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SUMMARY

This report investigates the potential visual impact of the proposed Hawaii Deep Water
Cable Program 300 kVdc overhead transmission lines which would cross portions of
Hawaii, Maui, and Oahu. It does so by examining the three major components which affect
visibility: the observer, the object and its setting, and the interrelationships between these
components.

The potential corridor areas on each island are categorized into four "landscape types",
based on landform and landcover characteristics. Each landscape type is evaluated in
terms of its visual absorption capability and screening opportunities. The distance
relationship between the observer, object and setting is also described. The overall
relationship between the landscape characteristics, the project features, and viewer
characteristics determines the project's degree of visibility.

By modifying the components affecting visibility, potential visual impacts can be avoided,

minimized or reduced. Numerous mitigation measures are discussed and illustrated,
relating to alignment location within a particular landscape setting, structure design, rightof-way clearing and maintenance, and construction practices.

I.

INTRODUCTION

A.

BACKGROUND
The objective of the Hawaii Deep Water Cable (HDWC) Program is to determine the
feasibility of constructing and operating a power transmission system between the
Kohala coast of the Island of Hawaii and the northeast (windward) coast of Oahu.
Because the project will integrate geothermally-generated electrical power from the
Puna District of Hawaii into the Hawaiian Electric Company (HECO) system on
Oahu, overland transmission lines are an integral part of the Program. 1

Based on the generator/load relationship between Hawaii and Oahu, studies are
underway to determine the technical and economic feasibility of a single, 300
kilovolt (kV) direct current (de), 500 megawatt (MW) transmission line route linking
Hawaii to Oahu, with a potential 50 MW tap on Maui. At present, the largest
transmission line in the State is 138 kVac (alternating current), and is found only on
Oahu, although a transmission line of this voltage is now under construction on the
island of Hawaii. The alternative pole/tower types for the 300 kV line are
different from existing structures as well. Therefore, the electrical and physical
size of the proposed line and all related variables mandate a well planned utility
that satisfies appropriate environmental and socio-economic criteria as well as
engineering criteria.

1For a detailed summary of the many aspects of the on-going HDWC Program, see
Parsons Hawaii, Characterization of Potential Routes and Route Option Selection, May
1985 and Phase li-B Executive Summary, April, 1986.
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Although selection of a precise route for the future commercial cable system is not a
HDWC Program task, potential corridors for overhead transmission lines have been
identified on Hawaii, Maui and Oahu. 2 Fourteen various geographical, biological,
socioeconomic and cost factors were evaluated, mapped and overlayed to delineate
the least sensitive areas for the proposed transmission line. Potential visual impacts
were considered in general terms and were evaluated on an equal basis with the
other 13 factors.
B.

PURPOSE OF STUDY
Adverse visual impacts are not consciously designed into a project; they creep in
when decisions are made without considering visual consequences. It is important
for a project team to systematically consider the visual aspects of the total project
early in the planning stages and throughout development.
This study is designed to be a reference for use at all stages in the planning and
development of the line. In it, the major components and interrelationships which
will affect the project's visual impact are identified and analyzed, and numerous
applicable mitigation measures described. From it, persons involved in future
routing and alignment decisions can develop an ability to identify and evaluate
location and design alternatives which can minimize or eliminate potential adverse
visual impacts.

Because the previously identified potential corridors are the basis for future
investigation of detailed alignments, the "project area" for this study is consistent
with that of the Overland Transmission Corridor Study. (Exhibits 1-1, 1-2, and 1-3).

2 oHM Planners inc., Hawaii Deep Water Cable Program. Overland Transmission
Corridor Study, July 1985.
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II.

VISUAL IMPACT ANALYSIS METHODOLOGY

Visual impact analysis is an assessment of the differences in the visual characteristics
between the 'existing landscape and the proposed project. These differences determine the
"degree of visibility" of the proposed project within the existing landscape. The degree of
visibility of an object depends upon the interaction between 3 components: the observer,
the object, and its setting. The ability of an observer to visually differentiate an object
from its setting depends upon the amount of visual contrast that exists between an object
and the existing landscape character.

To properly assess the amount of contrast between a proposed facility and an existing
landscape setting, it is necessary to identify the visual characteristics of both the facility
and landscape, and compare them to identify the causes of contrast. Once the causes of
contrast are identified, measures can be sought to reduce, avoid or eliminate the contrasts
if necessary or desired.

The visual characteristics of a facility and landscape settings can be described through
basic design principle attributes: Pattern Elements and Pattern Character.

A.

PATTERN ELEMENTS
There are four pattern elements to every feature: Form, Line, Color and Texture.
All four are usually present, but exert differing degrees of visual influence or
dominance.. In utility planning, these elements must be studied from two aspects:
that of the landscape and that of the utility facility itself.
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I.

Form
Form is the visual mass, bulk or shape of an object. Landscape forms are
determined by topography and vegetative pattern, while form in a
transmission line is the geometric shape and size of the structures. Contrast
in form results from changes in the shape and mass of landforms or
structures. The degree of change depends on how dissimilar the introduced
forms are to those continuing to exist in the landscape.

2.

Line
Line is anything that is arranged in a row or sequence. In nature, it can be
the silhouette of a form, the edge of a meadow or forest, ridgeline, a tree
trunk, a river, etc. Line in utilities is often a result of clear cut rights-ofway, the lineal succession of structures, or access roads. Contrasts in line
result from changes in edge types and the interruption or introduction of
edges, bands, and silhouette lines. New lines may differ in their boldness,
complexity, and orientation (both horizontally and vertically) from existing
lines. A strong line contrast can be produced by transmission line structures
due to the dominant vertical straight lines which are seldom found in the
surrounding landscape.

3.

Color
Color is both the value or reflective brightness {light, dark) of an object and
the hue (red, green). Vegetation, soil, water, sky, and manmade objects all
add color to the landscape. The utility structures may have a contrasting
color, as may the right-of -way if the soil is exposed or if it contains an access
road or different vegetation than the surroundings.
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Changes in value and hue tend to create the greatest contrast between a
transmission line project and the landscape. The visual impact of structure
color is also strongly related to structure material types, texture and natural
lighting. Other factors such as reflectivity and color temperature (warm vs.
cool colors) may also increase the contrast.

4.

Texture
Texture is apparent surface coarseness. In the landscape it is determined by
the variety in geology, soils, topography and vegetation. The texture of
transmission line structures usually results from the material type, such as
wood and steel. Noticeable contrast in texture usually stems from
differences in the grain (fine, medium, coarse), and density (open, medium,
dense), as well as factors such as irregularity and directional patterns of
texture. Discernment of texture lessens considerably with viewing distance.

Photos in Exhibits II-I through II-4 show examples of form, line, color and texture
in landscape settings and utility lines.

B.

PATTERN CHARACTER
Visual contrast is also a result of four aspects of visual pattern character:
dominance, scale, diversity and continuity.
I.

Dominance
Specific components in a landscape may be visually dominant because of
position, extent, or contrast of basic pattern elements. For example, the
large, geometric forms of transmission structures often visually dominate the
more subtle forms of the landscape.
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2.

Scale
Scale is the apparent size relationship between a landscape component and its
surroundings: an object can be made to look smaller or larger in scale by
manipulating its visual pattern elements.

3.

Diversity
Visual diversity is a function of the number, variety, and intermixing of
visual pattern elements.

4.

Continuity
Continuity is the uninterrupted flow of pattern elements in a landscape and
the maintenance of visual relationships between immediately connected or
related landscape components. For example, a transmission alignment
diagonally crossing a long narrow valley would visually interrupt the natural
line of the setting.

Evaluating the "visual absorption capability" of a landscape setting is another way to assess
the potential degree of contrast between the landscape and the proposed transmission line.
Visual absorption capability is the ability of a landscape to absorb change without
significantly affecting its visual character. Landscapes that have a high degree of variety
of topography and vegetation/cover pattern offer the most -visual absorption capabilities.
Variety in these features creates variety of line, form, color and texture in the landscape,
and this creates opportunities for less visual contrast between a new object and the existing
setting.

13

III.

PROJECT CHARACTERISTICS

The degree of visibility of the proposed transmission line project will be affected both by
the particular structure (transmission pole or tower) variables as well as the right-of-way
width and treatment. As described in Chapter I, the HDWC Program overland transmission
line design studies have been preliminary and generic in scope. Therefore, the project
characteristics discussed here cover the various designs and related variables which have
been studied and are considered feasible.

A.

LINE/STRUCTURE CHARACTERISTICS
The overland portions of the HDWC Program would consist of a 300 kVdc bipole
transmission line which would transmit 500 MW of power. This line is also referred
to as a "high voltage direct current" (HVDC) bipole line. As the name implies, the
system comprises two parts, a positive and a negative pole operating quasiindependently. The basic configuration of the transmission line would consist of
two 300 kV electrical pole currents flowing through separate conductors, each of
which would transmit 250 MW of power.

Previous HDWC Program studies have identified four feasible structure types for
the proposed project: steel pole, self-supporting lattice tower, guyed lattice tower,
and wood pole. The most recent study completed by Power Technologies, Inc. (PTI)
concludes that the wood pole overhead line would be significantly less expensive
than all the other alternatives, and the guyed steel structure line the next least
expensive. 3 However, due to the importance of reliability for the 300 kVdc line,

3 PTI, HDWC Phase liB Studies, Final Report for Hawaiian Electric Company,
Vol. I Sections 1-8. November 1986, p. 72.
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and past experience with wood poles and guyed structures, HECO engineers strongly
recommend the self -supporting lattice tower or the steel pole. 4 There are numerous
factors which may influence the structure type and detailed design finally choosen
for the line and such a decision is premature at this stage in the HDWC Program.
Therefore, this report considers all four structure types. Typical dimensions for the
alternative structures are described below and shown in Exhibit III-1. 5

At the structure, the height from the ground elevation to the crossarm would
typically be 75 feet while the total height of the structure would be somewhat
greater, around 90 feet. The crossarm width would be at least 25 feet, including the
structure width at the crossarm. Nine-foot long insulators are attached to the
crossarms and carry the conductors. At the structure, the height of the conductor
would be approximately 66 feet above ground level.

The amount of conductor sag between structures depends on a number of conductor
operating characteristics such as conductor materials, weight, strength, tension and
temperature. Since one limiting design criterion is minimum conductor height above
ground (for safety reasons), the maximum sag during operation can determine
crossarm and structure heights and span lengths. The minimum ground clearance
for the commercial line will be 42 feet. With an expected span of 600 to 1300 feet,
the conductors would sag about 19 to 24 feet below their height at the pole.

4Telephone communication with Ken Murakami of HECO, January 15, 1987.

5Typical dimensions used here are from HECO, documented in a letter of May I,
1985, from William A. Bonnet of HECO to Parson's Hawaii.
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Although the typical dimensions for the various alternative structures are similar,
they do vary in form, width and material-type which may affect visibility to some
degree:

l.

Steel Pole
Although the steel pole is narrower than the lattice towers, it has a welldefined and substantial form and line due to its solidness; therefore
increased visual density. Apparent contrast is increased also because the pole
allows no background to show through. The smooth, reflective
characteristics of steel combined with the amount of visible surface area can
cause increased visibility.

2.

Guyed Lattice Tower
Guyed lattice towers have slender structural members and open texture
which tend to let textures of the landscape "show through". The tower itself
is fairly narrow (approximately 4' square) which further aids in its ability to
be "visually absorbed" by the landscape background. Lattice towers also tend
·to disappear with distance.

3.

Self -Supporting Lattice Tower
Visual characteristics of this tower type are similar to the guyed tower,
however it has a much wider and more complex and dominating shape.
Reflectivity from the wider, steel framed tower significantly increases its
visibility.
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4.

Wood Pole
The form of the wood pole is very similar to the steel pole, however it
differs in texture and color. Wood poles tend to have a coarser texture and
more natural color. However, when viewed from a distance and with aging,
the wood pole appears very similar to a steel pole.

Hawaii does not currently have 300 kVdc lines or structures, however photographs
of structures similar to the HDWC Program alternatives are shown in Exhibit III-2.

In addition to specific structure type, materials, and size, there are other structurerelated variables which contribute to the visibility of a range of transmission
structure types. These include:

5.

Angle of View
Although towers viewed from the side appear less substantial, the visibility is
not greatly affected because the height is the main dimension affecting
apparent size. However, a view parallel to the alignment often causes the
towers/lines to "stack-up" and consequently become apparently darker or
lighter, depending on the conditions. Also, a line of clearly recognizable
middle-distance towers lead an observer's eye to a far distant tower which
otherwise may not have been recognized.
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6.

Dead End Structures
These are often slightly larger and designed with heftier structural members
than the normal tan·gent structures, resulting in less background showing
through. This tends to increase apparent contrast. Furthermore, dead end
structures are commonly used at critical points of visibility, such as ridge
crossings where the stronger structures are needed.

7.

Minor Topographic Variations
Even small changes in topography can have the effect of putting some towers
on a pedestal while obscuring others. 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.

8.

Specular Reflection
Specular reflection can dramatically increase the visibility of transmission
facilities by increasing 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.

9.

Age of the Transmission Line
This variable can have a dramatic effect on both tower and conductor
brightness and susceptibility to specular reflection and, to a lesser 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. Wood poles
tend to lighten with age and natural weathering makes them smoother and
more reflective.
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B.

RIGHT-OF-WAY CHARACTERISTICS
In addition to the structure type, the visibility of tr-ansmission lines is affected by
right-of-way (R-0-W) characteristics. There are several variables of a
R-0-W which influence its visibility: width, clearing practices, angle of view,
access roads.

I.

Width/Clearing Practices
The R-0-W width for the proposed 300 kVdc line is expected to be about !35
feet, with the alignment on the centerline. The amount of vegetation
clearing within the R-0-W directly affects its visibility by determining the
degree of contrast with surrounding vegetation.

Minimum R-0-W clearance is dictated by the minimum ground clearance of
the conductors (maximum conductor sag) as well as the lateral displacement
("swing") of the conductors. Traditionally in Hawaii, initial clearing of
vegetation within a new R-0-W is limited to heavy brush and trees within
the immediate alignment area. Basically, clearing is done to minimize tree
trimming maintenance. Fast growing types of trees are usually cut to the
ground throughout the entire R-0-W to minimize maintenance, while shrubs,
grasses and small slow growing trees are left alone until their height could
cause problems to the line. Generally, the maximum height for vegetation is
kept 7-8 feet from the lowest conductor.
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As with all factors related to visibility, the degree of visibility based on the
amount of vegetation clearing in a R-0-W is interrelated with the
surrounding landscape character. The more corridor vegetation, the less
contrast, particularly if corridor vegetation includes shrubs and low trees
similar to the adjacent vegetation.
2.

Angle of View
A parallel view of a R-0-W is the most visible, especially if it has been

cleared of vegetation within a heavily vegetated area. As the view goes off
center, the visiblity of the corridor is diminished.

Parallel view of R-0-W.

3.

Access Roads
An access road within a R·O-W can dramatically increase corridor visiblity
because more clearing is required. Also, the exposed earth of an access road
and of road cuts appears different than the existing vegetation in the right·
of-way.
Although keeping an access road within the R-0-W is often preferred in
Hawaii if the R-0-W is not near an existing road, it is not always possible,
due to restrictions such as terrain, location, land use regulations, existing
vegetation, and landownership.
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IV.

LANDSCAPE CHARACTERISTICS

The second major component in visual impact analysis is the landscape setting within
which an object is being viewed. The various landscape settings of a project area can be
evaluated in different ways, all of which can ultimately be used together to help identify
those areas within which a new project would have the smallest degree of visibility, thus
the least visual impact on the existing landscape.

Three methods for assessing existing landscape characteristics for use in visual analysis are:
A.

Visual Quality of Landscape

B.

Distance Zones

C.

Landscape Types

The "Visual Quality" method categorizes the landscape setting based on a subjective and
evaluative assessment, influenced by opinions and personal preferences. The "Distance
Zones" and "Landscape Types" methods can be used to determine or predict the degree of
visibility through an assessment of visual character of the environment that is objective or
descriptive, not evaluative. That is, it is based on defined attributes that are neither good
nor bad in themselves.

A.

VISUAL QUALITY OF THE LANDSCAPE
Although the enjoyment or interpretation of landscape experience can have many
preferential and subjective components, various approaches have been used to
determine the visual quality of landscape settings. Some landscapes have been
"officially" designated, on behalf of the public, as having high visual quality, such
as national parks, State designated natural area reserves, and County designated
natural beauty areas.
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Another approach is to ask project viewers for their visual preference for the
principal landscape types in the project area. Further, specific resource indicators
of visual quality in the regional landscape can be identified and high quality
ratings assigned to those landscape types which most clearly or dramatically exhibit
these indicators. Several federal land managing agencies, including the Bureau of
Land Management and the U.S. Forest Service, have developed such rating systems
for use in evaluating the visual quality of public lands, which are then used to
direct their land management plans.

However, the scope of this study does not include assessment of the quality of the
existing landscape in the study areas.

B.

DISTANCE ZONES
One method of breaking down the existing landscape into homogeneous categories
which can then be used to assess degrees of visual contrast and the visual absorption
capability of the landscape is through establishing distance zones.

Distance zones are divisions of a particular landscape into foreground,
middleground, background and seldom-seen areas, based on the relative visibility
from travel routes or observation points.

I.

Foreground Zone
The limit of foreground is based upon distances at which details can be
perceived. It will usually be limited to areas within 1/4 to 1/2 mile of the
observer, but must be determined on a case-by-case basis as should any
distance zoning.
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Normally, in foreground views, there is maximum discernment of detail- in
proportion to time and speed. Individual plants and species can be identified
and the individual branches and leaves of trees form texture. Maximum
contrasts in the intensity and value of color can be discerned and the sensory
experiences - sound, smell and touch - are most acute here. Because the
observer is in this zone, he can feel a size relationship with the elements in
view. Aerial perspective is absent in this zone.

A transmission line in the foreground zone will be very visible because of
the high contrast of the structures with the environment. If the R-0-W
clearing contrasts with the existing vegetation, it too will be very visible.
Visibility may be reduced if the size of the natural characteristics are larger
than the transmission line/structures.

2.

Middleground Zone
The middleground zone is the linkage between the foreground and
background parts of the landscape and generally extends to 3-5 miles from
the observer. Vegetative surfaces are seen as textures and masses, and the
presence of aerial perspective softens color contrasts.

A transmission project in the middleground may appear smaller and less
visible due to distance and aerial perspective. Also, if the middleground has
topographic and vegetative variety and serves as a backdrop, it may likely
provide good visual absorption. If there is a distant backdrop, a line in the
middleground may appear silhouetted, depending on the distance, color and
texture of the backdrop.

25

3.

Background Zone
This zone extends from middleground to infinity. Primary visible
discernment is the outline of forms, with little texture or detail apparent.
Objects appear as patterns of light and dark. There is often a strong
discernment of aerial perspective which reduces color distinction, replacing
colors with values of gray.

The distance factor would make a transmission line in the background zone
appear very small, and the Jack of visible detail would make structures blend
in with landscape forms. However, a cleared right-of-way or right-of-way
access road may show due to aerial perspective and color and line contrast.

Photos in Exhibit IV-I through IV-4 show typical examples of foreground,
middleground, and background relationships within the project area.

4.

Seldom-Seen Zone
As the photos suggest, there are times when small areas within any of the
three aforementioned zones, or entire zones completely, are not visible to an
observer from a certain location. Areas which are hidden from view from
any particular location are termed "seldom-seen" zones, and are usually
created by irregular landform features, vegetation, man-made structures, or
combinations of these.

Exhibit IV-5a and b portrays several common seldom-seen zones occurring in
the project area.
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Maui
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~Seldom-Seen Zones

EXHIBIT IV-Sb
TYPICAL SELDOM-SEEN ZONES/VEGETATION
& DEVELOPMENT
32

C.

LANDSCAPE TYPES
Landscape types are relatively homogeneous combinations of landscape features that
recur throughout a region. The components of the regional landscape are its
landform (or topography) and landcover. Landcover is further defined as water,
vegetation and man-made objects.

Understanding the regional landscape can help establish a frame of reference for
comparing the visual effects (degree of visibility) of alternative project locations
and determining the significance of these effects. The visual effects of a project
can only be assessed by understanding the relationship between the regional visual
environment and the project's visual characteristics in terms of form, line, color and
texture.

Landscape types within the project area were determined based on visual survey of
the areas from existing roadways. The landscape types were classified as a
combination of two landform conditions (flatland-ridge and hillside) with two
vegetative patterns (grassland and tree cover) yielding four landscape types within
which the proposed project may be located. 6

6 The methodology used here to identify and describe landscape types is adapted from a
study by Jones & Jones; Seattle, Washington; Measuring the Visibility of High Voltage
Transmission Facilities in the Pacific Northwest, November 1976, in which they observed
and evaluated the relative visibility of ten transmission tower configurations in fifteen
landscape setting types. Due to the high degree of physical homogeneity within the Hawaii
Deep Water Cable potential corridor area, only 4 landscape types are described. Since there
are no 300 kVdc transmission lines in Hawaii at this time, Jones & Jones' empirical
findings have been used to forecast the visibility of the proposed project within the
landscape settings of the potential corridor areas.
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The landform categories reflect two types of tower background conditions:
silhouette or immediate landform backdrop. Towers in flatland, gradual sloping
land and on ridges would be in silhouette along the skyline.boundary or
backdropped by a distant landform. The absence of visual texture in the sky and
distant landforms minimizes visual absorption and increases visual contrast. The
hillside landform category includes moderate to steep slopes of a landform which
could provide an immediate backdrop to a transmission line.

Each of the landform classes has been further subdivided according to landcover
type. Based again on a visual survey, the project area has been categorized into two
general vegetation zones: grassland and tree cover. 7 Grassland zones include areas
of smooth homogeneous grasses, lava flow lands with varying degrees of grassland
and low shrub cover, and agriculture and pasture lands. Tree cover zones are areas
with more than approximately 25% tree cover. A discussion of the characteristics of
each landscape type (landform/landcover), relative to contrast and visual absorption
capability, is presented below.
I.

Flatland-Ridge/Grassland

Flat/Gradual Slope

Ridge

7 rn this study, man-made (urban) landcover is not included as a separate category
because the identified potential corridors avoid these areas.
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Much of the Hawaii study area is included in this category due to the long
gradual slopes of Mauna Loa and the Saddle. It also occurs on puus (cinder
cones) and ridges, and when the middleground is out of view, as is found in
the Kohala area. On Oahu, the corridor in the Oneawa Hills (the shrubcovered ridge between Kaneohe and Kailua) fits this landscape type.
Transmission structures in this zone will often be in silhouette against the
sky or a distant background form with no visible texture. Therefore, towers
in this setting will have higher than average visibility because of their
contrast with the generally lighter tone of the sky or distant backdrop form.

Rights-of-way in this zone will be virtually indistinguishable from their
surroundings since the surrounding grassland vegetation cover can carry
through the R-0-W without interruption. This zone typically has low degrees
of variety in topography or vegetation cover due to flat topography and an
open, homogeneous landcover pattern resulting in low visual absorption
capability. There would be little opportunity to hide transmission structures
with natural screening at fore-, middle-, and background zones. Overall, the
potential for contrast in the fore- and middleground would be high.
However, surface haze and salt spray may tend to cause towers to diminish
sooner than would otherwise be expected, resulting in minimal visual
contrast perceived from a distance.

Examples of this landscape type are shown in Exhibit IV-6a and b.
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Hawaii

Maui

EXHIBIT IV-6a

FLATLAND-RIDGE/GRASSLAND

(FLATLAND) ·

Hawaii

Maui

EXHIBIT IV-6b

FLATLAND-RIDGE/GRASSLAND

(RID.GE)

2.

Flatland-Ridge/Tree Cover

Flat/Gradual Slope

Ridge

The variety in vegetation cover in this zone provides moderate to high visual
absorption capability as well as opportunities for screening project structures.
Small areas of this landscape type are found intermittently on all three
islands. The rural lands of Waimanalo are classified in this landscape type
because the existing buildings, as well as tree cover, provide variety in the
landscape and screening opportunities.

Depending on the density and height of surrounding vegetation, a cleared
R-0-\V may draw attention to the transmission line, particularly if a viewer
is looking parallel with the R-0-\V. From this viewing angle, the towers will
appear to stack upon each other and the R-0-\V clearing tends to trail off
toward infinity.

Also, right-of-way clearing in dense tree cover on a ridge can be highly
visible when the notch cut is seen in an otherwise fairly smooth skyline.

See Exhibit IV-7 for photographs of this landscape type.
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Oahu

Maui

Oahu

EXHIBIT IV-7

FLATLAND-RIDGE/TREE COVER

3.

Hillside/Grassland

Structure On Hillside

Structure At Base Of Hillside

This is the dominant landscape type in the Maui corridor options due to the
steep slope of Haleakala where the predominant landcover is a mixture of
lava, scrub vegetation and grasses. This setting creates a variety in texture
and color in the backdrop which is very capable of visually absorbing a
transmission line and R-0-W. The rough textured vegetation pattern can
absorb the outline of the structures and reduce their apparent contrast, and
the vegetation within the R-0-W can be similar to that of surroundings. A
homogeneous grassland cover as is found on the slopes in Kohala and Waimea
on the Big Island, would have less visual absorption capability due to greater
color, line and form contrasts with the transmission line.

Typical Hillside/Grassland settings are shown in Exhibit IV-8a and b.
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Hawaii

Hawaii

Maui

EXHIBIT IV-Ba

HILLSIDE/GRASSLAND

(VIEW UPHILL)

Maui

Maui

EXHIBIT IV-8b

HILLSIDE/GRASSLAND

(VIEW DOWNHILL)

4.

Hillside/Tree Cover

Structure At Base Of Hillside

Structure On Hillside

This landscape type is primarily found on Oahu in the potential corridors
along the base of the Koolaus. Transmission lines in this zone will have
lower visibility mainly due to the vegetated hillside backdrop which will
visually absorb the line, as well as patterns of trees which help both to screen
towers and absorb R-0-W clearings. There will be below average visibility of
rights-of-way due to the presence of natural clearings in scattered tree cover
areas; however, a cleared corridor in dense tree cover areas will be very
visible if the viewer is parallel to it, due to striking contrast with the
surrounding solid masses of vegetation, and the lengthy viewing distance up
or down a hillside.

Refer to Exhibit IV-9 for typical photos of this landscape type.
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Oahu

Maui

Oahu

EXHIBIT IV-9

HILLSIDE/TREE COVER

The locations of the four landscape types within the potential corridors on Hawaii,
Maui, and Oahu are depicted on Exhibits IV-10, 11 and 12. Although all four
landscape types can be found on each island, in many cases they are small and
dispersed. Therefore, the exhibits portray the dominant landscape type.

Other variables in the landscape which contribute to visibility within distance zones and
landscape types include:
o

Angle of view. The apparent size of the angles, both vertical and horizontal,
between the viewer's line-of-sight and the landscape being viewed can affect the
form of an object. Two-dimensional forms (such as a cleared R-0-W or an access
road) become foreshortened with lower observation positions and diagonal viewing
angles, and 3-dimensional forms (such as towers) appear to diminish toward the
horizon, especially when viewed from the side. The apparent size of an object or
area is reduced because of perspective foreshortening when seen diagonally or at
low viewing angles. By increasing an object's elevation in relation to the observer's
position, the object's relative scale tends to increase.

o

Light Conditions. The amount of contrast between a transmission line and the
landscape can be substantially affected by the light conditions. The direction and
angle of lighting can affect color intensity, reflection, shadow, form, texture, and
many other visual aspects of the landscape.

o

Atmospheric Conditions. The visibility of projects due to atmospheric conditions
such as fog, clouds, or natural haze should be considered. Haziness exists even on
the clearest of days because the atmosphere is not perfectly transparent. This causes
a reduction of contrast at greater distances.

45

LEGEND

D

Potential Corridors

mf§

Flatland-Ridge/Grassland

!:::::::::::'1 Flatland-Ridge/Tree Coverj .

jl&~!ii!ml Hillside/Grassland

illl]

~

Hiilside/Tree Cover

EXHIBIT IV-1 0
HAW All LANDSCAPE TYPES
46

SCALE IN MILES
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V.

VIEWER CHARACTERISTICS

Part of visual impact analysis considers the human factor: the "observer's" or
"viewer's" visual perception of an object within its setting. (Visual perception is the
basic art of seeing or recognizing an object). The actual visual impact of a project
results in the unequal response of different viewers to the visual environment and
its elements. This variable response is influenced by viewer sensitivity and viewer
exposure.

A.

VIEWER SENSITIVITY
Viewer sensitivity is strongly related to visual preference, and varies depending
upon the individual's cultural background, past experiences, awareness, and
attitudes or expectations. The combination of these factors determines the direction
of judgments and opinions concerning how the sight of an object affects the
perceived quality of the environment. A positive or negative response is evoked.
Viewer awareness and expectation depend upon the preconceived landscape images
anticipated, how one values those landscape images, and one's familiarity with the
location and appearance of particular objects. A person who feels a strong affinity
for the existing landscape will tend to be more sensitive to visual changes than a
person who places no special value on the landscape. Sensitivity may also be a
reflection of local values and goals. Residents of an area can be expected to place a
high value on maintaining the existing landscape character. This may be the result
of living in the area for a long period of time and having previously established
preferences for the existing landscape. On the other hand, individuals who view a
project over a long period of time tend to become less sensitive to the image of the
project and positive or negative responses are diminished.
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Gathering and evaluating the information necessary to predict an individual's
response (viewer's sensitivity) was not within the scope of this study. This study,
thus, makes no attempts to predict or rate sensitivities or value judgments of
different observers.
B.

VIEWER EXPOSURE
"Viewer exposure" is determined by the various physical factors which affect one's
visual perception and response. These factors include the physical location of
viewers, the number of viewers, the duration of their view, and viewer activity.
Duration refers to the relative length of time that a view could be obtained by an
observer. The longer the duration of view, the more subtle contrasts in the
landscape environment can be recognized. Duration is determined by how fast the
viewer is moving, the angle of view, screening, and weather conditions. Viewer
activity can affect a viewer's awareness and perception of his surroundings. For
example, activities such as commuting in traffic or working on a construction site
can distract an observer from many aspects of the visual environment, to the point
that one may look directly at an object and still not see it. On the other hand,
activities such as driving for pleasure or relaxing in scenic surroundings can
encourage an observer to look at the view more closely and at greater length.
It is reasonable to assume that the greatest contrast would be noticed from a

viewpoint nearest the proposed transmission line, within an unobstructed view,
during clear atmospheric conditions, and when duration of view is prolonged.
Although these factors vary at each specific point from which the project elements
may be seen, some general statements can be made about groups of viewpoints that
share similar characteristics.
(Refer to Exhibits V-1, V-2 and V-3).
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I.

Residential Viewpoints
Views from residential locations can be relatively long in duration and are not
affected by viewer motion. While there may be residences at various distances
from the future alignment, the potential corridors identified in the overland
routing study generally avoid residential land use areas, particularly on the
Islands of Hawaii and Maui. On Oahu, portions of the corridors are within
residential/agriculture land use areas. However, visibility from specific
residences would vary, depending upon effects of screening from the
topography, vegetation, or man-made structures that surround the viewpoint.

2.

Community Viewpoints
Visibility from the communities of Waimea, Hawi, Waimanalo, Kailua and
Kaneohe would be reduced due to the effects of distance as well as screening
by either vegetation or buildings. However, screening from the outskirts of
Waimea may be negligible in certain areas and may allow some long distance
views toward the alignment. Views from within urban communities can be
short or long in duration, stationary or moving, and are visible to high
numbers of people. However, the potential observers within an urban setting
are likely to be less aware of distant views due to surrounding urban activity.

3.

Views from Recreation Areas
Some recreational sites are located near or within the identified potential
corridors, including Lapakahi State Park and Puukohola National Historic
Site on Hawaii, Makena State Park and Ahihi-Kinau Natural Area Reserve
on Maui; and Hoomaluhia Park, Pali State Wayside Park, Mount Olomana,
and public beaches in Waimanalo and Lanikai on Oahu.
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On Hawaii, the line would not likely be visible from Lapakahi State Park
and the Puuhokola National Historic Site due to the effects of distance in
reducing visibility and vegetation screening, unless it went underwater at a
point adjacent to the sites.

Views of the potential alignment from Makena State Park and the Natural Area
Reserve on Maui would be minimal due to distance and the irregular vegetation
and topographic formations between the recreation sites and the corridors.

As indicated in Parson's Executive Summary of Phase II-B, on Oahu the deep
water cable will most likely come ashore in the Waimanalo area and go overland
to Aniani Substation at the foot of the palis in Waimanalo. Therefore, it is
unlikely that the overhead line would be visible from Hoomaluhia Park and the
Pali Lookout. Visibility from Mount Olomana could result due to its elevated
location and moderate distance from potential corridors in Waimanalo,
although much of the corridor area contains forest vegetation. Mount Olomana
is accessible to the public only via a fairly difficult hiking trail. Views to the
corridor from the Waimanalo shoreline would be screened by topography, urban
development and vegetation. Although the line may come ashore in Waimanalo,
it will remain underground to a point inland.
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4.

Views from Roads
Roadways in the vicinity of the potential corridors offer the potential for a
variety of views of the alignment for a large number of viewers. There are
many variables related to roads which affect viewer exposure. Some roads
are traveled primarily by residents of an area and therefore the number of
viewers is relatively low. These people travel at low speeds and may view
the project for a moderate length of time. Other roads are used by local
residents, commuting residents and island visitors alike. Viewers on
highways and major roads tend to be moving at higher speeds. As observer
speed increases, the sharpness of lateral vision declines and the observer
tends to focus along the line of travel. Exhibits V-1, V-2 and V-3 show the
roads within and near potential corridors on the three islands. The variables
influencing viewer exposure from each road are displayed on Exhibit V-4.
The descriptions are general in nature, and ordinal descriptions (such as
high, medium, low) are relative for each island.
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STUDY AREA

EXHIBIT V-4

SUMMARY OF VARIABLES
AFFECTING VIEWS FROM ROADS

NUMBER
OF
USERS

AVERAGE
TRAFFIC
SPEED
Medium

DISTANCE
ROAD FROM
POTENTIAL
CORRIDOR

HAWAII ROADS

PRIMARY
USER TYPE

Akoni Pule Highway
(Kawaihae to Hawi)

Residents
Visitors

High

Kawaihae Road

Residents
Commuters
Visitors

High

Kohala Mountain Road

Residents
Visitors

Medium

Low

0-1/2 mi.

Queen Kaahumanu Highway

Residents
Commuters
Visitors

High

High

0-1/2 mi.

Hawaii Belt Road
(Mamalahoa Highway)

Residents
Visitors

Low

Med-High

1/2 mi.

Waikoloa Road

Residents
Visitors

Low

Medium

1/2 mi.

Saddle Road

Residents
Commuters
Military
Visitors

Medium

Medium

1/2 mi.

Kula/Piilani Highway

Residents
Visitors

Med-Low

Low-Med

0-1 mi.

Makena Alanui Road

Residents
Visitors

Low

Med-High

0-1 mi.

Makena Road
(to La Perouse Bay)

Residents
Visitors

Low

Low

0-1 mi.

Medium

0-1/2 mi.
0 mi.

MAUI ROADS
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EXHIBIT V-4 (cont'd)

OAHU ROADS

PRIMARY
USER TYPE

NUMBER
OF
USERS

AVERAGE
TRAFFIC
SPEED

DISTANCE
ROAD FROM
POTENTIAL
CORRIDOR

Kalanianaole Highway

Resident
Commuter
Visitor

High

Med-Low

0-1/2 mi.

Kam Highway

Resident
Commuter
Visitor

High

Medium

0-1/2 mi.

Pali Highway

Resident
Commuter
Visitor

High

High-Med

1/2 mi.

Kahekili Highway

Resident
Commuter
Visitor

High

Medium

0-1/2 mi.

Likelike Highway

Resident
Commuter
Visitor

High

High-Med

0-1 mi.

Kaneohe Bay Drive

Resident
Visitor

Low

0-1/4 mi.

Medium
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VI.

MITIGATION MEASURES
Mitigation measures are techniques for planning, designing, locating, constructing
and maintaining the transmission line to avoid, minimize and/or reduce the visual
impact on the environment. In order to mitigate visual impacts, it is necessary to
modify one or more of the major components involved: the observer, the object, or
the landscape setting. The degree of viewer exposure to the proposed project was a
factor in the corridor study 8 , and major observer gathering areas such as
communities, residential and recreation areas were avoided by the identified
potential corridors. Areas in the foreground view from roads were also avoided to a
large extent.

To further reduce the degree of visibility of the overhead transmission line, the
detailed alignment selection process for the commercial line should pay particular
attention to the relationship between the observer locations and the landscape
characteristics surrounding the alignment. Through careful analysis of the
landscape characteristics, the transmission structures can be strategically located to
minimize visibility.

Once the alignment is selected, specific project characteristics become the critical
factors affecting visibility. Mitigation measures related to the structure design,
right-of-way clearing and maintenance, and construction practices can be u.tilized to
reduce the contrast of the project features with the landscape setting.

8DHM Planners inc., Hawaii Deep Water Cable Program, Overland Transmission
Corridor Study, July 1985.
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A.

ALIGNMENT LOCATION
Wherever overhead transmission lines are proposed, several routing and alignment
factors Should be considered. As discussed earlier, the various landform and
landcover characteristics of the project area present a variety of factors that can be
either conducive to the placement of overhead transmission lines or can offer little
concealment for the lines. Appropriate use of distance zones and landscape types is
a very effective mitigation measure. Using the information presented in Chapter
IV, every effort should be made to place routes through the distance zones and
landscape types that can best assimilate a transmission line from a visual point of
view and to take advantage of the vegetation and topographic features found there.
1.

Distance Zones
Foreground areas should be avoided as much as practical unless there is
considerable foreground vegetation to help screen the line. Middleground
zones can have a high potential for visually absorbing a transmission line if
there is a landf orm/landcover backdrop as opposed to the sky backdrop. Due
to the distance effect, the background zone can often effectively absorb a
transmission line. Seldom-seen areas are the optimum location for the
transmission line as they provide the least visual impact.

2.

Landscape Types
When locating a line within any particular landscape type it is important to
look for smaller detailed landform and landcover characteristics within the
zone to help reduce visibility. Although each "type" has specific advantages
and disadvantages (refer to Chapter IV) some applicable and important
location related mitigation considerations for all landscape types, as well as
distance zones, are described and illustrated on the following pages.
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o

Transmission lines should be routed so that topography is used to screen the route.
Areas with greater variety of topography and local relief are the best locations for
overhead transmission lines. Natural topographic lines should be followed in order
to soften the visual impact of structures by minimizing contrast.

Utility in full view,
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o

The alignment should be located to avoid silhouetting the structures against the sky.
Topographic and vegetative changes should be utilized to provide a backdrop to
and/or screen the utility line.

Lowering the utility can take advantage of visual absorption capabilities
of the backdrop.
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o

Structures should be located part way up slopes to provide a background of
topography and/or natural cover, where possible, for visual absorption.

/

/
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o

Natural topographic lines and forms should not be opposed, or the focus will be on
the opposing feature. For example, an alignment over a ouu or cinder cone would
distract from the landform feature and draw attention to the transmission line. The
visual impact could be reduced by following natural lines and locating the utility
away from the natural feature.

64

o

Transmission lines should, where appropriate, follow the natural vegetative edges to
minimize the amount of clearing and to maximize the screening and background
camouflage characteristics of the vegetation.

•..

.

Follow natural vegetative edges.
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,.

o

Foregrounds are sensitive in all landform types. Some foregrounds, however, can
offer greater screening from the vegetation when it is tall, dense and homogeneous.
Maximize the use of natural vegetation screening in the foreground a long major
roadways and significant recreation areas. By leaving or adding foreground
vegetation, a partial screen can soften the form of a utility structure.
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o

Road crossing should be made at right angles to the road with corner angle turns at
th.e first pole structure on either side. This reduces the visual impact from the road,
and with screening along the roadway should provide a visually acceptable road
crossing. Structures should be set as far back from the crossing as technically
feasible, and the right-of-way left in its natural state as much as possible along the
road. Also, long views of transmission line parallel to existing or proposed roads
should generally be avoided.

.i
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o

Crossing at highpoints in the road should be avoided so that the towers cannot be
seen from a great distance. Instead, where possible, the highway should be crossed
between two high points, at a dip, or on a curve in the road.

'
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Cross at a dip.

Avoid crossing at high points.
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B.

DESIGN OF STRUCTURES
As described in Chapter III, there are several structure designs which may be
available for the commercial 300 kVdc line. The type of structure chosen
determines the form, line, color and texture elements. This choice will be primarily
made based on economic and engineering factors. However, appropriate structure
choice can be a visual mitigation measure as well, as it can maximize the structure's
visual compatibility with the surroundings.

Lattice towers tend to be visually absorbed by the landscape background and
disappear with distance due to their open structure, which allows the background
texture to show through, unless they are silhouetted. The guyed lattice tower is
narrower and less dominating than the self supporting tower, and generally requires
less right-of -way clearing, unless it is located in a dense vegetation area where
clearing for the guy wires is necessary. The width of the self-supporting lattice
towers increases their apparent size despite their open texture, and requires the
greatest R-0-W clearing. Steel and wood poles are the narrowest structure types, but
their solidness and amount of reflective surface area can increase their visibility in
certain conditions.

If poles are constructed of unpainted galvanized steel, the smooth finish increases

their reflection of light, which would tend to make them more visible against a well
textured background or vegetation background which is darkened by shade and
shadow effects. A matte-finish paint should be used to reduce reflection, and the
paint color should be somewhat darker than the appearance of the background.
When a tower is silhouetted against the sky however, paint and other surface
treatments are unlikely to be effective because the sky is a light source and no
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structure can consistently reflect enough light to blend in. Wood· poles are usually a
dark color when new, but become light with age. As with steel towers, the best color
choice is one which most diminishes the contrast with the background. Since it is
uneconomical to paint structures different colors within the same line, a light khaki
color might work best to blend with the grasslands on Hawaii and Maui, while on
Oahu a dark gray or gray green would blend in much better with the forest
landcover and tend to be less visible in all conditions except on ridges.

The structure type chosen can also influence the number of structures per route
length required, based on the conductor span length between structures. The longer
the span, the fewer structures. Steel towers and poles have an optimum span of up
to 1300 feet, while the optimum span for wood poles is about 600 feet.

C.

RIGHT·OF·WAY CLEARING AND MAINTENANCE
Regardless of construction technique or pole design, some clearing of vegetation
along the R-0-W is necessary to provide adequate protection to the conductors. The
amount and method of R-0-W clearing can be an important factor in the visual
impact of an overhead transmission line.

Many factors contribute to the decisions for clearing the R-0-W. Of primary
consideration is the expected sag and sway of the conductors at mid-span. The
distance between structures and the expected wind conditions are significant factors
in determining possible sag and sway of conductors. The projected sag and sway for
the 300 kV de line is discussed in Chapter III.
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Fortunately, throughout much of the potential corridor area on Hawaii and Maui,
minimal R-0-W clearing would be necessary due to the low "grassland" vegetation.
However, in dense tree cover such as in portions of the Oahu corridors, extensive
R-0-W clearing could make a very noticeable visual impact on the landscape. In
these areas, design of the R-0-W will require detailed consideration.

Complete clearing of rights-of -way is unnecessary. It is recommended that the
clearing conform to the industry specifications and that the vegetation be feathered
and scalloped to reduce the tunneled or channeled visual effect by reducing the
line, form, color and texture contrasts. Feathering is a method of gradating the
vegetation from tall down to low vegetation to maintain an adequate clearance for
the conductors without removing all trees and shrubs from the easement. A
scalloped R-0-W has an irregular, undulating clearing line. This is accomplished by
preserving select trees or shrubs within clearing limits and selectively clearing
beyond normal clearing limits. Selective clearing involves reducing vegetation
density within the right-of-way. This can be combined with both the feathering
and scalloping methods. When selectively removing trees or shrubs in the feathering
and scalloping process, all "hazard trees" should be identified and removed. Hazard
trees are those which could damage the conductor if they fell. The health of the
tree as well as its ability to survive new conditions determine its designation as a
hazard tree. Factors to consider include: root exposure, fungi development, splits in
trunks and branches, dead tops, leaning trees, shade-loving, moisture sensitive and
weak-wooded trees. Examples of clearing practices are shown in Exhibit VI-I.

71

1<0-----135' R-o-w,_ _--;,j

Without

With

FEATHERING

Without

With

SCALLOPING

.

Without

With

SELECTIVE CLEARING

. EXHIBIT Vl-1

CLEARING TECHNIQUES
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In addition to clearing techniques, revegetation activities can also reduce contrast.
Those areas directly disturbed or cleared during construction can be revegetated,
particularly if natural re-growth would be slow and in areas of high visibility. The
selection of a mixture of plants similar to the surrounding vegetation will blend best
with adjacent undisturbed areas. Dispersion of new plantings into existing
vegetation patterns also helps create a transitional band rather than a sharp edge.

D.

CONSTRUCTION PRACTICES
Various construction techniques require different degrees of ground disturbance.
Ground construction techniques may require wide access routes and large spaces to
be opened to permit safe movement and staging of equipment and materials. The
width of access roads and other spaces needed for construction may exceed that
permanently needed for long-term maintenance of the project. Therefore, plans and
specifications for the project should require restoration of disturbed areas no longer
required for use after construction is completed.

An alternative to ground construction in areas with poor or no existing access is the
helicopter construction technique. This reduces a project's visibility by minimizing
ground clearing to a small area around each structure site.
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VII.

CONCLUSION
This study has purposefully been generic in scope serving primarily to set a
framework for visual impact analysis which can be used to assess the commercial
300 kV de overhead line. As the project does not yet exist, and the specific design
and location are undetermined, this report focused on the visual impact process, the
critical components that must be evaluated, and the interrelationship of these
components. Utilization of the process in the planning and design of the project can
assist the ultimate developer in selecting the least visually intrusive alignment and
using the most appropriate mitigation measures.

Despite the importance of minimizing the potential visual impact of the 300 kVdc
transmission line, it is not an independent concern in the development of a high
voltage direct current transmission line. Numerou,s technical, economic, social and

environmental issues must be evaluated as well for a comprehensive understanding
of the project's potential impacts.
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FOOTNOTES
I. For a detailed summary of the many aspects of the on-going HDWC Program, see
Parsons Hawaii, Characterization of Potential Routes and Route Option Selection, May
1985 and
Phase 11-B Executive Summary, April, 1986.

2. DHM Planners inc., Hawaii Deep Water Cable Program, Overland Transmission Corridor
Study, July 1985.
3. PTI, HDWC Phase liB Studies. Final Report for Hawaiian Electric Company. Vol. I,
Sections 1-8. November 1986, p. 72.
4. Telephone communication with Ken Murakami of HECO, 1-15-87.
5. Typical dimensions used here are from HECO, documented in a letter of May I, 1985,
from William A. Bonnet of HECO to Parson's Hawaii.
6. The methodology used here to identify and describe landscape types is adapted from a
study by Jones & Jones; Seattle, Washington; Measuring the Visibility of High Voltage
Transmission Facilities in the Pacific Northwest, November 1976, in which they observed
and evaluated the relative visibility of ten transmission tower configurations in fifteen
landscape setting types. Due to the high degree of physical homogeneity within the Hawaii
Deep Water Cable potential corridor area, only 4 landscape types are described. Since there
are no 300 kVdc transmission lines in Hawaii at this time, Jones & Jones' empirical
findings have been used to forecast the visibility of the proposed project within the
landscape settings of the potential corridor areas.
7. In this study, man-made (urban) landcover is not included as a separate category
because the identified potential corridors avoid these areas.
8. DHM Planners inc., Hawaii Deep Water Cable Program. Overland Transmission Corridor
Study, July 1985.
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