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are well below those demonstrated to
cause minor earthquakes.

earthquakes caused by tapping
geopressured-reservoirs are not likely
because the geological structure of the
Gulf Coast is earthquake-resistant. In
contrast, the massive fluid injection and
withdrawal that will mark hot dry rock
development could increase seismic
activity, but none has been detected to
date by sensitive measurements at the
Fenton Hill, New Mexico, site.

noise
Noise from the venting of geothermal wells
was a significant problem at The Geysers,
causing complaints from nearby residents
until it was effectively reduced by using
appropriate muffling systems. Studies of the
possible impact of noise on wildlife are
currently underway at The Geysers.

At hot water hydrothermal sites, the
noise problem is not expected to be
important. Steam pressures are lower, and
noise levels associated with well tests are
much lower than at The Geysers.
Monitoring programs will be necessary,
however.

The high pressures of geopressured
reservoirs may cause noise to be a
problem with this geothermal resource.
Significant noise during development of hot
dry rock sites is not anticipated.

land/water and economy
Competition for water may result where
geothermal development must be accom-
modated with residential, commercial and
recreational uses of area. The coastal
wetlands, areas of great value in terms of
recreation, commercial productivity, and
cultural and scientific interest, are sensitive
to disruptions from technological activities.
The semi-arid regions of the West may also
experience land use conflicts.

In many areas where geothermal energy
has been developed on a commercial
scale, it has proved to be cost-competitive
with other energy sources.

Large scale geothermal developments
may have a significant impact upon
regional economics and community
structure as well. A "boomtown'

atmosphere could develop in a community
with a formerly quiet, rural lifestyle.
Because geothermal development is
expensive in these large scale projects, tax
bases would be broadened. Geothermal
reservoirs can be used for many different
purposes, however, and since such multiple
uses of the same energy supply reduce
costs dramatically, the economic base of a
community could be diversified. Early
planning with affected communities could
increase local employment and provide for
social services.

Most geothermal developments, however,
will be in the area of direct heat
applications. This type of development is
normally small in scale, and should have
only a minor impact on local economies, or
water and land use patterns.

DOE geothermal
environmental

The goal of the Department of Energy's
geothermal/environmental program is to
ensure that the adverse environmental
impacts described above are averted or
corrected during the demonstration,
development, and commercialization of
geothermal technologies. A basic feature of
the program is that environmental research
and development proceeds in parallel with
technology development projects. In this
way, technology development can be
guided down environmentally acceptable
paths.

The environmental research and develop-
ment program consists of a wide variety of
projects, grouped into several categories:

" A complex program of measuring
sites to determine the normal state
of the environment; the amount and
behavior of potential pollutants; and
the effects of pollutants on the
environment.

" Laboratory studies of the ways in
which pollutants and environmental
entities interact.

" Analyses of laboratory and field data
in order to predict short and long-
term effects.

" Assessment of potential
environmental, health, and safety
consequences.

To provide a basis for managing
environmental aspect of the energy
programs under DOE's jurisdiction,
Environmental Development Plans (EDPs)
are prepared. These plans identify the
environmental issues and constraints that
must be addressed and are used to
develop strategies for the requisite
environmental research. They play an
important role in guiding the technology
development as it progresses so that the
technology will be assured of compliance
with the National Environmental Policy Act
and with present or anticipated standards
and regulations of appropriate govern-
mental agencies.

conclusion
Although geothermal energy may provide
only three to five percent of our energy
needs by the year 2000, it is one of the
cleaner energy sources available, offering
significant environmental advantages over
coal, oil, and nuclear fuels. In addition,
unlike fossil fuels and nuclear power
production, geothermal energy does not
require a massive network of facilities and
equipment and large amounts of input
energy. Land disruption is far less extensive
than from the surface mining of coal or
uranium. Furthermore, the health and
safety issues related to operating relatively
small geothermal power plants are minor
compared with those associated with coal
or nuclear power production.

Given a national policy that seeks to
balance our energy requirements with the
need to preserve and enhance our environ-
ment, geothermal energy can make a val-
uable contribution toward satisfying both
environmental and energy goals.
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geothermal
rectirees
Mankind has always been fascinated by
natural phenomena such as volcanoes,
geysers and hot springs - all manifesta-
tions of geothermal energy. Today, methods
for using energy derived from the earth's
heat are being actively explored. Geother-
mal energy - abundant and relatively
clean - is one of many alternative
domestic energy sources currently being
developed to replace our dwindling supplies
of oil and gas.

By tapping into and harnessing pockets
of natural heat thousands of feet below the
earth's surface, experts believe that the
United States could develop up to 20
million kilowatts of electrical generating
capacity over the next two decades. This
would supply energy equivalent to about
four percent of this country's present crude
oil production.

Often at shallower depths of as few as
hundreds of feet or less, gecth crm
resources can be used for direct heat
applications such as heating homes and
greenhouses, drying crops and wood,
distilling ethanol for fuel, and processing
food. Direct heat uses tap the large and
abundant low-to-moderate temperature
(less than 300 F.) reservoirs present in
many areas of the United States. Scientists
expect these hydrothermal resources to
supply 1 quad of direct heat energy by the
year 2000. This is enough to displace
480,000 barrels of crude oil per day.

The production of geothermal energy,
however, is not totally free from adverse
environmental impacts. Measures for
protecting the environment must go hand-

in-hand with the development of geothermal
technology.

Three broad types of geothermal re-
sources are being considered for near-term
development in the United States: hydro-
thermal reservoirs, geopressured zones,
and hot dry rock. Each type poses its own
particular technological and environmental
problems, and each specific site has its
own special environmental impacts.

hydrothermal
Hydrothermal systems consist of steam or
hot water reservoirs trapped in fractured
rocks or sediments below impermeable
surface layers of the earth. They are
presently being used to produce electricity
on a commercial basis.

"Dry steam' is the preferred hydrother-
mal resource, but it is also the rarest. To
harness energy from a dry steam reservoir,

; a a ;iw itO Khe cf-ervoir, the
released steam is filtered to eliminate solid
material, and the steam is then piped
directly to a turbine to generate electricity.
The only commercial geothermal power
stations driven by dry steam are at The
Geysers in northern California.

Hot-water reservoirs, which are
considerably more common, produce a
mixture of steam, scalding water, and
dissolving solids. A major hot-water
reservoir lies beneath Southern California's
Imperial Valley, one of the nation's most
important agricultural regions. Other
important locations of hot-water geothermal
developments are Valles Caldera, New
Mexico; Snake River Plain, Idaho; Carson

known and potential hydrothermal resources

within 50 miles of a KGRA
or >150 C prospect

S|>90 C prospects
i | potential low to moderate

temperature targets

Desert, Nevada; and Roosevelt Hot
Springs, Utah.

Low-to-moderate temperature hydrother-
mal reservoirs are now being used in over
180 locations in the United States for direct
heat applications. In Nevada, hydrothermal
energy serves to clean and dehydrate
onions; in Idaho, these resources heat
homes and fish ponds; in South Dakota,
they dry crops and heat farm buildings; and
in Oregon they are used to grow mush-
rooms and trees, and to heat school
buildings and hospitals. Soon cities in
Idaho, Colorado, Oregon and California will
have district heating systems powered by
hydrothermal energy.

geopressured zones
Geopressured zones are high-temperature,
high-pressure reservoirs of water (often
saturated with natural gas) trapped beneath
impermeable beds of shale or clay. Such
zones are known to exist along the Texas
and Louisiana gulf coasts. This resource is
especially promising because three types of
energy can be obtained; electrical (from
high-temperature fluids), mechanical or
hydraulic (from the high pressure), and
chemical (from the natural gas). Like
hydrothermal systems, geopressured
resources are tapped by drilling, but the
extremely high pressures create additional
technical problems. Development of
geopressured zones is currently at the
exploratory, resource-assessment stage.
hot dry rock
The potential for hot dry rock geothermal
developments occur where the magma -

dry-steam reservoir

the molten rock within the earth - has
intruded into the earth's crust and is
heating subsurface rock to high tempera-
tures. Hot dry rock is potentially the largest
and most widely distributed geothermal
resource in the country. Exploration of this
resource is underway at Fenton Hill near
Valles Caldera, New Mexico, and Coso Hot
Springs near China Lake, California. Other
sites are being evaluated on the eastern
coastal plain, in the Midwest, and on the
Pacific Coast. Development of hot dry rock
resources will require drilling into the rock,
inducing fracturing, injecting fluid, and
removing the heated fluid through a
separate well. Commercial development
must await the solution of technical
problems associated with the fracturing
process.

environmental
issues

Geothermal resources represent a
relatively clean energy source, but
environmental changes have accompanied
the development of hydrothermal resources
in various parts of the world. With adequate
attention (proper monitoring and controlling)
to environmental concerns exploitation of
geothermal resources need not adversely
impact air and water quality, land stability,
or the social and economic environments.

air quality
During the process of extracting heat from
hydrothermal reservoirs, a variety of gases
may be released into the atmosphere. Of
these, the greatest nuisance and a poten-
tial hazard is hydrogen sulfide, which is
toxic to humans at high concentrations and
has a very disagreeable "rotten egg" odor
at the very low concentrations associated
with geothermal areas. There are no fed-
eral standards regulating such emissions;
however, hydrogen sulfide concentrations
at The Geysers have at times exceeded
California air quality standards, resulting in
complaints from residents of downwind
communities. To deal with this problem,
new hydrogen sulfide removal units have
been designed at The Geysers. Improved
"scrubber" systems are being developed
by DOE.

hot-water reservoir hot dry rock

Other gases are emitted at The Gey-
sers - including carbon dioxide, methane,
ammonia, arsenic, mercury and radon.
Emissions of boron have caused leaf burn
on sensitive trees in the immediate vicinity
of cooling towers, but the small amounts of
other gases do not appear to present
hazards. However, emission levels can vary
substantially from site to site, depending on
the chemical composition of the geother-
mal fluid. Better methods are being
developed to evaluate and, if necessary,
control air pollution emissions from
hydrothermal projects.

Geopressured systems present fewer air
pollution problems than hydrothermal
systems. Although fluids in geopressured
reservoirs contain large amounts of
methane, this gas can be recovered and
used beneficially. Hot dry rock experiments
at Fenton Hill, New Mexico, indicaterthat
air emissions will not be a significant
problem with this resource.

water quality
Hydrothermal systems must also overcome
the problem of surface and ground water
pollution which can result from the disposal
of excess steam condensate and water.
Fluids at the Imperial Valley have a high
salt content, ruling out their discharge into
surface waters. At The Geysers, the excess
steam condensate had been released into
lakes and streams until the resulting
temperature changes in the water were
found to be harmful to aquatic life.

The most environmentally attractive
disposal scheme is injection of these used
fluids back into the geothermal reservoir.
Injection of excess steam condensate has
been carried out for several years at The
Geysers, with excellent results, and long-
term injection tests underway in the
Imperial Valley have been successful so
far.

Many hydrothermal reservoirs which are
now being used have waters clean enough
to be drinkable. At a Nevada vegetable
dehydration plant, for instance, plant
engineers use the hot water to sterilize
equipment and wash onions. In Idaho,
hydrothermal waters are used without
treatment to raise channel catfish.
Hydrothermal resources of this quality
cause few, if any, environmental problems.
Most problems are associated with the

(Open this brochure fora geothermal poster.)

geopressured water

higher temperature resources, which are
mTuh less abundant tan those with low or
moderate temperatures.

At geopressured sites, the great depths
and pressures involved may make it
economically unfeasible to inject fluids
back into the reservoirs, and the expected
high solids content of the fluids would
render them useless for most industrial
purposes. Possible means of watewater
disposal include discharge into existing
saline bodies of water, injection into
subsurface saline aquifers, or desaliniza-
tion. Any system for disposal in areas such
as the Gulf of Mexico would have to be
accomplished without endangering the
wetlands ecosystem.

land stability
The withdrawal of geothermal fluids from
the earth may cause sinking of the land
(subsidence), an environmental problem
long associated with ground-water wells, oil
field development and mining operations.

Land subsidence has not occurred during
the development of the two existing vapor-
dominated geothermal fields at The
Geysers and Lardarello, Italy, due to the
sturdy geologic structures under which
such systems form. Hot-water systems
appear more likely to cause subsidence.
For example, at a power plant in Wairakei,
New Zealand, a rate of subsidence of up to
1-3 feet per year has been measured. In
the Imperial Valley, subsidence could
disrupt the gravity-flow irrigation and
drainage systems, damaging an area of
highly productive farmland. However, it is
expected that fluid-reinjection systems will
prevent subsidence.

Much of the land overlying geopressured
reservoirs along the Gulf Coast is only a
few feet above sea level, and significant
subsidence could not only result in the
direct inundation of the land, but could
make the area susceptible to seasonal
flooding.

At hot dry rock sites, the great depths
(about 3,500 meters), small fractured areas,
and the use of externally introduced fluids
make subsidence unlikely.

It is possible that injection of spent
geothermal fluids could itself induce
seismic activity (earthquakes). However,
field trials indicate that the pressures
required to maintain injection of spent fluids
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