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PURPOSE AND USE OF

THE PUBLICATION

In the early 1970s, an investigation of
reported shootings and poisonings of eagles
in Wyoming and other western states led

to evidence that eagles were also being
electrocuted on power lines. Since then, the
utility industry, wildlife resource agencies,
conservation groups, and manufacturers of
avian protection products have worked

power lines, and the circumstances that lead

to avian electrf-utions.

Protection on P
2006, summa
over three decades of work. It springs from

three previous editions of Suggested Practices

or r Pratection wer Lines, an s
enfxp naipddted tdhsySt th&e
ng rne ol plyi f&leral
oteeling & cin o ons,

and maintaining the reliability of electric

u

970s prompted utilities
and government agencies to initiate efforts to

ower networks.

raptors in the early

identify the causes of and develop solutions
to this problem. Literature from the 1980s
and 1990s continued to document electrocu-
tions of raptors throughout the world. Now,
reports of electrocutions of birds other than
raptors are appearing in the literature and
the impacts of avian interactions on power
reliability are becoming more evident.

REGULATIONS AND COMPLIANCE
Three federal laws in the United States
protect almost all native avian species and

prohibit “taking,” or killing, them. The

[ |
1on, Sud kst (ces n
er Lines: [he Btate of|th
tdly and su

Abstract | ix

ABSTRACT

Migratory Bird Treat Act protects over 800
species of native, North American migratory
birds. The Bald and Golden Eagle Protection
Act provides additional protection to both
bald and golden eagles. The Endangered
Species Act applies to species that are federally
listed as threatened or endangered. Utilities
should work with the U.S. Fish and Wildlife
Service and their state resource agency(ies) to
identify permits and procedures that may be
required for nest management, carcass salvage,
theggbir e poses.

PEGFS [DF

ELECTR 10

Bird electrocutions on power lines result from

three interacting elements: biology, environ-

ment, and engineering. The biological and

environmental components that influence

electrocution risk include body size, habitat,

prey, behavior, age, season, and weather.

Of the 31 species of diurnal raptors and
oci Is that regularly breed in

9 have been reported as

Decies

s. Electrocutions have
in over 30 non-raptor
North American species, including crows,

ens, magpies, jays, storks, herons, pelicans,
s, ec arrows, kingbirds,
ru 1 ons, and others.
G EDP TICES: POWER LINE

DESIGN AND AVIAN SAFETY

Avian electrocutions typically occur on power
lines with voltages less than 60 kilovolts
(kV). Electrocution can occur when a bird
simultaneously contacts electrical equipment
either phase-to-phase or phase-to-ground.
The separation between energized and/or
grounded parts influences the electrocution
risk of a structure. Electrocution can occur
where horizontal separation is less than the
wrist-to-wrist (flesh-to-flesh) distance of a
bird’s wingspan or where vertical separation is
less than a bird’s length from head-to-foot
(flesh-to-flesh). In this document, 150 cm

©®



x | Abstract

ABSTRACT

(60 in) of horizontal separation and 100 cm

(40 in) of vertical separation are recom-
mended for eagles. Utilities may choose to

adopt these recommendations or modify their

design standards based on the species and
conditions at issue.
Single-phase, two-phase, or three-phase

configurations constructed of wood, con-

crete, metal, fiberglass, or other materials can

pose avian electrocution risks if avian-safe
separation is Bcking. In particular, struct

go diprogrtionat

ugons.

oth avian-safe new construction and retro-

fitted existing structures should be used to
reduce avian electrocuti
of isolation and insulatio
when designing or retr

Isolation refers to provi
separation to accommodate avian use of
tructures andgshould be employed where

e T

nsiation efe
r ¢tounded
Ithough*equ

specifically-designed avian protection materials

LINE STRUCTURES

In habitats where natural nest substrates are
scarce, utility structures can provide nesting
sites for raptors and other birds. Likewise,
many birds use power poles and lines for
perching, roosting, or hunting.

e d, enery

risk. TEe principles

hould B caBiddhd
tting strictyies.
qéte
ts -safaedlesion
pos ne o1
tLo prgyerl avi: c
e at 1s covere

Bird nests on utility structures can reduce
power reliability. Nest management, including
the design and installation of platforms on
or near power structures, can enhance nesting
while minimizing the risk of electrocution,
equipment damage, and loss of service.
Utilities are encouraged to collect data on
bird-related outages to quantify the impacts
of birds on power systems, and to develop
measures for preventing bird mortalities
and their associated outages.

(Pl |
OTE@T| L
UUS, the Avian Power Line Interaction

Committee and the U.S. Fish and Wildlife
Service announced their jointly developed
ian Protection Plan Guidelines (Guide-

s) that are intended to help utilities craft

ir own avian protection plans (APPs) for

managing avian/ power line issues. An APP
sh ul(iprovide the framework necessary for
i enting.a to reduce bird

it

e

rt
1} pr
f

ge :Rorpdtate policy, training,
permit compliance, construction design

Wandardsgnest management, avian reporting
S as, nt dology, mortal-
rilucton s hancement
tighs, Ehalik comroldpubl awareness,
and key resources. I'he Guidelines present a

comprehensive overview of these elements.
Although each utility’s APP will be different,
the overall goal of reducing avian mortality
is the same. An APP should be a “living
document” that is modified over time to
improve its effectiveness.

©®
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vian interactions with power lines—
A including electrocutions, collisions,

and nest construction—have been
documented since the early 1900s when elec-
tric utilities began constructing power lines in
rural areas. However, it was not until the early
1970s that biologists, engineers, resource
agencies, and conservationists began to iden-
tify the extent of the problem and address it.
Those eatly researchers and authors are to be
comihended for tackling a conte jjpisRgsuce

|

1ice

(U nd the Avian Power
Interaction Committee (APLIC) have a long
history of wolling together on avian/ power

e effortiibef¥n M 9
that adrefSed viho
i erfiines M t y

Mountains. They continued with the release

ine

line issues. T
an ad-hoc gro
crane collisio

In 1975, the first edition
t Suggested Practices for

et
/2 agedof tikt
ib¥ draf¥ing

It summarized, “...studies

conducted in the western

United States document

electrocution losses of

egrets, herons, crows,
ravens, wild turkeys and
raptors, with 90% of the
electrocution victims being
golden eagles.” The docu-

ment concluded, “this loss
of eagles is significant, but

Foreword | xi

FOREWORD

pesticide contamination, loss of habitat and
illegal shooting remain the most threatening
problems to raptors in general.” The theme of
reducing raptor electrocutions on power lines
with an emphasis on “eagle-safe” designs was
followed through the 1975, 1981 and 1996
editions.

Electric utilities have recognized that the
interactions of migratory birds with electrical
facilities may create operational risks, health
and safety concerns, and avian injuries or

taligies. The erstands these

| sf¥le for conserving
g Rort
resources! under laws an regulations that
include the Migratory Bird Treaty Act, Bald
and Golden Eagle Protection Act, and
Endangered Species Act. In the 2006 edition
of Suggested Practices, APLIC and the USFWS

have expanded the focus of avian/power line

rican trust

issues from raptors to include other protected

Signing of Avian Protection Plan Guidelines, April 2005.
Pictured left to right: top — Jim Burruss (PacifiCorp),
John Holt (National Rural Electric Cooperative
Association), Quin Shea (Edison Electric Institute);
bottom - Jim Lindsay (Florida Power and Light),

Paul Schmidt (U.S. Fish and Wildlife Service).

I Trust resources are wildlife, such as migratory birds, that are held in the public trust and managed and protected by federal and

state agencies.
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migratory birds such as waterbirds, songbirds, reliability, implement APPs, and conserve
and ravens and crows (corvids). migratory birds.

With this edition of Suggested Practices
and the voluntary Guidelines, utilities have Paul Schmidt
a “tool box™ of the latest technology and USFWS, Assistant Director
science for tailoring an Avian Protection Plan Migratory Bird Programs
(APP) that meets specific utility needs while
conserving migratory birds. The 2006 edition Jim Burruss
of Suggested Practices represents a significant APLIC, Immediate Past Chairman
update from the 1996 edition.

APLIC arlll the USFWS hope you wi Jim Lindsay

WAan-Power
Line

Interaction

Committee
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ucaiingthe t they
imporfinc@ He Scofinlifyed dis firou
personal zeal for working with raptors an

cinematography skills. Morley’s achievements
( films on raptors, the

Americans about the importance of raptors,
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recommendations made to the electric utility
industry for reducing raptor electrocutions.

A master falconer, Nelson raised public
awareness about birds of prey through dozens
of movies and TV specials starring his eagles,
hawks and falcons—including seven films for
Disney. His love of raptors began when he
was a boy growing up on a farm in North

@.DAVEEALCONER
hea EA of an eagle”

'rl':T 2l

Dakota. Movillg to Boise after serving in
[Ighe Loy his conser-
tion effiirtsflo refabilifiting
n ds

orley’s raptor/power line research
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eciiic Ii1 cofap 1 2aCy\R
oofhgBnotledfe a
ongirvalio i ke ent.
To foster the memory of Motley, APLIC
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S
1¢
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individual must demonstrate a long-term
commitment to natural resources, a consistent
history of investigating or managing the
natural resource issues faced by the electric
utility industry, and success in developing
innovative solutions.
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CHAPTER I | Introduction | 1

CHAPTER 1

Introduction

This book presents engineers, biologists, utility planners, and the public with a comprehensive
ressin .avian electrocutions at electric power facilities.? It outlines the

importance offthe issuede crib

problems, anahighligh ag
PURPOSE he early 1970s, an investigation of u succeeds three previous editions and has
AND SCOPE o ot os pAkonfhgs : updated to assist those
| g r Dester ith @mplying with federal laws,
teSiimd enie th w o pie g Bnd ehancing avian populations,
being electrocuted on power lines (Olendorff and maintaining the reliability of electric
et al. 1981). Since then, the utility industig,
il u e - i

wer networks.
EanicsO c O a em understand the engineer-
: i - o f lectrocution led to the
e st (Hlitio ugoegigd Practices (Miller et al.
causes Of raptor electrocutions and to develop S). The 19 ition was followed by the

ways of preventing them. Those efforts have 1981 edition (Olendorft et al. 1981), which

improved our understanding of the biological explored the biological and electrical aspects
reasons why raptors and other birds can be of electrocution, provided guidance for
attracted to power lines, and the power line reducing bird mortalities, and contained
configurations that lead to avian electrocutions. a comprehensive annotated bibliography.
This publication, Suggested Practices for Avian The 1996 edition (APLIC 1996) expanded
Protection on Power Lines: The State of the Art in and refined recommendations for power
2006, summarizes the history and achieve- line structure designs and modifications for
ments of over three decades of work. It protecting raptors, included updated research

2 This book focuses on avian electrocutions, not collisions. Readers seeking information about the collision of birds with power
lines may consult Mitigating Bird Collisions with Power Lines: The State of the Art in 1994 (Avian Power Line Interaction Committee

[APLIC] 1994) or the current edition of this manual.



results, and illustrated the effectiveness of
cooperative efforts.

Although raptors remain a focal point of
electrocution issues, utilities have found that
many other birds also interact with electrical
structures, and can reduce power reliability.
Accordingly, this 2006 edition of Suggested
Practices expands upon prior editions by
addressing additional avian species. This
edition also reflects utility efforts to improve
conﬁguratlorliemgns and to evaluate the

effemivengrs optio
V egthe flllowing

* A new chapter on regulations and permits

irds,

related to migratory

* Biological perspecti
on electrocution ris
avian species, includ

corvids,® and songbirds,
Consideratipn of the National Electric

ORGANIZATION OF
THIS DOCUMENT

@ wide International literature is included, but

11y focused on North Arnenca A
rief synop
a

Defines the avian electrocuuon problem,
traces its history, and reviews the latest
research on avian electrocutions and
their prevention.

Chapter 3: Regulations and Compliance
Reviews the major federal laws related to
migratory birds and identifies potential
permit requirements.

Safety Code (NESC) relative to
suggested practices,

* An overview of electrocution risks
and mitigation measures associated with
steel and concrete poles,

* Updated recommendations for
post-mounted configurations,

* A discussion of perch discouragers and
their proper use,

* An overview of new avian protection
devices as well as their uses and

literature review Appenéu( A),

* An appendix containing the Voluntary

Avian Protection Plan Guidelines

and in Guidelines) developed by APLIC and the
for non nited States Fish and Wildlife Service
1 (USFWS) in 2005, as well as suggestions

for developing and implementing an

Avigp Protection Plan (APP).

ects of Avian

Describes the range of avian/ power line

LI ions and discusses the biological

e f@vat influence

Chapter S: Suggested Practices: Power

Line Design and Avian Safety

Presents the reader with the background
necessary to understand avian electrocu-
tions from an engineering perspective, i.e.,
the design and construction of power
facilities. Suggests ways to retrofit existing
facilities and design new facilities to pre-
vent or minimize avian electrocution risk.

3 The corvid famﬂy includes crows, ravens, magpies, and jays.

4 See the APLIC website (www.aplic.org) for a current list of avian protection product manufacturers.

©®
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Chapter 6: Perching, Roosting, and Nesting Chapter 7: Developing an Avian

of Birds on Power Line Structures Protection Plan

Explores the benefits of power lines to Presents the elements of an APP and pro-
raptors and other birds and proposes vides guidance for APP implementation.
strategies for relocating nests or providing

alternative nesting sites that minimize elec- For literature citations from the text and
trocution risk while maintaining safe and additional useful references, see the Appendix
reliable electrical service. Discusses the use A Literature Cited and Bibliography section.
of devices intended to discourage perching Appendix B contains a history of early agency
versus modifying structures to be avian- actions that addressed the electrocution issue;

ed Appenchx C Avian Protection Plan Guide-
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IN THISCICHAP SR W e P ELLy Rbol s AL M- Ron osul to Date

:

€D Suggested Practices: 1975, @D The Outloo
1981, and 1996
[ |
This chapter affines th€a entotr issue, traces its history, reviews the literature,
introduces the |atest refzalh, a s approaches to solving the problem. Particular
emphasis is p udres carnpl ince the previous edition of Suggested Practices

(1996). This chapter also includes an overview of the avian electrocution issue in other countries.

|
A irl of ae @a I 1 @ nHﬂ by perching, roosting,
' ant@nd s to tom loMasf an&nestfg birds can result in
substances, habitat alteration and

electrocutions or power outages, each of which

destruction, and persecution by humans. @ {gyreceiving more attention from utilities,

whage li urc cies, and the public.

, the federal govern-

ion for migratory birds
mic through'several Jaws (see Chapter 3). Promi-
and public interest in these birds and to the nent among these are the Bald and Golden

problem of electrocution. This has resulted in Eagle Protection Act (BGEPA) (16 US.C.
better protection and management for raptors 668—668C), the Migratory Bird Treaty Act

of raptors have led to substantial acade

and their habitats. (MBTA) (16 US.C. 703-712), and the
The electrocution issue began with raptors Endangered Species Act (ESA) (16 US.C.
because their size, hunting strategy, and 1531-1543). Taking® a bird protected
nesting preferences make them particularly by these laws can result in fines and/or
vulnerable. However, decades of research have imprisonment. Because electrocutions of
found that other species also incorporate protected birds on power lines are considered
utility structures into their lifecycles. The takes under the law, many utilities have acted

5 Tn 50 CFR 10.12, take means “to pursue, hunt, shoot, wound, kill, trap, capture, or collect or attempt to pursue, hunt, shoot,

wound, kill, trap, capture or collect.”



voluntarily and a few under duress to reduce
electrocution mortality.

Another major impetus for action is the
impact on the electric power network. Bird-
caused outages reduce power reliability and
increase power delivery costs (See Bird-Related
Outages, Chapter 6). Some outages may
impact only a few customers temporarily, yet
they can still affect a utility’s service reliability
and customer guarantees. Larger outages can
have dramatifliconsequences. For exampl

20 sevggalgbird ~d
paerfbutibes atgh
na po )

threatened airport security.
outages in California alone are estimated to
cost from millions to
year (Hunting 2002;
and Environmental Ec
In a culture that depe

ts resul

devices, power outages can cause inconveniences

o residential gustomers, mortal risks to those
h eleiteicit he if¢ ort
ys d Baj cthon loSses
ndistriafhnd coltimercal disto
itipact of e ocution o

is also poorly understood, pm’tly because it is

hard to find a sample that is representative of
the whole population, and partly because of the
operation of pre~disposing causes. Starvation,
predation and disease are all recorded as causing
deaths of raptors, as are various accidents and
collisions, electrocution, skooting, trapping

and poisoning. The [banding] recoveries and
post-mortem analyses which provide most
information are inevimbly biased towards
deaths that occur from human action or
around human babitation.

Both direct and indirect mortality factors
must be considered when studying raptor
population dynamics. In addition to electro-
cution, Postivit and Postivit (1987) identified
cight other human activities that affect birds

1 Woerdhkutilh,® st use
1 c opment,
g, da co ntnd water

management, (0) energy and mineral develop-
ment, (7) urbanization, and (8) recreation.
ochert and Steenhof (2002) identified the
test threats to golden eagles (Aquila
chysactos) in the United States and Canada
the adverse impacts of human activity,

including collisions, electrocutions, shooting,
angl pdlsoning from lead or agricultural
icifles. & h lated sources of
rtaIy baf birddl in general include
off algl mglor fehicl¥ collisions, preda-

tion by domestic and feral cats, and collisions

Wth ower lines, communication towers, and
wind wentation facilities (National Wind
oMinaling ok CC]J 2001).
tirfates bf o) ue to these
useomy ion ally, far greater

than the estimated number of birds killed
by electrocution (Figure 2.1).” Habitat destruc-

tion is thought to cause greater reductions in

bird and other wildlife populations than any
other factor, and is still the most serious
long-term threat (Newton 1979; Wilcove

et al. 1998; USFWS 2002).

® The term persecution was used by Postivit and Postivit (1987) to mean shooting. Persecution could also include poisoning

and direct trapping.
7

Figure 2.1 was generated using estimates of avian mortality from NWCC 2001, Curry and Kerlinger LLC: What Kills Birds?

(http://www.currykerlinger.com/birds,htm), and the US. Fish and Wildlife Service: Migratory Bird Mortality

(http: // www.fws.gov/birds /). Avian mortality rates associated with electrocution are presented for various species in
Chapter 4. The numbers provided in Figure 2.1 are gross estimates collected using different techniques and levels of accuracy,
therefore this graph is intended only to provide a relative perspective of various sources of avian mortality.

©®
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Window collisions
(97 to 980 million)

FIGJR oruaparison of hu

Power line electrocutions
(thousands) Cats

(39 to 100 million)

Power line collisions
(174 million)

Communication towers
(4 to 50 million)

Oil/wastewater pits
(1 to 2 million)

[ |
Neverthelef, electrofhtifyf orbo
facilities remafs a legit@nall confer
a source of m mt bekd:

Electrocutions can be minimized through a

variety of mitigation measures that include
““ . ”8 .
< e (]

EARLY REPORTS Before the 1970s, raptor electrocutions had

een noted by several researchers (HallinaM

@ 9 S ic :
e i 605 Ediard$ 19809;
ok . I870)Blth@helBthe Keenffof Bhe

problem was not known. Surveys in Wyoming
and Colorado during the 1970s found nearly
1,200 eagle mortalities that were due to poi-

soning, shooting from aircraft, and electrocu-
tion. Although most of these eagles had been
shot, others had been electrocuted by contact
with lines not designed with eagle protection
in mind. In northeastern Colorado, 17 gold-
en eagles, I red-tailed hawk (Buteo jamaicensis),
and I great horned owl (Bubo virginianus) were
found dead—all probably electrocuted, along
5.6 kilometers (km) (3.5 miles [mi]) of line

that pose an electrocution risk. It is in the
interest of utility planners, biologists, and
engineers to familiarize themselves with

the issue and its dimensions, and to plan for
and implement measures that identify and

' St nd potential electrocution

(Olendorff 1972a). Five golden eagles and 4

Id eagles (Haliaeetus leucocephalus) were found
P ine in Tooele County,
ta electrocuted eagles
e | e in Beaver County,

Utah (Richardson 1972; Smith and Murphy
1972). Of 60 autopsied golden eagles in
Idaho, 55% had been electrocuted (M.
Kochert, pers. comm. in Snow 1973). In June
of 1974, 37 golden eagles and I short-eared
owl (Asio flammeus) were found dead under a
line southwest of Delta, Utah (Benson 1977,
1981). In a review of bald eagle mortality
data from 1960 to 1974, 4% of the eagle
deaths were attributed to electrocution (total
sample size not given) (Meyer 1980). Similar

electrocution problems were also noted in

8 The term raptor-safe has been used in previous editions of Suggested Practices to identify power poles that are designed or
retrofitted to prevent raptor electrocutions. Because this edition of Suggested Practices encompasses many avian species, the term

avian-safe is used.

©®



New Mexico (Denver Post 1974), Oregon
(White 1974), Nevada (US. Fish and
Wildlife Service 1975a), Louisiana (Pendle-
ton 1978), and Idaho (Peacock 1980).
Much of the information from the early
1970s was summarized by Boeker and Nick-
erson (1975). This 1971 summary docu-
mented 37 golden eagle deaths along a power
line of just 83 poles in Moffat County,
Colorado. Carcasses and skeletons of 416
raptors were lbund along 24 different 8

SUGGESTED
PRACTICES: 1975,
1981, AND 1996

*

United States during the 1970s raised serious
concern about raptors and electrﬁc power
facilities. Industry, gov@inment, and conserva-

tion organizations beg,

identity and solve the

electrocution.” Agenci

Rural Electrification Administration (REA;
ow the RuralyUtilities Service [RUS]),

D
ic S) an
nt S, 1
e angyBu eau n
Affairs (BIA). The egan searching

for lethal lines, while the REA began devel-

modification methods to minimize

-t

ticipation, raised funds, and began to develop
ways to address the problem. In 1972, the
REA published a bulletin describing causes

of raptor electrocution resulting from certain

grounding practices and conductor spacing.
This bulletin (61-10) was revised in 1975
and again in 1979 to incorporate research
conducted since each earlier edition, includ-
ing revised inter-phase clearances (Figure 2.2)

(US.REA 1979).10 In the 1970s, the

to worlt|to efko
oblem o raltor
edmindtidedithe

(S mi) sections of power lines in six western
states (Benson 1981). In Utah, U.S. Fish and
Wildlife Service (USFWS) employees found
the remains of 594 raptors (some dead up to
five years) under 36 different distribution
lines (spanning approximately 400 km

[250 mi]). Of these carcasses, 64 were fresh
enough to determine the cause of death:
87.5% had been electrocuted (R. Joseph,
pers. comm. in Avian Power Line Interaction

Committee [APLIC] 1996).

bank to track electrocutions.
As data were gathered on the magnitude of
raptor electrocution numbers during the early
Os, regional meetings were held to famil-
e industry and agency personnel with the
oblem. Several electric companies, most
notably Idaho Power Company, had retained
rle-NelsonH of Boise, Idaho, to begin

arquthe of ower line designs
I icatfns of existing
. The insffumental in form-
¢

asis tor the tirst definitive work on

ing
the subject: Suggested Practices for Raptor Protec-

B @ Po@r Lines (Miller et al. 1975). This
y ed and used by
tt dder e Damon 1975;
1 P M and other

agencies began requiring “raptor-safe” construc-
tion as a condition of rights-of-way permits
on federal land and explicitly stipulated that
such actions be consistent with Suggested
Practices (Olendorft and Kochert 1977).

Field tests of the recommendations con-
tained in the 1975 edition of Suggested Practices
led to a need for further documentation and
evaluation, as some of the recommended
dimensions were found inadequate. For

o Appendix B presents a history of individual and agency contributions.
10 REA Bulletin 61-10 was the precursor to the Suggested Practices series.

B Morley was a cinematographer and pioneer in North American falconry‘ He filmed trained eagles, hawks, and
falcons to study and demonstrate their behavior on a variety of utility pole configurations.
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instance, the suggested
61 centimeters (cm)
(24 inches [in]) height
of the overhead perch
was too high, and needed
to be reduced to 41 cm
(16 in) to keep birds
from landing beneath
the perch. New cover-up
materials and conductor

supyilrt schemes were

oWer’

FIGURE 2.2: Golden eagle landing on avian-safe pole. Early
research on avian electrocutions and pole modifications
3 ely on golden eagles.

review and an
bibliography
Suggested Practices was adopted (incorporated
by reference at 7 CFR 1724.52(a)) by the

E thesgstan
00eed {
s Akesougse [br
eas where s afe a co

By the mid-1990s, continued progress was

poles that pose electrocution risks. There is
a growing variety of products and materials
manufactured for avian protection (see

olic. creased awareness within
agimpried electrocution reporting
d con tctibe aclons. In 2005, APLIC-
meitiber utllities Were surveyed to obtain

information on utility programs, electrocu-

eing made in reducing raptor electrocutidh #n rates, bird-related outages, and progresses
r1s . d t e Wn ion efforts. Of survey

a thr enlancefherf or fHotedtio p ost utilities had either

r Blfe I96). Mogever Sesple v e n (69%) or policy

these efforts, electrocutions continued in
North America and concerns remained

over electrocution problems internationally
(Lehman 2001). The 1996 edition of Suggested
Practices refined recommendations from the
previous editions, updated the literature
review, offered suggestions for cooperative
actions among agencies and utilities, and
began to identify avian electrocution issues
outside of North America.

In the past decade, great strides have been
made in preventing avian electrocutions.
Many utilities consider avian safety in new
construction and continue to retrofit existing

(77%) (APLIC 2008). Survey respondents
were asked to compare their utility’s current
avian protection efforts to those of 10 and
20 years ago. All utilities surveyed currently
retrofit poles for avian protection, however,
two decades ago only 31% retrofitted poles
for birds. Likewise, the amount of money
spent on avian protection efforts has increased
substantially. Twenty years ago, half of the
utilities surveyed did not have a budget for
avian protection; whereas currently all utilities
surveyed spend money on avian protection. In
addition to expanding their avian protection
efforts, many utilities noted that they have

©®
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experienced improved relationships with
resource agencies. Communication with
agencies was considered to be fair by the

majority of utilities (45%) 20 years ago,

while 58% considered communication good
10 years ago, and 58% reported that they
currently have excellent communication with
wildlife resource agencies.

ELECTROCUTION
ISSUES TO DATE

®

ELECTROCUTION ISSUES AND

PROGRESS IN NORTH AMERICA
Recent literature indicates that electrocution
continues to be a cause of mortality for vari-
ous raptors ifliNorth America—particul

caghgs andgsogpe n :
crégsediiwa ene -1 "
alsjfein e
ber of comprehensive field surveys, however,

limits the extent of our knowledﬁf of electro-

cution mortality. Diffefnces in
electrocution studies a
collected make it diffi
and current informati
data exist that quantify the risk of electro-
utions relative to other sources of avian
o
S

1 enss that
idef¥al Bepg -
on 1m

nacturatt becatise cl@eLrocuti

T
a.

uniformly distributed. Though quite difficult,

70,000 poles in Utah and Wyoming in 2001
and 2002, 547 avian mortalities were found
—32% of which were common ravens
(Corvus corax), 21% buteos, 19% eagles, 6%
passerines /small birds, 4% owls, 2% falcons,
2% waterbirds, and 14% unidentified
(Liguori and Burruss 2003). In a survey of
3,120 poles in Colorado, 68 carcasses were
discovered, including eagles (53%), hawks
(23%), and corvids (7%) (Harness 2001 ).
In a study of 4,090 poles in Montana, gold-
en eagle electrocutions were documented at
4.4% of poles, 20 of which had electrocuted
more than one eagle (Schomburg 2003). In
Chihuahua, Mexico, studies in 2000 and

2001 documented an average annual electro-
cution rate of I bird per 6.5 concrete poles
in non-urban areas (Cartron et al. 2005). In
northern California and southern Oregon,
confirmed and suspected avian electrocutions

y ol Veyed
ifiCorp,
tic 48%

were buteos, 27% owls, 11% eagles, 5%
corvids, 5% unidentified raptors, 2%

ultures, 1% harriers, and 1% herons.
) tudies that have documented electro-
cggions through incident reports without

ystematic pole surveys provide conservative
estimates of electrocution rates. Harness and

IsoM (2001) documented 1,428 raptor
rdfuty a t mortality
r orif i) in the rural western
el St mp98650 1996. From
1988 to 2003, 210 raptor electrocutions

jere glocu ented in Nebraska (USFWS/

ontana, 32

onfirmed from
From 1978

2004, tions were
reported by Alaska utilities to the USFWS
(USFWS/ Alaska, unpubl. data). Prior to
2000, most electrocutions reported in this
database were of bald eagles, which accounted
for 83% of reports from 1978 to early 2005.
Other birds reported in Alaska include
ravens, magpies, crows, owls, gulls, ospreys
(Pandion baliaetus), and great blue herons
(Ardea herodias).

Bald and golden eagles continue to be a
focus of electrocution research in North
America, with electrocution accounting for
<I% to 25% of eagle deaths in various
studies. The U.S. Geological Survey’s (USGS)
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National Wildlife Health Laboratory (1985)
reported that 9.1% of 1,429 dead bald eagles
examined from 1963 to 1984 were electro-
cuted. In a summary of eagle mortalities
from the early 1960s to the mid-1990s, elec-
trocution accounted for 25% of golden eagle
and 12% of bald eagle deaths (Franson et al.
1995). Electrocution accounted for 0.5% of
deaths in a study of raptor mortality (n=409)
in California from 1983 to 1994 (Morishita
et 31-1998) Of bald eagles bang w o

bald eagle mortalities (n=309) from 1963 to
1994 were duggto electricution (Forrester

and Spalding 8D03). E als
accounted for

w

from a rehabi

from 1988 to Spalling
2003). Electrocution was the cause of death

Pass Wind Resource Area, California, from
1994 to 1997, 16%
. Q

un

other causes of death, and most often

involved bald eagles, ospreys, and great horned
owls (MDNR 2004; T. Cooley, pers. comm.).
The frequency of electrocutions and asso-
ciated outages has been dramatically reduced
in areas where concerted efforts have been
made to retrofit or replace hazardous poles.
The Klamath Basin of southern Oregon and
northern California attracts one of the largest
concentrations of wintering raptors in the
lower 48 states. In the Butte Valley, an area
of the Klamath Basin used extensively by
raptors, 90 electrocuted eagles were found

between 1986 and 1992 (PacifiCorp, unpubl.
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data). During the 1990s, extensive pole retro-
fitting, using recommendations from previous
editions of Suggested Practices, was completed
in this area. Subsequently, in a comprehensive
survey of poles in Butte Valley in 2004, only
4 eagle carcasses were found (PacifiCorp,
unpubl. data). Likewise, following extensive
retrofitting efforts in Worland, Wyoming, the
number of eagle electrocutions fell from 49
birds in three years to I bird in three years
(PacifiCorp, unpubl. data). In the Queen

lof Is n here bird pro-
wver lines c s afarge proportion of
17% of oleWthe\im irqurelated outages fell

from 41 to 16 in two years (BC Hydro 1999).
Similarly, in one year following the installation
of protective devices on problem circuits in
Vermont, animal- and bird-caused outages
declined by 56% (Central Vermont Public
Service 2002). Electrocution rates of Harris’
hawks (Parabuteo unicinctus) near nests in Tuc-

for I@.5% of bald and golden eagles evaluagd B son, Arizona, fell from 1.4 electrocutions per
nala
le&

) 9 W,
al. 61 eaol @
I¢Ra e n bRsas

0 2 in 2004 (Dwyer 2004).
liffes offother raptors, particularly
orfinueflo occur in North America.

The majority of APLIC-member utilities
syrveyed in 2008 cited red-tailed hawks as

&
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one of their most commonly electrocuted waterbirds occur in large concentrations in

species (APLIC 2005). Southern California the southeastern United States and along the

Edison records indicate that red-tailed hawks Gulf Coast, common and widely distributed
constitute about 75% of electrocuted raptors species, such as the great blue heron, may be
found along their distribution lines (D. Pear- encountered throughout North America.
son, pers. comm.). Buteos accounted for Although raptor electrocutions typically
21.4% of electrocuted raptors found in Utah occur in remote or rural areas, there is a

and Wyoming (n=547), and included growing awareness of avian electrocutions
red-tailed hawks (7.5%), Swainson’s hawks and outages in urban and suburban locations.
(5.9%) (Buteo swainsoni), ferruginous hawks In many cases, these interactions involve

(1.6%) (B. righlis), rough-legged hawks

(0.280) (liy lqgppu gy u
2 1gUri
)- 20

gaellrr s 2083) (Fig

@ f thles 8 the B

alley of California, buteos accounted for

species that are not protected by the MBTA,

e g8 ingy (: v ),
esticus),
igeQus, @Plurfba livia)
egardless of their status, out-

aied butd

50% of suspected electrocutions (n=18), ages caused by these species can result in sub-

5 of which were red-taffed haw

(PacifiCorp, unpubl. dfa).
Osprey, a species thi¥ the 19

of Suggested Practices corli ‘

lg stantial costs to utilities and their customers.

her protected species—such as jays, crows,
ns, magpies, kingbirds, and woodpeckers

may be common in developed areas and can

rare” in electrocution records, has greatly interact with power lines. In suburban Tuc-
increased in pgpulation over the past few som, P‘izona, populations of Harris” hawks
e a ta 04) o ecor iRcreasageand g oroups of birds
t S preyelediro erpain infreqiin plich Br pr Wear bwer poles. The
spipys al ndltinon pewdl po nk[Sar SLyBpsittginonachus), intro-
uthbers 20055 Wisconsi part- ducedTrom South eriCa, has presented an

ment of Natural Resources 2003). increasing problem for utilities in the United

ntly, many utilities

ment (see Chapter 6).
Pelicans and wading birds,
such as herons, egrets, ibises,

and storks, have received
increased attention from
utilities, particularly in the
southeastern United States.
The lengthy wingspans and
heights of these birds put
them at risk of electrocution.
Like other large birds, they
may be electrocuted if they fly
into lines mid-span and bridge
two conductors. Although

© SHERRY AND JERRY LIGUORI
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States within the last decade. Their large
communal nests can cause electrocutions,

outages, and fires (see Chapter 0).

Increased awareness of avian electrocutions

has led to improved reporting of all birds
protected by the MBTA. Of APLIC-member
utilities surveyed in 2005 (n=13), 77%
currently track electrocutions of all protected
species (APLIC 2005). In contrast, ten years

ago, most of these utilities only documented

electibeutions of eagles, raptors,

1 ir : % repot
ti¢hs ro
he $e d

pecies.
measures can provide the benefits of reduced
mortality and improved reliability.
Since the T

Practices, resea

cte
ing [Sroactiva

electrocution
cution rates 1

al. 2000, 2008, in press; Manzano-Fischer

scope of the problem and to evaluate possible

2005). The use of steel-reinforced concrete
poles with steel crossarms in this area,
coupled with raptor and raven populations
attracted to the prairie dog town, increased
the electrocution risk. Because the poles and
steel crossarms are grounded, birds that perch
on them can be electrocuted by touching one
conductor (see Chapter 5). In addition, the
voltage of distribution lines in Mexico is
greater than in the United States, which may
create an electrocution risk through arcing.
Double dead-end poles pose a particular risk
when energized jumper wires are mounted
over the crossarms. The problem for raptors

ro C
arul1ess
1 ro

2004). After numerous electrocuted ravens
to e d
nsiruc 1btion Tine
expto 1A 1998, e 1S s
gan. Sur wer¢ cond he
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such as red-tailed hawks, ferruginous hawks,
and golden eagles is greatest during fall and
winter and in areas with large prairie dog
colonies (Cartron et al. 2005). For the
Chihuahuan raven (Corvus cryptoleucus), the
species most frequently electrocuted in this
area, electrocutions occur throughout the year
and peak during nesting and after fledging
(J-L. Cartron, pers. comm.).

With the added incentive of reducing
power outages, Mexico’s Federal Utility
pa ( i e Electricidad;

nductive steel

¢l Hssarms on con-
crete poles located within the prairie dog
town. No dead birds were found at retrofit-
ted concrete poles in a subsequent survey of
this area (Cartron et al,, in press). In 2002,
non-governmental organizations (NGOs),
academic institutions, government agencies,

and the CFE took part in a workshop,

Avian Electrocutions on Power Lines in Mexico,

dress the electrocution

infVlexifb and develop solutions
RNWT 2002). The workshop

¢ first mee ng of its kind in Mexico,
and identified bird electrocutions on distribu-

wa

olutions along lines in northwestern Chi® in lines, collisions with transmission lines,

ualg?® e b ' aille cti fecal contamination of
o ySudofrianil) tBvn GmpBx i W iber cable as the main
o eria reflaing | Cirtrofet a 0, (an p .

Although retrofitting of hazardous lines
in Chihuahua and Sonora has been imple-
mented, electrocutions still continue along
other lines and the extent of the electro-
cution problem has yet to be determined in
other parts of the country (Cartron et al,, in
press; Manzano-Fischer et al., in press).
Agrupacion Dodo is currently developing a
training manual for CFE maintenance crews.
From this they expect to improve data collec-
tion on electrocuted birds. All future infor-
mation will be collected in a national data-
base to help identify problem areas and poles,

to support more efficient remedial action.
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The CFE has also begun installing bird
ﬂight diverters on some transmission lines in
coastal areas to minimize bird collisions, and
has installed devices on transmission towers
to prevent fecal contamination of insulators
by roosting vultures.

In Canada, utilities have documented avian

electrocutions and typically retrofit high-
risk poles as needed. Manitoba Hydro has
surveyed power lines and poles to document
bird use and Wb estimate electrocution an

col li ( att, per
mi,). hfped find an
iver§ty of AMler-
ta (Platt 2005). The goals of this study were

to quantify raptor electrocution rates, deter-

mine the species affect

configurations that pr

tion have occurred: (1) an electric utility has
een prosecutgd for avian electrocutions, (2)

et a I aviah ¢ cu-
io1 havibe¢h r ilitid a
SEWSE 3)Bwidh Progsctibn P,
ineS wer¢e colldDora ddVelope

utilities and USFWS, and (4) the focus of

ion issues broadened to include

on-raptor ;
rosecuted @
folio

BGEPA. For the electrocutions of 12 eagles,
4 hawks and I owl in Colorado, MLEA was
sentenced to three years probation for six
violations of the MBTA and seven violations
of the BGEPA. In addition, MLEA paid a
$50,000 fine, donated $50,000 to raptor
conservation efforts, entered into a
Memorandum of Understanding (MOU)
with the USFWS, and developed a plan to

reduce raptor electrocution risk on its facilities.

The MLEA case brought heightened atten-
tion to raptor electrocution issues from both
utilities and agencies. Prior to the MLEA
case, fines had been levied against two electric

I
all! Elditric Plss@tiati
on of fhe an

utilities, one in 1993 and the other in 1998,
for violations of the MBTA and BGEPA.

In 2005, APLIC and the USFWS
published the voluntary Avian Protection
Plan Guidelines (Guidelines) to aid utilities
in developing programs, policies, and
procedures to reduce bird mortality on power
lines while enhancing service reliability
(see Chapter 7 and Appendix C). Just as the
Guidelines were developed in a cooperative
mannet, the creation of Avian Protection

o@D bymindi gintend-
e oliboration
w
INTERNATIONAL EFFORTS
Workshops

jan interactions with power lines are global
es. In recent years, awareness of these
es has increased and several international
avian conferences have dedicated special
ses iori to avian/ power line interactions.

e Rapto

arch Foundation
Irf¥rnatial Conference on
Ielly is conference was

% it inCluded®a symposium on
energy development with presentations on
ocutions from South Africa, Spain,

Miangle
s It ers were also
esdte collisions, and
cthlc a W H1851s.
In 1998, the 5" World Conference on Birds of

Prey and Owls was held in South Africa and
included a session on the impacts of electrical
utility structures on raptors. In 2001, the

4% Eurasian Congress on Raptors was held in
Seville, Spain, also with a special session on
avian electrocutions. Presentations identified
electrocution issues in Mexico, Russia, and
Spain. Positive influences from nesting on
utility structures were reported in Mongolia
and Spain. A field trip was conducted to
Dofana National Park where power lines have
been retrofitted to prevent electrocutions of

Spanish imperial eagles (Aquila adalberti). In
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2003, the 6 World Conference on Birds of Prey
and Owls was held in Hungary where papers
on avian electrocutions were presented from

the Slovak Republic, Bulgaria, and Hungary.

Addressing the Issue
The challenges faced outside the United
States are often disparate. International
distribution line construction often includes
the use of grounded metal/concrete poles
withlinetal crossarms that prese

cibcus sk s and c:
ra rofitads litithallyt some cq
he bfild pBwer line

mize electrocution risks to birds, resulting in

increased animal contacts and power outages.
Like the Unit
programs tha

States, many countries have

proactive, desi
A model p
cutions on power lines exists in South Africa,

with 2 partnership between Eskom, the
' i licagaad th

tions, bird pollution and streamers, and

atically managing avian interaction problems.
Eskom staff acts on the EWT’s advice to
address problems encountered in the course
of everyday utility duties. A comprehensive
research program is also supported that
includes raptor electrocution risk assessments
of existing power lines, investigations of
faulting mechanisms, and the impacts of
power lines on sensitive bird species. Several
million dollars are invested annually into
Eskom’s combined research and mitigation
programs. The partnership has also initiated
programs in other parts of Africa that assist
with impact assessments of new lines in

iFic aptam elegrr Wos.
ac e 1 h
that mint urr i ly Wit pa o
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Namibia and Botswana. Environmental
personnel from other electrical utilities in the
Southern African Development Community
are being trained to establish other coop-
erative management initiatives in Africa.
Retrofitting power lines in Dofiana
National Park to prevent electrocutions of
Spanish imperial eagles is one of Spain’s
conservation success stories. Between 1991
and 1999, high-risk power line towers were
modified, considerably reducing the number
panish Gov-
nvironment) is
Decree to estab-
lish protective measures to prevent bird colli-
sions (A.C. Cardenal, pers. comm.). There are
17 local governments in Spain and most have
cooperative agreements with their electric
companies for reducing the impact of power
lines on birds. Recovery plans for endangered
species, such as Bonelli’s eagle (Hiemaetus

m fasciatus) and bearded vulture (Gypactus barbatus)

inclgge to mitigate interactions
Meliines8Nearby, in the early 1990s,
g effbark on a program to deal with
umbers o

g hite storks (Ciconia ciconia)
on transmission towets by preventing nesting

esting-caused electrical outages. The EWHC i} dangerous areas and encouraging nesting
act n : in s C located on the towers

n gatie infirad n , m.).

1l ctrital stihctres n responded to bird

electrocutions by passing a Federal Nature
Conservation Act to provide avian protection
(D.G. Haas, pers. comm.). This regulation
states, “all newly erected power poles and technical
structures in the medium voltage range have to be
designed fo protect birds. Power poles and technical
bardware in the medium voltage range that are
already in use and pose a high risk to birds are to
be retrofitted to exclude electrocution as a threat
within the next 10 years.” Raptor-friendly
construction standards also have been
published by NABU-German Society for
Nature Conservation in Suggested Practices for

Bird Protection on Power Lines (NABU 2002).
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The brochure contains the technical stan-
dards necessary for avian-safe construction
as well as mitigation measures for medium
voltages. Although electrocutions do occur
in the United Kingdom (J. Parry-Jones, pers.
comm.) and northern Europe (K. Bevanger,
pers. com.), less is known about their
mitigation efforts.

Eastern European countries are also
addressing avian electrocution risks. The State

Nature Conslivancy of the Slovak Repul

is pytnergg i Whre
mihnifs tdmpza ithatio
op 4 bnioura

for new construction (M. Adamec, pers.

comm.). The State Nature Conservancy also

over the next 10 years. In Hungary, MME

irdLife-Hungary is working with utilities to
derti dgiisioa obl 1
afdutiliV cfhfi j /
on'm.). Bvial| el@\trocysio

d serfous p em 1 Bulgd {

50% of the country’s poles posing a risk to
. Stoychev, pers. comm.). The

the Bulgarian electric companies, providing
information on rare species’ breeding and
foraging grounds, migration routes, and
possible solutions to reducing electrocution
problems. Protective devices are being
deployed as part of a pilot project to deter-
mine their effectiveness in reducing mortality
and associated power outages. In 2004, the
BSPB also implemented an electrocution

ulgarian So@ROr n
{ 1 arlh (BEPB) l adilresghg
i ‘ igworling WthMom@of

study in several “Important Bird Areas” (IBAs).
Less is known about avian electrocution
issues in Russia and Asia. In Russia, it has
been reported that high-risk power lines exist
and eagles have been electrocuted, especially
in the Kazakhstan steppes and deserts. One
report estimates that 10% of the USSR
population of steppe eagles (Aquila nipalensis),
primarily juvenile or subadult birds, is elec-
trocuted each year in the northern Caspian
areas (V. Moseikin, pers. comm.). Given these

[ e th e of
o atlye strate-
wellso nibs. Avian
interactions with power lines have also been

reported in Australia (B. Brown, pers. comm.)

and New Zealand. Although Tasmania Hydro
ticipated in the production of the Raptors
isk electrocution video, little is known

@]
I~

out the scope of the problem in Australia.
Except for Israel, the extent of avian

el trqgutions is relatively unknown in the

d irds of Prey

eal h idh Project, the Israel
i
R

1 1o, thelfsrael Nature
i ity, and the Society

for the Protection of Nature in Israel work

Bosqlly toglether to address electrocution
. C Through their
ofls, elct “ s” have been
en teQsiggfticantly reduc-
ing bird electrocutions while improving ser-
vice reliability. Presently they are developing a
Geographic Information System (GIS)-based
program to avoid siting future lines in IBAs.
Little information is available about retro-
fitting efforts in Central and South America,
although avian interactions with power lines

have been documented in Brazil (P. Américo,
pers. comm.).

THE OUTLOOK

®

Since the first edition of Suggested Practices in
1975, there has been considerable progress in
identifying electrocution hazards and devel-
oping solutions. In the decade since the 1996

edition, utilities and resource agencies have
made significant strides in communicating
and collaborating on avian/ power line issues.
A product of this collaboration was the
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development of Avian Protection Plan
Guidelines by APLIC and the USFWS in
2005 (Appendix C). The Guidelines, which
are intended to help utilities develop their
own APPs, focus on reducing bird mortality
and improving power system reliability by
identifying the key policies and practices to
achieve these goals. Voluntary cooperation
among electric utilities and agencies has
improved communication and will benefit

partMlipants through reduced avi d
ce r riglig®ity.

in av tality, rly

apt ; infles to plf an impo

tant role in federal land management decisions.
Avian protection measures are often mandated
licensing require-

ments by mosfifederal allen s iilkh
States, includiffo the BLEV, FISFSa
USEWS. In aliiimmmm ¢ eraliEn

Regulatory Commission (FERC) routinely

includes special articles mandating raptor m
FOEA O oW es ense
drible jeflis (FE DoL.
ho\kbh utalitis ha @ -d\Ubr seper
cades to e liffeés on 1eerat [andS safe

for raptor use, they now face an interesting
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challenge in areas with sage-grouse (Centro-
cercus spp.), prairie chickens (Tympanuchus spp.),
mountain plovers (Charadrius montanus), Utah
prairie dogs (Cynomys parvidens), and desert
tortoises (Gopherus agassizii). In some cases,
land management agencies have requested
that raptors and corvids be prevented from
perching on power lines where these rare or
endangered species are found (Figure 2.5).
The goal of such efforts is to reduce preda-
tion, although the actual impact of raptors
1 p tions of these
ately studied,
ifie ities that attempt
to discourage raptors from using portions

of a power line, as well as agencies requiring
such actions, should be aware of several
important points: (1) perch discouragers

are intended to move birds from an unsafe
location to a safe location and do not prevent
perching, (2) predation can occur regardless
of the presence of a power line, (3) raptors

arvid upon mammalian predators
sagefrdiise prairie chickens, and (4)
agctrogitigh risBmay be increased if perch
are

disC8lrage

stalled on long consecutive
spans without providing alternative perch

FIGURE 2.5: Perch discouragers have been installed on utility poles to prevent raptors
or corvids from preying upon sensitive species. However, this is not recommended,
as perch discouragers are intended to manage where birds perch, not to entirely

prevent perching.

*®
*
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sites (because this may cause birds to perch human populations (Africa, South America,

on exposed pole-mounted equipment). and Asia) (Bevanger 1994a). Raising global
Utilities and agencies should work together awareness of avian electrocution problems
to identify predation risk to sensitive species and solutions remains a priority and a
that results from raptor and corvid use of challenge for conservation organizations.
poles; determine retrofitting methods that For utilities, the use of avian-safe designs and
are appropriate, effective, and commensurate construction techniques (see Chapter 5) for
with the level of risk; and develop best distribution systems will help reduce future
management practices or guidelines. electrocution problems. Much retrofitting

As the human population grows and energy work also remains for existing high-risk lines

demands incillase, new power lines will

inevgably dge fgui o
ill &ntthue o 1
aulklderc e

involves some degree of risk, electrocutions

f ed ices
nf concrete
seffou|electrocu-

tion hazards and are increasingly being used
will occur in the future. In addition, increasing worldwide. In addition, a Spanish translation
of Suggested Practices is intended to provide this
America, such as bald @lgles, os ource to those in Spanish-speaking coun-
i s. The authors hope that Suggested Practices

I continue to promote an awareness of avian

parakeets, and some ¢

with a growing need t
cutions or nests on power poles. Electrocu- interactions with power facilities and provide
1on problems ay be most severe on those a ng-of electrocution prevention solutions

nteracuon
Committee
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Regulations and Compliance @

Three federal laws in the United States protect almost all native avian species and prohibit
“taking,” or kifng, ther!. The Migratory Bird Treaty Act (MBTA) protects over 800 species of

native, North

icaninig atory oir
tifn to Fot
(ESA) applies 10 species that are federa

provides addi

Bald and Golden Eagle Protection Act (BGEPA)
ald and golden eagles. The Endangered Species Act
isted as threatened or endangered. This chapter

provides an overview of each of these laws and the permits that may be required for nest

; | |
a ment. carcass. salv. oréat\i
he 5E1gratory Bird Ireaty of

1918 (MBTA) (16 US.C. 703-712),

which is administered by United n

e L
itrator: birf cd-
inthe 1ted St les.

The MBTA implements four treaties that
provide international protection for migratory

birds. It is a strict liability statute meaning
that proof of intent is not required in the
prosecution of a “taking”!? violation. Most
actions that result in taking or possessing
(permanently or temporarily) a protected
species can be violations.

The MBTA states: “Unless and except as
permitted by regulations ... it shall be unlaw-
tul at any time, by any means, or in any manner

agement pﬁ.
to pursue, hunt, take, capture, kill ... possess,

offer for sale, sell ... purchase ... ship,

port, import ... transport or cause to be
s .. igratory bird, any part,
st, ch bird, or any product
) d e or in part, of any such

bird or any part, nest, or egg thereof...”

A 1972 amendment to the MBTA provided
legal protection to birds of prey (e.g, eagles,
hawks, falcons, owls) and corvids (e.g., crows,
ravens). The MBTA currently protects 836
migratory bird species, including waterfowl,
shorebirds, seabirds, wading birds, raptors,
and songbirds. Generally speaking, the MBTA
protects all birds native to North America,
and excludes house (English) sparrows

(Passer domesticus), European starlings

12 “Take” in this context means to pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to pursue, hunt, shoot,

wound, kill, trap, capture, or collect.
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(Sturnus vulgaris), rock doves (or common/ agencies are directed to use their authority to
feral pigeons, Columba livia), monk parakeets conserve listed species, as well as “candi-
(Myiopsitta monachus), any other species published date”1#

in the Federal Register, and non-migratory actions do not jeopardize the existence of

species, and to ensure that their

upland game birds. The list of migratory bird these species. The law is administered by
species protected under the MBTA appears in two agencies, (1) the USFWS and (2) the

Title S50 of the Code of Federal Regulations Commerce Department’s National Marine
part 10.13 (S0 CFR 10.13) and is available Fisheries Service (NMFES). The USFWS has
online at www.access.gpo.gov/nara/cfr/ primary responsibility for terrestrial and
waisidx_03/50cfr10_03.html. freshwater organisms, while the NMFES has
An individlial who violates the MBT. primary responsibility for marine life. These
taki y : ed up 1 wi e to
15, forthip to si ol hinimize
viotion. ciesehnd @peirthabitats.
individual who knowingly takes any migra- Protection is also achieved through partner-
tory bird with the intent to sell, offer to sell, ships with the states, with federal financial
barter, or offer to bartd such biEl or who assistance, and a system of incentives that

knowingly sells, offers tef, o ourage state participation. The USFWS
offers to barter any mi b iBsubj@t works with private landowners by provid-
to a felony violation w uplto financial and technical land management
$250,000 and/or imprisonment for up to assistance for the benefit of listed and other

Wo years. p tecﬁd species. To obtain a list of all feder-

t thozsggz of i isted ten endangered) birds,
ﬁgl T of 194 ofall Bdén eﬂls and plants,
BE-PARTEUSC. 663—163d cChsul S5 balts 17801 and 17.12.

Haliaeents' leucotephallls) and Yolden (A gulila [i8¢ is availableonlin® at www‘fws‘gov/

chrysaetos) eagles are given additional legal endangered/ wildlife heml.
der the BGEPA is defined B Sgtiog9 of the ESA makes it unlawful

W, iSO ; T t lis cies. Take under
bIIEEt, niblestivr Eisturty e ISA B d ‘ rass, harm,
t'sike fllovisibn fhay rsie. hitar, I, trap, cap-

fined up to $100,000 and/or imprisoned for ture, or collect or attempt to engage in any

up to one year. The BGEPA has additional such conduct.” The regulations define the
provisions where, in the case of a second or term “harm” as “an act that actually kills
subsequent conviction, penalties of up to or injures wildlife by significantly impairing
$250,000 and/or two years imprisonment essential behavioral patterns, including breed-
may be imposed. ing, feeding, or sheltering” Unlike the MBTA

The Endangered Species Act (ESA) (16 and the BGEPA, the ESA authorizes the
US.C. I531-1544) was passed by Congress USFWS to issue permits for “incidental

in 1973 to protect our nation’s native plants take” (take that results from an otherwise legal
and animals that were in danger of becoming activity).
extinct and to conserve their habitats. Federal Section 10 of the ESA allows for “Habitat

I3 A misdemeanor is a crime that is punishable by less than one year imprisonment. A felony is a serious crime punishable by
incarceration for more than a year.

¥ Candidate species are those which may be added to the list of threatened and endangered species in the near future.
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A

s mj3
onfl A
ve Ha

Conservation Plans” for endangered species
on private lands or for the maintenance of
facilities on private lands. This provision
helps private landowners incorporate con-
servation measures for listed species into
their land and/or water development plans.
Private landowners who develop and imple-
ment approved habitat conservation plans
can receive incidental take permits that allow
their development to proceed.

Iiladdition to federal regulatid idual

h -protect] h-
héhld sult w csp
cefigen ies) to[letermine

what regulations apply and if permits are
required.
Although ¢

provision for

MBTA®nd BGEPA have no

owing tete,
irds willbeHille

izes that som
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reasonable measures to avoid it are used. The
USFWS Office of Law Enforcement carries
out its mission to protect migratory birds
through investigations and enforcement, as
well as by fostering relationships with indi-
viduals, companies, and industries that have
programs to minimize their impacts on
migratory birds. Since a take cannot be autho-
rized, it is not possible to absolve individuals,
companies, or agencies from liability even if
they implement avian mortality avoidance or

iglar mpnsdpvag ea However,
e ré&fment does have
nfoMdrmUY disiketioy arf ! focuses on

those individuals, compantes, or agencies
that take migratory birds without regard for
their actions and the law, especially when
conservation measures had been developed
but had not been implemented.

PERMITS

Fedegal and/or state permits may be requir,
r @ it ate CAMmERDTOT
e NIB P2V ESA, ordatdiaws.
ilit!] shQuld ggnsilt w rd@ agegi
O deférminc'1t permits ar¢ required 10r oper-

ational activities that may impact protected
vian species. Special Purpose or related L

e r cthi
efiporfty pdsefiion, n,
p&al, 4ld sqntfiic cfilectfn.

Utilities are encouraged to contact their
regional USFWS Migratory Bird Permit
Oftice to identify permit requirements and
obtain permit applications (See Avian Protec-
tion Plan Guidelines, Appendix C, for contact
information). In addition, utilities should
obtain information regarding state-required

w
w

o

permits from their state’s resource agency.

MIGRATORY BIRD PERMITS

USFWS regional offices administer permits
for the following types of activities: falconry,
raptor propagation, scientific collecting, reha-
bilitation, conservation education, migratory

@ game bird propagation, salvage, take of

datin taxidermy, and waterfowl

ithosalliThese offices also adminis-

erivits afthorized by the BGEPA.

he Division of Migratory Bird Manage-
ment develops migratory bird permit policy

d the permits themselves are issued by the
i g, ird Permit Offices. The
u o igratory bird permits
L R part 13, General

Permit Procedures (www.access.gpo.gov
nara/cfr/waisidx_03/ 50cfr13_03.html),
and 50 CFR part 21, Migratory Bird Permits
(www.access.gpo.gov/ nara/ cfr/waisidx_03/
S0cfr21_03.html).

In 2003, the USFWS released a memo-
randum regarding the destruction of nests
of species protected under the MBTA
(see Appendix C or Www‘fws‘gov/ permits/
mbpermits /PoliciesHandbooks/MBPM-2.
nest.pdf). The memo clarified that the defini-
tion of take under the MBTA applies to active
nests (containing eggs or young). The collec-
tion, possession, and transfer of possession of
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inactive bird nests are also illegal under the applicant (e.g., a power company), must ask

MBTA; however, the destruction of nests that the USFWS to provide a list of threatened,

do not contain eggs or birds is not illegal. endangered, proposed, and candidate species
This, however, does not apply to eagles and designated critical habitats that may be
or species listed under ESA, whose active present in the project area. The USFWS has
and inactive nests may not be destroyed. The developed a handbook describing the consul-
memo also stated that the USFWS may issue tation process in detail, which is available at
permits for the removal of occupied nests Www.fws.gov/ endangered/ consultations.
when public safety is at risk. When non-federal activities (activities
not on federal lands and/or lacking a federal
EAGLE PERMITS nexus such as federal funding or a federal
Un 4 U issues e 1l takamhre n red
er arpo age fanl tran bort ba SWEit TP) is
d g@ftn efble sen fic, ¢lucatiort ], re din e&Hn KL of #e BSA. Some
ative American religious purposes, depreda- states may also have regulations that require
tion, and falconry (golden eagles). No permit permits or conservation plans. Approval of

authorizes the sale, puthase, barter, trade, an ITP issued in conjunction with a Habitat

importation, or exportifion of ¢igldifea nservation Plan (HCP) requires the Secre-
feathers, or any of thei or egls.
The regulations gover e lerplits ¢ public comment, that among other things,

be found in 50 CFR part 13, General Permit the taking of ESA protected species will be
rocedures (wyvw.access.gpo.gov/nara/cfr/ ingidegtal and that the applicant will, to the
f

a1y 3/Mcfr 03.h n CF imim exgat practgable, minimize and
arf22, BaglfPe hits | lacclss. i e impfctiof s@h raking. An HCP
arl¥ cfr Bvailldx®3 /302 . st 2fcdmnp hBapplFation for an ITP.

P as¥6ciated with'the permit is
ESA CONSULTATIONS/ HABITAT to ensure that conservation measures are

VATION PLANS Me r avoiding jeopardy to the species.

€ a' . n s and HCPs
¢ ‘ . n [ st USEFWS
<& : { S " e , generally

: located in each state. A list of those offices
USFWS through Section 7 of the ESA. and their phone numbers can be accessed at

Before initiating an action, the federal agency
owning the land or its non-federal permit

arts, ngits of Interior to find, after an opportunity

Www.fws.gov/ info/ pocketguide.
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IN THIS CHAP\ER CDNS 110 Differeft Birds de' Ev erfle of

Clectrocution lec Trocutio

to

€@ Factors Inﬂuencmg €@ Scavenging Rates of

Electrofltion Ri¥%k Carcasses
Minimizing aviin electrl nqamderstanding of the biological, engineering,
and environm s wat i This chapter identifies the causes of bird

electrocutions and focuses on the factors that predlspose raptors to electrocution.

ufons erfines ith@bundant prey may also
datdy birds.

1ology, environment, and engineering. Terntonal nesting, and other behavioral
The biological and environmental compongn ts characteristics may bring multiple birds to
at influence electrocution risk include body a pole,_increasing electrocution risk.
SiZg v, more susceptible
e @ toflectrocuffon because they are
he ced ess agile at taking
* Body size is one of the most important off and landing on poles.
characteristics that make certain species * Local changes in species distribution and
susceptible to electrocution. Outstretched abundance during breeding, migration, or
wings or other body parts that span the wintering can result in a seasonal variation
distance between energized conductors in electrocution rates.
make electrocution risk much greater for * Wet weather can increase electrocution
large birds; however, small birds can be risk, as wet feathers are electrically more
electrocuted on closely spaced energized conductive than dry feathers.
equipment such as transformers. * Finally, configurations with closely spaced
* Habitat is a key factor influencing avian energized phase conductors and grounded
use of poles. In open areas lacking natural wires are more readily bridged by birds,
perches, power poles provide sites for hunt- causing electrocutions (see Chapter 5).

ing, feeding, resting, roosting, or nesting.
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Of the 31 species of diurnal raptors and North American species, including crows,

19 species of owls that regularly breed in ravens, magpies, jays, storks, herons, pelicans,
North America, 29 have been reported as gulls, woodpeckers, sparrows, kingbirds,
electrocution victims. Electrocutions have thrushes, starlings, pigeons, and others.

also been reported in over 30 non-raptor

SUSCEPTIBILITY RAPTORS electrocutions in several studies: 0.4% of
OF DIFFERENT Accipiters electrocutions documented by Ferrer et al.
BIRDS TO The three North American accipiters— (1991) (n=233), 1.1% of electrocutions
ELECTROCUTIO sharp-shinnedhawk (Accipiter striatus), Co documented by Janss (2000) (n=467), and

@ awi (4. forlii) ep and 0% o 0C s
. oMWl 1 : d % e ( =0282).
auhatuit] se

habitats, accipiters are more likely to perch in Buteos

trees than on the exposed perches provided Buteos comprise the largest non-eagle group
by electric transmissioffand distribution of raptors that is electrocuted on power lines.
orestedthabifats articular, red-tailed (Buteo jamaicensis), fer-
rted ragiorfilect inous (B. regalis), Swainson’s (B. swainsoni),
i icher TW7; d rough-legged (B. lagopus) hawks occur in
Benson 1981). In a survey of over 70,000 open habitats and commonly perch on power

ower poles igy various habitats throughout pgles mnd towers (Figure 4.1). Combined
t Walimin ele Saggvere rogutiggmmeortali these four hawks
o ontthel,5 sprveyed in his rafbe en 5% 48% of reported
ordited Seast PalfiComp, $hpul @ ). el ctrdtut a thmbd of studies (e.g,,
f 2,711 cOmbined electrocution records Ansell'and Smith 1980; Peacock 1980; Ben-
from six studies (O'Neil 1988; Harness son 1981; O'Neil 1988; PacifiCorp, unpubl.

ho Power Co., unpubl. data; B S/Nebraska, unpubl. data). In

facilities. Consequentl
generally have fewer re
cutions than do open

VY

4 electrocutions were
northern goshawks and

4 were Cooper’s hawks. Of
40 radio-tagged Cooper’s
hawks in Arizona, I (a
male) was electrocuted
(Mannan et al. 2004).
Northern goshawks
accounted for <5% of
raptor mortality in both
Germany (n=567) and
France (n=686) (Bayle
1999). In Spain, goshawks
accounted for <I0% of

&
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Utah and Wyoming, buteo electrocutions
exceeded eagle electrocutions (21% vs. 19%;
n=547) (Liguori and Burruss 2003).
Red-tailed hawks were the most commonly
electrocuted buteo in this study (7.5%),
followed by Swainson’s hawks (5.9%),
ferruginous hawks (1.6%), and rough-legged
hawks (0.2%). In Nebraska, red-tailed
hawks accounted for 11% of electrocutions
(#=199) from 1988 to 2003 (USFWS/
Nebhska, unpubl. data). In add

lgwo 0.5% o
t1¢hs 1 ;
o 1

in northern California and southern Oregon
from 2004 and 2005 (PacifiCorp, unpubl.
data). In Chi
hawk was the
cuted species

cryptoleucus|),

studies. For example, in an analysis of 163

ed-tailed hawk carcasses, 4% died from elc-
P cu
3 r 3% & rotvh
g ferfhginflis

hawks (n=9), 3% of Swainson’s hawks
(n=37), and no red-tailed hawks (n=31) that
were admitted to the Colorado State Univer-
sity Veterinary Teaching Hospital (Wendell
et al. 2002). The low overall electrocution
rate (3%) of birds in this study (n=409) was
attributed to two factors: electrocuted birds
are unlikely to survive, be detected, and
brought to a rehabilitation facility; and, the
frequency of electrocutions may be declining
due to modification of power poles.
Electrocution records for other buteos
are uncommon. Red-shouldered hawk (Buteo
lineatus) electrocutions have been documented
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in Florida (J. Lindsay, pers. comm.) and
California (M. Best, pers. comm.). Although
documented, electrocution of the common
black-hawk (Buteogallus antbracinus) is rare
(Schnell 1980, 1994). The Harris” hawk
(Parabuteo unicinctus) is a uniquely social raptor
that resides in family groups of multiple
individuals and commonly uses power poles
(Bednarz 1995). Eight cases of electrocution
were reported by Whaley (19806) in the

Sonoran Desert of southern Arizona, but the

t dig electrocutions
edIn and near
onthbet@rert 1991 and 1994,
(] .. .
arris’ hawk mortalities with known

causes (n=177) were due to electrocution
(Dawson and Mannan 1994). Electrocution
was suspected as the cause of death for an
additional 44 carcasses. In 2003 and 2004,
75 electrocuted Harris” hawks were found in
the metropolitan Tucson area, 29 of which
were within 300 meters (m) (1,000 feet [ft])
est 2004). Following the

t h&ardous poles in this area,

(@]

o¢tio

005'to O.

ate per nest fell from

in 2004.

er Diurnal Raptors

h
1 (e.g., American kestrel
ale (E columbarius), and
' 1 iglkpans less than 102

centimeters (cm) (40 inches [in]) generally
cannot span the distance between two electric
conductors (see Figures 4.11, 4.12 and Table
4.1 for an illustration of avian wingspans).
However, electrocution of smaller raptors
may be underestimated since they are less
noticeable than large birds and because scav-
engers may consume or remove them before
they are found. Small raptors are probably
more at risk on poles with transformers or
other equipment where only inches of spacing
exist between energized and grounded parts.
Although uncommon, records of electrocutions
do exist for smaller raptors, including Ameri-
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can kestrels (Figure 4.2)) (Ellis et al. 1978;
Harness and Wilson 2001; Smallwood and
Bird 2002; Wendell et al. 2002; Cartron

et al. 2005; Idaho Power Co., unpubl. data;
USFWS/Nebraska, unpubl. data; PacifiCorp,
unpubl. data) and merlins (Bayle 1999). Of
avian electrocutions identified by species in
the western United States from 1986 to
1996 (n=555), 6 were American kestrels
(Harness and Wilson 2001 ). Likewise,
kestrels comilised 1.1% of mortalities 1

o
ighorLagdsurfiss 2803).
erli ol nt S of Biptor
mortalities in France (n=0386) (Bayle 19

Few electrocution records are available for

the large falcons. Despe their sEe and fre-

quent use of power pofs, electr@utifns
peregrine (E peregrinus)find praif f8cons
(F mexicanus) are rare. atie Wlco

were documented out of 547 electrocutions

in Utah and Wyoming from 2001 to 2002
Ls can r 03 o1 G@mthis,
eryitew Prait g f: ctivcutiOns hiH
eel| dociinel tediiBen 81 @ 1t
9971; Harness dn son 200 1; 185

Power Company, unpubl. data). Electrocu-

eregrine falcons have been reported
y Cade an ( h
1982), Ca M cIBonnfl

( ovirll etl. (DON), ite

et al. (2002), and the State of Michigan
(2005). Of avian electrocutions in the
western United States from 1986 to 1996
(n=5S55), only 6 were peregrine falcons
(Harness and Wilson 2001). Peregrine elec-

trocutions have also occurred in low numbers

in other countries, such as France, where
<5% of raptor electrocutions (n=680) were
peregrines (Bayle 1999) and South Africa,
where peregrines accounted for 1.4% of
electrocutions (n=147) from 1996 to 1998
(Kruger 2001a). Likewise, in Spain, pere-
grines have accounted for 0.4%, 0.9%, and
<5% of electrocutions (n=233), (n=467)

2002 -

on wire.

(n=1,282) in studies conducted by
rer et al. (1991), Janss (2000), and Bayle
99). An electrocution of a fledgling crested
caracara (Caracara cheriway) from a nest in
a subsgation was documented in Florida (J.

SR Pg m hough aplomado
fa-ond (1§ 's)Bnay #est on power poles,
elctrdutth hiUnifd States have not
be cumented. There 18 one record of a

suspected aplomado falcon electrocution in

9,
1
€

Mexd#to (. Montoya, pers. comm.). Records
e, I usticolus) are
re fhd §pi u of falconry
r tHiet { indgren

1980; Harness and Wilson 2001; USFWS/
Nebraska, unpubl. data).

Northern harriers (Circus cyaneus) are elec-
trocuted infrequently as they rarely perch on
poles, but some records exist (Williams and
Colson 1989; APLIC 1996). In Germany,
the hen harrier (C. cyaneus) accounted for
<5% of raptor electrocutions (n=567)
(Bayle 1999).

Although ospreys (Pandion haliaetus) com-
monly nest on power poles (see Chapter 6),
electrocutions of this species are uncommon
(Figure 4.3). Of Avian Power Line Interaction
Committee (APLIC)-member utilities surveyed
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in 2003, several in the northwest and south-
east noted osprey issues, particularly in regard
to nest management (APLIC 2005). Poole
and Agler (1987) reported that <4% of
banded ospreys (n=4S51) recovered between
1972 and 1984 died from electrocution,
collisions with power lines and TV /radio
towers, and entanglements with fishing
equipment. Of ospreys admitted to wildlife
rehabilitation centers in Florida from 1988

to IMDS, 9% (n=284) were eleclp

(1973), Fulton ( illiams and Colson
(1989), Munoz-Pulido (1990), Harness
(1996), Pool
gan (2005),
(unpubl. data
11 electrocuti

(n=555) from 1986 to 1996 were ospreys

(Hargess and Wilson 2001 ). In France,
s ac te amih, r2p
or{lit] (Bayle 19

re@popglatfins @
th A

di s
g over tHE pas
few decades (Sauer et al. 2004). Growing
osprey populations in Canada have been |

att |I to |I '.

n &G es

FIGURE 4.3: Osprey.
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platforms, increased survey efforts, and the
ban of DDT (Kirk and Hyslop 1997). In
the Willamette Vaﬂey of Oregon, where the
number of nesting ospreys has more than
doubled in six years from the late 1990s to
the early 2000s, most nests are located on
distribution poles or adjacent nest platforms
(Henny et al. 2003; USGS 2003). Osprey
populations in the Chesapeake Bay area
more than doubled from the 1970s to the

mid-1990s as the use of man-made nesting

ulgstrages, pgrti n
adial a t
egi@ 6 o relyn

man-made structures during the 1970s, as
compared to 93% in the 1990s. Types of
man-made structures used during the 1990s
included navigational aids (53.5%), nesting
platforms (12.1%), duck blinds (9.7%), and
other man-made structures (17.6%; including
boat houses, chimneys, docks, ships, electrical

gy ional markers,
t al. 2004). In this

s were located on

power poles, bridges, cell phone towers, and

Nl ersey, the number of osprey
pheded fiim 68 in 1975 to over 200
d§ 9808 to 340 in 2001 (Liguori

of "these nests are located on

platforms in coastal marshes.

te

ly among various studies conducted over the
past three decades (Figure 4.4). Electrocution

research from the 1970s focused on causes of

den eagles (Aquila

has ranged dramatical-

eagle mortality, which may account for high
proportions of golden eagles documented in
these studies. For example, golden eagles
comprised between 89% and 93% of electro-
cutions documented by Olendorff (1972a),
Smith and Murphy (1972), and Boeker and
Nickerson (1975). Recent electrocution studies
have documented much smaller proportions
of golden eagles. Golden eagles comprised
17% of electrocutions in Utah and Wyoming
(n=547) and 5% of electrocutions in Oregon
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and California (n=1038discove
systematic line surveys e
electrocutions of all avian species (Liguori

nd Burruss 2003; PacifiCorp, unpubl. data).

m

20]c onsin [Hah
bald eagles comprised 2% (n=91) and 5%
(n=133) of electrocutions (Ansell and Smith
1980; Peacock 1980). In Colorado, 5% of
electrocutions (n=300) were bald eagles
(Boeker 1972). Likewise, bald eagles
comprised 5% of all avian electrocutions
(n=103) documented in Oregon and Califor-
nia in 2004 and 2005 (PacifiCorp, unpubl.
data). In Utah and Wyoming, <I% of elec-
trocutions (n=547) were bald eagles (Liguori
and Burruss 2003). Of bald eagles admitted
to wildlife rehabilitation centers in Florida
from 1988 to 1994, 6% (n=274) were elec-
trocuted (Forrester and Spaulding 2003).

N

Although electrocution has been docu-
mented as a cause of mortality for golden
eagles for several decades, the frequency of
eagle electrocutions may be declining, likely
due to utilities’ efforts to prevent electrocu-
tions. From 1980 to 1984, 80% of golden
eagles found along power lines in the western
United States with known causes of death
(n=375) died from electrocution (Phillips
1986). From the early 1960s to the mid-
1990s, electrocution accounted for 25%

1 ica
: f e recently,
¢ i unignteddis the cause of
death in 16% of golden eagles radio-tagged

and recovered (n=61) from 1994 to 1997 in
California (Predatory Bird Research Group

99). Despite increased detection efforts,
rin number of eagle electrocutions docu-
galed nted by PacifiCorp (unpubl. data) in

western states has declined by 22% from the
eagly W9OS to the early 2000s. Of APLIC-

u in 2005 (n=13),
gﬁecies at 1ssue in
05)
egireagghorned owl (Bubo virginianus) is the
1o wl in North
t&e EStern United
at o I species iden-

tified (n=91) from 1986 to 1996 were great
horned owls (Harness and Wilson 2001).
Likewise, great horned owls accounted for
90% of owl electrocutions (n=20) in Utah
and Wyoming in 2001 and 2002 (Liguori
and Burruss 2003). Although great horned

owls comprise the majority of owl electrocu-

Owls

tions, mortalities of this species are often low
in comparison to many diurnal species. Low
numbers of great horned owls in electrocu-
tion records were reported by Stewart
(1969), Houston (1978), Benson (1981),
and Harmata (1991). Great horned owls
accounted for 4% of mortalities (n=113) in

&
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Idaho between 1972 and 1979
(Ansell and Smith 1980). Some
studies have documented higher
percentages of great horned owls in
electrocution records. For example,
of the species identified, great
horned owls accounted for 15% of
avian electrocutions (n=555) in the
western United States from 1986
to 1996 (Harness and Wilson
200M), 20% of electrocutions

) qt 1980

8B (O Las N 98B, ald 33%

lec @ n=010)Fh Nebr
ka from 1988 to 2003 (USFWS/

Nebraska unpubl. data). Of
APLIC-mem utih'tie!surve ed

FIGURE 4.5: Great horned owl nest on
transformer bank.

— ol

(n=13), 69%
of owls, with
horned owls
quently electrocuted in their areas (APLIC
2005). Electrocution was the cause of de

from 1988 to 1995 (n=174) were electrocut-

2002) and by the National Wildlife Health
Center from 1975 to 1993 (n=132)
(Franson and Little 1996).

In North America, the barn owl (Tyto alba)
is the second most frequently electrocuted
owl. Barn owls accounted for 10% of owl
electrocutions (n=20) in Utah and Wyoming
from 2001 to 2002 (Liguori and Burruss
2003). Barn owl electrocutions have also
been documented by Williams and Colson
(1989), Harness and Wilson (2001), and
USFWS/Nebraska (unpubl. data). In an
assessment of barn owls in the northeastern
United States, electrocution was noted as a

cause of mortality, yet was not considered a
population limiting factor (Blodget 1989). In
Hawaii, 1% of barn owls evaluated for cause
992 to 1994 (n=81) was
ution (Work and Hale

, ST (n=63) were electrocuted

(Forrester and Spaulding 2003).

d (Forrester and Spaulding 2003). Elect/- Barn owl electrocutions are not limited to
" Nou t t t ic arked and recovered
' rtalties [alfhtedtn CflonHo r England, 5.8% died of
t@ IO (n8S B WelldellBt t : al. 2003). In a study

of barn owl carcasses (n=627) in Britain
from 1963 to 1989, electrocution was
documented as the cause of death in <I1%

of birds (Newton et al. I991). Barn owls
comprised <5% of raptor electrocutions in
Germany (n=567) and between 5% and 10%
of mortalities in France (n=686) (Bayle
1999). In Spain, barn owls comprised 3%

of electrocutions (n=233) documented by
Ferrer et al. (1991) and <5% of raptor elec-
trocutions (n=1,282) documented by Bayle
(1999). In South Africa, barn owls accounted
for 6% of electrocutions (n=147) documented
from 1996 to 1998 (Kruger 2001a).
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Electrocution records of other North
American owls are rare. Much like accipiters,
many owl species inhabit forested areas and
infrequently perch on power poles. No records
were found for spotted owl (Strix occidentalis).
Barred owl (3. varia) electrocutions have been
documented on transformer poles in Wash-
ington (M. Walters, pers. comm.). In Florida,
1.2% of barred owls admitted to wildlife
rehabilitation centers from 1988 to 1995
(n=330) werMelectrocuted (Forrester an

Spagldin an n (199
ite &kctidC usfof nibreality
at 0 a)filecttbeutiont bf

this species are probably uncommon, as <I1%
of electrocution records (n=301) reported
for four western states

(Harness 1996). Reco

are also rare, although

documented in the eas
asio) (APLIC 1996, 2005), western screech-
wl (O. kennicgitii) (Harness 1996; Harness

n deon I; C )i
ard [ owh Aty ot I8/ 1996).
ndWilsgh (FOOR do ted

crééch-owls atlion an species C1¢

(n=555) in the western United States from
996. Of eastern screech-owls

S

dmitted to 78
lorida fro1 @
octled

2003). In Germany (n=567) and France
(n=686), <5% of raptor electrocutions were
long-eared owls (Bayle 1999). Electrocution
records for snowy owls (Nyctea scandiaca) are
also uncommon (Parmalee 1972; Gillard
1977; Williams and Colson 1989; Parmalee
1992). Smith and Ellis (1989) list electrocu-
tion as a cause of death for snowy owls, yet
do not quantify electrocution rates for this
species. Snowy owls are found primarily in
arctic regions lacking utility structures, yet
birds that winter in less remote areas of the
northern United States and southern Canada
may encounter power lines. Electrocution was

o . R )
998 (n=[3W), W%
orfistertind $hat din

the cause of death in 5.6% of snowy owls
(n=71) wintering in Alberta, Canada
(Kerlinger and Lein 1983).

Like the snowy owl, the burrowing owl
(Athene cunicularia) and short-eared owl (Asio
flammeus) nest and perch on the ground and,
consequently, are unlikely to be electrocuted.
There are no known electrocution records for
the burrowing owl. Electrocution records of
short-eared owls are uncommon (Williams

VULTURES/CONDOR

spite their large size, electrocution records

North American vultures and California
dors (Gymnogyps californianus) are not as
common as buteo and eagle electrocutions.

As of iOOS, 6% of California condors

thathave Jeased into the wild
sillce akilfyd byttlectrocution
(Bherdy enfil Economics, Inc.
2 “Powk [lisions have been a

greater threat to California condors than elec-

Wocygiong Prior to the release of hacked
i de wer pole aver-
nfrai ered natural
a 0 s (Snyder and
Schmiutt 2002). If they perch on a simulated

power pole, they receive a mild shock.
Electrocutions of vultures are also uncom-

mon, with turkey vultures (Cathartes aura)
accounting for only 2% of electrocutions
(n=210) in Nebraska from 1988 to 2003
(USFWS/ Nebraska, unpubl. data), 2% of
electrocutions (n=113) in Arizona from
2003 to 2004 (Dwyer 2004), and 2% of
electrocutions (n=51) in northern California
from 2001 to 2004 (PacifiCorp, unpubl.
data). In the western United States, vultures
accounted for 1% of electrocutions (n=1,428)
from 1986 to 1996 (Harness and Wilson
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2001). Hallinan (1922) described turkey
vulture electrocutions on three-phase, 13-kV
lines with metal crossarms in Florida. In
southern Florida, 14 confirmed electrocu-
tions of both turkey and black (Coragyps
atratus) vultures were documented over a
six-year period (J. Lindsay, pers. comm.).
Electrocutions of turkey vultures have

also been reported in Chihuahua, Mexico
(Cartron et al. 2005). Turkey vulture / power

line Mhteractions, including electt

o 1 nd Col@n (1989),
thbla tulkey villture el
er dfh Tels (Harllss 1997).

ectrocutions of Old World vultures are
much more common. In South Africa, 42%

ution r&ords from April
vultures (C.S.

ber 2008 ( \
n Rooygh, ghpull dira;
The large win ufli tol2.7 nill[ 8.

these species, coupled with their behavior of

of avian elect

1996 to Nowv

perching together on a pole, accounts for

. this g
e el cut; is . va
rs2fo ' I
A B
Electrocutions of waterbirds, such as storks,

grets, herons, ibises, pelicans, and gulls, iy

b plle
il suffiel spaiing
1 el largl winSsp&hs

ights (see Figures 4.12, 4.13 an
Table 4.1). Although avian-safe construction
and retrofitting can protect most waterbird

species, increased vertical separation may be
needed to accommodate their taller heights.
Like other birds, waterbirds may be electro-
cuted as they fly into lines mid-span and
touch two conductors (Lano 1927; Pomeroy
1978; PacifiCorp, unpubl. data).

Storks have large wingspans (approx. 1.5
m [ 5 ft]) and measure approximately 102 cm
(40 in) from head to foot. The wood stork
(Mycteria americana) occurs in the southeastern

United States and is currently (2000) listed
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as endangered under the Endangered Species
Act. Wood stork electrocutions may result
from power line collisions or from contacts
on power poles (Forrester and Spaulding
2003; J. Newman, pers. comm.). Electrocu-
tions of other storks have been documented
outside of North America (Pomeroy 1978;
Haas 1980; Bevanger 1998; Janss 2000). In
Spain, the white stork (Ciconia ciconia) was the
second most commonly electrocuted species,

accounting for 13.3% of mortalities (n=279)

e )- e storks also
iay electrocutions
outheas ance (Bayle 1999).
The great blue heron (Ardea berodias),

which is commonly found throughout much
of sub-arctic North America, has been docu-
mented in electrocution records from numer-
ous states (Lano 1927; O’'Neil 1988; Har-
ness 1997; Forrester and Spaulding 2003;
PacifiCorp, unpubl. data). Great blue herons
accounted for 3% of electrocutions (n=61)

1980 to 1985 (O'Neil

1n_Mantan,

88).Roffate SMoonbill (Ajaia ajaja) elec-
pcutighs,SikelyMissociated with power line
collfSions, Mave bfen identified (Forrester and

Spaulding 2003; J. Roberts, pers. comm.).

ectrocutions of egrets and herons have
en side of North America
o niiformes, including
it egret (Bubulcus ibis)

accounted for nearly 10% of avian electro-
cutions (n=0600) in southwestern Spain from
1990 to 1994 (Janss and Ferrer 2001).

Line investigations and avian surveys near
Port Arthur, Texas, revealed that a variety of
wading and shoreline birds were killed by
electrocution and/or line strikes (J. Roberts,
pers. comm. ). Roseate spoonbills were impact-
ed more severely than other waterbirds, with
over 40 individuals killed in two years. Other
birds killed or injured by lines in this area
include cattle egrets, snowy egrets (Egretta
thula), and neotropic cormorants (Phalacrocorax
l)msilianus). Preliminary results from an
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ongoing study suggest that many of the
apparent collision deaths or injuries were
juvenile birds with poor flight ability.
However, carcass examination has indicated
that some of the birds were electrocuted.
Gull electrocutions are uncommon but have
been documented (Bevanger 1998). Harness
(1997) reported electrocutions of 4 Franklin’s
gulls (Larus pipixcan) in a survey of electrocu-
tions in the western United States from 1986
to 1996. In Maska, gulls represented 3.4§
ata ) PacifiC

moifgality grc
US A
pulidat ed 1 electr

tions on poles with transformers in the west-
ern United States. Dickinson (1957) noted
a landffll in North

electrocutions of gulls
Carolina. In southeast
electrocutions (n=100
(Bayle 1999). In addit
tions and collisions in this same region, 16%

ere gulls and gerns, 43% were herons, and 4%

e er, in Phogaiaante r).
ectritutfhns eporte

ot sanhill®rai®s (Guys @ade

Hatness 1997, Fo er alid Spathtiin:

2003) and whooping cranes (G. americana)

and Spaulding 2003), although
ese are Jikg %
f mid-spa Off 15 Rdif-tagied
5 Ngesghatlied Br disSppilare

between 1993 and 1999, 4.3% were elec-
trocuted as a result of power line collisions
(Forrester and Spaulding 2003). Although
the North American cranes are not likely to
perch on utility structures, grey crowned
cranes (Balearica regulorum) in South Africa
do perch on poles and have been electrocuted
(C.S. van Rooyen, pers. comm.).
Electrocutions of brown pelicans (Pelecanus
occidentalis) have been documented in the
United States (Harness 1997; Forrester and
Spaulding 2003; APLIC 200S; J. Roberts,

pers. comm.). Along the Gulf Coast where
large concentrations of brown pelicans occur,
numerous electrocutions have been documented
(J. Roberts, pers. comm.). These electrocutions
occurred when young birds congregated on
power lines near fish camps and caused the
line to sag, allowing the birds to contact the
neutral wire. The neutral wire was removed
and there have not been any electrocutions
since. In Georgia, an American coot (Fulica
americana) was found inside a substation,

~ susgictegyt e
r n e
o peicolin. ).
CORVIDS

Not long ago, crows, ravens, and magpies

ctro-
ipment

e considered pests for which some states

red bounties. The Migratory Bird Treaty

t (MBTA) of 1918 did not offer protec-
tion to corvids and birds of prey until

a enaid in 1972. In recent years, there has

Cieasin ess that corvids are
pibte | BB\, and that they
chh hite & dab® impicts on power relia-
by, Parti WALy irfagrifltural or suburban

areas where their populations are increasing.

rocutions have received less atten-

Worwd elget
t tro , therefore, less
koswn b tion rates.
c h@g lagF sNg andPfrequent use

of power poles, ravens are likely electrocuted
more often than currently documented.
Although corvid mortality is unlikely to have
population impacts, their electrocutions and
nests can affect power reliability (Figure 4.0).
Corvid electrocutions were reported in
1921, when electrocutions of crows were
documented in Florida (Hallinan 1922).
Dickinson (1957) noted that crows nested on
poles in North Dakota, causing faults on the
line, particularly during wet weather.!® In
Montana, common ravens (Corvus corax)

15 Carvings of kingbirds were mounted on the power line to deter the crows from nesting. The discouragers were considered

effective, as the crows stopped buﬂding nests on the poles.
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accounted for 2% of electrocution records
(n=61) (O’'Neil 1988).

Recent studies show an increased number
of corvids in electrocution records, possibly
due to enhanced reporting, increasing num-
bers of utility structures and/or increasing
populations of some corvid species. Bridges
and Lopez (1995), Harness (1997), and
Boarman and Heinrich (1999) cite electro-
cution as a cause of death for the common

raveill Common ravens were the njji dent-
sp Utah a ing
cathr nuil bers tha MEAPICS a
puiing M 32% {

n=547) (Liguori and Burruss 2003 ). Ameri-
can (black-billed) magpies (Pica hudsonia) also
accounted for {
mented in thi

0 <n= s
magpies (PacifiCorp, unpubl. data). In a sur-

Oregon from

Vey of 3, IZO poles in Colorado, corv1ds
ol ;
om ve 04
rap te 70 0

electrocumon records for one Arizona utility

P ]elen, pers comm.). In Ch1huahua, Me)&o,
spefies,

t
( % t ntin| for 9
o ieM(n= 8) t al

2005). In Arkansas and Lou1s1ana, reports of

American crow (C. brachyrbynchos) electrocu-

=

tions have been rare, although dead crows
have been observed in substations on four
occasions (]. Roberts, pers. comm.). The
deceased crows were found in groups of two
to five and the circumstances of the electro-
cutions have not been determined. Although
uncommon, electrocutions of jays have also
been documented (PacifiCorp, unpubl. data).
Of APLIC-member utilities surveyed that
report mortalities of all protected species
(n=10), 50% listed corvids as birds of issue

in their area, and 30% cited crows and ravens
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FIGURE 4.6: Common raven nest on
wishbone configuration.

as the birds most frequently electrocuted in
their area (APLIC 2005).

Corvid electrocutions are not limited to
North America (Bevanger 1998). In Spain,

omprised 10% to 25% of

s (8279, Janss and Ferrer
s 2000). Common raven
onedula) together accounted

COLOn r

,Ja
(C
for approx1rnately one-quarter (16% and

%, respectively) of avian mortalities

thwestern Spain from
nd Ferrer 2001). In
ids accounted for 45%

of avian electrocutwns (n=100) (Bayle
1999). Corvid electrocutions are considered
fairly common in South Africa (C.S. van
Rooyen, pers. comm.).

SONGBIRDS AND OTHER SMALL BIRDS
Although often overlooked, electrocutions of
passerines (songbirds) have been documented
throughout the 1900s. Electrocution of purple
martins (Progne subis) flocking on power lines
was noted during the early twentieth century
(Anderson 1933). Loggerhead shrikes (Lanius
ludovicianus) were electrocuted in Florida
when they attempted to impale prey on tie
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wires (Hallinan 1922). An electrocuted
Baltimore oriole (Icterus galbula) was reported
in Ohio during the 1950s (Dexter 1953). In
India, rose-ringed parakeets (Psittacula krameri)
were electrocuted when they bridged two
closely spaced conductors (Dilger 1954).
Their habit of climbing poles by clinging to
different wires with their feet and bills made
them more vulnerable to electrocution than
are other small birds. Interestingly, Dilger also
noted that laffle fruit bats, Preropus, were

on Fhese ppldam as
R®o0is of|songhis eldtrocttions ar
o md e utilifes, agerjiies,

and the public become increasingly aware of

the interactions of small birds with power
lines. Records of such ns, often
associated with power
such as starlings, wood nti
with Corvids), robins, kin
birds, thrushes, shrikes, sparrows, swallows,

rioles, and blackbirds (Bevanger 1998; Michi-

al urc AP 1C
0 rp, . ta) (Tigudi4 ).
It quit, sqie Butagls
1o ec r pels not protecte

by the MBTA (PacifiCorp, unpubl. data).

FIGURE 4.7: Western kingbird perched
on power line.

In some circumstances, songbirds can cause
outages when large flocks take off at once,
causing lines to gallop or slap together. In
Mexico, roosts of purple martins can be so
large that they break electrical wires (Brown
1997). Perched flocks of small birds may
span from phase to phase or ground, causing
an electrical current to pass through multiple
individuals. This can result in outages and elec-
trocutions. Individual small birds may not be
at risk of conductor-to-conductor contact,

araiidns Witwelh encpiz H and
grounded hardware are considerably less. On
poles where protective coverings have been
installed on transformer bushings, arresters,
insulators, insectivorous birds may attempt

lean insects from inside the covers.

MONK PARAKEET

M nkfarakeets (Myiopsitta monachus) were
oht to the Uni tes from South

thelhte 1960s to be

Hel| bird have since estab-

rougtiout much of the

lis op

United States and their numbers continue to

Sowg Priggtt-Jones et al. 2005). Monk para-
e e rb suburban areas
trlts a ructures
ige 40 aly. s erd)). Fires and

outages can occur when monk parakeet

FIGURE 4.8: Monk parakeets.
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nesting material comes in contact with ener-
gized parts, or from the nesting activity of the
birds themselves. Monk parakeets continually
maintain their nests and, consequently, indi-
viduals have been electrocuted when attempt-
ing to weave nesting material (i.e. twigs) into
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the nest (J. Lindsay, pers. comm.). In addition
to posing outage and fire risks, monk parakeet
nests on utility structures attract predators
and trespassing pet-trade trappers, potentially
resulting in electrocutions of both birds and

humans (Newman et al. 2004).

FACTORS AVIAN USE OF POLES

INFLUENCING Raptors, waterbirds and small birds use
ELECTROQRITION powl poles for hunting, resting| y and
RISK s

tig wcul abitats

iff8l or atral sfbstrates

@ Figfte r Paterlfrds, po
lines can provide sites to perch while drying
their feathers. Eagles and other raptors tend

to use “prefer poles’!hat facilitate hunting

success. Still-I¥nting cdlise
vided suitable Mabitat ¢ pfy is
] ide

above the surrounding terrain, a wide field of

Preferred pol

T

-

FIGURE 4.9: In open habitats with few natural alternatives,
power poles can provide perching, nesting, hunting, or
roosting sites for raptors and other birds.

e dgmf 1 so
drce oON; a
r poles a o 19 r

view, and easy take-off (Boeker 1972; Boe m
ik 1975 4N elsammand n
7€ 1 sql 198 ef 'the des
arefCired pelels na saih, mulpi
electroCut1olls can occur. INesearchers have i

found up to a dozen eagle carcasses or skele-
tons under a single pole (Dickinson 1957;

Benton and Dickinson 1966; Edwards 1969;
Nelson 1976,

d that the height
of a perch above the surrounding terrain was
important to the frequency of eagle electro-
cutions. Since pole height generally varies
only 1.2 to 3 m (4 to 10 ft), there was no
significant difference in the heights of poles
with or without electrocuted eagles. However,
poles that provided the greatest height above
the surrounding terrain, e.g., those on bluffs
higher probability of

ons.

y plays an important part
e preference. In one study (Pearson

m p
1979), raptors used poles in heterogeneous

vironments more often than those in
s ents. In fact, increased
bi 1 an indirect cause of
e . direct cause is the

increase in prey types and density of prey
typical of greater habitat diversity. Eagles and

other raptors spend more time hunting in

areas that offer a greater chance of a success-
tul capture. It is reasonable to expect that one
pole will receive no more use than the next in
uniform habitats, other factors notwithstand-
ing (Ansell and Smith 1980). The “preferred
pole” concept, therefore, may not apply when
addressing an electrocution problem in
homogeneous habitats or “preferred areas.”
Choice of prey can also influence elec-

trocution risk. Benson (1981) found highly
significant differences both in eagle use and

©®



eagle mortalities along electric distribution
lines in agricultural versus non-agricultural
areas in six western states. More use and mor-
tality occurred in native shrublands, primarily
because of variations in rabbit distribution
and availability. In particular, more golden
eagles were electrocuted where cottontails
(Sylvilagus spp.) occurred than where only
jackrabbits (Lepus spp.) occurred. In jackrabbit
habitat, about 14% of poles had raptor

e most lethal 25% of lines

under them.
studied were in sagebrush-dominated areas

where both types of r

its occtﬁred in large
numbers. No correlati
study between rodent

was fothd 't
pulatiofideSkitie
and the incidence of r ctiocition

Other studies have also documented a

Y
Grassland in Colorado. Kochert (1980) con-

at the incidence of eagle electrocu-

strongly related to the density of jackrabbits.
The highest densities of jackrabbits in south-
western Idaho occur in native shrublands
(Smith and Nydegger 1985); accordingly,
more eagles were electrocuted in such habitats.
In the Butte Valley of northern California,
irrigated agricultural fields support ground
squirrels and other small mammals that, in
turn, attract large numbers of raptors. In
these habitats, particularly on dead-end poles
with transformers lacking avian protection,
raptors are at risk of electrocution. Prior to
extensive retrofitting efforts in this region,
numerous eagles, hawks, and owls had been

electrocuted (PacifiCorp, unpubl. data).

Concentrations of wintering raptors,
including ferruginous hawks and golden
eagles, are attracted to the continent’s largest
prairie dog complex in Chihuahua, Mexico,
where numerous birds had been electrocuted
prior to retrofitting efforts (Manzano-Fischer
2004; Cartron et al. 2005).

In Alaska, an abundance of food sources
from municipal waste facilities, canneries, and
fish cleaning stations attract bald eagles that

carcasses undlli them, compared to nearl have been electrocuted on nearby power poles
{ talgmigsat. both
i jacksalsitsivere Bresent, ting bald
{ ribtor [fhrcasses ea ity G Elggidfsuggest

that fledging eagles from “suburban” nest
sites have a higher risk of mortality from
human activities, including electrocution,
do their “rural” counterparts (Millsap et
22004).
Agricultural areas attract pigeons, black-
birds, and starlings. Large flocks of these

bizds gerching on wires can weigh down
w g g

or.
tuy S

ingliggeto gallop when
ptoi, these smaller
ablt to ¢ ectrocution on
tr mer Poles, dd refdted outages can

S

disrupt farming activities.

[ |
rdBwith [a as eagles,
ayBrid. istdc&betwdln conductors

on horizontal crossarms, while tall birds,

siirciefla

such as herons or storks, may simultaneously
contact different conductors on poles with
vertical construction. Golden eagles have
large wingspans, ranging from 1.8 to 2.3 m
(6 to 7.5 ft) (Figure 4.10, Table 4.1). The
height of a golden eagle ranges from 46 to
66 cm (18 to 26 in) from head to foot. Bald
eagles are similar in size to golden eagles,
with wingspans ranging from 1.7 to 2.4 m
(5.5 to 8 ft) and heights ranging from 46
to 71 em (18 to 28 in). As with most other
raptors, female eagles are larger than males.
Because dry feathers provide insulation,
birds must typically contact electrical
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equipment with conductive fleshy parts for
electrocution to occur. Fleshy parts include
the feet, mouth, bill, and the wrists from
which the primary feathers originate. For a
large golden eagle with a 2.3-m (7.5-ft)
wingspan, the distance from the fleshy tip
of one wrist to the tip of the other can
measure 107 cm (42 in). These distances are
important when considering phase-to-phase
or phase-to-ground separations of power
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Chapter 5). Applying this standard will also
protect birds with wingspans smaller than
eagles, (see Table 4.1 and Figures 4.10, 4.11,
4.12). In areas where eagles do not occur, a
standard of 102 cm (40 in) may provide
adequate separation for raptors other than
eagles. In areas with condors, a 150-cm
(60-in) separation may not be adequate.
The wingspans of California condors range

from 2.5 to 3m (8.2 t0 9.8 ft)16 and condors

linedind the susceptibility of eal measure 120 to 130 cm (46 to 53 in) in
CEbCuPI sce rS). ght @ny, mj 02; Wheeler
e (@-in)Brandard rati e th condors should
etwilerfenergiredthnd /Mr grounfed parts 1 on largy sizggof Bhis endangered

intended to allow sufficient clearance for an

eagle’s wrist-to-wrist spa.n (APLIC 1996; see

60 inch( 5"/ .Wh! re

species when designing or retrofitting
power lines.

Yy Jome From?

The 1981 edition of Suggested Practices recommended
150 cm (60 in) of separation to provide adequate space
for a large e { { ist di
(54 in). Thi
the lengths
46 cm [18 1

Practices, the
obtained fro

questions and has identified the need for further
investigation. Measurements of live birds have shown
that subtracting primary feather length from total
wingspan is not an accurate measure of wrist-to-wrist
distance (APLIC, unpubl. data). Although sample sizes
are small, the wrist-to-wrist measurements of golden
eagles obtained from live birds were much shorter than
the 140-cm (54-in) distance identified in previous
editions of Suggested Practices. Even on birds with
wingspans of 200 cm (80 in) or more, wrist-to-wrist
measurements were less than 110 cm (43 in). Wrist-

to-wrist measurements were much smaller on bald
eagles; although bald eagles may have larger wingspans

ary feathers are longer

an | blden eagles, their
ou it prajortion of the wingspan.
(€ S e end 150 em (60 in)
riz sepa eagil protection in this edi-

tion of Suggested Practices. This edition also recommends

100mm 440 i) vertical separation for eagles. However,
tilpge o imp design standards
i dil erer t s S the species or
n{ itic s af ssti, To 4 ve ggzan protection on
power lines, IC encourages researchers to collect

vertical and horizontal flesh-to-flesh separation
measurements of large birds. This information will
help utilities tailor their avian protection efforts. For
example, in areas without eagles or in urban locations,

a utility could design power lines to protect large birds
such as red-tailed hawks and great horned owls; in areas
with California condors, utilities could design struc-
tures to accommodate these large birds; and in coastal
areas, utilities could consider the tall heights of wading
birds when designing lines.

16 Wrist-to-wrist measurements could not be documented for California condor.
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For tall species, vertical distance can play
a role as important as horizontal distance.
Because the height (head to foot) can reach
up to 66 cm (20 in) for a golden eagle and
71 ecm (28 in) for a bald eagle, vertical sepa-
ration sufficient to accommodate perching
eagles is recommended in areas with these
species. Long-legged wading birds, such as

herons, egrets, ibises, and storks, may also

be electrocuted on poles where there is

insufficient vertical separation between

conductors or conductor and ground. In

areas where such species are at risk, vertical

separation of 120 cm (48 in) or more may

be needed to accommodate the heights of

some species‘”The heights of selected
species are provided in Table 4.1 and

Figure 4.13.

Turkey Vulture

. ght measurements for selected birds.*

58-61 (23-24) [n=2]

165-178 (65-70)

36-53 (14-21) [n=3]

Black Vulture

California Condor

Osprey

137-160 (54-63)

300 (98-118)
—180 (59-71)

120-130 (46-53)

Bald Eagle

79-86 (31-34) [n=4]

168-244 (66-96)

46-71 (18-28) [n=5]

8 43 (11-17) [n=2]

56 (22) [n=1]

' W R W
818

American Kestrel 20-25 (8-10) [n=4] 1-61 (20-24) 15-20 (6-8) [n=4]
Merlin 53-69 (21-27)

Peregrine Falcon 33-51(13-20) [n=2] 94-117 (37-46) 28-38 (11-15) [n=3]
Prairie Falcon 41 (16) [n=1] 91-112 (36-44) 33 (13) [n=1]

Barn Owl

38-51 (15-20) [n=4]

104117 (41-46 )

25-38 (10-15) [n=4]

Great Horned Owl

43-64 (17-25) [n=8]

114-130 (45-51)

31-41 (12-16) [n=8]

Continued

17 This distance is based on the height of a great blue heron, approximate]y 1.2 m (46 in).
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A ———

Other Herons

Species Wrist-to-wrist Wingspan Height cm

cm (in) [sample size] cm (in) (in) [sample size]®
Roseate Spoonbill 127 (50) 81 (32)
Wood Stork 155 (61) 102 (40)
White Pelican 244-290 (96-114) 157 (62)
Brow Pelican 203 (80) 130 (51)

66-112 (26-44)

00 (20-39)

117 (46)

46-66 (18-26)

Ibis | 91-97 (36-38) 58-64 (23-25)
Cormorants 132-160 (52-63)

Common Raven 135 (53) 41 (16) [n=1]
Chihuahuan Raven 112 (44)

8 Height given is from the top of the head to the feet. See also footnote 1, above.

accounts; City of Lawrence
f 3 . sas Department of Wildlife

and Parks Milford Nature Center (unpubl. data); Operation WildLife, Inc. (unpubl. data); Oregon Zoo (unpubl. data);

PacifiCorp (unpubl. data); Rocky Mountain Raptor Program (unpubl. data); Stone Nature Center (unpubl. data); and

Utah Wildlife Rehabilitation (unpubl. data).

T Because wrist-to-wrist and head-to-foot measurements of most species are not typically available in the literature,
measurements were obtained from wildlife rehabilitators and handlers as well as from deceased birds. Sample sizes
are given for birds that were measured and blanks in this field indicate that these data are currently unavailable. Avian
researchers are encouraged to record these measurements when collecting other morphometric data.
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HEAD TO
FOOT

LI

WRIST TO WRIST

<+ 79-1707cm ———»p»
(31-42in)

WINGSPAN

8
(7

46-66 cm
(18-26 in)

90 in)

tion -
ttee

FIGURE 4.10: Critical dimensions of a golden eagle.

©®



Biological Aspects of Avian Electrocution | 41

I 68 cm (54-70 in}———————»

VULTURES

Inter

<+———86-152 cm (34-60 in}———»
BUTEOS

<+—b51-124 cm (20-49 in)—»
FALCONS

FIGURE 4.11: Wingspan comparisons of selected raptors.
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ine
ffact

51-135cm
(39-53in)

ommittee
|

30-132 cm 64 cm 28-58 cm
(12-52 in) (25 in) (11-23in)
OWLS MAGPIES PASSERINES/OTHER
SMALL BIRDS

FIGURE 4.12: Wingspan comparisons of selected birds.
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-

53-69 cm
(21-27in)

]

28-69 cm
(11-27 in)

¢ <l)
AV ! Eow

A
)CtIOR

(6=27 in)
[ | .
I tt E (18-46 in)
OWLS WADERS

15-58 cm -

41-69 cm (6-23in) 18-46 cm

(16-27 in) (7-18 in)

CROWS/RAVENS FALCONS PASSERINES/OTHER
SMALL BIRDS

46-117 cm

FIGURE 4.13: Height comparisons of perched birds.'8
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18 . . . .
Height ranges shown are from various sources and may include both head-to-foot and head-to-tail measurements.
See Table 4.1 for additional information on height measurements.

*®
*



TABLE 4.2: Percent of juvenile golden eagles in electrocution studies.

Hundreds of hours of actual obser-
vations and analyses of slow-motion,

Study Percent juvenile Sample size 16-mm movies made by Nelson in the
Benson (1981) 94.29% 5 early 1970s demonstrated that jnvenile
: eagles are less adept at maneuvering
Boeker and Nickerson (1975) 90.0% 419 than adults, especially when landing
Schomburg (2003) 87.9% 132 and taking off (Nelson 1979b, 1980b;
Harness and Wilson (2001) 66% 90 Nelson and Nelson 1976, 1977).
USPWS/Nebraska (unpubl. data) 63% 27 Trained golden eagles were filmed
landing on un-energized, mockup
power poles of various conﬁgurations
angmncl
esefhic ldcagaees BhogeSs that ctors)
1rd 4 @ brdsuscaytible to rcelain
electrocution than adults (‘Table 4.2). Birds insulators that tended to be too small,

that nest on power poles may be electrocuted,
particularly if the comfned wingspans and

young birds cause the
phase conductors and
conductor and grounded equipment. Post-

edgrng, uvenile brrds may continue to
dult
atanding odthn

ak go les i
ocul d bitd’s av®, corrective actions to

prevent electrocutions remain the same.

trbrhty of juvenile golden eagles to

ing and taking off, which increases their risk.

Inexperience may also affect how juvenile
birds hunt. Juvenile birds may learn to fly and
hunt from a perch, particularly in flat country,
where updrafts are less common. Learning

to fly involves frequent short flights from
perch to perch. The first attempts to hunt
involve frequent changes of perches foﬂowing
unsuccessful chases. One juvenile golden eagle
was observed making over 20 unsuccessful
hunting sorties after cottontails from a
distribution pole (Benson 1981). Had

the line been unsafe for eagles and weather
conditions been poor, the likelihood of
electrocution would have been high.

smooth, or slick for comfortable gripping.
Instead, they used pole tops and crossarms

t offered firmer footing. When an adult

e approached a three-wire power pole

ssarm, for instance, the bird typically
swooped in under the outside wire, swung up
begweqg wires with Wrngs folded, and stalled
, when made into
graceful, with

ontrast, often tried to
settle onto a crossarm from above, using out-
ings to slow their descent. They

ly, flew to the
ht p@int lator—and
1 . ipped off the

1nsulator or tried in rnrd flight to change to
the crossarm—maneuvers accomplished by
much wing flapping that increased their
electrocution risk. Sometimes, juvenile birds
began corrective action at a distance from

the poles, particularly when the approach was
too swift or at an improper angle. If they
approached parallel to the lines, they often
settled down across two conductors or tried
to fly up between the conductors, increasing
their electrocution risk (Figure 4.14). During
landings, juvenile birds contacted the wires of
the dummy poles making skin-to-skin contact
near the wrists. Occasionally, contact also
occurred on downward wing beats during
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FIGURE 4.14 Juvenile golden eagle about to land on a distribution pole that is not
avian-safe.
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take-offs. On energized lines, simultaneously

touchjng differing phase wires or a phase an
g d with fles ts.af the b r
I ]'th etfeathelk cin restlt inledfocu
Jdlenig: e y 1¢ @ IQ
g plithes e than adti Betnso 8

attributed differences in electrocution risk of

dult and juvenile birds to the fact that aelal

ungg s t1l :

e thl priffipalfacic usid byghd
esio caturgiacirabbis. (Brclfing

jackra

o
jac its with any consistency requires

experience and tenacity in long, in-flight chases.

Young birds find more success in pouncing
on cottontails or other prey from stationary
perches such as power poles. This increases
their exposure to electrocution risk.

Florida has the largest breeding bald eagle
population in the lower 48 states, with over
1,000 known nesting pairs (Nesbitt 2003).
From 1963 to 1994, 16% of known bald
eagle deaths in Florida (n=309) were due
to electrocution. Contrary to previously
mentioned data for golden eagles, these
electrocutions were nearly evenly distributed

between adult (55%) and juvenile (45%)

birds. Likewise, 45% of known age bald eagle

- electrocutions in Nebraska (n=22) were juve-

nilehirds S/Nebraska, unpubl. data).
I Biorta¥ty rates (considering all
¢ ath)Bre greater for juvenile birds
Its.

tha™or a coveries of banded golden

eagles showed mortality in 50% of the popu-

ion by an age of 31 months (Harmata
ou related differences in
c ypically poorly under-
c than eagles, it is likely

that juvenile individuals of other species may

be at greater risk than adults due to inexperi-
ence and overall higher mortality rates. For
example, juveniles accounted for 61% of
Harris’ hawk electrocutions (n=75) in

Tucson, Arizona (Dwyer 2004).

SEASONAL PATTERNS

Electrocution risk can vary with season.
Many golden eagle mortalities along power
lines (nearly 80% in the Benson 1981 study)
occur during the winter. Of eagle electrocu-
tions in the western United States with
known mortality dates (n=96), 39%

occurred from January to March; of eagle

&
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season.

[ |
carcasses discovered foltwhich t dIe of l
mortality was unknow OBl 5306 wdle

found from January to April (Harness and
ilson 20012 Likewise, the majority (65%)
f ' tine

o Litie rte
tilly acitiss f; 185 2
e it es by PEtf1
data) occurred from DJecember to

seasonal prey concentrations that may, coin-

cidentally, occur near non-avian-safe lines. In
addition, eagles probably hunt from perches
more during the winter than at other times of
the year. In Florida, where bald eagles occur
year-round, electrocutions occurred during
every month of the year (Forrester and
Spaulding 2003). However, most occurred
from October through April, the period that
encompasses the breeding season when eagle
abundance is greatest in Florida and when
dispersal and migration occur.

Electrocution rates of other species may
also increase seasonally due to breeding
behavior and the presence of young. Increased

raptor electrocutions, particularly of Harris’
hawks, corresponded with nesting activity in
Tucson, Arizona (Dwyer 2004). Of known
electrocution dates for hawks (n=119) in the
western United States from 1986 to 1996,
57% occurred from July to September (Har-
ness and Wilson 2001). In Chihuahua, Mexico,
red-tailed hawk mortality peaked from Septem-
ber to November (Cartron et al. 2005). Simi-
larly, electrocutions of hawks in the western

United States from 2001 to 2004 were
October,

o S Vil
' Vo
o in November (PactiCorp, unpubl.

data). These seasonal peaks likely correspond

with increases in hawk populations due to dis-

6% of
July and

sal of fledglings during the breeding season
influxes of birds during fall migration.
is dataset also showed a slight increase in
hawk electrocution mortality during March
a Aiil (each with 8% of annual mortality),
alatedgwi ring staging.

rtalties of owls in the
afls well greatest in late
su , pa arly" Auglist and September
(Harness and Wilson 2001 ). Likewise, elec-

Hocgiongof eagle owls (Bubo bubo) in the
a W, te, g the period
j@enil® di er (Rubolini
al es ited States,
owl electrocutions from 2001 to 2004 were
greatest during summer and early fall, with
June, July, August, and September accounting
for 26%, 24%, 7%, and 12%, respectively, of
annual mortality (PacifiCorp, unpubl. data).
Electrocutions of other species also exhibit
seasonal patterns. Records of corvid electro-
cutions in the western United States from
2001 to 2004 were greatest from April to
August, with highest numbers in June (16%),
July (22%), and August (15%) (PacifiCorp,
unpubl. data). These months correlated with
the local breeding season of these species,
particularly the times when nestlings and/or

fledglings are present (Figure 4.15). Raven
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AV

FIGURE 4.16: Swainson’s hawk pair perched on
distribution pole.
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electrocutions also peaked in August and Dawson and Mannon (1994) reported that
September in Chihuahua, Mexico (Cartron et 37% of 112 electrocuted Harris’ hawks in
al. 2005). Electrocutions of songbirds in the southern Arizona were birds that had recently
western United States were correlated with fledged. Likewise, Dwyer (2004) found that
the summer months, as 69% of electrocu- 03% of electrocuted juvenile Harris’ hawks
tions occurred from June to August (Pacifi- (n=46) were killed within three weeks of
Corp, unpubl. data). The APLIC-member fledging. Of raptor and raven electrocutions
utilities surveyed documented seasonal differ- in Tucson, 79% were within 300 m (1,000
ences in electrocution rates and noted overall ft) of a nest (n=56) (Dwyer 2004). A young
increases during nesting and fall migration Swainson’s hawk was found electrocuted in
(AP-IC 2005) In addition, spe south- central Washington soon after it
eagles 1nter , fledgling great
ssfrine ctrocuted near
wa ard 1977).
BE VI Groups of 2 to 3 common ravens have been
Nesting, courtship, and territorial behavior electrocuted in Utah and Wyoming, likely
can make raptis and offer birds suscepuble due to multiple birds simultaneously span-
to electrocuti (F1gur ning conductors (PacifiCorp, unpubl. data).
Chapter 6). TR gregar cia Several instances of electrocution of birds
of some birds " ha carrying prey or nest material have been
Vultures, can also increase electrocutlon risk reported. A dangling prey item or stick can

help span the gap between phase conductors

rgized conductor and a
nduffor, electrocuting a bird
the Best (Switzer 1977; Fitzner
ung Ureat horned owl was found

30% of the hawks electrocuted during the electrocuted with a freshly killed snowshoe
ate spring and early summer were fledglinllis. re (Lepus amerlmnus) lying nearby (Gillard
ts were noted by Brady
70). In Utah, an elec-
owl was discovered with

four nesthng western kingbirds (Tyrannus ver-
ticalis) in its talons, likely retrieved from a king-
bird nest behind the transformer that killed
the owl (S. Liguori, pers. obs.). Golden eagles
carrying large prey have been electrocuted on
otherwise avian-safe poles in Wyoming
(PacifiCorp, unpubl. data). Two adult red-
tailed hawks were electrocuted at separate
nests in Wyoming, possibly while carrying
nesting material (Benson 1981). A pair of
electrocuted red-tails was found below a pole
in Utah, both birds with nesting material in
their talons (S. Liguori, pers. obs.). Ospreys
have been electrocuted when carrying seaweed
(New York Times 1951) and barbed wire
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(Electric Meter 1953) to their nests. Nests
and nestlings can also be destroyed if nesting
material lies across conductors, resulting in a
flashover and fire (Vanderburgh 1993).
During the nesting period, birds often
engage in courtship and territorial defense.
In such displays, raptors often lock talons,
greatly increasing their effective wingspans.
If these activities take place near a power line,
the birds can be electrocuted. For example, in
Montana, th@electrocution of a subadult
oldgn ea as ag i

pair of electrocuted eagles below a pole, the
talons of each bird imbedded in the breast of
the other. In Oregon,

o electrotuted red-
tailed hawks were fou
the foot of the adult i

below atbolfwi
edded £ tlt} che
of the juvenile (S. Ligufim s.bshl.

Aggression between species may also have

Emllar results,e.g., in Wyoming the foot of

g
o
b

er during an aggressive encounter (Dawson

an 1994). In areas of Montana

FIGURE 4.17: Swainson’s hawk using power pole for shade.

r wl ou aspiagthe
of 1 . Ligtiory, Ner
. Lilwift, ildArizgaa, H
nd red-tdiled Ttaw e el€ttroc topeth=

where large concentrations of eagles winter,
aggressive interactions between birds have
led to the electrocution of two birds at once
(S. Milodragovich, pers. comm.). In the
Northern Cape Province of South Africa,
vultures were electrocuted on vertically con-
figured poles when aggressive interactions
caused birds to slip off the insulators and
fall onto conductors (Kruger et al. 2003).
Raptors and other birds may use power
poles to provide protection from the elements.

D otfgeatiger ingpp i ernments,
b N\ s a n [bwer

c 50 0s t (Figure
4.17). Birds may also use the lower portions

of power poles during rain or snow. Although

ower poles do not appear to offer much
tection from the elements, they can
vide some cover, particularly in habitats
ing natural shelter.

W AWER AND THE INFLUENCE
T F E
T len tnt [ arti@larly rain, snow,
a d estthe s§ceptibility of birds
t ocuaor featl¥rs increase conduc-

tivity, and birds have greater difficulty landing

#h pgwergpoles in high winds. Because dry
a 1dagimeglati t electrocutions
e Quse@ by -to-skin, foot-
-s bi i tac@with two ener-
gized conductors or a conductor and a ground.
Nelson (1979b, 1980b) conducted experi-
ments to determine the conductivity of a live
eagle by attaching electrodes to the skin of the

wings and to the toes. Although lethal volt-
ages and currents were not determined, these

experiments demonstrated that, at 280 volts
(V) and a current of 6.3 milliamperes (mA),
the eagle’s respiration increased. At 400 to
500V and a current range of 9 to 12 mA,
the eagle convulsed. Wet feathers burned at
5,000 to 7,000V, but there was no measur-
able current through a dry feather at 70,000
V. Skin-to-skin contacts were on the order of
ten times more dangerous than contacts
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dugpiming) t a dry fe . ingudegiesion s s
THere isqld no fossibility 8 e t
el ofidry @lgles frofh wingtip ectd cutdhs nefpr

between a wet eagle and two conductors, and
about 100 times more dangerous than con-
tacts between conductors and dry feathers. A
dry feather is almost as good an insulator as
air, but a wet feather has demonstrably greater
conductivity. Major conclusions from Nelson

(1979b, 1980b) were as follows:

* For voltages of up to 70,000V and with
electrodes at least 17.8 cm (7 in), apart,
thilire is no measurable currentji

~

conducting
starting at

* The hazard

than that to dry ones, and is increased even

more so when wet birds lose some ﬂight n
C il dc 1.
c A@f rre| dc I
I lt ersaiso depends ¢ conceritratio

of salts and minerals in the water. Increased
lectrolyte content results in increased cor
u a y cafyg 3 f » a

IDENTIFYING
EVIDENCE OF
ELECTROCUTION

®

Because not all dead birds below power lines
may have died from electrocution, it is
important to accurately determine the cause
of death so that appropriate action can be
taken. In winter surveys of raptor mortality
in Montana, Olson (2001 found 126
carcasses along roadsides, 88 of which were
submitted for necropsy. Of these birds, only
9% were electrocuted, while the majority
(84%) had been shot. The majority of birds
found along roadsides that were directly
below power poles were also shot, with only

15% electrocuted (Olson 2001).

Biological Aspects of Avian Electrocution | 49

the birds studied (Nelson 1979b), presumably
to dry the feathers. Although this research
was conducted on eagles, it has implications
for other species. Birds that spend much of
their time in or near water, such as herons,
egrets, ibises, storks, pelicans, cormorants,
and ospreys, may be at increased risk of elec-
trocution. In addition, wing-spreading behav-
ior commonly exhibited by cormorants or
vultures may increase electrocution risk. A
utility’s Avian Protection Plan (APP) should
priate for the
sue. However,
eliminated during
wet conditions because feathers and wood can
be conductive when wet, potentially causing
electrocutions on normally benign poles.
Finally, the direction of the prevailing
wind relative to the crossarm can also influ-
ence electrocution risk. Poles with crossarms
perpendicular to the prevailing wind produced
fewer eagle mortalities (Boeker 1972; Nelson

andahlelso , 1977). About half as many
e fpundibelow poles with crossarms
&cuthr toffhe wind, when compared to
pole8iwith Trossdfms diagonal or parallel to

the wind (Benson 1981). This difference was
gobably related to the effect of wind on the

es to land on poles

ized parts.

Evidence of electrocution can include
burn marks on the feathers, feet, talons, flesh,
or bill. Such burns may be obvious and exten-
sive, or inconspicuous and not visible to the
naked eye. Electrocuted birds may also exhibit
deformed or damaged talons that appear
broken, cutled, or incinerated (Olson 2001).
In some cases, the feet, toes, or talons are
broken off during electrocution (PacifiCorp,
unpubl. data). Although most victims of
electrocution die, some individuals survive.
Of 89 live Harris” hawks that were captured

in Arizona, 9% exhibited injuries evident of

©®



electrical shock (Dwyer 2004). Likewise, electrocution. Birds that have been shot exhibit

20% of Harris hawk electrocutions docu- sheared flight feathers rather than singed feath-
mented in Arizona (n=112) were injuries ers (EDM International, Inc. 2004). Other
rather than mortalities (Dawson and signs of shooting include shattered bones,
Mannan 1994). contusions, hematomas, sprayed or spattered

Evidence of shooting differs from that of blood, and bullet wounds (Olson 2001).

SCAVENGING Because there have been few large-scale death), most carcasses had remained intact
RATES OF studies that quantify avian electrocution rates, and were seldom scattered by scavengers.
CARCASSES existing data .ave been used in some cascji

Olson (ZOOI) also found little evidence of

el
el
trocuted

eagles were remove by researchers, yet there

exti@oolatgre large a
@ 101 is s coutiged, as
ly trrbute

among aH poles in a geographrc areas. Carcass

scavenging rates obtained from stuches of was not a thorough effort to remove all bones
and feathers (Harness and Garrett 1999).
ring a subsequent survey of the line in

7, scattered, old, bleached bones of 24

casses were discovered and assumed to be

non-raptors have also
removal rates of electr
Again, caution should
removal rates vary grea

can be influenced by scavenger populations, the remains of the eagles killed several years
ab1tat seaso observer blas, and carcass e 1eriHarness and Garrett 1999). 9T ike-
29 casses found
kel avenge i : ‘ old bleached
ardlsses I ac b csiccgiedBarcalles, many of which
in Colorado a ing, St ap . undisturbed (Pacifi-
carcasses were removed wrthm 24 to 48 hours Corp, unpubl data). In addition, specific cases
et al. 2000). In contrast, large birds o al carcasses that were not retrieved
were found
o } i ro atlat ears later.

g 93 1zona, most
found no scavenging of raptor carcasses carcasses that were removed were taken by
(n=14) during a single trial of seven days. people, rather than scavengers (Dwyer 2004).
Also, Howell and Noone (1992) found that In a study of carcass removal rates in Chi-
carcasses of larger raptors remained longer huahua, Mexico, 25% of raven carcasses
than those of smaller raptors. Janss and (n=72) were removed within one month
Ferrer (2001 assumed the scavenging rate of their discovery (Cartron et al. 2005).
of eagles to be considerably lower than that In contrast, 95% of non-raven (raptor)
of rabbits. Ellis et al. (1969) noted that, of carcasses (n=21) were present after one
raptor carcasses found along power lines in month, but only 63% remained after
Utah (shooting was the primary cause of two months.

19°A guide for identifying the remains of various raptor species (EDM International, Inc. 2004) can be obtained at
www.energy.ca.gov/ pier/final_project_reports/CEC-500-2005-00L.html.
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CHAPTER j§

Suggested Practices: Power Line

Design and Avian Safety @

=\-\/ A\
IN THIS CHAPTER - @ iol to MlectricalSystems udisted@Praggice

@D Avian Electrocutions and Power € Summary
Line Design

This chapter

i ress a cerns from the engineering perspectives of
design, constitction, OI ons, nance. It describes ways of designing new
facilities and r ing Tacili be "avian-safe.”

|
menraj Gt I n eld experience and product
i crea ittonal powr testfig. Despite efforts to present
l1 t bk bu P ‘ —tl-artfrecommendations, users of

additional power. The more miles of power this manual should be aware that many wildlife
lines there are, the greater the potent1al fo protection products have not been tested or
' d from an engineering perspective.”’ An
E under project P1656
w e engygled Guide for Testing the

cow y wnd Durability Performance
des1gns, and related terminology to identify of Wildli fe Protective Devices Installed on Overhead

and implement successful solutions to bird Power Distribution Systems Rated up to 38 kV.
electrocutions. This chapter discusses North The guide will provide technical guidance for
American power lines, and the designs and testing wildlife guards and should be available
configurations that present avian electrocu- in 2000. Ultilities are encouraged to share or
tion risks. For further reference, a glossary publish information regarding avian-safe
of terms is provided in Appendix D. power line construction and retrofitting

This 2006 edition of Suggested Practices experience that can be used to refine future
supersedes the recommendations incorporat- editions of Suggested Practices.

ed in the 1996 edition and includes updates

20 However, the recommendations provided in this manual have been field tested by utilities and some results have been

published in scientific and engineering journals.



INTRODUCTION
TO ELECTRICAL
SYSTEMS

®

DISTINCTIONS BETWEEN TRANSMISSION
AND DISTRIBUTION LINES

Power lines are rated and categorized, in

part, by the voltage levels to which they are
energized. Because the magnitudes of voltage
used by the power industry are large, voltage
is often speciﬁed with the unit of kilovolt
(kV) where 1 kV is equal to 1,000 volts (v).
Generally, from the point of origin to the end
of an electric

TABLE 5.1: Voltage ranges of different
power line classes.

Designation Voltage Range
Generation plant 12V to 22 kV
Transmission 60 kV to 700+ kV
Distribution 2.4 kV to 60 kV
Utilization 120V to 600 V

system, line vgltage

is d tosmesson Distribution
bstatlonl
ur ty
lin ubst: t
ransf
(Table'S.

In addition to the
voltage level, power

line classification is
dependent on the
purpose the line
serves (as shown in
igure 5.1). This

ublication {
ertrd

n
cty
utihn hatlard! th
led®ric d¥eribWio

and transmission

1 pose to birds. In this manual, lines
at are Cnergg t k
onsidered sich lin's, arfl i
ol OFcV 3 cobsi

tribution lines, however, this may vary wit
different utilities. Performance experience
indicates that low voltage (secondary) lines—
also called utilization facilities (S600 v)—are

not often involved in avian electrocutions.

DIRECT CURRENT AND ALTERNATING
CURRENT SYSTEMS

Although there are some direct current (DC)
power systems where current flows in system
conductors in only one direction, most
commercial power systems in the United
States use alternating current (AC). In AC
systems, current flows in system conductors
in one direction for 1/120th of a second,

generation

Zero amperes toa peak ampere

gpinggfro
C 0 a s. It then
ethes ditec er 1/120th
sdond | fl in ghe osige direction in

system conductors, again going from zero
amperes to a peak magnitude and back to zero
amperes. It then changes direction again and
the cycle repeats. If projected on a graph, the
current would appear as a sinusoidal curve as
depicted in Figure 5.2, that shows at least two
complete cycles of current flow on phases A,
B, and C of a three-phase circuit. In the United
States, there are 60 such cycles each second
(also referred to as 60 hertz). There are more
AC systems than DC systems because utilities
can transmit large amounts of power over long
distances on high voltage transmission lines
and can take advantage of the alternating
magnetic fields associated with AC systems.
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Suggested

PAAAAAT

ime (thousandths of a second)

ov AD VERSUS UNDERGRO utilities have determined that installing facilities
Uttilities install facilities either overhead or underground is not feasible, leaving lines to
underground, depending upon numerous be installed overhead. If all lines could be
factors and concerns. Some key factors include installed underground, birds would have little
customer needs, terrain and environment exposure to electrocution hazards and there
restrictions, costs, and code requirements. would be little need for this publication.
Cost is a major concern as utilities have a However, it s neither practical nor feasible
responsibility to serve customers with high to install or convert all overhead lines to
quality, reliable electric service at the most underground and it becomes less practical
reasonable cost possible. Although facilities as the Voltage of the line increases. The

are installed underground in many areas focus of this publication, therefore, is to
throughout the country where utilities have provide overhead power line designs and
found it technically and financially feasible modifications that minimize electrocution

to do so, there are many more areas where risk for birds.

&



SINGLE, TWO, AND THREE-PHASE without a neutral (or grounded) conductor.

OVERHEAD SYSTEMS The separate phase conductors are energized
Most AC commercial overhead power lines at the same voltage level but are electrically 120°
utilize some form of support structure from out of phase with one another (see Figure 5.3
which insulators and electrical conductors are for a diagram of the three phase voltages
attached. Support structures may consist of and their time relationships). Because of this
preservative-treated wood poles, hollow or electrical phase difference, the conductors
lattice steel structures, steel-reinforced con- are called phase conductors. In electrical

crete poles, or composite poles made from engineering, the term “phase” has several signi-
fiberglass or other materials. Insulators are ficant meanings, however, for this publication,

made of pordilain or po

lymer materials ¢ it is used to mean an energized electrical

ith ghe elgrt
abhv -
dis t an

- ar (St1CS
tetns are used
andhis ion lines.

he basic workhorse of the electric utility One of the primary benefits of three-phase

is the three-phase circuit that consists of

structures, as described
least three electrical p

Volts

8000

6000 4

4000

systems is the ability to deliver large amounts
of power over long distances. Most electric

2000 -

0 {+—+————"t——"t——"——

T
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Time (thousandths of a second)

FIGURE 5.3:

Three-phase voltage waveform.
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out on the power line route, change from
three-phase to two-phase (i.e., V-phase)
facilities or to single-phase facilities.

Because of limited rights-of-way (ROW)
availability and the need to deliver significant
amounts of power, some power line struc-
tures may carry several three-phase circuits.
In some cases, the structure supports two or
more three-phase transmission circuits high
on the structure while the lower portion sup-

portlMseveral three-phase distribyjm uits.
urggreupld port lo uty
aton Cizgiges fol stre@ lightin tri
erv @ s and billinesses.[istributi
o

circuits installed on the lower portion of a

transmission structure are commonly referred

Distribution line structures may support
a variety of conductor configurations. A
distribution line could consist of three phase
conductors only, or three separate phase
conductors and a single neutral (grounded)
conductor. The neutral conductor could be
the top-most conductor on the supporting
structure or it could be placed below or even
with the phase conductors. Distribution lines
could also consist of two phase conductors
alone or two phase conductors and a neutral

i th tral conductor
val with the phase
ribgrio line may also have

just a single phase conductor and a neutral
conductor with the neutral being above,
below, or even with the phase conductor.
Most distribution lines throughout the United
States have the neutral conductor placed

below the phase conductors. The neutral
conductor is used to complete the electrical
circuit and serves as part of the conducting

or p rrent flowing from the
k t&tthe substation where the
iothates [ he earth itself serves as
er part of the return current path.

the O

AVIAN
ELECTROCUTONS
AND POWER WINE

DESIGN )
Electrocutions may occur because of a com-

@ bination of biological and electrical design

factors. Biological factors are those that influ-

ence avian use of poles, such as habitat, prey,

and avian species (see Chapter 4). The electri-

cal design factor most crucial to avian elec-
trocutions is the physical separation between
energized and/or grounded structures,
conductors, hardware, or equipment that can
be bridged by birds to complete a circuit. As
a general rule, electrocution can occur on
structures with the following:

[ |
us d parated by less than
grofhdedistiflc- t ol head-to-foot (flesh-
r eQhipniin is a bird (see Chapter 4,

Size)ZI;

* Distance between grounded hardware (e.g.,
grounded wires, metal braces) and any
energized phase conductor that is less
than the wrist-to-wrist or head-to-foot

(flesh-to-flesh) distance of a bird.

In the 1970s, Motley Nelson evaluated
electrocution risk of eagles to identify config-
urations and voltages that could electrocute
birds (Nelson 1979b, 1980b; Nelson and
Nelson 1976, 1977; see Chapter 4).

21 The wrist is the joint toward the middle of the leading edge of a bird’s wing. The skin covering the wrist is the outermost

fleshy part on the wing.
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Because bird feathers provide insulation
when dry, contact must typically be made
with fleshy parts, such as the skin, feet, or

bill. Nelson determined that 150-centimeter

(em) (60-inch [in]) spacing is necessary to
accommodate the wrist-to-wrist distance

of an eagle. As a result, a 150-cm (60-in)
separation has been widely accepted as the
standard for eagle protection since the 1975
edition of Suggested Practices. Although wing-
spans can mellsure up to 2.3 meters (m)
chrysaet

feetyft]) 1ds es
d (38t) ; les WHaliaeet
cocefls), Bhe : tweas fleshy frts

(wrist-to-wrist) is less than 150 c¢m (60 in

for both species (see Chapter 4, Size). There-
s, a ISE—cm (60-in)

e adequite fact
for an eagle to safely p@ich. Lar ds stth
as condors or storks spicial

fore, under dry conditi
separation should pro

consideration by utilities. Utilities in areas
ithout eagle populations may choose to

ev, p s -sp c
taflardsias fhay, 18regiShs v
11 i reatkd atggholthe ¢

lity S"AvidiT Pr. ton'Plan (AT

should identify protected species within the
erations area and include design

avian-safe construction is to be used (i.e.,
in bird use areas, as part of ROW permit
conditions, etc.).

Although avian-safe construction mini-
mizes electrocution risk, electrocutions can
never be completely eliminated. Because wet
feathers and wet wood are conductive, birds
can be electrocuted during wet weather on
normally benign poles.

With an understanding of how birds can
be electrocuted on power lines, utilities can
select designs that are avian-safe and help to

A te 1e
sqi Chibter ). fin
clcum ranc ere

avoid and/or mitigate electrical hazards to
birds. Voltage, conductor separation, and
grounding practices are a particular concern
when designing avian-safe structures, however,
public safety, governed throughout the United
States by the current National Electric Safety
Code (NESC), is the primary design consid-
eration. State and local governments also may
have codes that govern power line design and

construction.??

TIQN
e
#Hns {rtaldbo

phase separatlons and the clearances Of Iine

components above ground. In accordance

with the NESC, both the distance between
se conductors and the distance that
ductors are hung above ground is based
the line voltage and the activity that does

and could take place in the area of the power

li .Tiese code requirements are considered

il { separations needed
tdbe Fir ies will not be
hfm lic or the line
Créws

them. The code requirements are not in-

Nndg togbrovide safety to birds and other
i c o with assemblies
thil toffof s.
1kt oWl ingdVar ivith smaller

separations between energized conductors
and between energized conductors /hardware
and grounded line components than are

transmission lines. Consequently, avian elec-
trocution risk is greater on distribution lines.
Transmission conductors are generally spaced
I to 9.1 m (3 to 30 ft) apart, and are sup-
ported on poles or towers that range from
15.2 t0 36.6 m (50 to 120 ft) in height. A
single transmission tower can accommodate
more than one circuit. See Figure 5.4 for
examples of transmission structures.

22 For example, California Public Utility Commission (CPUC) General Order 95 establishes the rules for overhead line

construction in California.
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Distribution line conductors are generally hardware included on pole-top assemblies,

spaced 0.6 to 1.8 m (2 to 6 ft) apart, and increase the potential for avian electrocutions
are supported on wood, steel, composite or due to close separation of energized and
concrete poles that range from 9.1 to 19.8 m grounded parts.

(30 to 65 ft) in height (Figure 5.5). As with

transmission poles and towers, distribution BONDING AND GROUNDING

poles can accommodate more than one circuit Bonding electrically interconnects all metal
(Figure 5.5). The addition of jumper wires, or metal-reinforced supporting structures—
transformers, switches, and electrical protec- including lamp posts, metal conduits and
tive devices (fuses, reclosers, and other circuit raceways, cable sheaths, messengers, metal

sectionalizinglbquipment), as well as grou frames, cases, equipment hangers or brackets,

SINGLE—-PHASE SINGLE—CIRCUIT CROSSARM CONSTRUCTION
THREE—PHASE SINGLE—CIRCUIT

THREE—PHASE SINGLE-CIRCUIT

a
Aa

11

oA

THREE—PHASE SINGLE—CIRCUIT THREE—PHASE DOUBLE—CIRCUIT

FIGURE 5.5: Examples of typical distribution configurations.
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and metal switch handles and operating rods.
In most cases these bonded hardware items
are grounded in accordance with NESC Rule
215 C1.2* The NESC requires the grounding
of these metallic items to help keep the metal
at the same voltage as the earth to which it is
grounded. Bonding is particularly necessary
in areas (industrial, agricultural, or coastal
locations with salt, particulates, or other
matter in the air) where excessive leakage
currlihts may cause burning aro

ystems

at the base of a pole at least four times in
each mile of line. For birds, bonding and
grounding provide pathways for contacts
from energized conductors or energized
hardware to metal items that are grounded.
The position of the neutral depends
on the area’s isokeraunic level and/or the
practices of the utility. For some utilities,
the neutral serves as an overhead ground wire
(static wire) for lightning protection. If this
type of construction is used, the designer

hwuld grovi j fe ration and
t cdverings are used
n or@ndingg co rs and bonded

hardware.

SUGGESTED
PRACTICES

*
|

[ |
The remaindel of this la pPike

figurations tha¥can posfaviiin eldtr

risks and sug adiica for fHod

those problem configurations (Table 5.2).

Recommendations are based on providing
5 (QQmig) se opghaE cagl. t
np Ot sfecies qyite mOre Nr
s $ipalition gdeindify e Ulze
ha of 'the bird (see CHapter 4, 817¢).

Recommendations are provided for avian-safe

odifications of existing facilities, and avilln-

safe designs for new facilities. These practices
either provide birds with a safer place to land
or attempt to discourage birds from perching
on parts of the structure where optimal sepa-
ration cannot be provided.

o ba ciples should be considered

o make a structure avian-
sulation. The term isolation
a minimum separation of
150 e¢m (60 in) between phase conductors or
hase conductor and grounded hardware/

Configuration Problem Figure Solution Figure Pages
Single-phase Figures 5.6, 5.8 Figures 5.7,5.9, 5.10 61-66
Three-phase Figures 5.11, 5.15,5.17,5.20 | Figures 5.12,5.13,5.14,5.16, 5.18, 66-76

5.19,5.21
Corner poles Figure 5.22 Figures 5.23, 5.24, 5.25 76-80

Steel/concrete distribution poles Figures 5.27, 5.29

Figures 5.28, 5.30, 5.31, 5.32, 5.33 81-88

Problem transmission designs

Figures 5.34, 5.36, 5.40, 5.42

Figures 5.35, 5.37, 5.38, 5.39, 5.41, | 88-99
5.43

Transformers and other equipment | Figures 5.44, 5.45

Figures 5.46, 5.47 99-102

23 In some jurisdictions, bond wires are not grounded if the facilities comply with the exceptions of NESC Rule 215 CI.
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conductor.?* Using the principle of isolation
may be most applicable for new or rebuilt
structures in areas where avian electrocution
risk is a concern. The term insulation refers to
covering phases or grounds where adequate

Such lines are characterized by closely
separated, energized components including
bare conductors, equipment bushings,
primary transition terminations, arresters,
and cutout tops. In addition, all of these

separation is not feasible. Although equipment
that is covered with specifically designed avian
protection materials can prevent bird mortali-
ty, it should not be considered insulation for * The phase-to-phase and phase-to-ground
human protection. Examples of such coverings

are phase covill's, bushing covers, arrester cally greater than 150 cm (60 in) and, there-
covigs, cu co i & hoses, he Vikelimpodgpf cupigp occur-
d &vefrd &in g Iithddifon, per t 0 is low.
cotWers fhapth d ¢ detd birds . givig, to gplal preferred
e

from landing on hazardous (to birds) po by raptors or other birds that have a high
locations where isolation, covers, or other electrocution risk.

energized sources may be close to ground-
ed steel brackets, metal crossarm braces,
conductors, or guy wires.

separation of most transmission lines is typi-

not be Esed. Many * Raptors may use any pole located in

ate usin’ a a- omogenous areas of suitable habitat. In
ieve avi ety. hese areas, poles of like configuration may
i f Bkisti pose similar electrocution risks. These areas

can be assessed to prioritize structures for

insulating techniques ¢
equipment poles neces
tion of techniques to

Both avian-safe mo
structures and avian-safe new construction

hould be employed if circumstances indicate orjgctive actions.
. i o s lecerocusians that occurred on dis-
' ribftid crdikarm construction
1 : i hofld allatid cldiely. Although
1 irds. C dial a&ions Should"be made at struc-

tures with avian mortalities, modifications

B ofgentigh line sections are generally not
o t 1 es an electro-
telill h&tard$ o Mirds cuion wh b ted event.
bletlo reltuce na Rk agless onducted

to determine the likelihood of multiple
electrocutions on a given section of line

potential hazards.

MODIFICATION OF EXISTING FACILITIES

In recommending remedial actions for a

and to identify the poles that pose that
risk. Criteria could include electrocuted
birds found near a pole, prey availability,

proximity to active nests, terrain advantage,

particular problem, the following gener-
alizations can be made:

and/or consistent use of preferred poles
* In areas with vulnerable avian populations, for perching or still-hunting.
power lines built to past construction stan- * Poles supporting additional electrical

dards may present serious threats to birds. equipment (e.g., transformers and switches)

2* The drawings and text in this chapter refer to providing 150-cm (60-in) separation for eagle protection. Dimensions can
be modified for other species (see Table 4.1 for measurements of other avian species). A utility’s APP may include approved
construction standards for avian protection; this may be particularly necessary for designs that do not provide 150-cm (60-in)

separation.
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in avian use areas are more likely to cause AVIAN-SAFE DESIGN OF NEW FACILITIES
electrocution (Olendorff et al. 1981; Concepts used to modify existing power lines
APLIC 1996:; Harness and Wilson 2001 ; also apply to new construction. Again, two
Liguori and Burruss 2003; Idaho Power basic considerations are conductor separation
Co., unpubl. data). Retrofitting these and grounding procedures. As with retrofitting,
structures can reduce avian electrocution the objective is to provide a 150-cm (60-in)
risk and improve power reliability. separation between energized conductors or

energized hardware and grounded conduc-

tors/hardware. If enough separation is not
possible, appropriate covers can be used to

prevent simultaneous contact between
PHASE CO .

0 n cilities.
ofstruction of new
i 19 ar to consider the
SELATOREPIN safety of the public'and utility personnel,

biological aspects, ROW permit require-

u ments, service reliability, and other economic
s and political factors. Although biological
88%8”8%% significance cannot be overlooked, it may not
be possible to site lines outside high—quality

bird habitat. In many instances, ROW

m permits will require avian-safe construction

ON t ederal iologists and engineers
S pofcratifely consider all factors when
C gmendations for preventing
aviaMhortatity problems.
[ | ECIFIC DESIGN PROBLEMS
TIO
st
OQDE ES @

Single-Phase Lines

e

=

N Figure 5.6 shows a typical single-phase line
RIRIR SNNS with the phase conductor mounted on the
top and the neutral mounted on the side of

the pole.”® In this example, the pole bond
(grounding conductor) extends up to the top
of the pole to ground the metal bracket. With
= this configuration, the feet of a large bird

PROBLEM:
ELECTROCUTION HAZARD WHEN perched on the pole tOP could touch the

BIRD TOUCHES PHASE CONDUCTOR Energized grounding conductor or grounded insulator
AND GROUNDED HARDWARE SIMULTANEOUSLY. Grounded

pin, while its breast or other body parts con-
FIGURE 5.6: Problem single-phase with grounded pole-top pin. tact the phase conductor. In 1971, 17 dead

25 Note that in this and subsequent figures, grounded conductors and hardware are shown in green and energized conductors and hardware in red. The designs
presented in this section apply to poles of a non—conducting nature (i.e. wood or ﬁberglass). See Steel/Concrete Poles for avian-safe designs of steel/concrete

' ®®



1.8 m (6 ft)

VI

n

ROUND
ONDUC

NEUTRAL
CONDUCTOR

\

htet

UTIONS:
ca

PHASE
COVER

‘PHASE

CONDUCTOR

Po
Line

2. LOWER NEUTRAL TO PROVIDE A 1.0 m
(3.3 ft) SEPARATION BETWEEN
PHASE CONDUCTOR AND NEUTRAL
OR GROUNDED HARDWARE.

PHASE
//CONDUCTOR

T

;

1.0 m
(3.3 ft min.)

™~ NEUTRAL

CONDUCTOR

™~ crouNDING

CONDUCTOR

Energized
Grounded —

FIGURE 5.7: Solutions for single-phase with grounded pole-top pin.

eagles were found below poles of this config-
uration in the Pawnee National Grasslands
and adjacent areas in Colorado, where habitat
and prey attracted wintering eagles (Olendorff
1972a). One retrofitting option for this con-
figuration is to place a cover manufactured
for this purpose over the phase conductor to

help prevent simultaneous phase-to-ground
contact (Figure 5.7, Solution I). For further
information on the use of cover-up products
see Precautions (page 102).
If the pole bond or grounding conductor
does not extend above the neutral conductor

and there is at least 100 cm (40 in) of vertical
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NEUTRAL

CONDUCTOR

1.28m
(4 ft) CROSSARM

\
s
:

HESE
OFDUCTOR

ommi

PROBLEM:
ELECTROCUTION HAZARD WHEN BIRD
TOUCHES PHASE CONDUCTOR AND
NEUTRAL OR GROUNDED HARDWARE
SIMULTANEOUSLY.

61.0 L] 61.0 cm
C | )
GROUNDING
cTo

— Grounded

Energized

separation between the phase and neutral
conductors, then no further avian protection
action should be needed (Figure 5.7,
Solution 2).

Figure 5.8 shows another problem single-
phase power line, where a pole-top neutral
conductor was mounted 61 ¢m (24 in) above

an energized conductor that was supported
on a I.2-m (4-ft) crossarm. In 1992, 17
dead eagles were found below poles with
such a configuration along a 24-kilometer
(km) (I15-mile [mi]) stretch of distribution
line in central Wyoming (PacifiCorp, unpubl.
data). When the eagles tried to perch on the

&



NEUTRAL

NEUTRAL
CONDUCTOR\ CONDUCTOR

PHASE
61.0 cm CONDUCTOR
(24 in) —— GROUNDING
= CONDUCTOR
\ COVER 150 cm
] PHASE (60 in)

[ |
8
o=
m
2

V I &5 Bone

GROU

IONS: CONDUETOR

2. COVER GROUNDING CONDUCTOR
AND LOWER PHASE TO PROVIDE
A 150 cm (60 in) SEPARATION
BETWEEN PHASE CONDUCTOR AND
NEUTRAL OR GROUNDED HARDWARE.

ASE
8 BHB'T%% CONDUCTOR
7 TN
1.2 m (4 ft
"
So

ING

SOLUTION 2

Energized

CROSSA

Grounded ——

FIGURE 5.9: Solutions for single-phase configuration with crossarm and

overhead neutral.

conductor end of the crossarm where there
was less than the wrist-to-wrist separation
between the phase and neutral conductors,
the birds were electrocuted. Surveys conducted

in 2002 found that, although this configuration

number (6.4%) of raptor mortalities (n=94)
(PacifiCorp, unpubl. data). For this single-
phase crossarm configuration (Figure 5.8),
the phase conductor can be covered to
prevent avian electrocutions (Figure 5.9,

is now uncommon (only 3.9% of 10,946 poles Solution I). Another option is to lower the
surveyed), it accounted for a disproportionate crossarm and cover the grounding conductor
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/ 100 cm
(40 in)

DUCTOR
OFL TOP AVAILABLE
FOIM PERCHING
ALTERNATE POSITION FOR @

SINGLE PHASE POLE TOP
FRAMING.

|
S5
)
0O

15.2 cm to
20.3 cm
(6 in to 8 in)

POLE TOP _CONFIGURATION
|

SOLUTIONS:
NEW ARMLESS CONSTRUCTION POLE SIDE—MOUNTING CONFIGURATION
SHOULD BE DESIGNED TO SOLUTION 2
PREVENT CONTACT BETWEEN === £
PHASE CONDUCTOR AND .
NEUTRAL OR GROUNDED Energized
HARDWARE. Grounded
for avian-safe phase-to-ground separation contact between energized phase conductors /
(Figure 5.9, Solution 2). hardware and grounded conductors /hardware
When constructing new armless single- (Figure 5.10). If the pole bond and ground-
phase lines in bird concentration areas, ing conductor do not extend above the neutral
structures should be designed to prevent conductor and there is a 100-cm (40-in)

&



spacing between the phase conductor and
the neutral conductor, then no further avian
protection should be needed (Figure 5.10,
Solution T). Figure 5.10 (Solution 2) shows
a single-phase configuration with the phase
conductor mounted on the side of the pole.

This provides the pole top as a perch.

@ Three-Phase Lines
Crossarms of 1.8 or 2.4 m (6 or 8 ft) are

typically usedifor most single-pole, three

hag co atiggalic ). For n
ptdls, Ple dbssazgaetan Brovide excell P
chigfoppifrt @ bettveen [Hhases, t
the phase conductor separation 1s often

insufficient to safely accommoda.te Wrist-

to-wrist distances of large birds. Utility use

26

of grounded steel crossarm braces*® may
further reduce ground-to-phase separation,
increasing the risk of avian electrocution.
Although the Rural Electrification Adminis-
tration (REA)?’ specifications were changed
in 1972 to increase conductor separation and

include the use of wooden crossarm braces

/|

NEUTRA
CONDUCTOR

(US. REA 1972; see Appendix B) many
pre-1972 poles are still in use today. The

center phase is supported either on a pin

omth

ttached
m 2).

everal remedial measures are available to

achieve avian-safe separation between phases

PROBLEM:
ELECTROCUTION HAZARD WHEN
BIRD TOUCHES TWO PHASE
= CONDUCTORS OR TOUCHES PHASE
CONDUCTOR AND NEUTRAL OR

PROBLEM 1 GROUNDED HARDWARE

SIMULTANEOUSLY.

PHASE
CONDUCTORS

24 m
(8 ft)

CROSSARM
/

PROBLEM 2 Energized
Grounded —

RAPSOA06—P

FIGURE 5.11: Problem three-phase crossarm designs with and without grounded hardware.

26 Grounded to prevent pole fires resulting from insulator leakage currents.

27 REA, the predecessor to the Rural Utilities Service (RUS), provides financing assistance to rural electric utilities that
agree to install facilities in accordance with the standards and specifications established by REA/RUS.
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or between phase and ground where all hard-

ware is bonded (as shown in Figure 5.1T):

e Install covers over the insulator and

conductor on the center phase and

remove bonding down to the neutral
(Figure 5.12, Solution I)). For further
information on the use of cover-up
products, see Precautions (page 102).

'
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* If bonds are not removed, install phase
covers over all three insulators and
conductors (Figure 5.12, Solution 2).

* For pole-top pin construction, the
crossarm can be lowered and/or replaced
with a longer crossarm (Figure 5.13).28 A
2.4-m (8-ft) crossarm should be lowered
104 cm (41 in) to achieve 150-cm (60-in)
conductor separation. A 3-m (10-ft)

Avian Power

102 em_| [L160 em N V|
(4 in) (62 in) '

METAL BRACES

SOLUTION 1

SOLUTIONS:

1. COVER CENTER PHASE CONDUCTOR
WITH MANUFACTURED COVER.
A COVERING SHOULD BE USED THAT DOES
NOT REDUCE THE BIL OF THE INSULATOR.

REMOVE ALL GROUNDS TO NEUTRAL LEVEL.

2. COVER ALL THREE PHASE CONDUCTORS
WITH MANUFACTURED COVERS.
A COVERING SHOULD BE USED THAT DOES
NOT REDUCE THE BIL OF THE INSULATOR.

CROSSARM

PHASE
COVER

PHASE
CONDUCTOR

2.4 m
(8 ft)

AN

CROSSARM
I/

W
110 cm

(44 in)

SOLUTION 2

Energized
Grounded

28 provided that NESC requirements can be met.

&



crossarm could be mounted 55 em (21.5 between the center and outer phases (oppo-

in) below the top of the pole to provide site the perch discourager), a phase cover
150 e¢m (60 in) of conductor separation should be installed on the center phase
between the center and outer phase con- instead of using a perch discourager. Design
ductors. In addition, the bond wire must consideration must be given to meet mini-
be lowered to the neutral position. This mum NESC clearances on the supporting
lowered arm configuration can also be structure (pole, crossarm, insulator and perch
used for avian-safe new construction. discourager).?” Proper distance between the
perch discourager and the phase conductor is
On three-phase crossarm construction required and increases as the system voltage
where there ilino grounding conductor a increases. In addition, to prevent birds from
the @eutr, l er is on th e b@weemtheplis er hase
0s 2 phrch diggs iraler miy be c c (5-in)
tal odtre @ gMetwain closel sp | erch dis-
separated phase conductors (Figure 5.14). If courager and the insulator skirt. en these
there is less than a 150-cm (60-in) spacing two parameters conflict, the perch discourager

[ |
PHASE NEUCTO
|
104 Bfm 1 88 ARM
84 Fm B33 Mid- 98 AR 5
55 8m 5 IN-SI0ft

L

0

PHASE
/ CONDUCTOR

4 m (8 ft
OSSA&M )

GROUNDING

/"" /CONDUCTOR

NEUTRAL Le
CONDUCTOR =

SOLUTION:

1. LOWER CROSSARM TO OBTAIN 150 cm
(60 in) BETWEEN PHASE CONDUCTORS.
LOWER GROUNDING CONDUCTOR, ALL .
GROUNDS AND BONDING TO NEUTRAL Energized
LEVEL. Grounded ———

FIGURE 5.13: Avian-safe three-phase construction for different length crossarms.

29 NESC Rule 235E, Table 235-6.
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|66 cm

160 cm

(26 in)

|
PHASE ——7.6 cm to 12.7 cm
CONDUCTOR\ /¥ (3 in to 5 in) MAX.

2.4 m

(8 ft) ; g

(62 in)

CROSSARM

\|°
{af

= ° |

PERCH DISCOURAGER

an. P«
Line.

WA

e (40 in)

k-

{0

Interact

|
I] 1’ VN
N
NSV’!L P[CH .IS URAGER

BETWEEN CLOSELY SPACED PHASE
CONDUCTORS.  MAINTAIN MINIMUM

Energized

NESC CLEARANCE REQUIREMENTS. E

3 Grounded

is not an acceptable mitigation tool. For
example, on system voltages exceeding

8.7 kV phase to phase, electrical clearance
will require greater than 12.7 em (S in),
which exceeds the maximum avian-safe
physical spacing and would not be effective.
If spacing and system voltage are not
compatible with a perch discourager, a

phase cover should be used instead. See
page 17 for a discussion of appropriate uses
of perch discouragers for deterring birds.
Dead-end distribution structures accom-
modate directional changes, line terminations,
and lateral taps. These structures handle
greater loads, usually use anchor and guy wire
assemblies, and have energized jumper wires.

&



These characteristics can pose electrocution configuration, a bird can be electrocuted by
risks to birds. Figure 5.15 depicts a three- simultaneously touching two of the phase
phase, double dead-end pole in which jumper jumpers. To reduce this risk, use dead-end

wires extend over the crossarm. On such a covers on both sides of the center conductor

e
1.
(
EXPOSED
JUMPER WIRE
PHASE
CONDUCTOR

\ NEUTRAL

CONDUCTOR
PROBLEM:
ELECTROCUTION HAZARD A
WHEN BIRD TOUCHES TWO L )
PHASE CONDUCTORS = Energized
SIMULTANEOUSLY. Grounded

FIGURE 5.15: Problem three-phase double dead-end with exposed jumper wires.
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and cover the center phase jumper wire with a
material designed for the purpose. A covered
conductor can also be used (Figure 5.10), as

»
ian Safety | 71

ion an

can insulated links or insulators that move
the energized conductor 91 cm (36 in) from
the center of the pole.

e
e

/ X
{ P o

CONDUCTOR

SOLUTION:
1. COVER CENTER PHASE JUMPER WITH
APPROPRIATE MATERIAL.

2. COVER CENTER PHASE DEAD—END
CLAMPS OR USE NON-CONDUCTING
INSULATED LINKS.

L

N
,,«,.V
@ \2.4 m
83 ft)
ROSSARM
GROUNDING
CONDUCTOR
Energized
Grounded

&



Compact Designs

The three-phase compact design shown in
Figure 5.17 was not originally considered

a high-risk configuration (Olendorff et al.
1981; APLIC 1996). However, raptors and
other large birds may be electrocuted when
flying in to perch on the short fiberglass arms
that support the phase conductors. Interest-

ingly, this configuration presented a signifi-

cant eagle electrocution problem on a line in

southern Utah, while a nearby line of the
same construction did not electrocute any
eagles (PacifiCorp, unpubl. data). Overall,
streamline poles comprised 10% of poles

surveyed in Utah and Wyoming from 2001

to 2002 (n=74,020) and accounted for 13%

O"'o\

Z

PROBLEM:
ELECTROCUTION HAZARD WHEN
LARGE BIRD APPROACHES
ARM TO PERCH AND CONTACTS
PHASE TO PHASE SIMULTANEOUSLY.

(b

0 7 1

7S
=

\77

vian Rﬁower
Llne

/PHASE
CONDUCTOR

i\
I

“-‘I

\J

—=——NEUTRAL
CONDUCTOR

30 i

100 cm

\]/ “<«——GROUNDING
CONDUCTOR

(40 in)

Energized
Grounded

FIGURE 5.17: Problem compact three-phase design.
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3

of avian mortality (n=547) (Liguori and side-tied conductors or angled insulators.

Burruss 2003). * Replace the existing epoxy bracket with a
Solutions for the problem compact design longer bracket and lower it to achieve a

shown in Figure 5.17 include the following: 150-cm (60-in) phase separation (see

Figure 5.19, Solution 3).

* Install phase covers over the lower, outer phase
conductors (Figure 5.18). Note that phase In addition, there are several avian-safe
covers may not fit on compact designs with design options for new construction that may

c
in)

PHASE
CONDUCTOR

n-.

V-
7 —~——NEUTRAL
i CONDUCTOR
100 cm
(40 in)
GROUNDING
CONDUCTOR '
SOLUTION:
1. COVER LOWER TWO PHASE CONDUCTORS
WITH MANUFACTURED COVERS. ,
A COVERING SHOULD BE USED THAT DOES Energized
NOT REDUCE THE BIL OF THE INSULATOR. Grounded

&



——PHASE
CONDUCTOR

NEUTRAL 1
N, 100 cm
(40§
E:
G NEACTO
C =
SOLUTION 1 SOLUTION 2

SOLUTIONS:

1. COVER CENTER PHASE CONDUCTOR 2.
WITH MANUFACTURED C OVER
ALL THREE PHASES
HARDWARE IS BOND
A COVERING SHOULDEBE USED
THAT DOES NOT REDYEE THE
BIL OF THE INSULATO

WITH MANUFACTURED COVER.
A COVERING SHOULD BE USED

91.4 cm
in)
m

(36 in)

COVER CENTER PHASE CONDUCTOR 3.

it

150 cm PHASE
(60 in) CONDUCTOR—

CONDUCTOR

DESIGN USING EPOXY
RACKET THAT WILL PROVIDE 150cm
60 in) SEPARATION BETWEEN PHASE

NQg RS. LL GROUNDS
O m @

Energized
——— Grounded

FIGURE 5.19: Avian-safe compact three-phase designs for new construction.

be used where ROW restrictions require
compact conﬁgurations in areas that attract
large birds (Figure 5.19). Inventories of
avian populations, food sources, locations
preferred by birds, alternative configurations,
electrical reliability requirements, and other
data should be obtained before determining
the final design.

The armless configuration, in which
conductors are mounted on horizontal post
insulators, can be used for distribution lines
(Figure 5.20). In utility service areas subject
to high lightning levels, lightning protection
on such lines may include an overhead conductor
that must be grounded. On some installations
with wood poles, utilities, particularly in salt
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spray or other contaminated areas, may

designs are provided in Figure 5.21. Solution

bond the bases of the post insulators to the options include:

pole-grounding conductor to prevent pole

fires. A bird perched on the insulator can be ¢ Covering the vertical grounding conductor
electrocuted if it comes in contact with the from the overhead grounding conductor
energized conductor and either the grounded clamp to 30 cm (12 in) below the lowest

insulator base or the bonding conductor.
Solutions for avian-safe horizontal post

phase and disconnecting insulator bracket

bonds (Figure 5.21, Solution T;

OVERHEAD
GROUNDIN

AVi

GROUNDING
| -CONDUCTOR

\,1

PROBLEM 1

PROBLEM:

ELECTROCUTION HAZARD WHEN
BIRD TOUCHES PHASE CONDUCTOR,
AND NEUTRAL OR GROUNDED
HARDWARE SIMULTANEOUSLY.

ower

PHASE
/CONDUCTOR

e

NEUTRAL/ GROUNDING

CONDUCTOR L-CONDUCTOR
P
PROBLEM 2
Energized
Grounded

&



@ OVERHEAD
/GROUNDING CONDUCTOR
rgg]i‘
91.4 cm POLE TOP AVAILABLE
(36 in) FOR PERCHING
q PHASE
1 CONDUCTOR -\
76.2 cm 76.2 cm
( r
{
P 76.2 cm 2 76.2 cm
(30 in)m (30 in)
PHASE
UCT,
) - q }w@
4 9
SRS %
| GOVER m (40 in)
GROUNDING NEUTRAL GROUNDING
CONDUCTOR CONDUCTOR
| t
SOLUTIONS:
1. COVER GROUNDING CONDUCTOR FROM
OVERHEAD GROUNDING CONDUCTOR CLAMP TO
30.5 cm (12 in) BELOW LOWEST PHASE.
2. LOWER GROUNDING CONDUCTOR, ALL GROUNDS Energized
AND BONDING TO NEUTRAL LEVEL. Grounded

FIGURE 5.21: Solutions for distribution horizontal post insulator designs.

* Removing all bonds and the grounding
conductor to the neutral (Figure 5.21,
Solution 2); or

* Installing phase covers on all three phases
if hardware is bonded and grounding

conductor is uncovered.

Corner Poles @

Poles designed to accommodate directional
changes in power lines (Figure 5.22) can create
hazards for birds. On these poles, uncovered
jumper wires are normally used to complete
electrical connections and connect the phase
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conductors. In this case, the typical 110-cm
(42-in) or less horizontal separation between
conductors is insufficient to protect large
birds. If grounded metal crossarm braces,
grounded guying attachments, and uncovered

'
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grounding conductors are present, the avian

electrocution risk may be further increased.
On corner poles, the center phase

conductor can be attached to the top set

of crossarms with additional insulators or

61 cm to 7002
(24 in to 50 i 2

|L p
(., O

PHASE —/
CONDUCTORS
\

GUY WIRE
/

CONJUCTER
\POLE
< A SRS
~ /
ANCHOR >
TR SN SN
PROBLEM: -
ELECTROCUTION HAZARD WHEN BIRD
TOUCHES TWO PHASE CONDUCTORS, OR ‘
TOUCHES PHASE CONDUCTOR AND NEUTRAL, )
GUY OR GROUNDED HARDWARE | Energized
SIMULTANEOUSLY. = Grounded

&



with a non-conducting extension link to pre- 91 cm (36 in) from the pole to the conductor.

vent contact by birds. An alternative to using Bare jumper wires should be covered with a
an extension link may be to install a phase material designed for the purpose or replaced
cover on the center phase (Figure 5.23). The with covered conductors. In addition, all
extension link or phase cover should extend down guy-wires should have guy strain

ASE
ND
(Fft)
/ AR
50
COVERED
COVERED JUMPERS
JUMPERS
110 cm
(42 in)

i / AR
(& P BB 8 @
61 cm to 76.2 cm [l %l/‘ /

(24 in to 30 in) VB

i

:— .
, :
%
- POLE NEUTRAL
< CONDUCTOR
SNANCHOR
SOLUTION:
1. COVER JUMPERS WITH APPROPRIATE GROUNDING
MATERIAL. CONDUCTOR
2. COVER CENTER PHASE DEAD—END |
CLAMP OR ADD NON—CONDUCTING L RS NS NS
EXTENSION LINK. -
3. INSTALL GUY STRAIN INSULATORS IN
GUY LEADS.
4 LOWER GROUNDING CONDUCTOR, ALL ’
GROUNDS AND BONDING TO NEUTRAL an Energized
LEVEL. gy Grounded

FIGURE 5.23: Solution for three-phase distribution corner configuration.
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insulators to prevent them from acting as [8-ft] arms) that provide 150 cm (60 in) of
grounds. phase-to-phase separation. Conventional corner
For new structures, corner poles can be poles can be constructed in the manner
constructed with lowered crossarms (i.e. 104 depicted in Figure 5.23. Other alternatives
cm [4] in] from the pole top if using 2.4-m are the vertical designs shown in Figures 5.24
POLE TOP
15.2 cm (6 in) AVAILABLE FOR
| PERCHING.
w OVERHE
INIM GROUND
CONDUCT!
—+ -
SE
cQDUITOR |
UY STRAIN
INSULATOR
COVERE|
e
crouMbINGE1
R Vi
/GROUNDlNG
CONDUCTOR
(>
~
SOLUTIONS:
1. COVER JUMPERS WITH APPROPRIATE
MATERIAL ON ALL THREE PHASES.
2. INSTALL GUY STRAIN INSULATORS IN
GUY LEADS.
3. COVER GROUNDING CONDUCTOR —
FROM OVERHEAD GROUNDING =
CONDUCTOR CLAMP TO 30.5 c¢m Energized
(12 in) BELOW LOWEST PHASE. SIDE VIEW Grounded

U8 2 e s et o ottrsion—ovmon s oo ol .|
o



and 5.25, which prevent simultaneous contact usually required, but vertical avian-safe corner

by birds. In Figure 24, the grounding conduc-
tor should be covered with a material appro-
priate for avian protection. Taller poles are

designs eliminate crossarms and unwieldy
jumper wire arrangements. They can also
accommodate overhead grounding conductors.

SOLUTIONS:
1. COVER JUMPERS WITH APPROPRIATE
MATERIAL ON ALL THREE PHASES.

2. INSTALL GUY STRAIN INSULATORS IN
GUY LEADS.

3. LOWER GROUNDING CONDUCTOR, ALL
GROUNDS AND BONDING TO NEUTRAL
LEVEL.

<
> COVERED
JUMPER
PHASE
CONDUCTOR
TJOP VIEW
- Energized
SIDE VIEW Grounded ——

POLE TOP
AVAILABLE FOR

110 cm
(40 in)
MINIMUM

PHASE
CONDUCTOR

FIGURE 5.25: Three-phase vertical corner configuration—neutral below phases.
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STEEL /CONCRETE POLES

Steel /Concrete Pole Construction
Worldwide

Most distribution power poles in the United
States are made of wood, a nonconductive
material.*® In contrast, steel and concrete
poles are commonly used in distribution line

construction in Europe and other parts of
the world. In Western Europe, it is estimated
over 90% of the distribution poles are metal
withilrounded metal crossarms (%

(Bayle 1999; Negro 1999; Janss and Ferrer
aly, EuE)pean electrocution

ods dif] s
ecause 1 rasires efte
ale niit solfbd A

cution problems on conductive poles (Janss

mitigation me
United States
wooden powe

an rrer 1999). However, covering condug- n
orse with agds ' . ate d
1arf pr 1 1 fective
evatt 1
em 1s

wooden, steel, or concrete (Negro 1999).
overing conductors is the preferred metH8d

rebar support structure, pose similar electro-
cution risks to metal poles. Concrete poles
also provide a pathway to ground, further
increasing their electrocution risk, especially
when wet or when fitted with conductive
crossarms. T he largest remaining black-tailed
prairie dog (Cynomys ludovicianus) colony
complex in North America is in northwestern
Chihuahua, Mexico (Ceballos et al. 1993).
This complex supports a high density of
raptors and nearby power lines are constructed
with reinforced concrete poles with steel

crossarms. In 2000, 1,826 power poles were

surveyed and 49 electrocuted birds were
found, including Chihuahuan ravens (Corvus
cryptoleucus), ferruginous hawks (Buteo regalis),
red-tailed hawks (B. jamaicensis), prairie
falcons (Falco mexicanus), American kestrels
(E sparverius), and golden eagles. The number
of electrocutions led researchers to conclude
that these poles represent a serious risk for
wintering raptors (Cartron et al. 2000). The
subsequent replacement of steel crossarms
with wooden arms on over 200 poles in this

ificagr] e lectrocution
sdist (@hrtron et al. 2005).

Steel /Concrete Pole Construction

in the United States

Historically, utilities in the United States
have primarily used wood for distribution

wn

poles and crossarms. Accordingly, many avian
retrofitting techniques today are designed for
use on wood structures. Fiberglass, concrete,
and steel poles are now being used more in

isgahution Liggconstruction for a variety of

) etinges non-wood poles are used

h& are Bot susceptible to damage by
woOlpeckeTs. InSome regions of the United

States, woodpecker damage is the most signif-

ighnt cause of pole deterioration (Abbey et al.
7 p concrete poles are
I 1 as squirrels, raccoons,
i eeping these animals
oft structures, utilities can help reduce outages.
Non-wood poles may also be used because
they are not susceptible to fungal, bacterial,
or insect damage.

Distribution power lines constructed with
steel or concrete poles using standard utility
configurations can significantly reduce phase-
to-ground separations. Fiberglass poles have
a higher insulation resistance than steel,
concrete, and wood poles.

Single-phase lines are usually constructed
without crossarms and support a single ener-
gized phase conductor on a pole-top insulator.

30 The insulation value of wood poles and crossarms is variable based on age, condition, contamination, and wetness.
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Wood or fiberglass distribution structures, When steel or concrete poles are used

without pole-top grounds or pole-mounted

equipment, generally provide adequate separa- can touch its body to the conductor while

tion for birds (Figure 5.26).

simultaneously contacting the grounded pole

(Figure 5.27), a bird perched on the pole top

VI

NEUTRAL
~— CONDUCTOR

-
—-
®

WOOD OR
"//’HBERGLASS POLE

Energized
Grounded

- %

PHASE
CONDUCTOR

TRAL
UCTOR

ittee

STEEL OR
" CONCRETE POLE

PROBLEM:

1. ELECTROCUTION HAZARD WHEN BIRD
TOUCHES PHASE CONDUCTOR AND GROUNDED
POLE OR HARDWARE SIMULTANEOUSLY.

Energized
Grounded

I} %

FIGURE 5.26. Typical single-phase distribution
configuration on a wood or fiberglass pole.

FIGURE 5.27: Problem single-phase configuration on a
steel or reinforced concrete pole.
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Suggested

top or hardware with its feet, resulting in between the phase conductor and the pole
electrocution. One solution to this problem is top, (2) install a pole cap to deter birds from

to install a phase cover (Figure 5.28, Solution perching on top of the pole (Figure 5.28,

I). Another solution is a two-step process: Solution 2). In tests with captive raptors at
(1) place the phase conductor on an insulator the Rocky Mountain Raptor Program, a pole
installed on an extended fiberglass-reinforced cap’s slick surface discouraged birds from
pole-top pin to increase the separation perching (Harness 1998).
m 1.8 m (6 ft)
PHASE
PHAS UCTOR
ER S E .0 cm
TOP VEXTE N\ 4 in)
CONDUCTOR ‘
* \
B POLE
CAP
101.6 cm
(40 in)
GROUNDING
CONDUCTOR
|
T~ NEUTRAL
I O CONDUCTOR
NEUTRAL
CONDUCTOR
[ |
GROUNDING
CONDUCTOR
SOLUTION 1
STEEL OR ~
SOLUTIONS: CONCRETE
1. COVER PHASE CONDUCTOR WITH POLE
MANUFACTURED COVER. A <D
COVERING SHOULD BE USED ~
THAT DOES NOT REDUCE THE 1
BIL OF THE INSULATOR. =
2. INSTALL A FIBERGLASS POLE TOP PIN SOLUTION 2
EXTENSION. INSTALL PLASTIC POINTED e >ed
POLE CAP TO DISCOURAGE BIRDS FROM nergize
PERCHING ON POLE. Grounded




When steel or concrete poles are used for
multi-phase structures, the critical separations
for birds are both the phase-to-phase and the
phase-to-pole (i.e., phase-to-ground) separa-
tion (Figure 5.29). Although the phase-to-
phase issues are the same as encountered on
wood poles, the phase-to-pole issue is not.

As on the single-phase structure (Figure
5.28, Solution 2), additional separation
should be provided for the center pole-top

phase condudlior by placing it on an exte
fibegwlass grimgfor e- i

and add B

a pole cap to discourage perching. Addition-
ally, wood or fiberglass crossarms should be
used. Steel crossarms mounted on steel poles
should be avoided because their minimal
phase-to-ground separations make them
extremely hazardous. Birds landing on
grounded steel arms become grounded and
need only touch one energized conductor or
piece of hardware to be electrocuted.

The reduced phase-to-ground separations
found on existing steel or concrete poles can
i 1 od is

PROBLEM:
ELECTROCUTION HAZARD WHEN BIRD
APPROACHES ARM TO PERCH AND
CONTACTS PHASE TO PHASE OR ~
PHASE TO POLE SIMULTANEOUSLY. =

ittee

———STEEL OR

1

[ \L

: IERG!SS

W
CROSSARM

CONCRETE POLE

~——GROUNDING CONDUCTOR

Energized
Grounded ——

FIGURE 5.29: Problem three-phase configuration on a steel or reinforced concrete pole.
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to cover the pole from the crossarm to the
pole top with a material designed for this
purpose (Figure 5.30). This can be achieved
by wrapping a band of 40-mil thermoplastic
polymer membrane backed with a pressure-
sensitive adhesive around the pole from the
crossarm up to and including the top of the
pole, or by spraying the same area with a
protective coating that has sufficient dielectric
strength. A utility performed a dielectric test

of alhermoplastic wrap, and de that

SOLUTION:

. COVER POLE TOP WITH
THERMOPLASTIC COATING OR WRAP
DESIGNED FOR THE PURPOSE.

2. INSTALL A PLASTIC POINTED POLE
CAP TO DISCOURAGE BIRDS
FROM PERCHING ON POLE TOP.

3. INSTALL FIBERGLASS POLE TOP
PIN EXTENSION.

= Grounded

'
jon zm! 'zln Safety | 85

2406 x 167-cm (18 x 66-in) piece allows no
appreciable current leakage at 35 kV for a
three-minute duration. The thermoplastic
wrap also can effectively increase phase-
to-ground separations on narrow profile
conﬁgurations.

As an alternative to wrapping the pole top,
perch discouragers can be mounted on the
crossarm to deter birds from perching on the
crossarm (Figure 5.31). Crossarms fitted with
perch discouragers are effective in reducing

——— FIBERGLASS POLE
TOP EXTENSION

CAP

THERMOPLASTIC
COATING OR WRAP

(8 ft) WOOD OR
LASS CROSSARM

NEUTRAL
COND??TOR

/GROUNDING CONDUCTOR

STEEL OR
CONCRETE POLE

Energized

&



LuTI tEI a
1. INSTALL PERCH DISCOURAGERS ON

CROSSARM TO DISCOURAGE
BIRDS FROM PERCHING.

PIN EXTENSION.

I

PHASE CONDUCTOR

FIBERGLASS POLE TOP EXTENSION
POLE CAP

2.4 (8
FIBERGLASS CROSSARM

* NOTE:
DISTANCE BETWEEN PERCH
DISCOURAGER AND PHASE
CONDUCTOR MUST MEET
MINIMUM NESC
CLEARANCES. IF MORE
THAN 12.7cm (5 in) OF
] SPACING EXIST BETWEEN

TRAL
ONDUCTOR

PERC ISCOURAGER AND
P NDUCTOR, BIRDS
PERCH ON
AND AN
£l A MITIGATION
ONCRETE TOOL SHOULD BE USED.
POLE

Energized
Grounded ———

pole using perch discouragers.

FIGURE 5.31: Solution for three-phase configuration on a steel or reinforced concrete

some but may not eliminate all avian mortality
(Harness and Garrett 1999). Perch discour-
agers also may shift birds to other nearby
poles that might not be any safer. For guid-
ance on the use of perch discouragers from
both biological and engineering perspectives,
see page 17 and page 68.

Another suitable method for reducing
avian electrocution risk is covering the outer

two phase conductors to prevent phase-to-pole
(ie., phase-to-ground) contacts (Figure 5.32).
On the center phase, a phase cover or a pole
cap with extension pin should also be installed.
Another option is to suspend two of the
energized conductors from the crossarm,
instead of supporting them on the arm (Fig-
ure 5.33). Suspending the conductors allows
birds to perch on the crossarm without con-
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tacting energized conductors. A pole cap and
extended fiberglass reinforced insulator pin
should still be used to discourage perching
on the pole top to prevent contact with the
center phase. Suspending the insulators and
conductors will also allow utilities to achieve
150-cm (60-in) separation with 1.8 or 2.4-m
(6 or 8-ft) crossarms (as shown in Figure
5.33). If vertical construction is used with
steel or reinforced concrete poles, phase covers

should be installed on all three d S,

AR

2ol
%)
)

Avian-safe separation can be achieved on
steel and reinforced concrete dead-end or
corner poles by installing fiberglass extension
links or adding additional insulators between
the primary dead-end suspension insulators
and the pole. This solution is similar to those
recommended for three-phase distribution
dead-end and corner configurations using
wooden poles and crossarms (Figures 5.16
and 5.23). Bare jumper wires are commonly
used to connect incoming conductors to the
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\GROUNDING CONDUCTOR

3. INSTALL FIBERGLASS POLE TOP PIN
EXTENSION.

~—

Energized
Grounded

P
L_

&



PHASE
CONDUCTOR ~uee
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CAP
10.2 cm 81.3 cm

1.8 mor 24 m

(4 in) “I (32 in)
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vian
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SOLUTIO
IN TO
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PERCHING.

STEEL OR
CONCRETE POLE

ou CO

INSTALL FIBERGLASS POLE TOP PIN

outgoing conductors, making the line turn or
tapping off the main circuit. Covering the
jumper wires with a material suitable for
avian protection or replacing them with cov-
ered conductor will reduce electrocution risk.

Problem Transmission Designs

Although transmission lines rarely electrocute
birds, there are a few exceptions, particularly
on lower Voltage transmission lines (ie., 60 kV
or 69 kV).3 I'The armless configuration, in

which conductors are mounted on horizontal

Energized
Grounded ——

pole with

post insulators, commonly used for distribu-
tion lines (see Figures 5.20 and 5.21), may
also be used for some transmission lines below
115 kV (Figure 5.34). In areas subject to
high lightning levels, lightning protection may
include an overhead static wire that must be
grounded. On installations with wood poles,
utilities, particularly in salt spray or other
contaminated areas, may bond the bases of the
post insulators to the grounding conductor
to prevent pole fires. A bird perched on the

insulator can be electrocuted if it comes in

3T distribution underbuild is present on a transmission structure, the recommendations shown previously for distribution

configurations should be used to make the underbuild avian-safe.
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3

contact with the energized conductor and birds would perch on the pole top rather
either the grounded insulator base or the than on the insulators. The 1996 edition
bonding conductor. From 1991 through of Suggested Practices recommended installing
1993, more than 30 golden eagles were elec- perch discouragers on the insulators to
trocuted along approximately 32 km (20 mi) prevent electrocutions. However, because
of a 69-kV line with this configuration in birds were still able to fit between the perch
central Wyoming (PacifiCorp, unpubl. data). discourager and the conductor, the use of
This configuration was once thought to be perch discouragers alone has been determined
avian-safe because it was anticipated that ineffective (PacifiCorp, unpubl. data).
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Utilities are testing different options Installing an insulated pole grounding

(Figure 5.35) for reducing electrocution risk conductor or covering the pole grounding
on horizontal post construction. These conductor with appropriate cover-up
options include: material, or wood or plastic moldings.
The grounding conductor should be
¢ Covering the insulator bases and bolts with covered at least 30.5 cm (12 in) below
cover-up material designed for this purpose. the lowest energized conductor.
~ OVERHEAD
n STATIC WIRE
UTI S:a l !
1. COVER UNDI CONDUCTOR

FROM OVERHEAD GROUNDING
CONDUCTOR MP TO_30.5 cm
LOWEST®PHASE.

ULBTORS

INSULATOR
PHASE
COMPUCTAR BASE COVER
m
_a ft)
68.6 cm ]P/\
(27 in) = 91.4 cm
110 cm (36 in)
(45 in)

=
|
I

BOLT COVERS<

68.6 cm
(27 in)

GROUNDING
CONDUCTOR Energized

T Grounded ——

FIGURE 5.35. Solutions for 69-kV horizontal post insulator design.
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* Replacing 60-kV or 69-kV post insulators
with longer insulators (i.e., 115 or 138 kV)

to provide the necessary 150-cm (60-in)
separation. Although this may be a costly
retrofit option, it can be used for new

The wishbone configuration (Figure 5.36)
is commonly used for 34-kV to 69-kV lines.
The distance from the top phase to the lower
arm can be less than I m (3.3 ft), which
presents an electrocution hazard when large

construction. birds such as eagles or waders touch their
heads to the energized conductor while
VERHEAD
m STATIC WIRE

SIMULTANEOQUSLY.

GROUNDING
/CONDUCTOR

Energized

Grounded

&



perched on the grounding conductor or * installing a dielectric cover on the lower

bonded hardware on the crossarm. crossarm (Figure 5.37), and

To prevent phase-to-ground contact on * covering the grounding conductor with
the wishbone design, the grounding conduc- plastic or wood molding or plastic tubing.
tor and bonded hardware should be covered. A covered ground wire may also be used.
This can be accomplished by: The grounding conductor should be

GROUNDING

PHASE
CONDUCTOR

GROUNDING
CONDUCTOR COVER

ntera loN

SOLUTIONS
GROUNDING
INSTALL DIELECTRIC COVER. CONDUCTOR

D

amittee

Energized
Grounded

FIGURE 5.37: Solution for the wishbone design.
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covered at least 30.5 cm (12 in) below the
lowest energized conductor. Bonded hard-
ware on the lower crossarm should also be
covered with a material appropriate for
avian protection.

For new construction, a wishbone design
that provides adequate separation for large
birds can be used (Figure 5.38). An avian-safe
suspension configuration (Figure 5.39) can
also be used for new construction as an

OVERHEAD
STATIC WIRE

GROUNDING CONDUCTOR
.

1.8 m (6 ft)

INCREASED VERTICAL
SEPARATION ALLOWS
SAFE PERCHING ON

21 m CROSSARMS.
(7 ft) '
™~ Energized
= Grounded

&




alternative to the wishbone or horizontal post
designs. This suspension configuration provides
adequate separation between phases and
accommodates perching on the davit arms.
The ridge pin overhead-grounding conductor

attachment may also be replaced with a side-
mounted suspension arrangement so the pole
top is also available for perching. Although
this construction can reduce electrocutions, it
may contribute to streamer problems from

OVERHEAD

STATIC WIRE\

< GROUNDING
//CONDUCTOR

THIS CONFIGURATION CAN
ACCOMMODATE A VARIETY
OF VOLTAGE LEVELS.

Energized
— Grounded —

FIGURE 5.39: Avian-safe suspension configuration.
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birds perching on a davit arm and defecating itself. This configuration can pose a phase-to-
on the conductor or insulator below. ground electrocution risk for birds that attempt
Figure 5.40 depicts a 69-kV design with to land or perch on the crossarms. In one
a steel bayonet added as a lightning rod. This year, 69 raptor carcasses were recovered from
rod is grounded and significantly reduces under a line of this configuration in southern
separation between energized hardware and Idaho (Idaho Power Co., unpubl. data). If
[ |
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n ~_— prase
CONDUCTOR
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BAYONET WITHIN 150 cm (60 in) OF
PHASE CONDUCTORS.
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COVERED.

1 Energized

Grounded —

FIGURE 5.41: Solutions for design with grounded steel bayonet.

this configuration is used for a distribution
line, phase covers can be installed on all three
phases to prevent electrocutions (Figure
5.41). If mitigating a transmission line of
this configuration, the bayonet should be
covered with a dielectric cover within 150 cm

(60 in) of the phase conductors. The ground-
ing conductor should also be covered.

On the corner structure shown in Figure
5.42 (Problem 1), large birds may be electro-
cuted by making simultaneous contact with
uncovered phase jumpers and the grounded
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structure. A solution to this problem is to grounded tension member or wind brace)
install horizontal post insulators to move the to the top phase (E. Colson, Colson and
phase jumpers further from ground (Figure Associates, pers. comm. in APLIC 1996)
5.43, Solution I). (Figure 5.42, Problem 2). Electrocutions on
Raptor mortalities have occurred on double- this configuration may be remedied by covering
circuit transmission tower designs with insuf- grounded tension members with dielectric
ficient clearance for perching raptors from the material (Figure 5.43, Solution 2). It may
grounded center crossarm brace (also called also be possible to replace the tension

PHASE
CONDUCTOR

GROUNDED
TENSION
MEMBER

SIDE VIEW

PHASE
CONDUCTOR 115—kV
DOUBLE—CIRCUIT STEEL TOWER
PROBLEM 1

PROBLEM 2

PROBLEM:
1. ELECTROCUTION HAZARD WHEN LARGE
BIRD TOUCHES PHASE JUMPERS AND
GROUNDED STRUCTURE SIMULTANEOUSLY.

2. ELECTROCUTION HAZARD WHEN LARGE .
BIRD TOUCHES PHASE CONDUCTOR AND Energized
GROUNDED TENSION MEMBER SIMULTANEOUSLY. Grounded

&



member with a non-conducting material (e.g,,
fiberglass) that meets structural requirements.
Transmission lines may produce arcing,
where current jumps, or arcs, from a conduc-

tor to a bird on the structure. Though the
conductor separation on higher voltage lines
is sufficient to avoid this, it can occur on the

more closely spaced lower voltage transmis-
sion lines. To prevent bird-induced arcing
on more dosely spaced transmission lines,
conductor separation should be increased
from 152 cm (60 in) by 0.5 em (0.2 in)
for each kV over 60 kV (see Table 5.3).

HORIZO
JUMPER)

g g\ PHASE

CONDUCTOR

ROUNDED
ENSION MEMBER
FIBERGLASS OR
COVERED WITH
DIELECTRIC
MATERIAL)
t 1
DOUBLE-CIRCUIT
STEEL TOWER
SOLUTION 2
CONDUCTOR SIDE VIEW
SOLUTION 1
SOLUTIONS:
1. INSTALL HORIZONTAL JUMPER SUPPORT TO
INCREASE THE PHASE TO GROUNDED STRUCTURE
SEPARATION.
2. REPLACE TENSION MEMBERS WITH FIBERGLASS )
OR NON—CONDUCTING MATERIAL, OR COVER Energized
TENSION MEMBERS WITH DIELECTRIC MATERIAL. Grounded ———
FIGURE 5.43: Solutions for transmission designs.
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Equipment Poles

- - EQUIPMENT
Horlzo_ntal Vertlt_:al Equipment poles are poles that have trans-
kV Spacing Spacing .
formers, capacitor banks, reclosers, regulators,
69 kV 157 cm 106 cm disconnect switches, cutouts, arresters, or
(62 in) (421in) overhead-to-underground transitions (often
115 kV 180 cm 130 cm referred to as riser poles). Equipment poles
(71in) (511in) pose increased electrocution risks to birds of
138 kV 192 cm 141 cm all sizes because of close separations between
(76 in) i both phase-to-phase and phase-to-ground
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CONDUCTOR
2/ X
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o/ Grounded

&



SINGLE—PHASE
TRANSFORMER

PROBLEM:

ELECTROCUTION HAZARD WHEN BIRD
TOUCHES ENERGIZED JUMPERS OR
EQUIPMENT AND GROUNDED HARDWARE
OR GROUNDING CONDUCTOR

SIMULTANEOUSLY.

PHASE
CONDUCTOR

BARE
/" JUMPERS

LIGHTNING
ARRESTER

Energized
Grounded ——

FIGURE 5.45: Problem single-phase transformer bank.

If a line is located in an area of high light-
ning activity, some utilities may install an
overhead (grounded) static wire, requiring the
installation of a grounding conductor all the
way to the top of some or all structures. To
assure the safety of line personnel and the

general public, the NESC requires that all

electrical equipment such as transformers,
switches, lightning arresters, etc., must also be
grounded. This grounding usually reduces the
separation between energized and grounded
parts of the system.

In a review of raptor electrocutions from
58 utilities in the western United States
between 1986 and 1996, more than half were
associated with transformers (Harness and
Wilson 2001). Fifty-three percent of con-

firmed electrocutions (n=421) were associated

1 ast@me n q of the
Al e e poles.
Siky hr atfor nks were
assoctated with 41% of eagle mortalities

(n=748), 59% of hawk mortalities (n=278),
and 52% of owl mortalities (n=344). In Utah
Wyoming, poles with exposed equipment
unted for only 32% of all structures
veyed (n=74,020), yet 53% of poles with
mortalities (n=457) had exposed equipment
(Li uqg and Burruss 2003). In particular,
f on 16% of struc-

tues s e forind on 36% of
es I birds (including
sta , magPles, afid songbirds), ravens, and

owls were more frequently electrocuted at
itl@transformers or other equipment

i e t.
S dress electro-
n ir en retroﬁtting

or designing equipment poles. Electrocution
risk on new or retrofitted equipment poles

can be reduced by using a variety of cover-up
materials including covered conductors, mold-
ings, covered jumper wires, arrester covers,
bushing covers, cutout covers, phase covers,
and other covers to prevent birds from making
simultaneous contact between grounded and
energized conductors or hardware (Figures
5.46, 5.47). See the Precautions section
(below) for a discussion of cover-up materials.
When lightning arresters are installed on a
wooden crossarm in combination with fused
cutouts, the arrester ground wire is normally
attached beneath the arm connecting the base
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of the arresters to ground without bonding or transformers as perching alternatives.

or contacting the arrester brackets. However, perch discouragers may be used if
The use of perch discouragers alone on or an alternative perch is provided and exposed

near equipment poles is not recommended, as equipment is covered with appropriate avian

perch discouragers may deter birds from land- protection devices.

ing on the crossarm, Ieaving equipment arms
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FIGURE 5.47: Solution for single-phase transformer bank.

PRECAUTIONS
When using cover-up products on equipment,
a utility should be aware of several important
points. First, these products are intended only
for wildlife protection; they are not intended
for human protection. Second, there are cur-
rently no standard protocols for testing such
products (see page SI for further information
on testing). Utilities are advised to evaluate
the products that they select for durability,
effectiveness, ease of installation, etc. Finaﬂy,
o . .
stalled

ter covers

f
ovals anggar
should fit between the first and second skirts
of the bushing or arrester. Likewise, phase
covers should sit on the top skirt of the

ulator and not extend to the crossarm.
overs are pushed down too far, they can
se tracking, outages, or fires. Cutout covers
should also be evaluated to ensure that they

wi ng§ interfere with the operation of the

-break tool.
pawirdd should cover the
allle expibsed gaps can pose

riskK” See the APLIC website

(www.aplic.org) for a current list of avian

Potgtiogproduct manufacturers.
CHES
a o itdes d to isolate

circuits or redirect current ror the operation

an OoC

and maintenance of a distribution system.
Several examples are shown in Figures 5.48,
5.49, and 5.50. Because of the close separa-
tion, it may be difficult to mitigate electrocu-
tions on switch poles. Efforts can be made to
either provide birds with safe perch sites on
adjacent poles or to make switch poles less
hazardous to birds. The installation of unpro-
tected switch poles is discouraged in raptor
use areas due to the electrocution risk and
difficulty of making these poles avian-safe.
Where switches are installed, offset or stag-
gered vertical switch configurations with an
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Interaction
om

Energized
STAGGERED CONFIGURATIONS Grounded
alternate perch above the top switch may purpose should be used on as many of the
provide a safer perching site (see Figure 5.49). energized components as possible. Using
Separation is key to making these structures fiberglass arms for switches may also help

safer for birds. Coverings designed for the reduce electrocutions.
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STAGGERED CONFIGURATIONS

Energized
Grounded ———

FIGURE 5.49: Pole-mounted switches.
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SUBSTATION MODIFICATION

AND DESIGN

Substations are transitional points in the
transmission and distribution system.

While raptor electrocutions at substations are
uncommon, smaller birds such as songbirds

and corvids may perch, roost, or nest in sub-
stations, causing electrocution and outage
risks. Numerous bird species have caused sub-
station outages, including great horned owl
(Bubo virginianus), American kestrel, black-
billed magpie (Pica hudsonia), European starling
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SUMMARY

®

or between energized
and grounded conduc
document recommend

Ateractio

(Sturnus vulgaris), golden eagle, and monk para- and physically removing animals. Many of

keet (Myiopsitta monachus) (PacifiCorp, unpubl. these practices have had limited success, or
data; Florida Power and Light, unpubl. data). are cost-prohibitive or impractical. The most
Opver an 18-month period, 18 bird-caused effective method for preventing bird contacts
outages were documented in substations in six in substations employs the practices used for
western states, which affected over 50,000 distribution and transmission structures,
customers (PacifiCorp, unpubl. data). “insulate” or isolate (see page 59). For new
Over the years, numerous techniques have substations, a combination of framing and
been used to prevent bird and animal contacts covering can prevent contacts by birds and
in substations. Such techniques include habitat other animals. For existing substations, cover-

modification,Bphysical barners, auditory, v up materials designed for the purpose can be

- Owbae r

Power line structures can present electrocu- * increasing separations to achieve adequate
tion hazards to birds when less than adequate separation for the species involved
separation exists betwe energ1ze.cl conductors * covering energized parts and/or covering

ductor: wa rounded parts with materials appropriate
s/hard or providing incidental contact protection
to birds

separation for eagles. Other separamons may applymg perch management techniques.

ipon the species impacted.
ion Plan

t
d idintify new

N

()

retyifitting options,
ap oved aviar
installation techniques, and other procedures

protchon CI€V1C€S proper

vian PI‘OteCthI’l

Committéee
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CHAPTER 6

Perching, Roosting, and Nesting @
of Birds on Power Line Structures

IN THISICHAPRER WO lAGn BB & Pofler Lindl aninmik R @iability Concerns

This chapter examines how birds use power line structures. It considers the advantages and
disadvantages hat utilii structures present to birds as well as the effects birds have on

power reliabilify. n e
ower line structures provide perching, minimizing the risks of electrocution, equip-
roosting, and nesting substrates for B ment damage, or outages. Nest management
: (s g o the control of the monk
el f inhal eas whe M (Niopsia monachus), a species intro-
tuphls s ae i es e e out! America, which constructs

ment, including platforms installed on or large, communal nests, often on power line
near power structures, can provide nesting. structures, causing significant reliability
ites for several protected species whi

AVIAN USE O A inimizing flight activity
POWER LINES Perching (Figure 6.1). Ospreys (Pandion haliactus)
Power line structures in relatively treeless readily perch-hunt from power poles that
areas have made millions of kilometers of have been placed near treeless wetlands or
suitable habitat available to perch-hunting other water bodjies.
raptors (Olendoff et

al. 1980). Power
poles offer raptors
an expansive view

of the surrounding
terrain while they
inconspicuously
watch for prey below
(see Figure 4.9).
Perch-hunting also
allows raptors to FIGURE 6.1: Peregrine falcon with prey on distribution pole.
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There is a strong association between
raptor activity and utility rights-of-way
(Williams and Colson 1989). Following the
1974 construction of a 230-kV transmission
line in Colorado, raptor density near the line
increased from 4 to 13 raptors per square
kilometer (km?) (10 to 34 per square mile
[miz]) to 21 to 32 raptors/ km? (54 to
83/mi?) after construction (Stahlecker 1978).

Although transmission towers comprised

only 1.5% ofMvailable perches in this area,

S1%aof rapt
pe R
derfdioles

falcons (Falco mexicanus) used towers more than
any of the other available perches e.g., distribu-

tion poles, fence posts, fikes, win mills, etc.).

Craig (1978) noted thafalmost 1
0

Y% a
I1Gini) shr-
pdiver piles

or wires. During a three-year study in southern

ew Mexico, Kimsey and Conley (1988) found
tra by 1S5
re [Nse S mila
i e In\Wyoming Shold @1

pe on distribttion poles

raptors perched along a[§87-km

vey route in Idaho were

during winter to exploit a locally abundant food

arness and Garrett 1999).
oostin Q
& swe lindstrultun's fo

roosting. Roosts may be selected for protec-
tion from predators and inclement weather,
or for their proximity to food sources.
Raptors that nest on utility structures often
use those nests as nocturnal roosts as well.
They can roost singly (e.g., osprey or buteos),
or communally (e.g., Harris hawks [Parabuteo
unifimtus] or wintering bald eagles [ Haliacetus
leucocephalus | ). When perched side-by-side,
birds can span the distance between phases
or phase and ground, which increases the

risk of an electrocution as well as an outage.
Excrement from multiple birds can also create
outage risks by contaminating equipment.

Craig and Craig (1984) found that golden
eagles wintering in Idaho often roosted
communally on several types of power line
structures. These structures allowed eagles to
exploit local populations of jackrabbits, and
provided shelter from inclement weather.
Eagles and hawks may use the lower portions
of transmission towers, which provide some
degree of cover for night roosting in barren
areas (Smith 1985). In Spain, transmission
substations serve as summer roost sites for
' a manni).

nt role in the
eclhin edes

Nesting
ual observation attests, and many studies
e documented, that raptors nest on
tribution and transmission structures
(see Table 6.1). Although most species that

nest og power line structures inhabit open,
WP P

s, ope.nota eption is the osprey
(IBgurll6 el useMtility structures for
nd tin ! , otlr North American
raptor T he™®Pically seleCt poles that are

located near or over waters where fish are

Bungdantglo protect ospreys and the power
s p s en installed on
nd'r trihs ol distribution
le A alyl exg®ment will not

contaminate lines. In addition, power poles
that are left standing when lines are decom-
missioned can provide both nest and perch
sites. During an I1-year period in Michigan,
an average of 55% of the osprey platforms
available were occupied (Postupalsky 1978).
On Lake Huron in Canada, 82% of artificial
platforms were occupied within one year of
installation (Ewins 1996). In 1995, nearly
46% of osprey nests studied in Finland
(n=9S51) were located on artificial structures
and, in southern Finland, up to 90% of
occupied nests (n=79) were on artificial

platforms (Saurola 1997).
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Species

Reference

African hawk-eagle (Hieraaetus faciatus)

Tarboton and Allan 1984 (T); Allan 1988 (T)

American kestrel (Falco sparverius)

Illinois Power Company 1972 (T); Blue 1996 (P);
Georgia Power Company, unpubl. data (T)

Aplomado falcon (Falco femoralis)

The Peregrine Fund 1995 (T); D. Bouchard, pers. comm. (T)

Keran 1986 (T); Bohm 1988 (T); Hanson 1988 (T);
Marion et al. 1992 (T); J. Swan, pers. comm. (T)

gl via

dgerilt al. 1987 (T);

Brown and Lawson 1989 (T)

J. Lindsay, pers. comm. (S)

Boshoff et al. 1983 (T)

Ferruginous hawk (Buteo regalis)

eracC

Nelson and Nelson 1976 (T); Gilbertson 1982 (T); Gilmer and
Stllvart 1983 (T); Gaines 1985 (T); Bridges and McConnon

Ao earch Institute 1988 (T); Fitzner
(' SteelNof et al. 1993 (T); Olendorff
ardiind Sciinutz 1995 (P); Blue 1996 (T);
) g£7004T)

Golden eagle (Aquila chrysaetos)

; Electric Power Research Institute 1988 (T); Steenhof
chert et al. 2002 (T);

7 hof et al. 1993 (T);
Blue 1996 (P); PacifiCorp, unpubl. data (D, S)

Greater kestrel (Falco rupicoloides)

Kemp 1984 (T); Hartley et al. 1996 (P)

Harris" hawk (Parabuteo unicinctus)

Ellis et al. 1978 (D); Whaley 1986 (T); Bednarz 1995 (T);
Blue 1996 (P)

Lanner falcon (Falco biarmicus)

Tarboton and Allan 1984 (T); Hartley et al. 1996 (P)

Martial eagle (Polemaetus bellicosus)

Dean 1975 (T); Boshoff and Fabricus 1986 (T); Hobbs and
Ledger 1986 (T); Boshoff 1993 (T); Jenkins et al. 2005 (T)

Mountain caracara (Phalcoboenus megalopterus)

White and Boyce 1987 (P)

* Note that some studies refer only to nesting on power line structures (P).

Continued
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Species

Reference

Osprey (Pandion haliaetus)

Melquist 1974 (D); Detrich 1978 (T); Henny et al. 1978 (T, D);
Prevost et al. 1978 (T); Henny and Anderson 1979 (D); van
Daele et al. 1980 (D); Jamieson et al. 1982 (D); Austin-Smith
and Rhodenizer 1983 (T); Fulton 1984 (T); Keran 1986 (T);
Hanson 1988 (T); Vanderburgh 1993 (D); Blue 1996 (P);
Ewins 1996 (T, D); Henny and Kaiser 1996 (T, D); Meyburg
etal. 1996 (P); Poole et al. 2002 (P); Henny et al. 2003 (T, D);
y and Anderson 2004 (D)

unpubl. data

Prairie falcon (Falco mexicagus) [

Roppe et al. 1989 (T); Blue 1996 (P); Bunnell et al. 1997 (T)

Red-tailed hawk (Buteo jarficensis)

: Gilbertson 1982 (T); Brett 1987 (T); Electric Power
osead Institute 1988 (T); Fitzner and Newell 1989 (T);

Steenhof et al. 1993 (T); Knight and Kawashima 1993 (P);

Blue 1996 (T); Stout et al. 1996 (D); Brubaker et al. 2003 (P)

* Note that some studies refer only to nesting on power line structures (P).

Nest location on a power structure can vary
by species and structure type. On natural sub-
strates, ospreys typically nest on the flat tops
of dead trees and broken tops of live trees.
Likewise, on power structures, ospreys prefer
the upper portions of transmission towers or
the tops of distribution poles. Red-tailed,
Swainson’s (Buteo swainsoni), and ferruginous
hawks (B. regalis) generally prefer nest heights
that are relatively high, moderate, and low,
respectively. Tower sections where steel lattice-
work is relatively dense are generally preferred,

as this provides more support for nests
(Figure 6.3). The configuration of two poles
supporting four paired sets of crossarms was
most often used by raptors in New Mexico
(Brubaker et al. 2003). Double dead-end and
dead-end distribution poles (see Figures 5.15,
5.16, 6.2, 6.23, 6.24, 6.25, and 6.26 for
examples) are the distribution configurations
most commonly used by osprey and some
other raptors throughout North America.
Steenhof et al. (1993) reported an 89%

success rate for ferruginous hawk nests on
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© PACIFICORP

- Lk

FIGURE 6.3: Red-tailed hawk nest o
transmission tower.

n steel lattice

=19), which was higher than

ci¥ss ol clifts (58%, n=38) or
ulll subSrates (20%, n=>5). Like-
‘rrudinousthawk nesting success was

higher on artificial platforms in Wyoming
an on natural substrates (Tigner et al. 1996).
Sc (1995) stated that

sti d be beneficial for

ruLknO aWks, efpecially in previously
occupied habitats where the number of
natural nest sites is in decline. They recom-
mend spacing nest platforms out-of-sight of
other buteo nests.

Nest platforms for bald eagles provide
support for weak or collapsed nests, attract
birds searching for a breeding site, encourage
the reuse of historic sites, and support nests
moved from areas of pending human activity
or development (Postupalsky 1978; Hunter
et al. 1997). In Florida an increased number
of bald eagle nests on man-made structures
has been reported. In 2003, there were 24

bald eagle nests on man-made structures with
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46% on transmission towers (J. Swan, pers.
comm.). In 2004 and 2008, the number of
nests on towers increased due to the loss of
nesting trees to hurricanes in 2004

(S. Nesbitt, pers. comm.).

ADVANTAGES TO RAPTORS NESTING
ON UTILITY STRUCTURES

Utility structures can provide nesting
substrates in habitats where natural sites are
scarce, facilitBe the range expansion of s

1] of som

spe ies, inieibe
ecitk, Z1d ¢ifer sau
melg! In @

increased their nest success and productivity

br¢lectich from

raptirs have

on power line structures.
In New Mexico, de

poles and energized el

by nesting raptors (Br
Thirty-two of 338 po
raptors, including 27 pairs of Swainson’s

Iawks, 3 pairgof red-tailed hawks, and

g o owl bo s

rudiur
owers, as the avai y of hatur3
declined in human-altered landscapes (Stout

. 6). New 230-kV and 500-kV lines
n the Han 2se i s
ere mopit ¢ 1979 a 38
: ndg\e SO P Aftd chstri-

tion of the lines in 1979, only one red-tailed
hawk nest appeared on these structures. By
1988, 19 Swainson’s, ferruginous, and red-
tailed hawks’ nests were found on the struc-
tures. Red-tailed hawks and common ravens
(Corvus corax) in southern California nested
on utility structures in greater numbers than
expected based on the availability of potential
nest substrates (Knight and Kawashima
1993). In 1980 and 1981, the PacifiCorp
Malin-to-Midpoint S00-kV transmission
line was constructed across eastern Oregon
and southern Idaho (Steenhof et al. 1993).
In cooperation with the BLM, PacifiCorp

installed 37 nesting platforms designed by
Mortley Nelson (Figure 6.4) (Nelson and
Nelson 1976; Olendorff et al. 1981; Nelson
1982). Within one year, raptors and ravens
began nesting on these platforms. Although
only 2% of the towers had platforms, 72%
(n=29) of the golden eagle and 48% (n=52)
of the ferruginous hawk nesting attempts
were made on the artificial platforms. Nine-
teen (51%) of the platforms were used at
least once. Steenhof et al. (1993) suggested

: s d be
c 1 afed during
t Tantissy es,

especially when the line traverses treeless
habitat and the disturbance of a sensitive
rey species is not an issue.

The construction of artificial nesting
forms, including those on power poles,
s contributed to the ospreys’ population
growth and range expansion in North America

(Houggon and Scott 2001; Henny and

n 2004, h the number of
oforey n turalbubstrates remained
cChstalt W ilBmetd Valley, Oregon,
fr e Us to 1990s, the number of

active nests on power line structures increased

Mongl ingl977 to 66 in 1993 (Henny and

a ), I,

stfllg iflkhi i

catld ofhpo es orms erected
by electric utilities (Henny et al. 2003).

Power line structures may also help local

raptor populations increase (Olendorff et al.
1981). Within ten years after construction of
a 500-kV transmission line across eastern

Oregon and southern Idaho, 53 pairs of

raptors and ravens nested on line structures

prey pairs were
f the nests

while their nesting densities on nearby natural
substrates remained at pre-construction levels
(Steenhof et al. 1993). In South Africa as well,
raptor nests are not removed unless they pose
a threat to the power supply. Consequently,
many raptor species regularly nest on trans-
mission towers (Ledger et al. 1993).
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Transmission towers may afford nesting
raptors some protection from the elements.
Beams and cross-braces provide shade and
windbreaks for nesting birds (Anderson
1975). Compared to cliffs, towers allow more
air circulation and lower heat absorption.
Raptors nesting on transmission towers are
also more protected from range fires
(Steenhof et al. 1993).

Some studies have documented greater
nest productillity on artificial nesting sub

ern Africa had higher breeding success on
electrical transmission towers than elsewhere
(Boshoff 1993). Ospr
in Germany produced
nesting in trees (Meyb

Similar rates of raptor
been found between natural and man-made

ubstrates in the Canadran Great Basin and in
: aut et
i s
rtfici b
uted to ty d prott

from mammahan predators

ISADVA
ESTING I TY ST URE'S
olef{fadt dis

vantages that 1nc1ude mcreased risk of elec—
trocution and collision, susceptibility to nest
damage from wind and weather, disturbance
from line maintenance or construction, and
vulnerability to shooting. Raptors nesting on
power line structures may also impact some
prey species and can reduce power reliability
by contaminating equipment with excrement
or nesting material (see Reliability Concerns).
Another possible disadvantage is that raptors,
specifically ospreys, reared from power pole
nests may only select power poles as nest
substrates when they nest as adults (Henny
and Kaiser 1990).

Raptors nesting on utility structures have
an increased electrocution risk if nearby poles
are not avian-safe (see Chapter 5). Entang]e-
ment in wires and other utility hardware can
also occur (Olendorff et al. 1981). In the
United States, raptor collisions with power
lines do occur, but not as frequently as
electrocutions (Oldendorff and Lehman
1986; Kochert and Olendorff 1999).
Although raptors may become familiar with
power lines in their breeding territory, repeated

r 1' ee risk of

r in the
001).
In Europe, transmission lines near nests
were associated with high turnover rates of
breeding Bonelli’s eagles (Hieraaetus fasciatus).
llisions with power lines were the
ected cause (Manosa and Real 2001).

The dense latticework of transmission
towers offer some protection from the elements,

re htlvely open distribution poles do not.
istribution poles are
ted dami troyed by strong
d 2 1eh 1977; Postovit

tovi

. edges on nesting
platforms can help stabilize and protect nests

Buri winds. Destruction of nests by
est failures
) omitr. in Idaho.
le fforded more

protect1on from wind than poles without
platforms (Steenhof et al. 1993). A bald
eagle nest on an H-frame structure in Florida
repeatedly fell during windstorms until an
artificial platform was erected to support it
(Marion et al. 1992).

Although short-lived, the activity and
alteration of surrounding habitat that occurs
during power-line construction can disturb
raptors. Maintenance operations may also
temporarily disrupt normal bird nesting,
hunting and roosting behavior (Williams
and Colson 1989).

Indiscriminate shooting of raptors may
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be higher along power lines than at natural
nest sites because poles are often highly
visible and close to access roads (Williams
and Colson 1989).

The addition of artificial raptor nests
can have negative impacts on others animals
(Fitzner 1980a). For example, burrowing
owls (Athene cunicularia), which are preyed
upon by larger raptors, can be more susceptible
to predation if nest platforms are erected in
theiferritories. The introductio

OTHER

Perching

Many other b specie!lse distribution
poles, transmiflion tow{¥s, ﬂd frory
for perching, [lrticularld wikre s ‘
foraging or nejli bt | neafy (Vg

Yahner et al. 2002). As they do for raptors,

poweg line structures provide a view of the

ur di and fagilita tin
e gisher in Tak
ries s al
1dor$ (Fig 3). y

structures, especially conductors, are

S (=
stiral
we

Roosting
Species such as cormorants, vultures, ravens,

and crows use power line structures for roost-
ing. Poorly adapted to cold environments,
vultures often seek roosts that are protected
from harsh weather. Cape Griffons, or Cape
vultures (Gyps coprotheres) and, to a lesser
extent, white-backed vultures (Gyps africanus),
roost in large numbers on transmission towers
in southern Africa (Ledger and Hobbs
1999). Likewise, turkey vultures (Cathartes
aura) and black vultures (Coragyps atratus)

use transmission towers for roosting in
North America.

FIGURE 6.5: Loggerhead shrike (Lanius
ludovicianus) perched on conductor.

rgist communally or
congregate on power line structures. Engel
et al. (I1992b) documented the largest known
communal roost of common ravens in the
world. There were as many as 2,103 ravens
on adjoining S00-kV transmission towers in
southwestern Idaho. The towers appeared to
present an attractive alternative to natural

@ roost sites by offering increased safety from

p he proximity to food sources.
A ber 8T nof*raptor species also nest on

utility structures. Transmission tower lattice-

ommonly used as perches by flocking birl, rk can provide suitable nesting substrate
N ki \\% e er morants and other large
pulus Woari d es are used by smaller
s 1 ifests on support brackets,

transformers, or capacitors. Table 6.2

presents a list of non-raptor species that have
nested on power line structures. This list is
not comprehensive, but it illustrates the variety
of species attracted to utility structures.

Birds that build stick nests may find areas
on transmission and distribution structures
suitable for nesting sites. In Europe, the white
stork (Ciconia ciconia) commonly nests on dis-
tribution and transmission towers (Janss 1998).
Double-crested cormorants (Phalacrocorax
auritus) and great blue herons (Ardea berodias)
nest on steel-lattice transmission towers along

the Great Salt Lake in Utah (PacifiCorp,

&
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TABLE 6.2: Examples of non-raptor species nesting on power

line structures.*

Species

Source

Double-crested cormorant
(Phalacrocorax auritus)

PacifiCorp (unpubl. data)

Great blue heron (Ardea herodias)

PacifiCorp (unpubl. data)

Hadeda ibis (Bostrychia hagedash)

C.S. van Rooyen (pers. comm.)

White stork (Ciconia ciconia)

Janss 1998

C.S.gan Rooyen (pers. comm.)

Eastern kingbird (TyASnnus tyra

Orithoidgical Saciety
(http://www.mdbirds.org/atlas/spnotes.html)

Western kingbird (T. verticalis)

M. Fiedler (pers.
(unpubl. data)

Scissor-tailed flycatcher (T. forficatus)

2000-05.html)

Pied crow (Corvus albus)

C.S. van Rooyen (pers. comm.)

Cape crow (C. capensis)

Common raven (C. corax)

Chihuahuan raven (C. cryptoleucus,

Sociable weaver (Philetairus sociu.

* This table includes species this

those which may nest in cavi

unpubl. data). In the western United States,
Canada geese (Branta canadensis) have nested
on platforms erected for raptors (J. Burruss,

pers. comm.).

Common ravens often nest on utility
structures (Figure 6.6). Within ten years of
the construction of a 500-kV transmission
line across Oregon and Idaho, 81 pairs of
common ravens nested on the transmission
structures (Steenhof et al. 1993). Their
success was similar to or greater than nest
success in natural substrates. In New Mexico,
ravens preferred to nest on the configuration
with two poles supporting four paired sets of

distribution underbuild ot transmission
structure.

FIGURE 6.7: Western kingbird nest (see

highlighted area) on transformer.

crossarms (Brubaker et al. 2003).
Throughout a 45,000-km? (I7,375—rni2)

area of the Mojave Desert in southern

California, 26 pairs of common ravens

used power line structures for nesting. There

were more nests than expected based on

the availability of natural nest substrates

©®
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(Knight and Kawashima 1993).

Some species exhibit preferences for
nest location on a structure. For example,
98% of raven nests (n=408) were found
on the uppermost portion of towers
(Steenhof et al. 1993). Western king-
birds often nest on transformer brackets,
riser poles, switches, and transmission
structures (Figure 6.7) (M. Fiedler, pers.
comm.; PacifiCorp, unpubl. data).

Tle use of non-raptor nests |
ts Qe : 9
e g i

raven nests (Del.ong and Steenhof
2004), and a pair of peregrme falcons

(Falco peregrinu occup1e a common
the Great Salt

pers. comm.). ap

aplomado falcons (Falco femom lis) used

© FLORIDA POWER AND LIGHT

raven nest on

a common raven nest on an H-frame,
3 3
t [as destro
tfor ingh
SO st

brofteht [ it United

te IN60s8s @ts. Bcap
blrds have adapted well and established
populations from Florida to New York,
Texas to Oregon, and in parts of south-
ern Canada. Populations in some states

have grown exponentially in the last 10
to IS years (Pruett-Jones et al. 2005).
Monk parakeets build bulky stick nests
on trees, power poles, and substations
(Spreyer and Bucher 1998; Newman et
al. 2004). The number of nests can range
from several on distribution or transmis-
sion poles to more than 50 in a single
substation (Figures 6.8, 6.9). Since monk
parakeets are colonial breeders, the size

© JIM NEWMAN
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of their nests can increase each year and may
reach several meters in diameter. Examination
of the monk parakeet’s annual nesting pat-
terns in south Florida suggests an increasing
preference for both power line structures and
substations (Newman et al,, in press).

Monk parakeet nest site selection on
power line structures in Florida is quite
predictable, and they show similar behavior
in other states as well (Newman et al. 2004).
In south FloMHa, 82% of nests occurred

distgibuti le ra ers and
pagofiDarfis. f €lese 1 sts wer
ilt he [Fa t arach fhe equi

ment to poles. On the transmission towers

surveyed, most nests were located on the sec-
the pr&
(Newman et al.,, in prefd). A co

ondary arms, followed

ary arms

between nests on subs

sion lines is the parake
for nesting on 45°-angled braces. On trans-
ission towers, 93% of nests occurred on

59 b . statioms 44%
esiing offuried nlle crd s,
ollBwed By sBitciks (1890 Fand

upports (18757 ( an '€t al., TPress).
insulator/switches, and substation

eds hatt cadledfHow
alfty pibblefs, Epeclly

when they contact energized portions of a

utility structure. This problem is compounded
when one structure supports multiple nests.
Safety concerns related to monk parakeet
nests include loss of power to critical care
facilities, risk of injury to maintenance crews,
and risk of electrocution to trespassers
attempting to capture wild birds. In service
areas such as New York City, some distribution
poles have signs indicating that continuous
power is necessary for a resident on life-support.
Nests on these poles or nearby distribution
feeders pose a serious risk to these residents.
Psitticosis is a rare disease that can be
transmitted from psitticine birds (parrots) to

humans. Thus, nest removal activities associated
with colonial psitticines can present a risk to
utility workers. Utility crews should also
protect themselves from nest materials that
may contain mites and insects that can cause
discomfort.

MONK PARAKEET NEST
MANAGEMENT

The significant increase in monk parakeet
population and associated power reliability

el C d y
t gferm nest
. rtAprofobjectives

include removing high-risk nests from utility
structures and preventing birds from re-nesting
on them. Long-term objectives include reduc-
population size and growth, and enacting
islation to aid in the control of this
ecies. Because of structural and operational
differences between transmission lines, distri-
b ior‘ines, and substations, speciﬁc nest

entsand c trategies need to
bidevilofe afh ( man et al. 2004).
chiht & knffwn gout monk parakeet
m entas be¢h developed through

field-testing in Florida where the species has

Beengh chgllenge for utilities for over a decade
. : an et al.
08). n protected
t ct, however

removal of nests and birds can be received

negatively by the public.

Short-term control of monk parakeets by
nest removal alone is ineffective and can actu-
ally increase the number of new nests. Often,
multiple pairs of monk parakeets occupy a
single nest. When a nest is destroyed, the pair
that started the nest will not rejoin its neigh-
bors. Instead, it will build a separate nest on
the same or nearby structure. Simultaneously
removing the parakeets and the nest has
proven successful in reducing the number of
high-risk nests and in preventing re-nesting in
the short-term. Birds are removed from the
nests at night and the nests are removed later.

®
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3

Nets have been designed for trapping monk Trapping techniques for transmission towers
parakeets on distribution poles, but because have not been developed.

monk parakeets are vigilant and astute, the Florida Power & Light has investigated
trapping efficiency per nest is approximately a wide range of other strategies including
50% (Tillman et al. 2004). Trapping and physical, behavioral, chemical and biological
nest removal are labor intensive and also have controls. Presently, only one potential long-
public acceptance issues. Trapping may be term control has been identified. In the
effective as a long-term strategy for reducing laboratory, Diazacon, a chemical sterilant,
populations if these efforts are continued has been effective in reducing the number of
until all nesting ceases at a particular location eggs laid. However, additional research is
(Nefiman et al. 2004). Passive t ith needed to determine if its use is practical

effgmtive d.

agl 1s h ive for §

NEST ENCOURAGING BIRDS TO NEST commonly used (n=40) and 95% of these
MANAGEMENT

®

companies erected platforms for ospreys.
Generally, there is a greater need for nest

atforms on distribution poles than on

n as platf distribution poles th

is Bffelrive transmission structures because the closer
separation between distribution conductors

B Anosprey nest structure erected above a

have a well-supported
sothe nest material added to
e Brds tfff the new site (Figure 6.10).

A perch, situated above the nest (Figure 6.11)
or extending from the platform (Figures 6.12

increases the risk of electrocutions and outages.

&
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51 cm X 152 om (36 in)
(2 in X B[in) 5.1 ecm X 10.2 cm O
AN (2 in X 4 in)
[e] [e] o 7
\ /
O\ ™~ 0 A
11
EV g NEY NOTE:
91.4 N \ L PLATFORM CAN BE
cm

.8

ft

/ o) o o1
| 25.4 ¢ 54 cm
)2 (10 m)
PERCH
cm 17.8 cm (0.625 in X 7 in)
B HARDWOOD DOWEL, DRILLED 3.8 cm
(1.5 in) INTO 5 cm, X H)Z cm (2 in X 4 in)

51 cm X

achon

USE A MINIMUM 25.4 cm (10 in)

TIP DIAMETER OF gPOL]

38 cm
15.2 cm
(6 in)

(1.5 in)
41.9 cm
(16.5 in)

nter

5 cm X 20 cm X 83.8 ¢cm
in) X (8 in) X (33 in)

NOTES:

STAPLE A 91.4 cm X 91.4 cm (3 in X 3 in)
PIECE OF 1.3 cm X 5.1 cm (0.5 in X 2 in)
GALVANIZED WELDED WIRE FABRIC OVER THE
TOP OF THE PLATFORM. ALL JOINTS SHALL BE
GLUED AND NAILED. PLATFORM MATERIAL IS
REDWOOD.

(4) 1.0 cm X 10.2 cm (0.375 in X 4 in)
LAG BOLTS MAY BE SUBSTITUTED FOR THE
(4) 1.0 cm X 25.4 cm (0.375 in X 10 in)
BOLTS.

CUT ouTt
10.2 cm X MIN. 33 cm
(4 in) X MIN. (13 in)

SIDE VIEW

Figure 6.12: Osprey nest platform details (Idaho Power Company, PacifiCorp).
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< 7 ind pasel s Fesirdbilit
Perchéf should beperpendicular to the
prevailing wind. Care should be taken to
arrange sticks and other nest materials so
they mimic the size and form of a natural
nest. Various nest platform designs are used
by utility companies throughout the United
States, Canada, and Europe (van Daele et al.
1980; Ewins 1994).

Platforms made from discarded wooden
cable spools have been used by nesting ospreys
(Austin-Smith and Rhodenizer 1983) (see
Figure 6.10). The offset-pallet-platform
design developed in Ontario (Ewins 1994:13)

Perching, Roosting, a
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1flsinhle ag st-e
igure O.
design that may be used for some buteos and
ospreys. Grubb (1995) provides a guide for

eagle nest designs.

tive (Figure 6.14).

depicts another nest platform

Osprey nest management may include
building alternate nest platforms above power
lines, installing a nearby taller non-energized
pole with a nest platform, or leaving the nest
intact but retrofitting the pole (Henny et al.
2003).32 However, utilities should be aware
that installing a nest platform above lines or
leaving a nest on a crossarm may result in
outages from nesting rnaterial, excrement, or

32 . .
See Chapter 5 for retrofitting recommendations.

&



91.4 cm X 91.4 cm
(36 in X 36 in)
PLATFORM OR

WOODEN PALLET

=
o,
=

TOP VIEW

nter

EXISTING
STRUCTURE

SIDE VIEW =

FIGURE 6.15: Raptor nest platform used by ospreys and some buteos (PacifiCorp).

This design is recommended when a new nest pole cannot be erected.
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prey remains dropping onto conductors or
energized equipment (Figure 6.106). Installing
a platform on a nearby non-energized pole
reduces these risks.

Transmission Structures

The greater separation between conductors
on transmission towers generally allows raptors
and other birds room to nest without causing
problems for electric operations (e.g., Hobbs

and @edger 1986). The latticewq

stelmra mon
PRt s vutho
Fiofre eve

insulator strings may cause equipment failures
due to contamination with excrement, prey
remains, or n materig.

In Spain, I¥{nesting §la e d
on transmissid towers,ivhie th t
interfere with ol Dpelitionf to

white storks away from sites elsewhere on the

towets (Janss 1998). The storks accepted the g
la s, the griginal mests remaiged
e M w
e Iatio ' rigAcan
o iftuelf®®oos wior, er

increase or decrease the risk of streamer-

aused faults (C.S. van Rooyen, pers. comill.).
n Sgt ca s
fro d al efSleS Pol&act

el es (Mqul rafix), 44d

Verreaux’s eagles (A. verreauxii) were con-

centrated within a ten-transmission tower
radius of active nests. These outages occurred
on configurations that were both preferred
for nesting and susceptible to streamer
contamination (Jenkins et al. 2005). Con-
versely, eagles with nests located below phase
conductors also roosted below conductors,
reducing the outage incidence and risk.
Progress Energy reduced its osprey nest
problem on double-crossarm structures by
installing fiberglass nest platforms above
the conductors (D. Voights, pers. comm.)
(Figure 6.18).

we
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9 DRAIN HOLES
7.6 cm (3 in)
IN DIAMETER

FIBERGLASS

\1.6 m (5.3 ft)

DIAMETER

MOUNTED ON TWO—/

NOTE:

RAISING PLATFORM ABOVE ENERGIZED CONDUCTORS PREVENTS INJURIES TO
OSPREYS AND ALSO REDUCES OUTAGES AND EQUIPMENT DAMAGE. PLATFORM
SHOULD BE LARGE ENOUGH TO COVER ANY ENERGIZED EQUIPMENT AND
PREVENT CONTACT WITH NEST MATERIALS.

FIGURE 6.18: Osprey nest platform (Progress Energy).
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Georgia Southern University
and Georgia Power Company
have erected nest boxes and
tubes on transmission structures
in Georgia for American kestrels
(J. Parrish, pers. comm.). The
nesting tubes were constructed
of 30.5-cm (12-in) diameter,
UV-resistant PVC pipe cut at
lengths of either 46 or 91 cm

(18 i 36 in). All tubes were
ill : in in the
tt tspin thilsides,
nd eviral it thes of

pine straw. | he entrance of each

nest tube was positioned to face

east or south.
in) long tube
(12-in) end ¢
(3-in) hole cullk
one of them (Figure 6.19). In

2003 and 2004, two of these
b re nte 1
tins ol ers at a
1ol of$30.5 00
e mounted in 2003 was s

in 2004, and both were used by
esting kestrels in 200S. The
o . 1
he 1Zon
) sa 6
ole in either the end or
the top of the tube (Figure 6.20).
These tubes were installed both
vertically and horizontally at a
height of 4.5 m (15 ft). Kestrels
used one of the four verticaﬂy
mounted tubes in 2005, but did
not use either of the horizontally
mounted tubes that year.

© W. ALAN HOLLOMAN

e -1

clu

© W. ALAN HOLLOMAN

&



30.5 cm TO 45.5 cm (12 in TO 18 in) PVC PIPE OR CORRUGATED DRAIN PIPE CUT IN HALF
LENGTHWISE. WIDTH OF PIPE SHOULD BE AT LEAST AS WIDE AS BOTH CROSSARMS. PIPE

CAN BE BOLTED OR STRAPPED TO CROSSARMS. IF STRAPPED, STAINLESS STEEL BANDING
MATERIALS SHOULD BE USED.

vian Power

30.5 cm (12gin) PVC HPE OR CORRUGATED DRAIN PIPE CUT IN HALF LENGTHWISE

~Line. ",

nteraction”
mmitte

FRONT VIEW SIDE VIEW

—<PPe =
\ i

Energized
Grounded ——

FIGURE 6.21: Nesting discourager (PacifiCorp).
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FIGURE 6.22: This osprey nest was
originally located on the crossarms
the center conductor where conta
from fallen nest material and excrement
accumulated. It was relocated to the

© JIM KAISER, USGS

osprey pair continued nest construction after
the pipe was installed.

rights-of-way restrictions, or limited access

prevent installati f a new structure, it is n
best to install{ . safe i st platform on the
DISCOURAGIN C UGETIO

Nesting should sometimes be discouraged due to the risks to people,

nesting birds, or the power system. PVC pipe or corrugated drain pipe
banded to the crossarms can prevent birds from nesting on “H” frame
transmission structures (Figure 6.21). A nest platform can then be
placed above the arm and away from the insulators (Figure 6.22) or
on a nearby non-energized pole. To discourage nest rebuilding on
distribution poles where nests have been removed, a large plastic

pipe can be installed above the crossarm (van Daele et al. 1980).

In Montana, this has been effective in deterring nesting ospreys

(S. Milodragovich, pers. comm.). However, in other areas, this nest
discourager has been ineffective (Figure 6.23). Poles with conductors
and insulators above the crossarms require a more complicated

design. A PVC tube positioned above and extending the length of

the crossarm with diagonal tubes extending toward the crossarms

can deter nesting (Figure 6.24) (Henny et al. 2003). Such nest

platform shc vn. A halved,:orrugated pipe n
was installe¢ to d t!

crossarms. F loc ting| pr bl

nest platforn on in ac ace it -energi ed

pole is prefei.ed..dlowcver, .5 po t,

FIGURE 6.24: A pipe mounted above
the conductors can be used as a nest
discourager on distribution poles with
insulators mounted on the crossarm.
The use of triangles is cautioned against,
as they may aid in the accumulation of
nesting material. This design may pose
an electrocution risk if exposed
equipment and conductors are not
covered or adequately spaced.

*®
*
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discouragers should be installed close enough
to the crossarm to prevent birds from nesting
under them. They should be mounted securely
on the arm, and should be installed so they
do not reduce the BIL of the design.

Triangles, plastic owls, and small spikes
have also been used to discourage nesting on
power poles. However, these devices are often
unsuccessful. For example, birds may nest in
open spaces adjacent to triangles (Figure 6.25),
birds may 1n1laﬂy react to plasnc owls, b

1 eic ted to 1 em
I ikesfnay aid

FIGURE 6.25: Red-talled hawk nest on
ith triangle perch discouragers.

o

FIGURE 6.26: Osprey nest constructed
on pole with plastic owl intended to
haze birds.

© PACIFICORP

the accumulation of nest material (Figure
6.27). As discussed in Chapter S, materials
placed on poles to discourage birds from
perching or nesting degrade over time, particu-
larly in areas with extreme weather conditions.
Utilities should consult with their standards
and engineering personnel to identify company-
approved devices prior to installation.

RECOMMENDATIONS FOR DESIGNING
AND INSTALLING NEST PLATFORMS

designinggand wastabima ne
I¢ones art line
ouicoldderghe follovling:

* Platforms should be placed where

conductors and energized equipment will

o prevent electrocutions, av1an—safe
designs and retrofitting materials and
ethods (see Chapter 5) should be applied
pgles

0 Oor

est platforms.
se BT pefth discouragers
earfests. If a nest fails,
t td"nest on a nearby

FIGURE 6.27: Osprey nest on pole with
plastic spikes.

© PACIFICORP
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pole, possibly selecting a pole with perch
discouragers because it more easily
accumulates sticks (S. Milodragovich,
pers. comm.).

* Platforms should be located in areas
with adequate habitat and prey for the
target species.

* Discretion should be used when placing
nest platforms near sites with sensitive
wildlife such as sage grouse, prairie

cHikkens, or prairie dogs that

t ing .
t siinay #bt be n al
s storfrowers. fbr examp

the metal latticework of certain steel towers
and the double crossarms of H-frame con-
struction tyfically pr&lide adequate nest
substrates (

* If possible

forms can

poles to draw nesting activity away from
engrgized structures.

s Lghgsp I.

which may already be carried on line-
trucks, can be used as alternative to a lip
or pegs. The addition of sticks to a newly-
constructed platform may help entice nest-
ing birds. Birds may also be more likely to
use a new nest platform if it is higher than
adjacent substrates or a reasonable distance
away from other alternative(s).

* The weight of a nest platform under wet
or snowy conditions should be considered.
If it is too heavy for an existing pole, the
platform should be installed on a nearby,
suitable pole.

e 1980; brefnoikt .
d appraiiride, nefli o
] edlonidecofimiSig

* Federal and/or state permits are required

for managing active nests of protected
species (see Chapter 3). No active nests
(nests with eggs or young) may be altered,
moved, or destroyed without proper autho-
rization from appropriate agencies. Nests
of eagles and endangered species cannot be
altered, moved, or destroyed at any time
without proper authorization from appro-
priate agencies. Because of the biological/
behavioral characteristics of some birds

2. mlog ro esting birds),
i ctire nest could also
U 2003).
If platforms are used to relocate problem
nests, relocation distances should not be
excessive; success is directly related to
proximity. Distances between 20 and 100
m (66 and 328 ft) are most common for
ospreys (]. Kaiser, pers. comm.). Golden
eagle nests have been successfully moved as
far as 2.6 km (1.6 mi), but in incremental

(Phi and Beske 1982). The new

iologist should be consulted
nce, and appropriate
permits must be obtained.

sloughing off (J. Kaiser, pers. comm.). M On poles with platform nests, predator
i e gmre u b to prevent raccoons and
‘ Pps Jrevelt nfit stiiks fiim o a climbing to the nests.
\ , m. arrigve b ts] tt I evice is a I.5-m (5-ft)

length of sheet metal wrapped completely
and tightly around the pole at about I to
1.5 m (3 to S ft) above the ground. How-
ever, predator guards should not be used
on poles that utility personnel are required
to climb.

Maintenance of platforms and platform
supports will extend the life of the struc-
tures and will minimize future conflicts
with utility operations. Maintenance
activities should take place before the
breeding season to avoid disturbing nest
building efforts, eggs, or nestlings.

©®



RELIABILITY
CONCERNS

Unfortunately, despite the benefits utility
structures provide nesting birds, there are
some negative effects as well. For example,

nesting material, electrocuted birds, streamers,

or prey debris can cause interruptions and
outages. During the nest building process,
birds may drop sticks onto conductors
causing flashovers (Ledger and Hobbs 1999).
Likewise, nests located over exposed, energized
equipment can cause flashovers or nest fires
during wet c@hditions. Osprey nests in

agrigultu as A#gOn ling wi
r twine Shatouldggeie Sbwer utages
an estiind @ ethal. 2CD2; Paci

orp, unpubl. data). Dangling or falling prey
can also contact energized wires ‘EDM
International 2004).

Utility companies hi¥e dealt Bichir
caused power reliabilitg¥problem®in¥ nu
ber of ways. One man clincdot is
maintain nests when they are in desirable

ocations (Hepny et al. 2003; J. Kaiser, pers.
o e ategbcan ImMuzageh awa
rol contuctirs ail Ledo 3
ofr anfl| Ballcrdit 1986). Bcc st
re ‘well nlaintaime aptors, but@bandone

nests may partially or completely collapse,
reatening electrical equipment

monk parakeets began using raptor perch

discouragers as nest substrates in areas where
they had not previously nested (]. Lindsay,
pers. comm.). In the western United States,
red-tailed hawks, ospreys, and common
ravens have built nests around perch discour-
agers that were installed to discourage nesting
on equipment or double dead-end poles

(J. Burruss, pers. comm.) (see Figures 6.23,
and 0.25 through 6.27).

Suspending a vulture carcass or decoy by
its feet in a tower was an effective means of
ridding the structure of communally roosting
black and turkey vultures for many months

(Avery et al. 2002). However, before using a
carcass for this, a utility must consult with
federal and state wildlife resource agencies
regarding permits, and should closely evaluate
the public response. Shields attached below
the latticework on transmission towers with
roosting ravens have been used to prevent

the accumulation of excrement on insulators
(Engel et al. 1992a). In South Africa, high-
density polyethylene (HDPE) welded rod

bird guards have been effective in reducing

1 oslgp angl v, ye I;
Vi wel oy &

BIRD-RELATED OUTAGE

Bird-related outages are a concern for many

utilities. Although outages may occur as the
ult of an electrocution or collision, there
several other causes that do not result in

an mortality, for example:

e material contact,

UCt@EmEO-CO r contact caused
e bpiftart@ by a large flock
g
ey falliff® on enlfrgiz&d conductors or

equipment,

B Big stgamers or contamination of equip-
la feces, and
Bid cdlisi rs that cause
o e Kk irds.

Bird electrocutions do not necessarily

result in outages. Of eagle electrocutions
in the western United States with known
mortality dates (n=612), only 16% were
associated with an outage (Harness and
Wilson 2001). Likewise, only 16% of
known bald eagle mortalities in western
Washington from 2000 to 2005 (n=62)
caused outages (M. Walters, pers. comm.).
Less than 10% of raptor electrocutions
documented in Arizona were associated
with outages (Dwyer 2004). However,

higher proportions of mortalities have been

©®
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associated with outages in other areas of the
western United States. For example, 55% of
bird electrocutions (n=327) resulted in out-
ages in Utah, Wyoming, Idaho, California,
Oregon, and Washington (PacifiCorp,
unpubl. data).

Momentary short circuits, which do not
cause outages, can cause disruptions for cus-
tomers with high power quality requirements,
and can also result in electrocutions. During
thes@disturbances, the cause of is

tracking this class of disruption, which might
yield important bird mortality information.

[ |
Collection of @utage It
Two key aspeds of quaftiffing bid
outages are tralm etlficatiiin. Claglafcs

should collect data to quantify outage

numbers and causes. These data may includ
ut ocatian, d : e :
uifne .
Ip BHerfuty ogga < '
pa s on'Systent tclidbili 1

the species associated with outages, and guide
etroﬁtting and new construction efforts @

2 0
atly agilres tagl its Bus(s)
rif8d. [fcal Southtions reqfir

some utilities to list the causes of all outages.

In some cases, birds are just speculatively
recorded as the cause. In others, their carcasses
are not discovered for various reasons: scav-
engers or people removed them, the victim fell
into dense vegetation, or a systematic search
was not conducted. Identifying the causes of
outages is critical to developing corrective
plans. Utilities should recognize that the
number of bird-caused outages reported

may increase after a tracking or verification
program is implemented simply because the
causes of more outages are properly identi-

fied. On the other hand, the total number of

bird-related outages on record may decrease
when erroneous reports are corrected.
Although the causes of bird-related outages
are well documented, few studies quantify
bird-related outage rates. The National Rural
Electric Cooperative Association (NRECA)
listed animals as the third leading cause of
power outages nationwide (Southern Engi-
neering Company 1996). Of Avian Power
Line Interaction Committee (APLIC) utility
members surveyed in 2005 (n=12), 58%
a PLIC 2005).
ata, bird-caused
<

rapkedgpird
tilties
ut e m
total outages. Half of these utility respon-

t
1 10% of their

dents reported major outages due to birds. In
California, wildlife-related incidents accounted
for 10 to 25% of all outages (Energy and
Environmental Economics, Inc. 2005).
Wildlife was considered a contributing cause
in up to 20% of outages in Wisconsin during

2003 (Kysely 2004). Birds accounted for

ion outages for a Canadian

| 2802—8D03 (BC Hydro 2004). In

3 t of 2,174 bird-related outages
doct in the western United States,

00% were caused by federally unprotected

ecies (i.e. starlings or pigeons), 21% were
cj it ted bird deaths, 12%

re caused although no
a e e.g., flocks flushing

from lines), and 7% were due to bird nests
not associated with a mortality (PacifiCorp,
unpubl. data). Within this study, seasonal

outage trends were also documented, and

revealed that outages peaked during summer
and fall (likely due to nesting activity and fall

migration).
Costs of Outages
Costs associated with bird-related outages

include those related to:

* [ost revenue,
* Power restoration,

©®



* Equipment repair,

* Nest removal and other animal
damage-control measures,

* Administrative and managerial time,

* Lost service to customers and negative
public perception, and

* Reduced electrical system reliability.

Stocek (1981) estimated that the annual
cost of bird-related damage to Canadian
utilities was $B74,600. Recent data from|

Cangdian grtifiry ogeitigge ildlife
utadks (7=2500tagd S0 cost$2 mill
uat (B OO Willlife-rela

outages are estimated to cost up to $3 billion
each year in California (Hunting 2002;
Singer 2002; Energy a

Environmental

Economics, Inc. 2005 1 One uti cu
mented that bird-relatql§ outagestrodd the
$2 million annually ( O85) ®uri

five-month period in 2001 in south Florida,
98 outages fecting over 10,000 customers

e ed o rak L enu
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BIRD STREAMERS

Large raptors, vultures, and herons can expel
long streams of excrement (Figure 6.28).
These “streamers” can cause flashovers and
short-outs when they span energized conduc-
tors and other line structures. Flashovers are
faults that originate on live hardware and
travel through the streamer to the structure.
Although bird streamers were first thought to
be a cause of unexplained transmission line
faults in the 1920s (Michener 1924), this
hypothesis has been difficult to verify because
flashovers are rarely witnessed, and the result-
ing evidence is difficult to find. Yet, Burnham

asized tiie role of bird streamers as a

cause of line faults (van Rooyen et al. 2003).

B Eglu ng streamer-related faults has
t ir nce. Studies
ndcted' b , van Rooyen
d Thul s van Rooyen

(2001), Vosloo et al. (2002), and Acklen

et al. (2003) documented patterns that are
indicative of streamer-related transmission
faults and described methods for preventing
outages of this kind. There are several indicators
of streamer-caused faults; e.g., the presence of

(1995gestimated that bird streamers might
mapmigansiigagn outages in Florida
aglighthil®, dusil fd¥al, offindustrial contami-
o Sic 1dis in fouth Africa have
em

large birds along transmission lines that are
subject to faulting (Burnham 1995; van
Rooyen et al. 2003; van Rooyen and Smallie
2004). Streamer-related faults are not normally
lethal to birds, as streamers are often released
as a bird departs from a structure. However,
in some cases flashover mortalities do occur.
Streamer-related faults occur most frequently

&
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FIGURE 6.29: Burn marks on transmission structure associated
with streamer-caused flashover.

on horizontal ulnd, Beeel than n

structures that provide perching space above

on the highest phase of the tower, or the
hase closest to a preferred perching spaca

(o)

ductors. Streamer-related flashovers have been
simulated in the laboratory and flash marks
on structures and insulators were recognizable

(West et al. 1971; Burger and Sardurksi 1995).

the cgnductors. Structures with small windoys g
I tClghit aaially £ T
anfRo . P0037, alth c :
o fccdilon wgodtn o
urniam ). Faults ar¢ P ent

Flashovers are generally indicated by burn
marks on the insulator string, or the corona
ring and tower top. Burn marks may occur as
pitting. They are shiny on aluminum structures
and black on steel structures (Figure 6.29).
Streamer-caused faults typically occur during
the late evening and early morning. A late night
peak, usually around 1T p.m., occurs as birds
finish digesting their last meal. Likewise, an
early morning peak occurs when birds leave
their roosts (Burnham 1995; van Rooyen

. en
t a
ra b

or suitable habitat, or that there is a seasonal
population increase.

r in clusters,

ns of large birds

orable prey base

Devices designed to prevent excrement
build-up on insulator strings have had limited
success because they fail to prevent the air-gap
breakdown caused by streamers. The most suc-
cessful devices create a barrier that keeps birds
from roosting over the conductors. Examples

L deviceganclude welded-rod bird guards
. he nfbst comprehensive applica-
ir@tguaiiing devices for preventing

er-reldted ults is practiced in South

stred

Africa by Eskom Transmission Group through

i} National Bird Guard Project. Eskom has
e o al us HDPE welded-rod bird
tilfes tiflt gelerdlly are E\aticaﬂy reduced faults
bov' thefto s % en 2001; van Rooyen

et al. 2003). In addition, perch discouragers
installed over insulators on lines in Florida
have been effective in reducing streamer-related

faults (Burnham 1995).
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CHAPTER 7

Developing an Avian

Protection Plan

© Components of an APP
© Imple

In 2005, the
Service (USF
(Guidelines) t

e Inksr
) annodc
Intended to help u

thell jomtly dg
1es

ting ar.Avian Protection Plan

eloped Avian Protection Plan Guidelines

manage their avian/power line issues. The

Guidelines offer resources for developing aviani)rotection plans (APPs). An APP should

enting a_.program to reduce bird mortalities,
e Fomplnents that a utility may

he 1996 edition of Sugsested Practils i the Avian Protection Plan Guidelines
| al\hha ve i ( endix C). The Guide-
nweméat of th es om which utilities may
ss usedion 1la c o onents to fit their needs.

utilities and agencies and offered recommen-
dations for mortality reporting, training, and
prioritizing remedial actions. Since 1996, utili-
ties and agencies have continued to advance the
understanding of avian electrocutions. Efforts
between the Avian Power Line Interaction
Committee (APLIC) and the U.S. Fish and
Wildlife Service (USFWS) have culminated

In this chapter, an overview of the Guidelines
is presented, along with recommendations
for developing and implementing an Avian
Protection Plan (APP). There is an abbreviated
version of the Guidelines in Appendix C. The
complete version can be obtained from either

the APLIC (www.aplic.org) or USFWS

(www.fws.gov) website.

CHOOSING THE
RIGHT TOOL—
MOUs AND APPs

When developing a bird protection program,
two tools, the Memorandum of Understand-
ing (MOU) and the APP, have been used
effectively. Historically, MOUs have been

initiated by the USFWS when it finds a utili-
ty has violated bird protection laws and has
not implemented or abided by the law or an

APP. MOUs are signed by both the utility

©®
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and the USFWS and establish the program’s
requirements. They generally include a state-
ment of purpose, the contract’s duration, def-
initions, a requirement to develop an APP,
and requirements for permitting, possessing,
retrieving, salvaging, reporting, and record
keeping,

Although APPs are typically a component
of MOUs, they may be initiated voluntarily
and signed only by the utility. This can allow
for greater fl@ibility in developing timeta
andgnab 1l i

atcl itdspesific g

Be ea
mitment to reducmg its avian impacts and 1
shared with the USFWS, it is understood to
be binding. Since they @nanate fgm the utili-

ty, APPs are more easilimodifiedfo s-
ing newly developing pfbblems forefre

needs. Despite the fact that APPs are generally
initiated by utilities, a cooperative dialog
between the utility and the USFWS during
development is strongly encouraged. This sets
the tenor for those conversations that will
inevitably follow, as the APP is implemented
and refined over time.

A utility that implements the principles
contained in the Guidelines will greatly
reduce avian electrocution risk. Developing

and implementing an APP makes good

: ¢ bmausga an -
: c tllty that
dreS\its seciic avian
issues can benefit through reduced regulatory

risk, reliability improvements, cost savings,
and positive recognition from regulators,
ployees, and customers.

COMPONENTS
OF AN APP

n APP is a
e
estot fro
tilly fadliti
wil

customer service. Because of utility-specific

circumstances, some of the elements of the
Guidelines may not be applicable. The Guide-
lines present a comprehensive overview of the
elements that should be considered when a
utility develops its own APP. An APP should
also be a “living document” that is modified
over time to improve its effectiveness. The

following are the principles of an APP:

* Corporate policy

* Training

* Permit compliance

* Construction design standards
* Nest management

system

ology
tin migsures
t opfons

e Public awareness

B K¢ regurces
ORAT
n 1 #lu tement that

balances the company’s commitment to mini-
mizing its impact on migratory birds and
complying with bird-protection regulations
with its goal of providing reliable, cost-eftec-
tive electrical service. To do this, it will comply

with all necessary permits, monitor avian
mortality incidents, and make reasonable
efforts to construct and alter infrastructure
to reduce the incidence of avian mortality.

TRAINING

Training is an important element of an APP,
All appropriate utility personnel, including
managers, supervisors, line crews, engineering,

dispatch, and design personnel, should be
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properly trained in avian issues. This training with all necessary avian-related permits. The
should encompass the reasons, needs, and activities that may require permits include,
methods for reporting avian mortalities, fol- but are not limited to, nest relocation,

lowing nest management protocols, disposing temporary possession, depredation, salvage/
of carcasses, and complying with applicable disposal, and scientific collection.

regulations, and understanding the potential

consequences of non-compliance. Supple- CONSTRUCTION DESIGN STANDARDS
mental training also may be appropriate Avian interactions with electrical facilities can
when there are changes in regulations, permit cause outages and reduce system reliability. To
conditions, or internal policies. APLIC- tmprove system reliabﬂity, avian interactions

should be considered when designing and

itRpg fagiliti W when operating
i in cilities. For those
asqy, i Usiog.of #celted standards

for both new construction and retrofitting

for internal company training is available techniques should be included in an APP.
from APLIC (ee www.aplic.oro). Companies can either rely upon construction
standards recommended in this document
PERMIT COMPLIANC or may develop their own standards that meet
An APP can i ch pilcessBhr or exceed these guidelines. These standards
which a company will obtain and comply may be used in areas where new construction

should be avian-safe, and where existing infra-
es e retrofitted for avian safety.
AnENT
may include procedures for manag-
ing nests on utility structures (Figure 7.1).
is could include procedures for problem
s ha o be relocated or
safe nest sites. These
o xplained to company
employees during training to ensure consis-
tent treatment of avian nest issues and com-

pliance with regulations or permits related
to nest management.

AVIAN REPORTING SYSTEM

Although avian mortality reports may be
required as a condition of federal or state
permits, a utility may also voluntarily monitor
relevant avian interactions, including mortali-
ties, by developing an internal reporting sys-
tem. A well-implemented system can help
pinpoint the locations of mortalities and the
extent to which they are occurring. These data
can be limited to avian mortalities or injuries,

&
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or could be expanded to track avian nest begin with a review of available data

problems, problem poles or line configura- that address areas of high avian use, avian
tions, and the remedial actions taken. All data mortality, problem nests, established flyways,
should be regularly entered into a searchable preferred habitats, prey populations, perch
database compatible for use in additional availability, effectiveness of existing proce-
analyses (see Risk Assessment Methodology dures, remedial actions, and other factors
below). Some companies have developed their  that can increase avian interactions with

own bird interaction reporting systems, and utility facilities. The avian reporting system
the USFWS has created an online bird discussed in the previous section is an integral
electrocution reporting system for utilities component of this risk assessment, as is the
(see Appendill C, Avian Reporting Syste use of avian experts, birders, and biologists

id

isRasPESSMENLIE WioDpLoGY
util§fcan @ vel red@fe avian

1y r on
ef't can be
Is that efable a
mortalities by focusing its efforts on the areas company to use biological and electrical
of greatest risk to migratory birds. Therefore, design information to prioritize poles most in

an APP should includdlh methoffor evaluat- need of modification. A risk assessment may

mpany OSELO a0 provide data about the various causes of
ssessme; 1 off avian mortality as well as the benefits that

ds receive from utility structures.

ing the specific risks a

migratory birds. A ris

MORTALITY REDUCTION MEASURES

mplagino a essment, a company
= " f, ca fofls s of concern,
' ‘ erfruref ha not out of pro-
isks Presefited to migratory

PO ontot

7

birds, and determine whether avian mortality

} Mdugtiongblans need to be implemented
'} 3 1 | u easures may be
plSnerfed by using risk
sesgkme i itoring and

/ 1 retrofitting activity in the existing system, and
‘ /‘ ‘
&
ir
r_ .I I

N g

to direct attention to avian issues encountered
during new construction projects. If a utility
finds that avian protection measures are
appropriate, it also may choose to develop an

implementation schedule for these measures.

AVIAN ENHANCEMENT OPTIONS

In addition to reducing avian mortality risk,
an APP also may include opportunities for a
utility to enhance avian populations and/or
habitat. This may include installing nest

& platforms, managing habitats to benefit
é FIGURE 7.2: Reframing a crossarm to prevent migratory birds, or working with agencies or
g enian electrocutions. organizations in these efforts (Figure 7.3).
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PUBLIC AWARENESS
An APP may include a method for educating

the public about the avian electrocution issue,
the company’s avian protection program, and
1ts successes in avian protection.

KEY RESOURCES

An APP should identify key resources that
address avian protection issues including a
list of experts who may be called upon when
resolving avian-related problems Experts

cogld 1 ists, consul-

rce agents, uni-

=T PACIFICORP

Oth servationists,

Engineers may fin

Where feasible, new ldeas and methods such as environmental specialists can help
1grator birds should be find creative solutions to avian interaction

explore problems, and that members of external
organizations like APLIC can also serve as
helpful resources through workshops, materi-

An APP also may include a mechanism for als, and contacts. An understanding of avian

reviewing existing practlces and ensurmg thejr behav1or can influence how and when avian
ecti d be provided. An APP that
il1 1 ! ogi$s with utility decision-
. ¢ ( ! eduf bird mortality and
git i ¥C syStem r¥liability.

electrocutions and problem nests.

AP utilty’ us, APP implementa-
wil he the ti td ra i long-term commit-

at company personne

IMPLEMENTRG

AN AVIAN

PROTECTION for reliable, cost-efficient, and env1ronmental— ment and a process of continual evaluation

PLAN ly compatible power delivery. A utility that and improvement.

@ creates and manages an APP will quickly An APP may be the first species-oriented
become familiar with avian-related science, environmental compliance initiative to which
engineering, law, and politics. It will also need utility employees are exposed. Depending on
to establish a program that satisfies the law, the company’s culture, the rate of adoption
utility employees, utility customers, investors, may vary. High-profile endorsements by
and other interests. corporate officers and managers can facilitate

The ease of implementing an APP will a program’s adoption. Some larger utilities
depend on the size of a utility’s transmission have effectively linked APP compliance with
and distribution system, the range of avian financial incentives, similar to more common
species in the service area, and the frequency budget, schedule, and safety goal incentives.
of bird/power line interactions. The extent of ~ Compliance with an APP will reduce utility
bird/ power line interactions may not be real- costs in the long term through improved

ized until several years into a fully implemented reliability and reduced regulatory risk.
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Management support is critical for a suc- Managing data for these purposes, as well as

cessful program. However, even with manage- for meeting any state and federal agency
ment support, successful implementation 1s reporting requirements is an important
unlikely unless all the affected organizations tunction of APP administration. Using
within the utility also support it. An effective Geographic Information System (GIS) tech-
way to build a broad consensus during APP nology to track and report bird mortalities,
preparation is to form a team within the remedial actions, outages, and avian risks
utility that includes representatives from enables a utility to identify problems and to
standards, engineering, environmental services, track the effectiveness of its APP.
vegetation management, construction and Use of existing processes and systems (e.g.,
maintenance Bpublic relations, customer outage reporting, environmental review, asset
servile, a e s g il
pagtedioy fhe irh blement-
ist fr m o n\APP gy dfven by an
understand how APP implementation wi environmental, engineering, or operations
best fit the operations of each department. department, cooperation will be necessary
Solutions to reducing #ian mortility can be across all departmental lines to reduce actual
developed that are respiinsive to fhe W0t potential avian-power line conflicts. As
requirements of each ffctional {inifIn ti¥s h any project, better planning yields better
manner, individuals fr difbaiimen ults. The ultimate goals of an APP are a
will feel invested in the mortality reduction measurable decrease in avian-power line
olutions theyhelped develop and will have fa itjgs, and an increase in electric service
ni 1 urg PP C1VeRR8S. ility.
yon defelo mmtnicatthg il I repitesent the continu-
orlorat pRicY; St f at bn rif| proditive conservation
oniponelit o 1s a consistent ad pa hip B&weerl the dlility industry, the
mandatory reporting process. An electronic conservation community, and the USFWS.
orm of documenting bird-power Wheg volgintary plans will provide utilities
{ i W, a ing electrocu-
nfaza s, their power
eSLROs Jlo with the
situations and to build a dataset to guide USFWS to conserve federally protected
future engineering/ construction needs. migratory birds.
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APPENDIX B

Early History of Agency Action @

the early 197

electrocution problems identified after a systematic campaign to kill eagles was uncovered in
. This A“)endlx provides additional detail for those interested in the process

s to the raptor

and people inyhlved in 'lsh é response.
n May 1977, the carcasses of 11 ba more than 300 eagles were found dead near

eagles (Haliacetus leucocephalus) and four

Iden eagles (Agm a cbrysaetos) were
ithina ce for ]
th le

birds. External examinations revealed no
gunshot wounds, and there were no powergy

which t irds Id

. d
beefl| laftd
ulffe (dfn ¥wid¥y u

predator control poison), and left as bait.
Surveys in Wyoming and Colorado un-

covered a major shooting campaign. During
August 1971, a Wyoming helicopter pilot
told the Senate Environmental Appropriations
Subcommittee that he had piloted several
eagle hunts in the preceding seven months
where roughly 560 eagles were killed. The
shooting was commissioned by the father-in-
law of the sheep rancher who had poisoned
the eagles in Jackson Canyon. Revised testi-
mony by the helicopter pilot set the estimate
of eagle kills at nearly 800, and implicated at
least 12 other Wyoming ranching companies.
During the surveys in Wyoming and Colorado,

power lines (Turner 1971; Laycock 1973).

When the Jackson Canyon, Wyoming,
quent investigation revealed

cti between raptor deaths

ver [nes,

dividuals, agencies, and
concerned groups collaborated to study the

oblem and begin corrective action. On 19
ar 72, a representatrves met in
ash iscuss the electrocution
Wildlife Service
Wtncie ded the Rural Electrifi-
cation Admmlstratron (REA; now the Rural
Utilities Service), U.S. Forest Service (USES),
Bureau of Land Management (BLM), the
US. Fish and Wildlife Service (USFWS),
National Park Service (NPS), and Bureau of
Indian Affairs (BIA). The USFWS coordi-
nated the search for lethal lines, while the
REA began developing line modifications to
minimize eagle electrocutions.
In January 1972, Robert K. Turner, Rocky
Mountain Regional Representative of the

National Audubon Society, wrote to Thomas
Riley of the Pacific Gas and Electric Company
drawing attention to the raptor electrocutions

in Colorado and Wyoming (R. Turner,
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National Audubon Society, pers. comm.

in APLIC 1996). The letter, forwarded to
Richards S. Thorsell of the Edison Electric
Institute (EEI>33 in New York City, became
the impetus for utility company participation,
tund-raising, and publications aimed at
decreasing power line hazards to eagles.
Thorsell coordinated representatives from a
group of western utilities®* to assess the prob-
lem. They determined that grounding practices

of 4 kV- to @ kV-distribution lines (alo|

niig on nsform
to ht8ing alresters,
sd s frouldgibe a su

stantial cause of raptor deaths. Engineering

cooperative public/ pri
solve the problem of r

solutions were then to be develo;:d ina
On 6 April 1972,

te effort to hel

tor elecllod o

I hoste etint| 1
Denver, Colorado, the selierafiwor

shops on eagle electrocutions and their rela-

ionship to pgwer outages and other related
ss e f o). 2150
eplsentftivad of er 1
hefREASta fedegal thildli 1

nd constrvation oromiizations.>

concrete actions resulted:

reduce raptor electrocutions.

2. A raptor mortality reporting system was
established, to be administered by the
USFWS.

3. Participants would document modifications
with drawings and suggestions that could
be used by private and public entities.

The REA, an agency of the US. Depart-
ment of Agriculture, lends money to coop-
eratives that supply electricity primarily to
customers in rural areas. As part of loan
conditions, the REA sets minimum standards
for power line design. Even before the Denver
meeting, it had been determined that older
three-phase and single-phase power lines pre-
sented the most serious electrocution problems
for eagles. REA Bulletin 61-10, Powerline Contacts
by Eagles and Other Large Birds, describes causes

5 Ctr@mutiqms §g certain
@ d ofspacing
S. RFA 2) e Kulletiin luded

suggestions on how member companies could
correct existing problem lines or design new
lines that would be safe for eagles.

The USFWS raptor electrocution report-

system was instituted in 1973.%¢ About

0 eagle carcasses and skeletons were found
between 1969 and 1972. Subsequently, the
n bi of reported eagle mortalities along
1 in 1973, 88 in

rplinesdsanpe 3
S. conclusions can

ot r1abiCs were

esf figullls, however, because
volVed that affect the
reliability of the data. For example, during

Be e gleriod, mid-winter golden eagle pop-
a d NW esponse to a
eertjacktab ine one to two
arqsarl den eagles elec-

trocuted in Idaho declined during those years
(Kochert 1980) when fewer golden eagles
fledged. Additionally, reporting system figures
are contradicted by findings of substantial
numbers of eagle mortalities along power lines

in some western states (Benson 1981; Pacifi-

Corp, unpubl. data; Idaho Power, unpubl. data).

33 Now located in Washington, D.C., EEI is an association of investor-owned electric utility companies in the United States
and provides a committee structure and coordination for the industry,

34 Including Idaho Power Company, Pacific Gas and Electric Company, Public Service Company of Colorado, Tucson Gas
& Electric, Pacific Power and Light Company and Utah Power & Light Company (both currently PacifiCorp).

35 Including Colorado Division of Wildlife, National Audubon Society, National Wildlife Federation, and USFWS.

36 The USFWS reporting system of the 1970s is no longer in effect, although an internet-based reporting system has been
recently developed by USFWS (see APP Guidelines, Appendix C).
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APPENDIX C

Avian Protection Plan Guidelines

saanfPower Line
Interaction Committee (APLIC) and the U.S. Fish and Wildlife Service (USFWS) in 2005. This
appendix contains exceE)ts from the Guidelines. To download the Guidelines in its entirety,

see www.apliorg or v'vvfﬁov.

The following appendix provides guidance for implementation of each of the Avian

Protection Plan (APP) principles listed below:
sessment Methodology
rtaity Reduction Measures
ian Bnhancement Options

reeractie

@ 4. Construction Design Standards @ ]0. Quality Control

S. Nest Management u 11. Public Awareness
ﬂvm‘gm I e eS

&


www.aplic.org
www.fws.gov

1. CORPORATE The following is an example of a utility Bird Management Policy.

POLICY

EXAMPLE 1: Bird Management Policy.

[Company] Bird Management Policy

Bird interactions with power lines may cause bird injuries and mortalities, which,
in turn, may result in outages, violations of bird protection laws, grass and forest
fires, or raise concerns by employees, resource agencies and the public.

[ |
T li e ensure alce
w nog utgbn syrem relifility. | Co
e resho r fanaging bird [iteraction
committed to reducing the detrimental effects of these interactions.
. . n
To fulfill this clrmtme , [Company |
* Implement afl comply¥wi its
¢ Ensure its ac y With aPpli
APP procedures.
* Doggment bird mortalities, problem polesgndBines, and problem nests.
T 3 ati - il MO its e es’
no fle )
o onp truthallgew e i idufhl atas e lisfits or
eyond residential/ commercial developments and in areas of known raptor

use, where appropriate, to [Company| avian-safe standards.

etrofit or modify power poles where a p!ot ed Bird has died. Modifications
1 A { [ atifins i p
> { 1 1 chonmithmo gics.

[Company| customer service and regulatory compliance will be enhanced and risk
to migratory birds will be reduced through the proactive and innovative

ive Avian Protection Plan (APP).

aws, regulations, permits, and

resolutions of bird power line interactions guided by this policy.

Signature Date
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Training is an integral component of an APP.
Workshops and short courses on avian/power
line interactions are provided by APLIC
(www.aplic.org) and the Edison Electric Insti-
tute (EEI, www.eei.org). A two-hour overview
of avian electrocutions and collisions intended
for training use is also available through the
APLIC website as part of the APP “tool box.”
The following are examples of PacifiCorp
and Southern California Edison employee
trairflhg materials, including:

Avian Protection Plan Guidelines | 185

* Flow diagrams of company procedures
for bird and nest management that can be
distributed to field personnel as part of
employee training.

* A brochure describing electrocution and
nest issues and company raptor protection
procedures.

* A brochure describing nest management

procedures and protection.

materials.*

DEAD PROTECTED BIRD

“waterfowl, crow)

Do not transport carcass™®

Contact local manager
g eagle(?

Fill out bird mortality
report(1)

Report dead

on-eagle or
dangered species

Fill out bird mortality
report(!)

Conduct remedial action

(1) Bird mortality report is entered in Company’s Bird Mortality Tracking System.
(2) Contact Environmental Dept. or USFWS if eagle or banded bird. Injured birds
should be reported to local Fish and Game office or Environmental Dept.

Individual utility permits may contain different conditions regarding transport or salvage of protected species.

©®
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EXAMPLE 3: Nest management flow diagram based on PacifiCorp training materials.*

NEST MANAGEMENT

Determine if nest has eggs or young

Active nests
Active or inactive nes (call before taking
action)(")

Fill out nest report

Contact lgcal manager Contact local manager

Env. Dept. Env. Dept.
will contact will contact
USFWS to FWS to

(1) If imminent danger exists, conduct necessary action first; then call USFWS immediately.
(2) Contact Environmental Dept. or USFWS/State agency to request necessary permit(s) for
active nest or eagle nest removal/relocation.

# .. I’ . . . .. . .
IHle[dqu thlllty PEI’ITIIIS may contain dlfferent COHdlthHS regarchng nest management Of protected SPECICS.
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Raptor Protection
Program Goals

Raptors, or birds of prev. are mea-cating birds char

include the hawks, cagles, and owls, Most specics of

rapions are protected under one or more laws and/or
s larions.

= Y | 1y 15 ﬂi'_ﬂ:l:ll.‘ljll.‘n:
] H

2, Ensure compliance with state and federal laws and
rubes and repulations protecting these species.
aather and '|.'lr1.'n.'id.-r informatien [rom l.||:r|.'u.lil|5r
isions within Edison to Envirenmental Affases
1 facilisy-caused elecrrocutions. This information
ill assist Environmental Affaies in responding o
regulatory agency inquirses and provide informed

PGP0 s o CONCErnS expressed by the public.

; sl n identifying problem
a5 lith ccrfin may be required.,
ccfirely v el infll cost-cffective rapeor

P ia O ensult Company compliance

with exsnng laws an ularions.
h g laws and regul

5. M1 ide ify and isolite where bird-caused
u i th minimized,
rorfikdingihi b BETVICE 1 OLE
15

&



EXAMPLE 4: “Raptor Protection Program” brochure, Southern California Edison. (cont.)

Raptor Protection

Electrocutions

Haprors often |J-:-r|'|'| O NESE O Tansmission or
discriburion towers or poles, Ciocasionally, the hirds
will make accidenzal conract berween phases or phase

harm o or -:-||.'n!n:u'|.|'.||1 z the hird.

and ground, cau
.| |I-:"i|' I:'||'|.'rl'|.||.'l.l
or suboransmi

conducrors agiclose o

e number of dectrocurions can be decressed |1_'.'

cither d;‘\i].ulll'lp. the line o minimice cono hgraeen
|.||'I.I:‘~h."\-. o |'l:. |l.'t|l.lﬂll.il'_|; l.':'.'l'-[il'l!.'., lines where i CEEATY
with a pu_:l::_-:_l_i-.-:_- device tha rrcvenis this conglcy

Studics have demonstraned that raprors prefer
poles for nesting and perching, By identifying
preferred poles, we can modify them, and chus gready

diminish the porenrigl for rapror elecprocutions in a
cost-cffective mamne

(s
iy

—

Mest Protection

In the absence of other suirable nest sites, raprors
often use transmission rowers and discriburion poles
for nestng. S and lederal Liws and '.n'.},'LIl.Ilil.lII:H-
proiect these nests from removal 4t certain times of
the L= withsiil neocssary I.II.'IrIIil'-. It is i'-|||.'Hl| LLThL
thiae nests wol be disturbed when Cpie Of Yyoung 1T B
are in them.,

Raptor Protection
Program Procedures

1. Al incidents of Facilinv-related rapror mormality
should be reported o your supervisor. You should
il our the rapror mortaliny report form

iy L1a

Environm

2. MErom Febrot - [ be
removed or disturbed, Under no circumsrances
shoubd known cagle nests be disturbed ar any vime
ol 1 i

3. i liseovvered dutiig this February—]une
i thay presents a hazardous situation bor the

continued safe aperation of the line, try (o tnom the
nest rather than remove it IF a nese mase be
dl Mhyvironmental Affairs. Environmental

O, fai SCESEArY Permits
g st
« i s riffarding these

procedures, please discuss them with your supervisor

removed,

Al TETTHY

or call Environmental Affairs, Dan Pearson at
pax 20Ma,

¢ Biaas ar PAX 29541.
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3. PERMIT

COMPLIANCE3?

A company should work with resource agen-
cies to determine if permits are required for
operational activities that may impact pro-
tected avian species. Particular attention
should be given to activities that may require
Special Purpose or related permits, including,
but not limited to, nest relocation, temporary
possession, depredation, salvage/ disposal,
and scientific collection.

While it is recommended that each utility
deve-)pmg an APP familiarize if

mbpermits/regulations/regulations.htm), it
is highly recommended that the utility make
ith the M

initial contact gratory Bird

Permit Examif er locate
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Region where the utility is planning to
implement its APP.

To acquire a permit application, contact
the Migratory Bird Permit Office in the
region where your business is headquartered
or in the region (if it is different) where you
propose to implement your APP. Information
about regional boundaries can be accessed
at http://permits.fws.gov/mbpermits/
birdbasics.html then click on Regional Bird
Permit Ofﬁces for locations and addresses.

b ired to manage
fofjtemporary posses-

ies fic information on
required permits should be obtained from
your state resource agency. Both state and
federal agencies should be consulted as you

develop your APP.

4. CONSTRUCTION

DESIGN

STANDAR

In habitats that have electrical facilities and

r the p tentml for avian 1nteract1ons the dest

ou via

ards or bo

techniques are highly recommended for inclu-

ion in an APP. Companies can either rely.

of the Art in 1994 (or current edition), or
may develop their own internal construction

standards that meet or exceed these guide-
lines. These standards should be used in areas
where new construction should be avian-safe,
as well as where existing infrastructure needs
to be retrofitted. An APP may require that all
new or rebuilt lines in identified avian use or
potential problem areas be built to current
avian-safe standards. Implementing avian-safe
construction standards in such areas will

reduce future legal and public relations
problems and will enhance service reliability.

RUTCTION
, trafsmission and substation
ction startdards must meet National
Electric Safety Code (NESC) requirements
d should prov1de general information on
uction, designed to
, should provide con-

ductor separatlon of 150 em (60 in) (or a
distance appropriate to the species expected

ton designs for avian use

in the area of the line) between energized
conductors and grounded hardware, or utili-
ties should cover energized parts and hard-
ware if such spacing is not possible.38

MODIFICATION OF
EXISTING FACILITIES
Modification of existing facilities is necessary

when dead and/or injured birds are found,

37 See Chapter 3 for additional information on regulations and permits.

38 See Chapter S for additional information on construction design standards.
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high-risk lines are identified, or legal com-
pliance is an issue. A “problem pole” is one
where there has been a documented avian
collision, electrocution, or problem nest; or
where there is a high risk of an avian mortality.
The need for remedial action may result when
“problem poles” are identified through bird
mortality records, field surveys, or when the
company is notified by agency representatives
or concerned customers. System reliability

e factors create hazards for birds near
power lines are complex and often site-specific.
When a problem is idg8tified, a B meeting

with engineering and offerations

MANAGEMENT gfrom the presgnce of power line structures by
st estimm’ A roc
o1 of sPhha t1NsSMIssiQn S
s il requint, fest@themgel s ca g
lems. Ne

Raptors, and some other avian species, benefit

operational pr st remova

does not solve the problem because most

companies may experience public relations
and reliability benefits by providing safe nest-
ing locations. All active nests (those with eggs
or young present) of designated migratory
birds are protected by the Migratory Bird
Treaty Act. A permit issued by USFWS

may be required before managing an active

along with company biologists or consultants
brings the relevant expertise together for the
most effective analysis. The timeframe for
action will be based on agency requests,
reliability concerns, public relations, budget,
logistical and manpower constraints, and the
biology of the affected species. Remediation
of a few problem poles or spans often reduces
problems over a wide area. Therefore, the most
efficient solution for correcting a problem

concerns duellio bird interactions may als line is a site-specific plan that considers the
restfk 1n 1 ts el tions st locs adigionsafi.e., y,
p use
TE- Cl p { 1 types,
that

historical bird use areas). The plan should
include recommendations for the most
appropriate remedial action, and a timetable
job completion.

nest. If a problem with a nest is anticipated,
pgimiggrequirements may be avoided by moving
Ingghlas ne gle 1t 1s 1nactive
(@clufin : gered/threatened
siitciel. di n and nest activity
varics Dy location and species, but for most
North American raptors it falls between
Rb aryf] and August 31. However, a nest is
bout whether

i
esght. 1N th ul
pr 2 ve Qg ltive, company

environmental staff, USFWS, or state wildlife

agencies should be consulted. A memorandum

gs Or young are

from USFWS on nest management and nest
destruction is provided on the following page.
This document can also be accessed online at
http:/ /permits.fws.gov/mbpermits/
PoliciesHandbooks/MBPM-2.nest. PDF.

O . . .
39 See Chapter 6 for additional information on nest management.
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United States Department of the Interior
FISH AND WILDLIFE SERVICE
Washington, D C 20240
MBPM-2
Date: APR 15, 2003

MIGRATORY BIRD PERMIT MEMORANDUM

SUBJECT: Nest Destruction
|

OSE: The purpose of the memorandum is to clarify th@¥pplicatiil of the Migratory Bird Treaty Act (MBTA) to migratory
iofy ant{to i or\Alvising the ic re A
: A dies prohiStion that 3 irdgest aloge (Vithout birds
ided that nd' po on Gtcuts duringthe destru€tion. To minimir iotati ice ¢ ees stould make

every effort to inform the public of how to minimize the risk of taking migratory bird species whose nesting behaviors make it

difficult to determine occupancy statflor continuifjg nest dependency.

The MBTA specifically protects mig
prohibitions of the MBTA - capture,
CFR 10.12, means to pursue, hunt, shoot,

sts. The regulatory definition of take, as defined by 50
lmnt) S}Joot, wound, kill, trap, capture, or collect. Only collect

applies to nests.

S €ggs

i (ations
oally p

cles d an@

t $
stire

Whilgat is illegal to collegt, possess, and by any means transfer possession of any Wratory bird nest, the MBTA does not contain
phmi
iefne:

However, the public should be made aware that, while destruction of a nest by itself is not prohibited under the MBTA, nest
destrucig ults in the unpermitted take of migratory birds or theit.ggs, illegll and fully prosecutable under the MBTA.

nesting species such as burrowing owls and bank swallows, which nest in cavities in the ground, making it difficult to detect whether
or not their nests are occupied by eggs or nestlings or are otherwise still essential to the survival of the juvenile birds. The Service
should make every effort to raise public awareness regarding the possible presence of birds and the risk of violating the MBTA, the
Endangered Species Act (ESA), and the Bald and Golden Eagle Protection Act (BGEPA), and should inform the public of factors
that will help minimize the likelihood that take would occur should nests be destroyed (i.c., when active nesting season normally

occurs).

The Service should also take care to discern that persons who request MBTA permits for nest destruction are not targeting nests of
endangered or threatened species or bald or golden eagles, so that the public can be made aware of the prohibitions of the ESA and
the BGEPA against nest destruction.

In situations where it is necessary (i.., for public safety) to remove (destroy) a nest that is occupied by eggs or nestlings or is

otherwise still essential to the survival of a juvenile bird, and a permit is available pursuant to 50 CFR parts 13 and 21, the Service

e Wyt

Dirécior

may issue a permit to take individual birds.

&



6. AVIAN
REPORTING
SYSTEM

An important part of an APP is a utility’s
system for documenting bird mortalities and
nest management activities. This system
should be designed to meet the needs of the
utility and be compatible with other data
management and analysis programs. The
system could be based on paper forms like
the following examples or may be an internal
web-based program. The information collect-
ed should be used to help a utility conduct

risk assessmels to identify avian proble w

and o risk st
res\ofbrof ct @ d 1
se cal b @ i

actions. Avian information collected by a util-

ity should be maintained mtemally Data may
of an nual federal

be required as a conditi
permit for direct take

The USFWS does no

under authority of the MBTA.
I In 2002, USFWS created an online bird

(J. Birchell, pers. comm.). Initiated in Alaska,
the system was developed to provide a central
data repository and to encourage utilities

to voluntarily report bird electrocutions.
Information is collected on how, where,
when, and why a bird electrocution or
collision occurred and is used to help
prevent future incidents. Utilities that use
this reporting system hold an account to
which only they can report and access

their data. The onhne system also offers a

5 n {
systems current users are aska ut1ht1es

Since the inception of the USFWS report-

Il’lg system, cooperat1on and communication

birds o ween electric utilities in Alaska and
FWS have increased. By working together
address electrocution problems, USFWS

is able to better protect wildlife resources
while Fﬂmes are able to mitigate avian

n er*ac Ton
Committee
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3

»

Dead Bird /Nest Form

Operations Area:

Dead Bird (circle one) or Nest (circle one)
Crow/ magpie/ raven Active
Hawk/falcon/ osprey Inactive

Small bird (protected)

Hgele

fan Power

Bird Count

Date Fou Time Found

Sign of Dfth (cir

Collision ectrocution nown Other
anty T
d e
Line Name /Circuit No.
. . [ |
Pole Identification No.
i ircl e
j fa
Cover transformer equipment Install nest platform
Install insulator cover(s) Relocate nest
Install triangle(s) Trim nest
Reframe structure Install nest discouragers
Replace structure Remove nest
Remove pole Evaluate to determine appropriate action
De-energize No action

Install bird flight diverters/fireflies
Continue to monitor line (Justification required)

No action (Justification required)

Comments

&



EXAMPLE 7: Dead Bird Reporting Form.

Animal /Bird Mortality Report

Date

Name

Work location Phone

Describe /M species of the animal or bird

rtally injured (electrocution/ collision)

If any bands or tags please return to Environmental Department or write number and agency here

|
Describe how the anin®il or bird mi ‘

‘w- d contacted transformer bushings, etc.)

[ |

Specific problem location (e.g. pole #/address/ cross streets, etc.)

Description of terrain and vegetation in area (e.g. near agricultural area, urban area, residential, etc.)

Recommended corrective action

Please attach picture of the bird or animal if possible.

©®
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Raptor /Bird Nesting Record

Date

Name

Work location Phone

S.ecies of raptor/ bird (if know:

%cacﬂle no.)

Condition of nest

[ |
Are eggs or fhung birdmescribe.

ban area, residential, etc.)

History of electrocutions/ mortality on this circuit

Recommendations

Please attach picture of the bird and /or nest, if possible.

&



7. RISK
ASSESSMENT
METHODOLOGY

Thousands of utility poles are located in for the purpose. Electrocution risk assessment

areas of suitable habitat for migratory birds. data may include habitat, topography, prey
Because remedial actions on all poles in such populations, avian nesting territories or

areas are not economically or biologically concentration areas, avian use of poles, pole
necessary, a method is needed to identify configuration, avian electrocutions, and bird-
configurations or locations of greatest risk. caused or unknown-cause outages. Although
While utilities vary based on geographic individual data layers alone may be inade-
scale, available data, and funding resources, quate for risk assessment, when all risk assess-
risk assessment studies and models can be ment data are overlaid, high-risk locations,
used by any utility to more effectively protect configurations, or other factors may become

migratory biflls.
isk a

apparent. Following a risk assessment, reme-

hr

ing dat

llecBd speci

8. MORTALITY
REDUCTION
MEASURES

st cost-effective Mortality reduction plans may use
mortality by focus- strategies that include preventative, reactive,

t g7 A proactive measures that focus on issues,
il risks, and reliability commitments facing a
lity. The following are examples of how

A utility can have its
impact on reducing avi

ing efforts on the areagihat posé&th
risk to migratory birdsfA risk afles
a

often begin with an ev.

data that address areas of high avian use, this multi-faceted approach may be used.
vian mortalig, nesting problems, established H
y j W, s, Qi jon epentazmnCo all new or rebuilt
er b ty, et} actors a et 2hal (use &teas to Company
nctase dian Int&cti th 1 vial-s! ydatls. Efbure that APP is in
ties. I'he assessment may also include outage compliance with applicable laws, regula-
and circuit reliability information. Mortality tions and permits.
plans should use biological and B R@ctig: Document bird mortalities and
g T 1 e d sment of
m cim I piiblefs measures
ta ofbelbfits Ib ut ty flustofhers w. rONsiail : source
should be identified. A successful APP and agencies in accordance with the
mortality reduction plan require management company’s permits and policy.
support as well as the following: * Proactive: Provide resources and training
to improve employee’s knowledge and
* Assessment of facilities to identify risks awareness. Partner with organizations
* Allocation of resources that conduct research on effects of bird
* Standards for new or retrofit interactions with power lines. Evaluate
avian-safe construction electrocution and collision risks of existing
* Budget for operation and maintenance lines in high avian use areas and modify
(O&M) and capital investment structures where appropriate.
* System for tracking remedial actions and
associated costs The USFWS and state agencies should be
* Timely implementation of remedial measures consulted on electrocutions and the remedial
* Positive working relationship with agencies. actions undertaken. Ultilities should annually
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review their APPs in the context of risk
assessment and electrocution and collision
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incidents and modify as appropriate, ideally
with agency input.

While an APP will include measures to

and cormorants (see Chapter 6). In addition,

5 2|\\|II|.|AA\INCEMENT reduce avian mortality associated with nest boxes can be erected for cavity-nesting
OPTIONS electrical operations, it can also include species such as kestrels, owls, bluebirds, swal-
opportunities to enhance avian populations lows, chickadees, wrens, and others. Such boxes
by installing nest platforms, improving habi- may also benefit bats and flying squirrels.
tats, and collaborating with agencies or con- Nest box construction, maintenance, and
servMion organizations. USFW§ monitoring can be done in conjunction with
’ ntcllks, s S and Girl
cOnt a affon organizations.
heQetfidts a enflopportunities to
platforms can be erected on poles for birds educate the public about the company’s APP
such as osprey,_eagles, hﬁivks, owls, herons, and its partnerships.
10. QUALITY A quality con ¢ compliance with company procedures
CONTROL be incorporat to ensure that personnel are consistently
effectiveness of a company’s avian protection following company methods for avian-
procgdures. Some examples of quality contgpl W safe construction, mortality reporting,
a0 C assgmpLo: ma t, etc.
at agdiicy opinions on system
thileffhtivempss BHf re hclihn itdand fvian protection.
techniques in reducing avian mortality
* avian protection devices to identify The quality control component of an
products preferred for avian protection R P is a continuous process. Information
as 1 i in, ments of existing
° orfthg ttEu d to improve the
tiNgdd Covi ries [ av C angsaafeliness of avian
propetly documented protection efforts, which, in turn, can
* response to avian mortalities to ensure help to reduce costs associated with
that appropriate actions are taken in a such efforts.
timely manner
11. PUBLIC A public awareness program can be an inte- enabling all parties to work openly and
AWARENESS  gral part of an APP. It can be used to collaboratively towards recommendations

enhance public awareness and support for a
company’s APP. It allows stakeholders such as
government agencies, tribes, non-profit orga-
nizations, wildlife rehabilitators, and other
interested parties an opportunity to provide
input to the decision-making process,

that can be effectively implemented. This
collaboration often leads to improved rela-
tionships within the community and to more
efficient and positive projects. The relation-
ships developed through this process may

also encourage the public to report bird

©®



mortalities and encourage them to seek
assistance for birds that have been injured
in power line-related accidents.

Effectively communicating an APP can
be done through a variety of public outreach
tools, including fact sheets, newsletters,
brochures, videos, websites, and speaker
bureau presentations. These tools can also be
used to record the successes of an APP, there-
by documenting the utility and electric indus-
try’s efforts tMreduce avian mortalities.

stewards of the environment, working
cooperatively with wildlife agencies towards
reducing avian mortalities while continuing
to provide safe, reliable, affordable electricity
to their customers.

Many utilities have examples of their
environmental stewardship and of the inno-
vative ways they have reduced environmental
impacts through their business decisions.

A company’s efforts to minimize avian
mortalities should be shared with the

Um

12. KEY
RESOURCES

Key resources may include utility personnel

or external contacts. Infernal personnel ma

y
include representatives from envifonffent
engineering, operationghnd maifferiince,
standards, procuremen ankbemailt,

and other departments. External resources

ay include hgologists and law enforcement
ge er : w
s alan sheciist s or una# isit s,
ndwildFfe tthalilitatqes. Fxter y

industry resources include APLIC, Edison
Electric Institute (EEI), Electric Power
earch Institute (EPRI), Institute of
ctrical and Electronics Engineers (IEEE),
ational Rural Electric Cooperative Associa-

tion (NRECA), and Rural Utilities Service

(RUSjg Contact information and websites

m ol re are available in the
c@mplite i@®¥linef see www.aplic.org
o

Committee
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Glossary o

a bird that has acquired its final plumage.
air-gap

[ |
the emptyfpace or Bwilldowa
conductor on a stall tfnsm/ s str
ture. The empty space provides insulation
for the conductors. A fault can occur
n something bridges all or a suffi-

e
en r o bavectc
ce ne nducto

amp ere

unit measure Of current.

mize aviall electro

providing sufficient separation between
phases and between phases and grounds
to accommodate the wrist-to-wrist or

head-to-foot distance of a bird. If such
separation cannot be provided, exposed

parts are covered to reduce electrocution
risk, or perch management is employed.
This term has replaced the term “raptor-
safe” used in the 1996 edition of Suggest-

ed Practices.
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the measure of a line’s ability to with-
stand rapidly rising surge voltages such as
those resulting from lightning strikes. It
is provided by porcelain, wood, fiberglass,
air, or combinations of these. Using the
same insulators, a line built on wood
poles will have a higher BIL than one

built on concrete or steel poles unless the

a are grounded on the wood
5. BIL ighlso affected by pole fram-
" Fall exailiple, if the phase conductors

and neutral conductors are both framed
on wood crossarms, the BIL is reduced.

1ns

ed in the top of a
ormer to isolate the electrical
leads of the transformer winding from
the tank. Bushings are usually made of

porcelain, and are also used on circuit
breakers and capacitor banks.

bushing cover
a covering installed over a bushing to
prevent incidental contact by birds or
other animals.
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capacitance

the capacity of the condenser to hold an
electrical charge; the property of an elec-

trical nonconductor for storing energy.

capacitor

a device consisting of conductors isolat-
ed in a dielectric medium; each capacitor
is attached to one side of a circuit only.

It is used to increase the capacitance of a

corona ring
a device used on transmission suspension
insulators to reduce the electrical field
stress at the end fittings.

corvid
birds belonging to the family Corvidae;

includes crows, ravens, magpies, and jays.

crossarm

circuit. (Mpacitors are constructed i a horizontal supporting member used to
et s e Ns. M0 clegmicalco rs equip-
f ufho trfbuting
ac ba ica Cat\be prd¢of wood,
ether

a series of capacitors connected tog
and inserted into an electrical circuit to

change the efficie of the !ner y use.
circuit (single) l i l
a conductor or sys dulitors

through which an electric current is

I intended o flow. The circuit is energized

e v e,
irgit (rfulegble a
configurdtion supports 11ore than

one circuit.

onductivi
the cap Grrfhsmil elegiicd encfby.

conductor
the material (usually copper or alu-
minum —usually in the form of a wire,
cable or bus bar—suitable for carrying
an electric current.

configuration
the arrangement of parts or equipment.
A distribution configuration would
include the necessary arrangement of
crossarms, braces, insulators, etc. to sup-
port one or more electrical circuits.

berglass, concrete, or steel, and manu-
factured in various lengths.

rent

a movement or flow of electricity passing
through a conductor. Current is mea-
sured in amperes.

n
m

albr ahited Pood or steel

cthiss ciid tofyood or steel poles
usedto support clectrical conductors

or overhead ground wires.

[ |
y aect evice discon-
tahir o electricity.

dielectric strength
the ability of an insulating material to
withstand the electrical voltage stress of
the energized conductor.

distribution line
a circuit of low-voltage wires, energized
at voltages from 2.4 kV to 60 kV, and
used to distribute electricity to residential,
industrial and commercial customers.



electrode

a conductor used to establish electrical
contact with a nonmetallic part of a cir-
cuit. In the case of testing the conductiv-
ity of an eagle feather, electrodes were
attached to both ends of the feather, and
electrical current was passed through the
feather.

energized

By electrical conducting de ect-
t ou lectrict a cgmdugro o
t
\via OWE

a power disturbance that interrupts the
quality of electrical supply. A fault can

have a varfity of caEses including fires,

ice storm@l{lightnin® a e
tions, or gauipmen{ifaiSires.

fledgling

bird that has recently left the nest an m
Sti d e s S
n r a C I
sed cuto

electrical switches fitted with a fuse, so

and short-circuiting caused by wires,
wind, animals, or conductive equipment

of all kinds.

generation plant
a facility that generates electricity.
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ground
an object that makes an electrical
connection with the earth.

ground rod
normally a copper-clad steel rod or galva-
nized steel rod, driven into the ground so
that ground wires can be physically con-
nected to the ground potential.

grounding conductor

all of the bolts
rdware to the
nductors may be
copper-clad, solid copper or stranded galva-
nized wires and are attached to poles with
staples. Sometimes also called downwire.

guy
secures the upright position of a pole
and offsets physical loads imposed by
conductors, wind, ice, etc. Guys are

ched to anchors that are
el'pladid in the ground to with-
ads within various limits.

—va)

hacking

that the switch will open when the cull the process of transitioning birds reared
ati e i it ependence in the wild.
s de usf to froftct effctrighl used to bolster popu-

eft andcirciits fromBightfin 1 f red species such as

peregrine falcons, California condors,

and bald eagles.

insulator
nonconductive material in a form
designed to support a conductor physi-
cally and to separate it electrically from
another conductor or object. Insulators are
normally made of porcelain or polymer.

&



isokeraunic level

refers to the average number of thunder-

storm (lightning) days per year that are

present in a region. Electric lines in areas
of high levels may have overhead ground-

ing conductors (static wires) installed so

that lightning strikes to the line can be
diverted directly to earth away from the
phase conductors.

jumper wire l

tinuous when it becomes necessary to

change direction off{the line Te.g., angle
poles, dead-end pdibs). n
juvenile

(plumage)—first plumage of a bird.
I (bird)—a young bird in its first year

or substation structures.

lightning arrester
an electrical protection device used to
divert the energy of lightning strikes to
the earth.

lightning days
lightning or thunderstorm days. One or
several lightning storms in the same day

would be classed as a lightning day.

co ive g or opper,
cdnneft vazd ypes of Blectrical
e meft. wilts ar¢hlso usel to
make electric

conductors on lines con-

nest substrate
the base upon which a nest is built, e.g.
cliffs, trees, ground, power poles, boxes,
platforms, etc.

nestling
a young bird that has not yet reached suf-
ficient size and maturity to leave the nest.

neutral conductor
a conductor or wire that is at ground

Wn r

event that occurs when the energy source
is cut off from the load.

Q

se
an energized electrical conductor.

phase-to-ground

tl'- contact of an energized phase con-
tor S@marou ential. A bird can
cadls -tffgrothd fault when
fléih f s boly touch an ener-
iZed pItaSe and groufld simultaneously.
Phagg-toghase
a 0 wed phase con-
cts. hase-to-phase
Itihe s t their wings

or other body parts contact two ener-

gized phase conductors at the same time.

pole
a vertical structure used to support elec-
trical conductors and equipment for the
purpose of distributing electrical energy.
It can be made of wood, fiberglass,
concrete, or steel, and manufactured
in various heights.

power line

a combination of conductors used to
transmit or distribute electrical energy,

©®

normally supported by poles.



primary feathers
also called primaries. The ten outermost
flight feathers of the wing that meet at
the wrist to form the “hand” of the wing.

problem pole
a pole used by birds (usually for perching,
nesting, or roosting) that has electrocut-
ed birds or has a high electrocution risk.

raptilic
(T a q t
or (diur T
s (@¥ls). Rafors have

sharp hooked bill and sharp talons used

for killino and eatir% prey.
raptor-safe
see avian-fe

retrofitting

the modification of an existing electric
I T et lage str e 1t ZEian-
the su t bracket n'msu tha

is attached to the top of a pole with two

rights-of-way (ROW)
the strip of land that has been acquired
by an agreement between two or more
parties for the purpose of constructing
and maintaining a utility easement.

sectionalize
refers to the practice of isolating an ener-
gy source from a load. It is sometimes
necessary to isolate electric systems
(using switches) for operations and
maintenance.
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separation
the physical distance between conductors
and/or grounds from one another.

site-tenacity
strongly attached or drawn to a chosen
location.

still-hunting
the practice of hunting from a perch, as

opposed to hunting in flight.

T laegF that supports

electrical equipment for the transmission

or distribution of electricity.

subadult
age(s) of a bird between juvenile and adult.

substation
a transitional point (where voltage is

gacrea ecreased) in the transmis-
’ disflibution system.
sW

an electrical device used to sectionalize
electrical energy sources.

or more bolts and supports energized!r
de R i e
[it} dedon. s
T on steel lattice

towers that supports the crossarm
from the topside.

transformer
a device used to increase or decrease
voltage.

transmission line

power lines designed and constructed to

support voltages >60 kV,

&



trust resource volt

wildlife, such as migratory birds, that are the measure of electrical potential.

held in the public trust and managed and

protected by federal and state agencies. voltage

These trust agencies are designated by electromotive force expressed in volts.

statute and regulations as responsible for

upholding the protection, conservation, wrist

and management of these resources. joint toward the middle of the leading

edge of the wing. The skin covering the

underbuild wrist is the outermost fleshy part on a

bird’s wing.
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Migratory Bird Treaty Act

APP Avi Protect'E)n Plan MLEA  Moon Lake Electric Association

BGEPA  Balgthnd Golgen MOU  Memorandum of Understanding
Progction A h e NESC  National Electric Safety Code

BIA Bur njgpftai NGO  Non-governmental organization

BLM Bureau of Land Management NMES

National Marine Fisheries Service

BSP Bulgari’c}n SOCiet}’ for the B NPS National Park Service
CU R tiond] Rural Electric
Of Fed tricida opefitive Association
R of ede la tiortdl Wind Coordinating

EEI Edison Electric Institute Committee

PRI  Electric Power Research Institut® A Rural Electrification Association
ES 5-of-Way

st raaUtiligies Service
FER Federal Energy Regulatory nited States Code
Commission USEFS  United States Forest Service

GIS Geographical Information System USFWS United States Fish and Wildlife
HCP Habitat Conservation Plan Service
1IBA Important Bird Area USGS  United States Geological Survey

IEEE Institute of Electrical and

Electronics Engineers
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