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Conversion Factors

For readers who wish to convert measurements from the metric
system of units to the inch-pound system, the conversion factors
are listed below.

Multiply By To obtain
hectacre 247 acre
square meter  10.76 square foot
kilometer 6214  mile
metric ton 1.102 short ton (2,000 pounds)
metric ton .9842  long ton (2,240 pounds)
cubic kilometer .2399  cubic mile
liter per second  15.85 gallon per minute
kilogram per second  27.273 pound per minute

To convert from degrees Celsius (°C) to degrees Fahrenheit (°F),
multiply the °C value by 1.8 and add 32 to the resulting value.
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Appendix 1. Geothermal Developments in the United States as of 1990

[MW, megawatts; e, electrical; t, thermal]

Electrical  Direct-Use
Locality Capacity!  Capacity? Comments?
MWe MWt
Alaska
Circle Hot Springs — 4.1 Space heat and swimming pool
Manley Hot Springs — 39 Space heat, bath, greenhouse
Chena Hot Springs — 2.3 Space heat, bath, greenhouse
Other areas — 1.5 Various uses
Arkansas
Hot Springs National Park — 3.6 Space heat, baths
Arizona
Safford area — 16.7 Fish and other animal farming
Tucson — 23 Fish and other animal farming
California
The Geysers 1,971 — Dry steam plants
Coso 256 — Flash plants
Salton Sea 214 — Flash plants
East Mesa 102 — Binary plants
Heber 92 — Flash and Binary
Long Valley Caldera 43 — Binary plants
Honey Lake 30 — Binary plants
Amadee Hot Springs 3 — Binary plants
Susanville — 17.8 District heating, space heat
San Bernadino — 13.7 Sewage treatment, district heating
Wendell Hot Spring — 8.3 Greenhouses
Paso Robles — 3.8 Fish farming
Mecca — 2.2 Aquaculture
Coachella — 1.8 Greenhouses
Cedarville — 1.0 Space heat
Other areas — 2.1 Various uses
Colorado
Pagosa Springs — 14.0 District heating, space heat
Glenwood Springs — 9.6 Space heat, swimming p»ol
Alamosa — 7.7 Space heat
Other areas — 2.1 Various uses
Hawaii
Puna 25 — Flash plants
Idaho
Boise — 57.3 District heating, space heat
Buhl — 22.1 Greenhouse, fish farming
Warm Springs Creek — 20.7 Greenhouse
Ketchum — 12.4 Space heat
White Arrow — 11.9 Greenhouse, fish farming
Cassia County — 10.7 Greenhouse
Cookes Hot Spring — 7.1 Greenhouse
Twin Falls County — 16.6 Space heat, greenhouses
Garden Valley — 2.8 Greenhouse
Boise area — 2.6 Greenhouse
Caldwell — 1.8 Space heat
Other areas — 55 Space heat, greenhouses
Montana
White Sulfur Springs — 4.6 Space heat, bath
Other areas — 5.1 Space heat, greenhouses
Nevada
Dixie Valley 50 — Flash plants
Steamboat Springs 18 — Flash and binary plants
Soda Lake 16 — Binary plants
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[MW, megawatts; e, electrical; t, thermal]

Electrical  Direct-Use
Locality Capacity!  Capacity’ Comments?
MWe MWt
Nevada (cont.)
Beowawe 15 — Flash plants
Stillwater 13 — Binary plants
Desert Peak 9 — Flash plants
San Emidio Desert 3 — Binary plants
Wabuska 2 11.0 Binary plants, crop-drying
Bradys Hot Spring — 18.3 Food drying
Round Mountain Gold — 14.1 Mineral leaching
Caliente — 13.3 Space heat
Elko — 10.6 Space heat
Moana — 6.0 Space heat
Reno — 44 Space heat
Warren Estates — 24 Space heat
Florida Canyon — 14 Mineral leaching
Other areas — 3.6 Various uses
New Mexico
Animas — 7.9 Greenhouses
Radium Springs — 2.2 Greenhouses
Las Cruces — 2.8 District heating
Other areas — 6.9 Various uses
New York
Auburn — 1.2 Space heat
Oregon
Klamath Falls — 18.8 Space heat (residential)
12.6 District heating
6.4 Space heat (commercial)
Vale — 54 Agribusiness
Other areas — 35 Various uses
South Dakota
Phillip — 4.4 District heating, greenhouse
Pierre — 2.2 Space heat
Haakon County — 2.1 Space heat, crop drying
Texas
Marlin — 1.4 Space heat
Other areas — 0.6 Space heat, bath, aquaculture
Utah
Cove Fort 13 — Flash and binary
Roosevelt Hot Spring 20 — Flash plant
Salt Lake County — 11.8 Space heat, greenhouse
Other areas — 0.9 Greenhouses, baths
Washington
Several areas — 1.0 Space heat
Wyoming
Thermopolis — 9.0 Space heat, greenhouse
Lander _ 22 Greenhouse, fish farming
Other areas — 04 Various uses

IRated output of all powerplants in megawatts electric (MWe); dash indicates no development.

>Thermal capacity in megawatts thermal (MW?), calculated from maximum flow rate and water temperature data where available,
or from annual energy use divided by load factors of 0.1-0 5 for space heating and district heating projects and 0.4-0.8 for other
uses. Only those localities with thermal capacities greater than 1 MWt are listed separately. Dash indicates no development.

3Dry steam plant signifies that wells produce dry steam that is piped directly to the powerplant; flash plant signifies that wells
produce a mixture of steam and water that must be separated before steam is piped to the powerplant; binary plant signifies that
wells produce liquid water which is piped to the powerplant where heat is transferred to a binary working fluid.

Tapping the Earth's Natural Heat

59



Appendix 2.
Selected Principal Geothermal Studies of the U.S. Geological Survey

The items highlighted below give a sampling of the geothermal studies of U.S. Ge»logical
Survey.

* Development and refinement of methods to determine the subsurface temperature of a
hydrothermal system from the chemical composition of surface geothermal f uids
collected at fumaroles and hot springs fed from that system. These methods, collec-
tively called “chemical geothermometry,” are now being used as standard exploration
tools worldwide.

* Recognition that surface samples originating from vapor-dominated hydrothermal systems
have a chemical signature distinctly different from surface samples originating from
water-dominated systems (for example, low chlorine concentrations versus high
chlorine concentrations, respectively). Such recognition provides a simple an reliable
means of identifying the type of hydrothermal system, without the need for costly
confirmatory drilling.

* Monitoring the chemical composition of geothermal fluids produced through wells. Early
detection of significant variations in composition, which in turn reflect produ~tion-
induced changes in the conditions of the hydrothermal reservoir, makes it possible to
modify production strategy and methods—at a critical early stage—to prolong reser-
voir productivity and to minimize potential adverse environmental impacts.

* Integrated field and laboratory studies, including the making of new geologic maos, of
many young or active volcanic fields in the western United States, Alaska, an1 Hawaii
that host most known electrical-grade hydrothermal systems. Information derived from
these studies provides the basic input for calculating geothermal resources associated
with each volcanic field and also is used by industry to guide exploration.

* Discovery of magma bodies by means of innovative geophysical studies, includirg seismic
tomography.

* Preparation and publication of maps of temperature gradients in wells and heat flow for the
contiguous United States; these maps define broad regions of differing geothermal
potential. In addition, detailed heat-flow surveys of selected smaller areas, such as
Long Valley Caldera, California, provide evidence of local concentrations of geother-
mal heat.

¢ Drilling of a 900-meter-deep research hole at Newberry Caldera, Oregon. The drilling and
surface-based geologic and geophysical studies discovered a hydrothermal system of
at least 260°C—the first direct confirmation of an electrical-grade hydrothermal

system in the Cascade Range region.
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* Carrying out specific resource evaluations in support of the Federal geothermal-leasing
program. Such activities provide the Federal Government with the information needed
to establish a fair market value for the geothermal resources on Federal lands.

* Monitoring and resource-evaluation studies at Yellowstone, Lassen, Crater Lake, and
Mount Rainier National Parks to advise the Federal Government on possible adverse
impacts on natural geothermal features (hot springs, fumaroles, and mud pots) that
might be induced by nearby geothermal development. A similar and even more
intense effort accompanies ongoing geothermal development at Long Valley Caldera,
California.

* Participation in many technical-assistance missions and training courses pertinent to
geothermal-resource evaluations in foreign countries, including Argentina, Costa Rica,
France, Guatemala, Honduras, Iceland, Indonesia, Italy, Jordan, Korea, Mexico,
Portugal (both the mainland and the Azores), and in the Caribbean region (Saint Lucia
and The Dominican Republic). Such activities, typically undertaken in cooperation
with the Department of State or international organizations such as the United Nations,
not only help to accomplish U.S. foreign-policy objectives, but also benefit the domes-
tic program by allowing scientists of the U.S. Geological Survey to gain valuable
experience in working in diverse geothermal settings and access to information from
geothermal wells otherwise unobtainable.

* Using the data obtained from above-listed and other geothermal studies, together with all
other available information, the U.S. Geological Survey completed three national
geothermal-resource assessments based on uniform methodology applied on a hydro-
thermal-system-by-hydrothermal-system basis. This methodology now is in general
use both domestically and worldwide.
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Appendix 3.

Scientific Drilling in Geothermal Systems

During the past two decades, shallow- to intermediate-depth research wells have
been drilled in the Imperial Valley (the Salton Sea, California, Scientific Drilling
Project), at the Inyo Domes, California, in the Valles Caldera, New Mexico, and in the
Cascade Range of the Pacific Northwest. In addition, reconnaissance-style drilling to
determine heat flow and hydrologic characteristics was completed over much of the
western United States. The U.S. Geological Survey participated in most of these
multidisciplinary, multiagency projects. Current and planned drilling projects with
implications for geothermal resources include the DOE’s Long Valley Caldera Explor-
atory Well, California, the U.S. Geological Survey’s Creede Caldera Project, Colorado,
a corehole at Hilo, Hawaii (funded by the National Science Foundation), and
multiagency projects at Katmai, Alaska, The Geysers, California, and in the western
part of the Long Valley Caldera, California. Foreign drilling projects with geothermal
applications include those at White Island (New Zealand), Tyrniauz (Russia), and
several projects in Japan. U.S. Geological Survey personnel are involved in scientific
experiments at each of these sites.

Drilling near the center of Long Valley Caldera was envisioned initially as a probe
into a near-magmatic regime to test the hypothesis that molten rock was present at
drillable depth, to assess the extent and composition of corrosive geothermal gases and
fluids, and to test various drill-hole casing and heat-exchanger materials under natural
near-magmatic conditions. However, changes in funding sources and associated priori-
ties have shifted the focus toward exploration of the hydrothermal resource beneath the
central and western parts of the caldera.

The coreholes of the Creede Caldera Project are designed to sample ancient lake-
bottom sediments in this 25-million-year-old caldera. These sediments may have been
the reservoir for convecting hydrothermal fluid responsible for the deposition of silver
and base-metal ores in the adjacent Creede Mining District. This project is a useful
counterpart to studies of active hydrothermal systems at the Salton Sea, Valles Caldera,
Inyo Domes, and Long Valley Caldera. At Creede, much of the fossil magmati~/hydro-
thermal system has been exposed through erosion and thus is more readily acc=ssible
by drilling than are the younger and deeper active systems.

The Katmai project is one of the most complex scientific drilling experimerts ever
proposed, primarily because of its remote location and extreme environmental sensitiv-
ity (in a national park). The project was designed to investigate a unique geotkermal
setting—namely, a very young volcanic system that in 1912 produced the largest
explosive eruption of the 20th century. At present, there are serious doubts that the
project will go forward, based primarily on environmental concerns. If these doubts are
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resolved, the Katmai project should provide information about fundamental processes
of volcanism and hydrothermal mineralization that occurred at Katmai, as well as
general findings that can be applied to understanding magma-related geothermal-
energy environments.

In response to the recent declines in steam production and quality, scientific drilling
began in the summer of 1994 at the bortom of an existing 1,340-m-deep production
well at The Geysers geothermal field to penetrate another 300 meters into its steam
reservoir. This DOE-funded study—The Geysers Coring Project—will focus on com-
prehensive laboratory studies of the rock and fluid samples to be collected, together
with related in-hole measurements, to better forecast reservoir performance, condition,
and longevity.

Drilling for research purposes is recognized worldwide as an important and neces-
sary tool for advancing understanding of geothermal and related earth-science issues. A
U.S. program is in place under the aegis of the Interagency Coordinating Group (ICG),
which consists of the Department of Energy, National Science Foundation, and the U.S.
Geological Survey. Each agency is responsible for initiating and funding drilling
projects that relate to its own mission, and the ICG provides a mechanism to integrate
the interests of all participants.
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