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Abstract: The growth of our economy is demanding construction
of a variety of power plants to generate electricity which is having
a significant impact on the visual environment. These power plants
will consist of conventional thermal (fossil fuel and nuclear), geo-
thermal, wind and solar power plants. There are several areas where
solutions to the visual impacts of these power plants can be effec-
tively addressed - site selection, site planning, and cooperative re-
search towards alternative design. In resolving the visual impacts
of power plants and the visual resource, we as professionals and managers
must be prepared to evaluate a variety of power plant types and a
multitude of conflicts which will exist between the visual resource
and other resource concerns.

INTRODUCTION

The growth of the American economy
is resulting in the increased consumption of
energy, particularly electric energy. This is
demanding construction of increased numbers
and varieties of power plants to generate elec-
trical energy which is having a significant impact
on the environment and the visual resource.

In sorting out our energy needs and their
effect on the visual environment we must look
at the short term and long term options. For
the near future we will still be dependent on
conventional thermal power plants to generate
electricity. These power plants are powered
by a variety of fuels which include coal, gas,
oil, nuclear and synthetic fuel combinations.
A dependence on "conventional"” power plants
will exist even if we are successful in conser-
ving energy and developing alternative energy
sources today.
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Long term projections are varied for supply-
ing electric energy by the year 2000. Some
estimates indicate we could still be generating
up to 80% of the electric needs of this nation
by conventional thermal plants, which will be
dependent on a variety of complex factors:

- fuel availability and production

- economic factors or demand levels

- current events

- environmental issues

- energy policy and regulations

- technology development

- public acceptability of alternative
energy sources.

The prospects for satisfying a major share
of total electric demands by alternative energy
or power plant sources by the year 2000 are
clouded. The most likely future alternatives
for electric energy generation are geothermal,
wind and solar power plants. The basic tech-
nology for solar and wind power plants exists
today and is being tested in prototype or demon-
stration situations. Geothermal energy is being
utilized on a limited regional basis where these
power plant complexes can economically supple-
ment existing power grids. Substantial improve-
ments in technology and economics may be
available in the near future and influence the
implementation of these or other alternative
energy sources.
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Projections after the year 2000 are difficult
to predict although we know that alternative
sources and their associated power plants will
play a more important role in supplying electric
energy (Moon 1979 EPRI 1978, CDWR 1978).

VISUAL IMPACTS

Let us examine the visual impacts of
plants, both for conventional and alternative
energy sources.

Conventional Thermal Power Plants - For
as long as man has been involved with the indus-
trial age he has depended on centralized production
of energy, particularly electric energy to power
his machines and light his homes. Traditionally,
these power plants have been constructed near
population centers. However, as the demand
for electricity increases, public concern and
environmental controls have forced the siting
of a new breed of power plants in areas that
are environmentally and visually more sensitive
(CAI 1974).

Many of these power plants are "mega
colossal engineering masterpieces" and among
the largest power plants in the world, creating
a visual impact not found anywhere in the natural
landscape (fig. 1). These plants could require
a minimum site of 1,000 acres for nuclear power
plants up to several square miles for coal fired
plants to accommodate the generation complex,
fuel storage, fuel handling and preparation
facilities, cooling structures, support facilities,
transportation networks and waste disposal
(EDAW 1978).

The visual impact of these facilities is
particularly acute in the west - "the last of
the blue sky areas." One major regional power
plant complex - "Four Corners" - is near some
of the most popular visual attractions in the
nation (Craig 1971). However, this is not
the end. Many multiple power plant complexes
have been planned or are being proposed in
other parts of the country. A southern
utility has begun planning for several such facilities
that would require a minimum site of 20,000
plus acres or 30 square miles (Jopling 1976).

Geothermal - Geothermal energy is directly

related to the tremendous heat reserves from
the earth's subsurface and one of the oldest
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sources of energy known to man. Current
new techniques are exploring and utilizing
this heat contained (natural steam and
hot water), in impervious dry rock and geo-
pressure formations for electric power
generation. Only a small fraction of the
gross potential of these sources of energy
can be economically used for power generation
in the western United States (USDI 1975).
The process and equipment used to develop
the geothermal resource are similar to oil
and gas resources. The final development
consists of well heads, pipe line collec-
tion systems, power plants and electric
transmission facilities. There is much
unused land that exists within a geothermal
complex. In fact, the space occupied by
the physical plant is only a fraction of
the total land area committed in a typical
geothermal development (fig. 2).

Figure 1--A new generation of power plants
is typified by this fossil fueled thermal
power plant, courtesy TVA.

Figure 2--This is an example of a typical
geothermal facility in the "Geysers,"
California.



Wind power plants - Wind has been
used to provide a multitude of uses. But with
the search for alternative energy sources,
wind power is becoming a more attractive
energy source. At its optimum wind power
could generate only a small percentage
of the national energy needs by the end
of the century (EPRI 1979).

Typically wind power plants will
consist of towers with massive blades and
generators, a collection network, and support
facilities which will require extensive land
areas (fig. 3).

One of the wind power's major
drawbacks is energy storage when there is no
wind. Additional visual impacts would be
associated in solving the base loading problem
with pumped water storage or other
alternatives.

Favorable sites for these facilities
are difficult to predict at this time, since
very little reliable data exist concerning
suitable wind sites in the United States.
A recent study in California indicates that
mountainous areas, coastal zones and portions
of the more open desert areas are most
suitable. A high percentage of these sites
is located in areas considered for their
natural visual quality, or in
highly visual areas close to population
centers or travel routes (Hamilton 1975,
Hohenemser 1977, Inglis 1977, Lockheed,
1976, Putman 1948).

Solar Power Plants - The technology to
utilize the vast energy potential of the sun has
existed for some time, yet until recently application
of centralized electric generation from solar
power plants has not been pursued.

Even though the sun radiates enormous amounts
of energy, oily the sunbelt regions afford eco-
nomical utilization of this energy for major
power plant sites, while areas of frequent cloud
cover would be excluded. This places regional
siting limitations upon solar power plants.

To recover this energy economically will
require large expanses of solar collectors to convert
the solar energy into electrical energy. At this
time solar thermal conversion power plants offer
the best promise since they utilize present thermal
power plant technology. Future solar plants could
require over one square mile of generally level
land with as many as 10,000 highly reflective
surfaces or heliotats (Caputo 1977, Metz
1976, Mayer 1976).

Figure 3--Prototype wind power plant site
in Puerto Rico, courtesy EPA.

POWER PLANT CHARACTERISTICS

Now that we have examined the general

characteristics of the major power plant types
in our future, let us examine the physical com-
ponents that will affect the visual resources.
We must keep in mind that each power plant is
unique unto itself and the surrounding charac-
teristic landscape. However, we can make cer-
tain assumptions about the visual impacts of power
plant components which can be categorized as
follows: (EDAW 1978).

1.
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Fuel storage, energy collection systems
or towers,

generation complex,

stacks,

cooling structures,

support and transmission facilities,
emissions and waste disposal.
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Fuel Storage and Energy Collection Systems

or Towers - A very significant portion of power
sites is consumed by fuel storage and/or collec-
tion systems.

Coal fired power plants require large stock-

piles of coal and handling equipment whether
the coal is found "on-site" or is imported by unit

trains, barges or slurry pipelines. This equipment
can consume hundreds of acres for "mega" power
plants. Other fossil fueled power plants also require

storage tank farms of similar
size (Craig 1971, Jones/Jones 1979).

The alternative power plant types afford
certain advantages of utilizing renewable
energy which appear at this time to be environ-
mentally more acceptable. However, these
plants require extensive collection systems
or structures. Geothermal power plants must
rely on deep well fields with collector pipeline
systems which can be as much as one mile
from the generating facility to supply a typical
100 MW power plant. An average of 500 acres
could be affected per plant (Moon 1979).

A "typical™ wind generating facility
could occupy several square miles to provide
economical electric energy. Solar thermal
generation plants are being proposed that
could cover up to one square mile per plant.

Generation Complex - Another signi-
ficant visual impact of power plants is the
generation complex. This is particularly signi-
ficant for "mega" thermal power plants with
massive boilers and generating rooms. These
structures can be as tall as a 10-20 story building
and could occupy several hundred to several
thousand acres for a multiple plant site. These
visual impacts are almost impossible to mitigate
totally.

There is some reduction in the size of
the structures for alternative energy sources.
Geothermal energy plants are generally smaller
but require an extensive network of on-site
power plants to exploit the geothermal re-
source economically. This is also true of wi [sic]
power plant sites which will require a large
number of generating powers over an extensive
area to generate electricity economically.

Stack Structures - Another major visual
impact is tall stacks of fossil fueled power
plants which can be 600-700-feet tall. The
visual impact of these structures speaks for
itself. In many cases, these stacks are painted
in contrasting colors or adorned with lights
"for air safety reasons” which makes the struc-
tures highly visible. Additional attention is
brought to the stacks by the plume smoke

(fig. 4).
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Figure 4--Typical stack at coal-fired power
plant.

Cooling Structures - Cooling structures
take on a variety of forms and functional aspects.
Direct cooling systems are generally associated
with sites with abundant water supply along
major rivers, estuaries and oceans. The intake
and discharge structures usually consist of head
walls, channels and/or low dikes while mechanical
coolers are low, massive structures and natural
draft towers can rise 40-50 stories above the surround-
ing landscape. The total number and size of units
will vary with the size and type of power plant.
In the case of cooling towers and mechanical coolers
water vapor brings additional attention to and
accentuates the physical structure (Jones/Jones 1979).

Cooling ponds and lakes or lagoons are general-

ly not associated with major physical structures
but impact significant total areas. In more arid
climates dry power plant sites may need to import
water by aqueducts or open channels which create
additional visual impacts.



Figure 5--Stack emissions from Four Corners power
plant.

Support/Transmission Facilities - Major power
plants regardless of the type of energy source will
require additional structures to house control rooms,
store equipment and for electric transmission (switch
yards). These facilities are generally low profile
structures but add to the total site impact.

Other visual impacts are associated with
transportation systems or service roads, which
will vary with the energy source and terrain. Exten-
sive transportation systems are generally associated
with fossil fueled power plants which must continually
import coal or other fossil fuels on a daily basis.
These facilities consist of rail yards, docks or pipeline
systems. The visual impact of service roads is
particularly acute for alternative energy power
plant sites which cover extensive areas to service
the energy collection systems (EDAW 1978).

Emissions - The impact of power plant structures
and support facilities is obvious. However,
there are less obvious visual impacts associated
with other resource concerns - air quality and waste
disposal!

If there is a return to reliance on coal powered
electric generation, tons of fine particulate matter
and gaseous pollutants will be pumped out at a
high rate impairing the distant scenic views. In
the Four Corners example, the "plume smoke"
can be detected 200 miles or more from the point
source. Newer technology for cleaning up the
air could reduce the problem but never completely
cure it.

Recent amendments to the Clean Air Act
require visibility be protected on the same level
as health hazards (fig. 5) (Smardon 1978). However,
the law does not provide guidelines for assessing
the scientific aspects of visibility deterioration.
Studies have been conducted that obtain related
measurements via Nephelometer and photographic,
techniques or methodologies. There are also several

visibility models related to particulate concen-
trations to visual range (Ziler and Wagner
1979).

Large quantities of waste material are
also generated in energy production, partic-
ularly fossil fueled thermal plants which create
tons of fly ash and scrubber sludge which must
be disposed of on site or transported to dumps
or utilized in construction materials.

MITIGATION OF VISUAL IMPACTS FOR
POWER PLANT SITES

In assessing the visual impacts of major
power plants we must remember that the impacts
will vary within the landscape, depending on
the specific power plant configuration and
the characteristic landscape. It is difficult
to address specific solutions; however, we
can point out several general areas of concern
where the visual impact of plants can be effec-
tively mitigated.

Site Selection - We must look at site
selection as a primary mitigation for visual
resource management regardless of the number
or configuration of the components or energy
source. Because of the size of power plants
architectual or engineering solutions do little
to improve the appearance of large scale engineer-
ing marvels and usually come off as "decorative"
statements with little relation to the visual
environment. More attention should be made
in selection of sites with higher visual absorption
capacity and lower visual sensitivity.

In the past ecological and engineering
concerns took precedence over visual resource
values. Times are changing however. Many
models have been developed to aid in site
selection which consider all factors including
the visual resource.

More recently the U.S. Nuclear Regu-
latory Commission denied the permit for con-
struction of a nuclear power plant in Green
County, New York, based on a number of factors
of which the visual resource was a primary
consideration (NRC 1979).

Site Planning - Even after the site is
selected proper attention to site planning
is essential. Site planning techniques are most
effective in mitigating the visual impacts of
arrangement and screening of low level
components.

This is particularly true for centralized
facilities such as conventional, thermal and
solar power plants. However, the diverse
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site requirements of wind and geothermal
power plants will require development of
innovative site planning techniques to
reduce visual impacts.

Total site dedication to energy supply
can lessen total acreage required, and be
a deliberate design alternative to minimizing
individual impact of dispersed sites.

Alternative Design - Alternative physical
design of power plants is another effective tool
in mitigating the visual impacts and could
offer structural architectural and/or
engineering efficiency. Therefore, cooperative
research is needed for design concepts,
particularly for newer technologies, otherwise
we will be confronted with visual impacts
equal to or exceeding those of conventional
thermal power plants of today.

Conflicts and Consideration - In
resolving visual impacts of power plant sites
there is a multitude of conflicts which exist
between visual resource values and other
resources. These conflicts must be recognized
if visual resource management is to be an
effective management force. For example,
large cooling towers add high contrast forms to
the environment and bring added attention to
themselves with large plumes of water vapor.
Direct cooling would eliminate these structures
but the solution may conflict with public
concern for other resource values.

In the Geysers geothermal area of
California, plants are located on more prominent
visible sites to increase air circulation and reduce
potentially toxic gases that accumulate at lower
less visible sites. Other conflicts arise from the
specific nature or location of the energy source-
solar, wind, and geothermal which restricts the
options in site selection and site planning.

IN SUMMARY

We can assume that for the foreseeable
future the major visual impacts of power
plants will be associated with thermal power
plant complexes on a national level and with
a variety of alternative energy power plants
on a regional level. In addition to
the fundamental socioeconomic and environmental
problems of siting power plants, visual resource
management is becoming a more critical issue as
suitable sites with minimum environmental
impacts are becoming scarce. We, as professionals
and managers, must be prepared to evaluate and
deal with visual impacts for a variety of power
plant alternatives.
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