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FOREWORD

The Arid Lands Resource Information Paper presented here is the second
of a series being prepared for the Water Resources Scientific Information Center
of the U.S. Department of the Interior, Office of Water Resources Research, on
Grant No. 14-31-0001-3729, to the University of Arizona, Office of Arid Lands
Studies (OALS), Patricia Paylore, Principal Investigator. The first, issued in
1972, was entitled "Salinity Problems in Arid Lands Irrigation: A Literature Re-
view and Selected Bibliography. " '

As pointed out in the Foreword to Number 1, "The historic role of the OALS
has been the identification, evaluation, and computerized control of documentation
relating to the world's arid lands. As our information services have expanded and
become better known, certain contemporary topics emerge repeatedly as being of
deepest concern to those who have sought our help."

The exploration and exploitation of geothermal resources in arid and semi-
arid lands appears to be one of those topics whose time has come, tied as it is
with the energy crisis that is already upon us. In this brief paper we have sought
to isolate from the growing mass of reporting on geothermal power those citations
that have the clearest bearing on techniques of exploration and that have addressed
themselves to problems of environmental impact.- We have tried further to include
‘papers that deal with the potential of geothermal power as a positive economic force
in arid and semiarid regions. ' :

In such a fast-breaking area where public concern may collide with scientific
investigation, there needs to be a mechanism for insuring that understanding pre-
vails across the spectrum of conflicting interests, so that the ultimate decisions
affecting a national resource are made on the basis of information and not specula-
tion. To this end, we hope this modest paper will contribute.

Attention is called particularly to the bibliographical reference to Summers
(1971) "Annotated and Indexed Bibliography of Geothermal Phenomena' which
covers in depth information up through the late 1960s, and to the fact that our bib-
liography, displayed in this paper, has therefore been restricted generally to in-
formation appearing subsequently.

Patricia Paylore

Assistant Director

Office of Arid Lands Studies

University of Arizona

Tucson, Arizona 85719
March 1, 1973
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EXPLORATION AND EXPLOITATION OF
GEOTHERMAL RESOURCES IN
ARID AND SEMIARID LANDS

" Evidence of geothermal resources was noted by man as early as two thousand
years ago (Allen, 1972), but it was only by the beginning of the twentieth century
that he began to realize fully the magnitude of this energy source that lay beneath .
the earth's surface. Electricity was first generated using natural steam at Larde-
rello, Ttaly, in 1904 (Summers and Ross, 1971). More recently other countries )
around the world have taken up the search and begun to exploit their own geother-
mal resources.

Geothermal energy can be used for many purposes besides the production of
electricity. In Iceland, hot groundwater is used for the heating of homes, factories,
and greenhouses (Papin, 1971-1972). In California, tests are underway to see if a
desalination plant can be built utilizing geothermal resources. (U.S. Bureau of
Reclamation, Boulder City, Nevada, Region 3, 1971). Among the by-products of
this new energy source are economically important minerals and a source of fresh
water.

This paper emphasizes the economic impact, benefits, and disadvantages of
the development and production of geothermal power in arid and semiarid lands.
Exploration techniques and methods of exploiting geothermal power are reviewed.
A comparison also is made of different power sources and their effects on the
environment. ‘ ‘

Geothermal energy utilizes the heat existing in certain parts of the earth's
crust near the surface or at depths not exceeding the limit of economic utilization
(United Nations, 1964). Three basic conditions are required for the existence of ‘
a geothermal field. First, there must be a source of heat, such as a shallow
intrusion or an area of recent volcanic activity. Second, heat is radiated from its
source to nearby strata, which have great enough thickness and permeability to
allow the formation and the permancnce of a system of convection currents in the
interstitial water (Allen, 1972; Birdseye, 1971; and Rex, 1971). This layer is
called the reservoir (Facca and Tonani, 1964). Third, overlying the reservoir
there must be an impermeable rock layer to prohibit the escape of hot water from
the reservoir. This impermeable stratum is known as a cap rock. Ifitis not
present then permeable strata can develop their own impermeable capping by pre-
cipitating silica from circulating hot water (Facca and Tonani, 1967).

All geothermal sources in production today are found in regions of recent
volcanic activity and are associated with major fault systems (Birdseye, 1969).



Heat generated by the heat source can be exploited only if a fluid is available to
transmit it and be produced in sufficient quantity to generate energy (Facca and
Tonani, 1964).

Usable sources of geothermal energy fall into three classes: dry steam fields,
wet steam fields, and fields of lesser heat content characterized by water temper-
atures below 100° C (Barnea, 1972). Each of these types of geothermal energy
has its own uses and capabilities.

Under some geological circumstances groundwater pressures may be low and
temperatures high, resulting in underground boiling. If this continues for long
periods of time the resultant steam can accumulate in rock fractures and in the
natural porosity of subsurface rocks. This type of dry steam can be released di-
rectly by drilling wells similar to natural gas wells (Rex, 1971). Dry steam fields
are relatively rare, but they have distinct economic advantages because the only
pre-treatment needed is the removal of rock particles and grit. The steam is then
fed into low pressure turbines to produce electricity. Because steam is piped di-
rectly from the well to the turbine with very little preparation, requirements for
plant equipment can be simplified, and plant investment may be as low as $100 per
kilowatt (Barnea, 1972). Only five dry steam fields have been developed as of Jan-
uary 1972. These include the Larderello field in Italy, the Geysers field in Califor-
nia (Garrison, 1972), the Valle Caldera field in New Mexico (Birdseye, 1971), and
two fields in Japan (Barnea, 1972).

Wet steam fields are approximately twenty times more common than dry steam
fields. At depth, the temperature of the circulating fields in a wet steam field
ranges from 1800 C to 3700 C. Upon reaching the surface, this super-heated water
is flashed to steam. Eighty to ninety percent of the discharge is water, the re-
maining portion is steam. The steam can be used for electrical power production.
The hot water can be used for space heating and refrigeration, fresh water, and
the production of electricity using intermediate low-boiling-point fluids. Unfor-
tunately, most geothermal plants operating today discard the hot water, thus cre-
ating a source of thermal pollution, or use it to recharge the groundwater being
removed.

Only recently have fields with low temperatures, ranging from 50° C to 820 C
received serious attention. The hot water has been used effectively for heating
houses, greenhouses, and industrial plants in Idaho, the USSR, and Iceland (Barnea,
1972). The utilization of hot water for the above uses is practical only if it can be
used in proximity to the point from which it eminates. Magma Energy, Inc. is ex-
perimenting with the production of electricity from low temperature fields by evap-
orating iso-butane which has a boiling point lower than water. The iso-butane is
then used to drive a turbine. Because iso-butane is flammable, special precautions



must be adopted if it is to be used. (*)

A fourth type of geothermal reservoir is being investigated. The Atomic
Energy Commission and the American Oil Shale Corporation have suggested a
method of extracting heat energy directly from heated rock material where no
natural steam or hot water reservoir exists. They propose to create a hybrid
type of geothermal reservoir by fracturing large quantities of hot rock with an
underground nuclear explosion. Water would then be piped to the fractured region
creating steam which would act as a medium for the extraction of heat energy from
the rock body. The system would be closed to prevent radioactive pollution into
surrounding water supplies and as a means of conserving water (Allen, 1972).

Until recently, geothermal fields had been discovered only by drilling in
areas of thermal manifestations such as geysers, fumaroles, and hot springs.
Unfortunately, surface phenomena do not readily depict subsurface conditions
(McNitt, 1965). Many regions in which there are thermal manifestations are not
amenable to geothermal development. Other regions lacking such thermal mani-
festations have been found to have subsurface conditions suitable for the develop-
ment and exploitation of geothermal resources. Thus it has become necessary to
utilize more sophisticated exploration techniques than simply surface expression.

The initial stage of any exploration program is a reconnaissance of the field
geology and geologic mapping. Structural geology is of primary importance in
determining geothermal anomalies. Steeply-dipping, normal, or strike-slip faults
are common in thermal areas and probably aid in providing deep circulation of
meteoric waters (Summers and Ross, 1971). Structural troughs, such as the
Salton Sea area of California, or the Rio Grande trough in New Mexico, are
favorable large-scale structures for the production of geothermal energy.

Photogeologic mapping, which facilitates rapid examination of a large area,
is used to augment field mapping. Structural and lithologic information can be ob-
tained readily from air photos, including the delineation of surface thermal pheno-
mena (Miller, 1968; Moxham, 1969, 1970).

Closely associated with photogeolog_ic mapping is infrared aerial reconnais-
sance (Moxham, 1969, 1970). Because infrared film is sensitive to heat, it is
capable of detecting surface and near-surface areas of anomalous heat flow (Hase,
1971).

Recently, vegetative changes have been found to be useful criteria for locating
geothermal phenomena (United Nations, 1964). Certain types of vegetation are

(*) Colorado River Association, Newsletter, September-October 1972.



modified in a characteristic way by variations in temperatures. A sudden change
in vegetation may denote a change in the groundwater regime.

After the surface reconnaissance, the next step in an exploration program is
a geochemical analysis of the groundwater, including sampling and testing of the
steam emanations, as well as the condensed steam from the hot waters. Such a
geochemical analysis should provide three important facts: temperature, age, and
chloride content of the water. First, the maximum temperature the water has
reached provides information concerning the potential of the location to produce
geothermal energy. Second, the period of time the water has been in the system:
"If the water is relatively old it may indicate that the reservoir is recharged slow-
ly and therefore would be subject to depletion if developed unwisely' (Summers
and Ross, 1971). Finally, White, Muffler, and Truesdell (1971) have proposed
a method for distinguishing between dry steam areas and wet steam areas. Dry
steam areas are characterized by acid-sulfate springs, with insignificant chloride
content, but springs from wet steam fields have a high chloride content.

A new exploration approach presently being developed is the application of
fluid dynamics to natural steam systems (Summers and Ross, 1971). This method
describes quantitatively the movement of groundwater on a regional scale. A
study of fluid dynamics also facilitates the determination of the life span of a par-
ticular geothermal field after it is developed. Other regional studies, such as
temperature and heat flow analysis permit localization of favorable zones for the
presence of super-heated fluids.

Electrical prospecting methods facilitate relatively rapid and complete recon-
naissance programs. The resistivity of a formation is partially dependent on its
temperature; an increase in groundwater temperature would appear as a decrease
in resistivity. Variations in resistivity also denote changes in groundwater salinity
or changes in geologic formation.

In New Zealand seismic methods have been incorporated into geothermal explo-
rations. When groundwater comes in contact with a heat source, a seismic noise
pattern is produced that can be used to determine the extent of a favorable geother-
mal aquifer (Summers and Ross, 1971). Refraction and reflection seismic methods
have also been used to investigate the subsurface geologic structure of a region.

Gravity and magnetic surveys are two additional techniques used in the explo-
ration for geothermal resources (Crosby, 1971; Griscom and Muffler, 1971).
Because hydrogen sulfide near heat sources causes magnetite to change to non-
magnetic pyrite, magnetic lows are often associated with hydrothermal activity.
Gravity surveys can be utilized to study deep subsurface structure and help delin-
eate feeder channels or reservoir characteristics.



The final and most important phase of the exploration is the actual drilling.
No conclusion as to the productive capacity of a region can be formulated without
drilling. Information derived from the drilling program should include the porosity
and permeability of the rock strata and the nature of the permeating fluid.

In exploring for geothermal resources, it should always be kept in mind that
different geologic settings require different exploration techniques. Because the
expense involved in drilling can be prohibitive, a very diverse and intensive yet
low-cost exploration program should be carried out prior to actual drilling.

Although the development of geothermal power is still in its infancy, many
distinct advantages over fossil-fuel and nuclear power plants are already apparent.
Economically, geothermal power appears to be competitive with other sources of
power. Bowen and Groh (1971) estimate that a geothermal power plant would cost
only two-thirds to three-fourths as much to build as a conventional fossil fuel power
plant. The maximum capacity of a geothermal power plant need not be developed
immediately. The plant can be enlarged as needed, lowering the initial capital in-
vestment for an extremely large plant before it is needed. A geothermal plant is
also relatively simple to operate, another factor in reducing operating costs. The
Geysers plant in northern California, for instance, operates throughout most of
the day unattended, with a small crew monitoring the equipment for only eight
hours daily (McMillan, 1970). Bradbury sounds a warning note (1971), however,
in pointing out the need to compare high fixed charges and low variable costs in
estimating exploration and development charges. Maintenance costs will vary
from plant to plant and may become extraordinarily high if large concentrations of
impurities must be separated from the steam and occasionally removed from pipes
and turbines on which they may accumulate.

Natural steam power plants have relatively little effect on the environment,
when compared to other sources of power generation. Nuclear plants and coal-
burning plants require the mining of fuel, land for processing plants and storage,
and the development of a transportation system to a power plant. In comparison,
the production of electricity from geothermal resources does not require excava-
tion or mining, a refining stage, or any elaborate transportation system that can
damage the environment. The Larderello field has been producing electrical power
since 1904, yet intensive agriculture is carried on within the steam field, with vine-
yards and orchards growing among the pipelines and wells (United Nations, 1970).

Natural steam from the earth is low in atmospheric pollutants. At the Geysers
operation, the average content of the steam is 99.5 percent steam and only 0.5 per-
cent non-condensable gases. Of these gases, 90 percent is carbon dioxide and the
remaining 10 percent methane, hydrogen sulfide, and trace elements of other gases
(Bowen, 1971; O'Rourke, 1972). The percentage of non-condensable gases may be



as high as four percent at the Larderello fields. Hydrogen sulfide presents a prob-
lem in larger plants but it can be extracted chemically from the escaping gases
(Bowen and Groh, 1971). ~

Geothermal resources also have the advantage of serving multiple purposes.
Besides producing electricity, excess hot water can be used to heat homes, fac-
tories, or greenhouses (Head, 1970; Papin, 1971-1972). Hot water can be used
in a desalination process to produce fresh water for municipal or agricultural
purposes. Minerals can also be removed from hot brines in economically profit-
able quantities (Hammond, 1972; Murray, 1972).

Although geothermal power is apparently endowed with a multitude of assets,
many members of the technical community have been hesitant about giving approval
to this new source of power, justifying their beliefs by pcinting out some of the
shortcomings present in the arguments developed by the proponents of geothermal
power (Laird, 1971).

Geothermal electrical production may not be as competitive as it was once
believed, due to numerous hidden costs which may raise the estimate of the initial
capital investment needed. Exploration costs will vary, easily becoming the most
expensive aspect of geothermal power development. The expense of removing
brines and non-condensable gases from the steam may raise cost estimates con-
siderably. Because of the location of geothermal areas within active earthquake
areas, power plants are susceptible to seismic damage.

Another critical problem is the accurate determination of the life expectancy
of geothermal fields. Producing fields have a life expectancy of only 50-100 years
according to Mount (1969), with individual wells lasting only as long as five to ten
years. Geothermal fields may not be numerous enough or in locations where they
can have maximum economic benefit. Fenner and Klarmann (1971) estimate a
world potential of one million megawatts per year, while White (1969) estimates
a potential of only 60,000 megawatts per year. Both estimates are low in relation
to the potential for other energy sources and the projected demand estimates.

There may well be numerous environmental effects related to the development
of a geothermal resource. Initially, the prospect of putting an industrial plant into
a non-industrial area may create se~re problems. Hydrogen sulfide may escape
into the air, and boron and ammonis .ay pollute surface waters if not reinjected
into the ground. Such reinjection of fluid into the ground may precipitate earth-
quakes in a fault zone (Fenner »nd Klarmann, 1971). While land subsidence may
occur (Goldsmith, 1971; Hamn 4, 1972) due to withdrawal of groundwater, proposed
Department of Interior regulations requiring drillers to reinject all water removed
from the ground as brine or hot water will minimize this objection. Likewise, noise



pollution, another problem of some magnitude because of the necessity for geo-
thermal wells to vent steam constantly through a small diameter pipe, may be
solved with only a slight increase in initial development costs as a result of Inte-
rior's proposed regulation requiring special mufflers that meet specific noise
levels. (*)

Finally, the largest hurdle preventing the development of geothermal resources
is the legal ambiguity of the control and ownership of this resource. Congress passed
the Geothermal Steam Act of 1970 (Godwin, et al, 1971; U. S. Code Congressional
and Administrative News, 1970), but the Act failed to settle two basic questions:
ownership of the resource and the rules governing its exploitation (Allen, 1972).

In the United States, geothermal development may be hampered by the horizontal
acquisition practices of oil companies (Netschert, 1971). This would threaten
interfuel competition and could delay the development of new power sources.

Semiarid and arid lands are faced with three critical problems: First, there
is a scarcity of water; second, it has been economically unfeasible to supply power
to sparsely populated arid areas; third, groundwater tends to be saline. The de-
velopment of geothermal resources may go far toward alleviating problems in the
arid and semiarid regions of the world.

As a power source, geothermal power may be the cheapest means of bringing
electricity to desert areas. Initially, such power plants can be small, saving the
expense of building a large capacity power plant for an undeveloped area with a
small production. Many arid and semiarid regions are known to possess, or at
least have the potential to utilize, geothermal power. Such regions include the
western United States, specifically California, Nevada, New Mexico, Idaho, Utah,
and Oregon (Birdseye, 1971; Bowen, 1972a; California, State Department of Water
Resources, 1970; Heylmun, 1966; McNitt, 1965; Summers and Ross, 1971), north-
ern Mexico (Koenig, 1967; Mercado, 1969; Lear, 1970; Mooser, 1965; United Nations,
1964), the USSR (Fotiadi, et al, 1970), Argentina, Chile, Japan, Kenya, Uganda,
Tanzania, Ethiopia, Algeria, Turkey, and India (Fenner and Klarmann, 1971;
Noguchi, 1970; Uyeda and Watanabe, 1970).

The cost of geothermal electrical power may be kept low through the multiple
use aspects of geothermal energy. Most thermal power plants requir e vast amounts
of water to cool condensers. Geothermal plants that utilize dry steam, however,
do not require a supplementary source of cooling water. Natural steam, after
passing through the turbine, is condensed within the cooling water, thus providing
additional water to the cooling towers. Increasingr competition for diminishing sup-
plies of water is probably the single most important reason for the development of
geothermal resources (Bowen, 1971).

(*) Washington Star-News, January 9, 1973



The Chilean government in cooperation with the United Nations is developing
a facility that will generate three products: electricity, distilled water, and a
mineral-rich brine from which valuable minerals will be extracted in evaporating
ponds. Thus one plant solves three problems: scarcity of water, desalinization
of needed groundwater, and an economically important by-product which will help
keep overall production costs relatively low. The water produced as a product of
geothermal power can be used for agricultural purposes, with some reservations,
as well as for municipal and industrial purposes. Whether enough water for ir-
rigation can be produced in arid regions as a by-product of electrical production
and/or desalination is not known yet, but it is a positive step forward in the solution
of the problem (United Nations, 1964) if we see the major agricultural application
of cheap geothermal power as irrigation water production. While we await the
evidence that geothermal processes can produce the abundant quantities of water
as a by-product needed for this purpose, we also need to know that geothermal
power can be produced cheaply enough to justify desalination as an economically
viable source of irrigation water.

The United States and Mexico are currently involved in a dispute over the
salinity level of Colorado River water entering Mexico under treaty. Itis almost
certain that this dispute can be resolved only by the United States. A way must be
found to lower the salinity of the River before its water is delivered below the bor-
der. It has been suggested (Lear, 1970; Rex, 1971; U.S. Bureau of Reclamation,
1971) that this might be accomplished by pumping geothermally-heated water to
the surface of the Imperial Valley, using the steam to generate power and the heat
of the water for evaporation, followed by injection of the distilled water into the
River and thus achieving lower salinity levels by dilution. The multiple usage of
the geothermal resource could reduce desalination costs.

A new 8,000-foot test well, pumping salty brine from beneath the Imperial
Valley desert seven miles east of Holtville, California, has been described by
Bureau of Reclamation officials (*) as part of a $16 million test project expected
to run through 1978, with early results being very encouraging. Should it be suc-
cessful in accomplishing this potential of harnessing steam to power a desalting
plant that would convert the brine into high-quality drinking water, it could serve
as a model for other arid regions with similar geothermal resources, thus point-
ing the way for a combination of industry and agriculture interacting to lower unit
power costs to each.

Many maintain that the most promising avenue of agricultural production in
arid regions is through greenhouses rather than vast, heavily capitalized irriga-
tion schemes. The heated water is one of the highest costs in greenhouse agricul-

(*) Associated Press, November 5, 1972; February 27, 1973.



ture but with a source of geothermal good quality water or a low cost method of
distillation, a significant impetus could be given to greenhouse agriculture in
deserts. It is felt that this is a particularly promising avenue of research.
Near Lakeview, in the Oregon high desert where winters are very cold, geo-
thermal power is being tapped 440 feet below the ground to maintain a constant
greenhouse temperature for a year-round commercial tomato-growing operation
(Head, 1970). Promising precedents, therefore, do exist.

Geothermal resources provide still other benefits to the entire world as well
as arid and semiarid regions. Hot water can be used for heating houses in winter
and air conditioning in summer. Already in use in a New Zealand resort hotel is
such a joint setup, lowering its operational costs significantly. In Japan, high
temperature waters are being tested for new techniques of fish breeding. With-
in the next decade 60 to 70 percent of Iceland's population will be heating their
homes with geothermal resources (Barnea, 1972).

Geothermal power may never become a predominant source of energy for man
but it has the potential to play an important role in augmenting the currently over-
taxed facilities of power production. In arid and semiarid regions of the world
where electric power is expensive because of transmission distance and low per
capita distribution, geothermal power development would aid in lowering these
costs as well as providing an incentive for industrial development. The water pro-
duced as a by-product of electrical production could be used for industrial or muni-
cipal purposes.

Nevertheless, problems do remain that will hinder the development of geother-
mal power resources. Although geothermal power is comparatively pollution free,
hazardous pollutants still exist. Fortunately, present technology seems capable of
solving this problem (Bowen and Groh, 1971; Fenner and Klarmann, 1971; Laird,
1971; Rex, 1971). Pollution devices, high exploration and drilling costs, and un-
expected maintenance costs may increase the costs of geothermal power production.
The aspect may be offset by two facts that will become more evident within the next
two decades: 1) As fossil fuel supplies decrease, prices for these products will in-
crease, with electric companies passing this increase on to the consumer. The
possibility, therefore, exists that even with unexpected increases in cost, geother-
mally-produced electricity may become less expensive than electricity produced
in fossil fuel plants. 2) Science is finding new ways of increasing the versatility
of geothermal resources, thereby making it a more attractive source of power.

Today, the world's present facilities to produce power are strained. Each
summer many cities have blackouts or brownouts because they are unable to con-
vey to consumers the needed quantities of electricity. Each winter fuel needed for
heating becomes scarcer and more expensive. In January 1973, for instance, the



City of Denver, Colorado, had to close schools temporarily and curtail the use of
natural gas because of a fuel shortage, only one of many such examples. Develop-
ment of geothermal resources will not replace fossil fuels but it could certainly lend
a helping hand in getting us out of a rapidly developing energy crisis. The recent
United Nations seminar on geothermal energy held in New York summed up this
point of view (*) when the energy experts present generally agreed that such energy
from the natural heat of the Earth's core is one of the most promising sources of
relatively non-polluting energy, and should be developed on a world-wide scale.

(*) New York Times News Service, January 14, 1973
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ANAG(1966) 3659,

THE PROLIFIC FUMAROLIC AND SGCLFATARIC ACTIVITY IN THE LAGUNA VOLCANG,
WHICH OCCUPIES AN AREA OF 10 SQUARE KM SOUTH OF CERRQO PRIETO, BAJA
CALIFORNIA, LED TO DEVELOPMENT OF A GEOTHERMAL FIELD. 1IN APRIL 1964
THE M=3 WELL WAS DRILLED, WHICH PRODUCES STeAM AND WATER FROM A FIRST
ZONE AT DEPTH OF 600-90C M UNDER 18 ATM PRESSURE AND AT A TEMPERATURE
OF 210 DEGREES C.y REACHING £ YIELD OF 20C TONS AN HOURS A SECOND ZONE
IS BETWEEN 2,300 AND 29632 M, AT WHICH DEPTH QUATERNARY FLUVIAL SANOS
AND LACUSTRINE MUDS LIE ON GRANTIC ROCK OF THE CRETACEOUS BASEMENT.
THE M=3 WELL IS LOCATED ON A BLOCK(HORST), ADJACENT TO AN
EXTRAORDINARY VERTICAL SINKING EAST OF THE SAN JACINTO FAULT. THE
THERMAL ACTIVITY SEEMS TO ORIGINATE FROM MAGMA OF INTERMEDIATE
COMPOSITION, LYING AT GREAT CEPTH.

GEOTHERMAL STUDIES/MEXICO/STEAM/WELLS/VOLCANOES/MAGMATIC WATER

=IDENTIFIERS3/8AJA CALIFORNIA/CERRO PRIETO FIELD
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3
ANONYMOUS

1970

GEOTHERMAL GROWING AS A POWEFR SOURCE.,
ELECTRICAL WORLE 173(25)1832~234,

DISCUSSES EXP:RIENCES OF JAPAN, USy AND USSR IN GEOTHERMAL ELECTRICAL
POWER GENERATION. THE MAGMA MAX POWER CYCLty RECENTLY DEVELOPED, USES
HOT WATER FROM GEOTHERMAL WELLS TO FLASH ISOBUTANE IN A HEAT EXCHANGER
FOR PROPULSION GF A TUREINE. KEcPING THE GEOTHERMAL WATER UNDER
PRESSURE PREVENTS THE DEPOSITION OF IMPURITIES 1IN THE EQUIPMENT. THE
EXPERIENCE OF PACIFIC GAS ANC eLECTRIC INDICATES THAT ELECTRICAL POMWER
MAY BE ECONUMIGALLY PROCUCED FROM GEOTHERMAL ENERGY.

GEOTHERMAL STUDIES/ELECTRIC FOWER/THERMAL POWERPLANTS/COSTS/WELLS/
THERMAL WATER/HEAT EXCHANGERS/HYDROSTATIC PRESSURE

=IDENTIFIERSS/ISOBUTANE /IMPURITICES
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BAKERy CeHey JRs

1968

THERMAL SPRINGS NEAR MICWAY, UTAH.

UeSe GZOLOGICAL SURVEY, PROFLSSIUNAL PAPER 63u~-0363-74.
ANAG(1969) u5178. SWRa WE3-0I5€E8.

A GROUP OF THERMAL SPRINGS NcAR MIDWAY, UTAH, 1S SURKROUNDED BY A
CEPOGSIT OF CALCAKEOUS TUFA THAT COV:=FS AN AKEA OF ABOUT 4.5 SQUAR:
MILES AND LOCALLY IS AT LEAST 70 Fe2l THICK. THt SPRINGS INCLUDE BOTH
FLOWING THERMAL SPRINGS AND HOT POTS, WHICH ARE SMALL FOOLS OF WARM
WATER OCCUPYING SHALLOW CRATeRS IN THE TOPS OF CONICAL OR
HEMISPHERICAL MOUNDS OF TUFA. EXTINCT HOT POTS (DRY CRATERS) AND
SOLID MOUNDS OF TUFA AS MUCH AS 10 FEET HIGH ARt ALSC COMMON. WATER
FROM THE FLOWING SPRINGS AND HOT POTS IS NOT HIGHLY MINcRALIZED (THE
TOTAL DISSOLVED SOLIDS RARELY EXCEEDS 256.0 MG/L), BUT IT IS SATURATED
WITH RESPECT TO CALCIUM CARBCNATc. SPRING WATcRy OF METEORIC ORIGIN,
ENTERS THE CARBONATE Bt UROCK IN THE NEARBY WASATCH RANGE AND MOVES
RAPIDLY THROUGH FRACTURES ANC SOLUTIGN GPENINGS. THE GEOTHERMAL
GRADIENT IN THz VICINITY OF VMiOWAY IS ABNURMALLY HIGH , BUT REASONS
FOR THE HIGH HEAT FLUX ARZ NCT KNOWN. (AUTHOK) « :
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5
BARNEA, J.

1972

GEOTHERMAL FOWEk,
SCIENTIFIC AMERICAN 226(1)87(i=-77. SWRA W72-04172,

THE PRESSURE ON WORLD ENERGY RESOURCES HAS GENERATED NEW INTEREST IN
TAPPING GEOTHERMAL FIELGS, AND THIS HAS BZEN HEIGHTENED BY PROJECTS
SHOWING THAT OTHER USE FUL PRCDUCTS MAY BE OBTAINED IN ADDITION TO
ELECTRIC POWER. ORY STEAM FIcLDS PRODUCING ELECTRICAL POWER HAVE A
CURRENT UPPER LIMIT OF 55 MEGAWATTS BECAUSE OF LIMITATIONS ON TURBINE
SIZE. THEY MAY ALSO PRODUCE FRESH WATER DIRECTLY FROM STEAM
CONDENSATION OR AS A CHEAP HEATING MEDIUM IN DISTILLATION PLANTS. WET
STEAM FIELDS WILL ALSO HAVE & VARIETY OF USES BESIDES POMWER
PRODUCTION, THE TREND IN OEVELOPMENT OF SUCH FIELDS BEING TO ENGINEER
MULTIPLE-USE INSTALLATIONS. ECONOMIC AND ENVIRONMENTAL IMPACT
CONSIDERATIONS CONFIRM THE DeSIRABILITY OF GEOTHERMALLY-PRODUCED
POWER. IMPROVED EXPLORATION METHODS ARE YIELDING IMPORTANT NEW
DISCOVERIES. INCLUDED ARE INFRARED PHOTOGRAPHS AND NON-TECHNICAL
DIAGRAMS OF POWERPLANTS, HOUSE=-HEATING, AND MULTIPURPOSE
INSTALLATIONS,

GEOTHERMAL STUbIES/THERHAL POWERPLANTS/ELECTRIC POHtR/STEAH/HULTIPLE-
PURPOSE PROJECTS/CONDENSATIOM/RESOURCES DEVELOPMENT/EXPLORATION

=IDENTIFIERSS$/0RY STEAM FIELLS
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6
BARTON, D.B.

1976

CURRENT STATUS CGF GuOTHERMAL POWLR PLANTS AT THt GEYSZRS, SONOMA

UNITED NATIONS SYMPOSIUM ON THE DEVLLOFMoNT ANC UTILIZATION OF
GEOTHERMAL RuSOURCES, PISA, 1970, PAPER. 13 P. SKRA W71-11813.

ELECTRIC FOWLR IN COMMERCIAL QUANTITiItS FFCM GEOTHLRMAL STEAM HAS

BEEN PRODUCED AT THEL GLYSERS, CALIF,, SINCt 196G. FOUR STcAHM TURBINE~-
GENERATORS HAVE BEEN INSTaLLeD WITH s TOTAL PRODUCTION CAPACITY OF 82,
630 KWe TWO MURE UNITS OF 55,003-KW CAPACITY ZACH ARZ UNDER
CONSTRUCTION ANLC MORE UNITS <RE PLANNED., FIFTY-TWQ WZllS HAV:c BecN
DRILLED, GREATLY ENLARGING THE KNOWN BOUNDARILS CGF TH= STEAM FIZLO.
ACTUALLY, THc BCUNDARIES OF THu FIELL HAVE NOT BrEN CLzARLY
OETERMIN:zD. SEVZERAL STLP-OUT W:iLLS SOM: DISTANCE FROM THC PRODUCTION
AREAS HAVE BetN SUCCESSFUL. THo EXISTING TURBINe=GeNERATORS TAKE
STEAM AT 350 DéGRZrS F. AND 80 OR 65 PSIG PRcSSURk. TH& NEW UNITS
WILL USE STtAM AT 1.0 PSIG PRESSURE. THc STEAM FLOW IS GREATZR THAN
THE COOLING TOWER EVAPORATION, AND THE «XCtSS WATER CONTAMINATLD
WITH AMMONTIA, SULFIDES, AND EORON PRLSENTS A DISPOSAL PROBELMS
INJECTION WELLS ARE BEING UStD FOR 01SPOSEL. THE STEAM SUPPLY IS
SLIGHTLY SUFcRHEATED ANC CONTAINS AMMONIA, CARBON DIOXIDE, AND
HYDROGEN SULFIDE. THESt PRESENT CORKOSION PROBLEMS TO PLANT
EQUIPMENT, BUT PROPER SELECTION OF MATERIALS HAS REOUCED CORRUSION TO
ACCEPTABL: LIMITS. THe & EXISTING UNITS wkc DESIGN:D TO RUN AT
CONSTANT LOAD UNATTENDEL, OF:RATING FERSONNLL AKE NORMALLY PRESZNT
DURING DAYTIME CONLY. (USBR)

GEOTHERMAL STUDIES/THERMAL PUWERPLANTS/PIPELINES/WELLS/STEAM/ELLCTRIC
POWER/CALIFORNIA ZCORROSICN/CESIGN DATA/OKILLING/INJLCTION WELLS /
BRINZ DISPOSAL

=IDENTIFIERS$/GEYSERS FIcLDy CALIFORNIA/IMPURITIES/TURBOGENERATURS
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7
BIRDSEYE,y HeS,
1969
GEOTHERMAL FOWER RESOURCES IMN THE SOUTHWEST.

NEW MEXICO, BUREAU OF MINES ANC MINCRAL RcSOURCES, CIRCULAR 101,
Pe86-96,ANAG(197() 04953,

GEOTHERMAL PUWER PROSPECTING INCLUDES DETAILED GEOLUGIC MAPPING,
GEOCHEMICAL SURVEYING (INASMLCH AS MUCH OF THE WAT&R IS DETECTABLE
CHEMICALLY), AND GEOPHYSICAL SURVEYING (BY DETECTING ANOMALIES WITH
VERY SENSITIVE HEAT-SENSITIVt DEVICES). THE GEGTHERMAL AREAS OF THE
WORLD ARE CONFINED TO VOLCANIC REGIUNS WHICH HAVE UNDERGUNE FAULTING.
IN THE UNITED STATES, SUCH FAULT CONTROLLED AREAS ARE FOUND IN UTAH
AND NEW MEXICO. IN UTAF, HYFERTHERMAL OCCURRENCES ARE, FOR THE MOST
PART, IN PROXIMITY TO THE STATES NORTH-TRENDING FAULT SYSTEMS AND ARt
CLOSELY RELATED TO CENOZOIC IGNEOUS KOCKS. HOT SPRINGS ARE COMMON IN
NEVADA ALSO ALONG NORTH-TRENCING FAULT LINES. NUMEROUS THERMAL
ANOMALIES OCCUR IN NEw MEXICC IN THE RIO GRANOE STRUCTURAL TROUGH, AND
SOME IN SMALLER TROUGHS WEST OF THE KIO GRANDE. :

GEOTHERMAL STUDIES/SOUTHWEST U.Se/EXPLORATION/UTAH/NEVADA/NEW MEXICO/
/FAULTS(GEOLOGIC)/HOT SPRINGS/GEOLOGIC INVESTIGATIONS

=IDENTIFIERS!/RIO GRANDE TROUGH



8
BIRDSEYEy HeSe
1871
GEOTHERMAL FUWer IN NcW MEXILO.

NEW MEXICO ACAGEMY OF SCIcNC:z, PULLCTINy SFRING, 1971, P. 1-8.

THE GEOPHYSICAL FACTORS RESPUNSIBLE FOR THe FORMATICN OF GESOTHERMAL
STEAM ARz BRIEFLY DISCUSStD. GEOTHERMAL STEAM MAY BE AN INTEGRAL PART
OF THe PROCESS EY WHICH METAuLiIC DEPOSITS SUCH AS CUPPER, LzADs ZINC,
GOLD, AND SILVck ARE FORMcD. ThHo CHLRACTLRISTICS OF GEOTHERMAL wWREAS
ARE EXAMINLD AND THe DIFFcRENCES BETWREEN SATURATED AND DRY GEOTHcCRMAL
SYSTEMS ARZ POINTED OUT. THY LATIER IS TO BE PRcFERRZO BECAUSE OF ITS
GREATERK ESCONOMIC VALUE AND LalK OF SNVIKONMENTALLY-DeLETERIOUS BY-
PRODUCTS. MAPS OF WORLOWIDE GEOTHERMAL AREAS AND NeéW MEXICG HYPcR=
THERMAL AREAS ARg PRESENTED. OF THo ROUGHLY 60 KNOWN THLRMAL AREAS IN
NEW MEXICO, THc ONLY SYSTEMATIC DRILLING HAS BEEN IN THE VALLES
CALDERA, A CKY STcAM FIELO OF POSSIBLY SEVERAL MILLION KW POTENTIAL.
SIX OR SCVEN THERMAL PKROSPECTS ALONG THE IO GRANDE TROUGH ALSO APPLAR
TO HAVE E£CONOMIC POTENTIAL.

GEOTHERMAL STUDIES/THERMAL PCWER/STELM/NEW MEXICO/EXPLORATICON/
DRILLING/MAFS/

=IDENTIFIERS$/DRY STEAM FIELLS/Vallc CALDL RAZRIO GRANDE TROUGH
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9
BIRMAN, JoH.

1969

GEOTHERMAL EXPLORATION FOR GFOUND WATER.

GEOLOGICAL SOCIIETY OF AMERICAy BULLEtTIN B8uU(4)3617-630.
ANAG(1969) 00762,

SINCE 1961, PRECISt GROUNO-T:MPERATURE MEASUREMENTS HAVE BEEN MADE AT
SHALLOW DEPTH IN A NUMBER OF GEOLOGICAL TERRANES AND CLIMATES. THE
OBJECTIVE HAS BEEN TO INVESTIGATE THe EFFECTIVENESS OF SHALLOW
GEOTHERMAL TECHNIQUES IN GEOLOGICAL £XPLORATION. THE THERMAL SENSORS
USED ARE THERMISTORS INDIVIGUALLY CALIBRATED TO WITHIN .02 ODEGREES
CENTIGRADE. IT WAS FOUND THAT SHALLOW-EARTH TEMPERATURES CAN BE
RELATED 7O THE CGCCURRENCE OF GROUND WATER., SHALLOW, MOVING GRCUND
WATER PRODUCES LOW TEMPERATURES AND LOW ANNUAL DRIFT RATES, DUE TO
DAMMPING OF THE ANNUAL TEMPERATURE WAVE. CONVERSELY, DRY SHALLOW
BEDROCK, BECAUSE OF HIGHER CCNOUCTIVITY AND LOWER SPECIFIC HEAT,
PRODUCES RELATIVELY HIGHER TEMPLRATURES AND HIGHER ORIFT RATES. OTHER
PERMUTATIONS OF OBSERVED TEMFERATURE AND GRIFT RATE REFLECT :
INTERMEDIATE CONDITIONS OF BEOROCK AND GROUND-WATER OISTRIBUTION. AS
A CASE STUDY, THE GtOTHERMAL SURVEY OF JOHNSON VALLEY IS DESCRIBED.
THIS 1S A CLOSED BASIN SYSTEM IN SOUTHERN CALIFORNIA, WHICH SHOWS A
DIRECT RcLATIONSHIP BETWEEN GROUNDO ToMPERATURE AND DEPTH TO WATER AS
MEASURED IN WELLS.,

GEOTHERMAL STUDIES/eXPLORATION/GROUNLWATER/SOIL TEMPERATURE/
CALIFORNIA/GEOLOGIC INVESTIGATIONS

=IDENTIFIERS8/JCGHNSON VALLEY
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10
BODVARSSON,y G.
1876

VALUATION OF GEOTHERMAL PROSPSCTS AND THe 0B8JcCTIVES OF GeOTHERMAL
EXPLORATICN., '

GEOEXPLGRATICON 8(1)37-17.,

THIS REVIEW LEANS HEAVILY ON THE AUTHOR S EXPERIENCE IN ICcULAND. IT
IS FELT THAT THE MAIN FIELD CONDITIONS CHARACTERIZING HIGH=-FPOWER
GEOTHERMAL RESERVOIRS ARE' RESERVOIR TEMPERATURE, RESERVOIR VOLUME,
RESERVOIR PERMEABILITY, AMOUNT OF RZISERVOIR WATER, MAIN GROUNDWATZR
LEVEL, TYPE AND AMOUNT OF CH:MICAL IMPURITIES, DRILLABILITY, AND THg
PRESENCE OF HIODEN RESERVOIR., BECAUSE OF LOW TEMPERATURE AND PRcSSURL
GEOTHERMAL STEAM IS ONLY ABGUT ONE=HALF AS EFFICIENT AS STEAM FROM
FUEL IN PERFORMING MeCHANICAL WORK. INDIRECT AND DIRZCT METHUDS OF
GEOTHERMAL ReSOURGE EXPLORATION ARE OUTLINED.

GEOTHERMAL STUDIES/EXPLGRATICN/STEAM/THERMAL POWER

=zIDENTIFIERSS/ICELAND
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BOWEN, R.G.

1971

ELECTRICITY FROM GEZOTHERMALs NUCLEAR, COAL SOURCEST AN ENVIRONMENTAL
COMPARISON,

ORE BIN 33(11) $197-209.

RECOGNIZING THAT WHILE THE PROODUCTION OF ELECTRICAL ENERGY IS GROWING
RAPIOLY ANDO THAT THE GROWTH OF HYDROELECTRIC POWER GENERATION WILL
SOON CEASE WHILE OTHER METHGLS CF POWER GENERATION ARE UNDESIRABLE OR
TOO FAR. IN THE FUTURE, IT IS FELT THAT NUCLEAR (FISSION) REACTORS,
COAL~-FIRED GENERATORS, AND GEOTHERMAL PLANTS ARE THE LIKilLY SOURCES OF
ELECTRICAL POWER IN THE NEAR FUTURE., THE PROBABLE OR ACTUAL
ENVIRONMENTAL IMPACT OF EAGH OF THESEF THERMAL SOURCES IS EVALUATED ANGD
COMPARED WITH THE OTHERS FOR LAND, AIR, AND WATER. A DRY STEAM
GEOTHERMAL PLANT IS THE ONLY TYPc OF THERMAL POWER PLANT THAT DOES NOT
COMPETE WITH OTHER USES OF WATER. NOR DOES GEOTHERMAL POWER HAVE THE
CYCLE OF MININGy MILLING, REFINING, ENRICHMENT, FABRICATION,
REPROCESSING, AND WASTE STORAGE THAT IS INVOLVED IN THE PRODUCTION OF
BOTH FOSSIL AND NUCLEAR FUELSe THIS SELF-CONTAINED ASPECT SEEMS TO
CONVEY AN ECONOMIC ADVANTAGE TO ORY STEAM GEOTHERMAL POWER PRODUCTION.
WHICH IS BORNE OUT BY THE EXFERI:NCc OF TWO PLANTS IN OPERATION,

ELECTRIC POWER/GEOTHERMAL STUDIES/ENVIRONMENTAL EFFECTS/STEAHITHERHAL
POWERPLANTS/NUCLEAR POHERPLANTS/COALS/POHERPLANTS/COMPARATIVE
BENEFITS

=IDENTIFIERSS/0RY STEAM FIELCS
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FOWEN,y R.G.

1972 A
GLOTHERMAL GRADIENT STUCIES IN OREGON.
URE BIN 34(4)t68-71

BLCAUSE OF A LACK OF cCONOMIU INCeNTIVES, AND BECAUSE OF THE
COMPLEXITY OF THE CONDUCTIVITY MEASUREMENTS, NO HEAT FLOW McASURCMENTS
HAVE YET BieN MADE IN OREGON., WHEREVER DRILL HOLES OCCUR, GEOTHLRMAL
GRADIENT MZASUREMcNTS HAVE BEEN MADE OVER THE LAST FcwW YeARS. IT IS
RECOGNIZLD THE GLOTHERMAL GRADICNTS LO NOT PRESENT AS ACCURATZ A
PICTURE OF GEOTHcRMAL RESOURCE PUTENTIAL AS DO HEAT-FLOW McASURCMENTS.
GRAPHS ARE FRESLNTED OF GEOTHERMAL GRADIENTS MEASURED AT SIX SCATTcKEl
POINTS IN THE EASTcrRN OREGON DEScRT COUNTRY,

GEOTHERMAL STUDIES/OR:GON/HEAT FLOW/BOREHGLLS/MEASURCMENT/ THERMAL
PROPERTIES

13

BOWEN, R.G.

1972 8

GEOTHERMAL ACTIVITY IN 1971,
CRE 8IN 34(1)812-14,

THE GEYSERS FIELD IN SONOMA COUNTY,CALIFORNIA, CONTINUES TO BE TH:
ONLY COMMERCIAL ELECTRICITY-FRODUCING AREA FROM GEOTHE RMAL STEAM IN
THE UsSe DOURING THE YEARy CAPACITY INCREASED FRCM 86 TC 192
MEGAWATTS, AND WILL INCREASE ANOTHeR 22C MEGAWATTS COVeR THE NEXT THWO
YEARS WHEN TWO NEW PACIFIC GAS AND cLECTRIC PLANTS ARL COMPLcTED.
EFFORTS OF THE FEDERAL GOVERMMENT IN CLASSIFYING GEOTHLRMAL RESOURCE
AREAS (KGRAS) AND IN ISSUING RULES AND KEGULATIONS ON GEOTHERMAL
RESOURCE EXFLOITATION, ARE DiSCRIBED. VARLIOUS CCOFeRATIVE CCOMMERCIAL
VENTURES IN THE IMPERIAL-SALTON ScA AREA ARE LISTED.

GEOTHERMAL STUDIeS/CALIFCRNIA/GEYSERS/EXPLOITATIGCN/THE RMAL
POWERPLANTS/STEAM

=IDENTIFIERS$/GLYSERS FIciDy CALIFORNIA/SALTON SEA/IMPeRIAL VALLLY
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BOWENy; ReGe/GROH, ElA.

1971

GEOTHERMAL-t ARTH S PRIMORDIAL ENzRGY,
TECHNOLOGY REVIEW 74(1) 342-4E,

A GENERAL REVIch ON GEOTHcRMAL FOWER WHICH DISTINGUISHeS ITSELF FROM
OTHER SIMILAR RuLVIEWS IN ITS GCONSID_RATION OF THE ECONOMICS AND
ENVIRONMENTAL EFFECTS OF GEQGTHERMAL FOWER. EXPLCRATION COSTS,
AMORTIZED AT 14 PERCENT PER Y:ZAR FOR A ONE MILLICON KW FIELD, WOULD Bt
ONLY 0.175 MILLS/KWHe EVERY INDICATION IS THAT GEOTHERMAL POWER COSTS
WILL Bt LESS THAN THAT FRODUCED BY CUAL, NUCLEAR, AND EVEN HYDRO
METHODS. GEOTHERMAL PLANTS [CO NOT NEED A SUPPLEMENTAL SOURCE OF
COOLING WATERy SOy SIGNIFICANTLY, GEGTHcRMAL PLANTS, UNLIKE OTHER
TYPES OF THERMAL PLANTS, DC MNOT COMPLTE WITH OTHER USERS OF FRESH
WATER. IT IS ALSO FELT THAT THe POTuNTIAL QUANTITY OF GcOTHERMAL
ENERGY, WORLOWIDts HAS BciN UNCCRESTIMATLD IN THE PAST.

GEOTHERMAL STUDIES/TH:ZRMAL PCWER /ENVIRONMENTAL EFFECTS/COSTS/
EXPLORATION/ECONGMICS/COMPARATIVL COSTS/COMPARATIVE BENEFITS
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BRADBURY, JeJo.C.

1971

THE ECONOMICS OF GEOT&ERMAL FOWER,

UNITED NATIONS NATURAL Rc3SOURCES FORUM 1t46-54, SWRA W72-13092.

IN ORDER TO BE A VIABLE ENERGY SOURC:t, GEOTHERMAL PUWZR MUST COMPETE
SUCCESSFULLY WITH ALTERNATIVE ENERGY SOURCES SUCH AS NATURAL GAS,
SOLID FUELS, HYDROELECTRIC PCWER, AND NUCLEAR ENERGY., CONSEGUENTLY,
BEFORE UNDERTAKING A GEOTHERMAL POWER PROJECT, IT IS NECESSAKY TO HAVE
THE BEST POSSIBLE ESTIMATES CF NOT ONLY PROBABLE EXLORATION EXPENSES,
BUT ALSO THE COSTS OF DEVELOFING BOTH WELL FIELDS AND POWER PLANTS.
THE COST OF £XPLORATION DZFENDS ON SUCH FACTORS AS GEOLOGICAL
STRUCTURE y HYDROLOGY, AND THE DEPTH AND TcMPcRATURE OF THE PRODUCTION
ZONE., PRODUCTICN-DRILLING CCSTS ARE A FUNCTION OF SEVERAL FACTORS,
INCLUDING REGIONAL GEOLOGICAL CGNDITIONS, ROCK PROPERTIES, DRILLING
TECHNIQUES, WELL DESIGN, AND WELL DEFTH, THE CGST CF A FLUID
COLLECTION SYSTEM IN A GEOTHcRMAL FILiD DoLPENDS UPON SUCH FACTORS AS
THE MASS FLOW, THE STEAM-WATER RATIO, AND INTERFLRENCz BETHWEEN
ADJACENT WELLS. THE VARIABL: COSTS ASSOCIATED WITH STEAM SUPPLY ARc
VERY SMALL AND CONSIST MAINLY OF WELL AND PIPELINE MAINTENANCE, WHICH
TO A CERTAIN EXTENT IS A FUNCTION OF THE CCRROSIVE NATURE OF THc
GEOTHERMAL FLUID. THUS, THE EGCONOMICS OF GEOTHERMAL POWER PLANTS ARE
DOMINATED BY COMPARATIVELY HIGH FIXED CHARGES AND LOW VARIABLE CGSTS.
THE COSTS ASSOCIATED WITH EXFLORATION, DRILLING, AND OPERATING IN MANY
PARTS OF THE WORLD ARE GQUOTED.

GEOTHERMAL STUDIES/STEAM/VARIABLE COSTS/FIXED CGSTS/OPERATING COSTS/
EXPLORATION/DRILLING/ECCNOMICS/7COSTS/COMPARATIVE COSTS
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CALIFORNIA, STATE DEPARTMENT OF WAT:Zk RcSOURCES

19740

GEOTHERMAL WASTES AND THE WATER RESOURCES OF THE SALTON SEA AREA.
SAME AS AUTHORy BULLETIN 143-7. 123 P,

TO DATE, GEOGTHERMAL RESOURCE DcVELCPMENT IN THE SALTON SEA AREA HAS
BEEN CENTERED IN THE BUTTES THERMAL AREA WHERE 15 PILOT WELLS HAVE
BEEN DRILLED. SUCH DEVELOPMiNT HAS BEEN HINDERED B8Y OPERATIONAL AND
DISPOSAL PROELEMS RELATED TO THE HIGHLY CONCENTRATED BRINES. THIS
REPORT EVALUATES THE RESCURCES OF THt AREA 1IN TERMS OF PRESENT
ECONOMIC ASSETS AND FUTURE GeOTHERMAL OPERATIONS. ABOUT 40 MILLION AF
UNDERLIE THE BUTTES THERMAL AREAR, WHICH IS PART OF 3 BILLION AF
UNDERLYING THE IMPERIAL VALLEY. POSTFLASH BRINE FROM A TYPICAL WELL
CONTAINS OVER 3u0,000 TDS, AND THE WELL COULD PRCDUCE ABOUT 500,0u0
TONS ANNUALLY. SINCE THE SALTON SEA IS ALREADY IN ADVERSE SALT
BALANCE BECAUSE OF IRRIGATICM TAILING INPUTS AND HIGH EVAPORATION
RATES, IT IS RECOMMENDED THAT G6cOTHERMAL WASTES SHOULD NOT BE
OISCHARGED THERE. ' ’

GEOTHERMAL STUDIES/CALIFORNIA/BRINES/TEST WELLS/BRINE OISPOSAL/WASTE
WATER DISPOSAL/THERMAL WATER ' ‘

=IDENTIFIERSS8/SALTON SEA/IMFERIAL VALLEY/IMPURITIES
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CATALDIy Re/FERRARAy GoCo/STEFANIy Go/TONGIORGI, £.

1969

CONTRIBUTION TO THE KNOWLEOGt OF THE GEOTHERMAL FIELD OF LARDERELLO
(TUSCANY, ITALY). REMARKS ON THE CAKBOLI AREA.

BULLETIN VOLCANOLOGIQUE 33(1)81-27, SWRA W72-05679.

THE DEVELOPMENT ANO RESULTS C(F GEOTHERMAL RESEARCH IN THE CARBOLI
AREA, SOUTHERN LARDERELLO REGION, TUSCANY, ITALY ARE DESCRIBED.
INDUSTRIAL EXPLOITATION CF ENDOGENOUS FLUIDS IN THE REGION BEGAN MORE
THAN A CENTURY AGO. MANY THERMAL MANIFESTATIONS, SUCH AS HOT SPRINGS,
FUMAROLES, MUD FOOLS, AND GAS EXHALATIONS, WHICH OCCURRED ON OR NEAR
THE PERMEABLE MESOZOIC OUTCRCPS, HAVE CEASED ACTIVITY. ROCK
ALTERATIONSy ENCRUSTATICNS, AND TRAVERTINE DEPOSITS ARE EVIBENCE OF
PAST ACTIVITY., SOMt GAS(CO2 AND H2S) CONTINUES TO ESCAPE IN A FENW
PLAGES. BORIC ACIO WAS PROOUCED FROM THE THERMAL WATcRS DURING THE
FIRST PERIOD OF INDUSTRIAL EXPLOITATION (1818-1904). SHALLOW HOLES
WERE DRILLED TO INCREASE HOT WATER OUTFLOW ALONG FRAGTURED CALCAREOQUS
LAYERS.s LARGE AMOUNTS CF BORIC SALTS WiRE BROUGHT UP BY THE STEAM.

IN THE SECOND PERIOD OF INDUSTRIAL EXPLOITATION (19G4-1925)
GEOTHERMOELECTRICAL PROCUCTICN BECOMES IMPORTANT IN ADDITION TO
CONTINUED CHEMICAL PRODUCTS. ADOPTION OF EFFICIENT DRILLING
TECHNIQUES RESULTEO IN INCREASEC USE OF STEAM FOR POWiR. DEEPER WELLS
WERE DRILLED INTO THE MESOZOIC COMPLEX WHERE OPTIMUM CONDITIONS EXIST
FOR THE FORMATICGN AND USE OF STEAM. CHEMICAL PRODUCTIGN HAS ALMOST
CEASED SINCE 1945 WHILE FRODUCTION OF ELECTRICITY WITH THE NATURAL
STEAM HAS STEADILY INCREASED. (USGS)

GEOTHERMAL STUDIES/THERMAL WATER/STELM/HEAT FLOW/HYDROGEGLGGY /
HYDROELECTRIC PLANTS/GEOLOGIC CONTROL/MESOZOIC ERA/ZLATENT HEAT/GELYSERS
/MUD/GASES/CARBUGN DIGXIDE/WELLS/THERMAL POWERPLANTS

=IDENTIFIERS$/cNDOGENOUS FLUIDS/LARDERELLO FIELD, ITALY
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CATALDI, Ke/STEFANI, Go/TONGIORGI,y M,
1963

GEOLOGY OF LARDERELLO REGIOM (TUSCANY)$ CONTRIBUTION TO THE STUDY OF
THE GEOTHERMAL EASINS. IN NUCLEAR GtOLCGY ON GECTHERMAL AREAS
SYMPOSIUM, SPOLELTO, ITALY, SUPTEMBER 9-13, 1963y P. 1-32.

NATIONAL RESEARCH COUNCIL, NUCLEAR GEOLOGY LABORATOKRY OF PISA. SHRA
W72-05861.,

DETAILS ARE GIVEN IN GEOLOGICAL SECTIONS, MAPSy AND OESCRIPTIONS OF
THE GEOTHERMAL EASINS, WITH FARTICULAR ATTENTION TO THE ODRILLED AREAS
OF MONTECEREOLI, LARDERELLO, CASTELNUENO, LAGO, LAGUNI ROSSI, AND
SERRAZZANO., MAJOR TECTONIC COMPLEXcS ARE SUMMARIZEG AND OESCRIPTIONS
ARE GIVEN OF CUTCROPPING ROCKS WITH SPECIAL REGARD T0 THEIR
GEOHYDROLOGICAL SIGNIFICANCt. THRESZ OUTCROFP STRUCTURES ARE
DISTINGUISHED (NORTH TO SQUTH)y WHICH FORM THERMALLY ANOMALGUS ARCAS
WHERE LITHOLOGIC AND TECTONIC CUNOITIONS PERMIT METEORIC WATERS 70O
PERCOLATE THROUGH OUTCRGCOPS CF PoRMEABLE TERRKAINS AND THEN DIP BENEATH
IMPERMEABLEL FORMATIONS., ABOUT 26 MILLION CUBIC METERS/YEAR IS THz
MAXIMUM STEAM OUTPUT FRUM BCREHOLES FOR A 2-YR PCRIOD (1962-€3), THIS
KREQUIRES THAT 4( PERCENT OF TH: MEAN AVERAGE RAINFALL OF 1,250 MM /
YEAR ON THE 34 SQUARE KILOMETER AREA OF ABSORPTICN PENETRATE TG THE
GROUNDWATER SYSTEM AND CIRCULATE TO DEPTHS NECESSARY TO FORM STcAM.
(USGS)

GEOTHERMAL STUDIES/GEOLGCGIC CONTROL/STEAM/THERMAL WATER/HEAT FLOW/
HYDROGEOLOGY /WELLS/HYDRCELECTRIC PLANTS/STRUCTURAL GEOLOGY/NATURAL
RECHARGE/RAINFALL DISPOSITIONAQUIFER CHARACTERISTICS

sIDENTIFIERS$/GEOTHERMAL BASINS/LARDERELLO FIELD, ITALY
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CORTI, Re/MARIO, P.D+/MONDOLFI, F.

197¢

NEW TRENDS IN THt PLANNING AMU DZSIGN OF GEGTHERMAL POWERPLANTS.,

UNITED NATIONS SYMPOSIUM ON THE OEVoLOPHMENT AND UTILIZATION CF
GEOTHERMAL RESOURCES, PISAy 137u, PAPER. 21 P. SWRA W71-11815.

THE AMOUNT CF &NDOGENIC FLUIC THAT CaN BE EXTRACTED FROM A CiVelOPcl
GEOTHERMAL ARELA IS RESTRICTEC AND WILL DIMINISH IN TIME, ALTHOUGH AT A
SLOW RATE. TO COMP&NSATt FOR THIS DECREASE AND TO IMPROVE
PRODUCTIVITY, THE AREA MUST &t EXPANLED BY DRILLING AT PROGRESSIVELY
MORE DISTANT SITES. ALMCST INVARIABLY, THc CHARACTERISTICS GF Thc
STEAM JETS IN THESE ARLAS AR:L RLMARKEBLY UDIFFERENT FROM THOSt AT THC
EXISTING SITE, AND SLOWLY EVCiLVE BEFCRE BECOMING STABILIZED. FOR THIS
REASON, OESIGN OF GEOTHERMAL POWEZRPLANTS IN ITALY HAS BEEN MCOIFIED YO
PROVIDE ADAPTABILITY TO THcSc CHANGING CONDITIONS. DZCeNTRALIZATION
IS PLANNZD TG PROVIOE INSTALLATION ALMOST AT THE WELL-HEAD OF SMALL-
CAPACITY PROGUCTIVE J:TS CAPRBLE OF FeMOTL CONTROL FROM A& Fcw PILOT
POWER STATICNS. THE TUREOGENcRATORS USED AREL CAFABLE OF &XHAUSTING TQO
THE ATMOSPHERE, HAVE EXTREMELY LASTIC INTAK: CHARACTERISTICSy AND ARt
SIMPLE AND COMPACT TO FACILITATE TRANSFER ANU OPERATIONAL CONTROL.
CONDENSATION TURBOG&EN:RATOR COMPRESSOR UNITS PERMIT RAISING THE
THERMAL LEVEL OF THE HOT SPRING AT INTAKc AND, WHERE APPROPRI1ATE,
ENSURE ADAPTATIGN OF THE THE&KMAL LEVEL CF THE COLD SPRING OF THE CYCLE
T0 THE CHARACTERISTICS CF THt ENDOGZNIC FLUID TO OBTAIN CPTIMUM USec CF
THE WELLS=-FOWER STATION COMFLeEX. (USBR)

GEOTHERMAL STUDIES/THERMAL PCWERPLANTS/DESIGN DATA/DRILLING/FIPELINES
/TEMPERATURE /WELLS/SToAM/STEAM TURBINES/CONDENSERS (LIQUEFIERS) /
COMPRESSORS/PORERPLANTS

=JOENTIFIERS $/ENDOGENOUS FLUIOS/ITALY/TURBCGENERATORS/ THERMAL ENcRGY
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CRAIG, H.
1966

ISOTOPIC COMPCGSITION ANC ORICGIN OF THE RED SEA AND SALTON SEA
GEOTHERMAL BRINtS.

SCIeNCc 154(3756)1544~15438,

DEUTERIUM AND OXYGiN=18 MEASULREMINTS SHOW THAT THE ReD ScA AND SALTON
SEA BRINLS ARE THE RESULTS OF A SINGLE PROCESS, THE LEACHING OF
SEOIMENTS BY SURFACE WATER CIRCULATING DOWNWARD TO A GEOTHERMAL
RESERVOIR., THE SALTON SEA BRINE IS DERIVED FROM LOCAL PRECIPITATION
BUT THE RED SEA BRINE ORIGINATES 1,ui0 M SOUTH OF ITS BASIN, ON THE
SHALLOW SILL WHICH CONTRCLS THE CIRCULATION OF THE RED SEA. CN THIS
SILL SEA WATER PENETRATES A THICK EVAPORITE SEQUENCE TO A DEPTH OF 2,
GuU0 My AND, DRIVEN BY ITS INCREASED DENSITY RELATIVE TO SEA RATER,
FLOWS NORTHWARD TO EMERGE IN THE BRINEFILLED DEEPS.

BRINES/ISOTOPE STUDIES/CEUTERIUM/LEACHING/SEDIMENT TR@NSPORT/
GEOTHERMAL STUDIES/THERMAL WATER/HYDROGEOLOGY

=IDENTIFIERSS/SALTON SEA/RED SEA
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CRAIG,y H.

1969

DISCUSSION ([OF FAPER BY He C. HELGESON, 1968 (Q.V.) 3t SOURCE
FLUIDS FOR THE SALTON StA GECTHERMAL SYSTEM,.

AMERICAN JOURNAL OF SCIENGE 267(2)3249-255, ANAG(1969) (3594,

THE PROPOSAL BY HELGESON{IBIC., V. 266, NO.3y Pe 129-166, 19681 THAT
THE SOURCE FLUID FOR THE SALTON SEA GEOTH:LRMAL BRINE WAS INTERSTITIAL
CONNATE COLORADO RIVER WATER IN THE SEDIMENTS IS EVALUATED
QUANTITATIVELY IN TERMS CF THE DYNAMICS OF THE GEOTHERMAL SYSTEM AND
THE ISOTOPIC COMPOSITION OF THE VARIOUS WATERS INVOLVED. NEITHER BATCH
NOR CONTINUOUS EVAPORATION PROGESSES OPERATING ON ORIGINAL
INTERSTITIAL WATER OF PRESENT DAY COLORADO RIVER COMPOSITION CAN
PRODUCE THE GEOTHERMAL BRINE CHARACTERISTICS PRESENTLY OBSERVED. THE
ISOTOPIC EVIDENCE INDICATES THAT THc SOURCE FLUIC WAS METEORIC WATER
DERIVED FROM LOCAL PRECIPITATION AND CIRCULATING DOWNWARD THROUGH THE
SEDIMENTS. (AUTHOR)

GEOTHERMAL STUDIES/BRINES/METEORIC WATER/COLORADO RIVER/ISOTOPE
STUDIES :

=IDENTIFIERS$/SALTON SEA
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CROSBYy JeW.

1371

GEOTHERMAL EXPLCRATION,

NORTHWEST CCONFERENC: ON GEOTHERMAL PCOWER, 1ST, OLYMPIA, WASHINGTON,
1971, PAPER., 2u Pe SHRA W72-00077.

EXPLORATION TECHNOLOGY FCR GEOTHeRMAL SOURCES OF ENERGY IS IN ITS
INFANCY., ORIGINAL DISCOVERIES OF GEOTHERMAL ENERGY HAVE BLEN BAScD
PRIMARILY ON SURFACE MANIFESTATIONS OF A DceP ENERGY SOURCE.
DESIGNATING AREAS FOR DETAIL:D EXPLORATION OF GcOTHLRMAL POTENTIAL
WHERE NO SURFACE EVIDENCE IS PRESENT IS A DEMANDING CHALLENGE TO THE
EARTH SCIENTIST., DETAILED STUDIES OF REGICNAL G:OLOGY ARE LIKELY T0O
BE THE MOST PRODUCTIVE. THE BETTER KNOWN AND PARTIALLY PROVEN
GEOPHYSICAL METHOOS OF GeOTHuRMAL INVESTIGATIOUN DISCUSSED ARE$ EARTH
RESISTIVITY METHOO, ScISMIC METHODS, TEMPERATURE SURVEYS, INFRARED
RADIATION, GRAVITY SURVEYS, MAGNETIC SURV:YS, AND CHeMICAL :
PROSPECTING. EXPLORATICN TECHNIQUES MOST LIKELY TO PROVE AFPLICGABL:
IN THE STATt OF WASHINGTON ARE SUGG:=STcD.

GEOTHERMAL STUDIES/INFRARCD RADIATION/GRAVITY STUDIES/SEISMIC STUDIcS

/MAGNETIC STUDIES/EXPLORATION/HEAT FLOW/RESOURCES DeVe LOPMENT/THERMAL
POWER/HOT SFRINGS/GEOLOGIC INVCSTIGATIONS/ReSISTIVITY
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DUTCHERy LeCo/HARDT,y WoFo/MCYLEy JKoy WeR,

1972

PRELIMINARY APPRAISAL OF GROUND WATER IN STORAGE WITH REFERENCE TO
GEOTHERMAL RESOURCES IN THE IMPERIAL VALLEY AREA, CALIFORNIA,

UsS. GEOLOGICAL SURVEY, CIRCULAR 643, 57 P. SKWRA W72-11678.

IMPERIAL VALLEY, CALIFORNIA, OCCUPIES PART OF A DEEP SEDIMENT-FILLED
STRUCTURAL BASIN THAT EXTENCS SOUTH FROM THE COACHELLA VALLEY IN
CALIFORNIA TO THE GULF OF CALIFORNIA. BECAUSE OF THE EXTREMELY HIGH
TEMPERATURES AT OEPTH THROUGHOUT THE BASIN AND AT RELATIVELY SHALLOW
DEPTH IN AREAS OF ANOMALCUSLY HIGH HEAT FLOW, THE DEPOSITS ARE
UNDERGOING METAMORPHISM., THE ACTIVE METAMORPHISM HAS CAUSED CHANGES
IN THE ORIGINAL POROSITY ANC PERMEABILITY OF THE ROCKS AND CEPOSITS.
- THE TOTAL USABLE AND RECOVERABLE WATER IS ESTIMATED 7O BE 1.1 BILLION
ACRE-FEET, CF WHICH ABOUT 2Gi MILLION ACRE-FEET IS AT A TEMPERATURE OF
150 C. OR GREATERe THE COMBINATION COF LOW WELL YIELDS, ENERGY COSTS
IN EXCESS OF 100 OOLLARS PER ACRE-FOOT FOR LIFTS GREATER THAN 5,000
FEET, AND VERY HIGH COSTS OF WELLS WILL PROBABLY PREVENT PUMPING MOST
OF THE ESTIMATED USABLE AND RECOVERABLE WATER. IF AS MUCH AS 1,000
FEET OF PUMPING LIFT WOULD BE £CONOMICALLY JUSTIFIED, ABOUT 148
MILLION ACRE-FEEY OF WATER MIGHT BE REGCOVERABLE FROM THE SHALLOW
AQUIFERS. (USGS)

GROUNDWATER RESOURCES/GECTHERMAL STUUIES/THERMAL WATER/USABLE STORAGE
/CALIFORNIA/WATER COSTS/WATER QUALITY /SALINITY/WATER WELLS/AQUIFER
CHARACTERISTICS /WATER YIELD/PUMPING/WATER UTILIZATION/GROUNDWATER
RECHARGE/ THERMAL POLLUTICN

=IDENTIFIERS$/IMPERIAL VALLEY
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FACCAy G. /TONANI, F.

1964

THEGRY ANU TECHNOLOGY OF A GoOTHLRMAL FIELD.
BULLETIN VOLCANGCLOGIQUE 27:143-189,.

THIS IMPORTANT FAPER CONSIOtRS THE McCHANISMS THAT CONTROL WATER
EVAPORATION IN THE FORMATION AS A FUNCTION GF THe OIFFCRENCE BETWZLEN
FORMATION PRESSURE AND WeLL FRESSURcZe IN AN OVERHEATED STEAM FI:tLO,
THREE cLEMeENTS MUST B: DISTINGUISHEDt THE HEAT SOURCE s THE PERMEABLE
PAYZONE , AND THE IMPERMcABLe CGAPROCK. GtOLOGICALLY, THE GEOTHERMAL
FIELD IS A TRAP FUR CONVECTICN CURR:ZNTS. THE DePTH HAS GREAT
INFLUENCz ON THt BLHAVIOR OF WATEZR WHICH 1S TO PRODUCz= OVERHEATED
STEAMe. THE BEST CONDITICNS &Rt IN THE HIGHEST PUINT OF THE RESERVOIR
BECAUSE THERE THt HYDROSTATIC PrcSSURE OF THE WATER IS THE LOWEST AND
ITS TEMPZRATURE NEAREST TO Tr:E BOILING POINT. DEPTHy, EVWPORATION
VOLUME, AND PERMEABILITY OF THE FIcelD ARE ALSC TREATeD.

GEOTHERMAL STUDIES/STEAM/CONVECTION/EVAFORATION/PERMEABILITY/
HYDROSTATIC PReSSURE/TcMPERATURE/GEOLOGIC INVESTIGATIONS

25

FACCA, G. /TONAN1, F,

1967

THE SELF~-StALING GEOTHERMAL FIELD.

BULLETIN VOLCANCLOGIQUE 303271-273.

OPERATIVe FACTORS IN THE SELF-SEALING PROCESS ARE ANALYZED BECAUSE
MANY OF THESt FACTORS AR: OF CONSIDERABLE IMPORTANCE IN GcOTHERMAL
EXPLORATION. SEALING MAY Bt AhCOHPLISHtD BY HYDROTHERMAL OEPOSITION
OF SILICA AND ARGILLIZATION.

GEOTHERMAL STUDIES/SEALANTS/tXPLORATION/HYDRUTHERHAL STUDIES/
DEPOSITION (SEDIMENTS)/SILICA/CLAY MINERALS
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FENNER, D./ KLARMANN, J.

1971

POWER FROM THE EARTH,
ENVIRONMENT 13€1()319-2€,31~234,

THIS PAPER SURVEYS THE PRESENT CAPABILITItS OF GEOTHERMAL POWER AS A
TECHNICALLY AND ECONOMICALLY VIABLE MEANS OF PRODUCING ELECTRIC POMWER.
THE MECHANISMS OF GENERATION AND POWER PRODUCTION AR:Z DIAGKRAMMED AND
REVIEWED IN A NON-TECHNICAL MANNER., THEt ECONOMICS OF THe PROCESS ARE
STILL RATHER UNCERTAIN, PARTLY DUE TO GREAT OIFFERENCcS IN THE METHODS
OF ESTIMATING COSTS IN EXISTING PLANTS. REVIEWED ARE COST OF
EXPLORATION, WELL-DRILLING, FOWER PLANTS, ENVIRONMENTAL POLLUTION,
LAND, AND PIPELINES TO THE WELLHEAD. VARIOUS ESTIMATES OF WORLD
GEOTHERMAL RESOURCES ARE BRIEFLY SURVEYED. :

GEOTHERMAL STUDIES/LLECTRIC FOWER/EXFLORATION/COSTS/MELLS/THERMAL
POWERPLANTS/ENVIRONMENTAL EFFECTS/DRILLING/CONDENSATION
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FERRARA, GoCo/FERRARAy G./GONFIANTINI, F.
1963

CARBON ISOTGPIC COMPGSITION CF CARBON 010XIDc AND M_LTHANE FROM STEAM
J5TS OF TUSCANY. IN NUCLEAR GEOLOGY ON Gt OTHERMAL AREAS SYMPOSIUM,
SPOLETO, ITALY. SEPTEMBER 9-13, 1963, P. 275-282, ’

NATIONAL RESEARCH COUNCIL, NUCLEAR GLOLUGY LABORATOKY OF PISA., SHWRA
W72-0588¢ :

STUBIES INVGOLVING McASURcMENTS OF THE iSOTQPIC COMPOSITIGN OF CARBON
DIOXIDE AND METHANc CONTAINEC IN STEAM JETS OF THE GcOTHERMAL FIELDS
OF TUSCANY, ITALY ARE DESCRIEtD. EXPERIMENTAL TECHNIQUES OF SAMPLING
AND ANALYSIS ARE DISCUSSEJ. ISOTOPIC TeMPERATURE VALUES FOR THIS ARLCA
ARE SIMILAR 10 VALUES OBTAINwD FOR Tht GoOTHLRMAL AREAS CF NEW ZEALAND
AND FOR THE YELLOWSTONE FARK GEYSERS AND SPRINGS. ISOTOPIC EXCHANGL
PROBABLY DOES GCCUR BETWEEN (02 AND CH4 IN GEOTHLRMAL ARtAS. THE
METHODS PRESENTED ARE BELI:VED TQO Bk USEFUL IN FROSFLCTING GEOTHZRMAL
AREAS. (USGS) : '

GEOTHERMAL STUDIES/STEAM/CAREON OIOXIDe/Me THANE/RADIGACTIVE DATING/
HEAT FLOW/LATENT HEAT/GASES/TEMP:RATURE/PReSSURE HEAD/ THERMOCYNAMIC
BEHAVIOR

=IDENTIFIERSS/ISOTOPIC cXCHANGC/STEaAM JETS/ITALY
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FDTIADI,‘E.E. ET AL

1970

GEOTHERMAL INVESTIGATIONS IN SOME REGIONS OF WESTERN SIBERIA.

TECTONOPHYSICS 14t1~-3) 195-11,

DATA ON HEAT FLOW AND PCSSIBLE LOWER CRUSTAL BOUNDARY TEMPERATURES
WERE OBTAINED FOR THE MOHO AREA OF THE WESTERN SIBERIAN LOWLANGD.
EFFORTS WERE MADE TO CORRELATE HEAT FLOW MEASUREMENTS WITH VARIOUS
TOPOGRAPHIC, GECLOGIC, OFR TECTONIC FACTORS. IT WAS GCONCLUDED THAT NO
IMPORTANT EVIDENCE FOR SUCH CORRELATIONS WAS ESTABLISHED.

GEOTHERMAL STUDIES/HEAT FLOW/TEMPERATURE/GEOMORPHOLOGY/TERRAIN
ANALYSIS

=IDENTIFIERS¢/SIBERIA
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FOURNIZRy Rs0Os /MORGANSTcRNy JoC.

1971

A DEVICE FOR COLLECTING COWN-HOLE WATER ANL GAS SAMPL=S IN GeOTHeRMAL
WELLS.,

UeSe GEOLOGICAL SURVEY, FROF.SSIONAL PAPtk 75(-C3151-155. ShRA
W71-13458, :

£ SAMPLING CEVICE WITH AN INTSRNAL VOLUME OF ABOUT Suy MILLILITERS

WAS DESIGN:D TU COLLECT LIQUID AND G&S SAKPLeS IN WillS WHERE BOTH
STEAM AND WATcR ARE PRESENT «T TIMPIRATURES UP TO ABOUT 280 DEGRELS C.
A LONG FLEXIBLE STAINLESS STtEL TUBL SERVES AS THE SUPPORT (CABLE. THE
SAMPLE DtVICE IS LOWEREC IN THE OPEN POSITION ANC FLUIC FLOWS THROUGH
IT DURINS ITS DESCENT. CLOSULRE IS ACCOMPLISHED BY NITRGGEN GAS
PRESSURE APPLIEL FROM THE SURFACE THROUGH THe FLEXIBLE TUBE T0 A
FISTON AND FLUNGER WITHIN THc SAMPLS CHAMBER., CONTINUED APPLICATION
OF NITRGOGEN GAS PRESSUREL DURING WITHORAWAL OF THE DeVICE PREVENTS
LEAKAGE CAUSED BRY CHANGING CCNGITIONS OF TEMPERATURE AND PRESSUREL.

THE SAMPLING DEVICE HAS EEEN USED SUCCESSFULLY TC COLLECT WATER AND
GAS SAMPLES FRUM REStARCH HOL:S DRILLED IN HOT=-SFRINGS AREAS OF
YELLOWSTONL NATIONAL PARK, WYOMING. (USGS)

SAMPLING/MWELLS/THERMAL WATER/GoOTHERMAL STUDIcS/INSTRUMENTATION/STEAM
/PRESSURE/WATER TEMPERATURE/LCESIGN DATA/HOT SPRINGS

=IDENTIFIERSS/YELLOWSTONE NATIONAL PARK
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FOURNIER, ReOs/TRUESDELLy Aok
1971

A DEVICtL FOR MEASURING CCWN-FOLe PRESSURE AND FOR SAMPLING FLUIDS IN
GEOTHERMAL WelLS.

UsSe GEOLOGICAL SURVEY, PROFLSSIONAL PAPER 75(=-C3146-150. SWRA
W71-13457.

A DOWN-HOLE PRcSSURE GAGE ANLC SAMPLER USES LONG FLEXIBLE STAINLLSS-
STEEL TUBES TO McASURE PRESSURES IN GEOTHERMAL WeillLS BY BALANCING GAS
PRESSURE IN THE TUBE AGAINST THE HYOROSTATIC PRESSURE EXTERNAL TO THt
TUBE. IN WELLS WITH POSITIV: WtiLHZAD PRESSURE, WATER SAMPLES MAY BE
COLLECTED FROM ANY DESIRED C:PTH BY ALLOWING WATER TO FLOW UP THROUGH
THE STEEL TUBE (PROVIDEOD BOILING DOZS NOT OCCUR CURING ASCENT). '
(USGS)

PRESSURE MEASURING INSTRUMENTS/SAMPLING/HYDROSTATIC PRESSURE/MWELLS/
INSTRUMENTATION/GEOTHeRMAL STUDIcS/THERMAL WATER/STEAM/PIEZOMETERS/
DESIGN DATA
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GARRISON, L.ct.
1972

GEOTHERMAL STEAM IN THE GeYScRS-CLEAK LAKL REGIGN, CALIFORNIA.

GEOLOGICAL SOCILTY OF AMERIGA, BULL=TIN 83(5)31449-1468. SWRA
W72-14351.

ORY, SUPERHeATED NATURAL STciM FROM WELLS IN THE MAYAGCMAS MCUNTAINS,
NORTH=-C:NTRAL CALIFORNIA COAST RANGuS IS USED TG GENERATe ELECTRICAL
FOWER. THE SOURCE OF THE HEAT IS A SHALLOW INTRUSIVE MAGMA BOCY
EMPLACED IN QUATERNARY TO HOLOCENE TIME. MAGMATIC HEAT IS TRANSMITTeD
THROUGH THt LARGELY IMPERMEAELE COUNTKY RGCK BY CONDUCTION.
CONVECTIONAL HLATING TAKES PLACE IN ZONES OF PERMEABILITY AND POROSITY
CAUSED RY FAULTING ANU SHEARING., MOST OF THt THERMAL FLUID IS DeRIVED
FROM METEORIC WATER, BUT SOMc IS PROEABLY DERIVED FROM THE MAGMA. IN
THE EXPLOITcD PART OF THE SYSTEM THI FLUID IS IN THE VAPOR STATE.

THIS CONTROLS THE TEMPERATUR. AND PRcSSUREL REGIMES RESERVOIR PRESSURES
ARE LOWE® THAN HYDROSTATIC FrzSSURES IN A LIQUID-DOMINATED SYSTcM.
GENERATION CAPABILITY WAS 182,0ud KWh IN 1571, AND A CAPABILITY COF
MORE THAN 6uis0u0 KWH IS PROUECTZD FULR 1975, {USGS)

GEOTHERMAL STUDIES/CALIFORNIA/STZIAM/THERMAL POWcK/HzAT FLOW/GCYSERS/
THERMAL WATER/WATER VAPOR/GECPHYSICS/AQUIFLK CHARACTEXISTICS/THeRMAL
WATER

=IDENTIFERS$/GEYSERS FIELD, CALIFORNIA
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GEOTHERMICS

1972
A NEW STEAM WELL IN THE TRAVALE GEOTHERMAL AREA (TUSCANY, ITALY).

GEOTHERMICS 1(1)341, 1972. SHRA W72-11467.,

ON JANUARY 7, 1972, TRAVALE 22 WELL BLEN OUT WITE AN ENORMOUS QUTPUT
OF FLUID(ABOUT 450 TONS/HR). THc HWell WAS DRILLED IN A GEOTHERMAL
BASIN LOCATED TO THE £AST OF THE GEOTHERMAL BASIN OF LARDERELLO
(ITALY). ORILLING STARTED On OCTOBEk 28, 1971 AND FINISHED ON JANUARY
4y 1972, THE TOTAL DcPTH OF THe WELL IS 688 M3 THE WELL REACHED THt
MAIN RESERVOIR (TRIASSIC ANHYDRITES AND BRECCIATED MAGNESIAN
LIMESTONES) AT A DEPTH OF 64z M. AFTER DRILLING, PRZSSURE AND
TEMPERATURE MEASUREMENTS WER: CARRIED OUT IN THE WELL WITH AN AMERAOUG.
APPARATUS. AT THE WELL BOTTCM THE PRESSURE WAS 64,7 AT A (KG/SQ CM
ABSOLUTE) AND THEt TEMPERATURE ROSE TU 245 DEGREELS Ce IN 52 HOURS,
CWHILE IT WAS 135 DEGRcES C. JUST TWO HOURS AFTER THt END OF CRILLING.
THE BLOW=-OUT OCCURRED 15 HOURS LATER. (USGS)

GEOTHERMAL STUDIES/THERMAL WATER/STEAM/WELLS/DRICLING/ THERMAL STRESS/
/TEMPERATURE/PRESSURE/GASES

=IDENTIFIERSS/ITALY
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GERDES,y ReHo

1968

MEETING TOMGRROW S ELECTRIC FOWER NELDS--NEW METHODS, NEW GONCEPTS.
WORLD POWER CONFERENCL, AUGUST 1968, PAPER. 19 F. SHWRA WB3-U3773.

THE UNITED STATES ELECTRIC FOWLR INDUSTRY MUST INCKEASE 6-FOLD 8Y
THE YEAR 2,060 TO MEET THE EXPoCTEL GROWTH IN ELECTRIC ENERGY USL.
70 ASSURE THE SOUNDEST PGCSSIELE BASIS FOR THE CONTINUZD GROWTH OF THt
INDUSTRY, NiEW McTHODS AND CONCEPTS FOR FOWER GENERATION ARE BEING
INVESTIGATED. NUCLEAR PCHWER IS DOMINATING THE INDUSTRY S PLANS FOR NE W
GENERATION, AND NEW METHOOS 4Rt BEING DEVELOPEDG. NUCLEAR
MAGNETOHYDRODYNAMIC (MHD) GENERATORS MAY REQUIRE EXTENSIVE CeVELOPMcNT
IN REACTORS. FOSSIL-FULLED MHD GENCRATORS MAY Bt CLOSE TO REALITY AND
APPEAR ECONGMICALLY ATTRACTIVE FOR PCAKING., ELECTROGASDYNAMIC (£GD)
GENERATORS WOULD REQUIRE VIRTUALLY NO COOLING WATER AND,
THEORETICALLY, SHOULD HAVE FrIGH THoRMAL EFFICIENCIES, BUT THE
APPLICATION OF <£GOD GENERATORS TO POWEF SYSTEMS AWAITS THE
DEVELOPMENT OF AN EFFICIENT cGD GENERATOR. GEOTHERMAL GENERATION
USING NATURAL STEAM FROM WELLS IS AN EXCELLENT POWER SOURCE IN THOSt
LIMITED AREAS WHLRE IT IS AVAILABLE. THc UNITED STATES ELECTRIC
POWER INDUSTRY IS CONFIDENT THAT IT CAN PROVIDE RELIABLL LOW-COST
ELECTRICITY TO MEET THE GROWING NEEDS OF SOCIETY WITH THE METHODS
DISCUSSED AND WITH METHOGS NCT YcT CONCEIVED. (USER)

ELECTRIC POWER/PEAK POWER/THERMAL FOWER/ELECTRIC POWER DEMAND/
GENERATORS/COSTS/FORECASTING/THERMAL POWERPLANTS/COMPARATIVE BENEFITS/
/NUCLEAR ENERGY/MAGNETIC FIELDS/NUCLEAR POWERPLANTS/FOSSIL FUELS

=IDENTIFIERS$/THERMOELECTIRC GLNE RATORS/MAGNETOHYDRODYNAMIC GENERATORS
JELECTROGASCYNAMIC GENckATORS
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34
GINSBURG, G.D.
1369

HYDROGEOLOGY OF THE NORTHcRN YENIStY REGICN (GIDKOGEOLOGIYA
YENISEYSKOGQO SEVERA).

NAUCHNO-ISSLEDQVATEL SKIY INSTITUT GEOLCGII ARKTIKI, LENINGRAD,
SBORNIK STATEY FO GIDROGEOQOLGGII I GZLTERMII, NO. 1y 136 F, SHRA
W72=-03063.

THIS COLLECTION OF 17 PAPcRS IS OEVOTED TU A STULY GF THt

HYDROGEOLOGY AND GEOTHEKMAL CONDITIONS CF THE LOWER YINISZY REGION,
WHICH INCLUDcS THE TAIMYR NATIONAL DISTRICT, THe UST -YENIStY ARTZSIAN
BASINy THE ANABAK HYDROGEOLOGIGAL MASSIF, THE NORTHWEST PART OF THE
TUNGUSKA ARTeSIAN BASIN, AND THE TURUKHANSK AND KHANTAYKA
HYDROGZOLOGICAL REGIONS. A wID: RANGE COF PROBLEMS 1S EXAMINCEO: (1)
GROUNDWATERS OF THE UST =-YENISEY BASIN, (2) MINLRAL WATERS CF TH:
NORILSK REGIONy (3) BRINES OF TH: TURUKHANSK ReGION, (4) TEMPERATURE
OF THE PERENNIALLY FROZEN RCOCKS OF NORTHWEST SIBERIA, THE MIDOLE 08
REGIONy AND THE TAIMYR DEPRESSION, (5) PERMAFROST AND ITS RELATICN 7O
TECTONIC STRUCTURES IN THE UST -YENISEY BASIN, (6) TECTONIC
STRUCTURES AND THEIR IMPCRTANCc IN THE HEAT DISTRIBUTION OF ROCKS IN
THE NOKRTHWEST REGIONS OF THE SIBERIAN PLATFORM, AND (7) ROLE OF
TECTONIC FRACTURING IN THE FCRMATION OF TALIKS (THAWED AREAS WITHIN
THE PERMAFROST) IN TH: TALNAKH AND OKTYABK SKOY: DEPOSITS. A NUMBER
OF METHODS ARE GIVEN FOR FINCING THc MINERAL ANC ENERGY RESOURCeS OF
THE AREAt (1) A HYDROGEOCHEMICAL METHOD GF PROSFECTING FOR ORE
DEPOSITS IN THE NORILSK REGICN, (2) A HYDROCHEMICAL METHOD OF
SEARCHING FOR CCPPER AND NICKEL SULFIDE DEPOSITS IN THE NORTHWEST
PART OF THt SIBcRIAN PLATFORMy AND (3) A CAFILLARY-LUMINESCENCE METHOD
OF ANALYZING WATER-DISSOLVED ORGANIC MATTER IN ESTIMATING THE OIL AND
GAS RESERVES OF LOCAL STRUCTURES. THE CONCLUDING FAPER EXAMINES THE
FORMATION OF CRYSTAL HYDRATES OF NATURAL GASES IN THt EARTH S INTERIOR
AND THE PCSSIBLE GEOCHEMIGCAL AND HYORODYNAMIC CONSEQUENCES OF THIS
PROCESS. THE TEXT MATEFRIAL iS INTENDED FOR USE BY GEOLOGISTS,
HYDROGEOLOGISTS,y GEOCHEMISTS, AND GLACICOLOGISTS. (USGS)

HYDROGEGLOGY/GEOTHERMAL STUDIES/BORcHOLE GEGCPHYSICS/GEOCHEMISTRY /
PERMAFROST /ORILLING/WATER TYPES/WATER ANALYSIS/WATER CHEMISTRY/
GROUNDWATER/MINERKAL WATER/SPRINGS/BRINES/SALINITY/ROCKS/METALS/
TEMPERATURE/FRESSURE/HYDORATE PROCESSES /GLACIOLOGY/NICKEL/ZINGC

=IDENTIFLERSS/USSR/SIBERIA/MINERALIZATION/TECTONICS/ORE DEPOSITS/
AUREOLES
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GODWINy LeHe/HAIGLERy LoeBoa/Ki0OUX,y Reloe/WHITcy Dot o /MUFFLLRy LoJoP,

1971

CLASSIFICATION CF PUBLIC LANCS VALUABLE FCR GEOTHERMAL STEAM AND
LSSOCIATLD GoUTHzuRMAL RtSOURC:S.

UeSe GEOLGGICAL SURVEY, CIRCULAK 647. 18 P, SWRA W72-0(396.

THE CLASSIFICATION STANLARDS Akc PRCSENTEL FOR DtTexMINING WHICH
FEDERAL LANCS ARE CLASSIFIABLE AS GEOTHERMAL STEAM AND ASSOCIATED

G OTHERMAL RESOURCES LANCS UNDER TH:o GEOTHERMAL STEAM ACT OF 1974,

THE CONCEPT OF A GEOTHERMaL RzZSQURC:=S PROVINCE 1S ESTABLISHED FOK
CLASSIFICATION CF LANDS FOR THE PURPGSE OF RzTENTION IN FEDERAL
OWNERSHIP OF RiGHTS TO GLOTHuRMAL RESOURCES UPON DISPOSAL OF FEDERAL
LANDS. A GEOTHLRMAL RESOURC:S PROVINCE IS DEFINtD AS AN AREA IN WHICH
HIGHZR THAN NORMAL TEMPERATURES ARE LIKelY TO OCCUR WITH DePTH AND 1IN
WHICH TH:iRE IS A REASONABLE FOSSIBILITY OF FINDING ReSERVOIR ROCKS
THAT WILL YIELD STEAM OK HEATZED FLUIGS TO WellLS., THE DETERMINATION OF
A KNOWN GEOTHERMAL RESOURCES ARLA IS MAD: AFTER CAREFUL EVALUATION OF
THE AVAILABLc GEOLOGIC, GeOCHEZMICALs AND GEOPHYSICAL UATA AND ANY
EVIDENCEZ DERIVLD FROM NEARBY DISCOVoRIES, COMPETITIVE INTERESTS, AND
OTHER INDICIA. THE INITIAL CLASSIFICATION REQUIReD BY THE GeOTHERMAL
STEAM ACT OF 1970 IS PReSENTED. (USGS)

STUGIES/STEAM/HCT SPRINGS/THERMAL SPRINGS/LtGAL ASPcCTS/WATER LAW/
GROUNDWATER/DOCUMENTATICN ,

=IDENTIFILRS3/GLOTHERMAL STEAM ACT, 1973.
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GOLOSMITH, M.
1971

GEOTHERMAL RESOURCES IN CALIFORNIA==POTENTIALS AND PROBLEMS.

CALIFORNIA INSTITUTE OF TECHNOLOGY, PASAD:NA, ENVIRUNMENTAL QUALITY
LABORATORY, £QL REPORT 5. 45 P. NSF GI-29726. SWRA W72-10550.

THE TECHNOLOGY, COST AND PCTi:NTIAL OF GEOTHtRMAL RESOURCES IN
CALIFORNIA ARE EXAMINED. THE TWO FORMS IN WHICH THE NATURE OF THt
GEOTHERMAL RESOURCE MANIFESTS ITSELF ARE ORY STEAM AND VERY HOT WATcR
IN THE GROUND. THE PER MEGAWATT INVESTMENT IN A GEYSER S GEGTHERMAL
PLANT IS SUBSTANTIALLY LESS THAN THAT FOR A MODERN FOSSIL PLANT AND
FUEL, AND OFERATING COSTS AR: ABOUT 85 PERCENT OF THOSE FOR A MOCERN
FOSSIL PLANT. ENVIRONMENTAL £FFECTS OF A GEOTHERMAL POWER PLANT
INCLUDE INTRUSIGN OF AN INDUSTRIAL OPERATION INTC NON-INDUSTRIAL
" AREAS, DISCHARGE OF SURPLUS HOT WATER WHICH MAY BE HIGH IN MINERAL
CONTENTS, LAND SUBSIDENCE, StISMIC ACTIVITY AND WELL BLOWOUT. NOXIOUS
GASES ARE OFTEN A B8Y=-PROOUCT OF GEOTHERMAL WELLS. TH: NON-CONDENSABLE
GASES CONSTITUTE FROM (e2 TC 1.8 PERCENT OF THt STEAM FLOW AT THE
GEYSERS. PRESENT GEOPHYSICAL cVIDENCE INDICATES THAT THc POSSIBILITY
FOR SUPPLEMENTING SOUTHERN CALIFORNIA ELECTRIC GROWTH OVER THc NEXT 10
OR 20 YEARS MIGHT BE MET 8Y THE GEOTHERMAL RESOURCES OF THE IMPcRIAL
VALLEY.

THERMAL POWERPLANTS/COSTS/ENVIRONMENTAL EFFECTS/CALIFORNIA/
DESALINATION/COOLING TOWERS/HEATED WATER/LAND SUBSIDENCE/SEISMIC WAVES
/AIR POLLUTION/GEOTHERMAL STUDIES/RZSOURCES OEVELOPMENT/GEYSERS/STEAM

=IDENTIFIERSS/IMPERIAL VALLEY/ORY STEAM FIELDS/IMPURITIES
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GKISCOMy he/MUFFLIRy LodeFa
1371

AE ROMAGN:ZTIC MAP AND INTERPRcTATION COF THe SALTON ScA GLOTHoRMAL
AREAy CALIFURNIA. '

UeSe G:OLOGICAL SURVEY, GIO0FFYSICAL INVESTIGATIOUNS MAP GP 754,

SCALcs 1/62,45C0¢c.

GeOTHERMAL STUDIcS/MAPS/MAGNeTIC STUDICS/ReMOTE SENSING/ALRIAL
FPHOTOGRAFPHY/CALIFORNIA

=IDENTIFIcewrS3/SALTON SLA

38
HAASy JebLaey JR.
1971

THE EFFeCT GF SALINITY CN The MAXIMUM THExMAL GRADIENT OF A
HYDROTHeRMAL SYST=ZM AT HYUOROSTATIC PhtSSURE.

ECONOMIC GoOLOGY 66(6) 8944=-94b6, Shri W72-470€4.

THE TeMPLRATURE-DLPTH RELATIUNS WiRe CALCULATED FOR Afi OPEN VcIN
SYSTEM WHeRe THE LIGQUID IS EVERYWHERL VIRTUALLY AT THc BOILING PGINT
FOR THE CONFINING HYDROSTATIC PrzSSUKE. THt PRESSURe AT THt TOP OF
THE OPEN SYSTeM WAS TAKEN AS 1 ATMs THE cFFcCT GF SACINITY CN THE
TEMP-RATURE-DEPTH RELATICON WAS CALCULATeD BY A MATHEMATICAL MOOEL.
SUCH DATA MIGHT B& USEFUL IN MANY APFLICATIONS INCLUDING THE 3TulY OF
BRINZ BEHAVIOK IN GLOTHcRMAL ARCAS AHICH MAY CONTAIN CCMPOSITIONAL
STRATIFICATION. TH: AVAILAAL: DATA FOR NACL-WATER SOLUTION WERe UScD
AS APPRUXIMATICNS FOR THE NA-CA-X-CiL BRINE WHICH IS FOUND NATURALLY IN
THERMAL SPRINGS AND IN FLUIU INCLUSIONS IN ORE MINCRALS. FROM THe
DATA PRtSENTED, IT IS PUSSIEBiLc TO ESTIMATE THe MAXIMUM DEPTH BELOW THE
WATER AT WHICH 4 ORYSTAL GREW IF THo INCLUSIONS IN THE CRYSTAL
INDICATEO THERc WAS BOUILING L7 THZ TIME OF GRUWTH.

TEMPERATURZ /SALINITY/AYDROSTATIC PRESSURL/BRINES/PHYSICOCHEMICAL

PROPERTICS/GELOTHERMAL STUDIES/SO00IUM/CALCIUM/CHLCRILES/POTASSIUMY
BOILING/CRYSTAL GROWTH/MATH-oMATICAL MODELS/THERMAL FROPLRTIES
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HAIGLER, LB

1969
GEOTHERMAL RESOURCES. IN MINEIRAL AND WATER RcSOURCES OF ARIZONA.

ARIZONA BUREAU OF MINES, BULLEZTIN 1808575-580.

DISCUSSES VeRkY BRIEFLY LCCATION OF KNOWN THERMAL SPRINGS AND WELLS,
WITH SPECIAL ATTENTION TC THe CzRRO PRIELTO FIelLD IN RAJA CALIFOKNTA.
THERE IS A PARAGRAPH ON WAST: DISPOSkLs MAPS, BIBLIOGRAPHY.

WASTE WATER DISPOSAL/THERMAL SPRINGS/WELLS/ARIZONA/GEDTHERMAL
STUDIES

=IDENTIFIERS$/BAJA CALIFORNIA/CERRO PRIETO FIELOD
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HAMMOND, Aoslo

1972

GEOTHERMAL ENERGY? AN EMERGING MAJOR ReSGURCE.
SCIENCE 177(u(53)8978-980,. |

THE EARTH S HEAT IS A POTENTIALLY VALUABLE IF UNCONVENTIONAL SOURCE
OF ENERGY THAT COULD BE USED TO GENZRATE tLECTRICITY. GEOTHERMAL
RESOURCES ARt LARGE AND CAN €E READILY EXPLOITEDe. THREE TYPES ARE
UNDER EXAMINATION: STEAM, HCT WATER, AND HOT ROCK. TECHNICAL
PROBLEMS REMAIN TO BE SCLVED, HOWEVER, AS WELL AS CONSIDERATION FOR
ENVIRONMENTAL cFFECTS. THIS ARTICLZ GIVES A BRILF DESCRIPTION OF
EXISTING LOCATICNS AND LCEVELCPMENTS, AS WELL AS SOMc ATTENTICN TO NiEHW
TEGHNIQUES STILL IN THE EXPLCRATORY STAGE, SUCH AS AT VALLE CALDERA 1IN
NEW MEXICO. THE MOST LIKELY COURSE OF DEVELOPMENT APPZARS TO 82 IN
THE DIRECTION OF RAPID DEPLOYMENT OF POWER PLANTS DcSIGNED T0 USe
STEAM SEFARATED FROM HIGH-TEMPERATURE WATER UEPOSITS. USE OF
SECONDARY FLUIDS LIKE ISOBUTANZ RATHER THAN STEAM TO DRIVe FOWER
TURBINES IS cXPtCTeD TO BE NECESSARY FOR LOW-TEMPERATURE WATER AND
HOT ROCK SYSTeMS.

GEOTHERMAL STUDIES/cNERGY/INJECTION WELLS/STEAM/SUBSIDENCE/
EXPLORATION/ENVIRONMENTAL tFFECTS/BRINE DISPOSAL/HEATZD WATER/
POWERPLANTS/THERMAL POWERPLANTS

=IDENTIFIERSS/GEYSERS FIeELD CALIFORNIA/CERRO PRItTO FIELO/ISOBUTAN:/
VALLE CALDERA/SALTON StA »
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HARSHBARGERy Johe

1972
OVERVIEW GF GEGTHERMAL RoSOURCeS POTENTIAL IN ARIZONA.

FIELD NGTES FROM THE ARIZONA BUREAU OF MINES 2(2)t3-12.

INTENSIVc GEOLUGICAL, GEOPHYSICAL, CXPLORATION SURVCYS AND STUDIELS OF
THE POTENTIAL GEOTHERMAL REZSCURCES IN ARIZONA ARE ACTIVELY UNDERWAY.
DATA ON 25 WELLS AND SPRINGS IN LOCALITIES WHERE THERMAL WATERS OF 1ul
DEGREES Fe CR GREATER ARE KNCHN, ARE PRESLNTEDe THERE ARE NG KNOWN
GEOTHLRMAL RESOURCES AREAS WrICH PRODUCE GELOTHERMAL STEAM IN ARLZONA,
AND NO KNOWN BOREHOLES HAVE EEcN ORILLED TU EXPLCRE THE POTENTIAL OF
GEOTHERMAL ENERGYe A RESUHE OF CONDITIONS RELATED TO POTENTIAL
GEOTHERMAL RESOURCES IS GIVEN, WITH THE CONCLUSIONS: 1) THAT THERE
ARE NO KNOWN SUCH AREAS IN ArIZONA, ALTHOUGH IN SOUTHERN ARIZONA THiRE
ARE MANY GEOLOGIC STRUCTURAL AND ROCK CHARACTERISTICS SIMILAR TO KNOWN
GEOTHERMAL RESERVOIRS, 2) THAT THER: ARE NO SURFACE INDICATICNS OF
STEAM LEAKAGE, BUT THAT THE CCCURRENCE OF THERMAL WATER NEAR FAVORABLE
GEOLOGIC FEATURES SUGGESTS Th& POTENTIAL OCCURRENCE OF GEOTHERMAL
ENERGY, 3) THAT THE APPLICATION OF 3TUDY, IMAGINATION, AND OATA FROM
BOREHOLE DRILLING PROGRAMS ClULD LEAD TO SUCGESSFUL GEOTHERMAL
DEVELOPMENT. '

GEOTHERMAL STUDIES/EXPLCRATICN/ARIZONA/THERMAL SPRINGS/NWELLS/STEAM/
PBOREHOLE GtCPHYSICS/WELL DATA/THERMAL WATER/GEOLGGIC INVESTIGATICONS

42
HASE, He.
1971

SURFAGE HEAT-FLOW STUDIES FOF REMOTZ SENSING OF GEOTHERMAL RESOURCES.

JAPANESE SGCIETY OF PHGTOGRAMMETRY, JOURNAL 1G(3)39-17.

NO ABSTRACT

GEOTHERMAL STUDI&S/REMOTE SeNSING/HIAT FLOW

=IDENTIFIERS!/JAPAN
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HAYELAND, Jehe

1972

HE LLPOWER.,

ECOLOGY TODAY 2(1)337-39,

A POPULAR ALCOUNT OF GEOTHERMAL POWLCR, WITH AN OVERVIZW CF ITS USES
AND POTENTIAL. THE AUTHOR EXPLAINS THE DIFFERENCe BeTWeEN DRY AND WET
STEAM, THi GeOLOGICAL PRGCESSES THAT PRODUCE THoRMAL WATER, AND
INCLUDES BRIEF ACCOUNT OF ACTIVE FIoiLDS NOW IN PRODUCTICON.

GEOTHERMAL STUDILS/STLiuM/THERMAL WATER/LeGAL ASFECTS/RESOURCES
DEVELOPMENT '

44

HEADy Jo

1976

GEOTHERMAL cNirGY FOR GREENHCUSE HEATING.
ORE BIN 32(9)1182-183.

ONE POSSIBLE USt OF GEOTHERMAL ENCLRGY IS IN GREENHOUSE AND SOIL
HEATING, NOW BEING DONE IN S:EVERAL NATIONS AROCUND THE WORLD. THIS
ARTICLE DESCRIBES THE COMMERCIAL GRGENHGUSE TOMATO-GROWING OPERATION
OF OREGON DESERT FARMS, INCs, IN THc HIGH DESERT COUNTRY OF CREGON
WHERE SUMMERS ARE HOT AND WINTERS COLD. TOMATO&S ARE GROWN YEAR-ROUND
BY TAPPING GoOTHERMAL HEAT AT 440 FcbT BELOW THe SUKRFAGCE B8Y PUMPING
COLD WATER INTO HEAT ZXCHANGLRS, THIS PROVIDES A CONSTANT 70 OEGRECZ
TEMPERATURE WITHIN THE GREENKOUSZ UNDER OUTSIDE CONLITIONS OF ZeRO
DEGREES WITH A 10-MILE PER HCUR WIND. THe GREENHOUSES ARE COOLED IN
THE SUMM:iRTIME BY A SYSTEM OF EVAPORATIVE COOLING AND FANS,

GEOTHERMAL STUCIES/GRCZENHOUS:tS/OREGON/TOMATOES/HEAT EXCHANGERS
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HELGESSON,y HeCo
1968

GEOLOGIC AND THERMODYNAMIC CHARACTERISTICS OF THE SALTON SEA
GEOTHERMAL SYSTEM.

AMERICAN JOURNAL OF SCIENCE 266(3)3129-166,

THE SALTON SEA GEOTHERMAL ARtA OCCUPIES A RIFT VALLEY OF THE SAN
ANDREAS FAULT SYSTEM IN SOUTH&RN CALIFORNIA. THE GEOTHERMAL RESERVJOIR
CONSISTS OF OVER 20u0 FEET OF ARKOSIC SAND CONTAINING INTERSTITIAL
CONCENTRATED SODIUM-CALCIUM=-FOTASSIUM CHLORIDE BRINES. NO STEAM IS
PRESENT UNDERGROUND. THE SUESURFACZ TEMPERATURE EXCccDS 3u0 DEGREES
CENTIGRADE AT 3000 FEETe. REACTION OF THE GEOTHERMAL BRINES WITH THc
ENCLOSING SEDIMENTS HAS PROGUGCED EPIDOTE-AMPHIBOLITE METAMORPHIC
FACIES AT DEPTHS AS SHALLOW AS 4UGO FEET. SHALE OVeRLIES THE SAND
FROM THE SURFACE TO A DEPTH CF 2000 TO 30G0 FEET AND INSULATES THE
RESERVOIR. AS A RESULT, THE TcMPERATURE-DEPTH PROFILES BELOW ABOUT
3000 FEET APPROACH ADIAEBATIC GRADIENTS., THE CONDUCTIVE HEAT FLOW IN
THE SHALE IS ABOUT 17 X 10 ExP-6 CALORIES PtR CENTIMETER SQUARED PER
SECOND., THERMAL CONVECTION CF PORE FLUIDS APPEARS TO BE THE PRIMARY
MECHANISM OF HEAT TRANSFER IN THE RESERVOIR. THE HYDROSTATIC
PRESSURE-DEPTH PROFILE IN THE GEOTHERMAL AREA INCICATES A FLUID
DENSITY OF CNE GRAM PR CUBIC CENTIMETER., THIS OBSERVATION REQUIRES
THE TOTAL DISSOLVED SOLICS CONCENTRATION IN THE PORE FLUIDS TO
INCREASE WITH DEPTH PROPORTICNAL TO THE TEMPERATURE INCREASE TO ABOUT
3000 FEET. THE SALINITY AND TEMPERATURE OF THE FORE FLUIDS DECREASE
OUTWARD FROM THE CENTER OF THE GEOTHELRMAL RESERVOIR. THE ENTHALPY OF
THE BRINES IN THE RESERVOIR RANGES FROM 220 TO 275 CALORIES PER GRAM,
WHICH IS 45 TO 90 CALORIES PER GRAM LESS THAN THE ENTHALPY OF PURE -
WATER AT EQUIVALENT TEMFERATURES AND PRESSURES. THE BRINES APPARENTLY
FORMED BY EVAPORATION OF COLCRADO RIVER WATER ORIGINALLY TRAPPED IN
THE PORES OF THE RESERVOIR SANDS. (SEE ALSO GRAIG, 1969.)

GEOTHERMAL STUDI&S/CALIFCRNIA/BRINES/COLORADO RIVER/THERMODYNAMIC
BEHAVIOR/HYDROSTATIC PRESSUREZENTHALPY/THERMAL PROPERTIES/GECOLOGIC
INVESTIGATIONS

=IDENTIFIERSS/SALTON SEA
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"HENYZY,y ToelLe/ WASSCRBURGy Geue

1971

HEAT FLOW NEAR MAJOR STRIKE=-SLIP FAULTS IN CALIFORNIA.
JOURNAL OF GEOPHYSICAL RzScARCH 76(32)37924~7946.

SEVENTEEN HEAT=-FLOW MIASUREMLNTS WERc. MADt IN GRYSTALLIN: ROCK NcAR
THE SAN ANDREASy SAN JAUINTO, AND GARLOCK FAULTS, CALIFORNIA, IN
REGIONS REPRESENTATIVE OF St viRAL LiVelS OF S:zISMIC ACTIVITY, DATA
FROM THESE McASUREMcNTS, TOG:ETHER WITH OTHik HEAT-FLOW DETERMINATIONS
IN CALIFORNIA AND OFFSHOR:Z ALONG THZ CONTINcNTAL BORDERLAND, DG NOT
CLEARLY DEMONSTRATE THE EXISTcENCc OF A HEAT-FLOW ANGMALY IN THE
VICINITY OF THESt MAJOR FAULIS.

HEAT FLOW/CALIFORNIA/FAULTS(GEOLOGIC) /STRUCTURAL GtOLOGY/GEOLOGIC
INVESTIGATICNS

47

HEYLMUN, E.B.

1§66

GEOTHERMAL FOWER POTENTIAL IMN UTAH,.

UTAH GEOLOGICAL AND MINERALCGIGAL SURVEY, SPECIAL STUDIES 14. 28 P.
ANAG(1966) 5238,

A BRIEF SUMMARY OF THE FOTENTIAL FOR DEVELOPMENT OF GEZEOTHERMAL
ENERGY. PREVIOUS WORK IN UTAK IS LISTED AND McNTION IS MADE OF
EXPLORATION METHODS USED THRGUGHOUT THE WOkLD. THERMAL SPRING AREAS
ARE GROUPED INTC THE WASATCH, WESTERN DESERTy SEVIER-SANPETE,
PANGUITCH, HURRICANEy AND SNAKE VALLEY ARcASy ALL THWEST DIRtCTIONSS
SHORT DESCRIPTIONS ARc GIVEN OF EACH AREA INCLUDING PRINROUGHLY
PARALLEL OR EN ECHELON AND TRENCING IN NORTH=-SOUTH GR NORTHEAST/
SOUCIPAL WARM AND HOUT SPRINGS. OIL, GAS, AND WATER WELLS WHICH HAVE
PENETRATED WARM OR HOT WATcR AT DEPTH ARE LISTED WITH DEPTH AND
TEMPERATURES RECORDEOS TEMPERATURES ARE GIVEN ALSO FOR A FEW MINES.
AVAILABLE CHEMICAL ANALYSES OF HOT SPRING WATERS ARE INCLUDEC. THE
WASATCH AND WESTERN DESERT AREAS AR: THE MOST EXTENSIVE BUT THE LATTER
OFFERS THE GREATER POSSIBLITY FOR DoVELOFMENT OF STEAM WELLS.

GEOTHERMAL STUDIES/UTAH/THERFMAL POWER/STEAM/WELLS/EXPLORATION/THERMAL
SPRINGS/TEMPERATURE/HOT SPRINGS/CHEMICAL ANALYSIS
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HOLOREN, Jeo/ HERRERA, P.

1971

ENERGY, A CRISIS IN POWER.

SIERRA CLUB, SAN FRANCISCO. 252 P,

A THOROUGH REVIEW OF THE PROELEMS OF ENERGY, PARTICULARLY ELECTRICAL
POWER, FROM THE POINT OF VIEW OF THE ENVIRONMENTALISTS. GEOTHERMAL
PONER IS DISCUSS:D IN A CHAPTER ON FOSSIBLE IMPORTANT, NON=FOLLUTING
ENERGY SOURCES. SOME DGCUBT IS CAST ON THE POTENTIAL LMPORTANCE OF
THIS RESOURCE, BUT FUTURE RESEARCH IS URGED.

ENERGY/ELECTRIC POWER/ENVIRONMENTAL ENGINEZRING/THERMAL POWER/
GEOTHERMAL STUDIES :

49
HUBBERT, M.K.
1971
THE ENERGY RESOURGES OF THE tARTH,.
SCIENTIFIC AMERICAN 224(3)16u=-70.
FROM THIS QUANTITATIVE SURVEY AND EVALUATION OF WORLD ENERGY
RESOURCES, THE AUTHOR COMES TO THE CONCLUSION THAT WHILE THE FUTURE
FOR FOSSIL FUELS IS NOT BRIGHT, THE POTENTIAL OF GEOTHERMAL FORWER,

WHICH HE ESTIMATES AT NC MOR: THAN 6L,000 MW/YEAR OVER THE NEXT FIFTY
YEARS, IS HARDLY MORE SO.

ENERGY/THERMAL POWER/RESOURCES DEVELOPMENT/FOSSIL FUELS/FORECASTING
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KIERSCH, Gvo/CHATURVLDI [} Lo '\o

1968

GEOLOGICAL STRUCTUR. AND ITS EFF=CT ON THc GEGTHERMAL HYDROLOGY GF
SOUTHWESTERN HxEFPPARy ICclLANC.

CORNELL WATER ReSOURCES AND MARINE SCIENCLS CiNTER, OWRR PROJECT NO.
A-020-NY, 6 P. SHRA W69=-0u3L9,.

INVESTIGATIUNS TO DATe INDICATc THE FOLLOWING RESULTSS (1) NMOST OF
THE WATER AT BOILING TEMFcRATURES OCCURRING AS HGOT SPRINGS IN
SOUTHWESTL RN HKRePPAR IS METECRIC IN ORIGIN, (2) THE WATER CIRCULATES
THROUGH A SYSTEM OF FAULTS AND THROUGH PERMEABLE ZONeS BETWEEN BASALT
FLOWS, THE WATER MOVES 10 SEVCRAL THCLUSAND FEET BELOW THr SURFACE AND
IS HEATED BY ABNORMALLY HIGH GEUTHERMAL GRADIENT, (3) RISE OF THIS
HEATED WATER BACK TO SUKRFACE IS CARRIED CUT AGALIN THROUGH A SYSTcM OF
FAULTS WHICH SLOWLY ENLARGE INTO CONVECTIUN CONDUITS, AND (4) THE
LOCALIZATION OF HOT WAT:R IN THE FGRM OF HOT SPRINGS IS CONTROLLED BY
A SYSTEM OF FAULTS WHICH ARE ALIGNED IN THREE MAJOR DIRECTICNS.

GEOLOGIC FORMATIONS/HOT SPRINGS/MET:EURIC WATER/GEOTHERMAL STUDIesS/
THERMAL PROFERTIcS/FAULTS(GEC(LOGIC)

=IDENTIFIERSS/ICELAND
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KOENIG, JoBa

1967

THE SALTON-MEXICALI GEOTHERMAL PROVINGE.

CALIFORNIA, OIVISION OF MINES AND GEOLOGY, MINERAL INFORMATION
SERVICE 20(7)t75-81,

DEVELOPMENT OF TWO REGICNS IN THE SALTON-MEXICALI GEOTHERMAL PROVINCE
HAVE BROUGHT RENEWED INTEREST TC THE ARtA. AT NILAND, IMPERIAL
COUNTY, SODIUM AND CALCIUM CHLORIDES WILL BE PRODUCED BY MORTON,
INTERANTIONAL, INC., WHILE THE MEXICAN FEDtRAL ELECTRICITY COMMISISION
(CFE) WILL FROOUCE ELECTRICAL POWER. EACH WILL BE A SINGLE-PURPOSE
OPERATION. MORTON WILL RECOVER THE SALTS 8Y A SCLAR ZVAPORATION
PROCESS. STEAM PRODUCED FROM THc WELLS WILL BE USED IN THE FINAL
EVAPORATION PROCESS FOR NACL., POST-FLASH BRINE RUNS AS HIGH AS 330,
000 PPM, SO A REINJECTIUN WELL HAS BEEN CONSTRUCTED, ALTHOUGH THE
POSSIBILITY OF CONTAMINATION OF GROUDWATER SUPPLIES CANNOT BE RULED

. OUT. RESULTS OF THE PUMFING TESTS IN THE WELLS AT CERRO PRIETO ARE
DESCRIBED IN SOME DETAIL. THt RESIDUAL BRINES, SIMILAR IN COMPOSITION
TO SEA WATER, WILL BE PIPED TO THE GULF OF CALIFORNIA. A REVIEW OF
THE GEOLOGY OF THE REGION INCICATES THAT BOTH FIELDS WERE CREATED BY
CRUSTAL THIMNING AND ESTABLISHMENT OF CONVECTION CELLS FOR HEAT
TRANSFER THROUGH WATER-SATURATED SEDIMENTS. IT IS CONCLUDED THAT
FUTURE PROSPECTING FOR HEAT FIELDS IN THE FROVINCE MIGHT CONCENTRATE
ONt HIGH GRAVITY ZONES, THICK IMP:RMEABLE BEDS IN THE SHALLOW
SUBSURFACE, HIGH PRESSURES AND HEAT FLUXES IN SHALLON WELLS, AND
SURFACE HEAT MANIFESTATIONS,

GEOTHERMAL STUDIES/CALIFORNIA/ELECTRIC POWER/BRINES/BRINE DISPOSAL/
INJECTION WELLS/HEAT TRANSFER/HEAT/SOLAKR DISTILLATION/EVAPORATION/
EXPLORATION/GEOLOGIC INVESTIGATIONS

=IDENTIFIERS1/SALTON ScA/BAJA CALIFORNIA/CERRO PRIETO FIELD
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KOENIG, JeB,
1970

GEOTHERMLL EXPLOKATION IN THt WESTERN UNITcD STATES. 1IN UNITzO
NATIONS SYMPQOSIUM ON DEVELOPMENT AND UTILIZATION OF GEOTHIRMAL
Re SOURC:tS, PIShky 1970, PROC:ZDINGS (2)1. 23 P,

GEOTHERMICS, SPECIAL ISSUZ, ¢ SWRA W71-11612.

OVER 9G PERCENT OF THr GEOTHuRMAL PHcNOMzNA IN THE U.Se ARE IN THZ 13
WESTERN STWTES, COMPRISING MCRE THAN 1,300 WARM AND HOT SPRINGS AND
FUMAROLE LOCALITIES. SOME 1.0 CAN Bt CONSIDEREDC HYPRTHERMAL. AT
LEAST & PRODUCIELE FI:cLCS HAVE BecEN DISCOVER:-O% TH: GEYSERS, CALIFS
SALTON Sc A, CALIFS? CASA OIABLO, CALIF: BECKAWE, NcV.: BRADY S HOT
SPRINGS, NEV.3 AND YELLOWSTUNE NATIONAL F4RKs WYC. RESERVOIR BASE
TEMPERATURES PROBABLY EXCEED 20U OcGREES Co AT THESE FIELDS. THE
GEYSERS PRODUCE DORY STchaMy SALTCN Sii PRODUCES BRINE, AND THE OTHERS
PKODUCE HOT WATtR. ONLY AT THC GEYSEFS IS £LeCTRIC FOMER BEING
GENERATEDS 83,0(L4 KW OF CAPACITY HAS BEEN INSTALLED AND FACILITIES FOR
AN ADOITIONAL 11{,040 KW ARE BEING CONSTRUCTED. MANY INSUFFICIENTLY
EXPLORED AREAS AND MARGINAL FIELDS WARRANT ADDITIONAL DIRECTED
EXPLORATION, INGLUDINGS SURFRIS:z VALLEY, CALIF3 THE CARSON SINK,
NEV.?! THE HIGH CASCAD:E KANGE IN CALiIF, ORE G, AND WASHS ValLLt CALDcRA,
NEW MEXICOS PAKTS OF THE ALELTIAN ISLANDS, ALASKA? AND TH: ISLAND OF
HAWAII, AT LEAST TWO GeOTHtRMAL PROSPECTS, CLEAR LAKc, CALIF, AND
STEAMBOAT SPRINGSy NEV.s HAV: BuiN ABANDONED BECAUSt OF FROBLEMS OF
WASTE WATER DISPOSAL AND PLUGGING OF WELLS. (USBK)

GEOTHERMAL STUDIES/GEOLOGIC INVESTIGATIONS/TEMPERATURE/HARH SPRINGS/
THERMAL FPOWER/WELLS/STEAM/BRINCS/DRILLING/HOT SPRINGS/EXPLORATION/
WASTE WATEx DISPOSAL/CALIFORANIA

“IDENTIFIERSY/GLYSERS FlELDy CALIFORNIA /YELLOWSTONE NATIONAL PARK/
SALTON SEA/DRY STEAM FIcLDS/VALLE CALDERA
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53
KOENIGs Jo8.

1971

GEOTHERMAL DEVELOPMENT.,
GEOTIMES 16(3)210-12.

AN ACCOUNT OF THE 1973 UN SYMPOSIUM ON DEVELOPMcNT AND UTILIZATION OF
GEOTHERMAL RESOURCES, HELD IN PISA, ITALY. ODISCUSSIONS AROUND THc
THEME OF THE SYMPOSIUM, STATED AS HOGW CAN THE SPECIALIZ:cO TECHNICAL
KNOWLEDGE OF THE SYMPOSIUM FARTICIPANTS Bt TRANSLATED INTO THE
DEVELOPMENT OF GEOTHERMAL RESOURCES, ESPECIALLY IN UNDERDEVELOPED
COUNTRIES, BROUGHT QUESTIONS OUT CONCERNING THE ECONOMIC FEASIBILITY
OF A MULTIPLE-USE GEOTHERMAL PROJECT., IT WAS NOTED THAT TWO UNCERTAIN
TECHNOLOGIES, ODESALINATION AND GEOTHERMAL POWER GENtRATION, WOULD Bt
COMBINED IN A HIGH-RISK VENTURE THAT WOULD TEND TO DOUBLE THE
POSSIBILITY FOR FAILURE AND INCREASE INVESTOR HESITANCY. IT WAS
APPARENT THAT GEOTHERMAL POW:R GENERATICN TO DATE DePENDS ON THE USE
OF STEAM, AND &£XPLORATION HAS CcNTERED ON ODISCOVERY OF DRY~STEAM
RESERVOIRS., A NEWLY-DESIGNEC SYSTEM, USING ISOBUTANE AS THE HEAT
EXCHANGING MEDIUM WAS DESCRIEED WHICH, IF SUCCESSFUL, COULD CHANGE
RADICALLY THE CCURSE OF GCOTHERMAL EXPLORATION AND SPUR DEVELOPMENT OF
LONER-ENTHALPY HOT-WATER SYSTEMS FOR POWER GENERATION. THE PAPER
CONCLUDES WITH A TABLE CF EXISTING AND PROPOSED GEOTHERMAL POWER
STATIONS, SHOWING 23 OPERATING, PLANNED, OR UNDER CONSTRUCTION IN 13
COUNTRIES, AND THEIR PROJECTED KW CAPACITY.

GEOTHERMAL STUOIES/RESOURGES DEVELCPNENT/THERHAL POWcR /STEAN /
EXPLORATION /HEAT EXCHANGERS /COSTS /ENTHALPY /MULTIPLE-PURPOSE
PROJECTS

=IDENTIFIERS$/DRY STEAM FIELCS/ISOBUTANE
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54

LAIRDy AeDeKo

1971
RANKING RESEARCH PROBLEMS IN GEOTHERMAL OEVELOPMENT.

UeS. OFFICE OF SALINE WATER RESEARCH AND DEVELOPMENT, PROGRESS REPORT
711, 33 P, OSK GRANT NC. 14-30-2€35. SKRA WF2-03777.

DISCUSSES RESEARCH PRIORITIES FOR ESTABLISHING FEASIBILITY OF
DEVELOPING GEOTHERMAL RESOURCES IN THE IMPERIAL VALLtY. PRIORITIES IN
ORDER OF DECREASING IMPGRTANCE ARE RANKEDS (1) BRINE CHEMISTRY=-=-FIRST
BECAUSE, IF SOME PECULIARITY OF BRINES RrQUIRES COSTLY PROCESSING, THE
DEVELOPMENT MAY BE PR:eCLUDED, (2) OVERALL BENEFITS--MUST BE ASSURED
BEFORE DEVELOPMENT IS UNDERTAKEN, (3) CHOICE OF SYSTEM, (4) MARKETS,
(5) RESERVOIR MANAGEMENT=--NEEOED FOR PILOT PLANT PLANNING, (&)
DEMONSTRATION-PLANT DESIGN, (7) TECHNOLOGICAL IMPROVEMENTS. EACH OF
THE ABOVE TOPICS IS DISCUSSEC IN DETAIL TOGETHER WITH THE PREDICTED
INTERACTION OF THE VARIOUS PARAMETERS. THE IMPACT UPON AGRICULTURAL,
INDUSTRIAL AND SOCIAL DEVELOFMENTS IS DISCUSSED ALONG WITH BENEFITS TO
MUNICIPALITITES. THE ENVIRONMENTAL ASPECT IN TERMS OF POSSIBLE
POLLUTION, LAND MISUSE, GEOLCGICAL DAMAGE, ANDO THE RESEARCH NECESSARY
FOR THEIR CONTRCL IS BRIEFLY EVALUATED. TWO POWER-WATER SCHEMES USING
FLASHED GEOTHERMAL STEAM, ANC ONE IN WHICH BOILING IS SUPPRESSED ARE
DESCRIBED AND BRIEFLY ILLUSTRATED.

DESALINATION/DISTILLATION/GEGTHERMAL STUDIES/BRINE DISPOSALY/
CALIFORNIA/WATER POLLUTION SCURCE/BENEFITS/WATER SUPPLY/ENVIRONMENTAL
EFFECTS/PLANNING/STEAM/RESOURCES DEVELOPMENT

. =IDENTIFIERS$/IMPERIAL VALLEY.
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55

LEARy Je

1970

CLEAN POWER FROM INSIDE THE tARTH,

SATURDAY REVIEW 53(49)353-61, SWRA W71-08643,

A NON-TECHNIGCAL DISCUSSION OF GEOTHERMAL KRE£SOURCES AND DEVELOPMENT.,
CLEARLY EMERGING FACTS CF INTEREST ARE THE VASTNESS UF GEOTHERMAL
RESOURCE POTENTIALS IN BOTH THE U.Se. AND THE ENTIRE WORLD, AND THE
STATUS OF THE U.S. AS A LESS-DEVELOPED NATION IN RESEARCH AND
DEVELOPMENT OF GEOTHERMAL RESOURCES, EVEN WITH RESPECT TO ITS NEIGHBOR
MEXICO., POSSIBILITIES OF USING THE HEAT OF GEQTHERMAL WATERS FOR
DESALINATION AND SUBSEQUENT CILUTION OF COLORADO RIVER WATERS ARE
DISCUSSED. THE PAPER CONCLUCES WITH AN EXAMINATION OF THE
DESIRABILITY OF CONTINUING ANNUAL INCREASES IN ENERGY CONSUMPTION IN
THE U.S. )

-GEOTHERMAL STUDIES/RESOURCES DEVELCPHENT/DESALIN&TION/COLORADO RIVER/
/ENERGY
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MAHON, WeA«Js/FINLAYSON, JoE.
1972

THE CHEMISTRY OF TH: BROADLANDS GEOTHERMAL AREA NEMW ZZALAND.
AMERICAN JOURNAL OF SCIENCE 272(1)t48-68. ShRA W72-33842.

BROADLANDS IS A HYDROTHERMAL AR:A IN THE TAUPO VOLCANIC ZONE OF THE
NORTH ISLANC OF NEW ZEALAND. THE NATURAL HEAT FLOW FROM THE AREA IS
17,500 KCALS/SEC. THE ARCA CF THE DEEP HCT WATcR SYSTEM (9 SQ. KM) IS
COMPARABLE TO THAT AT WAIRAK:I. HOT WATER AT TEMPERATURES UP TO ABOUT
300 DEGREES C. CONTAINS NACL (1625 FPM), KCL (265 PPM), BORGN (32
PPM) , AND SILICA AS MAJGR CONSTITUENTS AND OCCURS AT DEPTHS DOWN TO
APPROXIMATELY 2,420 METeRS. OISSOLVED GAS IN THt WATER IS MAINLY
CARBON DIOXIDE, AT A CONCENTRATION LEVEL NEAR 0.14 MOLAL.
CONCENTRATICNS OF HEAVY METALS IN THE WATER ARE LOW, 3UT PRECIPITATES
AND SINTERS DERIVED FROM THE WATER CONTAIN HIGH CONCENTRATIONS OF
ARSENIC, ANTIMONY, AND HEAVY METALS. O/H VALUES IN THE WATER ARE
SIMILAR TO THOSE PRESENT IN LOCAL STREAMS TO THE EASTy INDICATING THAT
A HIGH PROPORTICN OF THt HOT WATER IS DERIVED FRCM A METEORIC SOURCE.
(USGS)

GEOTHERMAL STUDIES/HEAT FLOW/HAT:R CHEMISTRY/WATER TEMPERATURE/STEAM/
JVOLCANCES/HOT SPRINGS /THERMAL SPRINGS/METEORIC WATER

=IDENTIFIERSS$/NEW ZEALANC

-60-



57

MCMILLAN, JRey DeAs

1979

ECONOMICS OF THE GEYERS GEQTHRERMAL FIELD, CALIFORNIA,

UNITED NATIONS SYMPOSIUM ON THe DEVELOPMENT AND UTILIZATION OF
GEOTHERMAL RESOURGCES, PISA, 1970, PAPER. 17 P. SHWRA W71-11650.

THE GEYSERS FIELD IN CALIFORNImy THE GREATEST KNOWN GZQTHERMAL FIelD
IN THE WORLD, IS PROGF THAT GEOTHERMAL eNERGY IS A CONSIDERABLE
NATURAL RESCURCt AND AN ECONCMICAL, GEPENDABLE SOURCE OF cLtCTRIC
ENERGY. THE COST OF tLECTRIC ENERGY PRODUCED AT THc GEYSERS IS LOMWEF
THAN 0,005 DOLLARS/KWH, INCLUDING THt ACTUAL PRICc OF THE STcAM AT

€. 0026 DOLLARS/KWH, THE AVERAGE COST OF CONVENTIONAL THERMAL AND
ATOMIC ELECTRICAL POWER IN CALIFORNIAL IS (eGO07 UOLLARS/KWHe RECENTLY,
WELLS IN THE GEYSEZRS FIELD HAVE BEEN DRILLED TO AN AVERAGE DEPTH OF 5,
0U0=-8,003 FTe AT AN AVERAGE COST OF 150,000 DOLLARS/WELLe. STATIC
PRESSURE OF THt WELLS 1S 530 PSIG WITH BOTTOM HOLE TEMPERATURES OF 540
DEGREES Fo THE STEAM TRANSMISSION SYSTEM IS DESIGNeD FOR A PRESSURE
OF 180 PSIG. THE LONGEST PIFZLINE LENGTH TO THE PLANT IS 2,000 FT.
PIPELINES ARE DESIGNED FOR AN sVERAGE PRzSSURE OROP OF 6 PSI AND
TEMPERATURE LOSSES OF ONLY 1 TO 2 DEGRLES F. BETWEEN WELL HEADS AND
PLANTS. PLANT DLSIGN IS BAScD ON THE USE OF 20 LB. OF STEAM/KWH. THE
CAPACITY OF THE FROVEN GECTHERMAL FIELD IS PRESENTLY ZVALUATED AT 2,
530 MW. CORROSION, INCRUSTATION, AND WASTE WATe® OISPOSAL FROBLEMS
ARE UNDER CGNTROL AT THE GEYStRS FIcLDe THE PLANT IS DESIGNED FOR
UNATTENDED OPERATION. THWO MEN ARE ON DUTY FOR 8 HR./DAY., (USBR)

GEOTHERMAL STUDiES/THERMAL PCWERPLANTS /COMPARATIVE COSTS /PIPELINES
/NELLS/STEAM/COSTS/WASTE WATER DISPOSAL/ECONOMICS/CALIFORNIA/
CORROSION

=IDENTIFIERSS/TURBOGENERATORS/GEYSERS FIELD, CALIFORNIA
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58
MCNITT, JeR.

1965
EXPLORATION ANO DEVELOPMENT GF GEOTHERMAL POWER IN CALIFORNIA,.

CALIFORNIA, DIVISION OF MINES AND GtOLOGY, SPECIAL REPORT 75. u45P,

A REVISION OF THE 1963 PAPER. FROM 1955 TO 1962, ABOUT 40

EXPLORATORY WELLS WERE CORILLED IN 15 CALIFORNIA GEOTHERMAL AREAS., A
MAP OF THE SITES AND A TABULATION OF THE RESULTS ARE INCLUDEO. THE
GEYSERS THERMAL AREA HAS BEEN THE GNLY COMMERCIALLY PRODUCTIVE
GEOTHERMAL AREA IN THE US SINGE JUNE 1960. THE GEOLOGY, THERMAL
ACTIVITY, HISTORY OF DEVELOPMENT, AND PRODUCTIVITY ARE DESCRIBED. THE
RESERVOIR CHARACTERISTICS ARE DETAILED, GRAPHED, AND ILLUSTRATED.
SIMILAR TREATMENTS ARE GIVEN THE CASA DIABLO AND SALTON SEA THERMAL
AREAS. IN LIGHT OF THE RESULTING DATA AND TH: DATA NOW AVAILABLE FROM
FOREIGN PROJECTS, IT IS CONCLUGCED THAT THERE ARE 3 FUNDAMENTAL
PROBLEMS OF GEOTHZRMAL ODEVELCPMENTS PRELIMINARY EVALUATION,
EXPLORATORY WELL LOCATION, AND ESTIMATION OF STEAM RESERVES.
EXPERIENCE HAS SHOWN THAT HEAT FLOW INCREASES FROM 3 TO 170 TIMES IN A
GEOTHERMAL AREA AS A RESULT CF WELL-DRILLING. GEOLOGIC MAPPING AND
GEOPHYSICAL METHODS TO INCREASE WELL LOCATION cFFICIENCY ARE :
DISCUSSED. FIELD LIFE EXPECTANCY ESTIMATIONS MUST BE BASED ON RATES
OF HEAT AND FLUID FLOW IN AN OPEN SYSTEN.

GEOTHERMAL STUDIES/CALIFCRNIA/EXPLORATION/RESOURCES DEVELOPMENT/
GEOLOGIC INVESTIGATIONS/STEAFIHELLS/DRILLINGITHERHAL POWER/TEST WELLS/
/HEAT FLOW/BOREHOLE GEOFPHYSICS

=IDENTIFIERSS/GEYSERS FIElLDy CALIFORNIA/SALTON SEA
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MERCADO, 6G.S.

1969

CERRO PRILTC GLOTHERMAL FIELC, BAJA CALIFORNIAy MEXICO.
AMERICAN GECPHYSICAL UNICN, :0S 5u(2)859.

SITUATED 20 MiLiS FROM THE U.S. BOROERy THIS FIELD COVeRS AN AREA OF
APPROXIMATELY 12 SQUARE MILES WHICH HAS BZEN DISTURBED BY FAULTING,
SOMe EXPRESSIONS OF WHICH CAN B: NOTeD ON THE SURFACt. THESE FAULTS
BELONG TO THE SAN ANDREAS SYSTEM. MAGMATIC FLUIDS (STEAM AND GAS)
RISE ALONG THESE FAULTS FROM DEcP SOURCESy HEATING WATER INTENSIVELY
IN PERMEABLE SANDSTONES. SOM:E 20 DctP WELLS HAVE BEEN DRILLED IN THe
GEOTHERMAL Z0NE, AVERAGING BETHWEcN 3 AND 5 THOUSAND FEET IN DcPTH.
THE 75 MEGAWATT PLANT [COMPLETED IN 197&] IS EXPeCTED TO SUPPLY
ELECTRICAL ENERGY TO MEET MUCH OF THt POWcR REQUIREMENTS OF THE CITY
AND VALLEY CF MEXICALI. THE LARGE QUANTITIES OF WASTE WATERy HIGH IN
SALTS, MAY BE TRtATED FOR RECOVERY OF THE SALTS, INCLUDING BY SOLAR
EVAPORATION, SINCE THr ANNUAL EVAPORATION POTENTIAL IN THAT AREA IS
ABOUT 158 INCHES AND RAINFALL IS NEGLIGIBLE.

GEOTHERMAL STUDIES/FAULTS(GECLOGIC) /MAGMATIC WATER/THERMAL
PROPERTIES/THERMAL POWEK /0cEP WELLS/BRINE CISPOSAL/MWELLS/SOLAR
OISTILLATION/EVAPORATION/WASTE WATER DISPOSAL/SALTS

=IDENTIFIERS3/BAJA CALIFORNIA/CERRO FRIETO FIELC
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60
MILLER, LoD,

1968

STEAMING AND WARM GROUNC IN YELLOWSTONE NATIONAL PARKS THEIR :
LOCATION, GtOPHYSICS, VEGETATION AND MAPPING WITH AERIAL MULTISPECTRAL
IMAGERY,

UNIVERSITY OF MICHIGAN (PHeDes OISSERTATION). 198 P, DISSERTATION
ABSTRACTS 30(2)3456B-457B,

THE STUDY WAS O:LSIGNED AS A FIELDO PROGRAM TO DETERMIN:Z THE

APPLICATIGN OF REMOTE MULTISFECTRAL SENSING TECHNIQUES TO COLLECT
SYNOPTIC INFORMATION OF ECOLCGICAL SIGNIFICANCE. SITES OF STEAMING
AND WARM GROUND IN YELLOWSTONE NATIONAL PARK WERE StLECTED AS THE TEST
ENVIRONMENTS. THE STUDY SITcS WERE LOCATED USING REMOTE SENSING
TECHNIQUES, MORE SPECIFICALLY, AN INTERCOMPARISON OF AERIAL IMAGERY IN
THE THERMAL ANO VISIBLE SPECTRAL BANDS. THE CONVENTIONAL
INTERPRETATION CF FOUR CIFFERENT BLOCKS OF THERMAL AND PHOTOGRAPHIC
IMAGERY OF THE STUDY SITES SFANNING 7 YEARS WAS UNDERTAKEN. THE
CONTROL SITES STUDIED ON THt GROUND IN DETAIL ALLOWED MEANINGFUL
INTERPRETATION TO BE cXTENDEL TO TH:St THeRMAL IMAGES OF THE GENERAL
AREA. ADDITIONAL SITES OF STEAMING AND WARM GROUND WZRE LOCATED AND
RELATIONSHIP BETWEZN THE OISTRIBUTION OF THESE SITES AND THE
TOPOGRAPHY WAS INDICATEG. CHANGES IN SEVERAL SITES OF STEAMING GROUND
WERE INTERPRETED FROM THE 7 YEAR TIME SEQUENCE OF THERMAL AND
PHOTOGRAPHIC IMAGERY. FINALLY, IT HAS BEtN POSSIBLE TO PROCESS THE
NEW THERMAL IMAGERY TO AUTOMATICALLY PROOUCE ISOTHERMAL MAPS WHICH
CORRELATE CLOSELY WITH GROUND RADIATION MtASUREMENTS MADE ON THE TEST
SITES DURING THE FLIGHTS. (AUTHOR)

GEOTHERMAL STUOIES/ISOTHERMS/REMOTE SENSING/STEAM/AERIAL PHOTOGRAPHY
/MAPPING/THERMAL RADIATION

=IDENTIFIERSS/YELLOWSTONE NATIONAL PARK/MULTISPECTRAL IMAGERY
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- 61
MOOSER,y F,
1965

PROGRESS REFORT ON RECENT DEVtLOPHENTS OF GEOTHERMAL ENERGY ANG
VOLCANOLOGY IN MEXICO,.

BULLETIN VOLéANOLOGIQUE 28(1)8%69~-73,

PROGRESS IN DRILLING ANC ASSCCIATED HEAT FLOW ANDC GEOLOGICAL
INFORMATION IS REPORTED FOR THE GEOTHERMAL FIELDS AT PATHE HIDALGO,
MEXICOy AND AT CeRRO PRIETO IN THE NORTHERN END OF BAJA CALIFORNIA.
"NUCLEAR POWER PROPOSALS FOR EXPLOITING GEOTHERMAL FIELDS ARE
DISCUSSED., USING INDIRECT MEASUREMENTS, AN ATTEMPT WAS MADE TO DEF INE
7 GEOTHERMAL PROVINCES IN MEXICO THOUGHT TO REPRESENT ZONES OF HIGH
HEAT FLOW.

GEOTHERMAL STUDIES/HEAT FLOW/MEXICO/VOLCANOES/NUCLEAR POWERPLANTS/
TEST WELLS/EXPLORATION ‘

=IDENTIFIERS$/BAJA CALIFORNIA/CERRO PRIETO FIELD/PATHE HIDALGO FIELD,
MEXICO
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62
MOUNT, R.Le

1969
HARNESSING THt HEAT FROM INSIDz THE cARTH TO PRODUCE ZLECTRICITY.

SCIENCE FGRUM 2(2)t20-22,.

BECAUSE OF ITS LOCCATION ON THz EAST PACIFIC RISE, WiSTLRN CANADA MAY
POSSESS A MCDEST QUANTITY OF GEOTHERMAL ENERGYs PRESENT TECHNGLGGY
LIMITS POWER GENERATION TOG ORY STEAM SITcS, AND THE BASIC GEOLGGIC
CRITERIA FOk SUCH SITES INCLUDE A LAKRGE MAGMATIC HEAT SOURCE
RELATIVELY CLOSE TO THE EARTH S SURFLCE, A POROUS RUCK FORMATION
SATURATED WITH GROUNDWATER AEOVE THE HEAT SOURCE, AND AN OVERLYING
IMPERMEABLE CAPROCKe EXFLORATION HAS BeciN FACILITATED BY ACVANCES IN
INFRARED AcRIAL RECONNAISANC: TECHNIQU:zS. THERe IS A GENERAL
OISCUSSION OF GEOTHERMAL FIELDS ZITHER IN PCWER PRODUCTION CR
POTENTIALLY PRODUCTIVE. MINERAL RtCUVERY MAY ALSO Bt ECONOMICALLY
IMPORTANT, ,

GECTHERMAL STUDIES/EXPLORATIGN/fHERHkL POWER /REMOTE SENSING/
STEAM/INFRARED RADIATION/CANADA/GEOLOGIC INVESTIGATIONS -

=IDENTIFIERS$/DRY STEAM FIELCS
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63

MOXHAM, R.M,

1969

AERIAL INFRARED SURVEYS AT THE GEYSckS GEOTHERMAL STzAM FIELOC.

UeSe GEOLOGICAL SURVEY, PROFcSSIUONAL PAPER 650-C8106~122. SHWRA
W70~-01894,

BOUNDS OF THE RADIANCE ZCNE AND THE FRINCIPAL HIGH-TEMPERATURE ZONES
ON AERIAL INFRARED IMAGES ARt PRZSENTED AND CORRELATED WITH STRUCTURAL
FEATURES. NO EVIDENCE WAS FCUND OF A REGIONAL GEOTHERMAL ANGMALY, :

GEOTHERMAL STUDIES/STEAM/REMUTE SENSING/INFRARED RAUIATION/SURVEYS

=IDENTIFIERS8/GEYSERS FIELD, CALIFCORNIA

64
MOXHAMs ReM.

1970

THERMAL FEATURES AT VOLCANOES IN THE CASCADE RANGE, AS OBSERVED BY
AERIAL INFRARED SURVEYS. _

BULLETIN VOLCANCLOGIQUE 34t77-106.

THERE HAVE BEEN NO SUBSTANTIAL CHANGES IN THE THERMAL PATTERNS AT THE
SUMMIT OF MCUNT RAINIER IN THE PERIOD SEPTEMEBER 1964~-SEPTEMBER 1966,
WITHIN THE DETECTION LIMITS CF THE INFRARED INSTRUMENTATION. SOME
DIFFERENCES IN RADIANCE ARE ATTRIBUTED TO DIFFERENCES IN SNOW COVER.
‘THE HIGHEST APPARENT TEMPERATURE IS AT A SNOW=-FREE AREA ON THE MWEST
FLANK OF THE SUMMIT CONt, SEVERAL HUNDRED FEET BELOW THE WEST CRATER
RIM. AN ANOMALY AT THIS SITE WAS RECORDED ON BOTH INFRARED SURVEYS,
BUT NO PRIOR REPORTS OF THERNMAL ACTIVITY HERE HAVE BEEN MADE B8Y GROUND
PARTIES. OTHER ANOMALOUS THERMAL ZONES AT THE SUNMIT ARE ON THE
NORTHERN QUADRANTS OF BOTH CRATER RIMS.

VOLCANOES/REMOTE SENSING/INFRARED RADIATION/THERMAL RADIATION/SURVEYS
/WASHINGTON/PACIFIC NORTHMEST U.S.

=IDENTIFIERS®/CASCADE RANGE
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65
MUFFLERy LedePe/WHITE, DeEe
1969

ORIGIN OF C02 IN THt SALTON SEA GEOTHERMAL SYSTEMy SOUTHEASTERN
CaALIFORNIA,

INTERNATIONAL GEOLOGICAL CONGRESSy 23KD, PRAGUE, 1968y RtPORT
178185-194, SWRA W71-13487,

THE IMPERIAL CARBON DIOXIDE GAS FIEZLD IN CALIFORNIA PRODUCED IN
EXCESS OF 18440019000 CUBIC M:TERS OF CARBON DIOXIDE GAS BETHWEEN 1934
AND 1954, THE CARBON DIOXIDZ FIELD IS PART OF THE SALTON SEA
GEOTHERMAL SYSTiM, FROM WHICH A CONCcNTRATED BRINE RICH InN CL, NA, CA,
Ky FE AND OTHER ELEMENTS FROV DEPTHS OF 940 TO 1,600 METERS PROOUCED
AT TEMPERATURES UP TO 360 OtGREES Cso THE GeOTHERMAL SYSTEM IS
ENTIRELY WITHIN UPPcR CENOZCIC SANDSTONE, SILTSTONtsy AND CLAYSTON:
OF THE COLORADO RIVER D&lTA. THESE SEDIMENTARY ROCKS WERE ORIGINALLY
COMPOSED OF QUARTZ, FELDOSPARSy CLAYS, AND APPROXIMATELY 8 PERCENT
CALCITE AND 4 PERGENT DOCLOMITc.  FIVE SMALL RHYOLITE DOMES OF LATE
PLEISTOCENE OR REGCENT AGE ARt PRESENT IN THc AREA OF THE GEOTHERMAL
SYSTEM. EXAMINATION OF ORILL-HOLE CUTTINGS INDICATES THAT ORIGINAL
CARBONATES ARE CESTROYED AND CARBON DIOXIOE LIBERATED IN THO
HYDROTHERMAL METAMORPHIC REACTIONS THAT AFFECT THE SEDIMENTS AT OEPTH
IN THE HIGH TEMFERATURE ENVIKONMENT OF THE GEOTHERMAL SYSTEM. THE
CARBON DIOXIDE LIBERATEC FROM THE SECIMENTS MIGRATES UPWAROD AND
LATERALLY TO THE SHALLOW CAREON DIOXIDE RESERVOIRS. THE QUANTITY OF
CARBON DIOXIDE LIBERATED IN THE METAMORPHISM IS AT LEAST FIVE ORDERS
OF MAGNITUDE GREATER THAN THt RECORDED PRODUCTION OF CARBON DIOXIDE
FRON THt FIELO. (USGS).

THERHAL SPRINGS/CALIFORNIA/MINERAL WATER/CAKBON DIOXIDE/HYDROGEOLOGY/
/GEOLOGY/HOT SPRINGS/WATER TcMPeRATURE/WATER CHEMISTRY/CHEMICAL
ANALYSIS/WATER QUALITY/ERINES/SEDIMENTARY ROCKS

=IDENTIFIERS8/SALTON SEA
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67
MUNDORFF, J.C.

1970

MAJOR THERMAL SPRINGS OF UTAk.

UTAH GEOLOGIGAL AND MINERALOGICAL SUKRVEY WATER RESOURCES,y BULLETIN
130 60 Po SHRA H?l‘ll??go

AS PART OF A STUDY OF THE SPrINGS OF UTAH, KRcCONNAISSANCE DATA WERE
OBTAINED ON THE THERMAL, CHEMICAL, AND GEOLOGIC CHARACTERISTICS OF THe
MAJOR THERMAL SFRINGS OF UTAF. TEMPEKATURcS OF THE THERMAL SPRINGS
STUDIED RANGED FROM 68 CEGREc«S TO 189 DEGREcS Fo. NZARLY ALL THERMAL
SPRINGS IN UTAH ARE IN OR NEAR FAULT ZONE>. VERY FEW OF THESE SPRINGS
ISSUE FROM VOLCANIC ROCKS, BUT ScVcREL SPRINGS ARE CLOSt TO AREAS OF
LATE TERTIARY OFR QUATERNARY VOLCANIC ROCKS, ONLY ThO SPRINGS IN THE
STATE, ROOSEVELT AND ABRAHAM HOT SPRINGS, ARE IN PCTENTIALLY VALUABLE
GEOTHERMAL AREAS. SOME THERMAL SPRINGS HAVE LARGE DISCHARGES, LOW
DISSOLVED=-SCLIDS CONTENTS, AND FAIRLY LCW TEMPERATURESS THESE SPRINGS
ARE VALUABLE AS WATER SUPPLI:ZS FOR IRRIGATION AND STOCK USE. AN
UNDESIRABLE EFFECT OF THE THERMAL SPRINGS IS THAT THEY ADD SIGNIFICANT
AMOUNTS OF WATER HAVING HIGH DISSOLVEO-SOLIDS CONTENTS TO SOME STREAMS
AND LAKES. (USGS)

THERMAL SPRINGS/UTAH/HOT SPRINGS/MATER YIELO/WATER QUALITY/WATER

TEMPERATURE/THERMAL WATER/WATER CHEMISTRY/DISCHARGE (WATER)/WATER
RESOURCES/GROUNDWATER/WARM SFRINGS/DATA COLLECTIONS/HYDROLOGIC DATA
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67
MUNBORFF, JoC.

1970

MAJOR THERMAL SPRINGS OF UTAK.

UTAH GEOLOGICAL AND MINERALOGICAL SURVEY WATER RtSOURCES, BULLETIN
13, 60 P, SWRA W71-11779.

AS PART OF A STUDY OF THE SPRINGS OF UTAH, KECONNAISSANC: DATA WERE
OBTAINED ON THE THERMAL, CHeMICAiL, AND GEOLOGIC CHAKACTERISTICS OF THe
MAJOR THERMAL SFRINGS OF UTAF. TEMPZKATURcS OF THE THERMAL SPRINGS

- STUDIED RANGED FROM 68 CEGREcS TO 189 DEGRE:tS Fo NZARLY ALL THERMAL
SPRINGS IN UTAH ARE IN OR NEAR FAULT ZONE>. VERY FEW OF THESE SPRINGS
ISSUE FROM VOLCANIC ROCKS, 8UT StVcRAL SPRINGS ARE CLOSt TO AREAS OF
LATE TERTIARY OF QUATERNARY VOLCANIC ROCKS, ONLY TWO SPRINGS IN THE
STATE, ROOSEVELT AND ABRAHAM HOT SFRINGS, ARE IN PCTENTIALLY VALUABLE
GEOTHERMAL AREAS., SOME THERMAL SPRINGS HAVE LARGE DISCHARGES, LONW
DISSOLVED=-SOLIDS CONTENTS, AND FALRLY LCW TEMPERATURES; THESE SPRINGS
ARE VALUABLE AS WATER SUPPLI:ZS FOR IKRIGATION ANL STOCK USE. AN
UNDESIRABLE EFFECT OF THE THERMAL SPRINGS IS THAT THEY ADD SIGNIFICANT
AMOUNTS OF WATER HAVING HIGH DISSOLVEO-SOLIDS CONTEZNTS TO SOME STREAMS
AND LAKES. (USGS) ’

THERMAL SPRINGS/UTAH/HOT SPRINGS/MATER YIELO/WATER QUALITY/WATER

TEMPERATURE/THERMAL WATER/WATER CHEMISTRY/DISCHARGE (WATER)/WATER
RESOURCES/GROUNDWATER/ WARM SFRINGS/DATA COLLECTIONS/HYDROLOGIC DATA
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68

MURRAY, W.B.

1972

PRODUCING FRESH WATER FROM BRINt,.

WATER AND SEWAGE WORKS 119(1-2)340-43, 54=~57, SHRA W72-12661,

SEVERAL METHODS OF PRODUCING FRESH WATER FROM BRINE ARE DISCUSSEC.
FRESH WATER MAY BE EXTRACTED FROM SALT WATER IN THE PROCESS OF NUCLEAR
POWER GENERATION, THROUGH USE CF GEGTHERMAL STEAM AND BRINE, AND BY
THE PRODUCTION OF COASTAL FOG. ALTHOUGH RECOVERY METHOOS DIFFER, IN
EACH INSTANCE, THE ENERGY NECESSARY FOR SYSTEM OPERATION IS OBTAINED
FROM THE PROCESS ITSELF. A 1,000-MW NUCLEAR POWER STATION EQUIPPED
WITH SPECIAL CONDENSING DEVICES COULL PRODUCE FRESH WATER AT THE RATE
OF 30 TO 36 MGD., RECOVERY PROCESSES AND COSTS ARE REVIEWED. USE OF
GEOTHERMAL STEAM AS A SOURCE OF HEAT AND WATER TO SATURATE ORY DESERT.
AIR IS DISCUSSED. BY PASSING THE SATURATED AIR THROUGH A LARGE
EXISTING FRESH WATER SUPPLY, WATER COULD BE RECOVERED BY NATURAL
CONDENSATION. A THIRO METHCD PRODUCES COASTAL FOGS MOVING INLAND AND
DEPOSITING WATER 8Y ATMOSPHERIC PRECIPITATIUN., THE SEA FOG COULD BE
CREATED ARTIFICIALLY BY PUMPING THE COLD SEA WATER FROM BELOW THE
THERMOCLINE TO THE SURFACE OF THE OCEAN AT LOCATIONS JUST OFF THe
COAST OF SOUTHERN CALIFORNIA AND ALLOWING THE FOG TG BE SWEPT INLAND
8Y WIND. THE FCG COOLS THE LAND ARcEAS, CAUSING KAIN TO FALL. (USBR)

FRESHWATER/BRINES/DENINERALIZATION/NUCLEAR POWERFLANTS/F0G/
EVAPORATION/GEOTHERMAL STUDIES /WATER SOURCES/WATER RESOURCES
DEVELOPMENT/COSTS/STEAM/PRECIPITATION(ATMOSPHERIC) /CALIFORNIA/
THERMOCLINE/CONBENSATION/COASTAL STRUCTURES
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NAKAMURA, H.

1969
MINERAL AND THERMAL WATERS OF JaPAN,

INTERNATION“L GEOLOGICAL CONCGRZSS, 23RD, PRAGUE, 1968, REPOKT
19345-62, SWRA 7(-06553,

£ ABOUT 13,000 HOT SFRINGS IN JAPAN, MOST OF WHICH ARE
gggggl%ﬁ?ﬁﬂ ALONG aUATERNARY VOLCANIC ZONcS WHOSE EAS;HENT RQCK§
MAINLY CONSIST OF GREEN TUFF OF TERTIARY AGE. THESE SPRING hAT;RS_
CONTAIN CONSIDERABLE AMCUNTS OF CL, SULFATES, CARQONATES; NAy Ky ALy
FE, AND SILICATES. THE HOT SPRINGS ARE WIDELY US&? IN JEPAN FOR
THERAPEUTIC TREATMENT, BATHING, AND GEOTHERMAL PONWEK GENERATION,

(USGS)

MINERAL WATER /THERMAL WATER/HOT SPRINGS/WATER CHEMISTRY/WATER
TEMPERATURE/THERMAL POWER

=IDENTIFIERS$/JAPAN

70
NETSCHERT, B.C.
1971

THE ENERGY COMPANY?: A MONOPCLY TREND IN THE ENERGY MARKETS.

BULLETIN OF THE ATOMIC SCIENTISTS. 27(8)8113-17,

THIS IS PART OF A STATEMENT E£EFORE THE U.S. SENATE SUBCOMMITTEE ON
ANTITRUST AND MONOPOLY OF THi SENATZ COMMITTEE ON THE JUDICIARY. IT
ASSERTS THAT HORIZONTAL ACQUISITIONS IN THE POWER INDUSTRY THREATEN
COMPETITION. THERE IS A STRCNG UPWAKD PRICE PRESSUKRE IN ALL OF THE
FUELS MARKETS, AND HORIZONTAL EXPANSION ELIMINATES THE COUNTERVAILING
POWER OF INTERFUEL COMPLTITIGN. THIS COULD MEAN THAT THE EMERGENCE OF
NEW INDUSTRIES PASED ON NecW FOWER SOURCES COULD BE CONSIDERABLY
CELAYED.,

FUELS/ZENERGY/INCUSTRIES/ELECTRIC POWER INDUSTRY/UTILITIES/COMPETITION
/PRICES/COMPETITIVE PRICES/OIL INDUSTRY/NUCLEAR ENERGY/POWER MARKETING
/MONOPOLY/REGULATION

-2~



71
NICHOLS, CJ.R.
19740

THE GEOLOGY AND GEOCHEMISTRY OF THE FATHE GEOTHERMAL ZONE, HIDALGO,
ME XICO.

UNIVERSITY OF OKLAHOMA (PHeD. DISSERTATION). 20G€& P. DISSERTATION
ABSTRACTS 31(7)14139-8.

THE MEXICAN GOVERNMENT S COMISION F:zDERAL DE ELECTRICIDAD HAS

OPERATED A 35u0 KW TURBO GENERATOR PLANT AT THE PATHE GEOTHtRMAL FIELC
IN NORTHWEST HIDALGO, MEXICO SINCE 1958. THE PRESENT INVESTIGATION
EXAMINES THE VARIABLES WHICH CONTROL THE ALTERATION PROOUCT MINERALOGY
DEVELOPED IN AN ACTIVE HYDROTHERMAL AREA. EXPLORATORY ORILLING HAS
REACHED A DEPTH OF 1286 M WiTHOUT DRILLING THROUGH THE TERTIARY
VOLCANIC ScQUENCE OF INTERBELDED RHYOLITE PUMICE TUFFS AND FLOW
BRECCIA, ANDESITE AND OLIVINE BASALT. THE VERTICAL CHEMICAL VARIATION
AS DETERMINED BY QUANTITATIVE GHEMICAL ANALYSES BY X-RAY FLUORESCENCE
DOES NOT INCICATE AN OBVIOUS OVERALL DIFF.RENTIATION TRENDe. LOW
PRESSURE STEAM AT TcMPERATUKES OF 15i DEGREES TO 150 DEGREES C. IS
PRODUCED FROM A 12003 M LONG FORTION OF A NORTH=SOUTH TRENDING HIGH-
ANGLE FAULT. A SECOND SET OF EAST=-WEST TRENDING NOKMAL FAULTS HAS
PRODUCED A SERIES OF GRABENS AND HORSTS PARALLEL TC AN AREA OF
SUBSIDENCE THROUGH THE FATHE FIELD. STEAM IS PRESENT AT SHALLOW DEPTH
AND CONSTITUTES A HAZARD IN THE CLAY MINES WHICH ARE PRESENT ALONG THE
THERMALLY ACTIVE PORTION OF THE FISSURE. THE MINES WORK A ONE=-METER
WIDE VERTICAL SEAM OF HYDROTHERMAL MUNTMORILLONITE, ZEOLITE AND
QUARTZ, THUS ALLOWING A FIRST-HAND INSPECTION OF THE PLUMBING OF A
GEOTHERMAL SYSTEtM,

GEOTHERMAL STUDIES/MEXICO/TEST WELLS/DRILLING/GECLOGIC INVESTIGATIONS
/FAULTS(GEOLOGIC) /STEAM/THERMAL PROPERTI:LS ZEXPLORATION /GEOGCHEMISTRY

=IDENTIFIERSS/PATHE HIDALGO FIELD, MEXICO
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NOGUCHI, T.

1370

AN EVALUATION OF G:OTHERMAL ENERGY IN JAPAN.

TECTONOPHYSICS 1((1~-3)831~-3¢€.

4 CALCULATICN OF THE TOTAL SToAM ENERGY IN THE MAGMA CHAMBERS
UNDERLYING JAPAN WAS MACE WITH THE INTENTION OF USING IT TO ARRIVE AT
A ROUGH £STIMATION OF THE TOTAL GEOTHERMAL ENERGY OF JAPAN. THc
VARIOUS ASSUMPTIONS UNDERLYING THE CALCULATION ARE DISCUSSED. TOTAL
CALCULATED STORED ENERGY IS Z.3€7 X 10 SUPER 18 CAL. ASSUMING AN
EFFICIENCY OF 12 PERCENT IN CONVERTING STEAM INTC ELECTRIC POWER,
ABOUT 12,(9C MW CAN Bc GENERATED.

GEOTHERMAL STUD1ES/THERMAL PCWER /FOKECASTING /STEAM/ENERGY

=IDENTIFIERS$/JAPAN
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73

OVROURKE- JeTe

1972

CLEAN STLAMe LceTTek TO THE c¢DITOR,
ENVIRONMENT 14(2) 848,

MANY ESTIMATES CF GEOTHERMAL POWER COSTS FAIL TO INCLUDE TAX BREAKS
AND ARE THcoREFORE INVALID. CEOTHERMAL DEVELOPMENT REQUIRES AT LcAST
20-43 ACRLS OF LAND PLR MEGAMWATT, cXCLUSIVE OF ROAQS, PIPELINcS, POWck
PLANTS, ANO RELATEOD FACILITItS. THE GEYScRS PLANT IN SONOMaA,
CALIFORNIA, VENTS 1,000 POUNCS OF HYOROGEN SULFIDE GAS INTO THE AIR
EACH DAY, DEMONSTRATING THE AUTHORS FEELING THAT THL CONCEPT CF
GEOTHERMAL DEVELOPMENT BEING SYNONYMGOUS WITH NONPOLLUTION IS A
MISCONCEPTION, THAT IT CAN Bt MADE COMPATIBLE WITH THE ENVIRONMENT
ONLY WHEN UNIFORM MINIMUM STANDARDS AND CONTROLS ARt ESTABLISHED,
LACKING AT THE PRESENT TIME IN THE U.S. He POINTS OUT THe CGST
DIFFERENTIAL IN THE U.S. WHtkE TAX BREAKS ARE FIGURED INTO The
RELATIVELY LUW COST, WOKLOWILE, OF 55 DOLLARS PER MeTER, WITH THOSE OF
98 DOLLARS IN JAPAN, AND OF 172 DOLLARS REPCORTED DURING THt FIRST
PHASES OF ORILLING IN A NEW CGEOTHERMAL FILLD.

GEOTHERMAL STUDIES/AIR POLLUTION/THzZRMAL POWERPLANTS/STEAM/RESOURCES
DEVELOPMENT/ENVIRONMENTAL EFFECTS/THERMAL FPOLLUTION/COSTS/TAX RATES

=IDENTIFIERS3/GEYSERS FIELD, CALIFORNIA
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PAPIN, HW.dJe

1971 -1972

STEAM CLEANED WATER.,
WATER SPECTRUM 3(#4)837-39, SHRA W72-05576.

IN ICELAND WATcF RESOURCE MANAGEMENT IS UNCNCUMEERED BY WATER

QUANTITY ANC QUALITY ISSUES. TODAY, THREE-FOURTHS OF THE HCOMES AND
BUSINESSES OF REYKJAVIK, ICELANGC AR HEATED BY NATURAL HOT KWATER. THE
MAIN GEOTHERMAL RESOURCE IS LOCATED AT REYKIR, cIGHTEEN KILOMZTERS
FROM REYKJAVIK., A PUMPING STATION AND A MAIN SUPPLY LINE AT RAYKIR
BRING THE WATER, AT 1540 F., TO REYKJAVIK, WHERE THE WATER IS STORED
IN EIGHT TANKS HOLDING OVER TWO MILLION GALLONS AND FUNCTIONING AS
FLOW EQUALIZERS. THE WATER 1S COMPLETELY POTABLE WITHOUT ANY
TREATMENT., SINCE THE SYSTEM IS ONE PROVIDED BY NATURE THE AIR IN
REYKJAVIK REMAINS UNPOLLUTED. EXOTIC TROPICAL FRULTS AND PLANTS ARE
GROWN AS PART OF THE ICELANDIC GOVERNMENTS EXPERIMENTAL PROGRAM.
EXPERIMENTS ARE BEING CCONDUCTED TO DETERMINE THE FEASIBILITY OF
HARNESSING THE NATURAL STEAM JETS FGR THE PRODUCTION OF ELECTRIC
POWER. STUDIES ARE ALSO BEING MADE TO SEE IF NATURAL STEAM POWER CAN
BE USED TO EXTRACT SALT FRCM SEA WATER OR POSSIBLY OTHER MINERALS AS

WELL.

THERMAL WATER/THERMAL POWER/STEAM/WATER POLLUTION/WATER QUALITY/WATER
SUPPLY/MANAGEMENT/WATER TREATMENT/AIR POLLUTION/ELECTRIC POWER/SALTS/
ENVIRONMENTAL EFFECTS '

=IDENTIFIERS$/ICELAND
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REXy RoWe

1971

GEOTHERMAL ENERGY, THE NEGLECTcD ENERGY OPTION.
BULLETIN OF THE ATOMIC SCIENTISTS 37(8)t52-56.,

DRY STEAM FROM GEOTHERMAL FIELOS IS A SCURCe OF LOW~COSTy NON-
POLLUTING PONER., THIS IS BORNE OUT 8Y EXPERIENCE IN DEVcLOPED FIELDS
IN ITALY AND NORTHERN CALIFGRNIA. TcN THOUSAND MEGAWATTS SUSTAINED
FRODUCTION MAY BE POSSIBLE AT THE GEYSERS FIELD IN CALIFORNIA.
ALTHOUGH ANOTHER POTENTIALLY IMPORTANT ODRY STEAM FIELD HAS BEEN
DISCOVERED RECENTLY AT VALLE CALDERA IN NcW MeXICO, IN GENERAL DRY
STEAM FIELDS ARE RELATIVELY RARE COMFARED TO HOT WATER GEOTHERMAL
AREAS. THi BASIC RESEARCH AND TECHNOLOGY OF HOT WATER FIELDS IS IN AN
EARLY STATE OF DEVELOPMENT., SUCH FIELDS OCCUk IN TH:t IMPERIAL VALLCY
OF CALIFORNIA AND NORTHWESTERN BAJA CALIFORNIA. SUCH FIELDS CONTAIN
THE PROMISE OF NOT ONLY CHEAF POWER BUT ALSO GEOTHERMAL WATER
DESALINATION. FULL DEVELOPMcNT OF THE GEOTHERMAL WATER RESOURCES OF
THE UeSe IN THE IMPERIAL VALLEY WOULD COST OVER FIVE BILLION DOLLARS,
BUT NATIONAL EFFORTS IN THE CcVELOPMENT OF THIS RESOURCE HAVE BEEN
LARGELY LACKING.

GEOTHERMAL STUDIES/THERMAL PCWER/ENERGY/RESOURCES DEVELOPMENT/
CALIFORNIA/NEW MEXICO/STEAM/LESALINATION/EXPLORATION/THERMAL WATeR/
COSTS/HOT SFRINGS/FORLCASTING

zIDENTIFIERS$/VALLE CALDERA/ZEAJA CALIFORNIA/IMP:RIAL VALLEY/ORY STEAM
FIELDS/GEYSERS FIELD, CALIFORNIA '
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RINEHARTy Jo

19780

HEAT FLOW FrOM NATURAL GEYSEFRS.

TECTONOPHYSICS 1((1-3)311-17, SWRA W71-049113,

A NATURAL GEYSEK IS A MECHANISM THAT EXTRACTS HEAT FROM THE EARTH.
TRAPPED MeTEORIC WATER IS HEATED ANO THEN THROWN CLEAR OF ITS
RZSERVOIR AS HOT WATER GR STcAM, CARRYING HiAT WITH IT. THERE ARE THWO
BASIC TYP:3 OF GEYSERS? COLUMNAR, DISCHARGING QUANTITIES OF HOT
WATERS AND FOOLy IN WHICH TH: ERUPTION CONSISTS OF A SERIES OF
DETONATING STcAM EXPLUSICNS. RESULTS OF TEMPERATURE MEASUREMENTS MADE
DEEP WITHIN SEVERAL GEYSERS FcRMIT CALCULATION OF THELIR RESPeCTIVc
APPROXIMAT: RATES OF HEAT EXTRACTION., OLD FALTHFUL, WHICH DISCHARGES
LARGE QUANTITIES OF WATER, EXTRACTS HEAT AT THE APFROXIMATE RATE OF
1.36 MILLION CAL./SEC. NARCISSUS, AN EXPLOSIVE TYPE GEYSER, DEVLLOPS
FOWER AT THE APFROXIMATE RATt OF 3.3 THOUSAND CAL./SECy AND SOLITARY,
ANOTHER ZXPLOSIVE GEYSER, AT THE RATt OF 6.4 THOUSAND CAL./ScCe (USGS)

GEYSERS/HEAT FLOW/HEAT TRANSFER/MASS TRANSFZR/HOT SPRINGS/GECTHERMAL
STUDIES/BOILING/CONVECTION/HLAT BALANCE/H- AT BUDGET/STEAM/METEORIC
WATER
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SCHUSTER, R

1972

TURNING TURBINLS WITH GeOTHERMAL STcAM,.

POWER ENGINEERING 76(3) 136-41,

THE AUTHOR BeLIEVES THAT THh.MOST REALISTIC ASSESSMENT OF THE MAXIMUM
GEOTHERMAL ENERGY POTENTIAL, NATIONAL AND WORLOWIDz, IF FULLY
DEVELOPED, WOULG PROVIDE ONLY A FRACTION OF OUR TOTAL FUTURE ENCRGY
REQUIREMENTS. TECHNICAL FOCLS OF THE ARTICLE IS ON THE GEYSERS
FIELD, CALIFORNIA, AND DEVELCPMENTS iN ICELAND. HE CALLS ATTENTION TO

CORROSION PROBLEMS AT THE GEYSERS PLANT, AND POINTS UP THE STcAM-
GATHERING FIPING THAT OCMINATES ITS LANODSCAPE.

GEOTHERMAL STUDIES/STEAM/EXPLORATION/TURBINES/ENTHALPY/PIPELINES/
CORROSION/ENVIRONMENTAL EFFECTS

‘=IDENTIFIERS$/GEYSERS FIELD, CALIFORNIA/ICELAND
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SOKQLOVSKIY, LeGe/SHABERDYYEV, S.

1967
TERMAL NYYE VODY TURKMENSKOY SSR (THERMAL WATERS OF TURKMENIA).

AKADEMIIA NAUK TURKMENSKOI SSR, IZVESTIYA, SERIYA FIZIKO-
TECHNICHESKIKH, KHIMICHESKIK+ I GEOLGGICHESKIKH NAUK 18110-115., MAPS,
BIGENA 32(8)EB8-09378.

THE THERMAL WATERS OF TURKMENIA CAN BE SUBOIVIDED INTO 3 REGIONS.
‘THE WEST TURKMENIAN DEPRESSICN CONTAINS THE MOST EXTENSIVE RESOURCES,
BUT THESE WATERS ARE HIGHLY MINERALIZED AND GONTAIN HARMFUL
COMPONENTS. THE HIGH-TEMPERATURE WATERS OF THE KARAKUM ANO THE
KRASNOVODSK PENINSULA ARE ALSO INTENSIVELY MINERALIZED. 1IN THE
MOUNTAIN BELY OF THE KOFET-DAG AND THE GREATER BALKHAN THE DEGREE OF
MINERALIZATION IF RELATIVELY LOW, BUT HYDROGEN SULFIDE CONTENT
INHIBITS UTILIZATION.

THERMAL WATER/MINERAL WATER
=IDENTIFIERS3/U.S.SeRe/TURKMENIA
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SUMMERS,y W.K,.
1966

DISTRIBUTION AND OCCURRENCE CF N:iW MEXICO S THERMAL WATERS=--A
STATISTICAL SUMMERY,

NEW MEXICG GEOLOGICAL SOCIETY, ANNUAL MEETING, 20TH, ROSWELL, 1966,
TECHNICAL PAPER. 9 P. SHWRA W69-G1239,

OF 67 AREAS IN NEW MEXICO REFORTED TO DISCHARGE GROUNDWATER AT
TEMPERATURES OF 90 DEGREES OR HIGHER, %6 HAVE BEEN SUBSTANTIATED IN
THE FIELD, 10 DO NOT EXIST AT THc LOCATIONS REPORTED OR HAVE LESSER
TEMPERATURES, CATA FOR 46 AREAS THAT HAVE BE:cN FIELD CHECKED SHOW
THAT (1) THERMAL WATERS OCCUR IN TH: WESTERN HALF OF THE STATE,
PRIMARILY IN RIC GRANDE AND GILA-SAN FRANCISCO ORAINAGE BASINS, (2)
ONLY 16 AREAS HAVE BEEN DISCCOVERcD BY WELLS WHEREAS 30 AREAS WERE
MARKED BY SPRINGS, (3) wATER ISSUES FROM ROCKS RANGING FROM
PRECAMBRIAN TO CENUZOIC AGE WITH CENOZOIC ROCKS FREDOMINATING, (4)
WATERS ARE ASSOCIATED WITH IGNEOUS AND SEDIMENTARY ROCKS IN EQUAL
PROPORTIONS, (5) WATER OCCURS PRIMARILY IN AREAS OF EXTENSIVE :
VOLCANISM ANO SECONDARILY IN FAULT ZONES, (6) WATER DISCHARGES FROM
SPRINGS NEAR STREAMS BUT MOSTLY AT POINTS WELL ABOVE RIVER LEVELS (7)
DISCHARGE MAY BE FROM FRACTURES DIRECTLY FROM BENEATH A TALUS COVER,
OR FROM ALLUVIUM OR SOME COMEINATION (1 SPRING DISCHARGED FROM A TUFA
MOUND) (8) MEDIAN PH IS 7.4, MEOIAN MAXIMUM TEMPERATURE IS ABOUT 105
OEGREES F35 MtDIAN DISCHARGE CF SPRINGS IS 3G.5 PPM AND MEDIUM
CONCENTRATION FGR SODIUM, 14€ PPM3 MAGNESIUM, 4.55 PPM, POTASSIUM, 4.6
FPPM, AND LITHIUM, 0.28 PPM. MOST THiRMAL WATERS HAVE BEEN USED FOR
SOME PURPOSE, BUT ONLY 18 ARE NOW BEING UStU. '

THERMAL WATER/THERMAL SPRINGS/GROUNDWATER/WARM SPRINGS/CHEMICAL
ANALYSIS/TEMPERATURE/ZAQUIFERS/PH/IGNEOUS ROCKS/GEOTHERMAL STUDIES/NEW
MEXICO/EXPLORATION/MELLS

=IDENTIFIERSt/RIU GRANDE TROUGH
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SUMMERS , W.K. CCMP,
1971

ANNOTATED AND INDEX:ZD BIBLIOGRAPHY OF GEOTHERMAL PHeNOMENA,

NEW MEXICO, STATE BUREAU OF MINES AND MINERAL RcSOURCES, SOCORRO.
665 P, :

THIS MASSIVE WORKs COMPLETED IN A 3-YEAR P:RIOD FROM JULY 1969 TO
JULY 1971 ON NSF GRANT NO. GM=764, INCLUDES OVER 14,000 ENTRIES
COVERING ALL NATURAL, PHYSIGCAL, AND CHEMICAL ASPECTS OF THE EARTH S
HEAT., 1T PURPORTS TO LIST 95 PERCENT OF RtFERENCES ON GEOTHERMAL
PHENOMENA APPEARING THROUGH CECEMBER 31, 1969, WITH A FEW KEY
REFERENCES FOR 1970, AUTHOR, GEOGRAPHICAL, AND SUBJECT INDEXES ARE
INCLUDEDs A HIGH PERCENTAGE OF THE ITEMS ARE ANNOTATED,

GEOTHERMAL STUDIES/BIBLICGRAFHIES/HEAT BUDGET/THERMAL POWER/STEAM/HOT
SPRINGS
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SUMMERS , WoKe/RGSSy SeHe

1971

GEOTHERMICS IN NORTH AMERICA® PRESENT AND FUTURE.

EARTH SCIENCE BULLETIN 4(1)37-22. ShRA W72-01756.

TODAY THE PRIMARY INTEREST IN GEOTHERMICS IS FOR THE GENERATION OF
ELECTRICAL FOWER, ALTHOUGH A NUMBER OF OTHER VERY IMPORTANT USES ARL
PROBABLE. GEOTHERMAL POWER CEVELOPMENT IS ATTRACTING INVESTMENT
CAPITAL FOR A NUMBER OF IMPCRTANT REASONSt ELECTRICITY GENERATED IS
COMPETITIVE PRICEWISE WITH ELECTRICITY FRGOM MORE CONVENTIONAL SOURGES,
CAPITAL EXPENDITURES CAN BE MADE ON AN AS NEEDED BASIS, ENVIRONMENTAL
IMPACT IS MINIMAL, OTHER PROFITABLE £CONOMIC ACTIVITIES SUCH AS
MINERAL EXTRACTION CAN BE CAKRIED ON SIDE BY SIDE WITH ELECTRIC POWER
PRODUCTION, AND THE RESOURCE SEEMS TO BE VIRTUALLY INEXHAUSTIBLE.
DEVELOPED FIELOS IN NORTH AMERICA AKE DESCRIBED, AS WELL AS REGIONS
WITH GREAT EXPLORATION POTENTIAL. MAPS ARE INCLUDED OF THERMALLY
IMPORTANT AREAS IN THE SALTON-MEXICALI GEOTHERMAL FROVINCE, THE SALTON
SEA GEOTHERMAL AREA, THE MEXICALI THERMAL AREA, CALIFORNIA, NEVADA,
IDAHO, OREGON, MEXICO, AND CENTRAL AMERICA, '

GEOTHERMAL STUDIES/ELECTRIC FOWER/THERMAL POWER ,/EXPLORATION)
ENVIRONMENTAL EFFECTS/MULTIPLE~-PURPOSE PROJECTS/CALIFORNIA/NEVADA/
IDAHO/RESOURCES DEVELOPMENT/COSTS/PRICES/OREGON/MEXICO

=IDENTIFIERSI/SALTON SEA/BAJA CALIFORNIA/GEOTHERMAL STEAM ACT, 1970
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T&LBGT,y JoB. CUMP.

1971
BIBLIOGRKAPHY ON GEOTHoRMAL RzSzARCH.

UeSe BUREAU OF RECLAMATION, <NGINEERING AND RESEARCH CENTER,
BIBLIOGRAPHY 249. 14 P, :

NTAINED ARE 15C CITATIONS FROM BIBLIOGRAPHIC SCURCES AND TECHNICAL
gSBLICﬁTIONS COVERING THE YE&RS 1964 THROUGH EARLY 1971, JTHE
REFERENCES ARE LISTcD ALPHABETICALLY BY PLKSONAL AUTHOR: Aﬁﬁ NOTATIONS
ARE INCLUDED IF THEY ARE NOT IN THE BUREAU LIBRARY IN gtNVcﬁ. IT IS
NOTED THAT THE COVERAGE IS GcNERAL AND DOcS NOT INCLUDE ANY ONE

SPECIFIC AREA.

BIBLIOGRAPHIES/BRINES /FUELS /GEOCHZMISTRY/GcOTHERMAL SIUDIES/H&AT
TRANSFER/STEAM/ THERMAL FOWER/HOT SPRINGS/HEAT FLOW/GEYSERS

=IDENTIFIERSS$/IMPERIAL VALLEY/NEW ZZALAND

83
UNITED NATIGNS
1964

UNITED NATIONS CONFERENCE ON NEW SOURCES OF ENERGYS SOLAR EtNERGY,
WIND POWER AND GEOTHERMAL ENERGY, ROME, 21-31 AUGUST 1961, VOL. 2-3t
GEOTHERMAL ENERGY, VOL., 1-2,

UNITED NATIONS,y NoYo.

ALTHOUGH NOW OVER TEN YEARS CLD, THIS COMPREHENSIVE COLLECTION OF
PAPERS ON ALL ASPECTS OF GEOTHERMAL ENERGY THEN KNOWN IS STILL USEFUL.
DETAILEOD TABLES OF KNOWN FIELDS IN ITALY, NEW ZEALAND, ICELAND, THE
UNITED STATES, MeEXICO, EL SALVADOR, JAPAN AND THE SOVIET UNION ARE
SHOWN, TOGETHER WITH PAPERS CN EXPLORATION (VOL. 1) AND THE HARNESSING
OF GEOTHERMAL ENERGY FOR POWtR GENERATION AND FOR HEATING (VOL. 2),
THE 1970 U.N. CONFERENCE HELC IN PISA CLOSES THE KNOWLEDGE GAP

(Q.V.)o

GEOTHERMAL STUDIES/EXPLORATICN/SURVEYS/HEAT/ENERGY/STEAM/HEATING/
GREENHOUSES/THERMAL POWER

=IDENTIFIERSS$/GEYSERS FIELDy CALIFORNIA/BAJA CALIFORNIA/CERRO PRIETO
FIELD/PATHE HIOALGO FIELD/MEXICO
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UNITED NATIONS
1970

SYMPOSIUM ON THE DEVELOFMENT AND UTILIZATION OF GEOTHcRMAL RESOURCES,
PISA, 197G. PROCEEDINGS 2(1).

GEOTHERMICS, SPECIAL ISssut 2.

NO ABSTRACT

GEOTHERMAL STUDIES/EXPLORATICN/RESOURCES DEVELOPMENT/STEAM/BRINES/
DESALINATION/COSTS/GREENHOUSES/NELLS/REMOTE SENSING/DRILLING/
GEOCHEMISTRY/MODEL STUDIES/THERMAL PUWERPLANTS/THERMAL POWER
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UsS. BURSAU OF RECLAMATION, FOULDER CITY, NCVADA, REGION 3

1971

GEOTHERMAL RESOURCE INVESTIGALTIUNS, IMPERIAL VALLEY, CALIFOKNIA.
STATUS REPOKRT.

SAME AS AUTHOR, BOULDER CITY, NEVADA. 47 P.

IN 1968 THZ BUREAU OF RECLAMATION BEGAN FINANCING GeOTHERMAL STUDIES
OF THE IMPERIAL VALLEY BY THc UNIVERSITY OF CALIFORNIA, RIVERSIDE.
THIS REPORT SUMMARIZES THE ReSULTS OF THE STUDIES, DEVELOPMENT
FEASIBILITIES, AND FUTURE PLANS. AS MUCH AS 5 BILLION AF WATER MAY
LIE IN STORAGL, TO DEPTHS OF 2u,u03 FEET, IN THE SALTON TROUGH.
SUBSTANTIAL QUANTITIES OF THIS ARE OF LOW SALINITY WITH HIGH HEAT
CONTENT, RZPRESENTING AN ENORMOUS RESOURCE POTENTIAL FOR ELECTRIC
POWER, MINZRALS, FRESH WATER, AND SPACE HoATINGe IT IS FELT THAT THIS
RE SOURCE MAY OFFER A SOLUTICN TO THE PROBLEM OF WATiR SALINITY IN THE
LOWER COLORADO RIWER THROUGH AUGMENTATIUN ANDO DILUTION, AND THEReBY
HELP THE UeSe IN MEETING ITS MEXICAN TREATY OBLIGATIONS., THIS WIDE-
RANGING REPORT COVERS GEOPHYSICAL, GEOLOGICAL, HYDROLOGICAL, AND
ENGINEERING ASPECTS OF THE SUBJECT. FUTURE LINES OF RESEARCH AND
DEVELOPMENT ARt DISCUSSED, AND A TENTATIVE BUOGET THROUGH 1976 IS
PRESENTED. THE PROBABLE ENVIRONMENTAL IMPACTS OF GtOTHERMAL
DEVELOPMENT IN THE IMPERIAL VALLcY ARE DESCRIBED, THEY APPEAR TO Bt
MINIMAL IF PROPER LOW-COST FRECAUTIONS ARc TAKEN, OETAILED COLORED
MAPS OF THE REGION ARE INCLUDED.

GEOTHERMAL STUDIES/CALIFORNIA/RESOQURGES OEVELOPHENT/EXPLORATION/
COLORADC RIVER/MEXICAN WATER TREATY/WATER STORAGE/WATER QUALITY/
ENVIRONMENTAL EFFECTS/THERMAL POWER /SALINE WATER/MIXING

=IDENTIFIERS8/IMPERIAL VALLEY/SALTON SEA
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UsS. BUREAU OF QECLAHATION, EQULDER CITY, NEVADA, REGION 3

1972 A

PROPOSED DEEP GLOTHeRMAL TEST HWELL, GEOTHERMAL RESOURCE
INVESTIGATIONS, IMPERIAL VALLEY, CALIFORNIA,.

SAME AS AUTHOR. 19 P. AVAILABLZ NTIS AS PB-206 161-3.

A DEEP GEOTHERMAL TEST WELL iS FROPOSED TO BE ORILLED 70 A DEPTH
BETWEEN 40060 AND 80060 FEET AT IMPERIAL VALLEY, CALIFORNIA. IT '
REPRESENTS A FIRST ATTEMPT TC RECOVER STEAM AND BRINE FOR DEVELOFMENT
OF DESALTED WATER AND ELECTRIC POWER. THE WELL WOULD HAVE A SLIGHT
IMPACT ON THE UNDERGROUNC STRATA OU< TO THE COMPARATIVELY SHMALL
AMOUNTS OF FLUID WITHDRAWN FOR TESTING., DRILLING WOULD REQUIRE THAT
APPROXIMATELY 1L ACRES OF NOW BARREN DESERT BE CLEARED FOR ODRILLING
OPERATIONS. AN ENVIRONMENTAL IMPACT STATEMENT.

GEOTHERMAL STUDIES/DEEP HELLS!TEST’HELLSICALIFORNIA/STEAM/BRINESI
THERMAL POWER /DRILLING/ENVIFONMENTAL EFFECTS '

=IDENTIFIERSS$/IMPERIAL VALLEY
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UsSe BUR:ZAU OF RECLAMATION, EQULDER CITY, NEVADA, REGION 3

1972 8

DEEP GEOTHERMAL TEST Wclly GcOTHECRMAL RESOURCE INVESTIGATIONS,
IMPERIAL VALLEY, CALIFORNIA (DRAFT ENVIRONMENTAL IMPACT STATEMENT).

SAME AS AUTHOR. AVAILAELE NTIS AS PE8-206 16iDe 19 P. SHRA
W72-11559,

A DEEP GEOTHcRMAL TEST WELL 7O B:c ORILLED TO A UbPTH BETWEEN 4,000
AND 8,0yl FEET IN THE EAST MtSA AREA UF IMPERIAL VALLEY, CALIFCRNIA,
WOULD HAVE A SLIGHT IMPACT ON THE UNDERGROUNO STRATA DUE TO THE
COMPARATIVELY SMALL AMOUNTS CF FLUID WITHORAWN FCR TESTING. IT WOULD
PROVIDE IMFCRMATION OF VALUE TO A DETERMINATION OF THE POTENTIAL FOR
GEOTHERMAL RESOGURCES TO PROVIDE LARGE QUANTITIES OF DESALTELC WATER IN
CONJUNCTION WITH RELATIVELY FOLLUTICN-FREE PRODUCTION OF ELECTRIC
ENERGY FOR THE WATER ANDC POWER=-SHORT S.HW, DRILLING WOULD REQUIRE
THAT APPROXIMATELY 10 ACRES CF NOW BARREN DESERT BE CLEARED FOR

" DRILLING OPERAICNS., IMFACT (N FISH AND WILOLIFE, THE AIR, PLANT LIFE,
AND AREA AESTHETICS WOULD EE MINIMAL. ALTERNATIVES CONSIDERED
INCLUDE OTHER METHODS OF INVESTIGATION AND NO TESTING.

ENVIRONMENTAL EFFECTS/CALIFORNIA/GEOTHERMAL STUDIES/TEST WELLS/
MULTIPLE~-PURPOSE PROJECTS/DESALINATION /DEEP WELLS/EXPLORATION/NWATER
RESOURCES DEVELGPMENT/THERMAL POWER

=IDENTIFIERSS/IMPERIAL VALLEY
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UsSe CODE CONGRESSIONAL AND ADMINISTRATIVE NEWS

1970

GEOTHERMAL STEAM ACT OF 197G (EXPLOQITATION AND DEVELOPMENT OF
GEOTHERMAL STEAM RcZSOURCES).

SAME AS AUTHOR,y Ps 6778-6788. SWRA WK71-0665u.

AUTHORIZING THE SZCRETARY OF THr INTcRIOR TO MAKE DISPOSITION OF
GEOTHERMAL STEAM AND ASSOCIATED GEOTHERMAL RESOURCESy TH: CONGRESS OF
THE UNITED STATES ENACTED THt GEOTHERMAL STEAM ACT OF 1970 (P.L.
91-581,84 STAT, 1566415)s THE ACT DtFINES GZOTHERMAL STcAM AND
ASSOCIATED RESOURCES,y INCLUDINGS (1) ALL PRODUCTS OF GEOTHERMAL
PROCESSES, ENBRACING INCIGENCUS STEAM, HOT WATERy AND BRINES, (2)
SIMILAR PRODUCTS RESULTING FrOM WATEky GAS OR OTHER FLUIDS
ARTIFICIALLY INTROOUCED INTC GEOTHERMAL FOGRMATIONS, (3) HZAT OR OTHER
ASSOCIATED ENERGY FOUND IN GEOTHERMAL FORMATIONS, AND (4) ANY.
BYPRODUCT ODERIVED THEREFROM. TH:E TcRM BYPRODUCT 1S DeFINED AS ANY
MINERAL (EXLUSIVE OF O0IL, HYCROCARBCN GAS, OR HELIUM) FOUND IN
GEOTHERMAL FORMATIONS WHICH HAS INSUFFICIENT VALUE TO WARRANT
EXTRACTION BY ITSciLF. THE SECRCTARY OF THE INTERIOR IS AUTHOKRIZED TO
ISSUE LEASES FOR DEVELOFMENT AND UTILIZATION OF GEOTHERMAL STEAM
RESOURCES AND 7O FORMULATE ReGULATIONS GOVERNING LEASES. LEASES SHALL
BE SECURED BY CCMPETITIVE BICDING. THE ACT PROVIDES FORt (1) MAXIMUM
ACREAGE OF LEASES PcR PERSON, (2) ROYALTY PAYMENTS TO THE GOVERNMENT,
(3) DURATION OF LEASES, (4) TERMINATION AND ADJUSTMENT OF LEASES, (5)
DUTIES OF LeSSEES IN THet cEXPLORATION AND EXPLOITATION OF GEOTHERMAL
STEAM RESOURCES, AND (6) COEXISTENCE WITH LEASES UNDER OTHER FEDERAL
MINING. ACTS. THE SECRETARY CF THE INTERIOR HAS BROAD OISCRETION IN
FORMULATING REGULATIONS TO IMPLEMENT THE PROVISICNS OF THE ACT.

THERMAL WATER/STEAM/MINERALOGY/ADMINISTRATIVE AGENCIES/LEGISLATION/
THERMAL FROPERTIES /LEASES/PERMITS/FEDERAL GOVERNMENT/WATER TYPES/
WELLS/DRILLING/EXPLORATION/EXPLOITATION/MINING/CONSERVATION/ENERGY/
HEAT/GASES/CIL/HELIUM/RESOURCES DEVELOPMENT/BRINES/GEOTHERMAL STUDIES

=IDENTIFIERSS$/GEOTHERMAL STEAM ACT, 197C
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UeSe DEPARTMENT OF THc INTEKIOR

1971

SAME AS AUTHOR, WASHINGTON, C.C. AVAILABLE NTIS AS PB-203 102D. 58
Pe SHWHRA W72-0904k.

THE MAJOR FEDERAL ACTION INVOLVED IS THE LEASING FOR DEVELOPMENT OF
FEDERALLY OWNED GEOTHERMAL R:SQURCES. GEOTHcRMAL RESERVOIR SYSTEMS
ARE OF TWO MAIN TYPESS VAPOR DOMINATED SYSTEMS AND HOT-WATER SYSTcMS.
BECAUSE OF THE WIDE GEOGRAPHICAL ODISTRIBUTION OF THE LANDS INVOLVED,
THE EXTREME RANGE OF ECOLOGICAL AND GEOLOGICAL FACTORS INVOLVED, AND
LIMITED EXPERIENCE IN GEOCTHERMAL RESOURCE DEVELOPMENT, ONLY A GENERAL
DESCRIPTION OF FOTENTIAL ENVIRONMENTAL EFFECTS IS MADE. ENVIRONMENTAL
EFFECTS ON THE LAND AND LAND USE, SURFACE WATER, GROUNDWATER AND THE
GEOTHERMAL RESERVOIRS ARE INCLUDED., THESE EFFECTS ARE OUTLINED AT SIX
STAGES OF DEVELOPMENTS EXPLCRATION, TEST DRILLING, PRODUCTION
TESTING, FIELD DEVELOPMENT, FOWER=-PLANT AND POWER-LINE CONSTRUCTION,
AND FULL SCALE OPERATIONS. THE ONLY ALTERNATIVES WOULD Bc
POSTPONEMENT OR REFUSAL TO DEVELOP THE ENERGY RESOURCcSS HOWEVER,
ENERGY NEEOS WOULD HAVE TO B8t MET FROM OTHER SOURCES SUCH AS FOSSIL
FUEL PLANTS WHICH COULD HAVE A GREATER IMPACT ON THE T NVIRONMENT,
PROPOSED RULES FOR LEASING AND OFPERATION OF THE FPROJECTS ARE

INCLUODED.

ENVIRONMENTAL EFFECTS/GEOTHERMAL STUDIES /WATER RESOURCES DEVELOPMENT
/GROUNDWATER RESOURCES/GROUNDWATER MINING/GEOLOGY/ENERGY/REGULATION/
LAND USE/WATER QUALITY/WASTE WATER(POLLUTION) /HWATER POLLUTION/WATER
POLLUTION CONTROL/NILDLIFE HABITATS/LAND SUBSIDENCE/SALINE WATER/
SILTING/ALTERNATE PLANNING/THcRMAL POWERPLANTS/TEST MWELLS

=IDENTIFIERS$/GEOTHERMAL STEAM ACT, 1970
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1Y
UeSe CONGKESS,y 89THy 1ST ScSSION
1965

GEOTHERMAL STEAM ACT OF 1965 (A 3ILL TO AUTHORIZc THt SECRETARY OF
THE INTERIOR TO MAKE DISPOSITION OF GEOTHuRMAL STEAM AND ASSOCIATED
GEOTHERMAL RESOURCES).

SAME AS AUTHOR. SENATE BILL 1674. 11 P. SWRA W72-06087.

THE SECR:TARY OF THE INTERIGE WOULC BE AUTHORIZEL UNDER THIS BILL TO
LEASE GEOTHERMAL STEAM IN LANDS ADMINISTERED BY HIMy AND IN ANY '
NATIONAL FOREST. GEOTHcRMAL STEAM INCLUDES ALL FLUID PRODUCTS OF
GEOTHERMAL FROCLSSES, EXCLUDING PETROLEUM FRODUCTS AND HELIUM. IF THE
LANDS WERE ACQUIRZD BY ANOTHER AGENCY, LEASES MAY ONLY Br MADE WITH
ITS CONS&NT. ALL LEASES MUST BE ISSUED TO CITIZeNS OR CORPORATIONS OF
THE UNITED STATES. THE ACT FERMITS COEXISTENCE WITH OTHER LEASES.
WHERE OTHER PROCUGTS OCCUR IMCIOeNTALLY WITH GECTHERMAL STEAM,
SUBSTANTIAL BENEFICICAL USE 1S RcQUIKED. LEASES ARt FOR A PRIMARY
TERM OF 15 YEARS, SUBJECT 70 eXTENSION., GtOTHERMAL LEASES MAY BE
CONVERTED TO MINERAL LEASES. LEASE AREAS MAY ENCOMPASS BETHEtcN ONE
AND FOUR SECTIONS. THE SECKiTARY IS AUTHORIZED TO PROMULGATE
COMPREHENSIVE REGULATIONS TO EFFcCTUATE THE ACT. LtASES WILL Bt
GRANTED TO THE FIRST QUALIFIcO EIDD:ERS COMPETITIVE BIDDING WILL NOT BE
USED., LESSEES MUST PAY ROYALTIES OF 10 FPcRCENT OF STEAM VALUE AND 5
PERCENT OF MINERAL VALUE, 1IN AODITION TO RcNTe THe ACT WILL NOT
ALTER THE WATER LAWS OF ANY ETATE.

STEAM/LEASES/FECERAL RESERVATIONS /ADMINISTRATiVE AGENCIES /PUBLIC
LANDS/STATE JURISOICTION/EXPLOITATION/RENT/ROYALTIES /PAYMENT/
LEGISLATION/LeGAL ASPECTS/FEDERAL GOVERNMENT/THERMAL POWER

=IDENTIFIERSS/GEOTHERMAL STEAM ACT, 1965
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UYEDA, S./WATANABE, Te.

1978

PRELIMINARY REPGRT OF TERRESTRIAL HEAT FLOW IN THE SOUTH AMERICAN
CONTINENTS DISTRIBUTION OF GEOTHcRMAL GRAOIENTS.

TECTONOPHYSICS 10(1-3)8235-242,

THE CONTINENT OF SOUTH AMERICA HAS BEEN LEFT ALMOST ENTIRELY
UNEXPLORED GEOTHERMALLY, EVEN THOUGH THE WESTERN PART OISPLAYS MANY
CHARACTERISTIC FEATURES COF ACTIVE HeAT FLOW AREAS. TERRESTRIAL HEAT
FLOW MEASUREMENTS WERE MAOE IN 20 MINES IN THE WESTERN PART OF THE
CONTINENT, AND TEMPERATURE DATA WERE OBTAINED FRCM OIL FIELOS ALL OVER
THE CONTINENT. THERMAL GRAOI:cNT VALUES WERE NORMAL OR SUBNORMAL OVER
‘MOST OF THE CONTINENT. HIGH VALUES WERE CONGCENTRATED IN THE ANDES
AREA AND WERE OFTEN ASSCCIATtD WITH GEOTHERMAL ACTIVITIES. LOKER
VALUES WERE OBSERVED ON THE FACIFIC COAST AND ALONG THE AMAZON RIVER.

GEOTHERMAL STUDIES/SOUTH AMERICA/THEKRMAL PﬁOPERTIES/EXPLORATION/HEAT
FLOH/NEASURENENT

92
VELASCO HERNANDEZ, Jo/MARTINEZ 8ERMUDEZ, JedJ.

197¢0

LEVANTAMIENTO GRAVIMETRICG ZCNA GEOTERMICA DE MEXICALI, BAJA
CALIFORNIA. :

bONSEJO DE RECURSOS NATURALES NO RENOVABLES, MEXICO, BOLETIN 74. 20
P.

NO ABSTRACT
GEOTHERMAL STUDIES/MEXICO/RESOURCES DEVELOPMENT

=IDENTIFIERS$/BAJA CALIFORNIA

-9]1-



93

WALLACt s R.Hey JRe

197¢

ABNORMAL PRESSURES AND POTENTIAL GEOTHERMAL RESOURCES IN THE RIO
GRANDE EMBAYMENT OF TEXASe. IN SYMPOSIUM ON ABNORMAL SUBSURFACE
PRESSURE, 2NDy BATON ROUGE, LOUISIANA, JANUAKRY 3Gy 1970, P. 87-116.

LOUISIANA STATE UNIVERSITY, SCHOOL OF GtOSCIENCE AND DEPARTHENT OF
PETROLEUM ENGINEERINGe. SHWRA W72-12410.

DELTAIC AND NEAR-SHORE MARIN: DEPOSITS OF CENOZOIC AGE IN THE RIO
GRANDE EMBAYMENT OF TcXAS CONTAIN LARGE QUANTITIES OF FRESH 10
MODERATELY SALINE GROUNDWATER AT ABNORMALLY HIGH FLUID PRESSURES.
VERTICAL VARIATIONS IN GEOTHERMAL GRADIENTS IN ZONES OF GEOPRESSURE
RANGE UPKARD TO 16 DEGREtS F. PER 1yl FEET, AND GRADIZNTS IN EXCESS OF
2.5 DEGREES F. PER 108 FEET ARE COMMON. ISOGEOTHERMAL SURFACES AT
RELATIVELY SHALLOW DEPTHS IN THE RIO GRANGE EMBAYMENT PROBABLY REFLECT
THE SHIFT OF THE CENTER OF DEPOSITION FROM SOUTH TEXAS TO THe ‘
MISSISSIPPI EMBAYMENT DURING N:EOGENE TIME. IGNEQUS AND METAMORPHIC
ACTIVITY ALONG THE MARGINS AND WITHIN THE RIO GRANDE EMBAYMENT HAVE
BEEN FACTORS IN THE UPWARDO DISPLACEMENT OF ISOGEOTHERMAL SURFACES. 1IN
THE TABASCO-WESLACO AREAy HICALGO COUUNTY, TEXAS, GEOTHERMAL GRADIENTS
AND ISOGEOTHERMAL SURFACES ARE STRONGLY AFFECTED BY GROWTH FAULTING
AND DIAPIRISM} DEEP BASIN HYDROOYNAMIC PROCESSES, INCLUDING THERMAL
DIAGENESIS OF CLAY MIN:ERALS, CHEMICAL AND THERMAL OSMOSIS, AND
REDISTRIBUTION OF SALINITY, ARE RESPONSIBLE FOR THE HYDROLOGIC
CONDITIONS. GEOCLOGIC AND HYCROLOGIC CONDITIONS IN THE RIO GRANDE
EMBAYMENT APPEAR FAVORABLE FCOR DcVELOPMENT OF GeOTHERMAL RESOURCES.
(USGS)

HIGH PRESSURE/EARTH PRESSURE/WATER PRESSURc/ARTESIAN AQUIFERS/TEXAS/
GEOTHERMAL STUDIES/DIAGENESIS/FAULTS(GEOLOGIC)/CLAY MINERALS/
AQUICLUDES/AQUIFER CHARACTERISTICS/SEDIMENTATION/THERMAL PROPERTIES

=IDENTIFIERS$/RIO GRANDE EMBAYMENTATEXAS)
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94
WARING, G.A,
1965

THERMAL SPRINGS OF THE UNITEC STATES AND OTHER COUNTRIES OF THE
- WORLO. A SUMMARY.

UsSe GEOLOGICAL SURVEY, PROFESSIONAL PAPER 492, 383 P,

THERMAL SPRINGS ARE WIDELY DISTRIBUTED THROUGHOUT THE WORLO BUT ARE
MOST NUMEROUS IN AREAS IN WHICH THERt HAS BEEN VOLCANIC ACTIVITY IN
LATE GEOLOGIC TIME. A REVIEW OF THE AVAILABLE LITERATURE HAS REVEALED
MUCH INFORMATION ON THE LOCATION OF THE SPRINGS, THE TEMPERATURE OF
THE WATER, THE RATE OF FLOW, THE CHEMICAL CHARACTER OF THE WATER ANOD
EVOLVED GASES, AND THE USES MADE OF THE WATER, TABULATED BY COUNTRIES
OR GEOGRAPHIC AREAS AND PRESENTED IN THE FIRST PART OF THIS REPORT.
ACCONPANYING THE TABULATED DATA FOR EACH COUNTRY OR GEOGRAPHIC AREA IS
A BRIEF DESCRIPTION OF THE GEOLOGY AND A MAP SHOWING THE LOCATION OF
THE SPRINGS. THE SECOND PART OF THE REPORT CONSISTS OF A LIST OF SOME
3700 REFERENCES, SOME ANNOTATED BRIEFLY, TO THE LITERATURE ON THERMAL
SPRINGS, GROUPED BY COUNTRIES OR GEOGRAPHIC AREAS AND WITHIN EACH
GROUP ARRANGED IN ALPHABETICAL ORDER BY AUTHOR.

GEOTHERMAL STUDIES/THERMAL SFRINGS/REVIENS/SURVEYS/BIBLIOGRAPHIES
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HERNER’ SQLOIOLSUN’ LoJo

. 197¢
GEOTHERMAL WASTES AND THE WATcR RESOURCES OF TH:t SALTON SEA AREA.

CALIFORNIA DEPAKRTMENT OF WATER RCSOURCES, BULLETIN 143-147, 123 P,
SWRA W71-(0356.

DATA AND INFORMATION DERIV:ED FROM PREVIGUS STUDIES AND FROM
INVESTIGATIONS IN THE FIELD CONCERNING WATER RESOURCES AND GEOTHERMAL
WASTES OF THE SALTON SEA AREA IN CALIFORNIA ARE EVALUATED. TO DATE,
THE DEVELOPMENT OF THE GeOTHcRMAL RESOURCES IN THE SALTON SEA AREA HAS
BEEN CENTERED IN THE BUTTES THzRMAL AREA, SOUTHEAST OF THE SALTON SEA,
INVOLVING THE ORILLING OF 15 GECTHERMAL WELLS. OEVELOPMENT OF
GEOTHERMAL RESOURCES IN THE SALTON SEA ARcA HAS BEEN HINDERED
CONSIDERABLY BY THE LACK OF AVAILABLE DISPOSAL SITES FOR SRINE,
BITTERN WASTES,y AND ACCUMULATED SALT DEPOSITS. MOREOVER, THE HIGHLY
SALINE BRINE HAS CAUSED OPERATIGONAL PROBLEMS. ESTIMATED HEAT CONTENT
OF THE SALTON SEA GEOTHERMAL RESERVOIR (BUTTES THERMAL AREA) IS A
MINIMUM OF 2X16 TO THE 19TH FOWER CALORIES. THAT ESTIMATE WAS BASED
ON AN UNDERLYING GEOTHERMAL RESERVOIR WHICH WAS ASSUMED TO BE
EQUIVALENT TO A CYLINDER 7 KM IN DIAMETER, 3 KM IN THICKNESS, HAVING
AN AVERAGE TEMPERATURE OF 250 OEGREES C.y AND AN AVERAGE VOLUMETRIC
SPECIFIC HEAT OF 0.7 CAL./CU CM. THE SALTON SEA IS THE LARGEST BODY
OF WATER IN CALIFORNIA. THE TOTAL VALUE OF PHYSICAL INVESTMENTS
RELATED TO THE SEA IS IN THE ORDER OF 900 MILLIGN DOLLARS. THE SEA S
SALINITY IS ABOUT 36,000 PPM-- SLIGHTLY MORE SALINE THAN THE OCEANS-
-AND IT IS INCREASINGS AND TFIS INCREASE COULD 88 ACCELERATED BY THE
DISCHARGE OF THE STILL SALTIER GEOTHERMAL WASTES. MAPS, PICTURES, AND
TABLES OF DATA ARE INCLUDED. (USGS)

WATER RESQURCES/SURFACE WATERS/GROUNDWATER/GEOTHERMAL STUDIES/NWASTE
STORAGE/WATER QUALITY/CHEMICAL ANALYSIS/SALINITY/TRACE ELEMENTS/
RADIOCHEMICAL ANALYSIS/HYDROLOGY/CLIMATIC DATA/STREAMFLOW/ IRRIGATION/
GEOLOGY/RECREATION FACILITIES/BRINE DISPOSAL/WASTE WATER(POLLUTION)/
INFLOW/IMPORTED WATER/MUD/VOLCANOES

=JDENTIFIERS$/SALTON SEA
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96
WHITE, D.E.

1965

GEOTHERMAL ENERGY.

UeS. GEOLOGICAL SURVEY, CIRCULAR 513. 17 P.

THERE ARE FQUR TYPES OF GEOTHERMAL SYSTEMSt AREAS OF NORMAL
GEOTHERMAL GRAUIENT, AREAS OF GREATEE-THAN-NORMAL GEOTHERMAL
GRADIENTS, HOT SPRINGS AREAS CHARACTERIZED BY CONVECTIVE HEAT MOVEMENT
IN GIRCULATING WATER AND STEAM, AND COMPOSITE HYUROTHERMAL SYSTEMS
INVOLVING BOTH CONVECTIVE ANC CONDUCTIVE HEAT TRANSFER. STARTING WITH
FIGURES FOR GLOEBAL AVERAGE HEAT FLOW AND HEAT STORED ABOVE SURFACE
TEMPERATURZS IN THE TOP 100 kM OF THE EARTH S CRUST, AN EFFORT IS
MADE, USING THE SCANTY AVAILABLE DATA, 70 ESTIMATE THE TOTAL AMOUNT OF
HEAT STORED IN EACH TYPE OF GEOTHERMAL SYSTEM AND TO LEAD FROM THIS TO
TOTAL WORLD RESOCURCES. VARIOUS UDIFFICULTIES LIKELY TO BE ENCOUNTERED
IN OEVELOPMENT OF GEOTHERMAL RESOURCES ARt CONSIDERED. THE STORED
HEAT ESTIMATES LEAD TO THE CCNGLUSION THAT EXISTING WORLOWIDE
UTILIZATION EQUIVALENT TO ONE MILLION KW CAN PROBABLY BE INCREASED AT
LEAST 10 TIMES AND MAINTAINELC UNDER PRESENT ECONOMIC CONOITIONS FOR 50
YEARS.

GEOTHERMAL STUDIES/THERMAL PROPERTIES/HOT SPRINGS/HEAT FLOW/HEAT
TRANSFER/STEAM/HYDOROTHERMAL STUDIES/ENERGY/CONVECTION/ CONDUCTION/
THERMAL FOWER/FORECASTING
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WHITE, Dl.E.

1966

GEOTHERMAL ENERGY,

BULLETIN VOLCANCLOGIQUE 29t4€&1-483,

INADEQUATE FLUIC SUPPLIES MAY MORE COMMONLY LIMIT GEOTHERMAL FIELD
POTENTIALS THAN INADEQUATE HtAT SUPPLY. GEOTHERMAL FIELD
CLASSIFICATIONS ARE BRIEFLY CISCUSSED. PROBLEMS CONFRONTING BROAD
UTILIZATION OF GEOTHERMAL ENERGY INCLUDE® DISCOVERY OF RESERVOIRS
WITH ADEQUATE FLUID AND ENERGY SUPPLIES, DEPOSITION OF CALCIUM
CARBONATE OF SILICON DICXIDE, CHEMICAL CORROSION, EFFLUENTS, AND
INAPPLICABILITY OF PRESENT LAWS. OPTIMAL CONDITIONS INCLUDE A HEAT
SOURCE, RESERVOIRS OF ADEQUATE VOLUME, PERMEABILITY, AND POROSITY, A
LOW-PERMEABILITY CAPROCK INHISITING CONVECTIVE LGSS. A OISCUSSION ON
HYDROTHERMAL FLUIDS FOLLOWS. THIS PAPER WAS ORIGINALLY PRESENTED IN
FULLER FORM AT THE IAV INTERNATIONAL SYMPOSIUM GN VULCANOLOGY (NEMW
ZEALAND) 5 SCIENTIFIC SESSION, NOVEMBER 29, 1965, :

GEOTHERMAL STUDIESIEXPLORATICNI:N:RGY/THERHAL PROPERTIES/HYDROTH&RHAL
STUDIES/DEPOSITION (SEDIMENTS) :
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98
WHITE, D.E.
1969

RAPID HEAT-FLONW SURVEYiNG OF GEOTHERMAL AKEAS, UTILIZING INCIVIDUAL
SNOWFALLS AS CALORIMETERS.,

JOURNAL OF GEOPHYSICAL REScARCH 74(22)85191-5201. SWRA W7d-64201.

THE HEAT FLUX OF DISCHARGING HOT SPRINGS IS £ASY TO MEASURE, BUT THt
MEASUREMENT OF HEAT FLUX IN CISCHARGING VAPOR ANC THAT LOST BY
CONDUCTION THROUGH HIGH-GRACIENT NEAR=-SURFACE GROUND OF THERMAL AREAS
IS MUCH MOR: DIFFICULT. IT mAS OBSERVED THAT SNOW MELTS MUCH MORE
QUICKLY IN THE THERMAL AREAS OF YELLGWSTONE PARK THAN IN ADJOINING
REGIONS. A RAPID LOW-COST M:LTHOD OF MAPPING AND CALIBRATING
DIFFERENGCES IN HEAT FLOW, UTILIZING INDIViDUAL HEAVY SNOWFALLS, IS
DESCRIBED AND AFPLIED TO A TEST AREA IN THE PARKe THE RESULTING HeAT-
FLOW MAP IS THEN COMPARED WITH INFRARED IMAGERY OF THt SAME AREA. THE
RESULTS CONTAINED CERTAIN ERRORS, BUT IT WAS CONCLUDED THAT SNOWFALL
CALORIMETERY PROVIDES A RAPID LOW-COST MEANS FOR REZCOGNIZING LARGL
LOCAL DIFFERENCES IN HEAT FLCWS OF HOT SPRING AREAS, AND IN PROVIDING
SEMIQUANTITATIVE COMPARISONS WITH NORMAL AREAS.

GEOTHERMAL STUDIES/HOT SPRINGS/SNOWFALL/HEAT FLOW/INFRARED RADIATION/
/THERMAL PROPERTIES/MAPPING/MEASUREMENT
=IDENTIFIERSS/YELLOWSTONE NATIONAL PARK/CALORIMETERS
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99
WHITEy DeEe/MUFFLZRy LoeJePo/TRUESDELLy AoH.

1971
VAPOR-DOMINATED HYDROTHERMAL SYSTEMS COMPAR:D WITH HOT-WATER SYSTZMS,

ECONOMIC GECLOGY 66(1)875-97. SHWRA W71-05059.

VAPOR~-DOMINATED DRY-STEAM GuOTHERMiL SYSTEMS ARE UNCOMMON AND _
POORLY UNDERSTOOCD COMPARED WITH HOT-wATER SYSTEMS. CRITICAL PHYSICAL
DATA ON BOTH TYFES WERE OBTAINED FROM UeS. GEOLOGICAL SURVELY RESEARCH
IN YELLOWSTONE PARKe. VAPOR=-COMINATZD SYSTEMS REQUIRE RELATIVELY
POTENT HEAT SUPPLIES AND LOW INITIAL PERM:ABILITY. AFTER AN CARLY
HOT-WATER STAGE, A SYSTEM BECOMES VAPOR ODOMINATED WHEN NiT OISCHARGE
STARTS TO EXCEcC RECHARGE, STEAM THEN BOILS FROM A DECLINING WATcR
TABLES MOST CONDENSES BELOW THE SURFAUE, WHERE ITS HEAT OF
VAPORIZATION CAN BE CONDUCTELC UPWARD. LIQUID WATER FAVORS SMALL PORES -
AND CHANNELS BECUASE OF ITS HIGH SURFACEL TENSION RELATIVE TO THAT OF
STEAM. STEAM IS LARGELY EXCLUDED FRCM. SMALLER SPACES BUT GRcATLY
DOMINATES THE LARGER CHANNELS AND DISCHARGE FROM WillS. - WITH TIME,
PERMEABILITY OF WATER-RECHARGE CHANNELS, INITIALLY LOW, BECOMES STILL
LOWER BECAUSE OF DEPOSITION CF CARBONATES AND CASO4. THE LID ON THE
SYSTEM CONSISTS IN PART GF ARGILLIZED ROCKS AND CO2 SATURATED
CONDENSATE.  LCCAL SUPPLY OF PORE LIQUID AND A GREAT STORED HEAT OF
SOLID PHASES ACCOUNT FOR THE PHYSICAL CHARACTERISTICS AND THE
HIGH PROOUCTIVITY OF STEAM WELLS. VAPOK-DOMINATED SYSTEMS PROVIOE A
GOOD MECHANISM FOR SEPARATING VOLATILE MERCURY FROM ALL OTHER METALS
OF LOWER VOLATILITY., MERCURY IS LIK:tLY TO BE ENRICHED IN THE VAPOR OF
THESE SYSTEMSS THE ZONE CF CCNOENSATION THAT SURROUNDS THE UNIFORM
RESERVOIR IS ATTRACTIVE FOR FRECIPITATING HGS. (USGS)

GEOTHERMAL STUDIES/THoRMAL WATER/STEAM/WATER VAPOR/HYDROGEOLOGY/
GROUNDWATER MOVEMENT/MASS TRANSFER/ION TRANSPORT/HEAT FLOW/WATER
TEMPERATURE/GEYSERS/WATER LEVELS/WATER TABLE/HYDKOTHERMAL STUDIES
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160

WHITINGy Kelo/RAMEY, JRey Heds

1969

APPLICATION OF MATERIAL AND ENERGY BALANCES TO GEOTHERMAL STEAM
PRODUCTION, TEXAS A AND M UNIVERSITY, COLLEGE STATION; AND STANFORD
UNIVERSITY, CALIFORNIA.

JOURNAL OF PETROLEUM TECHNOLCGY PP 893-Sdi, JULY 1969, SHWRA
W69-07990. ‘

SOME BASIN THERMODYNAMIC PRINCIPLES ARE PRESENTED THAT ARE APPLICABLE
TO GEOTHERMAL FLUID RESERVOIR ENGINEERING. THE EQUATIONS ARE USEFUL
FOR ESTIMATING THE INITIAL RESERVOIR CONDITIONS AND FOR MATCHING THE
PAST PERFORMANCE AND PREDICTING THE FUTURL PERFORMANCE OF RESERVOIRS
FOR WHICH THE ASSUMPTIONS INVOLVED AKE REALISTIC. FURTHER, IT IS
DEMONSTRATED THAT THIS APPROACH CAN BE APPLIED TO A FIELD CASE WITH
WHAT APPELARS TO BE EXCELLENT ACCURACY. OTHER COMMON RESERVOIR
ENGINEERING TOOLS CAN BE MOCIFIED FOR APPLICATION TO GeOTHERMAL FLUID
RESERVOIRS. (USGS)

GEOTHERMAL STUDIES/STEAM/HEAT FLOW/THERMODYNAMICS /THERMAL FOWER/
THERMAL SPRINGS/GEYSERS/WATER VAPOR/THERMAL POWERPLANTS/WELLS
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101
WRIGHT y Jede
1971

THE OCCURRENCE OF THERMAL GRULUNDWATZR IN THE BASIN AND RANGE PROVINCE
OF ARIZONA. IN HYDROLOGY ANLC WATER RESOURCES IN ARIZONA AND THE
SOUTHWEST, VOL. 1,y P. 269-29C(,

AMERICAN WATER RESOURCES ASSCCIATION, ARIZONA SECTION / ARIZONA
ACADEMY OF SCI&NCZ, HYDKCLGGY SECTIUON, FROCEcUINGS GF THE 1971
MEETINGS, APRIL 22-23, TEMPE, ARIZONA. SWRA W72-02223.

EXAMINES ON A REGIONAL BASIS THE OCCURRENCEt OF GROUNDWATER HAVING
TEMPERATURE CONSIDeRED TC BE HIGHER THAN NORMAL sy INCLUDING WATER
EMITTED FROM NATURAL SPRINGS AND THAT PUMPED FOR IRRIGATION AND
INDUSTRIAL PURPOSES. AFTER & BRIEF DESCRIPTION OF THt GEOLOGY OF THE
AREA, THE AUTHOR TAKES UF TH:t GEUGRAPHIC OISTRIBUTION OF ARIZONA S
THERMAL WATER, SOURCES OF HEAT ANO THEIR RELATION TO STRUCTURE,
GEOTHERMAL GRADIENTS, THE QUALITY OF THERMAL WATER AND ITS UTILIZATION
FROM SPRINGS ANC WELLS. HE CONCLUDES THAT THE OCCURRENCE OF THcRMAL
WATER IS CLOSELY ALLIED TO STRUCTURAL ELEMENTS, AND SUGGESTS THAT IT
IS DOMINANTLY MLTEORIC WATER. HE URGES FURTHER STUDIES. IN ADDITION
TO A BIBLIOGRAPHY, THERE IS # LIST OF WeclLS AND THEIR LOCATION, PLUS
MAPS. :

GEOTHERMAL STUDIES/THERMAL WATER/ARIZONA/METEORIC WATER/THERMAL
PROPERTIES/WELLS/GROUNDWATER/STRUCTURE/GECLOGIC INV&STIGATION;/HATER
QUALITY

=IDENTIFIERS!/BASIN AND RANGe PROVINCt
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HEAT TRANSFER MEASUREMENT IN A GEOTHERMAL ARcA.
TECTONOPHYSICS 16(1-3)819=-30, SWRA KW71-0G9117.

IN JAPAN, THERE ARE ABOUT TWENTY GEOTHERMAL AREAS, WHERE HEAT IS
TRANSFERRED BY FUMAROLES, STEAM WELLS, HOT SPRINS, STEAMING GROUNDS,
EVAPORATION FROM HOT POCLS AND THERMAL CONDUCTION THROUGH THE EARTH.
METHODS OF HEAT TRANSFER MEASUREMENT USED AT OWAKUDANI AND SOUNZAN
GEOTHERMAL AREAS OF HAKONE VCLCANO ARt OUTLINED. TOTAL MASS DISCHARGE
FROM THESE AREAS AMOUNTS TO 129 KG/SECOND AND TOTAL HcAT TRANSFER
AMOUNTS TO 16.64 MILLION CAL./SECe HEAT TRANSFERRED FROM ALL
GEOTHERMAL AREAS OF JAPAN MAY BE ESTIMATED ROUGHLY TO BE 2 TIMES 104 T0
THE 23RD POWER ERG./YcAR. ACDING TO THIS THE ENERGY RELEASEC BY
VOLCANIC ACTIVITY, HOT SFRINGS, AND THE NORMAL HEAT FLOW OF NON-
VOLCANIC REGIONS, THE TOTAL ENERGY RELEASED FROM THE WHOLE OF JAPAN,
EXCLUSIVE OF THAT BY EARTHQUAKES IS ABOUT 9 TIMES 1G TO THE 24TH POWER
ERG./YEAR, (USGS)

GEYSERS/HEAT FLCOW/HEAT TRANSFER/MASS TRANSFER/HOT SPRINGS/GEOTHERMAL
STUDIES/BOILING/CONVECTION/CCOLING/HEAT BALANCE/HEAT BUDGET/STEAM

=IDENTIFIERS3/JAPAN
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