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ABSTRACT

This study is an outgrowth of a previous study by Jones & Jones
for Bonneville Power Adminstration, Visual Impact of High Voltage
Transmission Facilities in Northern Idaho and Northwestern Montana
(Blair, Gray, Hebert and Jones, 1976). That study developed a
model for assessing visual impact to be utilized in BPA's exper-
imental computerized transmission facility location process titled
"PERMITS"”. One element of the visual impact model utilizes the
Forest Service "VIEWIT" program to map "seen areas" from differ-
ent observation points, requiring a specification of visibility
search distance as an input. A preliminary investigation of
viewing distance was made in the above study but BPA decided a

‘more specific study of transmission line visibility, which would

be applicable to its entire service area, was required to provide
visibility information not only for PERMITS, but for conventional
location methods.

Ten transmission tower configurations with various associated
corridor widths were identified for field observation in this
study. Fifteen landscape setting types (different combinations
of landform and landcover) were also identified and fieldwork
carried out in August 1976. Judgments of thresholds between
three relative visibility levels were made, and the viewing dis-

" tance for each of these thresholds recorded, along with facility/

landscape setting information. The angular height (or width) of
towers (or corridors) was also recorded at each threshold, and a
check was made comparing the apparent brightness of the tower or
corridor clearing and setting. Some 150 observations were made

under acceptable viewing conditions.

Analysis of the observations reveals consistency between observed
angular heights (or widths) and relative visibility threshold
judgments. The explanation for this consistency may be grounded
in the physiology of the eye; the high-medium threshold appears
to be related to the size of the fovea, the retinal locus of
detailed perception. Transmission facility type and landscape
setting also appear to affect relative visibility. Predicted
visibility threshold distances for all facility-setting combina-
tions are presented, and recommendations are made for determining
the effective zone of visual influence.
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T. INTRODUCTION

I A. PURPOSE OF THE STUDY

This study was performed to investigate how the visibility of
transmission lines is affected by tower type and corridor width,
landscape setting, and viewing distance. Specifically, the Bonne-
ville Power Administration asked Jones & Jones to provide answers
for the following questions:

1) Generally, how large is the effective zone of transmission line
visual influence? This information would assist BPA planners
in determining study area boundaries,

2) More specifically, how far away from an observer's viewpoint
in a particular kind of landscape setting is a tower of a
given type or corridor of a given width recognizable? This
.information would assist BPA planners in establishing cut-
off distances for sightline visibility studies, whether deter-
mined by field observation, by hand "viewshed" techniques
using topographic maps, or by the computerized Forest Service
VIEWIT program.

3) At what distances do significant thresholds between visibility
levels occur for a tower or corridor? This data would assist
BPA planners in assigning visibility level weights related to
viewer distance for those areas from which various types of
transmission facilities would be visible.

Other practical considerations guided the conduct of the study.

BPA asked Jones & Jones to gather visibility data on ten tower
types, as well as on various widths of corridors, in landscape
settings typically found across the five physiographic sub-regions
of the BPA service area. Limited study time availability and the
fact that several tower types are not found in all landscape
settings required that principal factors contributing to visibility
be identified to allow interpolation of observed visibility

data for facility/landscape combinations Where field observations
could not be made.

Over 150 field observations of visibility were made in central and
western Washington and Oregon during August 1976. The landscape
setting of each transmission line surveyed was first classified
into one of five landform classes: flatland, valley floor, hill-
side, secondary ridge and primary ridge. Landcover was then
classified into one of three categories: grassland, open forest
and closed forest. The tower type and/or cleared right-of-way

size was identified. Field observations were then made of trans-
mission visibility, tower angular height (or angular width for
cleared right-of-way) and, when possible, the brightness ratio
between tower (or cleared right-of-way) and the backdrop. Analysis
of the field data appears to yield consistent relationships between
relative visibility levels, apparent facility size (a direct func-
tion of distance) and landscape setting.



I B. THE BPA "PERMITS" VISUAL IMPACT MODEL

BPA currently has two methods for selecting routes for transmission
facilities. The conventional siting approach, involves proposing
alternate routes based on available information, and then deter-
mining their environmental impacts. BPA is also experimenting with
a computer-based siting method with the acronym "PERMITS". This
method begins with the ccllection of extensive amounts of pertinent
study area data prior to route selection; this mapped data base is
then analyzed carefully by several "determinant models" to identify
alternative transmission routes on the basis of least overall im-
pact.

The present study is an extension of Jones & Jones' previous work
assisting BPA to develop a visual impact model for this experi-
mental siting program. The visual impact model is one of nine
subregional determinant models within PERMITS. Five distinct
subregions are delineated within the BPA service area (see Fig-
ure 1). The PERMITS process develops a different set of deter-
minant models for each subregion, but the concerns addressed by
the models are the same throughout the BPA service area. The
nine subregional PERMITS models are:

MODEL 1 = GREATEST DISRUPTION TO HUMAN POPULATIONS

MODEL 2 = DISRUPTION TO THE NATURAL SYSTEM

MODEL 3 = VISUAL IMPACT

MODEL 4 = DISRUPTION TO RECREATIONAL ACTIVITIES

MODEL 5 = DISRUPTION TO AGRICULTURAL LAND USE

MODEL 6 = DISRUPTION TC FORESTRY LAND USE

MODEL 7 = DISRUPTION TO EXTRACTIVE AND OTHER NON-URBAN INDUSTRIES
MODEL 8 = POTENTIAL RIGHT OF WAY SHARING

MODEL $ = TRANSMISSION FACILITY PROBLEMS

The BPA PERMITS visual impact model is structured around two major
components: 1) landscape visual characteristics and 2) potential
viewer characteristics (see Figure 2). Landscape visual character-
istics include an evaluation of the landscape's existing visual
quality and a detailed analysis of the visual compatibility between
the landscape and an introduced transmission facility. In other
words, landscape scenic resources are identified and the ease or
difficulty of achieving an acceptable fit between those landscape
resources and a new transmission facility is determined. Maps ex-
hibiting both landscape visual quality and transmission visual
compatibility are then combined to produce a map of the relative
severity of potential wvisual alternation of the landscape resulting
from the introduction of transmission facilities.

Viewer characteristics considered in the visual impact model include
sight-line analyses to determine those areas of the surrounding land-
scape which may be seen from selected observer viewpoints, and deter-
mination of the viewing distance between these viewpoints and the
seen areas. Maps of the seen areas or "viewsheds" are produced by
analysis of topographic maps using the Forest Service VIEWIT computer
program. Potential viewer sensitivity is determined by identifying



1. Coastal- asc%e _M.ountains

2. Puget Sound-Willamette Valley
3. Columbia Basin

4, 8nake Platedu

5. Rocky Mountains

-

—

FIGURE 1. BPA SERVICE AREA AND SUBREGIONS
Potential
visual
Impact
Potential Potential
Visual Viewer
Alteration Contact
— - [ 1
Existing Transmission Visibility Viewer
Visual Facility and Distance Sensitivity
Quality Compatibility (VIEWIT)
L\ J \
N N

LANDSCAPE CHARACTERISTICS

VIEWER CHARACTERISTICS

FIGURE 2. CONCEPTUAL STRUCTURE OF THE "PERMITS" VISUAL IMPACT MODEL




the number of observers at each viewpoint, their probable visual
awareness and expectation levels related to their activity, and
their duration of view. A potential viewer contact map is thus
produced exhibiting the relative visibility of the landscape,
rated by viewing distance and viewer sensitivity.

Finally, a map of the potential visual impact of a new trans-
mission facility is produced by combining the potential visual
alternation map with that of potential viewer contact. Trans-
mission corridors of least visual impact may then be proposed and
compared with routes suggested by other subregional determinant
models. The visual impact of a corridor selected on the basis of
all subregional models may also be determined.

This follow-up study is primarily intended to help quantify the
relationship between viewing distance and viewer sensitivity for
the tower types (and corridor widths) most frequently used by
BPA. The study also confirms a definite relationship between
certain landscape setting characteristics and transmission facil-
ity visibility. Confirmation of the existence of these effects
further supports the concept, developed in the previous report,
of differential compatibility between different landscape settings
and transmission facilities. Thus the present study bridges
‘across "viewer characteristics" and "landscape characteristics”
in the PERMITS visual impact model. It must be emphasized that
this study does not address all the factors necessary to model
visual impact, for the visual guality of landscape settings was
not considered in making visibility observations. Instead, this
study was designed to provide additional detailed information to
assist BPA in applying the already-developed PERMITS visual im-
pact model throughout the service area.

Further information about the PERMITS visual model and its prac-
tical application may be found in the report, Visual Impact of
High Voltage Transmission Facilities in Northern Idaho and North-
western Montana, prepared by Jones & Jones for Bonneville Power
Administration. Although this study, Measuring the Visibility

of High Voltage Transmission Facilities in the Pacific Northwest,
is an extension of that study, its findings are intended to be
applicable to conventional transmission facility siting methods
as well as to computerized impact evaluation.




II. METHODOLOGY

IT A. HYPOTHESES AND STUDY DESIGN

As mentioned in the introduction, the purpose of this study is to
investigate the interrelationships between four parameters:

1) Degree of visibility

2) Type of transmission tower and width of corridor
3) Landscape setting

4) Viewing distance

A discussion of how each of these parameters affected the design
of the study is presented below.

1) Degree of Visibility.  In dealing with visual perception of an
object, there are obviously three major participants: the observer,
the object, and its setting. From the outset it is emphasized

that the degree of visibility depends upon the interaction between
viewer, object and setting. This study makes no attempt to model
the sensitivities of different observers. Admittedly, an observer's
awareness is related to his viewing location, his activity, his
visual acuity, the intensity of his visual exploration of the
landscape, and his state of mind; and an observer's expectation
depends upon the preconceived landscape images that he anticipates
seeing, how he values those landscape images, and his familiarity
with the location and appearance of the particular object he is
looking for. This study in fact illustrates conditions in which
viewer sensitivity is at its highest extreme. Field observations
of transmission towers and corridors were made by two observers
with similar visual training and backgrounds (in architecture and
landscape architecture) who sought optimal unobstructed stationary
viewpoints on the ground, and who were not distracted with other
activities. Both observers had excellent eyesight, and both were
intently scanning the landscape for transmission towers and corridors,
the appearance and location of which they knew in advance.

To use the terminology of the literature on acuity (Dember, pp. 25-26)},
the observers were peering into the farthest distance where they

knew a transmission facility was sited, trying to detect its presence
as a tell-tale vertical object or as an interruption of the

vegetation cover. At a certain distance, they could recognize with
assurance that this object was in fact a tower, or the interruption

a right-of-way. This threshold, from detection to recognition,

was regarded as the limit of visibility and its distance recorded.
However, for observers who are not instructed to lock for transmission
facilities, but merely to scan the landscape and report what they

see, the towers or right-of-way would have to be considerably closer
before they would be spontaneously identified. These are three
distinct visual "tasks": detection is picking up thg first
stimulus in a predefined location; recognition is being certain

that this stimulus is the predefined stimulus; identification is
spontaneously registering the stimulus without having been instructed




what to loock for,

Since the visual sensitivity (defined both by awareness and
expectation) of the viewers who performed this study is no doubt
higher than that of most potential cbservers of transmission

lines, it is probable that the absolute limits of tower or corridor
visibility determined here occur well beyond the distances at which
most viewers would cease to identify or recognize a tower or corridor.
The recommended cutoff distances for visibility analysis of lines

in various landscape settings are presented in the conclusions,
Section ITII,.

To measure degree of visibility, it was hypothesized from previous
observation of transmission towers and corridors that three levels
of visibility can be consistently and reliably judged by an observer:
high, moderate, and low visibility levels. The trained observers
who carried out the field study made careful judgments of the thres-
hold between high-moderate, moderate-low, and low-detection visibility
levels in the field, without a preconceived or predetermined idea
about any psychological or physiological basis for doing so. Thres-
hold visibility judgments were made on the basis of agreement between
the two observers as to what appeared to be a breakoff point between
two visibility levels, similar to the judgments made using slides

in the preceding Jones & Jones study for BPA. Review of the data
revealed a consistent correlation between visibility thresholds

and apparent size of towers and corridor, measured in degrees of
angular height for towers and degrees of angular width for corridor
clearings. The consistency of relationships between angular size

and visibility threshold judgments reinforces the reliability of
these judgments and invites speculation that there is a psycho-
physiologic relationship between the perceived angular size of an
image and the size of the most sensitive spot in the center of the
human retina known as the "fovea". A more thorough discussion of
visibility is presented in Section II.B.

2) Type of Transmission Tower and Width of Corridor. An effort was
made to consider all the object-related variables which affect the
visibility of a range of transmission tower types and corridor
widths. The variables of primary importance to this study are

tower type and corridor width; the effects of these variables were
measured in this study by recording separate visibility observa-
tions for each type of tower and for the range of corridor widths
being observed. Other object-related factors also contribute to
visibility. Variables which were considered but not tested in

this study include the following tower and corridor-related factors:
angle of view, use of dead end structures, random variations in
tower type within an alignment, tower height variations, minor
topographic variations affecting tower screening, specular reflection
from towers, sunlighted versus shadowed towers, tower age, tower
color, corridor clearing practices, and appearance of an access road
in the corridor. Every attempt was made in the study to hold these
variables constant by recognizing their contribution to transmission




line visibility and carefully limiting the range of conditions under
which visibility observations would be made. These primary and
secondary object-related factors are discussed in greater detail in
Section II.C,.

3) Landscape Setting. Setting-related variables considered in this
study include the type of landscape in which transmission lines occur
and ephemeral conditions. Landscape settings for transmission lines
were classified as a combination of five landform conditions (flat-
land, valley floor, hillside, secondary ridge and primary ridge)

with three vegetative patterns (grassland, open forest and closed
forest), yielding fifteen landscape setting types which may be found
within the five physiographic regions of the BPA service area (see
Figure 1). The effects of these fifteen landscape settings upon
transmission facility visibility were measured by seeking as many
different tower types located in each landscape setting as the

study period allowed, and recording visibility observations within
each landscape setting. Other significant setting-related variables
which were identified include special absorptive backgrounds not
classified in the landscape setting, atmospheric clarity and seasonal
variables. An attempt was made to hold untested factors constant by
carefully limiting the conditions under which visibility observations
were made. All these setting factors are discussed more thoroughly
in Section IT.D.

4) Viewing Distance between an observer and the tower or corridor
being observed was recorded at each threshold between visibility
levels as part of the field observations. Viewing distance is a

key parameter in determining visual impact and it becomes a practical
tool for mapping visibility zones for a given tower type or corridor
on the surrounding lands. Viewing distances related to visibility
thresholds are presented and discussed in greater detail in

Section III.

II B. DETERMINATION OF DEGREE OF VISIBILITY

How well we see a specific object in the landscape is determined

by the visual characteristics of the object relative to its setting,
and by the psychology and physiology of the observer's visual per-
ception. We can define visibility of a given object as our ability
to visually differentiate that object from its setting. Although
there are many contributing factors, two major parameters contribute
to the visibility of an object: its apparent size and the apparent
contrast between the object and its surroundings.

The apparent size of an object as perceived by an observer is related
to viewing distance. An object's apparent size determines the area
of the human retina stimulated by the light which comes from the ob-
ject and forms the object’'s image. For this study, it was decided
that the most reliable way to measure the apparent size of a trans-
mission tower from an observation point was to measure its angular
height in degrees of arc. This study recognizes the fact that apparent




tower height is only part of apparent tower size. Since all

tower types do not have the same proportions between height and
width, degree of visibility will vary somewhat between different
tower types of the same apparent height when viewed from an obser-
vation point at a given distance. Actual field observations of a
range of ten tower types made in this study do reveal a degree of
variance in the relative visibility of each. Nevertheless, since
all tower types surveyed are taller than they are wide, and since
their apparent width depends upon the angle from which they are
viewed (i.e., a tower's apparent width is less as viewed from the
side than it is viewed from the front), we decided that apparent
tower height is the most consistent factor contributing to overall
apparent size and selected it for measurement in this study.
Similarly, the apparent size of a transmission corridor clearing
is measured in degrees of angular width in this study, since a
corridor's width is greater than its height and since its actual
height varies with the type of bordering vegetation.

It should be mentioned that the vertical orientation of transmission
towers seems to play an important reocle in their visibility. The
human visuval system, like that of most dry-land animals, is tailored
to accommodate the horizontal nature of the earth's surface. Depth
perception requires binocular vision; the positioning of our eyes

in a horizontal plane has the result that our field of vision is

not really circular but rather is a horizontal oval. Because of its
‘horizontal adaptation, our visual system tends to exaggerate the
apparent size of vertical objects; this phenomenon reinforces the
appropriateness of using angular height to measure the apparent

size of transmission towers in this study.

The apparent contrast of reflected light between an object and its
surroundings is the other major parameter contributing to object
visibility. 1Indeed, it is the difference in intensity of light
reflected from the surfaces of objects of different shape, form,
line, color and texture which allows our vision to perceive these
objects. Visual perception is predicated on differential light
intensity, i.e., contrast.

Optically, a uniform square of constant brightness in a dark field
varies only in its apparent area as the observer moves away from

it. Although it would seem that this square should also become
dimmer as the observer recedes, in reality this is not the case,.

It is true that the further the observer moves away, the fewer are
the photons reflected from the square which actually impinge upon
the eye. However, although fewer photons pass through the pupil of
the eye, they are also concentrated on a smaller retinal area since
the image of the square on the retina becomes smaller as the observer
recedes. The greater concentration of photons by the lens in our
eye exactly cancels the effect of fewer photons being received.
Discounting for a moment the atmospheric effects of haze or dust,
the brightness of the image of the square on the human retina
remains constant regardless of how close or how far away an observer



is from the square, within the limits of resoclution of the human
visual system. The only change is the apparent area of that image.

One might expect that increasing the brightness of the image by
increasing the level of illumination would improve the performance
of the eye. This is true only to a point. Above a baseline con-
dition of adequate illumination, visual acuity is at or near its
maximum level. Figure 3 illustrates this. The units of visual
acuity--technically described as the amount of spatial visual infor-
mation processed or extracted from a given stimulus-~are defined in
terms of the specific visual task set in the laboratory experiment
which furnished this data and are of no particular significance

for the current study. The units of luminance are log (milliLamberts),
and the significance of this graph is the leveling off of acuity
above a base level of 1llum1natlon of approximately 2 log {(milli-
Lamberts) : :

1.6T
1.4+
B‘ 1.2"
-
8 1.0+
= retinal
—~t 0.8+ cone cells
.,_' 0.6
-8
0. 4+
retinal
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FIGURE 3. TLLUMINATION AND VISUAL ACUITY (after Graham, 1965)

To control the effects of variable atmospheric clarity, we made
visibility observations only in clear or partly cloudy conditions.
Light reflected from transmission facilities in these conditions
varied from 500 to 1500 Lamberts, or from 5.7 to 6.2 log (milli-
Lamberts). Clearly, this is luminance beyond the point where the
graph levels off and we can assume that acuity is constant at or
near its maximum level.



The ratio between the brightness of an object and the brightness
of its setting or background is a direct measure of apparent
contrast. As with illumination, above a baseline condition the
contrast between object and setting makes a constant contribution
to visibility. Our intent was to study transmission facility
visibility under optimal viewing conditions, so field observations
were not made if lighting was poor or if atmospherie conditions
were so hazy that apparent contrast between towers or corridors
and their landscape setting fell below this baseline conditioen.
‘Exceptional viewing conditions which were avoided in this study
-are discussed in Section II.C.

Although we avoided unfavorable viewing conditions, the contrast

ratio between object and setting can be manipulated to reduce tower

or R.O.W. visibility (by tower surface treatment or clearing practice,
for example). Therefore, we attempted to identify the baseline
contrast ratio. There are two figure~ground brightness extreme
conditions: 1light object on dark field or dark object on light field.
Light figures against dark backgrounds typically had ratios of 2.2

to 1 for corridors and 2.4 to 1 for towers. Dark figures against
light backgrounds had ratios of as much as 3 to 1 for corridors
(forested ridges against the sky) and 2 to 1 for towers. Basically,
above a figure-ground brightness ratic of about 1.4 to 1, relative
visibility was directly tied to apparent image size. This contrast
ratio appears to be the baseline for maximum acuity. Within our
limitation on acceptable weather conditions, this minimal brightness
ratio almost always was exceeded. Special cases where there was

a smaller ratio are discussed as part of the setting variables,
Section II.C.

In addition to measuring apparent image size and apparent contrast,
field judgments of the relative visibility of transmission facilities
were made. Our hypothesis, already mentioned, was that these judg-
ments would be consistent and reliable. The data on apparent image
gsize and apparent contrast was gathered to test that hypothesis.,

From our earlier experience in measuring transmission line visibility,
the authors chose to segment visibility into zones of high, medium,
and low visibility. Previous observations made in the field and

from slides confirmed that a high-medium-low breakdown was easy to
apply to visibility judgments; of course, this scale has been used
very widely in psychological and sociological testing. In appli-
cation, we recorded the distance at which the breakpoint between
zones of relative visibility occurred. These three breakpoints or
thresholds were: high to medium (H-M), medium to low (M-L}, and

low to detection (L-D). Past this last threshold transmission
facilities could not be recognized with certainty, although it was
still possible to detect a stimulus in the known vicinity of a
transmission line that "might be" a tower or a right-of-way.
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IT C. TOWER AND CORRIDOR-RELATED VARIABLES

Field survey visibility data was collected for the ten different
tower configurations listed below and illustrated in Plate 1.
Tower height and right-of-way width listed are the general rule,
but do vary with specific site conditions and location.

TABLE 1. TOWER CONFIGURATIONS SURVEYED

Typical Typical

Voltage Current Tower Configuration Height R.O0.W.
1100 RV AC Test Line (Lyons, Ore.) 200" 180"
800 KV DC (Celilo-Mead) 150" 150"
500 KV AC Double Stacked (DS) 176" 140"
Double Delta (DD) 143" 165"

Single Flat (SF) 102! 160"

Single Delta (SD) 123" 135"

230 KV  AC Double Stacked (DS) 120 100"
Single Flat (SF) 1% 125"

Single Delta (SD) 98" 90"

115 KV AC Wood "H" Frame 80" 90"

Because some of these towers are much more common than others, the
number of observations made for each tower type varies accord-
ingly. The 230 KV SF and 500 KV SD are the two most frequently
observed configurations. On the other hand, one of the most
visible tower confiqgurations, the 500 KV DD, and one of the least
visible, the 230 KV SD, were so infrequent that few observations
were possible. Single and multiple-line corridors were observed
and visibility measurements made for a range of corridor widths.

Tower type and corridor width are the primary factors being evaluated
in this study. Other object-related variables also contribute to
visibility. Variables which were considered but not tested include
the following tower and corridor-related factors. These variables
were held constant by carefully limiting the range of conditions
under which observations would be made, as discussed in each factor.
The purpose of identifying and controlling these additional variables
is primarily to define the criteria for conditions under which we
made observations in the field. It has been our intention to provide

11
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information on potential transmission visibility, given optimum
viewing conditions. We have also noted some of the variables which
could be investigated in the future, either to minimize transmission
visibility or to further refine predictions of potential visibility.

Angle of View

This was perhaps the most commonly met and most important unquanti-
fied variable of the survey. It affects both towers and corridors.
Towers viewed from the side appear less substantial, but in general
the visibility of a given tower type remains constant because its
height is unaffected by the angle of view. However, from a side
view it is almost impossible to distinguish different tower types,
and certain types, notably, the 500 KV DD, are distinctly more
visible when seen "front on". In addition, a view parallel to

the right of way often causes the towers to "stack up" and consequently
become apparently darker or lighter depending on the conditions. A
third aspect of parallel views may be termed the "necklace effect".
A line of clearly recognizable middle-distance towers lead an
observer's eye to a far-distant tower that he might have been able
to detect but probably would not have recognized. Therefore the
recognition distance can be increased by the orientation of the
observer to the line. In forest conditions it is rare to encounter
a view of the towers against a background of trees and not down
their own corridor. As a result, whenever possible we endeavored
to make tower observations about 1/2 to 1 mile off center of the
line. Through this, we tried to eliminate as much of the variation
due to angle of tower view as possible.

With corridors, we had the opposite problem: by going off center

we diminished their visibility. Figure 4 attempts to show that the
visibility of corridors in forest conditions is greater when looking
down one than when looking perpendicular to one. If we were to

draw contour lines of visibility, they might appear as in Figure 5.
We chose to take the typical worst case and presume an observer could
get above or in line with each corridor. Our observations are
generally made looking parallel to the corridor.

12



FIGURE 4. CORRIDOR VISIBILITY AND ANGLE OF VIEW

e L

FIGURE 5. HYPOTHETICAL CONTOURS OF EQUAL VISIBILITY

Clearing Practices

BPA tree cover clearing practices are changing to allow growth
of woody vegetation in the right-of-way as long as it does not
interfere with circuit reliability. These changed practices
are not yet fully apparent throughout the service area; shrub
growth is present in certain corridor clearings (Plate 2), while
others are still devegetated. Our observation for corridors
cleared through wooded stands is "the more corridor vegetation,
the less contrast", particularly if the corridor vegetation in-
cludes shrubs and low trees similar to the adjacent vegetation.
These vegetation types also generate shadows that can help to
blend in with surrounding forest. The most critical siting con-
dition in this regard is the hillside corridor; we observed the
situation to be most pronounced in dry woodland hillsides where
the surrounding dark forest pines contrast sharply with the
lighter (more reflective) dry surface grasses in the corridor
clearing. Promoting limited pine growth or similar dark veg-
etation in the corridor would dramatically diminish corridor
visibility.

13



Access Roads

In some cases we found that the access road dramatically increases
corridor visibility. One particular example is a ridge crossing
by the Chief Joseph-Monroe Line near Deer Creek Flat where the
exposed earth of an access road makes the corridor visible at

18 miles in the hills above Skykomish ( Plate 2). Exposed road
cuts are much lighter than the scrub-deciduous vegetation that
often grows in corridors. Furthermore, the switchbacking of some
steep hillside access roads seems to call attention to the huge
scale of the corridor; this can be an argument in favor of heli-
copter installation and maintenance in some locations. The poten-
tial contrast ratio between the color of the existing vegetation
and exposed soil color may also be worth mapping as an element of
visual compatibility in location studies.

Minor Topographic Variations

Even small changes in topography can have the effect of putting
some towers on a pedestal while obscuring others (Plate 2).

Major variations of this sort are taken into account in the land-
form/cover classification, but minor variations can still have a
significant effect, especially when viewed at close distances.
When a line is located at the base of a long hill on the side of
a valley, the towers, rising and falling over relatively small
swales, can become even more prominent at close range. During
our survey we avoided making observations in extreme conditions
of this sort.

Sunlighted vs. Shadowed Towers

In bright sunlight each tower has a light side and a dark side
(Plate 2). Standing adjacent to a transmission line, tower vis-
ibility can be radically different looking in either direction.

We defined our observation criteria in terms of seeking the
"typical worst case"; here, that meant looking at the background
and, if it was dark, observing only lighted towers, and vice
versa. This simplified decision criterion was easy to use in the
field. Location studies would be well advised to take into account
solar aspect as well as landform. Towers on north facing slopes
are not normally as well lighted as those on south facing slopes,
and when viewing backlit towers from below against forested land-
cover the contribution of aspect to reducing lighting contrasts

is both appreciable and worth quantifying. The previous study
prepared for BPA by Jones & Jones included this consideration as
"landform aspect", a factor contributing to the evaluation of vis-
ual compatibility between landscape setting and proposed trans-
mission facility.

14
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Specular Reflection

This has the opposite effect of haziness in that it normally in-
creases contrast between reflecting towers and conductors with the
background. Its magnitude is a function of the respective positions
of the observer and the sun in relation to the tower and lines
(Plate 3). Specular reflection can dramatically increase the vis-
ibility of transmission facilities. However, nonspecular conductors
and tower finishes are available and are presently utilized in

areas of high viewer sensitivity to reduce visibility from the time
of their installation. As aluminum conductors and galvanized towers
age, their specular reflectance is also diminished (see below). In
general we eliminated observations of brightly reflecting towers

and lines because this condition is usually encountered only during
low morning or evening sun and is relatively uncommon. Nevertheless,
the effect, when observed, is striking.

Age of the Transmission Line

This variable was noted to have a dramatic effect on both tower
brightness and susceptibility to specular reflection and, to a les-
ser extent, corridor contrast. Galvanized steel takes about 5-8
years to weather to a matte gray, and while still "fresh" it is
markedly more visible. We noted this variation and attempted to
avoid observing very new transmission installations. Corridor
clearing contrast with surrounding vegetation is increased where
revegetation after construction is slow. In general we found the
older the corridor, the less contrast between it and the surround-
ing landcover; however, this is also dependent on clearing and
maintenance practices.

Color of Tower

The use of painted towers in the BPA system is not widespread and
time was too limited to allow detailed analysis of color as a var-
iable. However, we can offer some recommendations concerning the
most effective use of color. Probably the most visible towers ob-
served were the Washington Water Power towers along the Spokane
River about 7 miles northwest of Spokane. These steel single pole
towers were painted sky blue (Plate 3). They contrast strongly

with the surrounding pine forest and therefore have a much higher
visibility than darker towers. We have concluded that the best cam-
ouflaging color choice would be that which most diminishes the fig-
ure-field tonal contrast, e.g. usually dark gray or gray-green. This
blends in much better with all forest landcovers and tends to vanish
sooner in all conditions except on ridges. In ridge conditions a
dark gray tower would have nearly the same effect as a white tower
because neither tower could appear as bright as the sky. In essence

the sky is a light source and no tower can consistently reflect enough
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light to blend in. Perhaps the best advice is to paint towers dark
when they are to be seen against ground or vegetation. The only
exception might be towers viewed against light-colored grass,

such as along the Columbia, where a light khaki might slightly
improve on their unpainted color. 1In all cases, the goal should
probably be to reduce the ratio of apparent contrast between

tower and landscape background to less than 1l.4:1 (see page 10).

Dead End Towers

These towers are often larger and designed with heftier structural
members than the normal tangent towers. The resulting increased
visual density of the tower lattice allows less of the tower back-
ground to show through. This tends to increase apparent contrast.
Added to this is the common use of dead ends at critical points

of visibility and topography such as at ridge crossings. Dead

ends show less consistency in design because they are individually
designed to deal with specific eccentric loads. In general we tried
to exclude dead ends so as not to add any inconsistency into our
data. Also, because of their rather specific designs, we abandoned
trying to deal with them as a uniform class of towers. We can
only note that their greater visual density and commonly prominent
placement should be considered in impact assessment, especially

at ridge crossings and other points of heightened visibility.

Random Variations of Tower Type Within an Alignment

Occasionally within a stretch of transmission line with little

or no apparent change in other conditions, slight or even major
changes in tower type may occur, only to change back a few towers
later. This did not affect relative visibility where we observed
it, but it might elsewhere.

Tower Height Variations

Adjustments to varying topography and spans necessitate variable
leg lengths. Thus, towers with a "textbook" height of 125 feet may
actually only be 105 feet high. When modeling potential visibility
it might be useful to consider how heights are expected to vary
across the planned terrain.

16
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II D. LANDSCAPE SETTINGS AND EPHEMERAL CONDITIONS

At the beginning of this study, analysis of landform variations
with respect to transmission line routing suggested four broad
classes of landform; a fifth class was added during fieldwork.
These landform classes naturally fall into two types of tower back-
ground conditions: towers in flatland and primary ridge settings
are in silhouette along the skyline boundary, while valley floor,
hillside and secondary ridge settings each provide a degree of
landform screen behind the towers. Note that secondary ridges

are those ridges backdropped by distant landform, usually a pri-
mary ridge, rather than by the sky. This class was added because
the difference in ridgetop tower background reversed the figure-
ground relationship: primary ridge = dark tower on light background,
secondary ridge = light tower on dark background. This reversal
seemed an important distinction in the field.* In effect, flatland
and primary ridge differ mainly in the topographic prominence
afforded the transmission facility. Valley floor and secondary
ridge are also similar in that the background is usually at con-
siderable distance from the line; in the hillside condition the
tower is backdropped by the hill on which it is sited.

Each of the five landform classes can be further subdivided
according to landcover type. For this study, the BPA service area
was categorized within three generalized vegetation zones: dgrass-
land, occuring throughout most of eastern Oregon and Washington,
and southern Idaho; open forest (less than approximately 50% tree-
cover--coniferous or riparian deciduous), common on the lower east
side of the Cascades and on southern and eastern exposures in the
Northern Rockies; and closed forest (primarily coniferous), which
covers most of the Cascades and Olympics and much of the Northern
Rockies.** Agricultural land was placed into either of the first
two categories depending on the amount of treecover or the presence
of orchards.* A brief discussion of the characteristics of each of
the 15 landform/landcover classes is presented below.

Fl Flatland/Grass; Much of eastern A
Washington and Oregon, and southern
Idaho, is included in this category.

Because the landform is so flat and “,/,—/J’
dry, surface haze often tends to
cause the towers to vanish somewhat
sooner than might be expected.

Rights-of-way are virtually indis- 1(

tinguishable from their surround-

ings, since the surrounding vege-
tation cover carries through the
right-of-way without interruption. L J

* However, review of the field observation data reveals that the visibility
differences between towers sited on primary and secondary ridges are probably
not significant enough to warrant their separate distinction.

** The reader should appreciate that the northwestern coniferous forest is
essentially uniform in height, color and density, very different in appearance
from the more diverse eastern hardwoods; care should be taken in adapting
the findings of this study to such different landcover conditions without

proper testing. 17



F2 Flatland/Open Forest; this cate-
gory was not surveyed because an ob-
server on the ground can very rarely
see a corridor or towers unless he
is standing in or very near to the
corridor. From this viewing angle
the towers appear to stack up upon
each other and the right-of-way
clearing tends to trail off toward
infinity. Because visibility is
uniformly high and does not diminish
with distance, this landform/land-
cover class was dropped from con-
sideration.

F3 Flatland/Closed Forest; observa-
tions not made for reasons stated in
F2 above.

V1l Valley Floor/Grassland; this zone
is typified by the broad valleys east
of the Columbia River on either side
of Saddle Mountain, Washington. A
setting very capable of visually ab-
sorbing transmission corridors occurs
in this zone where the predominant
vegetation is sage and scrub. Towers
and rights-of-way in this zone have
lower visibility than in other zones;
the rough-textured vegetation pattern
absorbs the structural outline of

the towers and reduces their apparent
contrast.

V2 Valley Floor/Open Forest; trans-
mission lines in this zone also

have lower than normal visibility,
mainly due to the alternating pat-
tern of trees and open areas which
help both to screen towers and ab-
sorb corridor clearings.

3
o

-jaﬁf
il

18

(" i,
cedvad MGk




V3 Valley Floor/Closed Forest;
examples of this zone occur when
approaching the major passes in the
Cascade Mountains. Tower line visi-
bility is lower than normal, due
partly to obscuring vegetation and
fairly lush corridor vegetation.

H1 Hillside/Grassland; examples of
this zone occur on the dry major
east-west trending ridges in eastern
Washington and near Plains, Montana.
Characteristics are similar to V1,
although tower line visibility is
about average in comparison to all
other zones.

H2 Hillside/Open Forest; occuring
in the eastern Cascades and on dry
exposures in the Northern Rockies.
This zone is typified by above-aver-
age visibility of towers due to
their tonal contrast with grassed
right-of-way, but below average
visibility of corridors due to the
presence of natural clearings.

H3 Hillside/Closed Forest; very
common in western Washington and
Oregon. Towers have about average
visibility here since they are fre-
guently viewed against their cleared
corridors; the cleared corridors are
most visible in this zone due to
their striking contrast with the
surrounding solid masses of forest.
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SRl Secondary Ridge/Grassland;
occurring in the same zone mentioned
in Hl1. Visibility in this situation
does not differ significantly from
the Primary Ridge/Grassland discus-
sed below. Towers in this setting
have higher than average visibility
because of their contrast with the
generally lighter tone of the dis-
tant primary ridge beyond.

SR3 Secondary Ridge/Open Forest;
occurring the the same areas men-
tioned in H2. In this zone, corri-
dors often were not distinguishable
due to the open nature of the vege-
tation. Therefore towers are the
only significant contributors to
visibility and, in general, tower
visibility is above average for

the same reasons as SR3 below.

SR3 Secondary Ridge/Closed Forest;
occurring in the same areas men-
tioned in H3. Cleared corridors

are normally most visible in this
zone where atmospheric haze lightens
the background ridges, providing
contrast against the right-of-way
notch. Towers are also quite promi-
nent because their background is
darker and more uniform than their
own corridor.

PRl Primary Ridge/Grassland; in
this zone towers appear dark against
the light-filled sky. The smooth
profile of the grassy hill makes the
interruption of the skyline profile
by the tower very apparent; conse-
quently, tower visibility is above
average in this class. Rights-of-
way are not distinguishable.
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PR2 Primary Ridge/Open Forest;
this zone is similar to SR2 in that
the corridor is not very apparent
due to the irregular skyline pro-
file of the open forest. Nonethe-
less a dark tower silhouetted
against the light sky often makes
the corridor notch more recogniz-
able.

PR3 Primary Ridge/Closed Forest;
this and SR3 are the conditions in
which corridor visibility is great-
est: the classic notch cut in the
otherwise fairly smooth skyline.
This notch is probably the most
distant visible feature of trans-
mission corridors. Tower visibil-
ity in this condition was recorded
under PR1, because the tower is
seen rising from the immediate
grassed R.O.W.

The above landform/landcover conditions were the landscape variables
tested in this study. There are other factors in the landscape, as
well as ephemeral conditions, which contribute to transmission line
visibility; those considered are discussed below. As with the object-
related variables discussed in Section II.C, these setting-related
variables were held constant in this study by limiting the range

of conditions under which field visibility observations could be made,
as discussed in each category.

Atmospheric Clarity

Haziness exists even on the clearest of days because the atmosphere
is not perfectly transparent. This manifests itself through in-
creasing dimunition of contrast at greater distances (Plate 4).

We found haze to be unimportant at high and medium visibilities,
but a predominant factor causing towers and corridors to vanish
sooner than expected at distances in excess of 12 miles. Accord-
ingly, we endeavored to make observations only in conditions where
haze was not pronounced, in what is commonly referred to as
"20-mile visibility".
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Exceptionally Absorptive Backgrounds

In the course of our study we occasionally came across settings
where the towers seemed to be very quickly absorbed into their
backgrounds. This occurs most typically in the presence of
sagebrush, which at moderate distance and the correct light has
an exceptionally effective masking texture and tone (Plate 4).
This special grassland texture was not common enough to warrant
a unique landscape classification for this study, so we noted
the conditions but did not use the data in our final compilation.
However, the potentially absorptive textures of particular landcover
patterns can be mapped and modeled in detail for specific siting
studies.

Seasonal Variables

The most obvious of these is snowcover in the corridor (Plate 4),
since most forest cover in the BPA's area is coniferous. Snow-
cover (combined with the dormancy of deciduous scrub vegetation)
can raise the contrast ratio of a corridor from 2 to 1 up to as
much as 16 to 1. The contrast-diminishing effect of haze that
seems to put an upper limit on the visibility distance of corri-
dors is a less effective buffer against contrast this great, and
visibility thresholds of 30 miles or more for snow-covered corri-
dors in coniferous forests are possible. The timing of our sur-
vey in the summer prevented investigation of snow. However, this
study could be useful as a baseline against which seasonal variations
can be measured.
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IT E. TFIELD SURVEY PROCEDURE

The field survey was performed in central and western Washington
and Oregon in August 1976 by two staff members of Jones & Jones.
Our initial intent was to visit all physiographic subregions in
the BPA service area, but study time and the location of tower
types precluded this. Nevertheless, from our previous study for
BPA and other experience, we believe the landform/landcover
classification is applicable to the landscape characteristics

of the entire service area.

Approximately one week was devoted to an automobile survey, while
three days of surveying were performed with the aid of a helicopter.
All observations were made from ground-level, stationary viewpoints.
Typically a prospective viewpoint was located on a 1:250,000 USGS
map with an overlay locating BPA's transmission corridor network.
The two observers found an optimum viewpoint and then checked the
view-conditions to ensure that the criteria for lighting and angle
of view were met (see II.B and II.C above), If conditions were
acceptable, a survey form was filled out for each combination of
landform/landcover class and tower type or corridor size for which
the observation was being made. Figure 6 exhibits the tower and
corridor visibility survey forms used. It was quite common to fill
out a number of forms from a single viewpoint, especially when
overlooking a multiple corridor.

Distances to tower or corridor thresholds were scaled from the
USGS maps when greater than about 7 miles. Otherwise the tangent
of the angular height was used to determine distance, in conjunc-
tion with the standard dimensions between major cross-members for
each tower type, taken from engineering drawings furnished by BPA.
Angular size was measured using a telephoto lens with a diagonal
field of view of 6°, mounted on a Nikon camera. The lens had pre-
viously been calibrated with a target in the office and divisions
of 3 minutes (0.059 were ink-ruled on the removable viewfinder
screen. Distances determined by this method agreed + 5% with
map-scaled distances.

Brightness ratios were taken using a Soligor 1° field telescopic
reflectance meter. Landscape setting brightness measurements

were taken directly. Tower brightness measurements were taken

from a "gray card" found to be equivalent in tone to galvanized
steel, since the tower lattice members were too small to measure

at great distances, The accuracy of the gray card measurements

was around+10% which was considered adeguate to determine whether
"the contrast ratio was high enough to make an observation (page 10).

Visibility threshold judgments were made as a consensus between

the two observers. These thresholds were recorded as the distances
at which the visibility changed from high to medium, medium to low,
or low to detection levels; this last threshold was the observers'
recognition level threshold (see pages 5 and 6). In most cases,
there was close agreement. The threshold of absolute visibility
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FIGURE 6. TYPICAL FIELD SURVEY FORMS
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(detection level) was noted where possible, as well as a judgment
on where the "lattice" of a tower appeared to dissolve and be lost.

Finally, atmospheric clarity was noted, along with the time and

direction of view; these factors were used during data analysis
to evaluate the acceptability of marginal observations.
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ITI. CONCLUSIONS

IIT A. GSUMMARY OF FIELD DATA

The following five tables summarize the field survey visibility
data on the relationships between observed relative visibility
thresholds and angular size. The angular size at each threshold
is the mean of observations made under acceptable viewing condi-
tions for that tower type or landscape setting. Approximately
150 observations were used to produce these tables; conditions
for which no values are recorded were either dropped from the
survey for reasons explained earlier (F2,F3, and PR3 towers;

see 11.D), or could not be acceptably surveyed during the course
of the necessarily brief fieldwork, e.g., the L-D threshold for
towers in SR2 settings.

Note the striking consistency in angular size at each threshold
in Tables 2, 3 and 4. Tables 5and 6 are included to illustrate
the mean observed distances for observed tower visibility thres-
holds, considered first by tower type, and then by landscape set-
ting. No distance table is included for corridors, because ob-
served corridor widths varied too widely to be tabulated. How-
ever, predicted distances for corridor visibility thresholds at
specific corridor widths are presented in II1.C, and these are
generated from the relationships between mean observed corridor
angular widths and relative visibility thresholds presented in
Table 5.

Initially, the contrast ratio between apparent transmission facility
brightness (tower and/or right-of-way) and landscape setting bright-
ness was considered as a potential explanatory variable. However,
it became clear (page 10) that above a ratio of 1.4:1, increasing
contrast did not increase relative visibility. This ratio was
nearly always exceeded, unless a special treatment were applied

to the transmission facility. While such treatments are very

worthy of study, they were not the focus of this effort. Therefore,
the 1.4:1 contrast ratio became a baseline for acceptable viewing
conditions and its variations are not tabulated here.

Note that Table 5 includes the point at which the tower members
{"lattice") could no longer be discriminated. This was alsc con-
sidered initially as a potential breakpoint between foreground ;
and middleground, analogous to the distinctions used by Litton

to differentiate forest visual zones. While the lattice threshold
distance agrees rather well with the H-M threshold, angular size
proved a more useful measure for all three relative visibility
thresholds.
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TABLE 2. OBSERVED RELATIVE VISIBILITY THRESHOLDS:
MEAN ANGULAR TOWER HEIGHT, BY TOWER CONFICURATION

Tower Relative Visibility Threshold
Configuration H-M _M-L L-D
1100 KV .999 .379 .070
AC
800 XKV 1.12 .35 .07
DC
500 KV 1.04 .41 .09
DS
500 KV .81 : .30 .06
DD '
500 SF .93 .35 .06
SF -
500 KV 1.24 .38 .09
SD
230 RV 1.12 .38 .08
DS
230 KV 1.14 .45 .08
5D
230 RV 1.12 .48 .07
SF
115 Kv .94 .45 .10
H

MEAN 1.05 .39 .08




‘TABLE 3. OBSERVED RELATIVE VISIBILITY THRESHOLDS:
MEAN ANGULAR TOWER HEIGHT, BY LANDSCAPE SETTING

Landscape Relative Visibility Threshold
Setting H-M _M-L L-D
F1 1.16° .39° .100
2 . * * *
F3 L * ' * *
Al : 1.08 .47 .13
V2 | 1.18 .43 .11
V3 ' 1.28 .43 .12
H1 1.26 .36 .08
H2 .95 .31 .09
H3 .87 .42 -08
SR1 1.20 .35 .06
SR2 .80 .35 -
SR3 .85 .30 .07
PR1 1.00 .39 .08
PR2 ‘ - .30 .09
PR3 * * *
MEAN 1.05 -39 .08

* not surveyed; see II.D
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TABLE 4. OBSERVED RELATIVE VISIBILITY THRESHOLDS:
MEAN ANGULAR R.O.W. WIDTH, BY LANDSCAPE SETTING

Landscape Relative Visibility Threshold
Setting | _H-M_ M-L L-D
Fl * % o . * %
F2 _ * * *
F3 * * *
V1 * % * % ® %
V2 | 1.22° .50° .20°
V3 1.05 .40 .10
Hl * % * % * %
H2 1.28 .45 .20
H3 | 1.00 .32 .10
SRI *% % % LE
SR2 1.50 .60 .20
SR3 1.03 .33 .10
PR1 k* * % * %
PR2 1.10 .47 .15
PR3 0.70 .30 .10
MEAN 1.11 .42 .14

* not surveyed; see II.D
** R.0.W. not apparent in grasslands
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TABLE 5. OBSERVED RELATIVE VISIBILITY THRESHOLDS:
MEAN TOWER DISTANCE, BY TOWER CONFIGURATION

Tower Relative Visibility Threshold
Configuration H-M M~-L L-D
1100 RV 2.3mi. 5.3 mi. 20.0 mi.

AC

800 KV 1.4 4.8 17.0

DC.

500 KV. 2.3 5.3 20.0

DS

500 KV 2.3 5.3 20.0

DD ‘

500 Kv 1.2 3.4, 14.0

SF

500 KV 1.2 4.2 15.0

SD

230 RV 1.6 4.5 14.0

DS

230 RV 0.7 1.7 12.0

Sh

230 RV 0.9 1.9 13.0

SF

115 KV 0.8 1.8 14.0

H

30

Lattice

2.5 mi.

1.5

N/A



TAB

LE 6. OBSERVED RELATIVE VISIBILITY THRESHOLDS:

MEAN TOWER DISTANCE, BY LANDSCAPE SETTING

Landscape
Setting

Fl
F2
F3
V1
V2
v3
H1
H2
H3
_SR1
SR2
SR3
PR1
PR2

PR3

*

not surveved;

"Relative Visibility Threshold

H-M M-L L-D ' Lattice

1.2 mi. 3.5 mi.  10.9 mi. 1.3 mi.
* * | ) *
* * . * : *
1.1 2.2 10.2 1.2
1.0 4.4 14.8 2.2
1.2 4.3 14.8 1.3
.6 4.2  10.0 -
1.1 4.0 15.5 -
1.8 3.8 14.2 1.1
.9 6.0 14.0 1.7
1.3 4.0 - -
2.3 7.0 15.0 -
1.0 4.1 15.0 1.3
- 7.0 12.5 1.3
* * * *
see II.D
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ITT B. ANGULAR IMAGE SIZE AND THE EYE

When reviewing the field data after field observations were com-
pleted, it was immediately obvious that the range of observed
angular sizes corresponding to each of the three relative visibility
threshold judgments was very small. This was particularly true of
the high-medium threshold. The consistency of the data led the
authors to search for a possible physiological explanation; we

tried looking at the variable receptivity pattern of the human eye.

In this connection, an interesting characteristic of our visual
system is the variable density of the two retinal receptors, rod
cells and cone cells. Rods are our most sensitive detectors of
light and provide us both our peripheral vision and our night
vision. However, rods are not capable of distinguishing colors.
Moreover, rod cells are clustered in groups of as many as two
dozen which connect to a single neural passage to the brain called
a ganglion cell. As a result, the ability for rods to spatially
locate a stimulus or resolve two closely adjacent stimuli is very
limited; that is, the visual acuity provided by rod cells is very
low.

The other type of receptor in our retina is the cone cell. There
are normally thought to be three types of cones,which are sensitive
to red, green or blue light, the optical primaries. Besides color
sensitivity, cones differ from rods in that there is only one cone
cell connected to each ganglion cell. 1In other words, the cones
provide maximum visual acuity, since the information gathered by
each receptor cell is transmitted to the brain by a discrete path-
way .

Figure 7 is a sketch of the major components of the left eye;
Figure 8, a graph of its horizontal distribution of rods and cones.
Virtually all the cones are located in the center of the retina in
an area called the fovea. Figure 9 shows the differential acuity
that results from this clustering of cones. The human visual sys-
tem devotes only a small proportion of its area to maximum acuity
and the gathering of detailed information. The remainder of the
retina is devoted to detecting what to examine next.

The concentration of acuity in the fovea may provide an explanation
of the high-medium relative visibility threshold. While in the
field we noticed that, in general, the point where our visibility
judgment went from high to medium was approximately at the point
where it was possible to look at the entire tower in a single
"glance". At this point it was no longer necessary to "look the

"tower up and down"; here the tower seemed to be entirely perceivable

in a single stationary look and filled our field of detailed percep-
tion. Figure 6 is a graph of acuity vs. retinal location. It is
difficult to clearly define the size limits of the fovea, but if

we arbitrarily define the fovea as that area of the retina where
visual acuity is over half the maximum acuity attained at the foveal
center, then the fovea is about 1.5° across. At a visual acuity of
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0.8-1.0, the foveal size is almost exactly 1.15° {again, the units
of acuity in this graph are defined in terms of a specific labora-
tory test; they are not the same as those in Figure 3).

The clear inference is that high visibility images are those that
are too large to be contained in the fovea and so require scanning
movements of the eye for detailed perception. As the image size
drops with increasing distance, the point at which the object

can be perceived in single glance or fixation of the eye is the
threshold between high and medium relative visibility. We could
predict this threshold to correspond to an image size of 1.0 to
1.59, based on the size of the fovea.

Possible physiological bases for the medium-low and low-detection
level thresholds are not immediately obvious, however. We may
surmise that an object over 0.5° in apparent size impinges on a
predominant number of our foveal neurons and therefore largely
occupies our visual cortex. As that object image becomes smaller,
other stimuli fill the fovea as well. These other detailed inputs
begin to draw off attention. For example, the observer is no longer
looking at just a tower, but rather is looking at a tower in a forest.
There is not quite so much consistency in our observations of angular
height related to the medium-low threshold for a given tower type,
but our data locates the medium=-low visibility threshold at approxi-
mately 0.4° of angular height (or corridor width).

The low—~detection threshold, our field-observed recognition level
threshold, occurs at approximately 0.1° of angular size. At this
pecint, only the most simplified outline and color of the image

are available to distinguish it from other images of the same
general size: "It that a tower or a tree?" A very tentative sug-
gestion is that this threshold may be tied to the angular size of
an array of cone cells sufficient to register shape and color with
certainty. As for detection level, the eye can detect a light
source or highly reflective object equal or smaller in visual angle
than a cone cell itself; for example, a star. Of course, all that
is registered is the existence of a point (or 1line) of very high
contrast and its location; distance and apparent size information
cannot be extracted from such a stimulus. This type of phenomenon
was encountered in the field with specular reflection from conductors
in the very far distance; in one case, the computed angular width
of thege conductors was 0.5 seconds of arc, approximately equal to
0.0006°%.

While the physiological bases for the M-L and L-D relative visibility
thresholds are highly speculative, the data for angular size at the
H-M threshold does appear to be linked to the size of the fovea.
Together with the marked consistency of the angular size observa-
tions at all three thresholds, the significance of this finding

is that it appears to ground relative visibility judgments in the
psychophysiology of the eye and helps to dispel the specter of
"subjective evaluation".
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IIT C. PREDICTING RELATIVE VISIBILITY THRESHOLD DISTANCES

The field data summarized in III A. (Tables 2-5) consisted of some
150 observations. Our study design is a matrix of ten tower con-
figurations, arrayed against twelve applicable landscape settings,
plus corridor width arrayed against eight applicable settings.
While we attempted to fill this matrix as far as possible with
direct observations, we were constrained by time limitations and
viewing conditions. Moreover, the tower configurations are not
equally common throughout the BPA service area (see page 1ll); some
tower/landscape setting combinations do not now exist. For these
reasons, we were unable to obtain direct observations for approxi-
mately 30% of the facility/setting combinations. We anticipated
this and hoped that our data would allow these gaps to be inter-
polated.

As we have seen, the measurements of angular size at the three
observed relative visibility thresholds are quite consistent and
at least one of these thresholds seems to be grounded in the
physiology of the eye. Nevertheless, tower configuration and
landscape setting definitely appear to affect observed relative’
visibility, for some of the reasons mentioned in II.C and II.D.

To predict relative visibility thresholds for all facility/setting
combinations, we have utilized the trigonometric function relating
angular size to tower height (or R.O.W. width) and distance, modi-
fied by constants to account for the variation introduced by tower
type and landscape setting.

These "relative visibility constants™ derive from analysis of our
field observations and are an index of the extent of deviation
from the mean angular size, at a given threshold, attributable to
a specific tower or setting type. There are three of these rela-
tive visibility constants, tabulated in Tables 7-9:

Cy = index of deviation due to tower type

C index of deviation due to tower setting

ts

Crg= index of deviation due to R.0.W. setting.
For an example, consider Cy for a 500 KV SD tower. From Table 2y
page 27, mean apparent angular height of this tower at the H-M
threshold was 1.249;the mean for all observations of all towers
was 1.05°. Thisg indicates that the relative visibility of the 500
KV SD tower, compared to that of all tower types, decreased faster
than would be predicted by angular height alone. The constant C,
is equal to 1.240 % 1.05% = 1,18 for the H-M threshold; the three
threshold means are weighted for the number of cobservations at each,
and the overall mean Cy for the 500 KV SD towex is 1.10 (Table 7).
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Utilizing these three constants, we can predict the angular size
of a particular facility/setting combination at each relative
visibility threshold, based on these overall mean angular sizes
(&) for towers and rights-of-way:

Threshold Towers Rights~of~Way
H-M & = 1.05° e =1,11°
M-L & =0.39° & = 0.42°
L-D 8 = (.08° & = 0.14°

The predicted angular size is then:

Towers = &pt = & x (Cp X Cig)
R.O.W-. = 'apr = e XCrs

The predicted tower or corridor distance at each relatlve v151b111ty
threshold is then determined by the tangent function:

D

Towers = (tower height)<*{tan ept)

pt

R.O.W. = D (R.O.W. width)*(tan 8py)

Pr
Tables 10-15 contain these predicted relative visibility threshold
distances, tabulated by tower type and landscape setting; there

is one table for each of the six thresholds. Some of the predicted
distances at the L-D threshold are very great, e.g., for very wide
multiple corridors (Table 15). We recommend an absolute cutoff in
such cases at 25 miles; we will discuss other cutoff distances in

the next section.
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TABLE 7. RELATIVE VISIBILITY CONSTANTS:

TOWER CONFIGURATION (Cy)

Tower Relative Visibility
Configuration H-M M-L L-D
1100 KV 0.94 0.95 0.91
AC
800 RV 1.07 0.90 0.91
DC
500 KV 0.95 1.05 1.16
DS
500 KV 0.77 - 0.77 0.78
DD
500 Kv 0.88 0.90 0.78
SF
500 KV 1.18 0.97 1.16
53))
230 KV 1.09 0.97 1.04
DS
230 KV 1.07 1.15 1.04
SD
230 KV 1.07 1.23 0.91
SF
115 RV 0.90 1.15 1.30
H
Note: towers with higher constants are less visible

Mean

Constant

0.93
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TABLE 8. RELATIVE VISIBILITY CONSTANTS:

TOWER LANDSCAPE SETTING (C, )

Note: towers in landscape settings
less visible.

* not calculated; see II.D.

** not calculated; no survey data.
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Landscape Relative Visibility Mean
Setting H-M M-L L-D Constant
F1 1.10 1.00 1.25 1.12
F2 * * % | %
F3 * . % * | *
vl ' 1.03 1.21 l.62 1.29
v2 | 1.12 1.10 1.37 . 1.20
V3 - 1.22 1.10 1.50 1.27
Hl '_ | 1.20 0.92 1.00 1.04
" H2 ‘ 0.90 0.80 1.12 0.94
H3 | 0.83 1.08 1.00 0.97
SR1 1.14 0.90 0.75 0.93
SR2 0.76 0.90 k& 0.83
SR3 : 0.81 0.77 0.87 0.82
PR1 0.95 1.00 1.00 0.98
PR2 : * % 0.77 1.12 0.94
PR3 | * * * *

with higher constants are



TABLE 9. RELATIVE VISIBILITY CONSTANTS:

R.O0.W. LANDSCAPE SETTING (CrS)

Landscape Relative Visibility

Setting H-M M-L L~D
Fl * % %k * %
F2 _ . * * *
F3 . * * *
Vl * % ‘ * % * &
V2 1.10 1.19 1.39
v3 0.94 0.95 0.70
"Hl * * % *%
H2 | 1.15 1.07 1.39
H3 0.90 0.76 0.70
SRl * % * % % %
SR2 1.35 1.43 1.39
SR3 0.93  0.79 0.70
PR1 * % k% * %
PR2 0.99 1.12 1.04
PR3 0.63 0.71 0.70

Mean

Constant

x*%

%*

*

* %

S 1.20

0.79
* %
1.39

0.81

* %

Note: rights-of-way with higher constants are less visible.

* not calculated; see II.D.

** not applicable; rights-of-way not visible in grasslands.
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TABLE 10. PREDICTED RELATIVE VISIBILITY THRESHOLDS:
TOWER DISTANCE IN MILES, AT HIGH-MEDIUM THRESHOLD

Tower Configuration

. L < () < o o o [we] <O <o
Landscape 7, a4 @« « ® ® @ =w @ =
Setting : ‘ r
F1l 0.6 0.7 0.8 1.1 l.0 1.1 1.7 1.5 1.4 2.2
P2 * * * * * * * * * *
F3 ) * * * * * * * * * *
\'al 0.5 0.6 .0.7 0.9 0.9 1.0 1.5 1.3 1.3 1.9
V2 0.5 0.6 0.8 1.0 1.0 1.0 1.6 1.4 1.3 2.1
V3 0.5 0.6 0.7 0.9 0.9 1.0 1.5 ‘1.4 1.3 2.0
H1 0.6 0.7 0.9 1.2 1.1 1.2 1.8 1.7 1.6 2.4
H2 0.7 0.8 1.0 1.3 1.2 1.3 2.0 1.8 1.7 2.7
H3 0.7 0.8 1.0 1.2 1.2 1.3 2.0 1.8 1.7 2.6
SR1 0.7 0.8 1.0 1.3 1.2 1.3 2.1 1.9 1.7 2.7
SR2 0.8 0.9 1.1 1.4 1.4 1.5 2.3 2.1 1.9 3.0
SR3 0.8 1.9 1.1 1.5 1.4 1.5 2.3 2.1 2.0 3.0
PR1 0.7 0.8 1.0 1.2 1.2 1.3 2.0 1.8 1.6 2.6
PR2 0.7 0.8 1.0 1.3 1.2 1.3 2.0 1.8 1.7 2.7
PR3 | * * * * * * * * * *
MEAN 0.7 0.7 0.9 1.2 1.2 1.2 1.9 1.7 1.6 2.5

* Threshold not predicted; see II.D.
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TABLE 11.

PREDICTED RELATIVE VISIBILITY THRESHOLDS:

TOWER DISTANCE IN MILES, AT MEDIUM-LOW THRESHOLD

Tower Configuration

5 &8 & 8 & 38 38

T & & & E E B B B &

5 < o < < Q (e ] el (] o
Landscape ﬁ 2 Q 2 3 8 S 3 g 3
Setting i
Fl 1 1.6 1.8 2.2 2,9 2.8 3.0 4.6 4.2 3.9 6.0
F2 % * * * * * * * * *
F3 % * * * * * * * * *
V1 1.4 1.6 1.9 2.5 2.4 2.6 4.0 3.6 3.4 5.2
V2 1.5 1.7 2.1 2.7 2.6 2.8 4.3 3.9 3.6. 5.6
V3 1.4 1.6 2.0 2.5 2.5 2.6 4.1 3.7 3.4 5.3
H1 1.7 1.9 2.4 3.1 3.0 3.2 5.0 4.5 4.2 6.5
H2 1.9 2.1 2.7 3.4 3.3 3.5 5.5 5.0 4.6 7.2
H3 1.8 2.1 2.6 3.3 3.2 3.4 5.3 4.8 4.5 6.9
SR1 1.9 2.2 2.7 3.5 3.3 3.6 5.6 5.0 4.7 7.2
SR2 2.1 2.4 3.0 3.9 3.7 4.0 6.2 5.6 5.2 8.1
SR3 2.2 2.4 3.1 3.9 3.8 4.1 6.3 5.7 5.3 8.2
PR1 1.8 2.0 2.6 3.3 3.2 3.4 5.3 4.8 4.4 6.9
PR2 1.9 2.1 2.7 3.4 3.4 3.5 5.5 50 4.6 7.2
PR3 * * * * * * * * *x *
MEAN 1.8 2.0 2,5 3.2 3.1 3.3 5.2 4.7 4.3 6.7
* Threshold not predicted; see II.D.
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TABLE 12. PREDICTED RELATIVE VISIBILITY THRESHOLDS: ‘
' ' TOWER DISTANCE IN MILES, AT LOW-DETECTION THRESHOLD

Tower Configuration

By Qa 193] 0O Ry [ 9}

o] 4] [6))] [} 1 25) 0 [ [m]

> > = > > L > > &> s &

M b M ' N4 G re N M B

1} o [ew] <O [a»] Low) O (] o o
Landscape ™ ™ ~ 0 n n TS © —
Setting H
Fl 7.7 8.7 10.9 14.1 13.5 14.5 22.5 20.3 18.9 (29.3)
F2 * * * * x * ® * %* %* *
F3 * %* * * * * * % * * %*
\'al 6.7 7.6 9.5 12.2 11.8 12.6 19.5 17.6 16:4 (25.4) .
V2 7.2 8.1 10.2 13.2 12.6 13.6 21.0 18.9 17.7 (27.3)
v3 6.8 7.7 9.6 12.4 11.9 12.8 19.8 17.9 16.7 (25.8)
H1 8.3 9.4 11.8 15.2 14.6 15.6 24.2 21.8 20.4 (31.5%)
H2 9.2 10.4 13.0 16.8 16.1 17.3 (26.8) 24.2 22.5 (34.9)
H3 8.9 10.1 12.6 16.3 15.6 16.8 (26.0) 23.4 21.8 (33.8)
SR1 9.3 10.5 13.1 17.0 16.3 17.5 (27.1) 24.4 22.8 (35.3)
SR2 10.4 11.8 14.7 19.0 18.3 19.6 (30.4)(27.4)(25.5)(39.5)
SR3 10.5 11.9 14.9 19:2 18.5 19.8 (30.7)(27.7)(25.8) (40,0)
PR1 8.8 10.0 12.5 16.1 15.5 16.6 (25.7) 23.2 21.6 (33.5)
PR2 9.2 10.4 13.0 16.8 16.1 17.3 {(26.8) 24.2 22.5 (34.9) .
PR3 * * . * * * * * * * %* +*

. MEAN 8.6 9.8 12.2 15.8 15.2 16.3 (25.2) 22.7 21.2 (32.8)

* Threshold not prediéted; see II.D.

( ) Parentheses enclose predicted distances exceeding
our recommended 25-mile effective detection threshold
resulting from atmospheric haze. See discussion pages 50-52.
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TABLE 13. PREDICTED RELATIVE

VISIBILITY THRESHOLDS:

R.O0.W. DISTANCE IN

MILES, AT HIGH-MEDIUM THRESHOLD

Right-of-Way Width in Feet

<o (=] Q Lons] <o S o [ o (= o
Landscape 5 A4 5 2 3 8 & = 3§ °
Setting :
Fl ) 4* * * * % * * * * * *
F2 * * * * * * * * * * *
F3 * * * * * * * * * * *
vl * * * * * * * * * * *
V2 . 0.6 0.8 1.0 1.1 1.3 1.4 1.8 2.2 2.9 3.8 5.1
V3 .0 1.2 1.5 1.7 2.0 2.2 2.7 3.5 4.5 5.9 7.9
Hl * * * * * * * * * * *
H2 0.7 0.8 1.0 1.2 1.3 1.5 1.8 2.3 3.0 3.9 5.3
H3 1.0 1.2 1.5 1.7 2.0. 2.2 2,7 3.5 4.5 6.0 8.0
SR1 ' * * * * * * * * * * *
SR2 0.6 0.7 0.9 1.0 1.1 1.3 1.6 2.0 2.6 3.4 4.5
SR3 i.c 1.z 1.5 1.7 1.9 2.2 2.7 3.4 4.4 5.8 7.8
PR]. * * * * * * * * * * *
PR2 0.8 0.9 1.1 1.3 1.5 1.7 2.1 2.6 3.4 4.5 6.0
PR3 1.2 1.4 1.7 2.0 2.3 2.6 3.2 4.1 5.2 7.0 9.3
MEAN 0.8 1.0 1.2 1.4 1.6 1.8 2.2 2.8 3.6 4.7. 6.3

* Threshold not predicted; R.O.W. not visible in grassland,

or see II.D.
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TABLE 14,

PREDICTED RELATIVE VISIBLILITY THRESHOLDS:

R.O.W. DISTANCE IN MILES, AT MEDIUM-LOW THRESHOLD

Right-of~Way Width in Feet

Bie® 8 8 2 8 8 § 8 8 &8 %
¥l . * ok %* * * * * * * * *
F2 * % * * * * % * * * %
3 * * * * * * * * * ® *
vl * * * * * * * * * ; *
V2 1.7 2.1 2.5 2.9 3.4  3.8. 4.6 5.9 7.6 10.1 13.4
v3 2.4 3.0 3.6 4.2 4.8 5.4 6;6 8.4 10.8 14.4 19.2
H1 * * * * * * * * * * *
H2 1.7 2.1 2.6 3.0 3.4 3.9 4.7 6.0 7.8 10.3 13.8
H3 2.6 3.3 3.9 4.6 5.2 5.9 7.2 9.2 11.8 15.7 20.9
SR1 * * * * * * * * * * *
SR2 1.5 1.9 2.2 2.6 3.0 3.3 4.i 5.2 6.7 8.9 11.9
SR3 2.6 3.2 3.8 4.5 5.1 5.7 7.0 8.9 1ll.5 15.3 20.4
PR1 * * * * * * * % * * *
PR2 2.0 2.5 2.9 3.4 3.9 4.4 5.4 6.9 8.9 il.8 15.7
PR3 3.1 3.8 4.6 5.3 6.1 6.8 8.4 10.6 13,7 18.2 24.3
MEAN 2.1 2.6 3.1 3.6 4.1 4.7 5.7 7.2 9.3 1l2.4 16.5

* Threshold not predicted; R.0.W. not visible in grassland,
or see II.D.
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TABLE 15. PREDICTED RELATIVE VISIBILITY THRESHOLDS:
R.O.W. DISTANCE IN MILES, AT LOW-~-DETECTION THRESHOLD

Right-of-Way Width in Feet

Landscape & © « <« © @ a @ 8 ® 9
Setting' | | ] =l 4 o] o3 ™ ey w
Fl * * * * * %* i * %* %* * *
F2 * * * * * * ® * * * *
F3 * * * * * * * * * * *
Vl * * * * * * * * * * *
V2 5.1 6.3 7.6 9.8 10.1 11.3 13.9 19.6 22.7 {(30.2)(40.3)
V3 7.7 9.0 10.8 12.6 15.4 16.2 19.8 (55.2)(36.5)(43.3)(57.6)
H1l * * * Tk * * * * * * *
H2 5.2 6.4 7.7 9.0 10.3 11.6 15.2 18.1 23.3 (31.0)(45.3)
H3 7.9 9.8 11.8 13.7 15.7 17.7 21.6 (27.5)(35.3) (47.1) (62.7)
SRl * * * I * * * * * * * *
SR2 4.5 5.6 6.7 7.8 8.9 11.0 12,3 15.6 20.1 {26.8)(35.6)
SR3 7.7 9.5 10;5 13.4 15.3. 17.2 23.1 (26.8)(34.5) (45.9) (57.1)
PR1 * * * * | * * * * * * *
PR2 5.4 7.4 8.8 10.3 11.8 13.3 16.3 20.7 (26.6)(35.4)(47.2)
PR3 9.1 11.4 13,7 15.9 18.2 22.5 (25.1)(31.9)(41.0)(54.7)(72.8)
MEAN 6.2 7.7 9.3 10.8 12.4 14.0 19.1 21.7 (27.9){37.2)(53.5)

* Threshold not predicted; R.O.W. not visible in grassland,
or see II.D.

Parentheses enclose predicted distances exceeding our

recommended 25-mile effective detection threshold resulting

from atmospheric haze. See discussion pages 50-52.
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11T D.  FINDINGS AND RECOMMENDATIONS

We will present the findings and recommendations of this study
under the four headings introduced on page 5:

1) Degree of visibility

2) Type of transmission tower and width of corridor
3) Landscape setting

4) Viewing distance

We are offering a number of recommendations along with these
findings, so that the visual effects of transmission facility devel-
opment and operations may be given full consideration. These recom-
mendations must of course be balanced against other considerations
when siting, design, construction and maintenance decisions are
made.

1) Degree of Visibility. Visual perception is an interactive pro-
cess in which both object/setting characteristics and viewer char-
acteristics play important roles. In this study we concentrated
on the chadracteristics of object and setting that contribute to
relative visibility. Viewer characteristics were held constant

in that we examined the consensual observations of a small number
of specially-trained observers, who were set the explicit visual
tasks of recognition of transmission facilities and judgment of
their relative visibility under optimum viewing conditions.

Our hypothesis that these "expert” judgments of relative visibility
would be highly consistent and stable was confirmed by measuring
optical characteristics of the visual images of the transmission
facilities. These characteristics were apparent size and apparent
contrast (ratio of apparent brightness between facility and setting).
As described earlier, apparent angular size at observed relative
visibility thresholds was very consistent, while apparent contrast
above a baseline condition did not increase relative visibility.

Apparent contrast is in part a function of the landscape setting

(see below); it can also be manipulated by modifying the light-
reflective characteristics of the transmission structure or right-
of-way. Since almost all transmission facilities surveyed exceeded
the baseline contrast ratio of 1.4:1, we did not make detailed ob-
servation of contrast variation. However, below this ratio, de-
creasing apparent contrast definitely does affect relative visibility.
A study of the effectiveness of contrast-reducing treatments could

be very useful to the industry, and is recommended. Such a study

‘might have to rely heavily on simulation or small scale sample

testing because of the limited number and dispersion of suitable
examples.

Apparent angular image size is directly related to object-observer
distance and object dimensions. Because tower and R.0O.W. dimensions
vary widely, angular size provided a much more stable and easily
examined body of data than the raw relative visibility threshold
distances. Apparent angular size explained much of the variance
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in these distances. However, landscape setting and facility char-
acteristics were also confirmed as having considerable effect on
relative visibility.

With more time and resources, viewer characteristics might also be
investigated. Perhaps the most important and difficult parameters
to examine would be those connected with the identification thres-
hold. This threshold varies with viewer sensitivity, and its
study would require public testing, since any investigator would
by definition be precluded from "spontaneously" identifying trans-
mission facilities (see page 5). Despite the difficulties, the
identification threshold(s) is of great importance in visual im-
pact assessment and can only be surmised from recognition level
studies. The counter-balancing argument is that a recognition
level study does not underestimate the visual influence of trans-
mission facilities; relative visibility levels based on the visual
task of recognition are "conservative", Moreover, these relative
visibility levels can be judged reliably and shown to be related
to image characteristics, several of which are capable of being
managed.

2) Type of Transmission Tower and Width of Corridor. Relative
visibility observations were made on ten different tower configura-
tions and varying right-of-way widths. From analysis of this data,
predicted thresholds or breakpoints between relative visibility
levels were developed over a complete range of landscape settings
for the ten tower types and a range of discrete corridor (right-
of-way) widths. ‘

The tower configurations studied were steel lattice tangent struc-—
tures, plus a wooden H-frame tangent configuration. These include
the most frequently encountered structures in the BPA service area,
and those most likely to be widely installed in the future. For
reasons of time and resources, single-pole "improved appearance'
structures were not studied; nor were dead-end structures, which
are less standardized in design and fewer (though larger) than the
tangent structures. These and other tower-related variables which
we attempted to control in our observations are discussed in
section II.C. Corridor-related variables are also discussed there;
the primary corridor variable studied here was width (as well as
landscape setting, discussed below).

Since nine of the ten tower configurations are typically constructed
of unpainted galvanized steel, differences in relative visibility
are not related to material, but to tower size and design. We

used tower height as an index of tower size, both because of the
dominant verticality of transmission towers and because of the
difficulty of measuring the visual area - apparent and absolute -
of an open lattice structure seen at varying angles. While we
therefore cannot prove with certainty that apparent height is

more closely related to relative visibility than apparent area, the
distance data seems to suggest this (see below). Tower design also
plays a role in relative visibility, however, and apparent area
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could well be related to this factor. The tower configuration of
greatest relative visibility (see Tower Constraints, Table 7, page
37) is the 500 KV Double Delta which is both wider and heavier in
construction than other configurations (Plate 1, facing page 10).

- Its apparent visual area, though difficult to quantify, is undoubt-
edly greater than the 800 KV DC tower, similar in height.

Corridor width was treated in a manner analogous to tower height.
Apparent angular width was a good predictor of relative visibility,
and is directly determined by actual width and distance. A third
determinant is angle of view, however, and we attempted to contrast
this variable by taking "worst case" observations of corridors in
which we were parallel to the distant right-of-way, as in the
illustrations of seasonal contrast in Plate 4. 1In previous work

on the PERMITS visual impact model, we found it very difficult to
consider angle of view at the corridor location phase. It is a very
important consideration, however, as various transmission facility
siting guidelines make clear. Probably, angle of view is best con-
sidered at the route alternative and centerline design phases

when the orientation to various viewing points can be determined.

Landscape setting is also strongly related to corridor visibility;
while it will be discussed below, clearing practices and access
road construction are right-of-way variables which can strongly
affect visibility (pages 13-14). These largely determine the
apparent contrast ratio between the corridor and its setting. We
controlled for these wvariables in this study, but their importance
should be recognized and reflected in visual management decisions.

3) Landscape Setting. As with the example just mentioned, the
visibility of transmission facilities is = strongly affected by

their relationship to their landscape setting. We identified
fifteen landscape setting types, as a combination of five landform
types (flatland, valley floor, hillside, secondary ridge and pri-
mary ridge) and three landcover patterns (grassland, open forest

and closed forest). These settings, described on pages 17-21,

are a simplification of the landscape setting classification utilized
for the compatibility analysis in our previous PERMITS visual impact
model study. Our purpose in this study is the investigation of
relative visibility, hence the simplification, but several of the
setting factors we identified previously as affecting the visual
compatibility of transmission facilities are confirmed here as
contributing to relative visibility. These are: background screen-
ing by landform or landcover (tower visibility, due to apparent con-
trast); right-of-way/landcover continuity (right-of-way visibility,
due to definition of right-of-way boundary); right-of-way/landcover
contrast (right-~of-way visibility, due to apparent contrast).

For towers, the significance of the landscape settings appears to
be largely the result of the apparent contrast ratio between appar-
ent brightness of tower and setting. Referring to Table 8, towers
seen against landform/landcover combinations are generally much
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less visible than those seen against the sky. In the field, we
introduced a distinction between secondary ridge and primary
ridge, because of the reversal of the tower-background brightness
relationship (dark tower against light sky, versus light tower r
against dark backdground ridge). We later found the distinction unnec-
essary and less significant than the distinction between towers with
immediate backgrounds (on hillsides, or seen against valley walls)
and those with distant backgrounds. This is probably due to the
absence of visual texture in the sky and on distant ridges. The
presence of such texture seems to help reduce the visibility of
towers, particularly in open forest conditions, by what has been
termed "visual absorption". In addition, it is possible to re-
duce the apparent contrast ratio between tower and setting below
the baseline value in these instances for critical applications;
paint or other surface treatments are unlikely to effectively
reduce contrast with the sky (page 15).

We experienced difficulty with flatland/open forest (F2) and
flatland/closed forest (F3) observations, because of foreground
screening. We could only make tower observations within the right-
of-way in these conditions, and relative visibility distinctions
were very difficult to make due to the "stacking" of towers and

the "necklace" effect; the entire right-of-way and line of towers
became the visual setting, and visibility appeared to be uniformly
high. Therefore observations were not recorded for these zones.
Visual impact will largely depend on observer/right-of-way angle

of view in these settings and can be dealt with on this basis in
route and design phases. In corridor location phases, these settings
are likely to be embedded in a larger region and the visibility dis-
tances are likely to be set by valley, hill or ridge settings. In the
previous study, the flatland settings were identified as the most
compatible areas because of the foreground screening effects; views
down rights-of-way in F2 or F3 settings are also easily cut off by
screen planting and/or centerline shifts in the design phase; this
is rightly becoming standard practice.

Corridor visibility is highly related to apparent contrast between
the right-of-way surface - soil and vegetation - and the adjacent
setting. Observed corridor vegetation was generally grassland or

low shrubs, which contrast in color and value with forest settings.
In grassland settings, however, the corridor itself is indistinguish-
able from adjacent lands (with the exception of access road construc-
tion and management practice, discussed above and on page 14).
Therefore observations of grassland corridors were not collected.

In open forest settings, existing natural or man-made openings
adjacent to the R.0.W. can materially help in obscuring the linear
pattern of the corridor - this is clearly reflected in the corridor
visibility constants in Table 9, page 39. The linear pattern may
also be modified by clearing practice, for example, varying the
distance of clearing and borrowing the form of natural openings.
Similarly, the apparent contrast of the right-of-way with its setting
can be modified by allowing woody vegetation of the same type as ad-
jacent vegetation to remain or to revegetate. While observed corri-
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dor vegetation generally contrasted highly with adjacent settings,
we realize the BPA vegetation management program is changing, along.
the lines just suggested, and corridor appearance will gradually
reflect improved practices. :

4) Viewing Distance. We have developed evidence that apparent
angular size goes far to explain relative visibility judgments, and
angular size in turn is related directly to transmission facility
viewing distance. With the aim of assisting BPA's visual impact
management decisions, we have produced tables of predicted distances
for the relative visibility thresholds of the various tower/setting
and R.0O.W./setting combinations (pages 40-45). As we have explained,
these are based on the visual task of "recognition", under optimum
viewing conditions. They provide a very conservative basis for
visual impact studies, since the public will generally be concerned
with the distance at which transmission facilities can be spontane-
ously identified as major visual elements. However, particular
subgroups of the public or particularly critical landuse areas

may call for reliance on visibility distances approaching the recog-

" nition threshold (which we have also identified as the breakpoint

between low visibility and detection).

We have used angular height (or width) as an index of visibility,
but have acknowledged that angular area is another possible measure.
In an appendix to our previous study we discussed the guestion of
whether visibility decreases as the inverse of distance (angular
height) or as the inverse of distance squared (angular area).

Based on our field observations, it appears that visibility persists
longer than would be predicted by the geometric relationship of
either height or area to distance. The proportions between disg-
tances at the three relative visiblity thresholds are approximately
1:2.5:10.0. If we assume that visibility is on an equal interval
scale (which we cannot demonstrate from this study, but which is
also a conservative position in relation to visual impact manage-—
ment decisions), we would predict the proportions between the three
threshold distances to be 1:1.4:1.7 for angular area and 1:1.6:3
for angular height. Angular height appears to be closer to the
observed proportional relationships but still does not explain the
persistence of visibility at wvery far distances. In our previous
study, we used slides to determine visibility distances and found

a proportional threshold distance relationship close to that pre-
dicted by angular height. However, while those H-M and M-L break-
points agree well with our more recent field study findings, the

L-D threshold for towers was considerably "closer-in" than the
present study indicates (this was probably due to loss in £ilm and
projector resolution at very small image size).

.While this affects our ability to theorize about the shape of a

visibility-distance curve, the far-distance recognition threshold
is undoubtedly very conservative. We propose the simple generalized
distance weighting function in Figure 10 for use with VIEWIT, the
threshold distances or turning points to be determined by reference
to Tables 10-15 for the predominant landscape setting type within a
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FIGURE 10. VISIBILITY/DISTANCE WEIGHTING FUNCTION

study area, with the "worst case" controlling between-tower and
corridor visibility distances. We would recommend using 25 miles
as a maximum cutoff distance in all cases, and in general recom-
mend that the medium-low (M-L) threshold be used for computer
visibility searches or resource data gathering efforts, as indi-
cated in the graph by a dotted line. We believe this to be ade-
guate because of the distinction between "identification” and
"recognition" that we have made above, and believe that this thres-
hold defines the effective zone of transmission line visual influ-
ence. If BPA managers wish to be more conservative, the cutoff
might be extended by a mile or two past .the M-L threshold break-
point.

We recommend that a 25-mile maximum distance be considered the
effective detection threshold for transmission facilities. Beyond
that distance, atmospheric haze tends to diminish the apparent
contrast ratio between a tower or corridor clearing and its setting,
even though its apparent angular size may still be large enough

to make it visible. There may be exceptional cases which can ex-
tend this detection distance, such as bright snowcover on a broad
corridor cut through dark green coniferous forest as viewed on a
clear winter day. Under such conditions, clearcuts in the Olympic
Mountains are detectable from Seattle, a viewing distance exceed-
ing 40 miles. 1In our field observations, a 500 KV double stacked
tower (176' high) sited on a grassy ridge was detectable at 23 miles,
and a 640'-wide corridor cleared through coniferous forest was
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detectable at 22 miles; bevond these distances, haze tended to
diminish. the apparent contrasts. Therefore we feel that 25 miles
is a conservative estimate for the effective detection threshold of
transmission facilities.

In conclusion, this study was brief and relatively informal; the

findings are based on examination of a limited number of observa-
tions gathered in a total period of a week and a half in one sea-
son by four individuals with specialized design training and experi-
ence. Having acknowledged these limitations, we can also point out
that as far as we are aware, it is among the first efforts to
empirically measure, in the field, the relationship between dis-
tance and the relative visibility of a class of man-built structures.
That this has not been done previously may seem rather odd when

one considers the controversies sometimes generated over the visual
effects of land use and land development. Logically, a limit analy-
sis of visibility is one of the first steps in identifying the ex-
tent and severity of wvisual impacts.

This study grew out of the development of a methodology for "modeling"
the visual impact of transmission facilities. The methodology relies
in part on a computer visibility program which requries a specifica-
tion of potential visibility distance as preliminary input. BPA

is to be commended for having substituted this systematic (if not
completely rigorous) investigation of wvisibility distance for the
"guesstimate" approach. While this study can be improved on in many
ways, it is a step forward. We believe it will be useful to BPA

and other electrical utility organizations, and hope it will also

be helpful to a wider range of planners, engineers and designers

who manage the effects of other elements of our visual environment.
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