following chapter, Results and

Discussion.
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CHAPTER 4

RESULTS AND DISCUSSION

To help determine if birds were a source of faults on Montana Power Company’s
SOOk_V lines, wooden bird perches were’ installed on 29 miles of transmission line towers. .
This chapter deals with a statistical analysis of the bird perches in terms of changing the -
behavior of the raptors and in terms of fault reduction sinc_e the installation of the perches.
Only Phase I type perches are c;onside;ed in the analysis becausé of the relatively short data
collection time since equipping the towers with Phase II type perches. Also ﬁciuded in this

chapter is a discussion of the digital fault recorder data.

Behavioral Changes Diie to Bird Perches

A total of 412 trips to the line to observe the bird perch activity and use had been '
documented north of Ringling in an 18 month time span. Sixty percent of the time, at least
one bird was observed during La trip to the line and 34% of the birds‘ were seen on a wooden
bird perch. A study of the bird activity in the area was not performed before the perches were
installed. However, only one line (#1-line) \'Nas equipped with bird perches for nearly two
years, so the #2-line was used as an indicator of the raptor activity on “nén—perch” towers.
From tﬁe“‘non—perch” towers it was determined that 28% of the time a bird would pefch on

the tower in a location where an installed perch was located on the adjacent line. In other
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words, 28% of the birds would perch in non-harmful (or non-fault causing) locations on the

tower before the perches were installed and 34% of the birds were in non-harmful locations

(on the perches) after the installation of the pefches. Confidence interval estimates, that is,
intervals for which it can be asserted with a reasonable degree of certainty that they will. .
contain the parameter under consideration, were used to illustrate the difference between the
two values. In this case the level of significance of tile confidence interval was selected to be
0.05 (cr=0.05). A test concerning the differences between tw;o proportions was used for t.he

analysis and following is a description (Johnson 1994),[19].

Problem -
The study revealed that before the perches were installed, 21 out of 74 birds (28%)
would land on a tower in a non harmful location. After the perches were installed,
96 out of 283 birds (34%) landed in non harmful locations. Use p1=34% and
p2=28% and determine if they are statistically different at the 0.05 level of

significance.

Null hypothesis-
pl=p2  Where: .
pl=X,/n,=96/283
p2=X,/n,=21/74

Alternate hypothesis-
pi>p2

Level of .§ignz’ﬁcance—
o=0.05

Criterion-
Reject the null hypothesis if Z > 1.645, where Z is given by the following formula:

I XX,

1 2
Z_. - ; .
1 2
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Calculations-
Z =0.9044
Decision-

Since Z = 0.9044, which does not exceed 1.645, the null hypothesis must be
accepted and the two proportions are not considered to be statistically different at the
o = 0.05 significance level. :
Although the perches changed the behavior of the raptors somewhat, the statistics
indicate that it was not a sigmﬁcant change (p1 and p2 are not éigrﬁﬁcaﬁtly different).
Sufficient data were not available from observations of the Breding Ranch perciles to
perform a statistical analysis. A surveillance camera installed in the area did provide some
insight on the impﬁct of the peréhesu in changing the bird’s behavior. Becky éharles,[Zl]
analyzed the VCR tapes obtained from the surveillance camera site and noted some interesting .
observations. Figure 19 illustrates the use of the towers by the eagies in the area before and
after the perch installation on July 21, 1994. The y-axis in the ﬁguge represents the number
of birds landing on a tower corresponding to the particular date labeled on the x-axis.» Note
that the eagles used the north line to perch or hunt from before the installation of the perches
| on the south line, and then utilized the south line after the ﬁstaﬂation of ‘the perches. Onc;ef
again, it can be said that the raptors’ behaYiors were changed somewhat, due to the presence
of perches, but it cannot be said that the changés wére statistically significant because of the

lack of data.
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In conclusion, the Phase I type bird perches were only somewhat effective in changing

the behavioral perching habits of the raptors. Also, the perches were not at all effective in
areas where trees are located nearby. It is important to note that one of the purposes of the ' .

bird perches was to change the bird’s perching behavior, not their hunting behavior, and from

the observations, it is impossible to tell if the birds were pefching or hunting from the towers.
Therefore, the perches may be very effective in changing the bird’s perchiﬁg habits and not

their hunting habits.

" Fault Reduction Due to Bird Perches

Hypothesis tests were not performed with the fault data to determine thé statistical
significance of the bird perches in terms of reducing the number of unexplained 01'1t.ages;
instead a Poisson Process was used to analyze the data. Unexplained outage data, prior to
the installation of the perches, were analyzed at both the Ringling area and the Breding
Ranch. No faults have ever occurred at the Welborn Ranch, and therefore a statisticaln
analysis was not performed for that arIea.

For ten years prior to the installation of the perches north of Ringling, an average of
0.9 unexplained outages per year occurred on the #1-line located in this 10-mile segment of
line. No faults have occurred on a tower with perches in ‘this area since they were installed
nearly two years ago. A Poisson Process was used to analyze the success of the perches in
terms of fault reduction because the faults are considered a raﬁdom queuing process, namely,

they do not take place at regular intervals of time and the Poisson Distribution is a very good
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approximation to this type of data (Johnson 1994),[19]. A problem statement and results

from the Poisson Distribution analysis of the fault data at Ringling are presented below.

Problem-
Given the historical fault data of 0.9 faults per year in this area, find the probability
of getting zero faults for two years in a row.

Calculations-
x, -A
fosiy=2

x=0

A=(092=18

*F(0;1.8) = 0.165 or 16.5%

*Value obtained from Poisson Distribution table shown in Appendix E.

Conclusions-

. Based on the above calculations, there is a 16.5% probability of no faults occurring
in the Ringling area for two years in a Tow.

This probability is too high to draw any direct conclusions, however if one more year passes
with no faults, the probabi]ity.becomes 6.5%. Consequently, more time is needed to
determine the effect of the pgrches in this area, although it is approaching statistical
significance.

Similar to Ringling, no faults have occurrea on “perch” towers at the Breding Ranch.
An average of 1.4 faults per year had occuned in this area over the past ten years prior to the
installﬁtiqn of the perches. Once again, a Poisson Distribution, shown below, was used to

model the data.
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Problem-
Given the historical fault data of 1.4 faults per year at the Breding Ranch, find the
probability of getting zero faults for two consecutive years.

Calculations-
A=(0142=238
*F(0;2.8)=0.061 or 6.1%
> *Value obtained from Poisson Distribution table shown in Appendix E.
Conclusions-

Based on the above calculations, there is a 6.1% probability of no faults occurring
at the Breding Ranch for two years in a row.

These data infer that perches are effective in reducing the number of ungxplained outages at
the Breding Ranch only two years after their installation. The important parameter to no;te
is that no faults have ever occurred on towers with perches; and although it is too early to —
classify this as s1;atistica11y significant, it is encouraging preliminary evidence that the perches

are effective in reducing the outage rate.

Other Bird Perch Observations

Several other patterns were determined from the bird 'perch observations. This section
describes some of the other observed trends. |

A weather station was installed n;)rth of Ringling at the base of a transmission line
tower to help determine if any meteorological patterns correlated with the bird activity.
Figures 20 and 21 show the Probability of a Bird on a Perch vs. Temperature and Wind

Speed, respectively. The raptors tend to perch during moderate temperatures and wind
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Faults Attributed to Birds. Foreign Gbiect Caused

- Two faults that occurred on 5/20/95 ‘and 5/27/95 were attributed to birds by MPC
engineers because of an active nest with barbed wire hanging out of it located in a tower
where the faults were suspected to have occurred. The fault on 5/20/95 occurred at 01:44
and the fault on 5/27)95 occurred at 12:29. Their DFR plots are very similar and can be; seen
in Appendix F, Figures 24 and 25. ~The faulted phase voltage occurs at a peak (+, -) and
quickly goes to zero and stays at zero, even before the breaker is operated. The fault currents
are high in magnitude, which may be due to the fact that both faults occurred close to the
Broadview Substation. It appears as though the fault resistance was minimal and solid
(constant). In other words, it may have bee;ﬂ that there was a solid, conductive, connectibn

between the phase wire and tower; such as barbed wire.
- Faults Attributed.to Bird Mute

Faults occurring on 5/16/95, 6/25/95, and 8/20/95 were also suspected to be bird -
caused because of nests that were located in neighboring towérs. All of these faults occurred
on the outéicie phases during the early morning houré (between 4:45 and 6:45) approximatgly .
95 to 110 miles west of Broadview. The DFR plots are very similar to each other, although
they are different from the ]jFR piots discussed in the preceding paragraph. The faulted
phase voltage, as seen in Appendix F, Figures 26, 27, and 28 does not immediately go to zero
after the fault, unlike the DFR plots for the “Faults Attributed to Birds, Foreign Objéct

Caused”. It is speculated that these faults may have been caused by mute. West (1971),[15]
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determined from the bird mute simulation tests that, “stream breakup occurred such that the
mute would not drop in alconti‘nuous column”, and thus a discontinuity was cre'(;ted in the arc
flashover between the tower and conductor. This suggests that the fault resistance was not
solid, which appears to be the case with thesc; DEFR plots. Furthermore, all of the faults
occurred early in the morning which is the most likely time for a mute induced outage to
occur because it is common for birds to mute a large quantity prior to commencing da.lly

acttvity (Burnham 1995),[8].

Other DFR Plots

Seven faults in 1995 were attributgd to the transmission lines sagging into trees. The
DFR plots for these faults are-very sumlar to the piot shown in Appendix F, Figure 29. The
faulted phaée voltage waveform does not immediately go to zero after the fault, similar to the
waveforms just discussed. However, the fault current gradually becomes larger with time,
unlike the DFR plots discussed earlier. All of these faults occurred at the same location along
the line (approximately 105 miles east of Broadview) and the same time of day (14:00),
although not all of the same capacitor banks were in service.

-It is apparent that similarities in the DFR plots exist between some of the faults,
however, it is important to reite;ate that other parameters, besides the cause of the fault,
influence the shape of the DFR plots. The similarities may be more of a function of the
location of the fault, than a functlon of the cause of the fault. Not enough DFR data are
available to develop any direct conclusions from the plots and the previous discussions of the

DFR data are only speculative.
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CHAPTERS

CONCLUSIONS AND RECOMMENDATIONS

Due to the randomness and relatively little fault data available since the installation of

the bird perches, it is difficult to attribute the fault problem entirely on birds. However, the

results of this two-year study strongly suggest that birds are a source of faults, and most

likely, the major source of faults on Montana Power Company’s 500kV lines. There was

strong evidence to support the hypothesis that bird caused flashovers are a source of -

unexplained faults and little or no evidence contradicting the hypothesis. A summary of the

evidence supporting the hypothesis is listed below.

1.

Strong correlation between fault locations and bird locations (nests, sightings)
along the line route.

Annual summer peaks in outages relate to the raptor’s migratory habits.
Similarities between the fault and bird perch meteorological conditions.

Morning bird (mute) activity correlates with the large number of early morning
faults. '

Possibilities of several other sources of faults have been eliminated through
previous investigations. '

. Tests performed on similar transmission line configurations by engineers at BPA

determined that bird mute induced outages can very likely occur.

And no outages occurring on towers equipped with bird perches.
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No faults occﬁrﬁng on.towers equipbed with bird perches are the most significant data .
gathered to date. The recent installations of the Phase II perches allow for a larger sample
area, and thus the conclusions may be stated with more confidence as time progresses.
Preferred toweré, or the 10% of the towers that birds perch on most, should be targeted for
the future installation of perches or other “bird” modifications. A night study of the bird
activity along the transmission line is also suggested because the study discussed in this thesis
is mainly limited to daytime bird observations. Night vision binoculars were tried, although
they did not work because one had to get too close to the tower to see a bird. It is possible
that owls or other nocturnal birds may contribute to the fault activity along MPC’s 500kV
lines.

The foremost evidence to determine if birdé are responsible for the faults is to catch
them in the act, and therefore it is recommended that the surveillance camera continue to
operate at the Breding Ranch, in the event that a fault may occur in the area. Modifications
to the surveillance camera site, such as motion detectors and tra-nsmittable data via phone line
are additionally recommended to reduce the time involved in analyzing the'data and to
increase the reliability of the data. It is also recommended that each fault continue to be
carefully analyzed for its cause in the fiture. This includes an anélysis of the digital fault f
recorder data, as well as an investigation of the fault location after such an occurrence. The
digital fault recorder database of both known and unknown causes is small at the present time,
and will be of more value as the database becorﬁes larger.

Before any direct conclusions are developed, an investigation of insulation and air gap

levels of the A-Line compared to the B-Line and Lines 1 and-2 is suggested. The A-Line is
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undisputedly superior in performance, which may be directly related to the tower and
insulation design of this type of structure and indirectly related to the bird activity. Although
bird perches may be an economically viable alternative to tower modifications such as

increased air gaps and insulation, more data are needed before any corrective action is taken.
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APPENDIX A

MPC Unexplained Outage Data: Broadview - Townsend, 1984-1995
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APPENDIX B

Listing of Nests Located in Towers
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Nest Locations Documented From Helicopter Surveys and Ground Surveys:

Line-1, Tower #: ) " Line-2. Tower #:

00-00 90-16 00-09 80-09
05-12 95-08 - 00-19 90-06
20-21 95-19 05-12 90-16
40-07 105-04 . 10-03 95-08
45-01 . 100-09 20-17 95-19
45-12 © 120-19 30-03 100-01
60-09 125-12 . © 35-03 100-07
60-16 125-17 40-02 105-03
45-05 125-08
45-11 - 125-13
B-Line, Tower #: A-Line, Tower #:
40-08 65-18 , 0 nests observed
40-09 105-12
40-10 110-03
65-02 110-06

65-03 110-11




61

APPENDIX C

Bird Perch Locations Along Line Route
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- APPENDIX D -

- Magnetic Flag Fault Indicator Status








































