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PURPOSE AND USE OF

THE PUBLICATION

In the carly 19705, an mvestrgatton of
reported shootings and poisonings ol cagles
tn Wyoming and other western states led

ta evidenee that eagles were also being
electrocuted on power lines. Since then, the
utility industry, wildlile resource agencics,
conscryatton groups, and manufacrurers of
avian protection products have worked
together to understand the causes af rapror
clectrocution and o develop and implement
solutions to the problem. Those effores have
improved our understanding of the bivlogieal
facrors that attract raptors and other birds 1w
power Imes, and the circumstances that [ead
to avian clectrocutions.

This pub[ic:uinn, Suggested Praciiees for Avian
Protection on Power Lines: The State of the At in
2006, summanizes the history and success off
over three decades of work. Ii springs {rom
three previous editions of Suggested Practrees
Jor Rapror Protection an Power Lines, and has
been expanded and updated ro assist those
concerned with complying with lederal laiws,
protecting and enhancing avian populattons,
and maintaining the reliability of dectrie
power networks.

THE ISSUE

Discoveries ol large numbers of electrocuted
raprors in the cary 1970s prompred vtilities
and government agencies Lo intiate clfores 1o
identify the causes of and develop solutions
to this prolblem. Literature {rom the 1980
and 1990s continued o document electiocu-
tions of raptors throughout the world. Nosy,
reports ol electroeutions of birds other than
FAPLOLs are Appearing in the literarare and

the impacts ol avian interactions on power

rclialulity are becoming more evident.

REGULATIONS AND COMPLIANCE
Three lederal laws in the United States
protect almost all native avian specres and
prohibit “taking.” or killing, them. The

Abstract | ix
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Migratory Bird Treat Act protects over 300
species ol native, North American migratory
birds. The Bald and Golden Eagle Protection
Act provides adduwional protection to buth
bald and golden cagles. The Endangered
Species Act applies wo speawes that are federally
listed as threatened or endangeted. Ulilites
should work with the US. Fish and Widdhile
Service and their state resouree agency{ies) to
identity permits and procedures that may he
requited for nest management, carcass salvage,

or other bird management purposes.,

BIOLOGICAL ASPECTS OF

AVIAN ELECTROCUTION

Bird electrocutions on power lines result [ram
three interacting elements: ology, environ-
ment, and engincering. The biological and
covironmental components that infhuence
clectrocution risk include body siee, habiear,
prey, behavior, age, scason, and weather.

OI the 31 species of diurnal raptors and
19 species ol owls that regularly breed
North America, 29 have been reported as
clectrocution victims. Blectrocutions have
also been reported in over 30 non-raptor
Morth Amen
vavens, magpics, jays, storks, herons, pelicans,

an spccics, including CTOWS,

gulls, woodpeckers, sparrows, kungbirds,
g ¥
thrushes, starlings, pigeons, and others.

SUGGESTED PRACTICES: POWER LINE
DESIGN AND AVIAN SAFETY

Avian clectrocutions [)’pii:;l.”_y OCCUT 0N POwer
lines with voltages less than 60 kiovolts
{kV. Electrocution ean oceur when a bird
5il‘1‘lLlIl’;!Ilt’0uSly contacts L'll:clricﬂl ('L]lli'PInt’n[
cither phase-to-phase or phase-to-ground.
The separation between energized and Jor
grounded parts influences the clectrocution
risk of a structure. Electrocution can ocenr
where horizontal separation is less than the
wrist-to-wrist | lesh-to-fesh distance of a
bird’s wingspan or where vertical separation 1s
less than a bird's length from head-ro-foot
{flesh-to-flesh. In this document, 150 ¢m




{60 in) of horizontal separation and 100 cm
(40 in) of vertical separation are recom-
mended for eagles. Utilities may choose o
adopt these recommendations or modify their
design standards based on the species and
conditions at issue.

Single-phase, two-phase, or three-phase
configutations constructed of wood, con-
crete, metal, fiberglass, or other materials can
pose avian electrocution risks if avian-safe
separation is facking. In particular, structures
with transformers or other exposed, energized
equipment account for a disproportionate
number of avian electrocutions.

Both avian-safe new construction and retro-
fitted existing structures should be used to
reduce avian electrocution risk. The principles
of isolation and insulation should be considered
when designing or retrofitting struceures.
Isolation refers to providing adequate
separation to accommodate avian use of
structures and should be employed where
new construction warrants avian-safe design.
Insulation vefers to covering exposed energized
or grounded parts to prevent avian contacts.
Although equipment that is covered with
specifically-designed avian protection materials
can prevent bird mortality, it should not be
considered insulation for human protection.

PERCHING, ROOSTING, AND

NESTING OF BIRDS ON POWER

LINE STRUCTURES

In habitars 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.

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.

DEVELOPING AN AVIAN

PROTECTION PLAN

In 2005, the Avian Power Line Interaction
Committee and the US. Fish and Wildlife
Service announced their jointly developed
Avian Protection Plan Guidelines (Guide-
lines) that are intended to help utilitics craft
their own avian protection plans (APPs) for
managing avian / power line issues. An APP
should provide the framework necessary for
implementing a program to reduce bird
mortalities, document utility actions, and
improve service reliability. It may include the
following clements: corporate policy, training,
permit compliance, construction design
standards, nest management, avian reporting
system, risk assessnent methodology, mortal-
ity reduction measutes, avian enhancement
options, quality control, public awareness,
and key resources. The Guidelines present a
comprchensive 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.



vian interactions with power lines—
mcluding clectrocutions, collisions,
hél\‘L’ l"L'L"l'l

ill‘lLI neslt CONSELLCLIL
documented sice the early T900s when elee-

tric utilities began constructing power lines in

rural areas. However, it was not unal the carly

19705 that brologists, engimeers, resource
agencics, and conservationists began to iden-
Lif_}' thic extent of the pl'oblcm and address 1t
Those varly tesearchers and authors are o be
commended for tackling a contentious ssue
and [\Llilding a foundation of L‘]'L‘dibi]il}‘ and
coupcmliml that continues ludny.

The US. Fish and Wildlide Service
{USIWS) and the Avian Power Line
Interaction Commnittee i:APLI(':"‘j: have a long
history of working together on avian . power
line tssues. These efforts began in 1983 with
an ad-hoe group thar addressed whooping

crane collisions with power Iines i the Rocky

Maountains. 1They continued with the release
of Avian Protection Plan
Gudelines {Guidelmes?
April 2005, and have now
produced ehis 2006 cdition
ol Suggested Practices.

In 1973, the furst edition
ol Suggested Practices for
Raptor Proteetion on Power
Lines had 2% pages of rext
and 15 exhila drnwing:s.

Ir summarized, 7. stadies
conducted in the western
United States document
clectrocution losses of
cgrclﬁ, ]'IL"I'OI’].‘;, CTOWS,
ravens, wild turkeys and
raptots, with 90% of dhe
clectrocution victims being
golden vagles.” The docu-
ment concluded, “this loss

ol cagles 1s stenificant, buc
g Y
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pesticide contaminauon, loss of habira and
i]]cg:ll shooting renwun the most threatenmg
problems to raptors m general” The theme of
reducing raptor clectrocutions ou power lines
with an ciphasis on “eagle-sale” designs was
{ollowed lhrough the 1975, 1931 and [996
cditions.

Electeie utilities have recognized thac the
interactions of migeatory birds with elecrrical
[actlities may ereare operational risks, health
and safery concerns, and avian injuries or
mortalities. The USEFWS understands chese
issues and s also responsible for conserving
and provecting North American trust
resources! under laws and regulations tha
mnclude the ]\’ligrﬂtm‘}' Bird Treary Act, Bald
and Golden Lagle Protection Act, and
Endangered Specics Act In the 2006 edition
ol Supgested Practices, APLIC and the USEFWS
have expanded the focus of nvinn/puwtr line

issues [rom raprors to include other protecred

Signing of Avian Protection Plan Guidelines, April 2005. |-
Pictured left to right: top - Jim Burruss {PacifiCorp), 2
John Holt {(National Rural Electric Cooperative L
Association), Quin Shea (Edison Electric Institute); g
bottom — Jim Lindsay (Florida Power and Light), z
Paul Schmidt {U.S. Fish and Wildlife Service). 5
- £

! Trust resources are wildlite, such as migratory birds, dhar are held in che public rust and managed and protected by federal and

sEite agencies.




migratory birds such as waterbirds, songhirds,
and ravens and crows (corvids).

With this edition of Suggested Practices
and the voluntary Guidelines, utilities have
a “tool box" of the latest technology and
science for tailaring an Avian Protection Plan
(APP) that meets specific utility needs while
conserving migratory birds. The 2006 edition
of Suggested Practices represents a significant
update from the 1996 edicion.

APLIC and the USFWS hope you will use
this edition of Suggested Practices along with
the Guidelines to help utilities improve system

reliability, implement APPs, and conserve
migratory birds.

Paul Schmide
USFWS, Assistant Director
Migratory Bird Programs

Jim Burruss

APLIC, Immediate Past Chairman

Jim Lindsay
APLIC, Chairtnan
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many individuals:

Jobn Acklen (PNM) prepared the section on
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(RUS) contributed to Chapter 5. Mike Best
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Bouchard (AEP) provided editorial and
technical review for the entire document.
Jobu Bridges (WAPA) contributed ro
Chapter 7. Carl Britiain (APS} contribured
to Chapter 5. Jim Burruss (PacifiCorp)
provided technical review for the docu-
ment and served on the steering group.
Larry Claxton (Excel Energy) provided the
original 1996 CAD drawings. Chris
Danianakes (PG&E) contributed to
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Commission) provided administrative
support and oversighr. Kevin Garlick and
Marty Hernandez (USFWS) prepared
Chapter 3. Rick Harness (EDM) compiled
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issues and prepared sections on steel /con-
creee poles. Karen Hill (Pandion Systems,
Inc.) assisted with ediring and literature
searches for Chapter 6. W Alan Holloma
(Georgia Power Co.) provided photos of
kestrel nesting tubes. Jim Kaiser (USGS)
contributed to Chapter 6 and provided
photographs. Reb Kiuison (PG&E}) provided
information on devcloping an APP for
Chaptet 7. Bob Lebman (USGS) provided
technical peer review of the document.
Jerry Liguori assisted with the literature
revicw, contributed o Chapter 6, provided
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technical review of the document, and
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THIS PUBLICATION IS DEDICATED TO THE MEMORY OF

Motley Nelson

(1917 — 2005)

“A man born with the heart and soul of an eagle”

orley Nelson devoted his life to
promoting raptor conservation and
educating the public about their

importance. He accomplished this through his
personal zeal for working with raptors and his
cinematography skills. Morley's achievernents
include: award-winning films on raptors, the
establishment of the Snake River Birds of
Prey National Conservation Area, raptor reha-
bilitation, public lecrures that helped educate
Americans about the importance of raptors,
and research thar formed the foundation of
recommendarions 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 falecons—including seven films for
Disney. His love of raprors began when he
was a boy growing up on a farm in North

Dakota. Moving 1o Boise after serving in
World War 11, he began his raptor conser-
vation efforts along with rehabilitaning
and training birds.

Motley's raptor/ power line rescarch
became the focus for cooperation among
conservation groups, resource agencies and
clecrric utility companies. His legacy of
pooling knowledge and resources for raptor
consetvation is reflected in this document.

To foster the memory of Morley, APLIC
will periodically present its Mordey Nelson
Award to an individual who makes significant
contributions to raptor conservation, The
individual musr demonstrate a long-term
commitment to natural resources, a consistent
history of investigaring or managing the
natural resource issues faced by the electric
utility industry, and success in developing
innovative solutions.
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IN THIS CHAPTER

PURPOSE
AND SCOPE

CHAPTER 1

Introduction

&® Purpose and Scope

CHAPTER 1 | Introduciion | |

&> Otrganization of this Document

This book presents engineers, biologists, utility planners, and the public with a comprehensive
resource for addressing avian electrocutions at electric power facilities.2 It outlines the
importance of the issue, describes methods for avoiding or mitigating electrocution

problems, and highlights management options and cooperative partnerships.

n the carly 1970s, an investigation of
In:purtcd shootings and poisonings of

cagles in Wyoming and other western
states led to evidence that eagles were also
being clectrocuted on power lines (Olendorft
et al. 1981). Since then, the utility industry,
wildlife resource agencies, conservation groups,
and manufacturers of avian protection prod-
ucts have worked topether to understand the
causes of raptor clectrocutions and to develop
ways of preventing them. Those efforts have
improved our understanding of the biological
reasons why raptors and other birds can be
areracted to power lines, and the power hine
configurations thar lead to avian clectrocutions.

This publication, Suggesied Practices for Avian

Protection on Power Lines: The State of the Art in
2006, summarizes the history and achieve-
ments of over three decades of work. It

succeeds three previous editions and has
been expanded and updated ro assist those
concerned with complying with federal laws,
protecting and enhancing ayian popularions,
and maintaining the reliability of electric
power networks.

Eacly attempts to understand the engineer-
ing aspects of raptor clectrocution led to the
first edition of Suggested Practices (Miller et al.
1975). The 1975 edition was followed by the
1981 edirion (Olendotff et al. 1981), which
explored the biological and electrical aspects
of electrocution, provided guidance for
reductng bird morralitics, and contained
a comprehensive annotated bibliography.
The 1996 edition (APLIC 1996) cxpanded
and refined recommendations for power
line structure designs and modificarions for
protecting raptors, included updated research

2 This book focuses on avian electrocutions, not collisions. Readers secking 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.



resules, and illusteated the cifectiveness of
cooperative clforrs.

Although raptors remnain a focal point of
clectroention ssues, utilicies have found that
many ather birds also interact with electneal
structures, and can reduce power reliability.
Accordingly, this 2006 edition of Suggested
Practices expands upon prior editions by
addressing additional avian specivs. This
cdwion also refleces untlity efforts ro improve
configuratton designs and to evaluate the
clfectiveness of various retrofitting options.
The 2006 edinion includes the following
additions or updates:

* A new chaprer on regulations and permits
telared to migratory buds,

* Bivlogical perspectives and informarion
an cleetrocution risks lor non-raptor
avtan species, including wading birds,
corvids,® and songlirds,

* Constderarion of the National Eleetrie

Safery Code (INESC) relative 1o
suggested practeces,

* An overview ol clectrocution risks
and mirigation measures associared with
steel and concrete poles,

* Lpdated recommendarions for
post-mounted configurations,

* Adiscussion of perch discouragers and
their proper use,

* An overview of new aviar protection
devices as well as their uses and
mnstallation?,

* A review ol bird-related outages,

* An up-.l:l[cd bibliugl‘a[_ﬂl}f andd
lirerature review {Appendix A},

* Anappendix contaiming the voluntary
Avian Prorection Plan Guidelines
{Guidelines developed by APLIC and the
Uniced States Fish and Wildlife Service
{USEWSY in 2003, as well as suggestions
for developing and implementing an
Avian Protection Plan {APP.

ORGANIZATION OF
THIS DOCUMENT

This book s intended for use by electric uril-
ities, resource agencies and sctentists world-
wide. International literature is included, but
1t s primarily focused on North America, A
breef synopsis of cach chapter is listed below,

Chapter 2: The Issue
Delines the avian electrocution problem,
traces s history, and reviews che laresr
research on avian clectrocutions and

their prevention.

Chapter 3: Regulations and Compliance
Revtews the major federal laws related 1o
migratory birds and identiftes potential
permit TeRArCMICIIS.

Chapter 4: Biological Aspects of Avian
Electrocution
Dieseribes the range of A\'i;m/puw-:r line
nteractions and discusses the Lological
and environmental factors that influence

avian cleetrocucion risk.

Chapter 5: Snggested Practices: Power
Line Dcsign and Avian S:lﬁ:t}’
Presents the reader with the background
necessary to understand avian clu‘[mcu—
tions from an engaiecTmg perspective, Le.,
the design and construction of power
lacilitics. Suggests ways (o retrofit existing
lactlivies and dcs[gn new [acilities to pre-

vent or miriimize avian electrocuton nisk.

B The corvid fa.mi!}' mndudes crows, ravens, magpics, and ja}'a',

* Ser the APLIC website {wwwaplicorg) for a currene list of avian protection product manufacturers.




Chapter 6: Perching, Roosting, and Nesting
of Birds on Power Line Structures
Explores the benefits of power lines to
raptors and other birds and proposes
strategies for relocating nests or providing
alternative nesting sites that minimize elec-
trocution risk while maintaining safe and
reliable electrical service. Discusses the use
of devices intended to discourage perching
versus modifying structures to be avian-
safe. Provides an overview of bird-related
outages and their impacts on reliability
and operating costs.

Chapter 7: Developing an Avian
Protection Plan
Presents the elements of an APP and pro-
vides guidance for APP implementation.

For literature citations from the text and
additional uscful references, see the Appendix
A Literature Cited and Bibliography section.
Appendix B contains a history of early agency
actions that addressed the electrocution issue;
Appendix C Avian Protection Plan Guide-
lines; Appendix D a glossary; and Appendix
E a list of acronyms.
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CHAPTER 2

The Issue ¢

IN THIS CHAPTER € Early Reports

&D Suggested Practices: 1975,
1981, and 1996

craprter 2 | The Issue | S

& Electrocution Issues to Date
€® The Cutook

This chapter defines the avian electrocution issue, traces its history, reviews the literature,
introduces the latest research, and discusses approaches to solving the problem. Particular
emphasis is placed on studies completed since the previous edition of Suggested Practices
(1996). This chapter also includes an overview of the avian electrocution issue in other countries.

aptors (birds of prey} are ecologically
Rimportant and sensitive to toxic

substances, habitat alteration and
destruction, and persecution by humans.
Inadvertent harm to raptots can occur where
humans and raptors interact. The biological
importance and environmental sensitivity
of raptors have led to substantial academic
and public interest in these bircds and ro the
problem of electrocution. This has resulted n
better protection and management for raprors
and their habitats.

The electrocution issue began with raptors
because their size, hunting strategy, and
nesting preferences make them particulatly
yulnerable. However, decades of research have
‘found that other species also incorporate
utility structures into their lifecycles. The

interactions caused by pcrching, roosting,
loafing, and nesting birds can result in
electrocutions or power outages, cach of which
is receiving more attention from utilities,
wildlife resource agencies, and the public.

In the United Srates, the federal govern-
ment provides protection for migratory birds
through several laws (sce Chapter 3). Promu-
nent among these are the Bald and Golden
Eagle Protection Act {BGEPA) (16 US.C.
668—668C), the Migratory Bird Treaty Act
(MBTA) (16 US.C. 703-712), and the
Endangered Species Act (ESA) (16 US.C.
1531-1543). Taking® a bird protected
by these laws can result in fines and/or
mmprisonment. Because elecrrocutions of
protected birds on power lines are considered
takes under the law, many udlities have acted

3 In 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
clectrocution morraliy.

Another major impetus for action 15 the
impact on the electric power network. Bird-
caused outages reduce power reliability and
increase power delivery eosts (See Bird-Related
Outages, Chapter 6. Some outages may

impact vnly a few customers temporarily, yet

they can sl affeer a urility’s service reliabiliny

and customer guarantees. Larger outages can
have dramatic consequences. For example, in
2004, several bird-related mecrdents resulied
in power outages at the Los Angeles Interna-
tional Airport, which caused flight delays and
threatened airpore security. Wildlie-related
outages m Caltfornia alone are estimated o
cost from millions to billions of dollars each
year { Hunting 2002 Singer 2002; Energy
and Enveronmental Fconomices, Inc. 20057
In a cultare thar depends upon electronic
dt‘vin‘rs, puwtr OULATes CLUY Cause MNCOMYCMCTICTS
to restdential customers, mortal nisks w dhose
who need electricity for heat or life-sapport
systems, and major production losses for
industrial and commercial customers,

The impact of cleetrocution on raptor
populations, and avian populations in general,
is ]JOUI‘[}" undetstood. Newton C19?9:212.}
summarized the difficultios of addressmg

pupul;uinn I-l]"lp.'lC[.‘i on l‘ill.!lDl‘:if

The importance of different mortafity cases
t5 alsa poor{y understond, F:rn‘f_"\' becantse it is
bard to find a sanple that is representative of
the whole paprlarion, and partly becanse of the
operatian of pre-dispositip canses. Starvation,
pmfiu."ofr and discase are all recorded as cansing
deaths c_lf raplors, as arc varicis arcidents and
collisions, clectrocution, skooting, trapping

and poisaning. The {banding ! recoveries aund
i f= )

post-ortem analyses whick provide vrose

infermation arc inevitably Mased towards

deaths that urrurfmm haman action or

arcund buman babitation.

Both direet and indircet mortality factors
must be considered when studying rapeor
populacion dynamics. In addicion to cleetro-
cutton, Postivit and Postivie (19877 identified
cight other human acuvities thar afifvet binds

ol prey: (1) persecution.’ (27 pesticide use
and pollution, (3% agricultural development,
(47} logging, (5} dam construction and water
managenent, (6) coergy and mineral develop-
ment, (7) urbanization, and (8) recreation.
Kochert and Steenhof (20027 identified the
greatest threats w golden eagles “Agnila
chrysactes} in the United Stares and Canada

as the adverse impacts of human activity,
incuding collisions, clectrocutions, shooting,
and poisoning from lead or agricultural
pestictdes, Other human-related sources of
mortality that impact birds in gencral include
window and motor vehicle collisions. preda-
ton by domestic and feral caes. and collisions
with power lines, communication towers, and
wind generation facilitics { Naconal Wind
Coordinaring Committee | NWCC] 20017
Estimates of avian 11101'[;11il}’ due to these
causes tun m the millions annaally, far greater
than the estimared mumber of birds killed

by electrocutton (Figure 2,137 Habitat destruc-
Lon 1s thoughl Lo cause greater teductions in
bird and other wildlife ].u)[_n.tl;l[iuns than any
other factor, and is still the mast scrous
long-term thivat {Newton 1979; Wilcove

et al. 1998, USFWS 20029,

& The term persscution was used by Postvie and Posuvic (1957] ¢ mean s}wul.ing. Perscention could also inchade Poisuning

and direct trapping,

L Figure 2.1 was generated using estimates of avian mortality from NWCC 2001, Curry and Kerlinger LLC: What Kills Birds?
(|1ll.]:r,//u'w\\-‘.curr}'krrfl'ngt‘r,cnm/birds.hlm], and the US. Fish and Wildlife Service: Migl:mry Bird Murtaﬁly
(hup:/ / wwsw.fws.gov/birds/ ) Awian mortality rates associated with elecirocution e presented for various speeies 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 morality.
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Window collisions
(97 to 880 million)

Wind turbines

{10 to 40 thousand)

Power line electrocutions
{thousands) Cats

(S8 ta 100 mi

Hower ling collisiors
{1724 nulh)

Oilfwasteviater pits
{1 fo 2 miltion)

Vehicle collisions
50 to 100 mitlion)

Paisoning
{72 mitfioni

FIGURE 2.1: CQ_mp;ﬂ;;)n of hum;t_l_-;éur:gd'nv_ian mortality.

Nevertheless, electrocution on power
Lacdlitics remains a legitmate concern and
a source of mortality that can be reduced.
Electrocutions can be minimized theough a
vartety of mingation measures that include
applying “avian-safe”® designs to new
construction, and retrofitting existing lines

that pose an clectrocution risk. It is 1o the
interest of utlity planness, bologists, and
cnginecrs to familiareze themselves with

the issuc and its dimensions. and to plan for
and implement measures that idenuly and
rectily existing and potential clecrrocution
problems.

EARLY REPORTS

Belore the 1970s, raptor electrocutions had
been noted by several rescarchers {Hallinan
[922: Marshall 1940; Dickinson 1957;
Benton and Dickinson 1966; Edwards 1969,
Coon et al. 1970, although the extent of the
problem was not known. Surveys in Wyoming
and Colorado during the 1970s found nearly
1,200 cagle mortalitics chat were due Lo por-
soning, shooting [rom aireraft, and clectrocu-
tion. Although most of these eagles had been
shot, others had been clectrocuted by contact
with lines not designed with cagle protection
in mind. In norcheastern Colorado, 17 gold-
en eagles, 1 red-tatled hawk (Buteo Janicensis ),
and 1 great horned owl (Bube virginiaaus] were
found dead—all probably electrocuted, along
5.6 kilometers (km {3.5 miles [mi]} of line

(Olendorlf 19724 Five golden cagles and 4
bald cagles (Hafiacetus lencocepbalies i were found
dead under a power [ine 1 Tooele County,
Urah. and another 47 electrocated cagles
were found along a line m Beaver County,
Utah (Richardson 1972 Smith and Murphy
[972). Of 60 autopsicd golden eagles in
Idaho, 55% had been clectroented M.
Kochert, pers. comm. in Snow 19737, In June
of 1974, 37 golden cagles and 1 short-cared
owl (Asio_flavumens} were found dead under a
line southwest of Delea, Utah (Benson 1977,
T981). In a review of bald cagle mortality
data from 1960 to 1974, 4% of the eagle
deaths were attnbuted to eleairocution {total
sample stze not given) (Meyer 19807, Similar
clectrocurion problems were also noted n

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

avian-safe is used.




New Mexico {Denver Post 1974), Oregon
(White [974), Nevada {US. Fish and
Wildlife Service 19754, Louisiana {Pendle-
ton 19787, and 1daho {Peacock 1980},
Much of the information (rom the carly
1970s was summartzed by Boeker and Nick-
erson { 1975]. This 1971 summary docu-
mented 37 golden cagle deaths along a power
line of just 88 poles in MofTar County,
Colorado. Carcasses and skeletons ol 416
raptors were found along 24 dilferent 8 km

{3 mi) sections ol power lines in six western
stares (Benson 19817 [n Ual, US. Fish and
Wildlife Service {USFWS? employees found
the remains of 594 raptors (some dead up o
{ve years’ under 36 dillerent disteibution
lines (spanning approxunately 40 km

{230 miy O these carcasses, 64 were fresh
cnough to determine the cause of deatl:
87.5% had been elecrrocuted (R Joseph,
pers. comm. in Avian Power Line Interaction
Committee [APLICT 19967,

SUGGESTED
PRACTICES: 1975,
1981, AND 1996

*

-

The eagle deaths documented in the western
United Staves during the [970s raised serious
concern about raptors and electric power
facilines. Industry, governmient, and conserva-
tion organtzations began to work together to
wdentdy and solve the problem of rapror
clectrocution.® Agencies imvolved included the
Rutal Electrification Adnunistracion {REA;
now the Rural Ucilities Service [RUSH,

LS, Forest Serviee (USFS_\J, Bureaw of Land
Management {BLM). LISEFWS, Narttonal
Park Serviee {NPS). and Bureau of [ndian
Aflairs (BIA). The USFWS began scarching
for lethal Tines, while the REA Legan devel-
oping line modification methods to minmmixe
cagle electrocutions. The National Audubon
Society and the Edison Electric Institute
(EEL) imared workshops, soughc urilivy par-
ticipation, rased funds, and began to develop
ways to address the problem. In 1972 the
REA published a bulletin describing causes
ol raptor electrocution resulting Irom certain
grounding practices and conductor spacing.
This bulletn {61-10) was revised in 1975
and again in 1979 1o mcor porate research
conducred since cach cadier edition, includ-
ng revised inter-phase elearances (Figure 2,27

(US. REA 197909 [n the 19705, the

USEWS also initiated a mpror mortality data
bank to rrack electrocutions.

As data were gathered on the magnitade of
raptor clectrocution numbers during the carly
19705, regronal mectings were held o famil-
urize industry and ageney personnel with the
problem. Several eleerric companies, most
notably ldahe Power Company, had retamed
Morley Nelson'™ of Boise, Ldaho, ro begin
westing the safety of new power line designs
and to propose modiications of existing
lines. These tests were instramental in forni-
g the basis for the lirst definive work on
the :mbjccr: Susgrsffr/ Practices for Rapter Protec-
gion on Pover Lines {Miller er al, 19757 This
publication was widely cireulated and used Dy
both mdustry and government (Damon 1975;
EEL 19757 For example, the BLM and other
agencies began requining “rapror-safe” construc-
ton as a condition of rights-ol-way permits
on federal land and explicidy stipulated tha
such actions be consistent with Segpested
Practices { Olendor(T and Kochert 19777,

Field tests of the recommendations con-
tatned in the 1975 edition of Suggested Practices
led 1o 2 need for further documenration and
cvaluation, as some of the recommended
dimenstons were {ound in;ldcquatc. For

2 Appendix B presents a history of individual and agency contributions.

I8 REA Bulletin 61- 10 was the precursor ko the Sngestad e seties.

H Morley was a cinematographer and pioneer in North American falconry. He filmed trained cagles, hawks, and
falcons to study and demonstrate their behavior on a variety of utility pole configurations,




instance. the :auggvsh‘d
G centimeters -Z:Cn‘lj}

24 mches [in]) height
of the overhicad |.u:rch
was too high, and needed
to be reduced 1o 41 em
VL6 i o keep binds
from Lainding beneath
the perch, New cover-up
marerials and conductor
Sllpporl schemes were
also L{C\'L‘l‘.)l..‘(.‘(.{. In the
1981 cdivion of Suggested
Fragtices ({Oendor(T

et al. 19817 carlier
recommendanions were
CO[‘I‘CC[C(‘] ;lnd u].\d;chd,
and a f()mpl{'tc liersture
review and annotated
bibliography were provided. This edition of
Suggested Practices was adopred {inecorporated
by reference av 7 CER 1724.52{a)) by the
REA as thetr standard Tor raptor protection.
Sigeested Practices continues (o be uscd by the
RUS as a resouree for metigating problems in
arcas where birds are a concern.

Py the mid-1990s, continued progress was
being made in reducmy raptor clecuroeution
risks. Many utilities had adopred or partici-
pated 0 rapror enhaneement or protection
programs ;]:Blur 1996 However, dcspi[c
these elTores, electrocutions continued
North America and concerns rematned
over electrocution prablems internationally
{Lehman 20013 The 1996 edition of Suggested
Practices relined recommendations [rom the
previous cdittons, upd:l[cd the Literature
review, olfered suggestions for cooperative
actions among agencies and utilivies, and
began to rdentily avian clectrocutton sssues
outside of North Ameriea,

In the past deeade, grear strides have been
made in preventing avian clectrocutions,
Many utilities consider avian safety i1 new

construction and continue to retroltt existmg
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poles that pase elecoroeution risks. There is

a4 growing variety of products and maternals
manulactured for avian pruci;cliun ifscc
www.aplic.org). Increased awareness within
ntilicies has [n‘-pro-.'cd clectrocution reportmg
and corrective actions. In 2005, APLIC-
member utdities were SL[F\'(‘}-’L‘L{ 1o obiam
information on utlay programs, clectroca-
tion rates, bird-related outages, and progresses
made in avian protection eflores. OF survey
respondents Tr=13" most ualities had cither
an avian protection pl.‘m [:(19‘-.’-"{{_" ar poliq-'
(7790 (APLIC 20057 Survey respondents
were asked to compare thew uttho's ameent
avian protection efforts to those of 10 and
20 years ago. All urtlities sorveyed currently
retrofit poles for avian protection, however,
rwo decades ago only 319 retrofitted poles
for birds. Likewise, the amount of moncy
spent on avian protection efforts has increased
substantially. Twenty years ago, hall of the
llliliL'iCS eiul'\-'c)-'ud did net have a lul\lgﬂ for
avian protection; whereas curremly all utihies
surveved spend moncy on avian protection. In
addiven o expanding thew avian protection

elTorrs, mauy utilitics noted that L]\u)_.’ have



expetienced improved relationships with
tesouree agencies. Communicaoon with
agencies was considered to be {air by the

majorety of utilities (45% 20 years ago,

while 38% considered communication good
10 years ago, and 58% reported that chey
currently have cxeellent communication with

wildlife resouree agencics.

ELECTROCUTION
ISSUES TO DATE

ELECTROCUTION ISSUES AND
PROGRESS IN NORTH AMERICA

Recent literature indicates that clectrocution
continues to be a cause of mortality for vari-
ous raptors in Norch America—particularly
cagles and some hawks and owls. Because of
increased awareness, pon-raptor clectrocutions
are also being docamented. The small mun-
ber of comprehensive field surveys, however,
limics the extent of our knowledge of elecuro-
cution mortality. Differences i the scope of
electtocution studies and the type of data
collecced make it difficult to compare historic
and current informacion. Additionally, Iiutle
data exist that quantify the risk of electro-
cutions relative to ether sources of avian
mortality, Assessments that use data subscers
or incidental reports for extrapolatng results
based on an estimated numbwer of poles are
maceurate because clecirocunion risk 1s not
uniformly destribured. Though quite diffieuls,
systematte surveys over large areas ean provide
maore accurate clectrocution mate esthmates.
Several recent studies have quantfied avian
clectrocution rares. Ina survey of over
70.000 poles in Utah and Wyommg in 2001
and 2002, 547 avian mortalities were found
—32% ol which were common ravens

"’ Corvas rm‘.m‘), 2196 buteos, 19% c;lgh’s, 6%

passerines/smiall birds, 4% owls, 2% falcons,
29% waterbirds, and 14% enidentilicd
(Liguort and Burruss 2003). In a survey of
3,120 poles in Colorade, 68 carcasses were
discovered, mcluding cagles £53% %, hawks
(23%), and corvids {796} (Harness 20017
Ina study of 4,090 poles in Montana, gold-
en cagle electrocutions were documented ar
4.4% ol poles, 20 of which had clectrocuted
more than one eagle {Schomburg 20033, In
Chihuahua, Mexico, studies in 2000 and

2001 documented an average anmual cleciro-
cutton tate of 1 bird per 6.3 concrere poles
in non-urban areas {Cartron et al. 2005). In
notthern California and southern Oregon,
conlimed and suspeeted avian electrocutions
were documented at 0.9% of poles surveyed
(r=118697 n 2004 and 2005 {PactiCorp,
Llnpub]. d:l[‘:l}. Of these mortalities, 48%
were bureos, 27% owls, 11% cagles. 5%
corvids, 5% unidentificd raprors, 2%
vultures, 1% harriees, and 1% herons.

Studies that have decumented electro-
cutions through incident reports without
systematic pole surveys provide conservative
estimates of clectrocution rates. Harness and
Wilson {20010} documented 1,428 aptor
clectrocutions in a review of mortality
records {rom urtlities m the roral western
Unived States [rom 1936 to 1996, From
1988 ta 2003, 210 rapror cleetrocutions
were documented in Nebraska (USFWS/
Nebraska, unpubl. daea). In Montana, 32
golden vagle mortalities were confirmed Trom
1980 to 1985 {O'Neil 19883, From 1978
o 2004, m\lrly 300 clecirocutions were
reported by Alaska wiilities to the USIWS
{USEFWS/ Alaska, unpubl. data). Prior o
2000, most electrocutions reported i this
database were of bald eagles, which accounted
for 83% of reports from 1973 to carly 2003,
Other birds reported in Alaska include
Favens, magpics, crows, owls, gulls, ospreys
(Tandian bafiaetns ], and greac blue herons
{Ardra berodias ).

Bald and golden cagles conuinue o be a
locus of electrocution tesearch i North
Ameriea, with electrocution accounting for
<19 10 25% of eagle deaths in various

studics, The US. Geological Survey’s {LISGS)
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National Wildlife | lealth Laboratory (1985
reported that 9.1% of 1,429 dead bald cagles
cxamined from [963 o 1984 were elecrro-
cuted. In a summary of cagle mortalitics
from the carl)' 1960s 1o the mid-1990s, elec-
trocution accounted for 25% of golden eagle
and 129 of bald eagle deaths [Franson ecal.
19957 Electrocution accounted for 0.5% of
deaths in a study of raptor mortality (=409
in California irom 1983 1o 1994 {Morishita
et al. 1998). OF bald eagles banded in the
Yellowstone arca (n=49), 20% dicd from
electrocution or collision with power lines
‘(H;lrrn;lt;l et al. ]999;!—. In Florida, 17% of
bald cagle mortalities (n=309 from 1963 o
1994 were duc to electrocurion {Forrester
and Spa[ding 2003:!. Electrocution also
accounted for 6% of cagle mortalities {n=274)
from a rehalilitation database i Florda
from 1988 to 1994 {Forrester and Spalding
2003 Electrocution was the cause ol death
for T1.53% ol bald and golden eagles evaluated
(=546 [rom [986 to 1998 in western
Canada {Wayland et al. 2003 Of 61 cagles
killed in the Diable Range of the Altamont
Pass Wind 1esource Area, Californ, (tom
1994 o 1997, 16% were electrocuted
(Hunt et al. 19997, OFf birds admuirred o the
Michigan Department of Nawural Resourees’
{MDNR} Wildlife Discase Laboratory, the
number electrocured was low compared to
other causes ol death, and most often
involved bald cagles, ospreys, and grear horned
owls (MDNR 2004; T, Cuolq.’, pers. cc;mm._‘].
The [requency of clectrocutions and asso-
ciated outages has been dramatically reduced
in areas where concerted elfores have been
made to retrofit or replace hazardous poles,
The Klamath Basin of southern Otegon and
notthern California acracts one of the Jargest
coneentrations of wintering raptors in the
lower 48 states. In the Butte Valley, an area
ol the Klamath Basin used extensively by
raptors, 90 clectrocuted eagles were found

between 1986 and 1992 (PacifiCorp, unpubl.

data). During the 1990s, extensive pole retro-
fitting, using recommendations {rom previous
edivions of Suggested Practices, was completed
in this area. Subsequently, in a comprchensive
survey of poles in Butte Valley in 2004, only
4 vagle carcasses were found (PacifiCorp,
unpubl. data’t. Likewise, following extensive
retrofitting efforts in Worland, Wyoming, the
numbcr of eagle electrocutions leIl from 49
birds in three years to T bird in three years
(PacihCorp, unpubl. data}. In the Queen
Charlotte Islands of Canada where bird pro-
tection was installed on a large proportion of
poles, the number of bird-related oueages fell
from 41 to 16 in two vears {BC Hydro 19997
Sunilarly, in ane year following the wstallation
of protective devices on problem circuits in
Vermont, animal- and bird-cansed outages
declined by 56% {Central Vermont Publie
Service 2002). Electrocunion rates ol Harnis'
hawks Barabuteo naicinenss) near nests in’Tue-
son, Arizona, fell from 1.4 clecrocutions per
nest m 2003 o 0.2 in 2004 {Dwyer 20047
Morualities of other raptors, particularly

buteos, continue to occur in North America,

The majority of APLIC-member utilitics
surveyed in 2005 cited red-railed hawks as

@& SHERRY AND JERRY LIGUORI




one of their most commonly electrocured
species (APLIC 20057 Southern California
Edison records indicate that red-tailed hawks
constitute about 75% of electrocured rapLors
found :ll(mg thetr distribuion lines {12 Pear-
son, pers, comm. . Buteos accounted for
21.4% of electrocuted raprars found m Uah
and Wroming (1=547), and tneluded
red-tailed hawks {7.5%), Swainson’s hawks
[3.9%) (Buteo swaimoni}, ferruginous hawks
[1.6%) (B wyalis), rough-legged hawks
{(0.29) (B. fagopus), and untdentified buteos
((1.2.9'1'1:] (Liguori and Burruss 20()3) (l:ingr‘L'
2.3 na 2004 survey ol pu]cs in the Butte
V‘Jllt}-‘ t)f C;llii_ornia, buteos ;ICCUr.‘intL’d rur
50% of suspected clectrocutions (n=18),
5 af which were red-tatled hawks
l:p;lciﬂ(:()rp, unPub[. d;ua).

Osprey, a species that the 1996 edition
of Suggested Practices considered “surprisingly
rare” in eleerrocution records, has greatly
increased in population over the past few
decades {Sauer et al. 20047, Although records
of osprey electrocutions remain infrequent,
OSPICYS ArC Nesting on power poles i growing
numbers (USGS 2003: Wisconstu Depart-
ment of Nateral Resoarces 20037
(_:onscqucmly, many utilities
throughout North Amuerica
are spending constderable
elfore vn osprey nest manage-
ment (sc‘f C[mp[cr 0).

Pelicans and wading birdds,
such as lwrons. ('gn'ls. I-bl-SCS,
and storks, have received
ineteased attenuon from
utilities, partzcalarly i the
southeastern Unived States.
The lengthy wingspans and
heights of these birds pu
them ac risk of clectrocurion.
Like other large birds, they
may be elecrrocured if lhc:f fly
into lines mid-span and bridge
two conductors, Although

waterbirds occur in farge concentrations in
the southeastern Unired Seates and ;ilung the
Gulf Coast, common and widc]}' diseribueed
species, such as the great blue heron, nuy be
encountered througheut North America.
Although raptor clectrocutions typically
accur In remote or rural areas. there 15 a
growing awarcness of avian clecrrecutions
and ourages in urlan and suburban locations.
In many cases, these interactions involve
spccics thar are not pru[cctcd b)' the MBTA,
e, Eul‘upu;m S(:ll'“ng&i .‘:‘:S‘I]”‘”“S 1.'”fc|‘mf‘j'5_;3__
hose ['English:: sparrows (Passer domc‘sﬂrrrs),
or rock doves {feral prgcons, Celimba {ivia)
(Figure 2.4 chardic:&.s of their status, out-
ages caused by these speeics can result i sub-
stantial costs ro urtlities and their customers.
Other protected species—such as jays, crows,
ravens, magpics, kingbit‘ds, and wondpccl-‘.t‘rs
—may be common in developed areas and can
ineract with power lines, In suburban Tuc-
son, Arszona, populations of Harris" hawks
bave inereased and Lamily groups of bards
peech or nest on or near power poles. The
monk parakeet {Myicpsitta menachus), intro-
duced from South America, has presented an
increastng problent {for uuilities i the Unrred
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Seates within the last decade. Their large
communal nests can cause electrocutions,
ourages, and fires {sce Chapter 6).

Increased awarepess 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 urilities only documented
electrocutions of caglcs, raprors, or other
large birds, with only 25% reporting electro-
cutions ol all protected species. Regardless ol
the species, conducting proactive remedial
measures can provide the benefits of reduced
mortality and improved reliability.

Since the 1996 edition of Suggested
Practices, researchers have begun to identify
clectrocution risk and to quantify electro-
cution rates in parts of Mexico (Cartron et
al. 2000, 2005, in press; Manzano-Fischer
2004). After numerous electrocuted ravens
and raptors were detected under newly
constructed distriburion lines in nortchern
Mexico m 1999, efforts to address this issue
began. Sutveys were conducted to assess the
scope of the problem and to evaluate possible
solutions along lmes in northwestern Chi-
huahua, where the largest black-tailed prainie
dog (Cynamys ludovicianus) town complex in
North America remains {Cartron et al. 2000,
2005). The use of steel-reinforced concrere
poles with steel erossarms in this area,
coupled with raptor and raven populations
ateracted 1o the praitie dog town, increased ‘
the electrocution risk. Because the poles and
steel crossarms are grounded. birds thar perch
on them can be electrocuted by touching one
conductor (sec Chapter 5). In addition, the
voltage of distribution lines in Mexico 15
greater than in the United States, which may
create an clectrocution risk through arcing.
Double dead-end poles pose a particular risk
when cnergized jumper wites are mounted
over the crossarms. The problem for raptors

.
i,
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such as red-railed 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
Chiluahuan raven (Corvus eryptoleusus), the
species most frequently clectrocuted in this
area, clectrocutions occur throughout the year
and peak during nesting and after fledping
(J-L. Cartron, pers. comum.).

With the added incentive of reducing
power outages, Mexico's Federal Utility
Company (Comisién Federal de Electricidad;
[CFE]) began to replace conductive stecl
crossarms with wooden crossarms on con-
crete poles located within the prairic dog
town. Mo dead birds were found at retrofit-
ted concrete poles in a subscquent survey of
this area {Cartron et al, in press). In 2002,
non-governmental organizations (NGOs},
academic institutions, government agencies,
and the CFE rook part in a workshop,

Avian Electrocutions on Power Lines in Mexiro,

1+ Warkshop, 1o address the electrocution
problem in Mexico and develop solutions
(INE-SEMARNAT 2002). The workshap
was the first meeting of its kind in Mexico,
and identified bird electrocutions on distnbu-
tion lines, collisions with transmission lines,
nest construction, and fecal contamination of
power lines and optic fiber cable as the main
avian-related problers.

Although retrofitting of hazardous lines
in Chihuahua and Sonora has been imple-
mented, electrocurions 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).
Agrupacién Dodo is currently developing a
training manual for CFE mamrenance crews.
From this they expect to tmprove dara collec-
tion on elecrrocuted birds. All future infor-
mation will be collected tn a national dara-
base to help identifly problem areas and poles,
to support more efficient remedial action.



The CFE has also begun installing bird
Mlight diverters on some transmission lines in
coastal areas co minimize bird collisions, and
has installed devices on rransmission towers
ta prevent fecal contamination of msulators
b_\’ Toostimg vultures.

In Canada, ucilities have documented avian
clectrocutions and eypically recrolit high-
risk poles as needed. Manitoba Hydre has
sutveyed power lines and poles to document
bird use and to cstimate clectrocation and
colliston moreality rates [C.M. Plaut, pers.
comm.}. ATCO Electric helped fund an clec-
trocution study with the University of Afber-
ta {Plact 20057 The goals of this study were
to quantify raptor cleetrocutton rates, deter-
mine the species affecred, and identfy pole
condigurations that present the greavest risk.

Since the 1996 edition of Suggested Practices,
several lindmarks regarding avian electrocu-
ton have ocecurred: {17 an eleceric utility has
been prosecuted for avian electrocutions, £2)
settlement ilgr(.’ulncnts over avian electrocn-
tons have been reached between utilities and
USFWS, {37 Avian Protection Plan Guide-
lines were collaboratively developed by
uttltties and USEFWS, and (4) the foeus of
electrocution issues broadened to include
nan-rapror species, In 1999, the USIFWS
prosecuted Moon Lake Electric Association
lI'VILI:A\; for vialadons of the MBTA and
BGEPA. For the clectrocutions of 12 cagles,
4 hawks and 1 owl in Colorado, MLEA was
sentenced Lo three years probation [or six
violations of the MBTA and seven violations
of the BGEPA. In :lddition, MLEA pm'd a
$50,000 fine, donated $30.000 1o raptor
conservation e(forts, entered into a
Memorandum of Understanding (MO
with the USFWS, and developed a plan 1o
reduce raptor eleetrocntion risk on s facilities.
The MLEA ease brought heightened atten-
tion to raptor electrocution issues [rom both
utilities and agencies. Prior to the MLEA

ease, fines had been levied against two cleetric

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

In 2003, APLIC and the USFWS
pubiished the voluntary Avian Protection
Plan Guidelines {Cudelines) co ad utelives
in developing progeams., policies, and
procedures to reduce bird mortality on power
lines while enhaneing service rehabiliy
(see Chapter 7 and Appcndi,\' C Juse as the
Guidelines were developed 1n a cooperative
manncr, the creatton of Avian Protection
Plans {APPs) by mdividual nlies is intend-
ed to be voluntary but open to collaboration
with the USEFWS and othet agenetes.

INTERNATIONAL EFFORTS

Warkshops

Avian interactions with power lines are glolnl
tssues, I recent years, awareness ol these
issues has increased and several incernational
avian conferenees have dedicared special
sesstons o avian/ power line mteractions.

In 1996, the Rapior Research Foundatton
organized the 2 International Conferenie on
Raptors in Urbino, [taly. This conference was
unique becanse it meluded a symposium on
energy development with presentatons on
avtan clectrocutions from South Africa, Spain,
Australe, Russia, and ltaly. Papers were also
presented on wind encrgy. bird collisions, and
clectric and magnetic fields.

In [998, the 5 World Conference en Birds of
Prey aud Owls was held 10 South Afriea and
included a session on the impacts of electrical
unlity structures on rapors, In 2001, the
1 Frrastan Congress an Raptors was held in
Seville, Spain, also with aspecial session on
avian electrocutions, Presentations identificd
clectrocution 1ssues in Mexico, Russta, and
Spam. Positive influences from nesting on
uniliry structures were reported i Mongolia
and Spain. A field wrep was conducted o
Donana Natonal Park where power lines have
been retroficted o prevent electrocutions of
Spanish mmperial cagles (prita adalberti). In




2003, the 6™ World Conferonee on Bisds of Priy
and Ohels was held in Hungary where papers
on avian electrocutions were presented from
the Slovak Republic, Bulgaria, and I lungary.

Addressing the Issue

The challenges faced vutside che Uneted
States ate often Liispau‘;ilt. International
distributton line construction often ncludes
the use of grounded metal/ conerete poles
with metal crossarms that present a lagh
clectrocution risk to birds and ean be diffieult
1o retrofic, Adduienally, some conntries lack
the resources to build power linses char muni-
mize eleetrocution risks to birds, resalving m
increased amimal contacts and power outages.

2 ['l}l\’['

Like the United Seates, many countr
programs that range from being reactive to
proactive, designed o address electrocutions.

A maodel program .'lddrt’ssing avian clectro-
cutions on power lines exists n South Alrica,
with a partoership between Eskom. the
national electricity supplicr, and the
Endangered Wildlife Trust (EWT {C.5. van
l'{ou}'un, pers L‘Umm.). The p;lrlnm‘sl)ip deals
spectfically with bird collisions, cleerrocu-
tions, bird ].m”ulinn and steceaners, and
nesting-caused cleetrieal ourages. The EWT
acts as a consultant to the utility, focusing
on l‘cducing negative meractions between
wildlife and clectrical seructures by systemo-
ancally managing avian iteraction problems.
Eskom stall acts on the EW TS advice to
address problems encountered in the course
of cveryday aaliey duties. A comprehensive
research program ts also suppor[cd that
inchudes maptor clectrocution nsk assessments
of CxXIstng power lines, invcs[igations of
[_;luhing mechantsms, and the Impacts ol
power lines on sensitive bird species. Several
mullion dollars are mvested ;ulllu‘.lU}' Into
Eskom’s combined research and mitigation
programs. The partership has also initiated
programs m other parts of Alrica thar assist
with nmpact assessments of new lines in
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Namubta and Botswana, Environmental
pcrs(mm‘l [rom other eleetrical utilities i the
Southern Alrican Development Communtry
are bemg traimed to establish other coop-
CTALVC MAanAgement nitatves (n Alrica

Retrofitting power lines i Dofiana
Navional Park to prevent elecrrocutions of
Spanish imperial cagles 15 one of Spain’s
COnsCrvation suceess stories. Between 1991
and 1999, higlh-risk power line towers were
modtlied, C(Jnsidcrably ruducing the number
of raptor clectrocutions. The Spanish Gov-
crnment { Mimstry for the Environment 'l s
currently preparing a Rny;ll Decree w estal-
lish proteetive measures to prevent bird colli-
sions { A, Cudenal, pers. comm. ). There are
17 local governments in Spain and most have
couperative agreements with their electrie
companies {or reducing the mpact of power
lines on birds. Recovery plans for endangered
species, such as Bonellt's mglu {Tircmmrus
fasciatns) and bearded valeare (Gypacins burbaties)
uclude measures w mitigate iteractions
with power lmes. Nearby, in the catly 1990s,
Portugal embarked on a program 1o deal with
large mumbers of white storks {Cirona ciromea)
0N LFANSITISSION LOWCTS by preventing l]tslil]g
il’l K{ilng(‘rﬂlls arcas ;lnd fncollr:‘gl‘]lg l]l’}iliﬂg
on platforms carelully located on the towers
{J. Amarante, pers. comm..

In 2002, Germany responded to bird
electrocutions by passing a Federal MNawire
Comservation Act to provide avian protection
{DG. Haas, pers. comm.). This regulation
states, ”ﬂ'“‘ J'ltf‘\\J'll)1 fn’(“’d Pl:"\\"ﬁr PU{[’S (i.'“lf l'fl.’;}“fl’ﬂ{
shruclures m f!,‘l’ "lffh‘””f 1‘[’hﬂgf rl”fgl' }Jﬂ\'f ta l‘f’
designed to protect birds. Power poles and tecknical
bardware i the wedinnn velage range that are
alrcady e use and pose @ bigh yisk to birds are to
be retvofisted to exclude eleclrecution as a threat
within the next 10 years” Rapror-friendly
construction standards also have been
published by NABU-Geriman Society for
Nature Conservation in Sugeested Practices for
Bird Protection on Power Lines {_’_NABU 2002;1.




The brochure contains the technical stan-
dards necessary for avian-safe construction
as well as mitigation measures for medium
voltages. Althongh clectrocutions do oceur
i the United Kimgdom {]. Parry-Jenes, pers.
cormm. ) and northern Eurape (K. Bm-;mger,
pers. com.}, less 1s known about their
mtigation cflores.

Eastern Evropuean countries are also
addressmy avian electrocution risks. The Srate
Nature Conservancy of the Slovak Republic
s parrnerng with the three Slovakian energy
Companies [0 IMProve MIOZAon stralegies
and develop avian-sale configuration standards
for new construction (M. Adamec, pers.
(.‘Omm.:). The State Nature Cunscrv;m«:y also
monitors power lines to help 1dentily arcas in
need of proactive retrofitting, and is prepar-
tng a long-term strateey for Eastern Slovakia
to retrofit all medium-voltage structures
over the next 10 years. In Hungary, MME
BirdLife-Hungary 1s working wich utthities wo
denttfy and mitgate problems and to design
saler utili[}’ COnﬁgur;uions (:I. Demeter, pers.
comm. . Avian clectrocution also is acknowl-
L‘dgcc.i a8 1 SETIONS Pmb]cm n i’)u[gari;{, with
50% of the country’s poles posing a risk to
raplors [:5. SLO}'chrv. pers. ca;mm.i}. The
Bulgarian Society for the Protection of
Birds /BirdLife Bulgaria (BSPB) is addressing
the tssuc. The BSPB is working with some of
the Bulgarian clectric companies, providing
wlormation on rare species” breeding and
foraging grounds, migration routes, and
possible solutions to reducing eleetrocution
problems. Protective deviees are being
deployed as pare of a pilot project to deter-
mine their effectiveness in rcduciug m()l'(;lli[y
and associated power outages. In 2004, the
BSPB also mmplemented an electroantion

study i several “Important Bird Areas” (1BAs.
Less 15 known about avian clecirocution
ssues 1 Russin and Asi, In Russia, i has
been reported that high-nisk power lines exist
}mt{ L‘;lg]t‘s hﬂ\'c LTCCH L'llfc[r()flllc({. ('S}‘(’Ciil“}'
in the Kazakhstan steppes and deseres, One
TCPIOTE esOimales that T0% of the USSR
popu]ation of steppe cuglcs ;fflqirﬂﬂ ur'pafmsf:j),
primarily juvenle or subadule birds, ts clee-
trocuted cach year in the northern Caspran
areas (\/. Mascikin, pers. Comm.}. Given these
reports, it s vital to determine the scope of
the problcm and dcvclop coc;]_wratiw: sErale-
gies with the local power companies. Avian
mteractions with power lines have also been
reported m Australia /B, Brown, pers. comm.)
and MNew Zealand. Al[lloug]!'lihnu‘mial H)’dl‘u
participated in the production of the Raprors
ar Risk elecrrocunon video, lictle s known
abour the scope of the problem in Australia,
Except {or Isracl. the exvent of avian
clectrocutions ts relavvely unknown in the
Middle East. The Isracl Birds of Prey
Research and Conservation Project, the 1sracl
Elecutic Corporation, the Israel Nature
Reserves and Parks Authonty, and the Society
{or the Protection ol MNature 1n 1srael work
closely together to address clectrocution
tssues (O, Bahat, pers. comm. . Through thewr
L’{Tﬂl‘l's, clectrorution “hot spﬁ[su have been
identified and retrofitted, stgnificanthy redue-
ing bird clectrocuttons while improving ser-
vice reliability, Presently they are developing a
Geographic Information System (GIS}-based
program to avoid siting [uture lines in 1BAs.
Listle information is available about retro-
ﬁtring clTorts in Central and South America,
although avian inweractions with power lines
have been documented in Brazil (P Américo,

pets, comm. ).

THE OUTLOOK

Since the first edition ol Sugeested Practices in
1975, there [as been considerable progress in
identilying electrocution hazards and devel-
oping solutions. In the decade siee the 1996

cdition, uulives and resource agencies have
made sigmficant strides in commumeiting
and collaborating on avian;” power line ixsucs,
A product of this collaboration was the




development of Avian Protection Plan
Guidelines by APLIC and the USFWS in
2005 ‘:Appcndix C:'

are mtended to hclp utilities dcvc]np ther

. The Guidelines, which

own APPs, focus on reducing bind mortality
and improving power system rehiability by
identifyving the key policies and practices to
achieve these goals. Voluntary cooperanion
amonyg electric utlities and agencies has
improved communication and will benele
participants through reduced avian visk and
enhanced power reliabilivy.

As m 1996, avian marcahity, partieularly
raptor morLa]ily, continues Lo p];a}' an impor—
tant role in federal lind management dectsions.
Avian protection measures are often mandated
as part of permitting and leensing require-
ments by most federal agencies i the United
States, including the BLM, USIS, and
USEFWS. In additton, the Federal Encrgy
Regulatory Commission (FERCY routinely
includes special articles mandaung raptor
protection on power lines in lieenses lor
hydroclectric projects {FERC 19921,

Although utilivies have worked for several
Jdeeades o make lines on [ederal lands sale
for rapror use, they now face an ireresting
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challenge in arcas with sage-grouse {Centro-
corcies spp., prare chickens [Tympamuchus spp. ),
mountain plovers ¢ Charadrius mestamisy, Utah
praie dogs [Cynemys parvin"fusj, and descrt
tortotses {Gopheris agassizi). In some cascs,
land management agencies have requested
thae raptors and corvaids be prevented from
perching on power lines where these rare or
endangered spectes are found (Figure 2.57.
The goal of such efforts 15 to reduce preda-
tion. although the actual impact of raptors
hunting from poles on populations of these
species has not been adequately studred,
quantilied, or verified. Ullities 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: {1y perely discouragers
are intended to move birds from an unsale
lorcation to a2 sale location ;ln({ C|0 not prn'm.'
perching, (2% predation can oceur regardless
ol the presence of a power ling, {3} raptors
and corvids prey upon mammalian predators
of sage-grouse and prairic chickens, and (4}
clectrocution risk may be inereased il perch
discouragers are installed on long consceutnve

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 entlrely

prevent perchmg
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sites { because this may cause birds 1o perch
on exposed pole-mounted equipment).
Utilities and agencies should work together
to idcmify predation risk to sensitive species
that results from 1‘;1p(0r .'md Cm'\'id use of
poles; derermine retrofitting methods chat
are appropriate, effective, and commensurate
with the [evel of risk; and develop best
management practices or guidelines,

As the human population grows and energy
demands increase, new power lines will
inevitably be built. Since overhead power lines
will continue to be built in avian habitat, and
because perching on power Iine scrucrures
involves some degree of risk, clectrocutions
will occur in the future, In addition, increasing
populatons of some avian species in North
Aumerica, such as bald cagles, ospreys, monk
parakeers, and some corvids, present utilities
with a growing neced o manage avian elecrro-
cutions or nests on power poles. Eleetrocu-
tion problems may be mast severe on those

continents that contam large, expanding

human populations { Africa, South America,
and Asia) {Bevanger 19940). Ratsing global
awareness of avian clectrocution problems
and solutions remains a priority and a
challenge for conservation organizations.
For ualities, the use of avian-safe desions and
construction wechnigues (see Chapeer 87 for
distribucton systems will help reduce furure
electrocution problems, Much rewrofitting
work also remains for existing high-isk lines
worldwide,

This 2006 edition of Srrggfjn‘n' Practices
contams a new section on steel and concrete
poles. These poles can pose serivus clectrocu-
tion hazards and are mcreasingly being used
worldwide. In addition, a Sp;lnish translation
ol Suggested Practices is intended to provide this
resource 1o those in Spanish-speaking coun-
tiies, The authors hope that Suggested Practices
will conrinue 1o promote an awareness of avian
interactions with power lacilivies and provide
a range of electrocution prevention solutions
thav can be used throughout the wotld.
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CHAPTER 3 |

Regulations and Compliance

€D Overview of Existing Laws

€ Permits

Three federal laws in the United States protect almost all native avian species and prohibit
“taking,” or killing, them. The Migratory Bird Treaty Act (MBTA) protects over 800 species of
native, North American migratory birds. The Bald and Golden Eagle Protection Act (BGEPA)
provides additional protection to both bald and golden eagles. The Endangered Species Act
(ESA) applies to species that are federally listed as threatened or endangered. This chapter
provides an overview of each of these laws and the permits that may be required for nest
management, carcass salvage, or other bird management purposes.

he Migratory Bird Treaty Act of
I 1918 (MBTA) (16 US.C. 703-712),
which is administered by United
States Fish and Wildlife Service {USEFWS), 15
the legal cornerstone of migratory bird con-
servation and protection in the United States.
The MBTA implements four treaties char
provide international protection for migratory
birds. It is a serice Hability statute meaning
that proof of intent is not required in the
prosecution of a "tnking”u violation. Most
acrions chat result in taking or possessing
{permanently or temporarily) a protected
speeies can be violations.
The MBTA states: “Unless and excepr as
permitted by regulations ... it shall be unlaw-

ﬁl[ at any ume, b} any means, or in any manncer

to pursue, hunt, take, capture, kill ... possess,
offer for sale, sell ... purchase ... ship,
CEXPOTE, MpOTE ... (FANSPOTT OF cause to be
transported ... any migratory bird, any part,
nest, ot eggs ol any such bird, or any product
... composed in whole or in part, of any such
bird or any part, nest, or cgg thereof...”

A 1972 amendment to the MBTA provided
legal protection to birds of prey (e.g., cagles,
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, erap, capture, or collect, or attempt to pursue, hunt, shoor,

wouswd, kill, erap, caprure, or collect.
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’:}‘!Hr'ﬂl’ff vuf{qa‘."ffj, rock doves t':ul‘ common,;
leral pigeons, Columba livia), monk parakeets
(Myiopsitia monachus}, any other species published
in the Federal Register, and non-nugratory
upland game birds. The list of migratory bird
speaes protected under the MBTA appears i
Title 30 of the Code of Federal Regulacions
part 10,13 {30 CEFR 10.133 and is available
online at wwwaccess.gpo.gov/nara/ clr/
waisidx_03/50¢fx10_03.huml.

An individual who violates the MBTA by
taking a migratory bird may be fined up to
S15,000 and/or imptisoned for up w six
months for a misdemeanor!'? vielation. An
indwvichal who knowingly takes any migra-
tary bird with the wncent o sell, offer ro sefl,
Barter, or offer to barter such nrd or who
knowingly sells, offers for sale, barters, or
olfers (o bareer any migratory bird is subject
to a [elony violation with fines of up o
5250,000 and/or imprisonment {or up to
Two )’L’Hrs,

Under the authority of the Bald and
Golden Eagle Protection Act of 1940
(BGEPA) {16 US.C. 668-668d), bald
(Haliacetus lenicocepbalus) and golden (Aquila
chrysactes] cagles are given addittonal legal
proteetion. Take under the BGEPA is defined
as "'to pursue. shoot, shaor ar, poisen, wound,
kall, caprore, trap, collect, molest or discurb.”
Violators of the Act’s take proviston may e
fined wp to $100,000 and/or imprisoned for
up to ene year, The BGEPA has additional
pravisions where, in the case of a second or
subsequent conviction, penalties of up to
250,000 and//or two years imprisonment
may be imposed.

The Endangered Species Act [ESA) (16
US.C. 1831-1544) was passed by Congress
in 1973 ro protect our nation’s natve plants
and animals that were in danger of becoming
extinet and to conserve their habiraes, Federal

agencies are direered ro use their suthority to
conserve Iisted species, as well as “eandi-
date™ species, and to ensure that their
actions do not jeopardize the existence of
these species. The law 1s administered by
two ageneies, (1) the USEWS and (2 the
Commerce Department’s National Marine
Fisheries Service (INMESY The USEWS lias
primary responsibility for erreserial and
freshwater organisms, while the NMFES has
primary tesponsibility [or matine life. These
two agencics work with other agencics to
plar or modify federal projects to minimize
mmpacts on listed species and their habicats,
Protection is also achieved through partner-
ships with the states, with federal financial
assistance, and a system ol incentives that
encourage state participation. he USFWS
also works with private limdowners by provid-
ing {inancial and rechnteal land management
assistance {or the benefic of lisced and other
protected species. To obtain a lise of all feder-
ally listed { threatened and endangered birds,
ot all federally listed animals and plants,
consult 50 CFR parts 1711 and 17.12.
This list is avarlable ouline ar www.f\\'s.gov/
endangered/ wildlife.uml,

Section 9 of the ESA makes it unlawiul
for a person o take a Iisted species. Take under
the ESA 15 defined as ©

pursuc, hunt, shoot, wound, kill, trap. cap-

"o harass, harm,

ture, or collect or attempr w engage in any
such conduct” The repulations define the
term “harm™ as “an act that actually kills

or wjures wildlile by sigmficantly inpairing
essential behavioral pacterns, ineluding breed-
iy, I-L‘tding, or shicleering” Unlike the MBTA
and the BGEPA, the ESA authorizes the
USFWS to issue permits for “incidental
take™ (take that resulrs from an otherwise legal
acmviry ).

Section 10 ol the ESA allows [or “Habirar

I3 A misdemcanor is a erime that is punishable by less than one year imprisonment. A frleny is a serious crime punishable by

incarceration for mote than a year.

13 Candidate speeics are those which may be added 1o the list of threatened and endangered speeics in the near (utare.
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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 measutes for listed species into
their land and/or water development plans.
Privare landowners who develop and imple-
ment approved habitat conservation plans
can receive incidental take permits that allow
their development to proceed.

In addirion to federal regulations, individuat
states may also have bird-protection regula-
nions. A utility should consule with its respec-
tive state resource agency{ies) ro determine
what regulations apply and if permits are
required.

Alchough the MBTA and BGEPA have no
provision for allowing take, the USFWS real-
izes that some birds will be killed even if all

teasonable measures to avoid it are used. The

USEFWS Office of Law Enforcement carries

out its mission Lo protect migratory birds
through investigations and enforcement, as
well as by fostering relationships with indi-
viduals, compantes, 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, Of agencics from liability even if
they implement avian mortality avoidance or
simitlar conservation measures. However,

the Office of Law Enforcement does have
enforcement discretion and focuses on

those individuals, companies, or agencies
that take migratory birds without regard for
their acrions and the law, cspecially when
conservation measures had been developed
but had nat been implemented.

PERMITS

Federal and/or state permits may be required
for activitics related ro spectes protected by
the MBTA, BGEPA, ESA, or state laws. A
utility should consult with resource agencies
to determine if permits are required for oper-
ational activities that may impact protected
avian species. Special Purpose or relaced
permits are required for activities such as nest
relocation, temporary possesston, depredation,
salvage/disposal, and scientilic collecrion.
Uualicies are encouraged to contact their
regional USFWS Migrarory Bird Permut
Office to identify permit requirements and
obtain permit applications (See Avian Protec-
tion Plan Guidelines, Appendix C, for contace
information). In addition, utilities should
obtain information regarding state-required
permits from rheir state’s resource agency.

MIGRATORY BIRD PERMITS

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

game bird prapagation, salvage, take of
depredating birds, taxidermy, and waterfowl
sale and disposal. These offices also adminis-
ter the permits authorized by the BGEPA.

The Division of Migrarory Bird Manage-
ment develops migratory bird permit policy
and the permits themselves are issued by the
Regional Migrarory Bird Permit Offices. The
regulations governing migratory bird permits
can be found in 50 CFR part 13, General
Permit Procedures (www.acccss.gpo.gov/
nara/cfr/waisidx_03/50cfr13_03.heml},
and 50 CEFR part 21, Migratory Bird Permits
(www.'.a-.‘c('.\'.\ug].\n,go\'/ nara/ efr/waisidx_03/
50cfr21_03.heml).

In 2003, the USEWS released a memo-
randum regarding the destruction of nests
of species protected under the MBTA
(see Appendix C or www.fws.gov / pvrmirs/
mbpermits/lﬂ"ulicicsi“I;uh.[lmuks/MBPM—E.
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



mactive bied nests are also illegal under the
MBTA; however, the destruction of nests that
do not contan egys or birds is not dlegal.
This, however, docs not apply to eagles

or species listed under ESA, whose active

and mactive nests may not be destroyed. The
memo also stated that the USFWS may issue
permits for the removal of occupicd nests
when public safety is at risk.

EAGLE PERMITS

Under the BGEPA,| the USFWS issucs
permits to take, possess, and transport bald
and golden cagles for scientific, educational,
Native American religious purposes, depreda-
tion, and falconry {golden cagles’). No permit
authorizes the sale, purchase, barter, trade,
mportation, or exportation of cagles. eagle
[eathers, or anv of their PArts, Nests, of eges,
The regulations governing cagle permits can
be found in S0 CER part 13, General Permir
Procedures {www.access.gpo.goy /nara/elr/
w;lisidx_()}/ﬁ[}cl-rl3_(]3.111111]) and 30 CER
part 22, Eagle Permits {wiwwaccess.gpo.gov/
nata/clr/waisidx 03/ 50cix22_03.heml).

ESA CONSULTATIONS/ HAEBITAT
CONSERVATION PLANS

When Power companies propuse 1o con-
SLTUCE power generalion or fransmission
facilities, or related equipment on federal
lands, chey must first consult with the
USI'WS through Section 7 of the ESA.
Before inftiatmg an action, the federal agency
owning the land or its non-federal permit

applicant {e.g,, a power company), must ask
the USFWS 1o provide a list of dhreatened,
endangered, proposed, and candidate specics
and designated crimical habivars that may be
present m the project aren, The USEWS has
developed o handbook describing the consul-
tatton process in detail, which ts avatlable at
www.lws.gov/ endangered/ consultations.
When non-federal activites {(activities
not on federal lands and /or lacking a federal
nexus such as lederal funding or a federal
perrt) will take chreatened or endangered
species, an Inadental Take Permit (TP 15
requited uider Seetion 10 af the ESA. Some
states may also have regulations that requure
permits or conservation plans. Approval of
an ITP issued in conjunction with a Haliwar
Conservation Plan {HCP requures the Seere-
tary of Intertor o find, after an oppormunity
for public comment, that amony other things,
the taking of ESA protected species will be
meidental and that the applicant will, to the
maximum extent practicable, minimize and
mutigate the impacts of such tking. An HCP
must accompany the application for an [TD
The HCP associated wirh the permit 1s
o ensure that conservation measures are
adequate Tor avoiding jeopardy to the species.
Information about consultations and HCPs
can be obtaned from the nearest USEFWS
Licological Serviees Field Office, gencrally
loeared in cach state. A list ol those offices
and their phone numbers can be accessed at

www.[ws.gov/info/ pocketguide.
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CHAPTER 4

Biological Aspects of

Avian Electrocution @

&> Identifying Evidence of

IN THIS CHAPTER & Susceptibility of Different Birds
Electrocution

to Electrocution

&® Factors Influencing
Electrocution Risk

&€® Scavenging Rates of

Carcasses

Minimizing avian electrocutions requires an understanding of the biological, engineering,
and environmental factors that influence risk. This chapter identifies the causes of bird
electrocutions and focuses on the factors that predispose raptors to electrocution.

ird electrocutions on power lmes * Habitars with abundant prey may also
result from three interacting elements: attract predatory birds.
biology, environment, and engincering, * Territonial, nesring, and other behavioral

The biclogical and environmental components characteristics may bring muleiple birds o
thar influence clectrocution risk include body

size, habitat, prey, behavior, age, season, and * Young birds may be more susceptible

a pole, increasing clectrocurion rvisk.

weather. to electrocution because they are
nexperienced and less agile at taking

off and landing on poles.

* Body size is onc of the most important

characteristics that make cercain species * Local changes in species distribution and

susceptible to electrocution. Qursererched
wings or other body parts that span the
distance between energized conductors
make clectrocurion risk much greater for
large birds; however, small birds can be
electrocuted on closely spaced energized
equipmnent such as transformers.

Habica is a key factor influencing avian
use of poles. In open areas lacking natural
perches, power poles provide sites for hunt-
ing, feeding, resting, roosting, or nesting,

abundance durtng breeding, migration, or
wintering ¢an result in a scasonal variation
in electrocution rares.

Wer weather can increase electrocution
risk, as wet feathers are electrically more
conductive than dry feathers.

Finally, configurations with closely spaced
encrgized phase conductors and grounded
wires are more readily bridged by birds,
causing electrocutions (see Chapter 5).

O



Of the 31 specices of diurnal raprors and
19 species of owls that regularly breed in
North America, 29 have been reported as
elecrrocution victims. Electrocutions have

also been reported in over 30 NON-TAPLOT

North Amerntcan species, including crows,
ravens, magpies, jays, storks, herons, pelicans,
gulls, woodpeckers, sparrows, kingbirds,
thrushes, starlings, pigeons, and others.

SUSCEPTIBILITY
OF DIFFERENT
BIRDS TO
ELECTROCUTION

®

RAPTORS
Accipiters
The three North American accipiters—
sharp-shinned hawk {Aecipiter striatus), Cooper’s
hawk (4. cooperii), and northern goshawk

(A. gentrlis)—typically inhabit forested areas.
Because natural perches are abundant in these
habirars, accrpirers are mote likely to perch in
trees than on the exposed perches provided
by clectric transmission and distriburion
facilitics. Consequently, forested habitats
generally have fewer reported raptor elecrro-
cutions than do open habieats (Switzer 1977;
Benson 1981). In a survey of over 70,000
power poles in various habitats throughout
Urah and Wyoming, no electrocutions were
found on the 2,500 polcs survcycd n
forested arcas (PaciiCorp, unpubl. dara.).

Ofr 2,711 combined clectrocurion records
from six studies [O'Neil 1988; Harness
1996; 1daho Power Co., unpubl. daca;
Harness and Wilson 2001;
Dwyer 2004; USFWS/
Nebraska, unpubl. daea),

4 elecrrocutions were
northern goshawks and

4 were Cooper’s hawks. Of
40 radio-tagged Cooper’s
hawks in Artzona, 1 {a
male) was electrocured
(Mannan et al. 2004).
MNorthern goshawks
accounted lor <5% of
rapeor mortality in both
Germany (#=567) and
France (n=686) {Bayle
19997 In Spain, goshawks
accounted lor <10% of

clectrocutions in several studies: 0.4% of
clectrocutions documented by Ferrer et al.
(1991} (n=233, 1.1% of clectrocutions
docunented by Janss {20007 (r=407), and
between 5% and 10% of electrocutions

documented by Bayle {1999 (#=1,282).

Buteos

Bureos comprise the largest non-eagle group
of raptors that is electrocured on power lines.
In parl:icular, red-tailed (Brr!rojaumi(rusis). ler-
ruginous (B. regalis}, Swainson’s {B. swainsoni),
and rough-legged (B. lagopus) hawks occur in
open habitats and commonly perch on power
poles and towers (Figure 4.1, Combined
electrocation mortality of these four hawks
has ranged between 8% and 48% of reported

electrocutions in a number of studies (e.g,
Ansell and Smith 1980; Peacock 1980; Ben-
son 1981; O'Neil 1988; PacifiCorp, unpubl.
data; USI'WS/Nebraska, unpubl. data). In
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Utah and Wyoming, buteo electrocutions
exceeded eagle electrocntions {21% vs. 199%;
n=5477 (Lignon and Burruss 200370,
Red-tailed hawks were the most commonly
clectrocuted buteo i this studv {7.5%,
followed by Swainson's hawks {5.9%),
ferraginous hawks {1.6% ), and rough-legged
hawks (0.29). In Nebraska, red-tailed
hawks accounted for 11% of electrocutions
(=199 from 1988 to 2003 {USEWS/
Nebraska, unpubl, data), In addition, rough-
]cggcd hawks Cumpl‘ised 0.53% of clectro-
cutions in this dataset. Red-tailed hawks
comprised 37% of avian mortalities {#=103}
it norchern California and southern Oregon
(rom 2004 and 2005 (PacifiCorp, unpubl.
Jdata). In Chilwaliua, Mexico, the red-tailed
hawk was the second most lrequently electro-
cuted species (after Chihuahuvan eaven / Corvus
cryptofencus [, accounting for 15% of
morttalities (#=178 {Cartron et al. 20053
Although these {our buteos comprise a
large proportion of clectrocuted birds, their
mortality rate due to clectrocution s [ow
compared to other causes of death, and has
ranged from 3% to 13% in a number of
studies. For example, i an analysts ol 163
ved-tailed hawk cateasses. 4% died from elec-
trocution { Franson ct al. 1996} Electrocution
was the cause of death for 13% of rough-
legged hawks (n=8}, 1 1% ol ferruginous
hawks (#=93, 3% of Swainson's hawks
(n=37), and no red-tailed hawks {n=317 hat
were adnutted o the Colorado State Unmver-
sity Vetetmary Teaching Hospital (Wendell
ct al, 2002). The low overall electrocurton
tate {3%) of birds i this study (n=409] was
atrribured to two factors: electrocuted birds
are unlikely to survive, be detected, and
brought to a rehabilitation facility; and, the
frequency of electrocutions may be decliming
due to modification of power poles,
Eleetrocution records for other buteos
are uncormmon. Red-shouldered hawk {Buree

linatus) electrocutions have been dovumented
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in Flortda {J. Lindsay, pers. comm.] and
California (M. Best, pers. comm.). Although
Jocumented, electrocution of the common
black-hawk (Butcogalius antbracinus) 1s rare
.':Sc‘hncﬂ 1930, 1994).'I'f1v Harrs” hawk
{Parabutes wnicinctus) s a uniquely soctal rapror
that restdes in family groups of multiple
individuals and commonly uses power poles
{Bednarz 1995). Light cases ol clectrocution
were reparted by Whaley (19867 in the
Sonoran Desert of southetn Arteona, but the
author thought that additional electrocutions
probably went unreported. In and near
Tucson, Arizona, between 1991 and 1994,
(3% ol Harris” hawk mortalities with known
causes (=177 were due to clectrocution
{Dawson and Mannan 1994}, Electrocution
was suspected as the cause of death for an
additional 44 carcasses. 1o 2003 and 2004,
75 clecirocated Harrs' hawks were lound 1n
the metropolitan Tucson arca, 29 of which
were within 300 mecers {m) {1,000 feev i)
ol a nest {Dwyer 2004 Following the

retrofiting ol hazardous poles in chis area,
the clectrocution rate per nest fell from
[.4 in 2003 to 0.2 n 2004.

Other Diurnal Raptors

Small diurnal raptors {e.g., American kestred
{Faleo sparverins), merlin (. colbarins, and
most kites) with wingspans less than 102
centimeters {em) (40 inches {in]) generally
cannot span the distance between two cleetric
conductors {see Figures 4.11, 4.12 and Table
4.1 for an dlustration of avian wingspans i,
However, electrocution of smaller raprors
may be underestimated since they are less
noticeable than large birds and because scav-
L’ngcrs l‘n.'\}' consuinge OF remove [}']L'In l)L'rOl'L’
they are found. Small rprors are probably
move at risk on poles with cransformers or
other equipment where only inches of spacing
exist between encrgized and grounded parts.
Although uncommon, records of clectrocutions
do exist for smaller raptors, including Ameri-




can kestrels (Figure 4.2 {Ellis et al. 19738;
Harress and Wilson 2001 Smallwood and
Bird 2002; Wendecll ¢v al. 2002; Cartron
et al. 20035; Idaho Power Co.. unpubd. daca;
LISFWS/Nebraska, anpubsl. data; PaciftCorp,
unpubl. data; and metding (Bayle 19997, Of
avian clecuocutions idencitied b}' species in
the western United States from 1986 to
1996 (#=53557 6 were Amcrican kestrels
[;H;{rncss and Wilson 2001 1 Likewise,
keserels cumprisvd 1, 1% of morrtalities in
Litah and Wyoming from 2001 1o 2002
(n=5471 [ Liguori and Burruss 2003 ).
Metlins accounted for <<5% of raptor
mortalities in France (a=0867 {Bayle 19997,
Few clectrocution reconds are available [or
the large falcons. Despite their size and fre-
quent use of power poles, clecrrocutions ol
peregrine {F peregrinys) and pratrie falcons
(1. tmexicanus are rare. Three prairic falcons
were documented out of 347 electrocutions
m Urah and \-\"‘\'Oming from 2001 to 2002
{ Liguori and Burruss 2003 Prior to chis,
very [ew prairte falcon clectrocutions had
been documented (Bensen T981; Harmata
1991 Harness and Wilson 2001 ; [dalio
Power Company, unpubl. data’. Electrocu-
tions ol peregrine laleons have been reported
b)" Cade and D;Iguc |_iI977). Burnlam
[1952-}. Cade (] 935:), MceDonnell and

19377 Poweli et al. 72002, Whire
et al. {20027, and the Srate of Michigan
{2003 OF avian electrocutions i e
western Uniced States from [986 to 1996

{r=353), only & wete peregrine {alcons

Lu\-csquc

lfHarnuss and Wilson 20019, PL‘rcgrinc clec-
trocutions have also occurred m low nunbers
in ather countries, such as Irance, where
<5% of rapror dlectrocutions (r=086" were
peregrines ::B;l:\'lt l‘.)‘)‘):‘— and South Africa,
where peregrines accounred for 1.4% of
clectrocutions (v=147" rom 1996 to 1993
{Krager 200147 Likewise, in Spain, pere-
grines have accounted for 0.4%, 0.9%, and
<3% of electrocutions (n=233", (n=467)

FIGURE 4.2: American kestrel with prey
on wire. tha Wiy prey
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and {#=1,2827 in studies conducted by
Ferrer et al. {19913, Janss {20007, and Bayle
{1999, An clectrocution of a ledgling crested
cavacara { Caracara eheriway) from a nest in

a substatian was documented in Florida (.
Lindsay, pers. comm. . Although aplomado
falcons (F fenreralis}) may nest on power poles.,
clectrocutions in the United States have not
been documented. There i1s one record of a
suspected aplomado falcon electrocurion in
Mextco (A Montoya, pers. comm. . Records
ol electrocuted gyrlalcons (F rusticelits? ave
rate and ypreally include cases of falconry
Dirds rather than wild binds 3j:('j]1indgrcn
E930: Harness and Wilson 2001 ; USF\*\-"S/
Nebraska, meul‘r]. d;ll:lj‘:.

Northern harriers {Ciras cyanens) are elee-
trocuted infrequently as they rarcly perch on
peles, but some records exist { Willtams and
Colson 1989 APLIC 1996:}. In Gcrmnn}',
the hen harrier (C cvanons ) accounted for
<5% of raptor clectrocutions (=367
{Bayle 1999),

Alllmugh osprevs {Pendien baliactusi com-
monly nest on power poles {see Chapter 63,
clectrocuctans of thay SPECICs AI¢ WNCCIMITOoN
(LFrgure 4.3%. O Avian Power Line Interaction
Committee {APLIC)-member utilities surveved
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in 2003, several in the northwest and south-
cast noted osprey issues, partieularly n regard
to nest m'mugymcm (APLIC 2005}, Poole
and Agler ([987)
b‘]nth’d ()SI.‘I.L}'EI \”_']':)]) Tl’(()\'LlLL{ |.‘1CLWL‘L‘I‘J
1972 and 1984 died from electrocution,
collisions with power lines and TV /radio

upmud that <<4% of

towers, md entanglernents with fishing
equipment. Of ospreys admitted o wildlife
rehabilication centers in Florida [rom 19838
to 1995, 9% {u=284" were clecrrocuted
{Forrester and bp.mldmé, 2003). Additienal
osprey electrocution mortalities have been
documented by Dunstan (1967, 1963}, Yager
(]978}‘, Fulton (l‘)S‘L). Williams and Colson
{1989, Munaz-Pulido (1990), Harness
719963, Poole et al. (2002), State of Michi-
gan (2003), and the Idaho Power Company
{unpubl. dava). In the western Lnited States,
11 clectracutions wdentificd to speaces
(1=335) from 19306 to 1996 were ospreys
(Hnmcss and Wilson 200170 \‘ In I'rance,
ospreys accounted for <S°’fw of rapror
mortalities (=086 (Bayle 19997,

Osprey populations have increased w parts
of their North American range over the past
few decades {Saver et al. 2004, Growing
osprey populations in Canada have been

artributed to the provision ol aruficial nest

platforms, increased survey efforts, and the
ban of DDT (Kirk and 1 yslop 1997). In
the \V:ll‘lmc[u AY l]lt‘\ of Oregon, where the

number of nesting ospreys has more than
19905 to

20005, most nests are located on

doubled in six years from the lace
the catly
distribution poles or adjacent nest platforms
{Henny et al. 2003; USGS 2003). Osprey
populations in the Chesapeake Bay area

more than doubled [rom the 19705 to the
mid-1990s as the use of man-made nesting
substrates, particularly navigational markers,
had also inercased { Watts ct tal. 20043 In this
region, 68% af osprey nests were lOLJLLd on
wan-made structures during the 19705, as
compared to 93% in the 1990s. Types ol
man-made structures used during the 1990s
included nav |g.llmr1.ll ands 33 D‘}f)\.
platforms (12.19%), duck linds 9.7‘}6}, and

neskng

other man-made structures {17.6%; including
boat houses, chimneys, docks, ships. clectrical
PU\\'CI Pl’lL‘S. brl:L’gL‘S, Ct‘ll ]_7}1()”(’ [owers, ilnd
pilings ), In New Jersey, the number of asprey
pairs incteased from 68 in 1975 1o over 200
in the mid-1980s to 340 in 2001 { Liguoni
20033 Many of these nests are loc ated on
pl'llrurmh i coastal marshes,

Eagies

The proporuon of golden eagles (Aguila
chrysactes) clectrocuted has ranged dramatical-
Iy amonyg various studies conducted over the
past three decades (Figure 4.4). Electrocution
research fram the 1970s focused on canses of
cagle mortality, which may account for high
proportions of golden cagles documented
these studies. For example, golden cagles
comprised between 89% and 93% of elecuo-
cutions documented by Qlendorlt {19724),
Smith and Murply (1 19723 and Bocker and
Nickerson {19753 Reeent clectrocution studics
have documented much smaller proportions
ol golden cagles. Golden eagles comprised
17% of electrocutions in Utah and YWyoming
(:n=5-'1-.7 and 3% of clectrocutions Ouy.)n
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and California (#=103) discovered during
systematic line surveys that investigated

electrocutions of all avian species {Liguori
:}nd Burruss 2003; PaciliCorp, unpubl. data).
Data gathered from ueilities in the western
United Stares from 1986 to 1996 documented
748 cagles out of 1,428 electrocution records
{Harness and Wilson 2001, Of these eagles,
36% were golden eagles, 16% were bald
t".’lglcs (Hﬂfl’afﬂns fru(o[rp.’mh:s_), and 48% were
unidentified cagles.

Bald eagle clectrocurions ate less common
than golden cagle clectrocutions. In Idaho,
bald cagles comprised 2% (=91} and 5%
(#=133] of elecrrocutions {Ansell and Smith
1980; Peacock 1980). In Colorado, 5% of
electrocutions {n=300" were bald eagles
(Boeker [972). Likewnse, bald eagles
comptised 5% of all avian clecirocutions
(#=103} documented in Oregon and Califor-
nia in 2004 and 2005 {PaciiCorp, unpu[x].
data}. In Utah and Wyoming, <1% of elec-
trocutions (#=547) were bald eagles (Liguori
and Burruss 2003). Of bald eagles admitted
to wildlde rehabilitarion centers in Florida
from 1988 1o 1994, 6% {(n=274) were elec-
trocuted {Forrester and Spaulding 2003).

Although electrocution has been docu-
mented as a cause of mornality for golden
vagles for several decades, the frequency of
eagle eleccrocurions may be deelining, likely
due to urilities” efforts to prevent elecrrocu-
tions, From 1980 to 1984, 80% of golden
cagles found along power lines in the western
Unired States with known causes of death
{n=375) died trom clectrocution {Phillips
1986). From the carly 1960s to the mid-
[990s, clectrocurion accounted for 25%
of golden eagle deaths in North America
(Kochert and Steenhol” 2002}, More recenly,
clectrocution was documented as the cause of
death in 16% of golden cagles radio-tagged
and recovered (n=61) from 1994 to 1997 in
California (Predatory Bird Research Group
1999, Despite increased detection effores,
the number of cagle electrocunions docu-
mented by PacifiCorp (unpubl. dara}y in
western states has declined by 22% from the
carly [990s 1o the early 2000s. Of APLIC-
member utilitres surveyed in 2005 {r=13},
only 38% cired eagles as species at issuc in

their area (APLIC 2005).

Owls

The great horned owl (Bubo virginianus) 1s the
most commonly electrocuted owl in North
America (Figure 4.5). In the western Unired
Stares, 95% of electrocated owl species iden-
tificd (n=91) from 1986 ro 1996 were great
horned owls (Harness and Wilson 2001).
Likewise, great horned owls accounted for
0% ol owl electrocutions (w=20) in Utah
and Wyoming 1n 2001 and 2002 (Liguor:
and Burruss 2003). Although great horned
owls comprise the majority of owl electrocu-
tons, mortalities of rhis 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 {]981\‘.
and Harmata (1991, Great horned owls
accounted for 4% of mortalitics (n=113) in
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ledaho between 1972 and 1979
{Ansell and Smith 1980). Some
stndies have documented lngher
pereentages of great horned owls 1n
clectrocution vecords. For example,
ol the speees identified, grear
horned owls accounted for 15% of
avian clectrocutions (#=5335" 1 the
western United States Trom Y86
to 1996 {Harness and Wilson
20013, 200 of clecurocutions
(=017 1n Monana from 1980 w
1985 {O'Neil 19887, and 33% of
electrocutions (n=2107 in Nebras-
ka lrom 1988 o 2003 (_USI"\\-’S/
Nebraska LlnPL]bl. datal. OF

APLIC-member utilitics surveyed

'FIGURE 4.5: Great horned owl nest on
transformer bank.
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{r=13% 6% noted clectrocutions

ol owls, with 549 specthieally listing greac
horned owls as one of the species most fie-
quently clectrocuted m their areas {APLIC
2005). Electrocution was the cause of death
in < 1% ol grear horned owl mortalities
{u=2077 in Saskatchewan (Gillard 19777,
Likewise, 2% ol great horned owls admured
to wildlife rehabilitacion centers m Flonda
from [988 to 1995 (n=174} were electrocur-
ed {Forrester and Spaulding 2003’ Electro-
cution accounted for 6% to 7% ol grear
horued owl mortalities evaluated in Colorado
from 1995 to 1998 (#=85) ( Wendell et al.
20023 and by the MNational Wildlile Health
Center from 1975 co 1993 (p=132"
(IFranson and Litele 19960,

In North America, the barn owl (Tvte alba)
is the second most frequenty electrocuted
owl. Barn owls accounted for 109 of owl
clectrocutions (#=20% in Utah and Wyoming
from 2001 to 2002 { Liguori and Burruss
20037 Barn owl clectrocutions have also
been documented by Williams and Colson
(1989, Harness and Wilson {20017, and
USEWS/Nebraska (urpubl. data’, In an
assessiment of barn owls i the northeastern

United States, electrocution was noted as a

cause of 1110[[‘.'!.]&}'. }'L‘l. Wwas nol constdered a
population limiring factor (Blodger 19897 In
Hawaii, [%a of barn owls evaluated lor cause
ol death from [992 to 1994 [n=31) was
killed by electrocution { Work and Hale
19967, Of barn owls admitted to wildlife
relabilitation centers m Florda from 1988
to [995, 5% {H=()3;‘: were vlectrocuted
{Forrester and Spaulding 20037

Barn owl clectrocutions are not imired 1o
North America. Of marked and recovered
bBarn owls ITJ|=I?1:} m Eng];md, 5.89% died of
electrocution { Meek et al. 2003, In a study
of barn owl carcasses {#=027" in Britain
from 1963 o 1989, clectrocution was
Jocumented as the cause of death in <1%
of birds [Neweon ot al, [991). Barn owls
comprised <539 ol raptor electrocutions in
Germany {r=5677 and between 5% and 10%
of mortalities in France (r=0636) {Bayle
1999 In Spain, harn owls comprised 3%
ol eleetrocutions E:u=233) documented b}'
Ferrer et al. TT991 and <3% of raptor clec-
trocutions { n=1,282" docwnented by Bayle
{1999 In South Africa, barn owls accounted
{or 6% of clectrocutions {(n=147) documented

{rom [996 1o 19U8 (Krugcr 2()01;1:}.




Electrocution records of other North
Amertcan owls are rare. Much like aceipiters,
many owl species inhabit {orested areas and
mfrequently perch on power poles. No records
were found for spotted owl (Strix accidenzatis).
Barred owl 78 varia) electrocutions have been
documented on transformer poles m Wash-
ngton (M. Walters, pers. comm. . In Florida,
1.2% of barred owls admiced o wildlife
rehabilitacion centers from [988 o 1995
(n=330) were electrocuted (Foreester and
Spaulding 2003). Bull and Duncan {1993}
ate electrocurtion as a cause of mortahity for a
great gray owl {8 nebelose]. Electrocurions of
this species are probably uncommon, as <1%
ol electrocution records (=301 reported
for four western states were great gray owls
(Harness 19963 Records of other forest owls
are also rare, although elecirocation has been
documented in the casteen sereech-owl (s
asie) {APLLC 1996, 20057, western serecch-
owl A kenmicorni] {Harness 1996; Harness
and Wilson 2001: APLIC 20087, and long-
cared owl (Asic otus) TAPLIC 1996, Harness
and Wilsen (20017 documented 3 western
screech-owls among avian species electrocuted
(#=5537 m the western United Staces [rom
1986 1o 1996, Of castern sereech-owls
admiteed to wildlife rehabilication centers in
Flonda from I9838 o 1995 (=131, <1%
was clectrocuted (Portester and Spaulding
20033, In Germany (n=567} and France
(n=0867, <5% of raptor clectrocutions were
long-cared owls TBavle 1999, Electrocution
)
alse tncommon [ Parmalee 1972; Gillard
1977 Williams and Colson [989; Parmalee
19927, Simuth and Ellis {19897 list elecurocu-
tion as a cause of dL‘.llh for SnOowWY uwls, }'cl

records for snowy owls (Nyetea scandiaca) ace

do not quantify clectrocution rates for chis
species, Snowy owls are lound primarily in
arcric regions lacking unility structures, yet
birds that winter in [ess remote areas of che
northern Uniced Stares and southern Canada

may encounter power lines. Electrocution was

the cause of death in 5.6% of snowy owls
{n=71} wintering in Afberra, Canada
(Kerlinger and Lem 1988

Like the snowy owl, the burrowing owl
{(Athctie cvmicudaria) and short-cared owl (Wsio
fanuneusi nest and perch on the ground and.,
consequently, are unlikely to be clectrocuted.
There are no known clectrocution records for
the burrowing owl. Electrocution records of
short-cared owls are uncommon { Williuns
and Colson 1989 APLIC 1996; Harness
1997; Harness and Wilson 2001; Cartron
et al. 20057 In France, <<53% of raptor
clectrocutions (=686 were short-vared
owls (Bayle T999),

VULTURES/CONDOR
Dyespive cheir large size, electrocution records
for Norh American vultures and California
condors (Gymnogyps californianus) are not as
common as butee and eagle eleerrocutions.
As of 2005, 6% of California condors
(=144 that have been released inro the wild
since 1992 were kalled by electrocution
(FEnergy and Environmental Econommes, Inc.
2{)05). Power line collisions have been a
greater threat to California condors than clec-
trocutions. Prior to the release ol hacked
condors, the bitds undergo power pole aver-
ston teatuing where they are offered nuural
SHAgs ;md S[mul:\l‘fd power pu]c:- {Sll‘\’dcl‘ and
Schmite 20023 11 they perch on a simulated
power pole, they recetve a mild shock.
Electrocutions of vultures are also uncom-
mon, with turkey vultures (Catbartes awra)
acvounting for n)n[},’ 29% ol clectrocuttons
{n=2107 in Nebraska [rom 1988 10 2003
[US[:\VS/Ncbmskn, unpub]. datah, 29 of
clectrocutions {4=113" in Artzona [rom
2003 1o 2004 (Dwyer 2004, and 2% ol
clectrocutions {#=51) in northern California
from 2001 to 2004 {PacihCorp, unpubl.
data. In the western United Staces, voltares
accounted for 1% of dectrocutions (n=1,428)
from 19806 to 1996 {Harness and Wilson




2001 Hallinan 71922° described torkey
vulrare electrocutions on three-phase, 13-kV
lines with metal crossarms in Florida. In
southern Florida, 14 confitmed clecirocu-
tions of both turkey and black {Coragyps
atratus; vultures were documented over a
SLX-year Pcriud 7). Lir:ds;ly. pers, comm. ).
Electrocuations of turkey vultures have
also been reported in Chihuahua, Mexico
(Cartron et al. 20057, Turkey vulture/power
line interactions, including clectrocutions,
were noted by Williams and Colson (1989,
Both black and wrkey valtue electrocutions
were dJocumented in Texas {Harness 19977,
Electrocuiions of Old World valtures are
much more common. In South Alrica, 429%
ol avian clectrocution records from April
1996 to November 2005 (n=1,018) were
vultures {C.S. van Rooyen, unpubl. data).
The large wingspans [up to 2.7 m {89 {tlof
these species, coupled with their behavior of
pcrching together on a polc, accounts for this
elevated electrocution risk (C.5. van Rooyen,

PIL‘l'H. u:ﬂmrn.).

WATERBIRDS
Electrocutions of waterlinds, such as storks,
cgrets, herons, ibises, pelicans, and gulls, nay
accut in areas where such birds perch on poles
that do not provide sufheient spacing to
accommodate therr relatively large wingspans
and /ot heights {sec Figares 4.12, 4.13 and
Table 4.1). Although avian-safe construction
and retrofitting can protect most waterbird
species, mcreased vertical separation may be
needed to accommodate their taller heghts,
Like other birds, waterbirds may be clecreo-
cuted as they fly into lines mid-span and
touch two conductors (Lano 1927; Pomeroy
[978: p;lcifiCm‘p, unpubl. da[a:}.

Storks have large wingspans (approx. 1.5
m [5 [t} and measure approximately 102 cin
(40 in¥ [rom head to foot. The wood stork
{ Mycterin americana} occurs in the southeastern
Unired States and is currently (20007 listed
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as endangered under che Lodangered Speeies
Act. Wood stork clectrocutions may result
from power line collisions or {rom contacts
on power poles {Forrester and Spaulding
2003; |. Newman, pers. comm. . Electroen-
tions of other storks have been documented
ourside of North America {Pomeroy 1973;
Haas T980; Bevanger [993; Janss 20007 In
Spain, the white stork (Cirenfa avonia? was the
second most commonly clectrocuted specics,
accounting for 13.39% of mortalies {:H=279‘}
{Janss and Eerrer 19997, White storks also
accounted {or 6% of avian clectrocutions
(n=100} in southeastern France {Bayle 19991

The great blue heron {Ardea beradias},
which is commonly found throughout muach
al sub-arctic Morth America, has been docu-
mented 10 clectrocution records from numer-
ous states { Lanw 1927; O'Ned 1938; Har-
ness 1997; Forrester and Spaulding 2003;
PacifiCorp, unpubl. data). Great blue herons
accounted for 3% ol clecrrocunons '::H=()I?}
in Montana from 1980 to 1985 {O'Nuil
19881 Roscate spoonbill {Ajaia ajaja) clee-
tracutions, likely associated with power line
collisions, ave been identified (Forrester and
Spaulding 2003; ]. Roberts, pers. comm. .
Electrocutions of egrets and herons have
been docwmented ouside of North America
{Pomeroy 1973, Ciconiiformes, including
white stork and cattle egret Bubileus ibis)
accounted for nearly 10% of avian eleetro-
cutions {n=600) 1n southwestern Spain [rom
1990 o [994 (Janss and Ferrer 20017,

Linc investigations and avian surveys near
Port Arthur, Texas, revealed that a variety of
wading and shorcline birds were killed Ly
clectrocution and//or line strikes {]. Roberrs,
pers. comm. ). Roseate spoonbills were nmpact-
ed more severcly than other waterbirds, with
over 40 individuals killed in two vears, Qther
birds killed or injured by lines in this arca
include cattle egrets, snowy egrets {Foretta
thula}, and neotropic cormorants | Phalacrocarax
brasifianns ). Prelimimary results from an




ongoing stidy suggest that many of the
apparent collision deaths or injuries were
juvenile birds with poor Aight ability.
However, carcass examination has indicated
that some of the bivds were electrocured.
Gull electrocutions ave uncommon bat have
been documentred (Bt‘\';lngcr 1")93). Harness
(1997 reported electrocutions of -4 Franklins
gulls (Larns pipexcean) in a survey of electrocu-
vons in the western United States from 1986

to 1996, [n Alaska, gulls eepresented 3.4% of

mortality records (7=2064" from 2000 10 2004
(USFWS/ Aluska, unpubl. data), PacifiCorp
(unpubl. daea} has documented gull electrocu-
tions on poles with transtormers in the west-
ern United States. Dickinson {1957 noted
cleerrocutions of gulls at a Landfill in North
Carolina. [nn southeast France. 3% of avian
electrocutions {n=100) were gulls and terns
(Rayle 1999, In addition, of hoth electrocu-
vons and collisions in this same region, 16%%
were gulls and terns, 43% were herons, and 4%
were greater flamningos (Pheonicoptens ruber).
Electrocutions have been reported for
both sandhili cranes [’Crlrs (liJ!ﬂr{(‘HH—j}
(Harness 1997; Forrester and Spaulding
2003% and \\-*huuping cranes (., americana)
(Forrester and Sp.’luldl'ng 2003, although
these are likely to have occurred as a resule
ol mid-span collisions. O 115 radio-tagged
whooping cranes that died or disappeared
between 1993 and 1999, 4.3% were clec-
trocuted as a result of power line collisions
{Forrester and Sp;’m]ding 2{)03:}, Ahhough
the North American cranes are not Iikely to
pereh on uti]il’)’ structures, grey crowned
cranes {Balearica sgulorim? in South Africa
do perch on poles and have been electrocuted
{C.S. van Rooyen, pers. comm.’.
Electrocutions of brown pelicans (Prlecarins
occidentalis have been documented in the
United Stares (Harness 1997; Forrester and
Spanlding 2003; APLIC 2005; |. Roberts,

pers. comm. . Along the Gull' Coast where
large concentrations of brown pelicans oceur,
numerous clecrrocutions have been documented
(). Roberts, pers. comm. . These electrocutions
occurred when young birds congregated on
power hines near fish camps and cansed the
line to sag, allowing the birds w contact the
neutral wire. The newtral wire was removed
and there have not been any electrocutions
since, In Georgia, an American coot {Fulica
antcricanna) was found inside a substation,
whete 1t was suspected to have been electro-
cuted as a result of contact with equipment
(B. Estep, pevs. comm. .

CORVIDS %
Not long ago, crows, ravens, and magpics
were considered pusts lor which some stares
oftered bounties, The Migratory Bird Treary
Act [MBTA} of 1918 did not offer protec-
uon to corvids and binds of prey uniil
amended an 1972, In recent vears, there has
been an (ncreasing awareness that corvids ace
protcc[ut{ under the MP{I'A. and that t]lC)’
can have considerable impacts on power relia-
baliry, particularly in agriculeural or suburban
arcas where their populations are INCTeasing,
Corvid electrocutions have reccived less atten-
tion than rapror clectrocurions, therefore, less
is known abeout corvid clectracution rates.
Because of therr ]:Il'gc stze and l-rcqucnl: use
of power poles, ravens arc likely electrocured
more olten than currently documented.
Although corvid mortality is Llnlikcl}’ to have
population impacts, their electrocutions and
nests can atleet power seliability (Figure 4,61,
Corvid clectrocutions were reported
1921, when electrocutions of crows were
documncnted n Florida (Hallinan 1922).
Dickinson (19377 noted that crows nested on
poles in North Dakota, causing faults on the
line. particularly dul‘ing wet weather.S [n
Montana, common ravens (Corvus rorax)

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

effeetive, as the crows stopped building nests on the poles.

BETS Were




accounted for 2% of electrocurion records
(n=61) (O'Neail 1988).

Recent studies show an increased number
of corvids in electrocution records, possibly
due to enhanced reporting, increasing num-
bers of urility structures and/or increasing
populations of some corvid species. Bridges
and Lopez (1995), Harness (1997), and
Boarman and Heinrich {1999) cite ¢lectro-
cution as a cause ol death for the common
raven. Common ravens were the most frequent-
ly electrocuted species in Utah and Wyoming,
occurring in greater numbers than cagles and
buteos and accounting for 32% of morrality
(n=547) {Liguori and Burruss 2003). Ameri-
can (black-billed) magpies (Pica hudsonia) also
accounted for 2% of clectrocutions docu-
mented in ¢his study. Likewise, 2% of mor-
taliries in northern California and southern
Oregon [rom 2004 to 2005 (#=103) were
magpies (PaciiCorp, unpubl. data). In a sur-
vey af 3,120 poles in Colorado, corvids
accounted for 7% of mortality (Harness
2001). Of 156 electrocutions in Anzona,
4% were common ravens {Dwyer 2004).
Ravens accounted for approximately 40% of
electrocution records for one Arizona utility
(P. Jelen, pers. comm.}. In Chihuahua, Mexico,
the Chihuahuan raven was the most frequent-
ly electrocuted species, accounting for 69%
of mortalities (m=178} (Cartron er al.
2005). In Arkansas and Louisiana, reports of
American crow (C. brachyrbynchos) clectrocu-
tions have been rare, although dead crows
have been observed in substations on four
oceasions (. 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, clectrocutions 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 arca, and 30% cited crows and ravens
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as the birds most frequently clecrrocuted in
their area (APLIC 2005).

Corvid clectrocutions are not lunited to
North America {Bevanger 19983, [n Spain,
common ravens comprised 10% to 25% ol
clectrocurions {n=279, Janss and Ferrer
1999; n=467, Janss 2000). Common raven
and jackdaw (C. manedula) together accounted
for approximately onc-quarter (16% and
10.2%, respectively} of avian mortaliries
(1=600) found in southwestern Spain from
1990 to 1994 (Janss and Ferrer 2001). In
southeast France, corvids accounted lor 45%
of avian clectrocurions {n=100 (Bayle
19997, Corvid electrocutions are considered
fairly common in South Africa (C.S. van
Rooyen, pers. comm. ).

SONGBIRDS AND OTHER SMALL BIRDS
Although often overlooked, electrocurions of
passerines (songbirds) have been documented
throughout the 1900s. Electrocution of purple
martins (Progne subis) locking on power lines
was noted during the early twentieth century
{Anderson 1933). Loggerhead shrikes (Lanins
ludovicianus) were electrocuted in Florida
when they attempted to impale prey on tie

L
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wires {Hallinan 19227 An electrocured
Balumore ortole (Jeterus galbnda} was reporred
m Ohio duning the 19505 (Dexter 19533, In
Indiz, rose-vinged parakeces (Psittacila kramers?
wete electrocuted when they bridged two
closely spaced conductors {Dilger 19547
Their habit of cimbing poles by clinging o
dillerent wires with their feev and badls made
them more valnerable o clectrocution than
are other small birds. Interestingly, Dilger also
noted that lavge fraee baes, Prerepus, were killed
on these poles as well,

Reports of songbicd elecirocutions are
lrecoming more common as utilities, arendics,
and the public become mereasingly aware ol
the mteractions of small bads wich power
lines, Records of such electrocutions, often
assoctated with power outayges, mvalve species
such as starlings, woodpeckers, jays (mentioned
with Corvids), robins. pigeons, doves, king-
bieds, thrushes, shrikes, sparrows, swallows,
orioles, and blackbinds {Bevanger [993; Michi-
gan Dept. Natural Resourees 2004; APLIC
2005; PacifiCorp, unpubl. daca Thigure .77,
Although infrequent, some outages result
from domestic species or pets not protected

by the MB'TA {PacihCorp, unpubl. data’.

In soine circumstances, songbirds a1l catise
outages when larnge Hocks take ofT ar oner,
c;lu.sing lirres to g;ll]r)p or s]up lugclhcr. In
Mexco, roosts of purple martins can be so
large that they break clectrical wires {Brown
1997, Perched tlacks of simall birds may
span from phase to phase or ground, causing
an eleerrieal current o pass through multple
individuals. This can result in outages and clec-
trocuttons. Indwvidual small birds may not be
at sk of conductor-ro-conductor contact,
:.'L'L can he \'u]nL‘rﬂblL‘ to clectroctitton on
reansformers or other exposed equipment
where separations between energrzed and
grounded hardware are considerably less. On
poles whete protective coverings have been
mstalled on gansformer bushings, arresters,
or msularors, mseetivorous birds may attempt

to plean inseets rom nside the covers.

MONK PARAKEET

Monk parakeets (Myigpsita monachis) were
brought to the Unived States from South
Amenca begtoaung in the Tare 1960s (o be
sold as pets. Escaped birds have since estab-
hished populations throughout mach of the
United States and cheir numbers conrinoe o
grow (Prll(’t[—]()l‘lt‘s er al, 20()5}. Maonk para-
keers build nests in urban and suburban areas
in trees and on eleceric wrliey struetares

{Frgure 4.8; also see Chapter 0% Fires and

outages can occur when monk parakeet

FI&URE 4.'8: M;lI(:pa‘raI;m. =
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nesting matetial comes in contact with ener-
gized parts, or from the nesting activiry al the
birds (hemselves. Monk parakeets contunually
maintant their nests amd. cnnscquunll}-', mdi-
viduals have been electrocuted when attempt-

ing to weave nesting matenal (e, twigs ! into
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the nest (J Lindsa)’. prs. Cumm.). In addition
to posing vutage and fire risks, monk parakeet
nests on uttlity structares attract predators
and trespassing pet-trade trappers, potenttally
l'vsulling it clecerocutions of both birds and
humans [ Newman et al. 20047,

FACTORS
INFLUENCING
ELECTROCUTION
RISK

®

AVIAN USE OF POLES
Raptors, waterbirds and small Dirds use
powet poles for hunting, resting. roosting and
nesting—particularly in habuars where trees,
clitTs, or other natural substrates are scarce
{Figure .9} Fov waterbinds, power poles and
lines can provide sites to perch while drying
their [eathers. E;lglcs and other rAPLOTS tend
to use “preferred poles” that faailitare hunting
success, Stull-hunting conserves energy, pro-
vidded suitable habitat for prey is within view.
Preferred poles typreally provide clevation
above the surrounding terrain, a wide ficld of
view, and casy take-ol I {Bocker 1972; Bocker
and Nickerson [975; Nelson and Nelson
1976, 1977; Benson 19317 When the design
ol a prc[-crlu{ pole 15 not avian-sale, multiple

clecrrocutions can occut. Rescarchers have

IGURE. open habit

power poles can provide pereﬁl g
roostmg sites for raptors and other bircb.

found up to a dozen eagle carcasses or skele-
tons uruder a single pole {Dickinson 1957,
Benton and Dickinson 1966; Edwards 1969;
OMendaorfl 19724; Nelson and Nelson 1976,
[977; Manasa 2001

Benson {1931} conlirmed that the height
of a perch above the surrounding terram was
important to the frequency ol eagle electro-
cuLions Since pole height gencrally varies
on]\ 2w dm{dto [0 there was no
:.lEmhL.mL dlllumw it the hu‘ght‘.\ ol pales
with ar without electrocured eagles. FHowever,
poles that provided the greatest leight above
the surrounding cerrain, c.g., those on blufls
and knolls, had a higher probability of
causing clectrocutions.

Habitat diversity plays an tmportaut part
in pole preference. In one study {Pearson
[979), raprors used poles w hewerogeneons
cnvitonmenls more olten 1[1;111 those 1n
homogencous enviconments. In {act, mereased
habat diversity is only an ndivect cause ol
increased use. A more direct couse 1s che
LICTEAse In Prey types and density of prey
typical of greater habitae diversity. Eagles and
other raptors spend more tme hunting in
areas that offer a greater chance of a success-
ful capture. It 1s reasonable to expeet that one
pole will receive no more use than the nexe in
unifonn habitas, ather factors notwithstand-
ing {Anscll and Smith 19807 The “prelerred
pole” concept, therelore, may not apply wlhen
addressing an clectrocution problem in
homogencous habitats or “preferred areas.”

Choice of prey can also influence clee-
trocution risk. Benson {T9817 found lughly
signifrcant differences both in cagle use and




cagle morralities along cleetrie distribution
lines i agricultural versus non-agricultaral
arcas in six western states. More use and mor-
taluty wecurred tn native shrublands, primarily
because of vartations m rabbit disteibution
and avalabiity. In particular, more golden
cagles were elecrrocuted where cottontails
(Svlvilagus spp.) oceurred than where only
jackrabbits (Lepus spp.) occurred. In jackrabbit
habeeat, abour 14% of poles had rapror
carcasses under them, compared to nearly
7%, in cottontal babitat, Where both
cottontails and jackrabbits were present,
about 22% of poles had rapror carcasses
under them. The most lechal 23% of lines
studicd were in sagebrash-dominated areas
where both types of rabluts oceurred in large
numbers. No correlatton was found in this
study berween rodent population densities
and the incidence of raptor electrocutions.
Odher studies have also documented a
correlation between prey populacions and
raptor eleetrocurion risk. The attraction of
cagles to areas with high rabbit populations
and increased electrocution risk was noted by
Olendorll (1972a) near the Pawnee National
Grassland w Colorado. Kochert {1980 con-
cluded that the inaidence of cagle electrocu-
tions tn the Snake River Birds of Prey Area
in southwestern ldaho was a function of
mid-winter cagle density that was, in ern,
strongly related to the density of jackrabbits.
The highest densities of jackrabbits in south-
western Idaho oceur in natve shrublands
(Smith and Nydegger 1985); accordingly,
more cagles were electrocuted in such habitas,
In the Batte Valley of northern California,
irrigared agricultural ficlds support ground
squirrels and other small mammals thae, in
turn, awract large numbers of raptors. In
these halurars, particularly on dead-end poles
with rransformers lacking avian protection,
raptors ate at risk ol electrocution. Prior to
extenstve retrofitting efforts in this region,
nummerous cagles, hawks, and owls had been
clectrocuted [PaciliCorp, unpubl. data’:.

Coneentrations of wintering raptors,
including ﬂ:rrllgil‘lous hawks and g(:]dcn
cagles, are attracted to rhe continent’s larpest
prairie dog complex n Chiluahua, Mexico,
where numerous birds had been electracuted
prior 1o retyolieting eflorts { Manzano-Fischer
2004 Carwron et al. 20057

In Alaska, an abundance ol food sources
from municipal waste facilities, canneries, and
f1shh cleaning stations arteaet bald cagles tha
have been clectrocuted on nearby power poles
(Harness 2004,

Research on the proximity of nesting bald
exgles to human activity in Florida suggest
that fledging cagles [rom “suburban™ nest
sites have a higher risk of morwlity from
human acrivities, mncluding electrocution,
than do their "rural” counterpares {Millsap et
al. 20047

Agncultural arcas atteact pigrons, black-
bards, and starlings. Large flocks of these
birds perching on wires can weigh down
conductors, causing lines to gallop when
they flush. As with raptors, these smaller
species are vulnerable o electrocuton on
transformer poles, and related outages can
disrupr farming activities.

SIZE

Birds wach barge wingspans, such as cagles,
may bridge the distance berween conductors
on horizontal crossarms, while tall birds,
such as herons or storks, may simulraneously
contact different conductors on poles with
vertical construction. Golden cagles have
large wingspans, rangmg from [8 w 2.3 m
(6t 7.5 [} (Figure 4.10, Table 4.17. The
height of a golden c:lgln' ranges from 46 10
66 em {18 10 26 in) [rom head 1o foot. Bald
cagles are sinular in size to golden eagles,
with wingspans ranging {rom 1.7 to 2.4 m
(5.5 10 8 {t} and heights ranging from 46
to 71 em (18 o 28 ). As with mose other
raprors, lemale eagles are larger than males,
Because dry feathers provide insulation,
birds must typically contaet elecirical




eqquipment with conductive teshy pares for
clectrocution o ocear. Fleshy parts include
the leer, mouch, Ball, and the wrists (rom
whiclh the primary feathers onginate. Fora
Jarge golden eagle with a 2.3-n [7.5-10;
wingspan, the distance from the fleshy up
of one wrist o the tp of the other can
measure 107 em {42 in?. These distances are
important when considering phase-to-phase
or Pl!:‘{:ic-lu-gl‘ouud 50[.3;11'.‘1[[(3115 ol power
lines and the susceptibilivy of cagles o
clectrocution {see Chapter 3.

The 150-cm (60-in? standard ol separation
between cnergrzed and /or grounded parts is
intended o allow sulhictent elearance for an

cagle’s wrist-to-wrist span FAPLIC T996; sec
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Chaprer 3). Applving this standard wil also
protect birds with wingspans smaller than
cagles, {sce lable 4.1 and Figures 4.10, 4.11,
‘.l'.]zj ll"l Arcas \\'llL‘l'L‘ L‘ilgll.‘s kl(] ot OCCLr, a
standard of 102 cm (40 s may provide
adequate separation for raptors other than
cagles. [nareas with condors, a 150-cm
{60-in} separation may not b adequate.
The wingspans of California condors range
from 2.5 10 3 m {8.2 1o 9.8 1) and condors
measure 120 to 130 em 46 o 53 min
height {Snyder and Sclimir 2002; Wheeler
20037, Utihities in areas with condors should
consider the large suee of this endangered
species when destgning or retrohctimg

power linics,

“60 inches”...Where Did It Come From?

The 1981 edition of Suggested Practices recommended
150 em (60 in) of sepatation to provide adequate space
for a large cagle with a wrist-to-wrist distance of 140 cm
(54 in}. This measurement was calcuiated by subtracting
the lengths of the outer primary feathers (estimated ac
46 em [18 in] each) from the toral wingspan of a large,
female golden eagle measuring 230 em (90 in).

In the preparation of the 2006 cdition of Suggested
Practices, the dimensions of numerous bird species were
obtained from the licerature and fTom measurements of
live birds. This rescarch has raised some interesting
questions and has tdentified che need for further
investigarion. Measurements of live birds have shown
that subtracting primary feacher length from total
WINgspan is NoL an accurate measure of wrist-to-wrist
distance {APLIC, unpubl. data). Although sample sizes
are small, the wrist-to-wrist measurements of golden
cagles obtained {rom 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, WHISE-EO-WISE
measurements were less than 110 am (43 in). Wrist-

to-wnist measurements were much smaller on bald
eagles; although bald cagles may have larger wingspans
than golden eagles, their primary feathers are longer
and account for a greater proportion of the wingspan.

APLIC continues to recommend 150 cm {60 in)
horizontal separation for eagle protection in this edi-
tion of Suggested Practices. This edition also recommends
100 em (40 in) vertical separation for eagles. However,
utilities may choose to implement design standards
using different separations based on the spectes or
conditions at issue. To improve avian protection on
power lines, APLIC encourages rescarchers to collect
verrical and horizontal flesh-to-flesh separation
measurements of large birds. This informarion will
help utilities railor their avian protectton 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 arcas
with California condors, utiliries could design struc-
tures to accommodate these farge birds; and n coastal
areas, utilities could consider the tall heights of wading
birds when designing lines.

18 \Wrisr.ro-wrist measurements coold not be documented for California condor.




Por rall species, vertical distance can play
arole as important as horizontal distance.
Because the height (head to foot} can reach
up o 66 em (20 in} for a golden eagle and
71 em (28 in) {or a bald cagle, vertical sepa-
ration sufficient to accommodate perching
c;lglcs 1s recommended n arcas with these
species. Long-legaed wading birds, such as

herons, egrets, ibises, and storks, may also

be clecirocuted on poles where there 1s
insulficient vertical separation between
conductors or conductor and ground. In

arcas where such species are at risk, vertical

separation of 120 ¢m (48 N} Or mate may

be needed to accommadate the heighes of
some species.)” The Leights of selected
speaies are provided m Table 4.1 and
Figure 4,13,

() | TABLE 4.1: Wrist.to-wrist, wingspan, and height measurements for selected birds."

Species Wrist-to-wrist Wingspan Height cm

om (in) [sample size]t om {in) {in) [sample size]®
Turkey Vulture 58-61 {23-24) [a=2] 165-178 {65-70) 3653 {14-21) [n=3]
Black Vulture 137-160 (54-63)
Califomia Condor 249-300 (38-118) 120130 {46-53)
Osprey 150180 (59-71}
Bald Eagle 79-86 {31-34) [n=4] 168-244 [66-96) 46-71 {18-28) [n=5]
Haris” Hawk 43 (17) [n=1] 103-119 {41-47) 2843 N1-17) [n=2]

Swainson's Hawk

41-58 [16-23} [=2]

112-137 {44-54)

341 (13-18) [#=2¢

Red-tailed Hawk

36-58 (14-23) [n=10]

107-142 {42-56)

34-56 {13.5-22) [n=1]

Ferruginous Hawk

56 [22) [n=1]

135152 {53-60)

48 (19 [n=1]

Reugh-legged Hawk

122-142 (48-56)

Golden Eagle 79-107 {3142) [n=10] 183-229 (72-90) 46-66 {18-26) [n=11]
American Kestrel 20-25 (8-10) [n=4] 51-61 {20-24) 15-20 (68} [n=4]
Merin 53-69 (21-27)

Peregrine Falcon

33-51 {13-20) [n=2]

94-117 (3746}

28-38 {1115) [n=3]

Prairie Falcon 41 (16} [7=1] 91-112 [36-44) 33 (13} [p=1]
Bam Owl 38-51 (15-20) [n=4] 104-117 (4146 ) 25-38 {10-15) [n=4]
Great Horned Owl 43-64 (17-25) [n=8] 114-130 {45-51) 31-41 (12-16) [7=8]

Continued

7 This distance is based on the heighe of z great blue heron, approxarately 1.2 m (46 in}
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Wirist-to-wrist

Height cm

cm (in} [sample size]" cm (i) {in} [saraple size]¥
Roseate Spoanbill 127 (50) B1 (32)
Wood Stork 155 (B1) 102 {40)
White Pelican 244-290 (95-114) 157 {62}
Brown Pelican 203 (80) 130 {51}
Egrets 91-130 {36-51) 51-100 {20339}
Great Blue Heron 183 (72) 117 {46)
Other Herons 66-112 (26-44) 4656 (18-26)
Ibis 91-97 {36-38) 58-64 (23-25)
Cormorants 132160 (52-63)
Comumon Raven 135 {53) 41 (16} [n=1]
Chihuahuan Raven 112 (44)
American Crow 99 (39)
Magpies 64 (25)
Jays 4809
Woodpeckers 31-5312-2A)
Blackbirds 28-58 {11-23)

* Sources: Johnsgard 1988, 1990; Sibley 2000; Wheeler 2003; Birds of North America species accounts; City of Lawrence
{KS) Prairie Park Nature Center (unpubl. data); HawkWatch Intemational {unpubl. data); Kansas 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.

§ Height given is from the top of the head to the feet. Ses also footnote 1, above.
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FIGURE 4.10: Critical dimensions of a golden eagle.
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FIGURE 4.11: Wingspan comparisons of selected raptors.
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AGURE 4.12: Wingspan comparisons of selected birds.
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' FIGURE 4.13: Height comparisons of perched birds.’8
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L 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 an height measurements.
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TABLE 4.2: Percent of juvenile golden eagles in electrocution studies.

Hundreds of hours of actual obser-

vations and :m:lf}fscs of slow-mation.
16-mm movies made by Nelson i the

L"Arl}‘ 19705 demomserated tha iln'cni[c

cagles are less adept at mancuvermg

than adults, especially when landing

and la‘lk[ng ol {(Nelson 19791y, 19301;

Nelson and Nelson 1976, 1977

Study Percent juvenile Sample size
Benson {1981) 94.2% 52
Boeker and Nickerson (1975} 90.0% 419
Schombury {2003) B7.9% 132
Hamess and Wilson (2001) b6% 90
USFAS/Nebraska (unpubl. data) 63% 27

Tramed golden cagles were filmed

landing on un-cnergizecd. mockup

AGE
Research on golden cagles suggests that
uvenile birds may be more susceptible to
clectrocunion chan adules { Lable 4.2 Birds
[h;l[ Hest O powcr po[cs may [‘n‘ clt’t[n)al[vd.
particularly if the combined wingspans and
sumultancous appmyg behavior of several
young hirds cause them 1o bridge energized
phase conductors and/or bridge between a
conductor and grounded equipment. Post-
ﬂcdging. juvenilc birds may contirme 10
experience mereased nisk compared 1o adults
because they are less agile at Tanding on and
t;lking ol [rom polcs. ch:u'&”css of an
clectrocuted bird's age, correetive actions to
prevent electrocutions remaim the same.
Susccp[ibi[it)-‘ of jLn'cni.[c gol({cn L'ag]cs o
electrocution involyves several factors, but
none seems more amportant than experiense,
Inexpericnced birds may be less adepr at land-
ing and wtking olT, which increases their risk,
Inexperienee may also affece how juvenile
birds hunt. Juvenile birds Ty learn o [-{)' aned
hunt [tomm a pur(‘h, particularly in flat country,
\\']]Crf l]PL‘]rﬂ{rS ATC lfﬁs COINION, [A(‘ﬂ'r]]ing
ta fly involves [requent short flights from
perch to perch. The first attempes 1o hunt
involve frequent changes of perches lollowing
unsuccesstul chases, One juvensde golden eagle
was observed making over 20 unsuccessiul
hunting sorties alter cottontails from a
distribution pole (Benson 19817 Had
the e been unsafe for L’:lglcs and weather
conditions been poor, the likelthood of
clectrocution would have been high.

power P{JIL’S of various L‘unﬁgur;ui ons
m both calm and inclement weather, The
cagles did not perch on wires {conductors)
and seldom perched on pole-top poreelan
msularors that tt‘ndvd to be too 5111;‘11].
smooth, or slick for comlortable gripping.
Instead, they used pole tops and crossarms
thar offered frmer l‘(m[ing. When an adule
eagle approached a three-wire power pole
crossarm, for instance, the bind typically
swoopcd in under the ourside wire, swing up
Letween wires with wings folded, and stalled
onto the perch. The landing, when made o
a headwind, was skilled and gr.lcri_u], with
very liztle ﬂ;lpping.

Juvenide binds, by contrast, often ted to
settle onto a crossarm {rom above, using out-
stretched wings to slow therr descent. They
sometimes approached diagonally, flew o the

[ligllL‘Sl |.3()i11[—pu1‘11£{]_15 an msulator—and

vried to land. The birds often slipped of T the
msulator or tried in mid-flight to change to
[l"{.‘ CIOssArmT——I1arcuvers ;1CC(‘]1]]},‘liSI1fLi l_v]}’
much wing flappimg rthat increased their
elecrrocution risk. Sometimes, juventle birds
began corrective action at a distance from

the poles, particuiatly when the approach was
too swift or at an improper angle, If lhcy
approached parallel ro the lines, they often
scttled down across two conducrors or tried
to fly up between the conductors, inereasing
their electrocurion risk {Figure 4.14), During
landings, juvenile birds contacted the wires of
the durmmy poles making skin-to-skin contact
near the wrists, Occasionally, contact also

UCCU[‘I’EL‘{ on duwnward “'l‘l’lg bc;l[s during




FIGURE 4.14: Juvenile golden eagle about to land on a distribution pole that is not

2 Bii;_logithl'ﬂ_jsﬁfts .I)f;-Aw.'an Electrocution | 45

" .
- #

take-olfs. On energized lines, simultancously
touching differing phase wires or a phase and
a ground with {leshy parts of the body or
with wet {eathers can result i electrocution.

Juvenile eagles may rely on poles as lut-
ing perches more than adults. Benson {1981
attributed differences tn electrocution risk of
adult and juvenile birds to the fact that aerial
hunting (as opposed to still-hunting from a
pereh) was the principal tactic used by adult
golden eagles to capeure jackrabbits. Catchmg
jackrabbits wich any consistency requires
experience and tenacity in long, in-flight chases,
Youny birds find more success w1 pouncing
on cottontails or other prey from stationary
perches such as power poles. This increases
their exposure to electrocution risk.

Florida has che largest breeding bald cagle
population in the lower 48 states, with over
1,000 known nesting pairs (INesbie 20033
From 1963 10 1994, 16% of known bald
cagle deaths in Florida (#=309) were due
to clectrocution. Contrary to previously
mentioned data for golden eagles, these
clectrocutions were nearly evenly distnbuted
between adult {55%) and juvemle (45%)

birds. Likewise, 43% of known age bald cagle
electracutions in Nebraska {a=22) were Juve-
mule birds {USEW S/Nebraska, unpubl. daca’.

Overall mortality rates {considering all
causes ol death) are greater for juventle birds
than [or adules. Recoveries of banded golden
c;\g]vs showed mort;l[ity‘ in S0% l)f‘ l]lL‘ popu-
latton by an age of 31 months { Harmata
200271, Although age-related differences o
clectrocutton risk are typreally poorly under-
stood for species other than cagles, 1 ts Tkely
that juvenile individuats of other species may
be at greater risk than adults due to mexperi-
ence and averall tugher mortality rates, For
cx;lrnplu, juveniles accounied for 61% ol
Harris” hawk clectrocutions (n=75) m
Tucson, Arizona {Dwyer 2004,

SEASONAL PATTERNS

Electrocution risk can vary with season.
Many golden cagle mortalities along power
lines (nearly 80% 1n the Benson 1981 study)
oceur during the winter. OF eagle electrocu-
tions m the western United States with
known mnrr;l[il‘)-’ dates {rr=96f}, 399%
occurred [rom January 1o March: of eagle

& SHERRY AND JERRY LIGUCRI
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carcasses discovered Tor which the date of

martality was unknown [a=3T6), 35% were
found lrom January wo Apl tl (Harness and
Wilson 2001,
of cagle morealities reperred during routine
llli[il}-' activities [rom 20071 o 2004 in the
western Unired States b}-‘ P;lci[‘iCurp funpub].

Likewase, the majoutey (65%)

t|;ll‘a;‘: occurred [rom December ro :\pl‘il.T}w

increased frequeney of engle clectrocutions

during the winter may be atribueed o greacer

concentrations ol these birds in OPUN areas
with power lines durtng the wincer months.
Likewise, eagles may be attracted 1o high
scasanal prey concentrations that 0y, COt-
ciclentally, oceur near nor-avian-safe lines. In
addition. cagles probably hunt from perches
maore dlumg the winter than at other times of
the year. [n b lorida, where bald f.lg]u oeur
vear-tound, electrocutions occurred during
every month of the vear ( Forreseer and
Spclult‘[u‘lg 2003, Hmu\*tl, most accurred
[rom Ocrober lh[’('lllbh April, the period that
encompasses the breeding scason wlen eagle
abundance 1s greatest in Florida and when
dispersal and migration eeeur.

Elecorocurion rates of other species may
also marcase seasomally due to breeding

behavior and the presence of voung. Increased

raptor clectrecutions, particulady of Harnos'
hawks, cm‘ruspondcd with NesLny Actvily 1
Tueson, Artzona § Phwyer Ul]—} O[ Lnown
electrocution dates for hawks ¢ =119 i the
western Uniced States [rom 19836 wo 1990,
537% eecurted from July o Seprember THar-
ness and Wilson 2001 In Chibuahua, Mexico,
red-tailed hank mortalty peaked Trom Seprem-
ber to November {Careron et al. ’()U“'-‘ Simi-
larly, L'lnrrmu['mm. ol hawks in the western
Uniced Seaves from 20071 to 2004 were
greatest from July to November, with [6% of
annual martalities oceurring 1 both July and
Au;us[ 14% in September, T1% in October,
and 7% i Novemnber (PaciliCorp, unpubl.
dell‘:-l}. Tliese seasonal I.!c:lks likcl)' C()rrL-':'].\onJ
with increases m hawk populattens due o dis-
persal of Hedelings during the breeding season
and mfuxes ol birds during il MO,
This datasee also showed a slight tnerease m
hawk electrocution mortaliey during March
and April Zeach witl 8% of annpual moraliey),
probably correlared with spring stagimg,

As with hawks, mortalities of owls m dw
western Lhniced States were ereatest i lare
surmmer, particularly August and Seprember
{Haruress and Wilson 20017 Likewrse, elec-
trocuiions of t';l-_;;]c owls ;_"‘B“fvc furfmj m the
ltalian Alps were greatest during the period
of juvenile dispersal m Seprember (Ruboling
o al. 200[;}. I the western Uinieed Seates.
owl clectracutions (rom 2001 ve 2004 wete
greatest during summer and carly [all, wich
JLmL‘. Jll[)’, f\ugust. and SL’]J['L‘!HL‘L’I‘ dtC(JLIIleg
lor 26%%, 249, 72, and 124, l'uspuc[i\'ri}*, ol
annual mortality {PacihCorp, unpubl. daca’,

Electrocutions of other species also exhibit
scasomal patterns, Reconds ol corvid electro-
cutions in the western United States (rom
2001 1o 2004 were grearese from Apnl o
Augast, with highest nambers o June {16%
July £2296), and Avpuse (153%00 {PaciiCorp,
unpubl. data ). These months correlated widh
the local [)l‘t‘t'ding season ol these species,
particularly the times when nL'sllingb and/or
fledglings are present {lrgure 4157 Raven
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clectrocutions also peaked in August and
Septemnber in Chihuahua, Mexico (Cartron et
al. 2005). Electrocutions of songbirds i the
western United States were correlared with
the summer months, as 69% ol clectrocu-
tions ocaured from June o August (Pacifi-
Corp, unpubl. data}. The APLIC-member
utilitics surveyed documented seasonal differ-
ences in electrocution rates and noted overall
increases during nesting and fall migration
{APLIC 2008). In addition, species-specilte
seasonality was noted for cagles (winter) and

passerines {spring}.

BEHAVIOR
Nesting, courtship, and territorial behavior
can make raptors and other birds susceptible
to elecrrocution {Figure 4.16; also see
Chapter 6% The gregarious social behavior
ol some birds, such as Harns' hawks or
vultures, can also increase electrocution risk
as multiple birds perch together on a pole.
Benson { 1981) found that nearly 46% of
red-tailed hawk electrocutions oceurred during
coureship and nesting. Most of these birds
were adules. Benson also noted that nearly
30% of the hawks electrocuted during 7 the

late spring and early summer were Aedglings.

e o 1 M i : q
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Dawson and Mannon (1994 reported that

37% ol 112 C]CL[T{)LU[Ld l Ll]’rlb [tawks in
souchern Artzona were birds that had recently
fledged. Likewise, Dwyer {2004 found that
63% of clectrocuted juvenile Harris” hawks
(n=40) were killed within three weeks ol
[]udging Or rapLor and raven clectrocutions
m Tucson. 79% were witlun 300 m {1,000
fry of anest {4=3GDhwyer 2004 A young
Swainsons hawk was found clectrocuted in
south-central Washington svon after it
fledged {Fitzner 1978), and 2 fledgling great
horned owls were found electrocuted near
nests i Saskatchewan {Gillard 19777
Groups of 2 to 3 common ravens have been
clectrocuted m Utal and Wyoming, likely
due to multiple birds sunultancously span-
ning conductors {PacithCorp, unpubl. data).

Several instances ol electrocution of buds

carrying prey or nest mateiial have been
reported. A dangling prey item or stick can
help span the gap between phase conductors
or between an encrgized conductor and a
grounded conductor, electrocuting a bard
returning to the nest {Switzer 1977; Frzner

1978). A young great horned owl was {ound
clectrocuted with a freshly killed snowshoe
]'I-lll' {f.tpus (n"flfﬂ"“ljj l}’lnb nl..d[b} A\(Jlllx’ll‘.{

[977). Sunilar incidents were noted by Bl'ad\'
kI ")6'“) and HAI’LI'\' 970 In Utah, Lh:t._—
m_u:umd great lmrned owl was discovered with
four nestling western kingbirds {Tyranins ver-
ticalis} tn its talons, likely retrieved from a king-
bird nest Behind the transformer that killed
the owl {S. Liguon, pers. obs.}. Golden vagles
carrying large prey have been clecirocured on
otherwise avian-sale poles in Wyoming
(PacitiCorp, unpubi. datn Two adult red-
tailed hawks were electrocuted at separace
nests 1n \V}'oming. pussibly while C:lrr}’ing
nesting material { Benson 193 1. A pair off
electrocuted red-tails was Found below a pole
in Utah, Both birds with nesting marerial in
their talons ICS. Liguori, pers. obs.;‘]. Ospruys
have been electrocuted when carrying seaweed
{New York Times 1951 and barbed wire



CRlectrie Meter 1953) co their nests, Nests
and nestlings can also be destroved of nestng
muatertal hes across conductors, resulting i a
flashover and fire { ";mdcrbm'gh 1993
Dunmg the nesting pertod, birds often
engage in courtship and territoral defense,
In such displays, raptors often lock talons,
greatly increasing thewr effective WIngspans.
If these activites take place near a power line,
the birds can be electrocured. For example, m
Montana, the cleetrocution of a subadule
golden eagle was witnessed during an agyres-
sive encounter wich an adult cagle VSchom-
burg 2003 Benson (1981 docomented a
P;‘lir ol clrclrocu[cd L‘;lg[t‘s below a PU]C. the
talons of cach bird imbedded i the brease of
the other. In Oregon, two electrocuted red-
tailed hawks were found below a pole, with
the foot of the adult imbedded in the chest
of the juventle (5. Liguori, pers. obs.).
Aggression between species may also have
similar vesults, c.g.. in Wyoming the oot of
a greal horned owl was [ound grasping the
body ol a red-tailed hawk {5, Liguon, pers.
obs.) Likewise, tn Artzona, a Harris” hawk
and red-taded hawk were clectrocuted togeth-

ot dm‘ing an ;aggl‘casi\'e cacounter {:D:lwsml
and Manran 19947 1n areas of Montana

& SHERRY AKD JERAY LIGUORI
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IGJHE 4-.17: -S-wainson's' hawk u.éing power pole for shada.

where large concentrations of cagles winter,
aggiessive nteractions between birds have
led to the electrocution of two birds at once
\\b .’\’Iiludraguvidl, pers. C()mm.:j. In the
Northern C;l].u: Provinee of South Alrica,
vultures were electrocuted on vertically con-
fhyured poles when aggressive mteractions
caused birds to slip ofT rhe insulators and
(2]l vato conductors {Kruger v al. 20037,
Raprors and other birds may use power
poles wo provide protection from the elements.
Durmg hor weather in open, and environments,
birds seeking shade may perch on Jower
crossarms or perch close to the pole (Figure
4177 Birds may also wse the lower portions
of power poles during rain or snow. Although
PU\.\'C[' P()IL’S Llo nor :1})].&':11‘ o Ur[-L'T lﬂllch
protection from the clements, they cn
provide some cover, particularly i habitats

lacking matural shelier,

WEATHER AND THE INFLUENCE
OF WET FEATHERS
Inclement weather {particulady ram, snow,
ancl wind) ercases the suscepubihty of buds
1o clectrocution, Wee leathers inetease condue-
tivity, and bieds have greater ditficulty landing
on power poles in hioh winds, Because dry
feathers provide isulation, most eleetrocutions
are caused by simultaneous skin-to-skin, foor-
to-skin, or bill-to-skin contact with two ener-
grzed conductors or a conductor and a ground.
Nelson (E9790, 19801 conducted experi-
ments (o determine che conductivity of a lve
caglc l‘)}-’ :lll;lfl]fng clectredes to the skin of the
wings and Lo the wes, Although lethal voli-
ages and currents were not determined, these
expertments demonstrated that, ac 280 voles
(N and a current ol 6.3 milli:amprrus {mA),
the eaple’s respiration inereased. At 00 (o
SO0V and a current range of 9 to 12 mA,
the eagle convulsed. Wer Rathers burned at
3,000 o 7,000V but chere was no measur-
able current through a dry feather at 70,000
V Skin-to-skin contacts were on the order of

Len [Imes ot d;mgcruus than contacts




between a wet cagle and vwo conductors, and
about 100 times more dangerous than con-
tacts between conductors and dry feathers. A
dry leather is alimost as gouod an msulator as
atr, but a wet feather has dcn'mns[rnbly greater
conductivity, Major conclustons [rom MNelson

(1979b, 1980} were as [ollows:

* For volages of up to 70,000V and with
clectrodes at least 17.8 em (7 i), apart,
there 1s no measurable current Jow (no
conductivity’; through a dry feather.

* There is hitle or no pessibihty ol
electrocution of dry eagles from wingtip
contacts with two clectric conductors,

¢ Wet feathers conduct carrent more readily
than dry ones, and become capable of
conducting amperages dangerous to cagles
starting at about 5,000V,

* The hazard to wet birds is muoch greater
than that to dry oncs, and 15 increased cven
more so when wet birds lose some fight
capability and control.

The amount of current conducted through
wet {eathers also depends on the concentration
ol salts and minerals in the water. Increased
clectrolyte content tesults in mercased con-
ductivity. Feather weering furcher posed a risk

because it elicited wing-spreading behavior in
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the birds studied {(Nelson 1979b), presumably
to dry the feathers. Although this research
was conducted on eagles, it has implicattons
for other species. Birds that spend much ol
thetr time in or near water, such as herons,
curers, ibises, storks, pclic;ms‘ cormorants,
and ospreys, may be ar iner rased risk of elee-
trocution. In addon, wing-spreading behuaw-
ior commonly exhibited by cormormts or
valtures may merease clectrocution risk. A
utlity’s Avian Protection Plan (APPY should
include design standards appropriate for the
speeies and conditions at ssue. However,
clectrocutions will never be ehiminated during
wet conditions beeause feathers and wood can
Le conducuve when wet, potentially causing
clectrocuttons on normally bemign poles,

Finally, the direction of the prevailng
wind relacive to the crossarm can also influ-
ence clectrocution risk. Poles with crossarms
perpendicular w the prevading wind produced
fewer cagle mortalities | Bocker 1972 Nelson
and Nelson 1976, 19773 Abour halt as many
birds were tound belos po]cs with crossarms
perpendicular to the wind, when compared to
poles with crossarms diagonal or parallel to
the wind {Benson 19817 This dufference was
probably related to the elfect of wind on the
ability of juvenile eagles to land on poles
withour touching encrgized parts.,

IDENTIFYING
EVIDENCE OF
ELECTROCUTION

Because not all dead birds below power lines
may have died from clectrocution, s
impoertant (o accurately derermine 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
submitred lor necropsy. Of these birds, onl}'
9% were electrocured, while the majority
(849 had been shot. The majority of birds
found along roadsides that were directly
below power poles were alse shot, with only
15% clecrrocuted {Olson 2001,

Evidenee of electrocution can include
burn marks on the feathers. feet, talons, Hesh,
or bill. Such burns may be obvious and exten-
STVC, OF INCONSPLCUOLES and not vistble ro the
naked eye. Electrocuted birds may also exhibic
detormed or damaged talons thar appear
broken, cutled, or incinerated {Olson 2001
i some cases, the feet, tovs, or talons are
broken ofl during clectrocntion | PaciftCorp,
unpubl. dara). Although most victims of
clectroanion die, some individuals survive.
Of 89 hive Harris' hawks that were captured
in Arizona, 9% exlubited injuries cvident of




clectrical shock {Dwyer 20043, Likewise,
20% of Harris” hawk clectrocutions docu-
mented tn Arizona (n=1 127 were imjuries
rather than moralities {Dawson and
Mannan 1994,

Evidence of shooting dilfers lrom tha of

clectrocution. Birds that have been shot exhibin
sheared flight teathers racher than singed feath-
ers {(EDM International, Ine. 20043, Other
sgns of shooting include shattered bones,
coneusions, hematomas, sprayed or spatrered
blood, and bullet wounds {Olson 20017,

SCAVENGING
RATES OF
CARCASSES

Because there have been fow large-seale
studies that quanrify avian elecurecution rates,
exisung data have been used in some cases 1o
extrapolate electrocution gates over large areas.
Extrapolation s strongly discouraged, as clec-
trocution tisk s not uriformly distributed
among all poles m all geographic areas, Carcass
scavenging rates obtained from studies of
non-raptors have also been used w extrapolate
removal rates of electrocuted raptor carcasses,
Agam, cautton should be used as carcass
removal rates vary greatly among studies and
can be influenced by scavenger populations,
habitar, season, observer bias, and carcass
species. In particular, raptor carcasses are

less likely to be removed by scavengers than
carcasses of other speeies, In a carcass removal
study m Colorado and Wyoming, small
carcasses were removed within 24 to 48 howrs
(Kerlinger ¢t al. 20007 In contrast. large birds
(i.[’. ﬁ‘l‘l‘ngiﬂUuS ha\\\-’kﬁ, grcal horned (m'[s,
and rough-legged hawks) remained for over
vwo months, OrlofT and Flannery (199
found no scavenging of raptor carcasscs
wr=14) duning a single trial of seven days.
Also. Howell and Noone {1992} found that
carcasses ol larger raprors remained longer
than those of smaller raptors. Janss and
Ferrer {20017 assumed the scavenging rate

ol cagles to be considerably lower than that
of rabbits. Ellis et al. {19697 noted that, of
raptor carcasses found along powet lines in
Urah (shooting was the privuary cause of

dearh), most carcasses had temained tnact
and were seldom searvered by scavengers.
Olson {20017 also found little evidence of
seavenging on raptor carcasses below power
knes in Montana. Along a power line in
Wyommg in 1992, carcasses ol electrocuted
cagles were removed by tesearchers, yvet there
was not a thorough effore 1o remove all bones
and feathers (Harness and Garrect 1999,
During a subsequent survey of the line in
1997, scatered, old, bleached bones of 24
carcasses were discovered and assumed 1o be
the remains of the eagles killed several vears
earlier {Harness and Garrert 19993017 Like-
wise, nearly hall” of the carcasses found

in Urah and Wyoming were old bleached
bomes or desiccated carcasses, many of which
appeared ro have been undistutbed {Pacifi-
Corp, unpubl, data). In addition, specihic cases
of individual carcasses that were not retrieved
ot burted upon initial discovery were found
ag;lin at the same pu]cs several }'c;lrs fater.

In the urban area of Tueson, Arizona, most
carcasses that were removed were taken by
people, rather than scavengers {Dwyer 2004),
In a stady of carcass removal raves in Chi-
huala, Mexico, 25% of raven carcasses
{n=72"% were removed within one month

of their discovery {Cartron et al. 2005},

In contrast. 93% of non-raven {maptor)
carcasses (_rr=2 Ij were present alter one
month, bur only 63% remained after

Cwi mmont I‘IS.

LY guide for idmtil}-ing the remains of vations raptor species {EDM Internanional, Inc. 2004) can be alnained ac
www.cncrgy.ca.guv/pic:/Iim]_pmjrd_:rpor|5/CEC‘SOU-ZUOS -001.huml
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This chapter address avian electrocution concerns from the engineering perspectives of
design, construction, operations, and maintenance. It describes ways of designing new
facilities and retrofitting existing facilities to be “avian-safe.”

s communitics grow, their demand for
Aclcnricit}' increases. Additional power

lines must be built to supply the
additional power. The more miles of power
lines there arc, the greater the potential for
birds o interact with elecerical facilities and
their inherent hazards.

Biologists and planners must have a basic
understanding of power systems, power [ine
designs, and related terminology to identify
and implement successful solutions to bird
elecrrocutions. This chapter discusses North
American power lines, and the designs and
configurations that present avian electrocu-
tion risks. For further reference, a glossary
of terms is provided in Appendix D.

This 2006 edition of Suggrsrrd Prartices
supersedes the recommendations incorporat-
ed in the 1996 edition and includes updates

based on growing field experience and product
performance testing. Despite efforts to present
“srate-of-the-art” recommendations, users of
this manual should be aware that many wildlife
protection products have not been tested or
rated from an engineering perspective.” An
IEEE Working Group under project P1656
is writing a guide entitled Curdr for Lesting the
Flectrical, Mechanical, and Durability Performance
of Wildlife Protective Devices Installed on Overbead
Pawer Distribution Systems Rated up to 38 kV.
The guide will provide technical guidance for
testing wildlife guards and should be available
in 2006. Unilities are encouraged to share or
publish information regarding avian-safe
power line construction and rerroficting
experience that can be used 1o refine furure
edirions of Suggested Practices.

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. Beeause the magmtudes of voltage
used by the power industry are large, vohage
15 often speettied with the unit of kilovelt
(k\-’) where L kY (s cqu;i] to 1.000 volis w\\\il
Generally, from the point of origin to the end
ol an elecuie

‘TABLE 5 '-'-'Voltil:'gg i'_aJll{lgigs of different
ot i

system, line voltage
is used ro designare
four classes o types
ol power line
“Table 5.1

In addition to the
\’Ul[ilgc [Q\"L'], p(le‘r
Line ¢lassification s
dependent on the
purpose the line
serves (as shown in
Figure 5.1 Thas
publicatton is con-
cerned with clectro-

cutton [cads thar

:?@).L_ Al . LR S
Designation Voltage Ranga
Generation plant 12Vto 22 kV
Transmission 60 kV to 700+ kV
Distriburtion 24 kVto B0 kV
Utilization 120V to 60D V
Distribution B “—m“ n substation

 Tranzmissio!

Power plant

of power system from generation

clecerie distribution
and transmission
lines may pose to birds. In this manual, lines
tha are energieed at voltages 260 kY arc
considered mansmission lines, and lines ener-
gized av voltages <260 kV arc constdered dis-
teibucion lines, however, this may vary with
different utilities. Performance experience
indicates ehat low voliage (secondaryy Hnes—
also called nttlization facilines (600 vi—ate

not often mvelved in avian electrocutions.

DIRECT CURRENT AND ALTERNATING
CURRENT SYSTEMS

Although there are some direet current (DO
power systems where current flows in systemn
conductors in only one direction, most
commmercial power systems in the United
States use alternating current (AC). In AC
systemns, current Hows in syslem conductors
in one diveetron for 1/120th of a second,

going (rom zero amperes to a peak ampere
value ;lnd [1;1(‘!{ Lo Zeio AMPeTCs. It then
reverses divection and, for another 1/120¢h
of sceand, flows in the opposite duection in
system conductors, again gomg from woro
amperes to a peak magnitude and back to zera
amperes. [¢ then changes direction again and
the eyele repeats. I projected on a araph, the
current would appear as a sinusoidal curve as
depicted in Frgure 5.2, that shows at least two
complete eyeles of current flow on plases A,
B. and C ol a three-phase circuit. In the United
States, there are 60 such cyeles cach second
{also referred o as 00 herez), There are mote
AC systems than D systems because utilities
can transmit farge amounts of power over long
distances on high voltage transmission lines
and can take advantage of the alternating
magnetic fields associated with AC systems.

& RURAL UTILITIES SERVICE
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OVERHEAD VERSUS UNDERGROUND
Utilivies install facilities cither overhead or
underground. depending upon numerous
factors and concerns. Sonme key factors include
customer needs, terrun and environment
restrictions, costs, and code requirements,
Cost is a major concern as utilives have a
responsibility to serve customers with high
quality, reliable electne service at the most
reasonable cost possible. Although factlivies
are nstalled underground in many arcas
throughout the country where uriliries have
found it rechnically and financially feasible
to do so, there are many more areas where

utilities have determined thae installing facilities

underground is not feasible, leaving lines to
e installed overhead, I all lines could be
installed underground. birds would have litle
L‘Xpt)surc to clectrocution lueards and chere
would be Tittle need for this publicanion.
However, it is neither practical nor [easible
to mstall or convert all overhead lines to
underground and 1t becomes less practical
as the voltage of the line increases. The
focus of this publication, therefore. is o
provide overhead power line designs and
modifications that minimize electrocution
risk for Dirds,



SINGLE, TWO, AND THREE-PHASE
OVERHEAD SYSTEMS

Most AC commercial overhead power lines
utilize some form of support struceure from
which insulators and electrical conducrors are
attached. Support structures may consise of
preservative-treated wood poles, hollow or
lattice steel structures, stecl-reinforced con-
crete poles, or composite poles made from
fiberglass or other materials. lusulators are
made of porcelain or polymer materials that
do not normally conducr electricity. Electrical
conductors are usually manufactured from
copper or aluminum,

The basic workhorse of the electrie urility
is the chree-phase circuit that consists of
structures, as described above, that support at
least three electrical phase conductors with or

withour a neueral (or grounded)} conductor.
‘The separare phasc conductors are energized
at the same voltage level but are clectrically 120°
out of phase with one another (see Figure 5.3
for a diagram of the three phase voltages

and their time relationships). Because of this
clectrical phase difference, the conductors

are called phase conductors. In electrical
enginecring, the term “phase™ has several signi-
ficant meanings, however, for this publication,
it is used to mean an energized electrical
conductor with the electrical characrerisrics
described above. Three-phase systems are used
for bath distribution and transmission lines.
One of the primary benelits of three-phase
systems is the ability to deliver large amounts
of power over long distances, Most clectric
systems originate as three-phase facilities and,
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out on the power line route, change from
three-phase to two-phase i Vephase)
facilities or to single-phase facilities.

Because of imuted nghts-of-way {ROWS
availability and the need ro deliver significant
amounts of power, some power lioe struc-
tures may earry several three-phase aircuits,
In some cases, the structure supports two or
more thtee-phase transmission errcuits high
on the structure wlule the lower portion sup-
ports several three-phase distribution cireuits,
Structutes could also support low voltage un-
lization circuirs [or street lighting or clectric
service to homes and businesses. Distribution
civeuits mstalled on the lower portion of a
transmission structure arc commonly referred
to as “underbuilt” distribution.

Transnussion line struceures always support
at least one three-phase circwst. They have
three encrgized conductors fmore if’ bundled),
and may have one or two grounded conductors
{ustally referred o as suatic wires) installed
above the phase conductors for lightning
protection, Again, there may be more than
one three-phase cirenit supported on the

Sane SIructures.

Distribution line structures may support
a vartety of conductor conligurattons, A
distnibution line could consist of three phase
conductors only, or three separate phase
conductors and a single neutral {grounded)
conductor. The neurral conduccor could be
the Inp—nlusl conductor on the suppurling
structure or it could be placed below or even
with the phase conductors. Distribution hines
could also consist of two phase conductors
alone or two phase conductors and a neatral
conductor, again with the neutral conductor
being above, below, or even with the phase
conductors. A distribution line may also have
just a single phase conductor and a neutral
conducror with the neutral being above,
below, or even with the phase conductor,
Most disteibution Imes throughout the United
States have the newral conductor placed
below the phase conductors. The neutral
conductor is used to complete the elecrrical
circuit and serves as part of the conducting
path for phase current flowing from the
customer back wo the substation where the
circuit originates. The carth tsell serves as
the other part of the return current path.

AVIAN
ELECTROCUTIONS
AND POWER LINE
DESIGN

Birds can be electrocuted by simultaneously
contacting energized and /or grounded struc-
tures, conductors, hardware. or equipment.
Electrocutions may oceur because ol a com-
bination of bological and electrcal design
factors. Biological Gactors are those that mflu-
ence avian use of poles, stich as habitat, prey,
and avian species {sce Chapter 4. The electri-
cal design factor most arucial to avian elec-
trocutions is the physical separation between
energized and/or grounded structures,
conductors, hardware, or equipment that ¢an
be bridged by birds to complere a circuit. As
a genetal rule, electrocution can occur on
structures with the following:

¢ Phasc conductors separated by less than
the wrist-ta-wtist or head-to-foot “flesh-
to-llesh? distance of a bird {see Chaprer 4,
Size !

* Distance between grmmdrd hardware (Lg
grounded wires, metal braces’y and any
energized phase conductor that is less
than the wrist-to-wrist or lwad-to-loot
(flesh-to-lesh ) distance of a bird.

In the 19705, Morey Nelson evaluated
electrocution sk of cagles 1o identify config-
urations and voltages that could electrocure
birds (Nelson 1979, 1980b; Nelson and
Nelsan 1976, 1977; see Chapter 43,

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.




Becanse bird feathers provide insulation
when dry, contact must typically be made
with fleshy pares, such as the skin, fect, or
bill. Nelson determined that 130-centimeter
{em’s {60-tnch [in |} spacing is necessary o
accommodare the wrist-to-wrist distance

ol an eagle. As a result, a 150-cm (60-in}
separation has been widely accepted as the
standard for eagle protection since the 1973
edition of Suggested Practices. Although wing-
spans can measure up to 2.3 meters {m)} {7.5
feeu ({17 for golden eagles (Aquila chrvsactos)
and 2.4 m (8 [1) for bald eagles (Halfiaeetns
lewcorephalus, che distanee between fleshy parts
{wrist-to-wrist ) 1s less than 150 cm {60 in)
for both species (see Chapter 4, Size). There-
lore, under dry conditions, a 150-cm {60-in)
separation should provide adeguate spacing
for an cagle 1o salely pereh. Larger birds such
as condors or storks may warrane special
consideration by utilities. Udilities tn arcas
without cagle populations may choose to
develop separare speeies-specific construction
standards, as may utilities in regions with wet
chimates or increased air-borne contaminants.
A uulity’s Avian Prowection Plan (APP)
should idrn[il:v protected species within the
utihity’s operations area and include design
standards appropriate for the speetes and
condirions at issuvc {sev Chapter 77 An APP
should also tdentily circumstances where
avian-sile construction is to be used (e,

i bird use areas, as part of ROW permt
conditions, etc.).

Although avian-sale construction mint-
mrzes clectrocution visk, electrocutions can
never be Complcu:ly climmated. Becanse wet
feathers and wet wood are conductive, birds
can be clectrocuted during wet weather on
normally benign poles.

With an understanding of how birds can
be elecrrocuted on power lines, ucilities can
seleet destgns thar are avian-safe and help wo

avoid and/or mitigate cleetrical hazards to
birds, Voltage, conductor scparation, and
grounding practices ate a parueular concern
when designing avian-safe structures, however,
public 5;1[-0[}', govcrm‘({ t[’lrﬂughnul the Unired
Stares by the current National Elecrric Safery
Code (NESC), is the primary design consid-
eration. State and lecal governments also nayv
have codes chat govern power line dcsign and
construction.?
SEPARATIONS
The NESC and the codes of some local
jurisdictions dietate power line phase-to-
phase separations and the dearances of line
components above ground. In accordance
with the NESC, borh the distance between
phase conductors and the distanee that
conductors are hung above ground is based
on the line voltage and the activity that does
and could take place in the area of the power
line. These code TeQUILEIents e considered
the minimum distances and scparattons needed
1o be cerram that the facilines widl nor be
harmlul to the gcncr;ll pub“(‘ or the line
Crews [hﬂ‘ ]1}[\'L’ 48] ()'PCTHLL' ﬂnl‘{ 'l'l'lﬂinl':lh'l
them., The code requirements are not in-
[L‘ndcd [ ].n‘m'idt’ snﬂ‘[}' to birds ;lnd ather
animials that come into contact with assemblics
at the top of electrieal scrucrures.
Dhstribution lines are buile with smaller
separations between encrpived conductors
and berween energized conductors, hardwarc
and grounded line componens than are
transmission lmes. Consequently., avian clee-
trocution risk is preater on distribution lines,
Transmission condurrors are generally spaced
T 9.1 m {3 to 30413 apart, and are sup-
ported un poles or towers that range [rom
152 1o 36.6 m (50 to 120 [t} hetght. A
single wransmission tower can accommodate
more than one cirenit. See Figure 5.4 for

examples of rransmission siructures.

22 For exaraple, California Public Udlity Commission {CPUC) General Grder 95 establishes the rules for averhead line

constructuen m California,
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Diistribution fine conductors are g(’nt‘r.’l“y
spaced 0.6 to 1.3 m (2 to 6 1t} apart, and
are supported on wood, steel, composite or
concrete polc:; that range ftom9.1 0 19.8m
(30 w 63 fo) in height (Figure 53.5%. As with
transmsston poles and towers, distribution
poles can accominodate more than one cireait
{Ligure 5.537 The addition ol jumper wites,
translormers, switehes, and electrical protec-
tive devices {Tuses, reclosers, and other cireuit
sectionalizing equipment), as well as grounded

hardware meluded on PU]L’—[OP assermnblics,
increase the potental for avian electrocutions
due to close separation of energized and
grounded parts.

BONDING AND GROUNDING

Bonding clectrically interconnects all metal
or metal-reinforeed supporting structures—
ncleding Limp posts, metal conduits and
raceways, cable sheaths, essEngers, mutzl
framues, cases, equipment hangers or brackers,

o
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FIGURE 5.5: Examples of typical distribution configurations.
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aud metal switch handles and operating rods.
In most cases these bonded hardware items
are grounded in accordance with NESC Rule
215 C12 The NESC requives the grounding
ol these metallic items to help keep the metal
at the same voltage as the carth to which it s
gmundcd. Bonding 1« p;‘u‘lir:u];ir])‘ necessary
in areas (industrial, agricultaral, or coastal
locattons with salt, parrieulates, or ather
matter o the aie) where excessive leakage
currents may catse burning around metal
items in the presence of morsture, On muln-
grounded neutral power systems, the neutral
is grounded by connecting it to a grounding

electrode (ground rod )y mstalled i the earth

at the base of a pole at Jeast four tumes in
each mile of Iine. For birds, bonding and
grounding provide pathways for contacts
from encrgized conductors or energreed
hardware to metal items that are grounded.
The posttion of the neutral depends
on the area’s sokerannic level ind for the
practices of the utility. For some wtilivies,
the neutral serves as an overhead ground wire
(sratic wiee ) for lighining protection. 1 ths
type of construction is used. the designer
should provide avian-safe separation and
ensure that appropriate coverings are used
on the grounding conductors and bonded

hardware.

SUGGESTED
PRACTICES

The remainder of this chapter presents con-
figurations that can pose avian elecirocation
risks and suggested practices for modifying
those problem conligurattons {Table 5.2
Recommendations are based on providing
150-¢m {GO-in) separation for vagle protec-
tion. Other avian sprates may reguite mote or
less separation, depending on the size and
behavior of the bird {see Chapter 4, Size’,
Recommendations are prm'l'dt‘d for avian-safc
modifications of cexisting facilitics, and avian-

safe designs for new facilities. These practices
cither provide birds with a saler place to land
or attempe to discourage birds from perching
on parts of the structure where optinmal sepa-
ration cannot be provided.

Two basic principles should be considered
wlien '.ltu.‘mpting to make a structure avian-
safes isolation and insufation. The term isolation
refers o providing a minimum separation of
[50 em {60 in)) between phase conductors or

a phase conductor and grounded hardware/

suggested solutlons.

'TABLE 5.2: Suniinary of filgures and hages for problem configurations and

Configuration

Problem Figure

Solution Figure Pagas

Single-phase Figqures 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, 6676

5.19,5.21
Corner poles Figure 5.22 Figures 5.23, 5.24, 5.25 7680
Steel/concrete distribution poles Figures 5.27, 5.29 Figures 5.28, 5.30, £.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, | 68-99

5.43

Transformers and other equipment | Figures 5.44, 5.45

Figures 5.46, 5.47 49-102

2 In some jurisdictions, bond wires are nut grnundcd if the facilities comply with the exceplinns of NESC Rule 215 C1.




conductor.?* Using the principle of isolation
miy be mast applicable for new or rebuile
structures in arcas where avian electrocution
risk 15 a concern. The term isswlation refers to
covering phases or grounds where adequate
sepacation is nor feasible. Although equipment
that 15 covered with speaifically desiened avian
protection materials can prevent bird mortali-
1y, it should not be considered insulacion for
buman protection. Examples ol such covertings
are phase covers, bushing covers, arrester
COVErS, Cutout covers, jl:lnput‘ wite }mscs,
ilnd C(‘)\’ﬁ'r{’d L"()l'lLillL‘lUfS. [ﬂ é‘lddl-ti()n, 'PL"[‘L‘II
discouragers may be used to deter birds
from landimg ou hazardous (o birds) pole
locarons whete solation, covers, or other
msulating techniques cannot be used. Many
cquipment poles necessitate using a combina-
tion ol techniques to achicve avian safery.
Both avian-safe medifications of existing
structures and avian-safe new construction
should be employed if circumstanees indicate
they are necessary. In arcas with known popu-
lations of raptors or other birds of concern,
new hines should be dcsigntd with adequate
separations for birds, Given the diversity
ol linc designs and voltages used by power
companics, across-the-board standards and
guidelines are not possible, [t 1s not realistic
to expect to ehimanate all hazards to bisds.
However, 1t 1s {easible to reduee known and
potential hazards.

MODIFICATION OF EXISTING FACILITIES
In recommending remedial actions for a
particular problem, the lollowing gener-
altzations can be made

* I areas with vulnerable avian populations,
power lires built to Past comstruction stan-

dards may present setious threats 1o birds.

Such lines are characrerized b}r closely
Sl.‘pal‘;ltl.‘d. L‘l]t.‘l'gizt‘d components inclllding
bare conducrors, equipment bushings,
Primary 1ransition Lerminations, arresters,
and cutout tops. In addition, all of these
cnergized sources may be dose to ground-
od steel brackets, metal crossarm braces,
conductars, or guy wires,

The phase-to-phasc and phase-to-ground
separation of most transmission lines is 1ypi-
cally greacer than 150 em {60 ) and, there-
fore, the likelihood of clectrocutions oo
ring at volrages greater than 60 kV is low.
Priority should be given 1o poles preferied
by raprors or other birds that have a Tugh
clecirocution risk.

Raprors may use any pole located in
homogenous areas of suitable habicat. In
these areas, poles of lke configuration may
pose similar clectrocutton risks. These areas
can be assessed Lo prioritize structures for
corrective acnons.

Electracutions that have occurred on dis-
tribution lines with crossarm construction
should be evaluated closely. Although
remedial accions should be made at sirue-
tures with avian mortalitics, modilications
ol entire line scetions are generally not
recomimended in response to an ¢lectro-
cution, which may be an isolated event.
Risk assessments should be conducred

to determine the likelihood of multiple
electrocutions on a given section of line
and 1o sdentify the poles that pose that
risk. Criteria could include clecttocuted
birds found near a pale, prey m*:li]nbilil)’,
proxmuty to active nests, terram advantage,
and/or consistent vse of preferted poles
for petching or sall-hunting,

Poles supporting additional clectncal
equipment [e.g, translonmers and switches)

4 The drawings and ext in this chapter refer Lo providing 150-cm (60-in) scparation for eagle protection. Dimensions can
be modificd for other species (Sl‘l: Table 4.1 for measurenents of other avian species . A uli]i[)-"s APP may inelude approved
construction standards for avian protection; this may be particularly necessary for designs that do not provide 150-cm (60-in)

stparation.




in avian usc areas are more likely 1o cause
electrocution (Olendorff er al. 1981;
APLIC 1996; Harness and Wilson 2001;
Liguort and Burruss 2003; Idaho Power
Co., unpubl. data). Retrofirting these
structures can reduce avian elecrrocution
risk and improve power reliability.

j-\’] /PHASE CONDUCTOR

\
“\v»/ \INSULATOR PIN

/|

\NEUTRAL CONDUCTOR

rd

277 IS

PROBLEM:

ELECTROCUTION HAZARD WHEN .
BIRD TOUCHES PHASE CONDUCTOR Energized
AND GROUNDED HARDWARE SIMULTANEOUSLY. Grounded

AVIAN-SAFE DESIGN OF NEW FACILITIES

Concepts used to modify existing power lines
also apply to new construction. Again, two
basic considerations are conductor separation
and grounding procedures. As with retrofitting,
the objective is to provide a 150-cm (60-in)
separation between encrgized conductors or
energized hardware and grounded conduc-
tors/hardware. Il enough separation is nor
possible, appropriate covers can be used to
prevent simultancous contact between
energized and/or grounded facilities.

When planning the construction ol new
power lines, it 1s important to consider the
safety of the public and utilicy personnel,
biological aspects, ROW permit require-
ments, service reliability, and other economic
and political factors. Although biological
significance cannot be ovetlooked, it may not
be possible to site lines outside high-quality
bird habitat. In many instances, ROW
permits will require avian-safe construction
on federal lands. Biologists and engineers
should cooperatively consider all {actors when
developing recommendations for preventing
avian mortality problems.

SPECIFIC DESIGN PROBLEMS

AND SOLUTIONS

Distribution

WOODEN POLES

Single-Phase Lines

Figure 5.6 shows a typical single-phase line
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. Wich
this configuration, the feet of a large bird
perched on the pole top could touch the
grounding conductor or grounded insularor
pin, while its breast or other body parts con-
tact the phase conductor. In 1971, 17 dead

25 Note that in this and sul fi led conductors and hardware are shown in
gn'cn

and energized conductors and hardware in red. The designs

presented in this section applly to P;h:s of 2 non-conducting nature (i.c. wood or fiberglass). See Steel/Concrete Poles for avian-safe designs of steel/concrete

poles.
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CONDUCTOR

INSULATOR PIN

GROUNDING
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PHASE
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NEUTRAL

CONDUCTOR

™\ crounoinG
CCONDUCTCR

MANUFACTURED COVER. A
COVERING SHOULD BE USED
THAT DOES NOT REDUCE THE
BIL OF THE INSULATOR.

LOWER NEUTRAL TO PROVIDE A 1.0 m

(3.3 ft) SEPARATION BETWEEN

FHASE CONDUCTOR AND NEUTRAL

OR GROUNDED HARDWARE.

Enerqgized
Groundead

AGURE 5.7: S_oluiions for single-phase with _g_royndqii polo-toppin

eagles were found below poles of this config-
uration in the Pawnce National Grasslands
and adjacent arcas 10 Colarado, where habirar
and prey attracted wintering eagles (Olendor(T

1972a). One retrofitting option for this con-

fguration is to place a cover manulactured
for this purposc over the phase conductor to

hielp prevent simultancous phase-to-ground
contact (Figure 5.7, Solution T). For {urther
information on the use of cover-up products
see Precautions (page 1027

It the pole bond or grounding conductor
does not extend above the neueral conductor
and there s ar lease 100 em 40 ) ol vertical
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CONDUCTOR
)
61.0 em ?
{24 in)
N & . \—PHASE
—/ s 5 CONDUCTOR
1.2 m
(4 ft) CROSSARM
Y
N
N |
61.0 cm 1
(24 in) (24 in)
\—-GROUNDING
CONDUCTOR
PROBLEM:
ELECTROGUTION HAZARD WHEN BIRD Fs
TOUCHES PHASE CONDUCTOR AND
NEUTRAL OR GROUNDED HARDWARE = Energized
SIMULTANEQUSLY. — Grounded

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 em (24 in) above

an energized conductor that was supported
on a 1.2-m (4-ft) crossarm. In 1992, 17
dead cagles were found below poles with
such a configuration along a 24-kilometer
(km) (15-mile [mi]) stretch of distribution
line in central Wyoming (PacifiCorp, unpubl.
data). When the eagles tried to perch on the
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= / CROSSA&M )
N
SOLUTION 1 N
61.0 cm B1.0 ¢m
(24 in) (24 in)
GROUNDING
SOLUTIONS: CONDUCTOR
1. COVER PHASE CONDUCTOR
WITH MANUFACTURED COVER. A N\ )
COVERING SHOULD BE USED THAT ~
DOES NOT REDUCE THE BIL OF B
THE INSULATOR. =
2. COVER GROUNDING CONDUCTOR TION
AND LOWER PHASE TC PROVIDE
A 150 em (60 in) SEPARATION )
BETWEEN PHASE CONDUCTOR AND Energized
NEUTRAL OR GROUNDED HARDWARE, Grounded
ions | shase configuration with crossarm and

conductor end of the crossarm where there
was less than the wrist-to-wrist separation
between the phase and neveral conductors,
the birds were electrocuted. Surveys conducted
in 2002 found that, although this configuration
is now uncommon {only 3.9% of 10,946 poles
surveyed), it accounted for a disproportionate

number (6.4%) of rapror mortalities (n=94)
(PacifiCorp, unpubl. data). For this single-
phase crossarm configuration (Figute 5.8),
the phase conductor can be covered to
prevent avian ¢lectrocutions (Figure 5.9,
Solution I). Another option is to Jower the
crossarm and cover the grounding conductor

L



SOLUTIONS:
NEW ARMLESS CONSTRUCTION
SHOULD BE DESIGNED TO
PREVENT CONTACT BETWEEN
PHASE CONDUCTOR AND
NEUTRAL OR GROUNDED
HARDWARE.

ALTE, 0 N FOR
SINGEEQEEAEES% E TOP

FRAMI ——\
15.2 t
\ 20.3 gm °
6 In to 8 in)
_ EoBucTor
N /
POLE TOP CONFIGURATION
SOLUTION 1
1 cm
(40 in)
LIMDIN
NEUTRAL e 85?\10”&0%
CONDUCTOR |~

POLE TOP AVAILABLE
/ FOR PERCHING

Energized
Grounded

for avian-safe phase-to-ground separation
(Figure 5.9, Solution 2).

When constructing new armless single-
phase lines in bird concentration areas,
structures should be designed to prevent

contact between energized phase conductors/
* hardware and grounded conductors/hardware
(Figure 5.10). If the pole bond and ground-
ing conductor do not extend above the neutral
conductor and there is a 100-cm (40-in)




spacing bewween the phase conductor and
the neutral conductor, then no further avian
privtection should be needed (Figure 5.10,
Solution 1. Figute 3.10 {Solution 27 shows
a single-phase configueation with the phase
C(_Jndl.l:clur m{mn[cd on t]u‘ sidt of the p()lc.
This provides the pole top as a perch.

Three-Phase Lines

Crossarms of 1.8 or 2.4 m [6 or 8 [t) are
[}-”picau}-' used Lor most 5i11g11:1.10[c, three-
phase configurations (Figure 5.1T). For
raptors, the crossarms can provide excellent
].u‘.l‘ching opportunities between }1]1;151.’.\', bt
the phase conductor separation is often

insulficient o salely accommaodate wrise-

to-wiist distances of large birds. Uility use

= iy

ol grounded steel crossarin braces
further reduce ground-to-phase separation,
increasing the risk 6f avian electrocution.
Although the Rural Elecinfication Adininis-
tration (REAY specifications were chanped
in 1972 to increase conductor separation and
include the use ol wooden erossarm braces
(LLS. REA 1972, see Appendix B many
pl‘-.:-] w72 p()]u5 are still in use lt)da}'. The
cenrer plmsv is supported cither on a pin
insulstor on the crossarm {Figure S.11.
Problem 1) or with a pin insularor artached
to the pole top {Figure 5.11, Problem 2%
Several remedial measures are available ro

achicve avian-sale separanon beoween phases

PHASE
CONDUCTORS

p
CoNDUCTORS
Z4 m
8

2/ _CROSSARM

[ ] 4
NSULATOR @ ﬁ
CROSSARM S
reml | INSULATOR-"[ o\

1 l__]_ﬁg_nm \ 10.2 gml 110 crm | 110 _¢m I 102 cm
(4 in!}-l (,_:yt Wt (t 26 ins 4 in (4 in) V1T (44 y (44 in) 1 {47n)
MFTAL BRACE METAL BRACES x\

e} ROUN
/" /“_ EBRBURTR:
NEUTRAL NEUTRAL
CONDUCTOR |_~GROUNDING CONDUCTOR
|1~ CONDUCTOR
A=, =
PROBLEM:
ELECTROCUTION HAZARD WHEN
BIRD TOUCHES TWO PHASE
- CONDUCTORS CR TOUCHLES PHASE 3
CONDUCTOR AND NEUTRAL OR _ )
PROGLEM 1 GROUNDED HARDWARE PROBLEM 2 Fnergized
SIMULTANFOUSLY. Grounded
RAPSOADE - P

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

¢ Grounded 1o prevent pole fires resulting from insulator leakage currents,

7 REA, the predecessor to the Rural Utilitres Service (RUS), provides financing assistance to rural dectric utilities that
agree o install facilities in secordanee with the standards and speaifications established by REA/RUS.

o>



or between phase and ground where all hard-
ware is bonded (as shewn in Figure 5.11):

* Install covers over the msulator and
conductor on the center phase and
remnove bonding down to the neutral
(Figure 5.12, Solution T). For further
information on the use of cover-up

products, sec Precautions (page 102).

* If bonds are not removed, install phase

covers over all three insulators and
conductors { Figure 5.12, Solution 2.

Far 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-{t) crossarm should be lowered
104 em {41 in) to achicve 150-¢cm (60-in}
conductor separation. A 3-m (10-ft)

[ & /CROSSARM

62 in

g
4 in

METAL BRAC

P

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 GROUNGS TO MEUTRAL LEVEL.

2, COVER ALL THREE PHASE CONDUCTORS
WITH MANUFACTURED COVERS.
A COVERING SHOULD BE USED THAT DOES
MNOT REDUCE THE BIL OF THE INSULATOR.

msuuxron/

10.2 cr)g'
4 in

METAL BRACES

(GROUNDED)

NEUTRAL
CONDUCTOR

(4%

ol

(44 M%ﬂl

/

SOL

Energized
Grounded

”Pmrid:ddmN'ESCmqu&unmumbemﬂ.



crossarm could be mounted 35 em [21.5
tn) below the top of the pole 1o provide
150 am {60 ) of conductor separation
Between che center and outer phase con-
ductors. In addition, the bond wire must
be lonvered ro the neutral positon. This
lowered arm configurarion can also be
used for avian-sale new construction.

On theee-phase erossarm construction
where there 1s no ground myg conductor abuove
the neutral, and the center phase is on the
crossarm, a perch discourager may be
mstalled o derer pr:rching Letween closely
separated phase conductors (Figure 5,140 1f
there ts less than a [50-em {60-1n spacing

between the center and outer phases (oppo-
site the perch discourager), a phase cover
should be installed on the center phase
instead of using a perch discourager. Design
consideration must be given to meet mini-
mwn NESC clearances on the supporting
structure {pole, crossarm, insularor and perch
discourager).?® Proper distance between the
perch discourager and the phase conductor is
required and increases as the system voltage
mereases, [n additon, to prevent bids from
perching between the discourager and phase
conducror, no more than a 12.7-cm {5-in)
space should be allowed between a perch dis-
courager and the insulator skire. When these
two parameters conflier, the perch discourager

PHASE CONDUCTOR

PHASE
/ CONDUCTOR

] i ﬁ 150 em
104 cm {41 m) MIN—-8ft ARM g (60 in) MIN
84 em (33 in) MIN-9ft ARM
55 ¢m (21.5 in} MIN—10ft ARM
| %, 1/

2.4 m r&a )
J————— CROSSARM

100 cm

NEUTRAL
CONDUCTOR

SOLUTION:

(40 i) MIN,

Z

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

SRV YA

GROUNDING
"/CONDUCTOR

Energized
Grounded

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

2% MESC Role 235E, Table 235-6.



160 cm

——7.6 em to 12.7 cm
(3 in to 5 in) MAX.

|
EHQ%ECTOR\ |
2. —
o BN\E o =

(62 in)

CROSSARM

SOLUTIONS:

1.  INSTALL PERCH DISCOURAGER
BETWEEN CLOSELY SPACED PHASE
CONDUCTORS. MAINTAIN MINIMUM
NESC CLEARANCE REQUIREMENTS.

Y
PERCH DlSCOURAGERl \

NEUTRAL CONDUCTOR ——= ¢

0 G

GROUNDING

TR

CONDUCTOR

'4" Grounded ———

Energized —

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

18.7 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. Sce
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 conbguration, a bird can be electrocured by
nisks to buds. Figure 5,15 depicts a three- simuitaneonsly touching rwo of the phase
phase, double dead-end pole in which jumper jumpers. To reduce this risk, use dead-end
wires cxtend over the crossarm. On such a covers on both sides of the center conducior

1.2 m
(4 )
EXPOSED

JUMPER WIRES \

HASE
CONDUCTOR
\" 4 m
il
ROSSARM
//
GROUNDING
// CONDUCTOR
L=
- -
/I'/\/‘
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CONDUCTOR
PROBLEM:
ELECTROCUTION HAZARD
WHEN BIRD TOUCHES TWO . . .
PHASE CONDUCTCRS = Energized
SIMULTAMEQUSLY. Grounded
e e o e e s : =
FIGURE 5.15: Problem three-phase double dead-end with exposed jumper wires.




and cover the center phase jumper wire witha  can insulated links or insulators that move
material designed for the purpose. A covered the energized conductor 91 ¢m (36 in) from
conductor can also be used (Figure 5.16), as the center of the pole.

COVERED
JUMPER WIRE ™%

PHASE
CONDUCTOR

g

\

GROUNDING
CONDUCTOR

EUTRAL
CONDUCTOR

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

2., COVER CENTER PHASE DEAD=EMND .
CLAMPS OR USE NON-CONDUCTING Energized ——
INSULATED LINKS. Groundeg =——




Compact Designs ingly, this configuration presented a signifi-

The three-phase compacr design shown in cant eagle electrocution problem on a line in
Figure 5.17 was not originally considered sourhern Utah, while a nearby linc of the
a high-nisk contiguration {Olendor(f et al. same construction did not electrocure any
I981; APLIC 1996). However, raptors and cagles (PacifiCorp, unpubl. data). Overall,
other large birds may be electrocuted when steeamline poles comprised 10% of poles
flying in to perch on the short fiberglass arms  surveyed in Utah and Wyoming from 2001
that support the phase conducrors. Interest- ro 2002 (n=74,020} and accounted for 13%

91.4 cm

(36 in)

/

\’7

@-——/Ngmm
CONDUCTOR

//ZF"HASE
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N

76.2 cm
(30 in}

100 ¢m
{40 in)

PROBLEM: M —f=——GROUNDING
ELECTROCUTION HAZARD WHEN CONDUCTOR
LARGE BIRD APPROACHES =
ARM_TO PERCH AND CONTACTS Energized
PHASE TO PHASE SIMULTANEOUSLY. Grounded




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

Burruss 2003). * Replace the existing epoxy bracket with a
Solutions for che problem compact design longer bracket and lower it to achieve a
shown in Figure 5.17 include che following: 150-cm (60-in) phase separation (sce

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
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NOT REDUCE THE BIL OF THE INSULATOR. Grounded
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ALL THREE PHASES WHEN
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WITH MANUFACTURED COVER,

A COVERING SHOULD BE USED
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\50 cm PHAS

HASE
(60 in) CONDUCTOR—.

150 em
(60 in)
MINIMUM

NEUTRAL
CONDUCTOR [

(40 in}

GROUNDING
CONDUCTOR

DESIGN USING EPOXY

BRACKET THAT WILL PROVIDE 150cm
{60 in) SEPARATION BETWEEN PHASE
CONDUCTORS. KEEP ALL GROUNDS
TO NEUTRAL LEVEL,

Energized
Grounded

FIGURE 5.19: A

afe compact three-phase designs for new construction.

be used where ROW restrictions require
compact configurations in areas that ateract
large birds (Figure 5.19). Inventories of
avian populations, food sourees, locations
prcfcrrcd by birds, alternarive configurations,
clectrical reliability requirements, and other
data should be obtained before determining
the final design.

The armless configuration, in which
conductors are mounted on horzontal post
insularors, can br 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 installatrons
with wood poles, utilities, particularly in salc



spray or other contaminated areas, may

bond the bases of the post insulators to the
pole-grounding conductor to prevent pole
fires. A bird petched on the insulator can be
electrocuted if it comes in contact with the
energized conductor and either the grounded
insulator base or the bonding conductor.
Solutions for avian-safe horizontal post

designs are provided in Figure 5.21. Solution

options include:

* Covering the vertical grounding conductor
from the overhead grounding conductor
clamp to 30 em (12 in) below the lowest
phase and disconnecting insulator bracket
bonds (Figure 5,2}, Solution I);
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FIGURE 5.21: Solutions for distribution horizontal post insulator designs.

conductor s uncovered.

Removing all bonds and the grounding
conductor to the neutral (Figure 3.21,
Suelution 2 or
Insralling phase covers on all three phases
if hardwarc 1s bonded and grounding

Corner Poles @

Poles designed 1o accommodate directional

changes in power lines (Figure 5.227 can create

hazards {or bitds. On these poles, uncovered

jumper wires are normally used w complete

clectrical connections and connect the phase




conductors, In this case, the typical I10-¢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

grounding conductors are present, the avian

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

conductor can be attached to the top set

of crossarms with addittonal insulators or

61 ¢cm to 76.2 cm
(24 in to 30 in)
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wirth a non-conducting extension link to pre- 91 em {36 in) from the pole 1o the conductor.
vent conact 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 conducrors. In addirion, all
extension link or phase cover should extend down guy-wires should have guy strain

2.4 m (8 ft)
CROSSARM

COVERED
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insulators to prevent them [rom acting as
grounds.

For new structures, corner poles can be
constructed with lowered crossarms (i.e. 104
cm [41 in] from the pole top if using 2.4-m

[8-ft] arms) that provide 150 em (60 in) of
phase-to-phase separation. Conventional corner
poles can be constructed in the manner
depicted in Figure 5.23. Other alternatives
arc the vertical designs shown in Figures 5.24

POLE TOP
15.2 ¢m (6 in) AVAILABLE FOR
{ PERCHING.
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MINIMUM GROUNDING
CONDUCTOR
\PHASE
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=
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//GROUNDING
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IR
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and 5.25, which prevent simultancous contact ustally required, but vertical avian-sale corner

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

designs eliminate crossarms and unwicldy
jumper wire arrangemnents. T hey can also
accommodate overhead grounding conductors.

13.2 em (6 in)

GUY STRAIN

INSULATOR \

SOLUTIONS:

1.

COVER JUMPERS WITH APPROFRIATE
MATERIAL ON ALL THREE PHASES.

INSTALL GUY STRAIN INSULATORS IN
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LOWER GROUNDING CONDUCTOR, ALL
GROUNDS AND BONDING TO NEUTRAL
LEVEL.
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Suggested Practices: Power Line Design and '}lvian.Saﬁiy | 3t

“‘:} STEEL /CONCRETE POLES

Steel /Concrete Pole Construction
Worldwide
Most distributton power poles in the United
States are made of wood, a nonconductive
material *® In contrast, steel and conerete
poles are commonly used i distribucion line
construction in Europe and other parts of
the world. In Western Europe, it is estimated
over Y6 of the diswibution poles are metal
with grounded metal crossarms (Janss and
Ferver 19990, On such configurations, elee-
trocuttons can occur [rom phase conductor 1o
pole or phase conductor to metal crossarm,
placing both large and small birds at risk
{Bayle 1999: Negro 1999; Janss and Ferrer
19993 Accordl-ngly. European clectrocution
mutgaaon methods differ from thase of the
United States because measures effective on
wooden power poles have not solved electro-
cution problems on conductive poles (Janss
and Ferrer 19997, However, covering conduc-
tors with a dielectric material appropriate for
avian protection is ypically more elfective in
preventing clectrocuttons than ts perch man-
agement, 1‘t'g;1rL”L’55 ol whether the polc 1s
wooden, steel, or conerete {Negro 1999,
Covering conductors is the preferred method
on new or retrofitted steel and concrete PL)]L‘S
i Europe {Janss and Ferrer 1999).
Concrete poles, with their mternal metal
rebar support stracture, pose simular electro-
cution risks o metal poles. Conerere poles
also provide a pathway to ground, further
increasing their electrocution risk, espectally
when wet or when fitted with conductive
crossarms. he largest remaining black-tatled
prairie dng -:'(.j)mom_}'s hmfovi(immi) C()lon}f
complex in North America 1s in northwestern
Clithuaha, Mexteo {Ceballos et al. 1993).
This L‘ump]v.\' supports a higll dt‘nsil‘}»‘ of
raptors and nearby power lines are constructed
with reinforced concrete poles with steel
crossarms. In 2000, 1826 power poles were

i )

‘-‘ ,J
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b

surveyed and 49 clecurocuted birds were
found, including Chihuahuan vavens (Corvies
crypralerecus}, Ferruginous hawks {Butee regafis),
red-tailed hawks (B. jmmarccnsis}, prarie
lalcons .i’ﬁrf(ﬂ mexicanrrs . American kestrels
(F. sparverins), and golden cagles. The number
of clectrocutions led TCSC'JI’C}'ICI'S Lo (‘LmL‘]nL{L’
that these poles represent a serious risk lor
wintering raptors { Cartron et al. 20000 The
subsequent replacement of steel erossarms
with wooden arms on over 200 poles in this
area significantly reduced the electrocution
risk of these structures (Cartron et al 20057,

Steel /Concrete Pole Construction

in the United States

Historieally, utilities in the United States
have primarily used wood for distriburion
poles and crossarms. Accordingly, many avian
retrohtting techniques roday are designed lor
e on wood structares. l"ibcrg‘]ass, concrete,
and steel poles are now beng used more in
distribution line construction lor a variety of
reasons. Sometimes non-wood poles are used
because they are not susceptible to damage by
woodpedkers. In some regions of the United
States, woodpecker damage 15 the most signif-
1cant cause of pole detetioration {Abbey et al.
1997). Steel poles and conerete poles are
harder for animals such as sgurrels, raccoons,
and cats to climb. By keeping these animals
ol structures, utilitics can help reduce ourages.
Non-wood poles may also be used because
they arc not susceptible ro fungal, bacterial,
ar st damage.

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

Single-phase lines are usually constructed
without crossanns and support a single ener-
giy_cd Phasc conductor on a pole-top msulator.

30 The insulation value of wood poles and crossarms is variable based on age, condition, contamination, and wetness.




Woad or ﬁberglass distribution structures, When steel or concrete poles are used

without pole-top grounds or pole-mounted (Figute 5.27), a bird perched on the pole top

equipment, generally provide adequate separa- can touch its body to the conducror while
tion for birds {Figure 5.26). simuftaneously contacting the grounded pole
£
ONDUCTOR
B E
S cToR —~—
22.9 cm
{9 in)
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- NEUTRA
—Lﬂ/ R v om _Pn/ SONDUCTOR
|
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PROBLEM:
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POLE OR HARDWARE SIMULTANEQUSLY.
Y Energized AP Energized
- Grounded — Grounded

Problgmsingle-phmepnﬁguraﬁonona
nforced concrete pole. T Ll




top or hardware with its feet, resulting in
electrocution. One solution to this problem is
to install a phase cover (Figure 5.28, Solution
1). Another solution is a two-step process:
(1) place the phase conductor on an msulator
installed on an extended fiberglass-reinforced
pole-top pin to increase the separation

between the phase conductor and the pole
top, (2) install a pole cap to deter birds from
perching on top of the pole (Figure 5.28,
Solution 2), In tests with captive raptors at
the Rocky Mountain Raptor Program, a pole
cap’s slick surface discouraged birds from

1.8 m (6 11)
PHASE
/
y PHASE
CONDUCTOR
4
INSULATOR PIN
h\cﬂounnmc
CONOUCTOR
NEUTRAL
CONDUCTOR
SOLUTION 1
SOLUTIONS:
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MAMUFACTURED COVER. A
COVERING SHOULD EE USED
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BIL OF THE INSULATOR.

2. INSTALL A FIBERGLASS POLE TOP PIN
EXTENSION. INSTALL PLASTIC POINTED
POLE CAP TO DISCOURAGE BIRDS FROM
PERCHING ON POLE,

perching (Harness 1998).
BkBuCTOR
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TOP EXTENSION 6(12'2 :";"
e
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f\ssmm
GROUN
L—EBRbuetor
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CONCRETE ]
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A
SOLUTION 2
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When steel or concrete poles are used for
mulri-phase structures, the critical separations
for birds are both the phase-to-phase and the
phase-to-pole (ie., 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-phasc structure {Figure
5.28, Solurion 2), additional separacion
should be provided for the center pale-top
phase condueror by placing it on an extended
fiberglass reinforced pole-top pin and adding

a pole cap to discourage perching. Addirion-
ally, wood or fiberglass crossarms should be
used. Steel crossarms mounted on steel poles
should be avoided because rheir minomal
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 separartions
found on existing steel or concrete poles can
be mitigated in several ways. One method is

N
PHASE:
CONDUCTOR
91.4 cm
94.0 em (36 in)
(37 in)
1% i %ﬂ
I i 5 4'7 fendl
A m
110 em _] oo s WOOD OR FIBCRGLASS
. (28 in) CROSSARM
10.2 em (44 in)
{4 in) WJ
}\NEUTRAL
CONDUCTOR
—s——STEEL OR

PRORBLEM:
ELECTROCUTION HAZARD WHEN BIRD
APPROACHES ARM T+ PERCH AND
CONTACTS PHASE TC PHASE OR =T
PHASE TO POLE SIMULTANEQUSLY, —

CONCRETE POLE

+2—GROUNDING CONDUCTOR

Energized ——
Grounded ———

FAGURE 5.29: Problem three-phase configuration on a steel or reinforced concrete pole.




to cover the pole from the ¢rossarm ro 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 diclectrie rest
of a thermoplastic wrap, and determined that

a 46 x 167-cm (18 x 66-in) picce allows no
appreciable current leakage at 35 kV fora
three-munute duration. The thermoplastic
wrap also can effecrively increase phase-
to-ground scparations on narrow profile

contigurations.

As an alrernative to wrapping the pole top,
perch discouragers can be mounted on the
crossarm to deter birds {rom perching on the
crossarm (Figure 5.31"). Crossarms fitted with
perch discouragers are effective in reducing
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SOLUTION:

1. INSTALL PERCH DISCOURAGERS ON
CROSSARM TO DISCOURAGE
BIRDS FROM PERCHING.

2, INSTALL A PLASTIC PQOINTEC POLE
CAP TO DISCOURAGE BIRDS
FROM PERCHING.

3. INSTALL FIBERGLASS POLE TOP
PIM EXTENSICN, N

\NEUTRAL

STEEL OR
/ CONCRETE
POLE

/GROUNDING CONRUCTOR

2.4 m (8 ft) WoaD OR
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
PERCH DISCOURAGER AND
PHASE CONDUCTOR, BIRDS
CAN STILL PERCH ON
CROSSARM AND AN
ALTERNATE MITIGATION
TOOL SHOULD BE USED.

CONDUCTOR

Energized
Grounded ———

FIGURE 5.31: Solution for
pole using perch discouragers.

e-phase configuration on a steel or reinforced concrete.

some but may nor climinare all avian mortality
(Harness and Garrett 1999, Perch discour-
agers also may shift birds ro other nearby
peles that might not be any saler. For gmd-
ance on the use of perch discouragers from
both biological and engineering perspectives,
see page 17 and page 68,

Another suitable methed for reducing
avian clectrocution risk is covering the outer

ewo phase conducrors to prevent phase-to-pole
{i.e.. phase-to-ground) contacts (Frgure 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-

0



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 (60-1n) 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 conductors.

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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SOLUTIONS:
1. INSTALL CCNDUCTOR ON SUSPENSION
INSULATOR BELOW THE CROSSARM
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{60 in}
POLE”
CAP *
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SN steRL or
CONCRETE POLE

™S
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2. INSTALL PLASTIC POINTED FOLE CAP
TO DISCOURAGE BIRDS FRCM
PERCHING.
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FIGURE 5.33: Three-phase configuration on a steel or reinforced concrete pole with

outgong conductors, making the line turn ot
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 clectrocution risk.

Problem Transmission Designs

Although rransmission lines rarely electrocure
birds, there are a few exceptions, particularly
on lower voltage ransmission lines (i.c., 60 kV
or A9 kV).n The armless configaration, in
which conductors are mounted on horizontal

post msulators, commonly used for distribu-
tion lines {sec Figures 5.20 and 5.21), may
also be used lor some transmmission lines below
15 kV {Figure 5.34). In areas subject to
high lightning levels, lightning protection may
include an overhead staric wire thar must be
grounded. On installations with wood poles,
atilities, particularly in salv spray or other
contaminared areas, may bond the bases of the
post insulators to the grounding conductor
to prevent pole fires, A bird perched on the
msulator can be electrocuted if 1t comes in

3 If 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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contact with the energized conductor and
cither the grounded insulator base or the
bonding conductor. From 1991 through
1993, more than 30 golden cagles were elec-
trocuted along approximately 32 km (20 mi)
of a 69-kV line with this configuration in
central Wyoming (PacifiCorp, unpubl. data).
This configurarion was once thought to be
avian-safe because it was anticipaced that

birds would perch on the pole rop rather
than on the insulators, The 1996 edition

of Suggested Practices recommended mstalling
perch discouragers on the msulators to
prevent electrocurions. However, because
birds were still able to fit between the perch
discourager and the conductor., the use of
perch discouragers alone has been determined

ineffective (PacifiCorp, unpubl. daea).
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Urilities are testing dillerent options
(Figure 5.35) for reducing electrorutton tisk
on horizoneal post construction. These

options elude:

* Covering the insulator bases and bolrs with

cover-up material destgned for this purpose.

Installing an insulated pole grounding
conductor ot eovering the pole grounding
conductor with appropriate cover-up
material, or wood or plastic moldings.
The groundmg conductor should be
covered at least 3005 em {12 in) below
the lowest energized conductor.

SOLUTIONS:

1. COVER GROUNDING CONDUCTOR
FROM OVERHEAD GROUNDING
CONOUCTOR CLAMP TC 30.5 cm
(12 in) BELOW LOWEST PHASE.
COVER INSULATOR BASES AND

4

BOLTS.
2. LONGER HORIZONTAL INSULATORS
CAN BE USED.
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FIGURE 535, Solutions for 69-kV horizontal post insulator design.




* 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
construction.

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
birds such as eagles or waders touch their
heads to the energized conductor while

20 m
(6.5 ft)

1.8 m
(B ft)

PROBLEM:
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TOUCHES PHASE CONDUCTOR AND
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perched on the grounding conductor or

bonded hardware on the crossarm.

To prevent phase-to-ground eontact on
the wishbone design, the grounding conduc-
tor and bonded hardware should be covered.

This ¢an be accomplished by:

* installing a diclectric cover on the lower
crossarm {Figure 5.37), and

¢ covering the grounding conductor with
plastic or wood molding or plastic rubing,
A covered ground wire may also be used.

The grounding conductor should be

SQLU
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TIOWS:

IMSTALL DIELECTRIC COVER.

INSTALL GROUNDING
CONDUCTOR COVER.

COVER BONDED HARDWARE
ON LOWER CROSSARM.

-

GROUNDING
CONDUCTOR

PHASE
CONDUCTOR

GROUNDING
CONDUCTOR COVER

GROUNDING
CONDUCTOR

Energized
Graunded

T




covered at least 30.5 em (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
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27 m (9 ft)
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INCREASED VERTICAL
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Grounded




alternative to the wishbone or horizontal post
designs, This suspension configuration provides
adequate separation beeween phases and
accommaodares 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 15 also available for perching. Although
this construction can reduce electrocutions, it
may contribute to sireamer problems {rom

5.2 em

OVERHEAD (6 in)
STATIC wIRE\ {
11
J7m
(12 fty
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(85 fi) 6.5 m
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|
|
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OF VCLTAGE LEVELS.

Energized
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[FIGURE 5.39: Avian-safe suspension
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birds perching on a davit arm and defecating
on the conductor or insulator below.

Figure 540 depicts a 69-kV design with
a steel bayonet added as a lightning rod. This
rod is grounded and significantly reduces
separation between energized hardware and

itself. This configuration can pose a phase-to-
ground electrocution risk for birds that attempt
to land or perch on the crossarms. In one
year, 69 raptor carcasses were recovered from
under a line of this configuration in southern

Idaho (I1daho Power Co., unpubl. data). If

STEEL
BAYONET —

PROBLEM:

ELECTROCUTION HAZARD WHEN
BIRD TOUCHES PHASE
CONDUCTORS AND GROUNDED
HARDWARE SIMULTANEOQUSLY,

- / PHASE
CONDUCTOR
\140 cm
{56 in)
CROSSARM
_ 4 m
= 8 ft)
CROSSARM
GROUNDING
_L—"" conpucTor
Enargized
Grounded =——




STEEL
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DIELECTRIC
COVER

PHASE
CONDLICTOR

/

150
(60 in)

PHASE GROUNDING

COVER UCTOR
T~ conn

COVER
_\

\‘[40 cm
(56 in)
CROSSARM

] N[

agh)D)

A

SOLUTIONS:

FOR DISTRIBUTION:
CCVER ALL PHASE CONDUCTORS WITH
MANUFACTURED COVERS.
A COVERING SHOULD BE USED THAT
DCES NOT REDUCE THE BIL OF THE
INSULATOR.

FOR 63 Kv:
INSTALL DIELECTRIC COVER OVER
BAYCNET WITHIN 350 cm {B0 in) OF
PHASE CONDUCTORS.
GROUNDING CONDUCTOR SHOULD BE
COVERED,

&

4 42
Y. \2.4 m
7’ (8 1)
CROSSARM
GROUNDING
|| — CONBUCTOR
[N
Energized
Grounded

.FIGUHE 5.41: Solutions for design 'wit_h grounded steel bayonet. 4

this conhigutation ts used for a distribution
line, phase covers can be installed on all three
phases to prevent electrocutions (Figure
S4D1f mitigating a transmissron line ol
this conhguration, the bayonet should be
covered with a dielecrrie cover within 150 em

(60 m) of the phase conductors. The ground-
g conductor should also be covered.

On the corner structure shown in Figure
5.42 {Problem 1% large birds may be electro-
cuted by making simultancous contact with
uncovered phase jumpers and the grounded




structure. A solution to this problem is to
install horizontal post insulators to move the
phase jumpers further from ground (Figure
5.43, Solution I).

Raptor mortalities have occurred on double-
circuit transmission tower designs with insuf-
ficient clearance for perching raptors from the
grounded center crossarm brace (also called

grounded tension member or wind brace)

ta the top phase (E. Colson, Colson and
Associates, pers. comm. in APLIC 1996)
(Figure 5.42, Problem 2). Electrocutions on
this configuration may be remedied by covering
grounded tension members with dielectric
material (Figure 5.43, Solution 2). It may
also be possible ro replace the tension

PHASE
JUMPER

PHASE
CONDUCTOR
150 em
{60 in)
GROUNDED
TENSION
1680 em MEMBER
{80 in)
PHASE
CONDUCTOR 115=kY
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
GROUMDED TENSION MEMBER SIMULTANEOUSLY.

Energized ———
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 chis, it can occur on the

more closely spaced lower voltage transmis-
sion lines. To prevent bird-induced arcing
on more closely spaced transmission lines,
conductor separation should be increased
from 152 em (60 in) by 0.5 cm (0.2 in)
for each kV over 60 kV (see Table 5.3).

HORIZONTAL

PHASE

213 cm
JUMPER

(84 in)

CONDUCTOR SIDE VIEW

SOLUTION 1

SOLUTIONS

INSTALL HORIZONTAL JUMFER SUFPORT TQ

JUMPER SUPPORT

RS PHASE

CONDUCTOR

‘\\GRUUNDED

TENSION MEMBER
(FIBERGLASS OR
COVERED WITH

INCREASE THE PHASE TO GROUNDED STRUCTURE

SEPARATION.

2. REPLACE TENSICN MEMBERS WITH FIBERGLASS

OR NON—-CONDUCTING MATERIAL, OR COVER
TENSION MEMBERS WITH DIELECTRIC MATERIAL.

DIELECTRIC
MATERIAL)
115=kV
DOUBLE-CIRCUIT
STEEL TOWER
SOLUTION 2
Energized
Grounded

| FIGURE 5.43: Solutions for transm smission designs,




Equipment Poles
TRANSFORMERS AND OTHER
EQUIPMENT

Equipment poles are poles that have trans-
formers, capacitor banks, reclosers, regulators,
disconnect switches, cutours, arresters, or
overhead-to-underground transitions (often
referred to as riser poles). Equipment poles
pose increased electrocution risks to birds of
all sizes because of close separations between
both phase-to-phase and phase-to-ground
(Figures 5.44, 5.45). '

PHASE
CONDUCTOR &l gifos%?«sﬂ)
BARE
JUMPERS
120 em
{48 in)
/-— a1t
T
FUSED CUTOUT JUMPERS
EXPOSED: ow
BUSHINGS VOLTAGE
ql a
LOW /1
VOLTAGE
i
THREE—PHASE
TRANSFORMER
BANK
NEUTRAL
CONDUCTOR
PROBLEM:
ELECTROCUTION HAZARD WHEN BIRD TOUCHES \
ENERGIZED JUMPERS OR EQUIPMENT AND
GROUNDED HARDWARE OR GROUNDING
CONDUCTOR SIMULTANEQUSLY. ggﬂgﬁ%%%
| . Energized
== Grounded ——




i " PHASE
1(2 o CONDUCTOR
-
BARE
7 JUMPERS
LIGHTNING
ARRESTER
FUSED
hillicg
EXPOSED
BUSHING*
ﬂrh
O]
E
\
SINGLE—PHASE
TRANSFORMER J
= =='i5)
I~
NEUTRAL o~
CONDUCTOR
GROUNDING—T]
CONDUCTOR
N W
PROBLEM:
ELECTROCUTION HAZARD WHEN BIRD
TOUCHES ENERGIZED JUMPERS OR
EQUIPMENT AND GROUNDED HARDWARE '
OR GROUNDING CONDUCTOR Energized
SIMULTANEQUSLY. Crounded

FIGURE 5.45: Problem single-phase transformer bank.

I a line s tocated i an area of high light-
ning activity, some utilivies may install an
overhead {grounded’) static wire, requiring the
mstalfation of a grounding conductor all the
way to the top of some or all structures, To
assure the safery of line personnel and the

general public, the NESC requires that all

clectrical equipment such as transformers,
switches, lightning arresters, cte., must also be
grounded. This grounding usoally reduces the
separation between energized and grounded
]J."ll‘(!i U[_ th’ S}'SIL‘]TI.

In a review of raptor clectrocutions from
58 utilitres in the western United States
between 1986 and 1996, more than hal{ were
associuted with transformers (Harness and
Wilson 2001, Fifty-chree pereent of con-
firmed elecrracutions (n=4217 were associated
with transformers, yet only one-guarier of the
poles in these areas were transformer poles,
Single or three-phase transformer banks were
associated with 41% of eagle mortalitics
[_'u=748), 39% of hawk mortalities (_Jl=2?8\,’,
and 52% ol owl mortalities (n=344). In Utah
and Wyoming, poles with exposed equipment
accounted for anly 32% ol all struetures
surveyed [n=74,020), yer 53% of poles with
mortalities {n=457 had exposed equipment
(Liguori and Burruss 20037, In particular,
translormers were present on 16% of struc-
tutes surveyed, vet were found on 36% ol
poles with mortalitics. Small birds {including
starlings, magpies, and songbirds), vavens, and
owls were more leguently electrocuted a
poles with transformers or other equipment
than at poles without equipment.

Urdities shonld be suve to address cleciro-
cution risk on the entire pole when retrofiuing
or designing equipment poles. Electrocution
risk on wew or retrofitted equipment poles
can be reduced by using a vartety of cover-up
materials int‘lllding covered cuncfuc[ors, molc{-
mgs, covered JUIMPEE WILES, artesier Covers,
bushing covers, cutout covers, phase covers,
and other covers 1o prevent bisds [rom making
simultancous contact between grounded and
cnvrgized conductors or hardware [:ngrcs
540, 3470 Sce the Precastions section
(below) for a discussion of cover-up materials.
When lighming arresters ave installed on a
wooden crossarm in combination witl fused
cutouts, the arrester ground wire is normally
attached benieath the arm connecting the base



of the arresters to ground without bonding
or contacting the arrester brackets.

The use of perch discouragers alone on or
near equipment poIes is not recommended, as
perch discouragers may deter birds rom land-
ing on the crossarm, leaving equipment arms

or transformers as perching alternaives.
However, perch discouragers may be used il
an alternative perch is provided and exposed
equipment is covered with appropriate avian
protection devices.

24 m
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THREE —PHASE gg%ﬁ'}m
TRANSFORMER
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®
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; 1::13:
/ .
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"N 6roUNDING
CONDUCTOR
TIONS: NN I~
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CUTQUT AND ARRESTER.

COVER GROUNDING CONOUCTOR FROM
HIGHEST ENCRGIZED PHASE TO 30.5 CM
{12 IN) BELOW LOWEST ENERGIZED
EQUIPMENT.

A FIBERGLASS BRACKET IS SHOWN BUT
OTHER BRACKETS {WQOD OR STEEL)
COULD BE USED PROVIDED THAT THERE IS
NOT A RISK OF PHASE-TO=GROUND
CONTACT BY BIRDS. BONDING AND
GROUNDING OF BRACKET WILL VARY

WITH UTILITY.

Energized
Grounded

FIGURE 5.47: Solution for single-phase transformer hank_. '

PRLECAUTIONS (:t‘t}

When using cover-up producls on equipiment,

autlity should be aware of several important
powts. First, these products are intended only
for wildhfe protection; they are not intended
for human protection. Sccond. there are cur-
rently no standard protocols for testing such
produces {see page 31 for further information
on testing ), Utilities are advised to evaluace
the products that they select lor durabilivy,
ellectiveness, vase of nstallation, ere. Finally,
wildlife proteerion products may not be
effective or can cause problems i installed
impropetly. Bushing covers and arrester covers
should fir berween the first and second skires
of the bushing or arrester. Likewise, phase
covers should sit on the wop skirt of the
insulator and not extend o the crossarm.

If covers are pushed down oo far, they can
canse (racking, outages, or fires. Cutout covers
should alse be evaluated to ensure that [!u‘}-’
will not intetfere with the operaton of the
cutouts or the use of a load-break tool.
Coverings on juntper wires should cover the
entire jumper, because cxposed gaps can pose
an clectrocution risk, See the APLIC website
::_W\\'w.;lp]ic.ol‘g) for a current list of avian
protecuon product manufacturers.

SWITCHES

Many types of switches are used to 1solare
circutts or redirect current for the operation
and mamtenance of a Jistribution system,
Several examples are shown in Figures 543,
349, and 5.50. Because of the dose separa-
tion, it may be diflicult to mitigate electrocu-
tions on switch poles. Elforts can be made 1o
cither provide birds with sale perch sites on
adjacent poles or w nake switch poles less
hazardous to birds. The installation of unpro-
tected switch poles 1s discouraged m rapror
use arcas due Lo the clectrocurion risk and
dilficulty of making these poles avian-sale.
Where switches are installed, offset or stag-
gered vertical switeh configurations with an
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alternate perch above the top switch may
provide a safer perching site (see Figure 5.49).
Separation is key to making these structures
safer for birds. Coverings designed for the

purpose should be used on as many of the

Energized
Grounded

energized components as possible. Using
fiberglass arms for switches may also help
reduce electrocutions.
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SUBSTATION MODIFICATION
AND DESIGN

Substations are transitional points in the

transmission and distribution systern.

While raptor electrocutions at substations arc

uncommon, smaller birds such as songhirds

and corvids may perch, roost, or nest in sub-
stations, causing clectrocution and ourage
risks. Numerous bird species have caused sub-
station outages, including grear horned owl
(Bubo virgintanus}, Amcrican kestrel, black-
billed magpic (Pica budsonia}, European starling

L



(Sturnns vulgaris), golden eagle, and monk para-
keet |\’i‘{}‘iopsimt urmm{/}trs) (P;lci{i(jurp. unpubl.
data; Florida Power and Light, unpubl. data).
Over an 18-mmonth periad, 18 bird-cansed
owages wete documented m substations in six
western states, which aflected over 50,000
customers (PacthCorp, unpubl. data).

Owver the years, mumerous technigues have
been used ro prevent bird and animal contacts
in substations, Such techniques include habuar
modification, physical barriers, auditory, visual,
olfactory, and pyrotechnic discouragers,

and physically removing animals. Many of
these practices have had limited suceess, or
are cost-prohibitive or impractical. The most
effective method [or preventing bird contaces
n substations employs the pracrices used lor
distribution and transinisston structures,
“insulare” or 1solate (see page 591 For new
substations, a combination of framing and
covering can prevent contacts by birds and
other animals. For existing substations, cover-
up materials designed {or the purpose can be
installed to make substations avian-sale.

SUMMARY

@®

Power line structures can present electrocu-
tion hazards to birds when less than adequate
separation cxists between energized conductors
or between energized conductors/hardware
and prounded conductors/hardware. This
document reconumends 150-cm {G0-in)
separation [or eagles. Orher separations may
Le used based upon the species impacted.
Avian-sale [acdites can be provided by one
or more of the [E‘Jlim\'in}::

* amcreasing separations 1o achieve adequarte
SL‘paI}llion for the specics invalved

* covering energized parts and/or coverng
grounded parcs with materials appropriate
for providing incidental contact protection
to birds

* applying perch management techniques.

A uuliy’s Avian Protection Plan
isee Chap[cr 7y should idcnl'i[_}' new
construction designs, retrofitting options,
approved avian protection devices, proper
installation techniques, and other procedures

related to avian protection,
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Perching, Roosting, and Nesting &

f“ of Birds on Power Line Structures

IN THIS CHAPTER

€ Avian Use of Power Lines

€3 Nest Management

€ Reliability Concerns

This chapter examines how birds use power line structures. It considers the advantages and
disadvantages that utility structures present 1o birds as well as the effects birds have on

power reliability.

ower line structures provide perching,
P roosting, and nesting substrates for

some avian species. This is particularly
truc of raptors that inhabit open areas where
natural substrates are limited. Nest manage-
ment, including platforms mstalled on or
near power sructures, can provide nesting
sites for several protected species while

minimizing the risks of electrocution, equip-
ment damage, or outages. Nest management
might also include the control of the monk
parakeet (Myiopsitia monachus), a species intro-
duced from South America, which construces
large, communal nests, often on power line
structures, causing significant reliabiliry
problems.

AVIAN USE OF
POWER LINES

RAPTORS
Perching
Power line structures in relatively treeless
arcas have made mallions of kilometers of
suitable habitat available to perch-hunting
raptors (Olendolt et

conserve encrgy by minimizing flight activity
(Figure 6.1). Ospreys (Pmlrliorr fmh'nrm{;'
readily petch-hunt lrom power poles that
have been placed near ereeless wetlands or
other water bodics,

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 o
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There is a strong association between
raptor activity and utdity rights-ol-way
(Wilkiams and Colson 1989, Ful]uwing che
1974 construction of a 230-kV transmission
line m Colorade, raptor density near the line
increased {rom 4 to 13 taptors per square
kilomerer (kl‘nz} (10 to 34 per square male
§mi2 b2l wd2 1';1|_)t-:)rs/|s'.m2 {5410
a3/ miz) after construction {Stahlecker 19780,

Although transmission towers comprised
anly 1.5% of available perches in chis area,
31% of raptors seen during surveys used them
as pcrchus. R()ugh-lcggccl hawks (Bureo fngn.pm;}.
golden cagles “Aguila chrysactes), and prairie
falcons (Talce mexicanus) used towers more than
any of the other available perches (e, distribu-
tion PU]L‘b, fence pusts, trees, windmills, etc.).
Craig ( 1978) nored that almose 78% of all
raprors perched along a [87-km (1 [6-mi) sur-
VC}" rowte E]] Il:lﬂh(] WwWere P(‘[‘L‘]'I[‘CI {an p()“"(‘l' Po](‘S
or wires. During a three-year study in southern
New Mexico, Kimsey and Conley {1988) found
thar open terrain taversed by transmission towers
recerved more use by raprors than similar arcas
without towers. In Wyoming, golden cagles
and other raptors perched on distribution poles
during winter to exploic a locally abundant food
source {Iarness and Garrett 19997,

Roosting

Raptors also use power line structores for
roosting. Roosts may be selecred for protec-
tion {rom pl‘eda[m‘s and inclerent weather,
or for thetr proximiy to lood soutces.
Raptors that nest on adlicy structures often
use those nests as nocturnal TOOSES a8 wc]l.
Thcy can roost singly (e, aspreY Ot bul‘cos),
or communally (e, Harris” hawks [ Parabuieo
unicenetus ) o wintering bald cagles { Haliaecrus
lewcorephalus ). When perched side-by-side,
burds can span the distance beeween phases
or ph;lsc and ground, which increases rhe

risk ol an electrocution as well as an outage.
Excrement from multiple birds ean also ereare

ourage nisks lmy CONGAMINALNG Cquipment.

Craig and Crag { 19847 lound dhat golden
cag]cs wintering in ldaheo often roosced
communajly on several types of power line
structuzes, Fhese structures allowed eagles wo
c_\‘p]oi[ lacal Pupulmions of j;lckr;lbbils, and
provided shelter [rom melement weather.
Eagles and hawks may use the lower portions
ol transmission towers, which provide some
C](‘grcc of cover for nigh[ roostng m barren
arcas (Smith 19357, In Spain, transnussion
substations serve as summer roost sites for
congregations ol lesser kestrels {Falco matmanni).
These sites may play an important role in the
conservation of this declinmg species

{Arevalo ev al. 20047,

Nesting

Casnal observanion attests, and muamny studies
have documented, that raptors nest on
distribution and transmission siructures

(:su: Table 6. I:}_ Allhoug}] MOst Specics that
nest on power line structures inhabir open,
artd areas, one notable exceprion is the osprey
{Figure 6.2, O:;preys use utility structures for
nesting more than any other North Ametican
rapton, They typically seleet poles that are
located near or over waters where fish are
abundant. To protect ospreys and the power
system, nest platforms have been mstalled on
or near transmission towers and disteibucion
poles so nest material and exerement will nor
contammate lines, In additon, power poles
that are left standing when lines are decom-
missioned can ptovid(’ both nest and ]Jt’l‘!:]]
sutes, During an 1T-year period in Michigan,
an average of 5359 of the vsprey platforms
avalable were occupued (Postupalsky 197383
On Lake Huron in Canada, 32% ol aruficial
platiorms were vecupied within one year of
mstallavon {Ewins 19967 In 1995, nearly
46% of OSPrey 1esCs studied in Finland
(=951 were located on aruficial structures
and, in southern Finland, up to 90% of
occupied nests {n=79) were on artificial
platforms { Saurola 19977,
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African hawk-eagle fHigraaetus faciatus)

Tarboton and Allan 1984 (T); Allan 1988 (T}

American kestrel (Falco sparverius)

llinois Power Company 1972 [T3; Blue 1996 (P);
Georgia Power Company, unpubl, data {T)

Aplomado falcon (Falco femoralis)

The: Peregrine Fund 1995 {T); D. Bouchard, pers. comm. (T)

Bald eagle {Haliaeetus levcocephaius)

Keran 1986 {T); Bohm 1988 {T}; Hanson 1988 (T};
Marion et at. 1992 [T}; J. Swan, pers. comm. [T)

Black-breasted snake eagle (Circaetus gallicus)

Brown and Lawson 1989 (T)

Black eagle {Aquiia verreatwail

Boshaff and Fabricus 1986 (T); Ledger et al. 1987 (T};
Jenkins et al. 2005 {T)

Brown snake eagle (Circaetus cinsreus)

Brown and Lawsen 1983 {T}

Crested caracara (Caracara cheriway)

J. Lindsay, pers. comm. (S)

Eurasian kestrel {falco tinnunculus)

Boshoff et al. 1983 (T)

Ferruginaus hawk (Buteo regalis)

Nelsan and Nelson 1976 (T); Gilbertson 1982 (T); Gilmer and
Stewart 1983 (T); Gaines 1985 (T}; Bridges and McConnon
1987 (M); Blectric Power Research Institute 1988 (T); Fitzner
and Newell 1989 {T); Steenhof et al. 1983 (T); Olendorff
1993a {T); Bechard and Schmutz 1985 iP}; Blue 1996 (T);
Erickson st al. 2004 (T)

Gelden eagle {Aquila chiysaetos]

Anderson 1975 (T); Nelson and Nelson 1976 (T); Herron et al.
1980 {T); Electric Power Research [nstitute 1988 (1), Steenhof
et al. 1993 (T}; Blue 1996 P); Kochert et al. 2002 (T);
PacifiCorp, unpubl. data (S, T)

Great horned owl (Bubo virginianus) Gilmer and Wiche 1977 {T); Steenhof &t al. 1993 (T);
Blue 1996 (P); PacifiComp, unpubl. data {D, S)

Greater kestrel (Falco rupicoloides) Kemp 1984 (T); Hartley et al. 1996 (P]

Harris” hawk (Parabuteo unicinctus) Eliis er al. 1978 (D); Whaley 1986 (T); Bednarz 1985 (T);

Blue 1936 (P)

Lanner falcon {Falco biarmicus)

Tarhoton and Allan 1984 (T); Hartley et al. 1996 (P)

Martial eagle (Polemaetus bellicosus)

Dean 1975 {T}); Boshaff and Fabwricus 1986 (T); Hobbs and
Ledger 1986 [T}; Boshoff 1993 (T); Jenkins et al. 2005 (T}

Mountain caracara {Phafcohoenus megalopterus)

White and Boyce 1987 (P)

* Note that some studies refer only to nesting on pawer line structures (P).

Continued
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Osprey (Pandion hatiaetus)

Melguist 1974 {D); Detrich 1378 (T); Henny st at, 1978 {T, D;
Prevost et al. 1978 (T); Henny and Anderson 1979 (D); van
Daele et al. 1980 {D); Jamigson 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 1936 {T, D); Meyburg
atal. 1956 {P); Poole et al. 2002 {F); Henny et al. 2003 [T, D);
Henny and Andersan 2004 {D)

Pale chanting goshawk {Melierax canorus)

Brown and Lawson 1982 (T)

Peregrine falcon fFalco peregrinus)

Bunnell et al. 1997 {T); White et al. 2002 (T}; PacifiCamp,
unpubl, data (T)

Prairie falcon (Faloo mexicanus)

Roppe et al. 1983 {T}; Blue 1936 (P); Bunnell et al. 1997 (T)

Red-tailed hawk (Buteo jamaicensis)

Nelson and Nefson 1976 {T}; Ellis et al. 1978 {T); Fitzner
1980a (T); Gilbertson 1982 {T); Brett 1987 (T); Electric Power
Resgarch institute 1988 (T); Fitzner and Newell 1989 (T);
Steenhof et al. 1993 {T]; Knight and Kawashima 1993 (P);
Blue 1996 {T); Stout et al. 1995 (D); Brubaker et al. 2003 (P)

Rough-legged hawk (Buteo fagopus)

Bechard and Swen 2002 {F)

Swainson's hawk (Buteo swainsoni)

Olendorff and Stoddart 1974 (D); Fitzner 1978 {DY; Fitzner and
Mewell 1989 (T}; Blue 1996 (P); England et al. 1997 B T)

Tawny eagle (Aquila rapax)

Dean 1975 (T); Tarboton and Alian 1984 (T);
Jenkins et al. 2005 (1)

White-hacked vulture (Gyps africanus)

Ledger and Hobbs 1985 (T)

Zone-tailed hawk {Buteo afbonotatus)

Biue 1996 (P)

* Note that some studies refer only to nesting on power ling structures {P).

Nest location on a power structure can vary
by species and structure type, On natural sub-
strates, ospreys typically nest on the flar 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-railed,
Swamson's (Busro swansant}, and ﬂ’rl‘uginous
hawks (B. regalis} generally prefer nest herghrs
that are relatively high, moderate, and low,
respectively. Tower sections where steel lattice-
work 1s relatively dense are generally preferred,

as this provides more support lor nests
(Figure 6.3} The configuration of two poles
supporung four paited sers of crossarms was
most often used by raptors in New Mexico
{Brubaker et al. 20037, Double dead-end and
dead-end distribution poles {sec Figures 5.15,
5.16,6.2,023, 624, 6.25, and 6.26 [or
examples) are the distnibution configurations
most commonly used by osprey and some
other raptors throughout North America,
Steenhof et al. {1993 reported an 89%
suceess rate for ferruginous hawk nests on

J;
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FIGURE 6.3: Red-tailed hawk nest on steel lattice
transmission tower.
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platforms (n=19), which was higher than
nesting saccess on cliffs (38%, n=38) or
other natural substrates {209, n=5). Like-
wise, ferruginous hawk nesting success was
higher on artificial placforms in Wyoming
than on natural substrates (Tigner et al. 1996).
Bechatd and Schmutz {1995} stared that
nesting platforms could be beneficial for
ferruginous hawks, cspecially in previously
occupied habitars where the number of
natural nest sires is in decline. They recom-
mend spacing nest platforms out-of-sight of
other burco neses.

Nest platforms for bald eagles provide
support for weak or collapsed nests, atrract
birds searching for a breeding site, encourage
the reuse of historic sites. and support nests
moved {rom arcas of pending human activity
or development (Postupalsky 1978; Hunter
et al. 1997). In Florida an increased number
of Dbald cagle nests on man-made structures
has been reported. In 2003, there were 24
bald eagle nests on man-made structures with

©d



46% on transmission towers (J. Swan, pers.
comu ). In 2004 and 2005, the number of
nests on towers mereased due to the [oss ol
nesting trees 1o hurreanes we 2004

(5. Mesbitt, pers. comm.).

ADVANTAGES TO RAPTORS NESTING
ON UTILITY STRUCTURES

Utility serucrures can provide nesting
substrates in habitaws where natural sices are
scaree, facilitate the range expansion of some
spectes, increase the local density of some
specices, and offer some protection {rom the
clements. In addition, some raptors have

mereased theie nest success and productivicy

On power line structures.

In New Mexico, decommussioned telephone
podes and energiecd electrical poles were used
by nesting raptors {Brubaker cual. 20030
Thirry-two af 338 poles were used by nesting
raptors, including 27 pairs of Swainsor's
hawks, 3 pairs of red-railed hawks, and
2 pairs of great horned owls {Bube vitgimianus}.
In Wisconsin, red-tailed hawks nested on
artifictal structures, including (TANSISSION
tawers, as the avatlalality of natural nest sites
declined in human-altered landscapes {Stout
et al. T996% New 230-kYV and 500-kV lincs
on the Hanford Reservation in Washingron
were monitored between 1979 and 1988
TFitener and Newell 19897 Aflter construe-
ton of the lines in 1979, only one red-ratled
hawk nest appeared on these structures. By
[958, 19 Swainson’s, ferruginous, and red-
tatled hawks' nests were found on the sitoue-
tures, Red-tatled hawks and commeoen ravens
(Corvns rorax) in southern California nested
on utthity struccares in greater numbers than
expected based on the availability of potential
nest substrates (Kmghe and Kawashima
19‘).3:.\. I 1980 and 1931, the Puciﬁ(fnrp
Malin-ro-Midpoint 500-kV transmission
line was constructed across castern Oregon
and sourhern Idaho (Steenhol et al. 19933,
In cooperation with the BLM, PacthiCorp

mstalled 37 nesting platforms designed by
Morley Nelson (Frgure 6.47 (Nelson and
Nelson 1976; Olendor(f et al. 1981: Nelson
1982} Wihin one year, taptors and ravens
began nesting on these platforms. Although
only 2% of the towers had pladforms, 72%
(=29 of the golden eagle and 48% [n=32}
of the ferrugimous hawk nesting attempus
were made on the artficial plaforms, Nine-
wen {519 of the platlorms were used at
least onee. Steenhof et al. {1993 suggested
that the needs of nesting raptors should be
considered and assistance cncouragcd during
the construction of transmission lines,
especially when the Ime waverses trecless
habiear and the disturbance of a sensiteve
]_71-(_':‘7 SIJL'C]‘L‘S iS not an 1‘551‘[0.

The construction of arnficial nesting
pladorms, including those on power poles,
has contributed to the ospreys’ population
growth and range expansion in North Ameriea
[Houston and Score 2001; Henny and
Anderson 2004). Although the munber of
ospreys nesting on natural substrates remained
constant m the Wiltametee Valley, Oregon,
from the 1970s ro 1990s, the number of
active nests on power hine structures increased
{rom | in I977 to 66 in 1993 {Henny and
Kaiser 19961 In 2001, 234 osprey patrs were
nesting n chis area, with 74% of the nests
located on power pules or platforms ereceed
by electrie uulities (Henny e al. 20037

Power line structures may also help local
raptor populations ncrcase { Olendord et al.
1981 Within wen years alter construction ol
a 500-kV transmission fine across eastern
Oregon and southern Idaho, 53 pairs of
raptors and ravens nested on line struetures
while their nesting densitics on nearby natural
substrates remained at pre-construction levels
{Steenhof et ak 19930 lu South Alrica as well,
raptor nests are not removed anless they pose
a threat 1o the power supply. Consequently,
many raptor species tegularly nest on trans-
NS5O (OWeTS (Lcdgcr et al. 19937,
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Transmission towers may alford nesrng
FAPLOFS SOMe Provection from the elements,
Beams and cross-braces provide shade and
windbreaks for nesting birds { Anderson
1975, Compared o diffs, towers allow more
arr cireulation and Jower heat absorption.
Raptors nesting an transmission rowers are
also more protected {rom range fires
(Steenhol cral. 19930,

Some studies have documented greater
nest productivity on artificial nesting sub-
strates chan on natural substrates (var Dacle
ot al. 1980 Gamnes 1985; OlendoctT 19933).
Mareal v;lglcs [’Pa’rmm‘hm lrrcr'!t}'osusj in sotth-
ern Afnica had higher breeding suceess on
vlecorical cransmisston towers than clsewhere
(Bosholl 1993, Ospreys using actificial sites
m Germany produced more young than those
nestng in trees (Meybuag et al. 1996).
Sumilar rates of raptor nest suceess have
been ﬁ)unt{ between naturs] nm‘[ man-made
substrates in dche Canadian Great Basin and in
southern Wisconsin {Ewins 1996; Stout et al.
19963, Improved productivity on poles, towers
and other arvhietal seracteres can vsually be
attributed to nest stability and protection

fTOl'ﬂ ITI.'J.]TImilliilI'] Pl’(’dﬂfl)l’s.

DISADVANTAGES TO RAPTORS
NESTING ON UTILITY STRUCTURES
Raptors that nest on power poles face disad-
vantagres that include: increased risk of clec-
tocution and collision, susceptibility 1o nese
damage from wind and weather, disturbanee
{rem line maintenance or construction, and
vulnerability o shooting. Raprors nesting on
pm\'t’[‘ IinC structures ].-n;l}' ;]ISO il‘l‘lP;JC[ sOImMe
prey species and can reduce power reltabiliy
|.1y CONTAMINALNG vquupment with excrenem
or nesting material {sce Reliability Concerns).
Anather possible disadvantage s that raptors,
spectfically ospreys, reared from power pule
neses may only selecr power poles as nest
substrates when they nest as adults (Heuny
and Katser 19967

R:lpl:ol's nesting on u[i]it}-‘ structates live
an increased clectrocution nisk al nearby poles
are not avian-sale (sce Chapter 57 Entangle-
ment in wites and other u(ilil‘_\-‘ hardware can
also oeeur {Olendordt et al. 19817 In the
Utmited States, raptor collisions with power
lines do accur, bt not as fl‘cqucnll}' as
clectrocutions (OldendorfT and Lehman
19836; Kochert and Olendorfl 199497
Although rapters may become familiar weh
power lines in their ].‘mecding ECTTILOTY, T 'pr‘.’ll‘t’l.{
flights across power lines increases the tisk of
colliston, c:;]_!cci:lll_v ut bad weather or m the
pursui of prey |i]\4;mns;1 and Real 20017
In Europe, transmission lines near nests
were assoctated with bigh wurnover rawes of
breeding Bonelli's eagles {Hicraactus fasciatus).
Collistons with power lines were the
suspected cause {Manosa and Real 20010,

The dense latticework of transmission
towers of {er some protection from the clements,
bae relatively open distribution poles do not.
Cnnsvt]ucn[‘l)x nests on disiribution poles are
more often damaged or destroyed by strong
winds {Gilimer and Wiche 1977: Postovit
ard Postovit 193?}. Raised L’dgcs on nestng
platforms can help stabtlize and proteet nests
during |ligll winds. Destruction of nests lm}f

a commaon cause of nest fatlures

wind was
(14957 on transmission towers m ldahao,
Pales with artibetal placforms afforded more
protection lrom wind than poles withow
p]:l[l_ﬂrms {Steenhol et al. 1993, A bald
cagle nest on an H-frame structure in Flonida
rt:pc;l[cdly fell duriilg windstorms untid an
artifieial p]all-urm was erected to sUpport it
(Marton et al. T9927,

Although short-dived, the activiry and
alteration of surrounding habitar that oceurs
during power-line construction can disturb
raptors. Maintenance operations may also
Lcmpoml‘il)' di:srup[ rotmal bird ncs[ing,
hunting and reosting behavior { Williams
and Colson 19397

Indiseriminate shooung ol raptors may




be higher along power lines than at narural
nest sites because poles are often highly
visible and close to access roads (Williams
and Colson 1989,

The addition of arafteial raptor nests
can have negative tmpacts on others animals
(Fitzner 1980a). For example, burrowing
owls (Athene cumiendaria), which are preyed
upon by larger raptors, can be more susceptible
o pn’dn[ion il nest p];uforms are crected n
their territories. The introduction of great
horned owls mto an arex via nest pladforms
can threaten nestlings of dwrnal raptors,

OTHER BIRDS

Perching

Many other bird species use distriburion
poles, transmission towers, and conductors
for perching, particularly where smtable
foraging or nesting habitat ts nearby (e.g.,
Yahner o al. 20023 As they do for raptors,
power line struccures provide a view of the
surroundings, and facilitate hunting. From
these perches, kinglishers pursue [ish m lakes
or streams and shrikes seck their prey along
power line corridors {Frgure 6.5). Uility
structures, especially conductors, are
comrm)nly used as pcrchcs b}r ﬂocking birds,
such as blackbirds, swallows, and European
statlings “Sturnns vudgaris).

Roosting

Species such as cormorants, valtures, ravens,
and crows use power line structures for roost-
ing. Poorly adapted to cold environments,
vultures often seck roosts that are protected
{rom harsh weather. Cape Griflons, or Cape
vultures (Gyps coprotheres) and, to a lesser
cxtent, white-backed vultures ((;)‘ps .I'!f]'l"(tiflif.i},
roost in large numbers on eransmission towers
in southern Africa (Lcdgcl‘ and Hobbs
1999, Likewise, turkey vultures ("thmr:
anra) and black valtures (Coragyps atratus)

use fransmission towers [or roosting in
North America.
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Some corvid species roost communally or
congregate on power line structures. Eogel
et al. {1992b% documented the largest known
commuumal roost of common ravens n the
world. There were as many as 2,103 ravens
on adjoining S00-kY transmission towers in
southwestern Idahe. The towers appeared to
present an attractive altermative to natural
roost sites by offering increascd salery from

predators and close proximuty [ood sources.

Nesting

A number of non-raptor species also nest on
utilicy structures, Transmission tower lattice-
work can provide suitable nesting substrate
for ravens, herons, cormorants and other Luye
birds. Distribution poles are nsed by smaller
Dirds that build their nests on support brackers,
transformers, or capacitors. Table 6.2

Pl’cscnls alist of Nnon-raptor 5}1\’L‘i(‘5 that have
nested on power line structures, This list is
not comprehensive, but i llustraces the variety
of species arrracted to utlity structures.

Birds that build stick nests may find areas
on transmission and distrtbution structures
suitable for nesting sites. In Europe, the white
stork [ Cicona ciconia} commonly nests on Jis-
tribution and transmission towers {Janss [998%
Double-crested cormorants “Phalarrocerax
anritns) and great blue hevons Cdadea berodias)
nest on steel-lattice ransmission towers along

the Great Salt Lake in Utah (PacihCorp,




Source

Double-crested cormorant
(Phatacrcorax auritus)

PacifiCamp (unpubt. data)

Great blue heron {Ardea herodias)

PacifiCorp {unpubl. data)

Hadeda ibis {Bostrychia hagedash}

C.3. van Rooyen (pers. comm.)

White stark {Ciconia ciconia)

Janss 1698

Egyptian goose {Alopachen aegyptiaca)

C.S. van Rooyen {pers. comm.)

Canada goose (Branta canadensis)

J. Burruss [pers. comm.)

Monk parakest (Myiopsitta monachus)

J. Lindsay {pers. comm.)

Eastem kingbird (Tyrannus tyrannus)

The Manyiand Ornitholegical Society
{http:/Awww.mdbirds.org/atlas/spnotes. html)

Westem kingbird (T verticalis)

M. Fiedler (pers. comm.); PacifiCorp
{unpubl. data)

Scissor-tailed fiycatcher (T forficatus)

Georgia Ornithological Society
[bttp:/fwwwegos. org/rbas/ga2000/
2Z000-05.htmi)

Pied crow (Convis albus)

.S. van Rooyen (pers. comm.)

Cape crow (C. capensis}

€.S. van Rooyen (pers. comm.)

Common raven (€. corax)

Knight and Kawashima 1993; Steenhgf
et al. 1993

Chihuahuan raven (€. cryptoleucus)

Bednarz and Raitt 2002; Brubaker et al. 2003

Sociable weaver (Phifetairus socits)

€.5. van Rooyen (pers. comm.

* This table includes species that have constructed nests or used existing nests on poles, not
those which may nest in cavities within poles, i.e. woodpeckers, chickadees, etc.

meu]JI. c{nm). In the western United Staces,
Canada geese {Branta canadousis} have nested
on platforms crecred for taprors (]. Burruss,
pers. cormim. .

Common ravens often nest on utiliy
structures (Frgure 6.6 Withim ten vears of
the construction of a 5300-kV cransmission
line across Oregon and Idaho. 81 pairs of
common ravens nested on the trinsmission
structures [ Steenhol” cvall 1993 Their
success was similar to or greater than nest

stccess n natural substrates. In New Mexico,

ravens prelerred to nest on the conhguration

with two poles supporting four paited sets of
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crossarms { Brubaker et al. 2003
Throughout a 45,000-km? {1 7.375-mi%)

arca ol the Mojave Desert in southern

California, 26 pairs of common ravens

used power [ine structures for nesting, There

were more nests than expeered based on

the availability of natoral nest substrates
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“Knight and Kawashima 1993

Some species exlnbir preferences tar
nest location on a stracore, For example,
8% ol raven nests |:.~JI4[)8:] were found
on the UPPUTMOST Porion of towers
iSteenhol cv al. T9933% Western king-
bivels often nest on translormer brackes,
riser poles, switches, and transmisston
structures | Figure 6,77 (M. Fredler, pers.
COIMUI.! P‘.lCiliCurp_, meu[\]. d‘.ll.';l_\;.

The use of non-rapror neses by
rapters on power line struetures has been
1'L‘p()1'l'l‘t'|. For C.\'.‘lmplc. Pl';liric falcons
h:.i\'c IJL‘[‘“ d(JL‘LIIl]L‘l'l[Cd 1]5{]]g cormunan
raven nests {Delong and Steenhol
2004 and a pa of peregrine faleons
Talca pevegrinns § secupied a common
raven nest on A transmission tower along
the Greae Sale Lake, Urah €] Burruss,
pers, comn. I south Texas, a pair af
aplomada faleons (Faleo femoralis) used
A COMIMOIL EQVeD Nesl OI1 4N H*l‘]‘ﬂl‘]](’,
138-kV tower (1, Bouchard, pers. obs..
:\]l‘]u‘mgh the nest was dl::sl‘m}’cd b}v‘
wind, a platform was mstalled i1 the

sume place and was also success/ul.

MONK PARAKEETS

Thaugh mative to South America, monk
p.‘lr;lkccl's WeTe l‘u‘()ughr ro the Unieed
States in the late 1960s as pets. Bscaped
Divds have ;lLfnpl'L‘d well and \‘Sl'alblib‘ht‘({
populations from Flonda o New York,
Texas to Oregon. and in parts of south-
ern Canada. Populations 1n some stares
hawve grown CxpO]‘lL’l'l[i;l“}" in the lase 10
to I3 years {Pruett-Jones et al. 20031
Monk pazakeets build bulky stick nests
On Lrecs, power polcs, and substarions
ISprever and Bucher 1998; Newman et
al. 20047

from several on distribunion or transmis-

The number of nests can range

ston poles 1o more than 50 1 a single
substation {Figures 0.3, 0,97 Since monk

parakeets are colonial breeders, the size

CHT
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of theit nests can increase each year and may
reach several meters in dineter. Examimation
of the monk parakeet’s annual nesting pat-
terns in south Flonda suggests an increasing
preference for both pewer line strucrures and
substations {Newman ¢t al., in press).

Monk parakeet nest site selection on
power line soructares m Florida is quate
predictable, and they show similar behavior
in other states as well {Newman et al. 2004 ),
In souch Florida, 829 of nests occurred on
distribution poles with trmstormers and
capacitor banks. Most of these nests were
budlt on the brackets dhat attach the equip-
ment 1o peles. On the transmission rowers
surveyed, most nests wete located on the sec-
ondary arms, followed by the Primary anms
(MNewman et al., in press). A commonality
between nests on sabseations and transmis-
sion lines is the parakects’ apparent preference
for nesting on 45 -angled braces. On wrans-
mitssion towers, 93%: of neses occurred on
45”-angle braces. In substadions 44% of
nesting oecurred on 45%-angle crossbeams,
followed by switches { 18%) and vertical
suppoits { 1890 {Newrmn et al,, in press),
The remaming 20% were on 90" primary
SUppOLts, insulator/ switches, and substation
SLPPOLE structures,

Monk parakeet nests have caused power
reliability, hre, and safety problems, especially
when they contact energized portions of a
utility srructure, This problem is compounded
when one structure supports multiple nests.
Sadety concerns related to monk parakeet
nests mclude loss of” power to eritical care
facilities, risk of mjury to maintenance crews,
and risk of clecuvcurion o trespassers
attemprng to capeure wild birds. In service
arcas such as New York City, some distnibuton
poles have signs indicating that continuous
power is necessary for a restdent on ]iﬁ‘—support.
Nests on these poles or nearby distribution
feeders pose a serwous risk to these residents,

Psiteicosis 15 a rare disease that can be
transmitted from psituicine birds {parrots) to

humans, Thus, nest removal activities associated
with colonal psitticines can present a visk to
utility workers. Linlity erews should also
protect themselves {rom nest materials diat
may contan mites and inseets that can eanse

discomforr.

MONEK PARAKEET NEST
MANAGEMENT

The bigniﬁcant mcrease i menk p;lrakucl
population and associared power reliabiliey
problems, management costs, and salety
conecerns wartant short- and long-term nese
management steategies. Short-term objectives
include removing high-risk nests irom uulivy
struetures and preventing birds from re-nesting
on them. Long-term objectives include reduc-
ing population size and growth, and enacting
legislation to aid in the control ol dhis
species, Because of structural and operacional
dilTerences berween teansmission lines, Jdistri-
batton lines, and substations, specific nest
management and control stritegics need to
be developed for cach {Newman et al. 2004
Much of what is known about monk parakeet
managemnent has been developed through
field-testing in Florida where the species has
been a challenge for uiilities [or over a decade
(J. Lindsay, pers. comm.; Newman et al.
2()[]4}. Monk |:r.ll‘3kccl's are not pmrccrrd

by the Migrarory Bird Treavy Act, however
removal of nests and birds can be recetved
nt‘gali\’cly by the public.

Short-term conrrol of monk p;u‘;lkccls Lv):
nest removal alone is inellectve and can actu-
ally increase the number ol new nests. Often,
multiple pairs of monk parakects occupy a
single nest. When anest is destroyed, the pair
that started the nest will not rejoin its neigh-
bors, Instead, i will build a separate nest on
the same or nearby structare. Simultancously
removing: the parakeets and the nest has
proven successtul in reducing the number of
high-risk nests and in preventing re-nesting in
the short-term, Birds are removed [rom the
nests at nigh[ and the nests are removed later.
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cts have Deen designed Tor tappmg monk
parakects on distribation poles, but becase
monk p.llukucls are \-'ig_i];-ml' and astute, the
rrapping cfliciency per nest s approsimately
0% {'['illm:m et al. 3(304}.’[]':—!})].&115; anil
nest removal ave Labor inrensive and also have
puhffc ACCEPLANCE 8RS, 'Irr;\p.ng may be
clleetve as o long-term straregy [or 11"dnrin_g
populations 1l these effores ave comtmued

unei] all OESEYT CCases il }).u‘l:icul;u' location

ewman ot al. 20047 Passive mrapping with
/s (=

A cage s samewhat ellecrve Tor substations.

Trappmg teebnigues for fransmssion towers
]l}l‘\’L‘ naor []L'L'“ \:{C\‘CIU[..‘C(L

Florida Power & Light bas mvestrgated
s wide range ol other strategies cuding
physical, behavioral, chemical ind biolegieal
conrils, l—’l'-.‘:-'cu[[}'. 01‘]1}' one pLJL'L‘lll'i_-ll I(Jng-
term control has been idennbied. In the
laboratory. Deeacon, a chemical scerilant,
b been elfective m veducing the number of
cggs ludl T lowever, additional rescarch s
needed o determme o 1 use ts ].\1’:1C1i<.‘;1[

and efTectve m che feld.

NEST
MANAGEMENT

®

ENCOURAGING BIRDS TO NEST
IN DESIRED AREAS
Lr_-"l b i

Tz Eon P

Installing nest pladorms in safe areas on or
e ut[lil‘}.‘ structutes s cffective {or both nest
management and hne maintenance. Of 83
utilities chat responded to a survey regarding
FLPLOTS DCsOng on tlicie utilil}-‘ structures, 60
had vapror nest enhancement projects {Blue

[996). Arcificial nest platforms were most

Cl')l]llﬂl)l]]}‘ uscd {H:-"KJ_'} and 95% ol these
COMPRNICS crected p|;1L|-urm:= Loy DEPICVE,
Generally, theve s a greater need lor nest
placforms on distibution poles than on
transmission scructures beemse the closer
scparation beeween diseribution conducrors
nereases the risk of cecrracutions and outages,
An osprey nest structure erected abiove a
p()wcl‘ p()lt should lave a \\'u”fﬂlppfll'l't;‘([
pl:l[‘ﬁﬂ‘n‘l with soune nest material added o
entiee che bivds o the new sive (Fipure 6,107
A perely, situaced abwve the nese {Frgure 6,717
or L‘xl‘ulld[ng from the lml;ulbnn (Legrres 6,12

& JIM KAISER, USES



81.4 cm
al CTX 152 Jem e 5.1 X 10.2 10 O O O
2 in X B|in) .1 em .2 cm
X~ P {2 in X 4 in) L =
\ [+] [+) o 7
\ \\\ /
- \\‘ o IQ —i _B _al
1 \,1/
LY | .
S NOTE:
91.4 K \ ..( i i PLATFORM CAN BE
ol = ADDED TO EXISITING
(36 in) STRUCTURE OR
H H " INSTALLED ON A
18 m ° SEPARATE POLE SET
: ADJACENT TO LINE.
(8 ft)
/ =
,/ 25.4 omi25.4 cm
) (10 in) (10 in)
7
|-
“1 [ ~PERCH
1.6 ¢m X 17.8 em {0.625 in X 7 in)
i HARDWOOD DOWEL, DRILLED 3.8 cm

(1.5 in}) INTO 5 em X 10.2 cm (2 in X 4 in)
5.1 om X 10.2 cm

(2 in X 4 in)
PLAN VIEW
5 cm X 20 cm X B3.B cm USE A MINIMUM 25.4 cm (10 in)
(2 in) X {8 in) X (33 in) TIP DIAMETER OF POLE
14 cm —
ce SRS ooy

1 L3.8 em
(1.5 in)
152 em  NoTES:

(B in) STAPLE A 91.4 cm X 914 cm (3 in X 3 in)
PIECE OF 1.3 cm X 5.1 em {0.5 in X 2 in)

N
//

(16.5 in) GALVANIZED WELDED WIRE FABRIC OVER THE
CuUT out TOP OF THE PLATFORM. ALL JOINTS SHALL BE
10.2 em X MIN. 33 cm GLUED AND NAILED. PLATFORM MATERIAL IS

(4 In) X MIN. (13 In) REDWOOD.

(4) 1.0 em X 10.2 em (0.375 in X 4 in)
LAG BOLTS MAY BE SUBSTITUTED FOR THE

IDE_ VI (4) 1.0 em X 25.4 cm {0.375 in X 10 in)
BOLTS.

, details (Idaho Power Cor
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and 6.13) may increase its desirability.
Perchies should be pcrpcndicul:lr to the

prevailing wind. Care should be taken to
arrange sticks and other nest materials so
they mimic the size and form of a narural
nest. Various nest platform designs are used
by utility companies throughour the United
States, Canada, and Europe {van Daele er al.
1980: Ewins 1994).

Platforms made {rom discarded wooden
cable spools have been used by nesting ospreys
(Austin-Smith and Rhodenizer 1983} (see
Figure 6.10). The offset-pallet-placform
design developed in Ontario {Ewins 1994:13)

@ JIM KAISER, USGS

is simple and cost-effective (Figure 6.14).
Figure 6.15 depicts another nest plarform
design that may be used for some butcos and
ospreys. Grubb {1995) provides a guide for
eagle nest designs.

QOsprey nest management may include
building alternate nest platforms above power
lines, installing a nearby taller non-energized
pole with a nest plaform, or leaving the nest
intact but rerrofitting the pole (Henny et al.
2003).32 However, utilities should be aware
that wnstalling a nest platform above lines or
leaving a nest on a crossarm may result m
outages from nesting material, excrement, or

nSeeCFupmrSforu fitting rec fati
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prey remains dropping onto conductors or
cnetgrzed cquipment (Tigure 6,167 Insualling
a platform on a nearby nan-energized pole

reduces these risks.

Transmission Structures

The greater separarion between conductors
QI CEANSTISSION [OWCTS gcncml]y allows raptors
and other birds room o nest wiLhouL causing
problems for electric operations (e.g., Hobbs
and Ledger 1986), The Ll[lluwnrl\ ol some
stee] transmission towers provides adequate
support for nests withour dhe wid of p];\ll_orm:s
{Figure 6.17Y. However, a nest simated above
insulator strings may caese equipment {alures
due to contaminarion wirth excrement, prey
temains, or nest materials.

In Spain, 12 nesring placforms were placed
on transmission towers, where they would not
interfere with electrical operations, to draw
white storks away (rom sites elsewliere on the
towers {Janss 19983 The storks aceepted the
platﬁ)rms, but the original nests temained in
use as well,

The locanion of a nest platform can
also mAuenee roostng behavior, and either
increase or decrease the risk of streamer-
caused [ults (C5 van Rooyen, pers. comm. !
In South Africa, outages caused by streamers

from roosting martial cagles [Polemactus

© SHERRY AND JERRY LIGUORI

beflicasns), tawny cagles (Aguila mapax, and
Verreawx's eagles (A, verreanxiiy were con-
centrated within a ten-transmission tower
radius of active nests. These outages oceurred
on configurations that were both preferred
for nesting and susceptible 1o streamer
contamination { Jenkims et al, 20053, Con-
vcrscly, cagles with nests located below phase
conducrors also roosted below conductors.
reducing the outage incidence and risk.
Progress Energy reduced its osprey nest
problem on double-crossarm structures by
installing fiberplass nest platforms above
the conductors {D Yoighes, pers. comm.)
{Figure 6182

© SHERRY AND JERRY LIGUORI
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NOTE:
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SHOULD BE LARGE ENOUGH TD COVER ANY ENERGIZED EQUIPMENT AND
PREVENT CONTACT WITH NEST MATERIALS.

FIGURE 6.18: Osprey nest platform (Progress Energy).
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Georgia Southern Urniversicy
and Georgta Power Company
have crected nest boxes and
tubes on transimisston structures
i Georgta lor Anencan kestrels
(). Pavnish, pers. comm. . The
nesting tubes were constructed
of 30.5-cm { 12-in duineter,
LN resistant PV prpe cat at
lenaths ol cither 46 0r 91 am
(18 or 30 inL All tubes were
drilled wieh drain holes i the
bottomn and vents on che stdes,
and Iined with several mches of
pine siraw, The entranee of each
nest tube was positioned to faee
cast or south, The 9T-cm (36-
in?,: ]L‘!ng vabe mcluded 30.3-em
{12-ir} end caps with a 7.6-cm
{3-m) hole cut an the middle of
one ol them (Frgure 6.19% In
2003 and 2004, two ol these

tbes were mounted hm‘[zun[n”)'

ON [TANSIMISSIoN towers at a
hephe of 30,5 m 100 It} The
l"l"t‘ lﬂL)LIn[L‘d il] 2()03 wos llﬁfti
in 2004, and barh were used by
nesting kestrels in 2005, The

46-cm (181" tube, which can
be mounred cither horizoneally
or vertically, ncludes 4 7.6-cm
“3-in" hole m ahier the end or
the wop of the tube {Figure 6200,
These tubes were nstalled both
vertically and hovizontally ata
height of 4.5 m (15 (11 Kescrels
'l'lfilfd ITIL UI- []lL' ['()Lll' '\’L‘l‘li[‘n”}'
meunted tbes 1 2005, but did
not use cither of the horontally

mounted tbes chat year.

@ W, ALAR HOLLOMAN




30.5 om TO 45,5 c¢m {12 in TO 18 in) PVC PIPE QR CORRUCATED DRAIN PIPE CUT IN HALF
LENGTHWISE. WIDTH QF 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.

30.5 em (12 in) PVC PIPE OR CORRUGATED DRAIN PIPE CUT IN HALF LENGTHWISE

At

Energized
Grounded

FIGURE 6.21: Nesting discourager (PacifiCorp).
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 of plastic pipe was installed on
on to discourage osprey nesting.

However, the osprey pair continued nest construction after
the pipe was installed. :

‘best to install a safe nest platform on the

© JIM KAISER, U535

DISCOURAGING NEST CONSTRUCTION

Nesting should sometimes be discouraged due to the risks to people,
nesting birds, or the power systern. PVC pipe or corrugated drain pipe
banded to the crossarms can prevent birds [rom nesting on “H" frame
transmission structures (Figure 6.21). A nest plarform can then be
placed above the arm and away from the insulators (Figure 6.22) or
on a nearby non-cnergized pole. To discourage nest rebuilding on
distribution poles where nests have been removed, a large plastic

pipe can be installed above the crossarm (van Dacle et al. 1980).

In Montana, this has been effcetive in dererring nesting ospreys

(S. Milodragovich, pers. comm.). However, in other areas, chis nest
discourager has been incffective {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

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

@ JIM KAISER. USGS
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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 neseing on
power poles, However, these devices are ofien
unsuccessful. For example, birds may nest in
open spaces adjacent to triangles (Figure 6.25),
birds may initially react to plastic owls, but
over time they can become habituared to them

(Figure 6.26), and plastic spikes may aid in

© PACIFICORP

& PACIFICORP

the accumulation of nest material {Figure
6.27). As discussed in Chaprer 5, marterials
placed on poles ro discourage birds from
petching or nesting degrade over time, particu-
larly in areas with extreme weather conditiops.
Utilities should consule with their standards
and engineering personnel to identify company-
approved devices prior to installation.

RECOMMENDATIONS FOR DESIGNING
AND INSTALLING NEST PLATFORMS
When designing and installing nest
platlorms, biclogists, engineers, and line
workers should consider the following:

¢ Plattorms should be placed where
conductors and energized equipment will
not be fouled by dropped nest marterial,
prey remsins, Of excrement,

* To prevent electrocutions, avian-safe
designs and retrofitting matertals and
methods (see Chapter 5) should be applied
to poles with or near nest platforms.
However, the use of perch discouragers
should be avoided near nests. It a nest fails,
the pair may attempt to nest on a nearby

@
@
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pole, possibly sclecring a pole with pexch
discouragers because it more casily
accumulates sticks (5. Milodragovich,

pers. comm.).

Platforms should be located in areas

with adequare habitat and prey for the
target species.

Discrerion should be used when placing
nest platforms near sites with sensitive
wildlife such as sage grouse, prairie
chickens, or prairie dogs thar may fall

prey to nesting raprors.

Nest platforms may not be needed on all
types of rransmission towers. For example,
the metal latticework of certain steel rowers
and the double crossarms of H-frame con-
struction typically provide adequate nest

substrates (Lee 1980; Steenhof et al. 1993).

If possible and appropriate, nesting plat-
forms can be installed on decommissioned
poles to draw nesting acrivity away from
energized structures,

For ospreys, a 1.2-m (4-ft) square or 1.5-m
(5-ft) diameter plarform (see Figure 6.18)
can be more effective than a 0.9-m (3-ft)
square platform (see Figures 6.12 and
6.15) in preventing nest material from
sloughing off (J. Kaiser, pers. comm.). A
lip or pegs along the edge several inches
high also helps prevent nest sticks fram
falling off the platform. Carriage bolts,
which may already be carried on line-
trucks, can be used as alternative o 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 placform under wer
or snowy conditions should be considered.
If it is too heavy for an existing pole, the
platform should be installed on a ncarby,
saitable pole,
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» Federal and/or state permits are required

for managing active nests of prorected
species (see Chapter 3). No active nests
(nests with eggs or young) may be altered,
moved, or destroyed without proper autho-
rization [rom appropriate agencies. Nests
of cagles and endangered species cannot be
altered, moved, or destroyed at any time
without proper authorization from appro-
priate agencies. Because of the bio]ngicn[/
behavioral characteristics of some birds
(e.g. colonial- and ground-nesting birds),
descruction of an nactive nest could also
resule in a take (USFWS 2003).

If platforms are used to relocate problem
nests, relocation distances should not be
excessive; success is directly refated to
proximity. Distances berween 20 and 100
m (66 and 328 ft) are most common for
aspreys {J. Kaiser, pers. comm.). Golden
cagle nests have been successfully moved as
far as 2.6 km (1.6 mi), but in incremental
steps (Phillips and Beske 1982). The new
location should be in [inc-of-sight to the
old location. A biologist should be consulted
to provide guidance, and appropriate
permits must be obtained.

On poles with platform nests, predator
guards can be used to prevent raccoons and
other predators from climbing to the nests.
A commonly used device is a 1.5-m (5-ft)
length of sheet metal wrapped completely
and tightly around the pole at about 1 ro
1.5 m {3 w 5 ft) above the ground. How-
cver, predator guards should not be used
on poles that urility personnel are required
ta climb.

Maintenance of platforms and platform
supports will extend che life of the strue-
tures and will minimize future conflicts
with utility operations. Maintenance
acrivities should take place before the
breeding season to avoid disturbing nest
building cffores, eggs, or nestlings.
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Unfertunacely, despite the benefirs utility
structures provide nesting birds, there are
some negative eflects as well For example,
nesting material, electrocured birds, streamers,
ar prey debris can cause imterruptions and
outages. During the nest butlding process,
birds may drop sticks onto conductors
causing flashovers {Ledger and Hobbs [999).
Likewise, nests located over exposed, encrgized
cquipment can cause flashovers or nest fires
during wet condirions. Osprey nests in
agricultural areas may contain batling wire

or twine that could cause power ourages or
cntangle nestlings {Blem et al. 2002; Pacifi-
Corp, unpubl. data). Dangling or talling prey
can also contact energized wires (EDM
International 2004,

Utility companics have deale with bird-
caused power reliability problems 2 num-
ber of ways. One management concept is to
mamtain nests when they are in desirable
locatrons {Henny ot al. 2003; |. Kaiser, pers,
comun. . Nest material can be trimmed away
from conductors {Hobbs and Ledger 1986;
Tonee and Bancrolt 1986, Occupied nests
are well maintamed by taprors, bue abundoned
nests may partially or completely collapse,
therely threatening elecrrical cquipment
{Ledger and Hobbs 1999 The use of
perch or nest discouragers alone may not be
efleetive in preventing nesting, In Florida,
monk parakects began using raptor perch
descouragers as nest subserates in arcas where
they had not previously nested {]. Lindsay,
pers. comm. 1. In the wescern United Srares,
red-tailed hawk;;, Ospreys, :m-.l common
ravens have bt nests around perch discour-
agers that were installed to discourage nesting
on equipment or double dead-end poles
f. Burruss, pers. comm.} {(see Frgures 6.23,
and 6.25 through 6.27.

Suspendmg a vulture carcass or decoy by
its feer in a tower was an ef lective means of
ridding the structure of communally roosting
black and turkey vultures for many months

(Avery et al. 20023 Howevet, belore using a
carcass {or this, a utility must consult with
{ederal and state wildlile resource ageneies
reparding permits, and should doscly evaluate
the public response. Shitelds actached below
the latticework on transmission towers with
roosting ravens have been used to prevent
the accumulation of excrement on msulators
(Engel e al. 1992a}. In South Africa, high-
density polyethylene (HDPEY welded rod
bird guards have been cffective in reducing
line [aults { Vosloo and van Rooyen 2001;
van Rooyen et al. 20037

BIRD-RELATED OUTAGES (
Bird-related outages arc a concern for many
vtihities. Althougl outages may oceur as the
result of an electrocution or collision, there
are several other caases thar do not resule o
avian mortality, lor example:

* Nest material contacr,

* Conducror-to-conductor contact caused
by the line gallop started by a large flock
of birds flushing,

* Prey falling on energized conductors or
quli])rnc[l[.

* Bird streasmers or contaminmtion of equip-
ment [rom accumulated bind feces, and

* Bind collisions with conductors that canse
outages bur do not kill the birds,

Bird electrocutions do not necessanly
result in outages. OF cagle elecrrocutions
in the western Unicted Staces with known
mortality dares (r=06127, 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 (r=062)
caused outages (M. Walrers, pers. conun.).
Less than 10% of raptor clectrocutions
documented in Arizona were associated
with vutages (Thyer 2004 ). However,
higher proportions of mortalities have been
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assoctated with outages in other arcas of the
western United States. For example, 55% of
bird electrocutions {(n=327" vesulted in ou-
ages in Utah, Wyoming, ldaho, Caldornia,
Oregon, and Washinglon PactliCorp,
unpubl. data.

Momentary short eireuits, which do not
cause outages, can cause disruptions for cus-
tomers with high power quality requurements,
and can also result in electrocutions, During
these distutbances, the eause of the Ll s
cleared from the circuic before circut protec-
tion devices tnp the line, m;-lking 1t diftienlt
to identily the cause. Some unlities have begun
tracking this class ol disruption, which mught
yield important bird mortality information.

Collection of Outage Data

Two key aspects of quantifying bird-caused
outages are tracking and verification. Uriltties
should collect data to quantily outage
numbers and causes, These datamay melude
cutage location, duration, causc, assoctated
equipment, and pole type. Quuage data can
hrlp idcmir}' outage locations, qu;mti[-y the
impact of birds on system rc]i;lbili[y, [C]CllllT}"
the species associated with outages, and puide
retrofitting and new construction cllorrs for
preventing outages.

To accurately address an outage, 1ts cause(s )
maust be vetified. Local regulations require
some utilities to list the causes of all outages,
In some cases, birds are just speculacively
recorded as the cause. In others, their carcasses
are not discovered for various reasons: scav-
engers or people removed the, the vietim {cll
into dense vegetation, or i systemate search
was not conducted. Identilying the causes of
outages 15 critical ta developing corrective
plans. Utilities should recognize that the
number of bird-caused outages reported
may increase alter a tracking or verification
program is implemented simply because the
causes of more outages are propetly denu-
ficd. On the arher hand, the total mumber of

bird-related outages on record may decrease
when erroncous reports are corrected.
Although the causes of bird-related outages
are well documented, lew studies quantily
bird-related outage rates. The MNational Rural
Electric Cooperative Association (NRECA)
listed animals as the third leading cause of
}161.*.'(‘1‘ outages nationwide { Southern Engi-
neering Company 19967, Of Avian Power
L Interaction Commitee (APLIC) urtilivy
members surveved in 2005 {u=12), 58%
tracked bud-caused outages (APLIC 2005).
Of utilities that provided data, bird-caused

% ol their

outages ranged [rom <1 1o <10
total outages. Hall" of these utiliry respon-
denes reported major outages due to birds. In
California, wildlife-related ineidents accounted
for 10 10 25% of all vutages {Energy and
Emvironmental Economics, Inc, 2005).
Wildlife was considered a contributing cause
m up to 20% of outages in Wisconsin during
2003 {Kysely 2004, Birds accounted for
23.5% of substation outages for a Canadian
urility in 2002-2003 {BC Hydro 20043, In
an assessment of 2,174 bird-related outages
Jocumented i the western United States,
60% were caused by federally unproteeted
species (e, strlings or pigeons), 21% were
associated with protecred bird deaths, 129
were suspecied as bird-caused alihough no
carcasses were found {e.g., locks flushing
frem Lines), and 7%6 were duc to bird nests
not associated with a mortality {PaciliCorp,
unpubl. data). Wichm this study, seasonal
outage trends were also documented, and
revealed that outages peaked during summer
and fall (likely due to nesting actvity and fall
MG rALION .

Cosis of Cutages
Costs assoctated wich bird-related cutages
include those related o

s Lost revenue,

* Power testoration,




* Equipment repair,

* Nest removal and other animal
damage-control measures,

* Administrative and managerial time,

* Losr service to customers and negartive
public perception, and

* Reduced electrigal system reliability.

Stocek (1981 estimatcd that che annual
cost of bird-relared damage to Canadian
utilicies was $374,600. Recent dara from a
Canadian utility estimated char wildlife
outages (n=2.500 to 3,500} cost $2 million
annually (BC Hydro 1999}, Wildlife-related
outages are estimared o cost up o $3 billion
each year in California (Hunting 2002;
Siger 2002; Energy and Envirorunental
Economies, Inc. 2005). One utility docu-
mented that bird-related outages cost them
$2 million annually {APLIC 2003). During a
five-month period in 2001 in south Flerida,
198 outages affecting over 10,000 customers
were related to monk parakeers. Lost revenue
from electric power sales duc to these outages
was 524,000 (Flonida Power & Light, unpubl.
dara’. Outage repair was a much more signifi-
cant cost, estimated at $221,000 annually.
The total estimared cost associated with che
198 ourages in this small part of the service

area was $2435,000.

BIRD STREAMERS

Large raptors, vultares, and herons can expel
long streams of excrement (Figure 6.28).
These “streamers” can cause flashovers and
short-outs when they span energized condue-
tors and other line strucwures, Flashovers are
faules that originate on live hardware and
travel through the streamer to the structuce.
Although bird streamers were first thought o
be a cause of unexplained transmisston line
faults in the 1920s (Michener 1924), this
hypothesis has been difficult to verify because
flashovers are rarcly witnessed, and the result-
ing evidence is difficale to find. Yer, Burnham

(1995) estimared that bird streamers might
cause as many fransmission outages in Florida

as lightning, dust, fecal, or industrial conrami-
nation. Recent studies in South Africa have
emphasized the role of bird sereamers as a
cause of line faults (van Rooyen et al, 2003).
Evaluating streamet-relared faults has
often relied upon inditect evidence. Studies
conducted by Burnham (1994), van Rooyen
and Taylor (2001, Vosloo and van Rooyen
(2001}, Vosloo er al. (2002}, and Acklen
er al. (2003’3 documented patterns that are
indicative of streamer-related transmission
faules and described methods for preventing
outages of this kind. There are several indicarors
of streamer-caused faults; e.g., the presence of
large birds along transmission lines that are
subject to faulting {Burnham 1995; van
Reoyen er al. 2003; van Rooyen and Smallic
2004). Streamer-related faults are not normally
lethal to birds, as streamets are often released
as a bird departs from a structure. However,
ut some cases Hashover mortalinies do occur.
Streamer-relared faults occur most frequently

S SHERRY AND JERRY LIGUORI
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FIGURE 6.29: ﬁum marks on transmission _st'iucture associated
‘with streamer-caused flashover. ; |

on horzontally &:Unﬁgun’d. steel transmission
structures that provide perching space above
the conductors. Structures with small windows
and shorrter at-gaps are especially Lwli-prone
(van Rooyen et al. 20033, although faults can
also oceur on woodenr or concrete structures
(Burnham 1995}, Faulrs are most prevalent
on the highest phase of the tower, or the
phase closest to a prelerred perching space

on a tower. Such faults are less frequent on
vertically conligured structutes that generally
provide little perching space above the con-
ductors. Streamer-related flashovers have been
simulaved i the laboratory and (ash marks
on stractares and insulators were recognizable

(West et al. 197T; Burger and Sardurks: 1995

Flashovers are generally indicated by burn
marks on the msulator sting, or the corona
ring and tower top. Burn marks may uccur as
pietng, They ave shiny on aluninuwm structares
and black on steel struetures {Frgure 6,297,
Streamer-caused faults 1}'picall}' occur L{ul’ing
the late evening and early morning. A late night
peak, usually around 11 pm., eccurs as bards
finish digesting their last meal, Likewise, an
catly morning peak occurs when birds leave
their roosts {Burnham 1995; van Rooyen

et al. 20037, Faules often vecur in cdusters,
mdicating that concentrations ol large birds
have been atteacted by a favorable prey base

or suitable habitat, ov that there 15 a seasonal
population merease.

Devices designed to prevent excrement
butld-up on insulator strings have had limited
success because they fail 1o prevent the air-gap
breakdown caused by streamers. The most suc-
cessful devices create a barrser that keeps birds
{rom roosting over the conductors. Examples
of such devives include welded-rad bird gu;lrds
and cones. The most comprehensive applica-
tion of bird-guarding devices for preventing
streamer-related faults is practiced in South
Aftica by Eskom Transmission Group through
its National Bird Guard Project. Eskom has
installed chousands of FHDPE welded-rod bird
guards, which have dramatieally reduced faults
1‘:\-’05100 and van Roo_‘,'cn 2001 van R{)O)'cn
et al. 2003% In addition, perch discouragers
installed over msulators on lines n Florida
have been effeetive in reducing streamer-related

faults {Burnham 1995).
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CHAPTER 7

/

Developing an Avian
Protection Plan

IN THIS CHAPTER ®&® Choosing the Right Tool-—MOUs and APPs

&3 Components of an APP

€D Implementing an Avian Protection Plan

In 2005, the Avian Power Line Interaction Committee (APLIC) and the U.S. Fish and Wildlife
Service (USFWS) announced their jointly developed Avian Protection Plan Guidelines
(Guidelines) that are intended to help utilities manage their avian/power line issues. The
Guidelines offer resources for developing avian protection plans (APPs}. An APP should
provide the framework necessary for implementing a program to reduce bird mortalities,
document utility actions, and improve service reliability. The components that a utility may
wish to include in its APP are summarized in this chapter.

he 1996 edition of Suggested Practices
I included a final chapter, “Cooperative

Mﬂn:\gcmcnl‘ ol the Electrocution
Issue.” that locused on relationships among
utilivies and agencies and offered recommen-
dations for morlalily reporting, training, and
prioritizing remedial actions. Since 1996, utili-
tics and agencies have continued to advance the
understanding of aviam elecrrocutions. Efforts
berween the Avian Power Line Interaction
Commutree {APLIC) and the US. ish and
Wildlife Service {USFWS) have culminated

in the Avian Protection Plan Guidelines
{Guidelines) (see Appendix C). The Guide-
lines are a “toolbex” from which urilities may
scleet and railor components to fit their needs,
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
complere version can be obtained {rom cither
the APLIC {www.aplic.org) or USIWS

{www.lws.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
eflectively. 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

APE MOU are signed by both the utility



and the USFWS and establish the program’s
requirements. They generally include a state-
ment ol purpose, the contract’s duration, def-
mitions, a requirement to develop an APD,
and requirements for permiting, pussessing,
retrieyving, salvaging. reporting, and record
kc-:ping.

Although APPs are typically a component
of MQOUs, they may be initated voluntarily
and stgned only by the utility. This can allow
for greater lexibility in developing timetables
and enables a utihity to tatlor components to
match its specific needs.

Because aim APP represents a uulity’s com-
mitment Lo reducing its avian mmpacts and is
shared with the USFWS, it 15 understood to
be binding. Since they emamue from the uttli-
1y, APPs are more casily modified for address-

g newly developing problems and unforeseen

needs. Despite the fact that APPs ane gcncr;{l]}-’
mitiaced b)f utelitics, a L‘Uu].wm[ivc di;ll()g
between the utility and the USFWS during
development is strongly encouraged. This sets
the tenor for those conversations that wll
l'm.‘\‘!'l;ll.ll}’ follow, as the APP s ilnplurnunlcd
and refimed over time.

A urniliey chat emplements the principles
contained in the Guidelines will gl‘c:lll}'
teduce avian electrocurion nisk. Developing
and implcmuming an APP makes gnnd
business sense because anmal- and bid-
caused OuLAes ¢ be Ct')sr])'_ A ul‘ilil}’ thas
creates an APP to address its specific avian
issues can benefit through reduced regulatory
Tisk, l‘cliabilit}' LMProvernents, CosL savings,
and posittve recognition from regulacors,
employees, and customers,

COMPONENTS
OF AN APP

An APP 15 a utihey-specific program to
reduce the operational and avian visks thar
result from avian mteractions with electric
atility faclities, Although cach uulity’s APP
will be dilferent, the overall gu;ll of rcducing
avian mortality 1s the same, The Guidelines
provide a framework along with principles
and examples to help a aliey cralt is vwn APP
to best {1t its needs while furthering avian
conservation and improving 1'C1i1\l3i1!.l}' and
custamer service, Because of udlity-specific
circumstances, some ol the elements of the
Guidelines may not be applicable. The Guide-
lines present a comprehensive overview ol the
clements dhat should be considered when a
lllilil}’ developsats own APE An APP should
also be a "[iving document” that 1s madified
over time to improve its eflectiveness, The

following are the prineiples of an APP:

* Corporate policy

* Truning

* Permic compliance

* Caonstruction design standards

s Nest management

* Avian reporting sysiem

* Risk assessinent methodology
* Mortality reduction measures
* Avian enhancement options

* Quality control

* Public awarcness

* Koy resourees

CORPORATE POLICY

An APP typically includes a statement tha
balances the company’s commitment to mini-
mizing its impact on nugratory birds and
compfying with hird-protection regulations
with its goal of providing reliable, cost-cffee-
tve electrical scrvice. To do thus, ir will C()mp])'
with all MCCCSSATY PCLTNILE, MONLLOT Avian
mortality ineidents, and make reasonable
cliorts to construct and alter infrastructuge
to reduce the metdence of avian mortality,

TRAINING

Training is an important clement of an APR
All appropriate utility personnel, including
DEMAZCTS, SUPCTVISOLS, line crews, enginecring,
dispatch, and destgn personnel, should be
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properly trained in avian issues. This training
should encompass the reasons, needs, and
methods for reporting avian mortalities, fol-
lowing nest management protocols, disposing
of carcasses, and complying with applicable
regulations, and understanding the potential
consequences of non-compliance. Supple-
mental training also may be appropriate
when there are changes in regulations, permit
conditions, or internal policies. APLIC-
sponsored short-courses on avian clectrocu-
tion, collision, and nest issues are conducted
annually at locations throughout the United
States. In addition, a two-hour overview
presentation of avian issues that can be used
for internal company training is available
from APLIC (see www.aplic.org).

PERMIT COMPLIANCE
An APP can describe the process through
which a company will obtain and comply
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with all necessary avian-related permits. The
activities that may require permits include,
but are nat limited to, nest relocation,
temporary possession, depredation, salvage/
disposal, and scientific collection.

CONSTRUCTION DESIGN STANDARDS
Avian interactions with electrical faciliries can
cause outages and reduce system reliability. To
improve system reliability, avian interactions
should be considered when designing and
siting new facilities, as well as when operating
and maintaining existing facilities. For those
reasons, inclusion of accepted standards

for both new construction and rerrofitting
techniques should be included in an APP.
Companies can either rely upon construction
standards recommended in this document

or may develop theit own standards that meet
or exceed these guidelines. These standards
may be used in areas where new construction
should be avian-safe, and where existing infra-
structure should be retrofitted for avian safety.

NEST MANAGEMENT

An APP may include procedures for manag-
ing nests on utility structures (Figure 7.1).
This could include procedures for problem
nests (ones that need to be relocated or
removed) as well as for safe nest sites. These
procedures should be explained to company
employees during training to ensure consis-
tent treatment of avian nest issues and com-
pliance with regulations or permits related

o nest management.

AVIAN REPORTING SYSTEM

Although avian mortality reports may be
required as a condirion of federal or state
permits, a utility may also voluntarily monitor
relevant avian interactions, including mortali-
ties, by developing an mternal 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,

L



or could be expanded to track avian nest
problemms, problem poles or line configura-
tions, and the remedial actions raken. All data
should be regularly enrered into a searchable
database comparible for use in additional
analyses (see Risk Assessment Methodology
below). Some companies have developed their
own bird interaction reporting systems, and
the USFWS has created an online bird
clectrocurion reporting system for utilities

(see Appendix C, Avian Reporting System).

RISK ASSESSMENT METHODOLOGY

A uriliry can cost-effectively reduce avian
mortalities by focusing its efforts on the areas
of greatest risk to migratory birds. Therefore,
an APP should include a method lor evaluat-
ing the specific risks a company poses o
migratory birds. A risk assessment will often
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begin with a review of available dara

that address areas of high avian use, avian
mortality, problem nests, established flyways,
preferred habitats, prey populations, perch
availability, effectiveness of existing proce-
dures, remedial actions, and other factors

thar can increase avian interactions with
utility facilities. The avian teporting systern
discussed in the previous section is an integral
component of this tisk assessment, as is the
use of avian experts, birders, and biologists
who can provide additional information on
avian distriburion. A risk assessment can be
used to develop models that will enable a
company to use hiological and electrical
design information to prioritize poles most in
need of modificarion, A risk assessment may
also provide data about the various causes of
avian mortality as well as the benefits that
birds receive from utility structares,

MORTALITY REDUCTION MEASURES
After completing a risk assessrnent, a company
can focus its efforts on areas of concern,
ensure that its responses are not out of pro-
portion to the risks presented to migratory
birds, and determine wherher avian mortality
reduction plans need ro be implemented
(Figure 7.2). Risk reduction measures may be
implemented through the APP by using risk
assessment results to direct monitoring and
rerrofirting activity in the existing system, and
to direct attention to avian issues encountered
during new construction projecrs. If a urility
finds thar avian prorection 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 for
habitat. This may include installing nest
plat{orms, managing habitats to benefit
migratory birds, or working with agencies or
organizations in these efforts (Figure 7.3).
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FIGURE 7.3: Volunteers and utility
personnel work together to create '

nesting platforms.

Wherte feasible, new ideas and methods
for protecting migratory birds should be

encouraged and explored.

QUALITY CONTROL

An APP also may mclude a mechanism for
reviewing existing practices and enstring their
efficiency and cffecriveness. For instance, a
urility may examine its reporting system's
performance, or evaluate the techniques and
rechnologtes it uses for preventing collisions,
electrocurions and problem nests.
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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 prograin, and
its successes in avidn protecton.

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
could include company specialists, consul-
tants, state and federal resource agents, uni-
versity faculty, or other conservationists.
Enginecrs may find rhat company personnel
such as environmental specialists can help
find ereative solutions to avian interaction
problems, and that members of external
organizarions like APLIC can also serve as
helpful resources through workshops, mareri-
als, and contacts. An understanding of avian
behavier can influence how and when avian
protection should be provided. An APP that
connects biologists with utility decision-
makers may reduce bird mortality and
improve system reliability.

IMPLEMENTING
AN AVIAN
PROTECTION
PLAN

Integrating an APP into an electric uriliry’s
operations will help the urility meet demands
for reliable, cost-efficient, and environmental-
ly compatible power delivery. A utility thac
creates and manages an APP will quickly
beeotne familiar with avian-relared science,
engincering, law, and politics. 1t will also need
to establish a program that sarisfies the law,
uaility employees, utility customets, investors,
and other interests.

The ease of implementing an APP will
depend on the size of a utility’s transmission
and distribution system, the range af avian
species in the service area, and the frequency
of bird/power line interactions. The extent of
bird /power line interactions may not be real-
ized until several years into a fully implemented

reporting program. Thus, APP implemnenta-
tion and operation is a long-term commir-
ment and a process of continual evaluation
and improvement,

An APP may be the first species-oriented
environmental compliance initiative to which
utility employees are exposed. Depending on
the company’s culture, the rate of adoption
may vary. High-profile endorsements by
corporate officers and managers can facilirare
a program’s adoption. Some larger utilities
have effectively linked APP compliance with
financial incentives, similar to more common
budget, schedule, and safery goal incentives,
Compliance with an APP will reduce utiliry
costs in the long term through improved
reliability and reduced regulatory risk.
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Management support s critical for a suc-
cessiul program. However, even with manage-
ment support, successful implementation is
imbikely unless all the affected organizations
within the utthity also support it. An effeetive
way to build a broad consensus during APP
preparanon is (o [orm a team within the
untlity that includes representatives from
standards, engineering, environmental services,
vugemtiou mdnagement, construction ancd
mamtenance, public relations, customer
service, and other departmenes that will be
mmpacted by the APE Considerable mput and
assistance [rom team members are needed 1o
understand how APP implementation will
best fit the operattons of each department.
Solutions to reducing avian mortality can be
developed that are responsive o the work
requirements of each functional unir, In this
manner, individuals from cach department
will feel invested in the mortality reduction
solutions they helped develop and will have
an interest n assuring APP ellectveness,

Beyond developing and communicating a
corporate APP policy, the most important
component of an APP is a consistent and
mandatory reporting process. An elecrronic
or paper form of documenting bird-power
line cantlicrs (l:.g., ume, place, cqu[pmcn[)
becames the foundation for appropriate
corrective action—Dboth o correer unsafe
sitnations and to build a dataset 1o guide
future cnginccring/consmetion needs.

Managing data for these purposes, as well as
for meeting any state and federal agency
TepOrting TequIements 1s an [mportant
funetion of APP administration. Using
Geographee Information Systerm (GIS tech-
nology (o track and report bird mortalities,
remedial actions, outages, and avian risks
enables a udlity to identily problems and o
track the elfectiveness of its APR

Use of existing processes and systems {e.,
outagre reporting, cnvitonmental teview, asset
management, and 3ccmmling“"‘| will l‘w]p
control eosts of developing and implement-
ing an APE Whether an AP is driven by an
covironmental, enginecring, or operations
deparement, cooperation will be necessary
across all departmental lines o reduce actual
and potential avian-powet line confllicrs. As
with any project, better planning yields beter
resulrs. The ulinmate goals of an APP are a
measurable decrease in avian-power line
[atalittes, and an increase in electric service
rehalnlicy.,

A ulilil)”s APP will represent the continu-
ation of a long-term proactive conservation
partnership between the ity industry, the
conscrvation community, and the USFWS,
These voluntary plans will provide utilitics
with a [ramework for addressing electrocu-
tion hazands, evaluating the risk their power
lines pose to birds, and working with the
USEWS to conserve federally protected
migratory binds.
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APPENDIX B

Early History of Agency Action &

Chapter 2 provides a brief history of the initial agency and industry response to the raptor
electrocution problems identified after a systematic campaign to kill eagles was uncovered in
the early 1970s. This Appendix provides additional detail for those interested in the process
and people involved in this first, cooperative response.

cagles (Haliacetus lewcocephalus) and four

golden eagles (Aquila chrysactos) were
discovered in Jackson Canyon, near Casper,
Wyoming, a rraditional roosting place for
both species. The toll eventually reached 24
birds. External examinations revealed no
gunshot wounds, and there were no power
lines in the arca on which the birds could

In May 1971, the carcasses of 11 bald

have been electrocured. It was determined
that several antclope carcasses had been laced
with thallium sulfate {then a widely used
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
cagle hunts in the preceding seven months
where roughly 560 cagles were killed. The
shooting was commissioned by the lather-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,

more than 300 cagles were found dead near
power lines (Turner 1971; Laycock 1973).

When the Jackson Canyon, Wyoming,
incident and subsequent investigation revealed
a close connection between raptor deaths
and power lines, individuals, agencies, and
concerned groups collaborated to study the
problem and begin corrective action. On 19
January 1972, agency representatives met i
Washington, D.C. to discuss the electrocution
problem (US. Fish and W ildlife Service
1972). Agencies included the Rural Electrifi-
cation Administration (REA; now the Rural
Utilities Service), U.S. Forest Service {USES),
Burcau of Land Management (BLM), the
US. Fish and Wildlife Service {USFWS),
National Park Service (INPS), and Bureau of
Indian Affairs (BIAY. The USFWS coordt-
nared 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,

L



National Audubon Soctety, pers. comm,
in APLIC 1996). The lewer, forwarded to
Richards 8. Thorsell of the Edison Elecirie
Institute (EEL? in New York City, became
the impetus for atility company partictpation,
fund-raising, and publications anned at
decreasing power line hazards to eagles.
Thorsell coordinaced representatives from a
group of western utilities™ 1o assess che prob-
lem. They determined that grounding practices
ol 4 KV to 69 kV-distribution lines (along
with cereain configurations of transformer
banks, fused cutouts, lightuing arresters, and
conductor phase spacings’ could be a sub-
stantial cause of raptor deaths, Engineering
solutions were then to be developed in a
coopeTative pub[ic/ private effort to help
solve the problem of raptor clecirocutions.
On 6 April 1972, EE] hosted a meeting in
Denver, Colorado, the first of several work-
shops un vagle electrocutions and their rela-
tionship to power outages and other related
issues {Olendorft 1972¢). It was attended by
representatives of western POWET Companics,
the REA, state and federal waldlie agencies,
and conservation organiz_ations.35 Three

concrele actions resuleed:

The participants agreed to seek and
implement power line modifications and
testrictions that would be biologically and
veonomically feasible and that would
reduce rapror eleetrocutions.

A rapror mortality reporting system was
established, 1o be admimnistered by the
USEFWS.

Participants would document modifications
with drawings and sugpestions that could
be used by privare and public entities.

The REA, an agency of the US. Depart-
ment of Agriculture, lends money to coop-
eratives that supply electnicity primarily to
customers in tural areas. As parr of loan
condittons, the REA sers minimum standards
for power line design. Even before the Denver
meeting, it had been determined that older
three-phase and single-phase powcer lines pre-
sented the most sertous electrocution problems
for (';lglfs. IREA Bulletin 61-10, Prwerdine Condarts
by Eagles and Otker Large Birds, describes causes
of rapior electrocutions sesulting from cerwain
grounding practices and conductor spacing
(US, REA 1972). The bullenin ineluded
suggestions on how member companies could
correct existing problent lines or design new
lines chat would be safe for cagles.

The USFWS raptor electrocution report-
ing system was institated in 19733 About
300 eagle carcasses and skeletons were found
bevween 1969 and 1972, Subsequently, the
mumber of reported cagle mortalities along
power Iines dropped to 123 in 1973, 88 in
1974, and 65 in [975. No conclusions can
be drawn from these figures, however, because
other variables were nwvolved that affeet the
rehability of the dara. For examyple, during
llu‘ Same pcl‘iUd, miud-winter goldcu eagle pop-
ulations trended downward in response ro a
steep jacksabbit population decline one to twvo
years catlier. The number of golden cagles elec-
trocuted in Idaho declined during those vears
(Kocherr 1980

‘\J \\'I1cl1 I‘(’\\'Cl' gU]dL’n Cilglc5
fledged. Addinionally, reporting system hgures
are contradicted by findings of substantial
rumbers of cagle mortalities along power lines
N some western states {Benson 1981; Pacih-
Corp, unpubl. data; Idaho Power, unpubl. dara).

33 Now located in Washington, D.C., EEI is an association of investar-owned clectric utility companics in the United States
and prowides a committee stmcture and coordination for che indusiry,

- Incuding Idaho Power Company, Pacific Gas and Electric Company, Public Service Company of Colorado, Tueson Gas
& Electric, Pacific Power and Light Company and Utah Power & Light Company (both currently PacifiCorp).

* Including Colorado Division of Wildlife, National Auduban Sociery, National Wildlife Federation, and USFWS,

36 The LSFWS reparting syseem of the [970s is no longer in effect, although an intemmet-based reporting system has been
recently developed by USFWS {see APP Guidelines, Appendix C)
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APPENDIXNX C

Avian Protection Plan Guidelines

Avian Protection Plan Guidelines (Guidelines) were developed by the Avian Power Line
Interaction Committee (APLIC) and the U.S. Fish and Wildlife Service (USFWS) in 2005. This
appendix contains excerpts from the Guidelines. To download the Guidelines in its entirety,
see www.aplic.org or www.tws.gov.

The following appendix provides guidance for implementation of cach of the Avian

Protection Plan {APP) principles listed below:

€» 1. Corporate Policy € 7. Risk Assessment Methodology
€ 2. Training €® 5. Mortality Reduction Measures
€ 3. Permit Compliance © 9. Avian Enhancement Options
€ 4. Construction Design Standards € 10. Quality Control

€ 5. Nest Management €@ 11. Public Awareness

€® 6. Avian Reporting System € 12 Key Resources

L



1. CORPORATE
POLICY

The following is an example of a atility Bird Management Policy.

[Company] Bird Management Policy

Bird interactions with power lines may cause bird injuries and mortalitics, which,
in turn, may resule in outages, violations of bird protection laws, grass and forest
fires, or raise concerns by employees, resource agencics and the public.

This policy s intended to ensure compliance with legal requirements, while
improving distribution system reliabiliry. [Company] management and employees
are responsible for managing bird interactions with power lines and are
comunitted to reducing the detrimental effects of these interactions.

To fultill this commitment, [Company | will:

* Implement and comply with its comprehensive Avian Protection Plan {APP).

* Ensure its actions comply wich applicable laws, regulations, permits, and
APP procedutes.

* Document bird mortalities, problem poles and lines, and problem nests.

* Provide information, resources, and training to improve its employees’
knowledge and awareness of the APP.

* Consrruct all new or rebuilt facilities in rural areas (outside city limts or
beyond residential/ commercial developments) and in arvas of known raptor
use, where appropriate, to [Company | avian-safe standards.

* Retrofit or modify power poles where a protected bird has dicd. Modifications
will be in accordance with APP procedures.

* Participate with public and private organizations in programs and research to
reduce detrimental effects of bird interactions with power lines.

[Company| customer service and regulatory compliance will be enhanced and risk

to migratory birds will be reduced through the proactive and innovative
resolutions of bird power line interactions guided by this poliey.

Signarure Date




@ 2. TRAINING

Training is an integral component of an APP.
Workshops and shorr courses on avian/ power
line interactions are provided by APLIC
{wwwaplic.org) and the Edisan Eleetrie Insn-
tuee {EEL www.cerorg) A two-hour overview
of avian electrocutions and collisions mtended
for traiming use is also available through the
APLIC website as part of the APP “tool box”

The lollowing are examples of PacihiCorp
and Southern Calitornia Edison employce
training macerials, including:

A\’fi&h. 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 clectrocution and
nest issues and company raptor protection
procedures.

A brochure deseribing nest management
procedures and protection.

: Bird mortality flow diagram based on PacifiCorp training materials.*

DEAD PROTECTED BIRD

|Raptor, waterfowd, crow)

Do not transport carcass®

Contact local manager

“Fill out bird mortality
report!!

o

[Unless leg band
. df

Fil out bird mortality
’ [epon“)

Conduct remedial action

(1) Bird mortality repart is entered in Company’s Bird Montality Tracking Systern.
(2) Contact Environmentat Dept. or USFWS if eagle or banded bird. Injured birds
should be reported ta local Fish and Game office or Environmental Dapt.

* Individual utility permits may contain different conditions regarding transpor or salvage of protected species.



[EXAMPLE 3: Nest management flow diagr

= -

NEST MANAGEMENT

Detarning if nest has eggs or young

Eagleor Inactive nests " Non-eagle or
species. {no eggs or young) non-endangered species

‘Active or inactive nests

Remaove or relocate
nest

Fill out nest report
Contact local manager

will contact
USFWS to
request

{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 nast or eagle nest removal/relocation.

* Individual utility prrmits may contain different conditions regarding nest management of protecied species.
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3. PERMIT
COMPLIANCE3?

A company should work with resource agen-
cies to determine if permits are required for
operational acrivities chat may impact pro-
tected avian specics. Particular atcention
should be given to activitics that may require
Special Purpose or related permits, including,
but not limited to, nest relocation, temporary
possession, depredarion, salvagc/ disposal,
and scientific collection.

While it is recommended that each unlity
developing an APP familiarize irself with
the different permit types and their provi-
sions located in 30 CER part 21 (Migratory
Bird Permits} (heep:/ /www.fws.gov/ permits/
mbpermits /regulations /regulations.htm), it
is highly recommended that the utility make
initial contace with the Migratory Bird
Permit Examiner located in the USFWS

Region where the utility is planning to
implement its APP.

To acquire a permit application, contact
the Migratory Bird Permit Othce in the
region where your business 1is headquartered
or in the region (if it is different) where you
propose to implement your APP. Information
about regional boundaries can be accessed
at heepr// permits.fws.gov/ mbpermits/
birdbasics.heml chen click on Regional Bird
Permit Offices for locations and addresses.
State permits may also be required 1o manage
protected bird nests or for temporary posses-
sion of avian species. Specific mformation on
required permits should be obrained from
your statc resource agency. Both state and
federal agencies should be consulted as you
develop your APP.

4. CONSTRUCTION
DESIGN
STANDARDS

In habitats that have elecrrical facilicies and
the potential for avian interactions, the design
and mnstallation of new facilities, as well as
the operation and maintenance of existing
facilities, should be avian-safe. Accepred con-
struction standards for both new and retrofit
techniques are highly recommended for inclu-
ston in an APP. Companics can cither rely
upon construction design standards found in
this document and in APLIC's Mitigating
Bird Collisions wicth Power Lines: The State
of the Art in 1994 (or current edition), or
may develop their own inrernal construction
standards that meet or exceed these guide-
lines. These standards should be used in areas
whete new conscruction should be avian-safe,
as well as where existing infrastructure needs
to be rerrofitted. An APP may require that all
new or rcbuilt lines i identified avian use or
porential problem arcas be buile to current
avian-safe standards. Implementing avian-safe
construction standards in such areas will

reduce future legal and public relarions
problems and will enhance service reliabihry.

NEW CONSTRUCTION

Distribution, transmission and substation
construction standards must meet National
Electric Safety Code (NESC) requirements
and should provide gencral information on
specialized construction designs for avian use
ateas. Avian-safc construction, designed to
prevent electrocurions, should provide con-
ductor separarion of 150 ¢m (60 in) {or a
distance appropriate to the species expected
in the area of the line) between energized
conductors and grounded hardware, or utili-
ries should cover energized parts and hard-
ware if such spacing is not |3-0:isiblc.33

MODIFICATION OF
EXISTING FACILITIES
Modification of existing facilities is necessary

when dead and/or injured birds are found,

7 See Chapter 3 for additional information on regulations and permits.
38 See Chapter 5 for additional information on construction design standards.



high-risk lines are identified, or legal com-
phiance 15 an tssue. A “problem pole” is one
where there has been a documented avian
collision, clectroeution, or problem nest; or
where there is a high tisk 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 ageney representatives
or concerned eustomers. System reliabiliry
concerns due 16 bind interactions may also
result in requests from feld operations staff.

SITE-SPECIFIC PLANS

The facrors thar creare hazards for birds near
power lines are complex and often site-spectfic.
When a problem is identified, a site mecting
with engineermg and operations personnel

along with company biologists or consultants
brings the relevant expertise together for the
most effecrive analysis, The timeframne for
action will be based on agency requests,
rclinbili[}' concerns, public relarions, budgcl,
lugis[ical and mMAanpower constrnims, and the
bialogy of the affected species. Remediation
of a few problem poles or spans often reduces
problems over a wide arca. Therefore, the most
cllicient selution for correcting a problem
line is a site-specific plan thac considers dhe
local conditions (.., topography, avian
populations, prey populations, land use
pracuces, line conhguration, habitar types,
historical bird use areas). The plan should
mclude recommendations for the most
apprapriate remedial action, and a timerable
for job completion.

5. NEST
MANAGEMENT

Raptors, and some other avian species, beneht
from the presence of power line structures by
using them for nesting™ Although clectrocu-
tion of birds that nest on transmission towers
is infrequent, nests thermnselves can cause
operational problems. Nest removal generally
does not solve the problem because most
species are site-fenacious and rebuild shordy
alter the rest ts removed. There are alsa
regulatory and public relations components
ta nest removal {see Chaprer 3). Furcher,
companies may experience public relations
and reliabality benefits by providing safe nest-
ing locations. All active nests {those with cpgs
or youny present) of designated migratory
birds are prorected by the Migratory Bird
Treaty Act. A permit issued by USFWS

may be required before managing amn active

nest. I a problem with a nest is anticipared,
permit requuternents may be avoided by moving
or removmg the nest while # is mactive
(excluding cagles and endangered /threatened
species ). The breeding season and nest activity
varies by location and speeies, but for most
North American raptors it falls berween
February T and August 31. However, a nest s
considered active only when eges or young are
present. I there are questtons about whether
a problem nest 1s active or inactive, company
covironmental stall, USEFWS, or state wildlife
agencies should be consulted. A meomorandum
from USFWS on nest management and nest
destruction is provided on the lollowing page.
This document can also bc accessed onlioe a
It p://pL‘]‘ml'L:-&,[7\'-'3.g0\f';’fln|_)pct'll1il§'/
PoliciesHandbooks/ MBPM-2 nest. PDF,

3 See Chapier 6 for additivnal information on nest management.




Uaited States Department of the Interior
FISH AND WILDLIFE SERVICE
Washington, D C 20240
MBPM-2
Date: APR_ 15, 2003

SUBJECT: Nest Destruction

PURPOSE: The purpose of the memorandum is to clarify the application of the Migratory Bird Treaty Act (MBTA) to migratory
bird nest destruction, and to provide guidance for advising the public regarding this issue.

POLICY: The MBTA does not contain any prohibition that applies to the destruction of a migratory bird nest alone (without birds
or eggs), provided that no possession occurs during the destruction. To minimize MBTA violations, Service employees should make
every effort to inform the public of how to minimize the risk of taking migratory bird species whose nesting behaviors make it
difficule to determine occupancy status or continuing nest dependency.

The MBTA specifically protects migratory bird nests from pessession, sals, puribise, Barter, trauspors, import, and exporr, and tuke. The other
prohibitions of the MBTA - capture, pursue, kunt, and kill - are inapplicable to nests. The regulatory definition of taky, as defined by S0
CEFR 10.12, means to pursue, bunt, shoot, wound, Kill, tap, cuptiere, or collecr, or attempt bunt, shoot, wound, kill, trap, capture, or collear. Only vollect

applies to nests.

While it is illegal to collect, possess, and by any means transfer possession of any migratory bird nest, the MBTA does not contain
any prohibition that applies to the destruction of a bird nest alone (without birds or eggs), provided that no possession occurs

during the destruction. The MBTA does not authorize the Service to issue permits in situations in which the prohibitions of the Act
do not apply, such as the destruction of unoccupied nests. (Some unoccupied neses are legally protected by statutes other than the
MBTA, including nests of threatened and endangered migratory bird species and bald and golden eagles, within certain parameters.)

However, the public should be made aware that, while destruction of a nest by itself is nor prohibited under the MBTA, nest
destruction that results in the unpermitted take of migratory birds or their eggs. is illegal and fully prosecutable under the MBTA.

Due to the biological and behavioral characteristics of some migratory bird species, destruction of their nests entails an elevated
degree of risk of violating the MBTA. For example, colonia]ucsﬁrgbirdamhiglﬁyvulnmblemdism:bzquuduuuaimof
unoccupied nests during or near the nesting season could result in a significant level of take. Another example involves ground
nesting species such as burrowing owls and bank swallows, which nest in cavities in the ground, making i difficult to detece 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
char will help minimize the likelihood that take would occur should nests be destroyed (i.e., 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.e., 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

may issue a permit to take individual birds. %

Dirfeter




REPORTING

An tmportant part of an APP is a udility’s
system for documenting bird mortalities and
nest management actvities. This system
should be designed to meet the needs of the
utility and be compatible with other Jata
muanagement and analysis programs. The
system could be based on paper forms like
the following examples or may be an internal
web-based program. The informarion collect-
ed should be used to help a vality conduet
risk assessments to wdentily avian problem
areas and potential or known high nisk strue-
tures. o proteet birds and minimize outages,
these data can be priorittzed for corrective
actions. Avian informarion collected by a util-
ity should be maintained internally. Daca nay
be required as a condition of an annual federal
permit for direct take of birds or their nests,
The USFWS does not issue “accidental,
merdental or unintentional” take permirs
under authority of the MBTA.

In 2002, USFWS created an online bird
eleetrocution reporting system for untlities

(J- Birchell, pers. comm.). Initiated i Alaska,
the system was developed to provide a central
data reposttory and 1o encourage utilitics

o voluntnri]y report bard electrocutions.
Infermation is collected on how, whete,
when, and why a bird electrocution or
collision oceurred and 15 used 1o help
prevent future incidenes. Utlities thac use
this reporting system hold an account to
which only they can report and access

therr data, The online system also offers a
{orum for open discussion among utilities of
retrofitting measures and their effecriveness.
Though its use is growing, most of this
system's current users are Alaska utilicies,
Since the meeption ol the USFWS report-
Ing system, cooperatton and communication
between elecrrie uttlities in Alaska and
USFWS have increased. By working together
o address elecrrocution problems, USFWS
15 able o better protect wildlife resources
while unilitics are able to mitigare avian
clectrocution risks.




Dead Bird /Nest Form

Operations Area:

Dead Bird (circle one) ot
Crow/magpie/raven
Hawk/falcon/osprey

Small bird (prorecred)

Eagle

Owl

Waterfowl

Unknown spedies

Bird Count

Date Found

Sign of Death (circle one)

Collision Electrocution Unknown Other

County

Nest (circle one)
Acuve
Inactive

Time Found

Finder's Name

Finder’s Phone

Line Name /Circuit No.

Pole Identification No,

Recommended Action (circle)
Dead Bird Actions

Cover transformer equipment
Install insulator cover(s)

Install triangle(s)

Reframe structire

Replace structure

Remowve pole

De-energize

Install bird flight diverters/fireflies
Continue to monitor line (Justification required)
No action (Justification required)

Comments

Nest Actions

Inseall nese platform

Relocare nest

“Trim nest

Inseall nest discouragers

Remxwe nest

Evaluate to determine appropriate action

Mo action




Animal /Bird Mortality Report

Dhate

Name

Work location Phone

Drescribe the species of the animal or bird that was mortally injured {electrocution/ collision))

If any bands or tags please return to Environmental Department or write number and agency here

Describe how the animal or bird was mortally injured (bird comtacted transformer buashings, etc.)

Weather conditions at time of death if’ known (e.g. rainy and cold, sunny and warm, etc.)

Circint nme & voltage

Specific problem location (e.g. pole #/address/cross streets, etc.)

Description of terrain and vegetation in area {e.g. near agricultural area, urban area, residendial, etc.)

Recommended cortective action

Please attach picture of the bird or animal if possible.

O



Raptor /Bird Nesting Record

Date

MName

Work location Phone

Species of raptor/bird (if known)_

Cireuit name and voltage

Specific nest location (pole no.)

Condition of nest

Are eggs or young birds apparent? If so, please describe.

Description of terrain and vegetation in area (e.g. near agricultural arca, urban area, residential, etc.)

History of previous nesting on this circuit

History of electrocutions/mortality on this circuit

Recommendations

Please attach picture of the bird and Jor nest, if possible.
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7. RISK
ASSESSMENT
METHODOLOGY

Thousands of utility poles are located in
areas of smtable habitat for migratory birds.
Because remedial actions on all poles in such
arcas are not economically or bologically
necessary, a method s needed o idendly
canhgurations or locations of greatest risk.
While unilities vary based on geographic
scale, available data, and funding resourees,
risk assessment studies and models can be
used by any utility ro more effectively protect
migratory birds,

Risk assessments may use existing data

sources or new information collected sl.wciﬁcﬂu)-'

for the purpose. Elecerocution risk assessment
data may inchude habitat, topography, prey
populations, avian nesting territorics or
corcentration areas, avian use ol poles, pole
configuration, avian electrocutions, and bird-
caused or unknown-cause outages. Although
individual data layers alone may be imade-
quate for risk assessment, when all risk assess-
ment data are overlud, high-risk locations,
conligurations, or other factors may become
apparent. Following a risk assessment, reme-
dial actions can be prioritized throughour a
utility’s transmission and distribuvion systern,

8. MORTALITY
REDUCTION
MEASURES

A udility can have its mast cost-cllective
unpact on reducing avian mortality by focus-
ing cfforts on the areas that pose the greatest
sk to mugratory birds, A risk assessment will
often begin with an evaluation of available
data that address areas of high avian use,
avian mortality, nesting problems, established
Hyways, adjacent wetlands, prey populadions,
perch avalabilivy, and other factors that can
increase avian nteractions with utilivy faci-
ues. The assessment may also include outage
and circunt velalnlity information, Mortality
reduction plans should use biological and
cleetrical design information to prioritize
poles in most need of repair. The causes of
avian mortality and benehits o uulity customers
should be identiired. A successiul APP and
mortality reduction plan require nanagement

support as well as the Tollowing:

¢ Assessment of facilities w identily risks

¢ Allocarton of resources

¢ Standards for new or retrofu
avian-sale construction

* Budget for operation and maintenance
(O&M} and capital investment

* System for tracking remedial actions and
assoctated costs

= Tuncly implementation ol remedial measures

* Positive working relationship with agencies.

Mortality reduction }.Jl;lns may use
stracegies that include preventative, reactive,
and proactive measures that {ocus on 1ssues,
nisks, and reli:lbi]ily COmMMItments ﬁlcing a
utility. The following are examples of how
this multi-faceted approach may be used.

¢ Preventative: Construct all new or rebaile
lines tn high avian use arcas to Company
avian-sale standards, Ensure that APP is in
compliance with applicable laws, regula-
tions and permits,

* Reactive: Document bird morraliies and
problem nests; conduct assessment of
problems and apply remedial measures
where appropriate. Notily resource
agencivs  accordance with the
compaty’s permits and poliey.

* Proactive: Provide resources and training
tw improve employec’s knowledge and
awareness. Partner with OIEANLZALANS
that conduct rescarch on effeets of bend
mreractions with power lines, Evaluate
clectrocution and collision risks of existing
lines 10 hugh avian use areas and maodify

structures whete ;1}1}1ruprfalc.

The USFWS and state agencies should be
consulted on clectrocutions and the renedial

actions undertaken. Utilities should annually




review their APPs in the context of nisk
assessiment and electrocution and cellision

e
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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,

9. AVIAN
ENHANCEMENT rcduce 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-
oppottunities ro enhance avian populations lows, chickadees, wrens, and others. Such boxes
by mstalling nest platforms, improving habi- may also benefit bats and flying squirrels.
tats, and collaborating with agencies or con- Nest box construction, maintenance, and
servation organizations, USFWS and state monitoring can be done in conjuncrion with
wildlife resource agencies, as well as other volunteers, such as Boy Scours and Girl
experts, can be consuleed for recommenda- Scouts, or avian conservation organizations.
tions on habitar enhancement projects. MNest These cfforts are excellent opportunities to
platforms can be ereered on poles for birds educate the public about the company’s APP
such as osprey, cagles, hawks, owls, herons, and its partnerships.
10. QUALITY A quality control mechanism can and should * compliance with company procedures
CONTROL be incorporated into an APP to evaluate the to ensure that personnel are consistently
cffectiveness of a company’s avian protection following company methods for avian-
procedures. Some examples of quality control safe construction, mortality reporting,
include assessing: nest management, Ctc.
* public and agency opinions on system
* the effectiveness of remedial action reliabiliry and avian protection.
techniques tn reducing avian mortality
* avian protection devices to identify The quality control component of an
products preferred for avian proteetion as APP is a continuous process. Information
well as ease of application and durability gathered during assessments of existing
* mortality reporting procedutes to ensure practices should be uscd to improve the
that discoveries of avian mortalitics are effectiveness and timeliness of avian
properly documented protection efforts, which, in turn, can
* response to avian mortalities to ensure help to reduce costs associated with
that appropriate actions are taken m a such effors.
timely manner
11. PUBLIC A public awareness program can be an inte- enabling all partics to work openly and
AWARENESS  gral part of an APP It can be used 1o collaboratively rowards recomnmendations

enhance public awareness and support for a
company’s APP, It allows stakeholders such as
government agencies, tribes, non-profit orga-
nizacions, wildlife rehabilitators, and other
interested partics an opportunity to provide
mput to the deciston-making process,

that can be effectively implemented. This
collaboration often Icads to improved rela-
tionships within the community and to more
efficient and positive projects. The relation-
ships developed through chis process may
also encourage the public to report bird




mortalities and encourage them w seek
assistance for birds that have been injured
i power line-related aceidents.

Effectively communicating an APP can
be done through a variety of public outrcach
tools, imcluding fact sheets, newsletters,
brochures, videos, websites, and speaker
burean presentations, These wols can also be
used o record the successes of an APP there-
by documenting the utility and electrie indus-
try’s effores to reduce avian mortalives, The
goal of these outreach efforts s to convey to
the public that electrie unilities are responsible

stewards of the environment, working
cooperatively with waldlife agencies towards
reducing avian morralities while continuing
to provide safe, reliable, alfordable clectricity
to their customers,

Many uulities have examples of their
enviranmental stewardship and of the inne-
vative ways they have reduced enwironmental
impacts through their business decisions.

A company’s offorts w minimize avian
maortalities should be shared with the
public and resouree agencies.

RESOURCES

Key resources may include atility personnel
or external conracts. Internal personnel may
include representatives from envitonmental,
CNEINCCTing, operations and mauntenance,
standards, procurement. outage management,
and other deparuments, External resources
may include biologists and law enlorcement
agents {rom state and federal agencies, as well
as avian specialists from NGOs or oniversitivs,
and wildlife rehabilitators. External utilivy

indusn"\r resources include APLIC, Edison
Electric Institute {EEL, Electric Power
Rescarch Institure (EPRIY, Institure of
Electrical and Electronics Engineers ([EEE),
National Rural Electric Cooperative Associa-
tion [NRECA), and Rural Ulities Serviee
[RUS). Contact mformarion and websites
fur a number of resources are available in the
complete APP Guidelines {see wwwaplic.org
ar \V\V\‘\'.[ VVS.gOV).




APPENDIX D

| Glossary +

adult
a bird that has acquired its final plumage.

air-gap

the empty space or “window” around
conductors on a steel transmission strac-
ture. The empty space provides insulation
for the conductors. A fault can occur
when something bridges all or a suffi-
cient portion of the air gap between the
steel tower and an energized conductor.

ampere
unit measure of current,

avian-safe
a power pole configuration designed to
minimize avian clectrocution risk by
providing sulficient separation between
phases and between phases and grounds
to accommodarte the wrist-to-wrist or
head-to-foor 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 “rapror-
safe” used in the 1996 cdition of Suggest-

ed Practices.

AppENDIX D | Gl

Basic Insulation Level (BIL)

the measure of a line’s ability to with-
stand rapidly rising surge volrages such as
those resulting from lightning strikes. It
is provided by porcelain, wood, fiberglass,
ait, or combinations of these. Using the
same insulators, a line built on wood
poles will have a higher BIL than one
builr on concrete or steel poles unless the
insulator bases are grounded on the wood
poles. BIL is also affecred by pole fram-
ing. For example, if the phase conductors
and neutral conductors are both framed
on wood crossarms, the BIL is reduced.

bushing (transformer)

an insulator inserted in the top of a
transformer tank to isolate the electrical
leads of the cransformer winding from
the rank, Bushings are usually made of
porcelain, and are also used on circuit
breakers and capaciror banks.

bushing cover

a covering installed over a bushing to
prevent incidental contact by birds or
other animals.



capacitance
the capacity of the condenset 1o hold an
clectrical charge; the property ol an elec-
trcal nonconductor for storing encergy,

capacitor
a device consisting of conductors isolat-
ed in a dicleetric medium; each capacivor
1s attached to one side of a arenit only.
Ivis used to inerease the capavitanee of a
CIFCLUL. C.-lpncimrs are constructed in
mL"[ﬂ.l [ﬂnks ﬂﬂk{ !'!2“'!: huﬁhl‘ngs.

capacitor bank
a series of capacttors connected together
and mserted mto an electrical cireuit to

change the efficiency of dhe encrgy use.

circnir (single)
a conductor ot system of conductors
thraugh which an electric current is
intended to How. The circuit is energized
at a specified voltage.

circuit (multiplc)
a conﬂgur;ntiml that SUPPOTLs MoTe than

e cireut.

conductivity
the capacity to transnie electrical energy.

conductor
the maeerial (usu;z]]}' copper or alu-
mintm —uswally m the form of a wire,
cable or bus bar—suttable for carrying
an clectric current.

cclnﬁg‘uratiun
the ;1r1';lngcmcr1l of pares or uquipmunr.
A distribution Configum[i()n would
include the necessary arrangement of
crossarms, braces, insuluors, cte, to sup-

port one or more electrical circuits.

corona ring
a device used on transmusston suspension
insulators to reduce the clectrieal field
stress at the end fittings,

corvid
birds belongmg to the f‘.lmi])' Corvidae;
includes crows, ravens, magpies, and jays.

CTOSSarm
a horizontal supportung member used o
support electrical conductors and equip-
ment [or the purpos(‘ of dl-!i[rl'bu[llng
clectrical energy. Can be made of wood,
hiberglass, concrete, or steel, and manu-

[actuted in various ]cng[hs.

current
a movement of dow of electricity passing
[hmugh a conducror. Current is mea-

sured in amperes.

davit arm
a formed, laminated wood or steel
crossarm attached to wood or steel poles
:lnLi ll.‘i(’l{ 10 S[l}‘]}{)r[ C](’C[rif}ll C()nl'{llcl('}l'ﬁ

or overhead groond wires,

d(‘-('n('rgiud
any clectneal conducting device discon-
nected from all sources of eecericity.

diclectric strcngtl‘l
the ability of an nsulatng material to
withstand the electrical voltage stress of

the cncrgizcd conductor.

distribution linc
a cirteuir of loxs'—\'()llnge wires, L’rlrrgizcd
atvoltages from 2.4 kV to 60 kV, and
used vo distribute clectricity to residential,

industeial and commercial customers.




electrode

a conductor used to establish electrical
contact with a nonmetallic part of a eir-
cuir. In the case of testing the conductiv-
ity of an cagle feather, electrodes were
attached to both ends of the feather, and
electrical current was passed through the
feather.

energized
any electrical canducting device connect-
cd to any source of electricity.

faule
a power disturbance that interrupts the
quality of electrical supply. A fault can
have a variety of causes including fires,
ice storms, lightning, animal clectrocu-
tions, or equipment failures.

fledgling
a bird that has recently left the nest and
may sttll be dependent on its parents
for food.

fused cutouts
electrical switches ficted with a fuse, so
that the switch will open when the cur-
rent rating of the fuse is exceeded. Fused
cutouts are used to protect elecerical
equipment and circuits from lightning
and short-circuiting caused by wires,
wind, animals, or conductive equipment

of all kinds.

generation plant
a facility that generates elecrriciry.

ground
an object that makes an clectrical
connection with the earrh.

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

a conductor used to bond all of the bales
and other pole/linc hardware o the
ground. Grounding conductors may be
coppet-clad, solid copper or stranded galva-
nized wires and ate attached to poles with
staples. Sometimes also called downwire.

guy

sceures the upright position of a pole
and offsets physical loads imposed by
conductors, wind, ice, etc. Guys are
normally attached to anchors that are
securely placed in the ground to wirh-
stand loads within various limits.

hacking

the process of rransitioning birds reared
in captivity to independence in the wild.
Hacking has been used to bolster popu-
lations of endangered species such as
peregrine falcons, California condors,

and bald cagles.

insulator

nonconductive matertal in a form
designed to support a conductor physi-
cally and to separate 1t clectrically from
another conductor ot object. Insulators are
normally made of porcelain or polymer.

Gl



isokerannic level
refers o the average number of thunder-
storm (lightning) days per year that are
present in a reglon. Electrie lines in arcas
of hegh levels may have overhead ground-
g conductors {static wires) mstalled so
that lightning strikes to the line can e
diverred dircetly to carth away from the
phase conductors,

jumper wire
a conductive wire, normally copper, used
to connect various types ol clectrical
cqupment, Jumper wires are also used 1o
make clectrical conductors on lines con-
nuous when it becomes necessary 1o
change direetion of the line {c.g., angle
poles, dead-end poles).

juvcnile
{phomage)—first plumage of a bard.
Jhird}—a voung bird i irs first year

of hile.

kilovolt
1000 volts, abbreviated kv,

latticework
the combination of steel members
connected together to make complete
structures, such as tramsimission rowers

or substation structures.

lightning arrester
an clecrrical protection deviee used Lo
divert the energy of lightning strikes to
the carth.

lightning days
lightning or thunderstorm days. One or
several lightning storms in the same day
would be classed as 2 lightning Jay.

nest substrate
the base upon which a nest is butly, e
cliffs, trees, ground, power poles, boxes,
platforms, ete.

m’st]ing
a young bird that has not yet reached suf-
ficient stee and maturity to leave the nest.

neutral conductor
a conductor or wire thar is ar ground
potential, te., grounded.

nutagc
cvent that occurs when the energy source
is cut ofT from the load.

phase

an energized clectrical conductor.

phase-to-ground
the contact of an energized phase con-
ductor ro ground potential. A bird can
cause a phase-to-ground fult when
fleshy parts of s body touch an ener-
gized phase and ground simultancously.

phase-to-phase
the contact of two energized phase con-
ductors. Birds can cause a phase-to-phase
fault when the fleshy part of thewr wings
or ather body parts eontact two ener-

gized phase conductors at the same tme.

pole
a vernical steaeture used to support clec-
trical conductors and equipment for the
purpose of distributing eleerrical energy.
It can be made of wood, fiberglass,
concrete, or steel, and manufacoured
1n various heighes.

power line
a combination of conductors used to
eransmit or distribute clectrical energy,
normally supported by poles.




primary feathers
also called primaries. The ten outermost
fight feathers of the wing that meer ar
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.

raptor
bird of prey. Raptors are members of the
orders Falcontformes {diurnal raptors)
and Strigiformes {owls). Raptors have a
sharp hooked bill and sharp ralons used
for killing and cating prey.

raptor-safe

see avian-safe

retrofitting
the modification of an existing electrical
power line seructure to make it avian-sale.

ridge pin
the suppore bracker for an insulator that
is attached to the top of a pole with two
or mote bolrs and supports energized or
grounded conductors, depending on the
power line design.

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. Ir is sometimes
necessary to isolate electric systems
(using switches) for operations and
maintenance,

separation
the physical distance between conductors
and/or grounds from one another.

site-temacity
srrongly attached or drawn to a chosen
location,

still-hunting
the practice of hunting from a perch, as
opposed to hunting m flight.

structure
a pole or lattice assembly that supports
electrical equipment for the transmission
or distnibution of electriciry.

subadu]t
age{s} of a bird berween juvenile and adnlr.

substation
a transitional point {where volrage is
increased or decreased) m the transmis-
ston and distribution system,

switch
an electrical device used to secrionalize
¢lectrical energy sources.

tension member
the tower member on steel lattice
towers thar 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 elecoromotive force expressed in voles,
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
refers to a circuit that is placed on the bird’s wing,

same pole but underneath another circuit
of a higher voltage. The lower circuit is
often referred to as the underbuilt circuit.
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APLIC

APP
BGEPA

BIA
BLM
BSPB

CFE
CFR
EEI
EPR1
ESA
EWT
FERC

GIS
HCP
IBA
IEEE

Avian Power Linc Interacrion
Committee

Avian Protection Plan

Bald and Golden Eagle
Protection Act

Bureau of Indian Affairs
Bureau of Land Management

Bulgarian Sociery for the

Prorection of Birds

Comisién Federal de Electricidad
Code of Federal Regulations
Edison Electric Institute

Electric Power Research Institute
Endangered Species Act
Endangered Wildlife Trust
Federal Energy Regulatory

Commission

Geographical Information System
Habirat Conservation Plan
Important Bird Arca

Institute of Electrical and
Electronics Engineers

ITP Incidental Take Permit

MBTA  Migratory Bird Treaty Act
MLEA Moon Lake Electric Association
MOU  Memorandum of Understanding
NESC  National Elecrric Safety Code
NGO  Non-governmental organization
NMFS  National Marine Fisherics Service
NPS National Park Service

NRECA National Rural Electric
Cooperative Association

NWCC National Wind Coordinating

Committee
REA Rural Electrificarion Association
ROW  Rights-ot-way
RUS Rural Utilities Service
USsC United Srares Code
USFS  United States Forest Service
USFWS United States Fish and Wildlife
Service
USGS  United States Geological Survey
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