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The wire zone–border zone (WZ/BZ) approach to vegetation
management on electric transmission line rights-of-way
(ROWs) was formally introduced by Drs. Bramble and Byrnes
in the mid-1980s (Bramble et al. 1985, 1986). It is a site-
explicit way of dividing the ROW width into three distinct
management zones from edge to edge: the border zone, the
wire zone, and another border zone (Figure 1). In this clas-
sical WZ/BZ approach, the ROW vegetation is managed
differently in the two basic zones, purportedly to optimize the
safe and reliable transmission of electricity. Herb–grass–forb
cover types (low-growing vegetation), which may include
some very short woody shrubs (oftentimes all woody shrubs
are excluded), are promoted in the wire zone; whereas shrub–
short tree cover types (taller woody vegetation) are allowed to
grow in the border zones (Ballard et al. 2004; Yahner and
Hutnik 2004). The WZ/BZ approach is also touted to ensure
that other values are consistently, predictably produced on
ROWs, including aesthetics, wildlife habitat (as exemplified
by Bramble, Byrnes, and Yahner’s Pennsylvania State Game
Lands 33 research; e.g., Bramble et al. 1985, 1986; Yahner et
al. 2004), biodiversity, and lower long-term vegetation man-
agement costs.

Recently, the U.S. Federal Energy Regulatory Commission
(FERC) and the North American Electric Reliability Corpo-
ration effectively endorsed the use of the WZ/BZ for manage-
ment of ROW vegetation (www.nerc.com/∼filez/standards/
Vegetation-Management.html; Standard FAC-003-1) by rec-
ognizing the American National Standards Institute (ANSI)
A300 Tree Care Operations standards as an “industry best
practice” (the WZ/BZ approach was also presented as a Best
Management Practice in the Final Vegetation Management
Report to FERC on the 14 August 2003 blackout; CN Utility
Consulting 2004). Promotion of the WZ/BZ approach is clear
in the ANSI A300 Part 7-2006 Integrated Vegetation Man-
agement standards (ANSI 2006). In the ANSI standards and
other recent portrayals of the WZ/BZ approach (Nowak et al.

2002; Nowak and Appelt 2002; Ballard et al. 2004; Yahner et
al. 2004), the original Bramble et al. (1985, 1986) diagram
was commonly used as a basis for both describing and illus-
trating the approach (Figure 1A). This original WZ/BZ dia-
gram was useful for introducing the initial concept, but our
recent efforts to use the WZ/BZ approach in research, devel-
opment, and technology transfer identified two critical short-
falls: 1) the diagram was not to usual, operational scale, be-
cause the two border zones (approximately 60% of ROW
width in the Bramble et al. diagram) were much larger than is
normal for operating ROWs, resulting in a depiction of an
unusually wide ROW; and 2) the two-dimensional cross-
section of the ROW oversimplified real-world ROW condi-
tions, in which WZ conductor-to-ground distances vary as a
function of conductor sag (position between tower structures)
and sway and site topography. Inaccuracies and oversimpli-
fication in the original Bramble et al. diagram can affect how
the WZ/BZ approach is interpreted and implemented. We
have redrawn the WZ/BZ diagram to be more consistent with
actual field operations (Figure 1B). We have also fashioned
representative plan and profile views to produce a more re-
alistic and spatially explicit, three-dimensional illustration of
ROW conditions in relation to WZ/BZ boundaries (Figure 2)
so as to provide a more flexible and practical interpretation of
the WZ/BZ approach for application to modern, integrated
ROW vegetation management.

The plan and profile views (Figure 2), when used in con-
junction with the cross-section view (Figure 1B), provide a
three-dimensional image of a ROW, which demonstrates that
not all of the ROW area under the conductors needs to be
treated as “wire zone” (i.e., to exclude all woody vegetation).
For example, on level sites, the conductors are closer to the
ground at midspan (conductor sag and sway are a concern),
but ROW areas directly under the conductors and closer to
tower structures may provide sufficient ground-to-conductor
clearance to permit retaining typical “border zone” vegeta-
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tion, i.e., the taller woody shrubs (Figure 2A, “effective bor-
der zone”). The “effective border zone” may include BZ as
well as WZ with sufficient ground-to-conductor clearances,
allowing for more shrub vegetation in ROW plant commu-
nities without sacrificing safe and reliable transmission of
electricity. Management needs and objectives might still
warrant that some or all of the area under the wires in an
“effective border zone” (noncritical wire zones) be kept free
of most woody vegetation. Those portions of a ROW that
must be maintained free of all woody vegetation at all times
will vary by ROW dimensions and ground-to-conductor
clearances as well as site-specific considerations for access,
safe working conditions, structure integrity, stakeholder
interests, environmentally sensitive areas, wildlife, and other
“integrated” elements of vegetation management. Accord-

ing to Dr. Bramble, in the original WZ/BZ approach, which
was developed in the context of relatively narrow ROWs
as a means to produce a WZ for access (e.g., locating
the access road down the middle of the ROW), the intended
WZ in which woody cover was excluded could be as narrow
as the width of a vehicle (pers. comm., circa 1988). Methods
for achieving WZ conditions (i.e., low vegetation; some-
times with low-growing shrubs, sometimes not) include both
selective and nonselective methods; however, nonselective
methods such as broadcast, broad-spectrum herbicide appli-
cations may unnecessarily remove all low-growing woody
shrubs along with many desirable nonwoody plants. Other
portions of a ROW may warrant the removal of all woody
plants. For example, we have defined an “exclusion zone”
directly under and surrounding the conductor support struc-

Figure 1. Site-explicit division of a powerline right-of-way (ROW) cross-section into three zones: the border zone (BZ), the
wire zone (WZ), and another BZ. (A) ROW cross-section based on Bramble et al. (1985, 1986) figure dimensions (atypical),
scaled for a 345-kV powerline with a horizontal conductor configuration. (B) ROW cross-section redrawn with a more
conventional ROW width for a 345-kV powerline with a horizontal conductor configuration. The WZ for both figures was
determined using the distance between conductors (9.1 m [30 ft] in this case). Wire security zone (and on-the-ground
WZ) dimensions may vary by regulatory requirements and site- or ROW-specific considerations. Woody vegetation was
not restricted to the BZ here, because low-growing shrubs can be compatible even in the WZ, depending on access
requirements, site topography, and position relative to midspan between tower structures (see Figure 2).
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Figure 2. Plan and profile views of 345-kV transmission line rights-of-way (ROW) with a horizontal conductor configuration
on (A) level topography and (B) uneven topography with contours of electromagnetic field strength at ground level
(adapted from Lee et al. 1993). Greater electromagnetic field strength and corresponding shorter ground-to-conductor
clearances are depicted by successively darker zones or contours. The darker zones labeled “critical wire zones” (CWZ)
represent areas where tall-growing woody vegetation, shrubs or trees, pose the greatest threat to safe and reliable
transmission of electricity (i.e., shortest distances between the ground and conductors or wire security zone). Border
zones supporting a mosaic of shrubs and select short trees could be maintained along the edges of the ROW (i.e., border
zones, as depicted in Figure 1) and in wire zones where ground-to-conductor clearances are greater (“effective border
zones” or noncritical wire zones) such as positions distant from midspan or with low topography as represented by lighter
gray areas outside the CWZs in both plan views. Proposed “exclusion zones” are placed around the base of tower
structures to assure access for maintenance and repair and to minimize fire hazard.
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tures (towers or poles) to be maintained free of woody veg-
etation. Maintaining this exclusion zone ensures access
for maintenance, repair, and inspection; worker safety; lon-
gevity of structures; and so on, and is commonly practiced by
many utilities.

In conclusion, the WZ/BZ approach is a potentially useful
one, but if it is to be used as an “industry best practice” for
Integrated Vegetation Management, consideration should be
given for a more accurate and flexible interpretation of this
management approach. Specifically, the traditional Bramble
et al. depiction of a ROW cross-section should be updated, as
depicted in Figure 1B, to more accurately represent typical
ROW dimensions, particularly for transmission lines of 230
kV or greater. Additionally, plan and profile views should be
added to represent a three-dimensional system (Figure 2).
Plan and profile figures demonstrate that a potentially large
area of a ROW can be managed for a mosaic of shrub–
herbaceous vegetation if WZ areas with adequate conductor-
to-ground clearances are managed as “effective border zones”
permitting woody vegetation. An exclusion zone may also be
warranted around tower structures, in which only nonwoody
vegetation is permitted to grow, ensuring access for repair
and maintenance and minimizing potential fire hazard, par-
ticularly around wooden structures. Using these updated fig-
ures for depicting the WZ/BZ approach will allow a broader,
more flexible interpretation and implementation of the WZ/
BZ approach, which ultimately, we feel, will be more con-
sistent with Integrated Vegetation Management on electric
transmission line ROWs (see further discussion on IVM in
Nowak and Ballard 2005).

Although our northeastern United States perspective—one
that views shrubs as an important, desirable component of
ROWs—may differ from those working in other locales
as a result of different regulatory, socioeconomic and envi-
ronmental conditions, our objective here is to encourage
broader interpretation of the WZ/BZ approach. Although
shrubs may be an important, desirable component of New
York ROWs, we recognize that in some regions, permitting
woody vegetation on ROWs may not be a best manage-
ment practice; best management practices will commonly dif-
fer by region.
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