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Introduction

Geothermal energy, derived from the natural heat within the Earth,
has been utilized for the generation of electricity since the dry
steam field at Larderello, Italy, was tapped in 1904. In the United
States, development of geothermal resources for electric power gen-
eration has progressed slowly since the first 11,000 kWe (kilowatts
electrical) turbine was installed at The Geysers, California, in
1960. This field, with a present installed capacity of 502 MWe
(megawatts electrical), is still the only geothermal resource that
has been harnessed for commercial electricity production in this
country.

Geothermal energy has historically been hailed by both devel-
opers and environmentalists as a clean energy resource. Bowen (1971,
1973), who was the first to attempt a detailed literature review of
the environmental impacts of geothermal power production from vapor-
dominated dry steam reservoirs, compared these impacts to those asso-
ciated with more conventional coal and nuclear power generation. Re-
cently Axtmann (1975) described the adverse environmental effects of
chemical and thermal discharges from the Wairakei, New Zealand, geo-
thermal power plant into the Waikato River. The Wairakei plant uti-
lizes geothermal fluids from a liquid-dominated (hot water) reser-
voir to produce electric power.

This article discusses the present understanding of the nature
and occurrence of geothermal resources in Oregon and emphasizes those
critical environmental issues which must be addressed in public forums
and ultimately in power plant design if significant utilization of this
indigenous energy source is to become a reality. Anemerging conver-
sion technology known as the binary cycle, which will be demonstrated
in 1980 in a 50-MWe plant near Heber in the Imperial Valley of Cali-
fornia, is also described. The binary conversion process, which
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isolates the geothermal fluids in a closed system for eventual re-
injection into the reservoir, has the potential to mitigate several
adverse environmental impacts often attributed to geothermal power
generation. The suspected 1liquid nature and thermodynamic quality
of Oregon's geothermal resources may dictate utilization of the
binary cycle for electric power generation.

Geothermal Resources in Oregon
Nature and occurrence of geothermal resources

Geothermal resources can be grouped into two broad classes
which are largely defined by the nature of the heat source respon-
sible for the observed upper crustal thermal anomaly: (1) igneous-
related geothermal systems characterized by intrusions of magma
into the upper crust, and (2) geothermal systems which are not
related to igneous intrusions but which generally occur in sedi-
mentary rocks in areas of high regional heat flow (Muffler, 1975).
The first class can be further subdivided into three resource
types: (a) magma, (b) hot dry rock, and (c) hydrothermal con-
vection systems. Hydrothermal convection systems are further
broken down into two main types depending on the nature of the
dominant pressure-controlling phase in the geothermal reservoir:
(a) vapor-dominated systems, wherein 1iquid water and vapor coexist
in the reservoir with vapor as the continuous pressure-controlling
phase; and (b) hot-water systems characterized by liquid water as
the continuous, pressure-controlling fluid phase (White, Muffler,
and Truesdell, 1971). The vapor-dominated reservoir systems are
considered extremely rare; indeed, The Geysers, California, is the
only large system of this type extensively drilled to date in the
United States. The Mud Volcano system in Yellowstone National
Park and Mt. Lassen Volcanic National Park may also be underlain
by vapor-dominated reservoirs (Renner, White, and Williams, 1975).

Geothermal resource potential

Over 200 thermal springs and wells have been identified to
date in Oregon (Bowen and Peterson, 1970). Most of these springs
occur within two distinct geologic environments: (1) the structur-
ally deformed and moderately altered Tertiary strata of the Western
Cascades; and (2) individual grabens of the Basin and Range pro-
vince of southeastern Oregon, usually adjacent to or astridemajor
normal faults. Those thermal springs for which geochemistry data
indicate subsurface temperatures greater than 90°C (194°F) are
shown in Figure 1. The chemical compositions of these hotter spring
systems indicate minimum reservoir temperatures ranging from 90°C
(194°F) to 207°C (405°F) and further suggest that reservoirs sup-
plying these thermal springs are of the hot-water type, with gen-
erally high contents of alkalis, chloride, and silica (Mariner
and others, 1974, 1975). Hot springs which are surface mani-
festations of vapor-dominated systems are generally acidic
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FIGURE 1. LOCATION of HYDROTHERMAL CONVECTION SYSTEMS in OREGON
with INDICATED SUBSURFACE TEMPERATURES ABOVE 90°C.
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(pH as Tow as 2 or 3), low in chloride content (generally less than

50 ppm), and high in sulfate.
Although Oregon contains over 200 thermal springs and has been
the site of more Tertiary and Quaternary volcanism than any other
western state, the geothermal resource potential of this State is
essentially unknown. In 1975 the U.S. Geological Survey (White
and Williams, eds., 1975) made a preliminary estimate of the U.S.
geothermal resource potential based on incomplete information. That
survey indicated a total of about 30.4 x 1018 calories of recover-
able thermal energy suitable for nonelectrical applications and
1,336 MWe (at a 30-year plant life) of electric power generation
potential from all identified hydrothermal resources in Oregon

(see Table 1).
These estimates, developed from a small data base, translate
into the equivalent electrical energy generated by slightly more
than one nuclear plant the size of Trojan. Note, however, that
these are minimum estimates which will probably be continually
revised upward as knowledge of the nature and occurrence of Oregon's
geothermal resource improves through regional and site-specific ex-
ploration programs. The above estimates do not include possible
concealed hydrothermal resources, igneous-related systems, and
resources in above-average conductive heat-flow environments. As
techniques are developed to evaluate and utilize these resource
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Table 1. Estimated Potential Electric Energy from Identified

High Temperature[ll Hydrothermal Convection Systems in Oregon

sor Subsurface° Volume Stored Heat Recovery Factor E]ectrjca}zl
pring Name Temperature (°C) (km3) _(10!8 cal) er Potential
Mickey H.S. 210 12 1.4 0.025 154
Alvord H.S. 200 4.5 0.5 0.025 57
Hot Lake 180 12 1.2 0.02 107
Vale H.S. 160 100 8.7 0.02 770
Neal H.S. 180 4 0.4 0.02 37
Lakeview 160 16 1.4 0.02 123
Crumps Spring 180 8 0.8 0.02 70
Weberg H.S. 170 2.25 0.2 0.02 _ 18
Total 1336

{1] High temperature systems are those with estimated subsurface temperatures greater than
150°C, which is presently considered the minimum threshold for electric power generation.

[2] Electrical potential assumes commercial power generation at a 30-year plant life.

Source: U, S. Geological Survey Circular 726 (1975)

types, the total energy potential will probably increase signifi-
cantly.

Geothermal Power ConversionCycles

Dry steam cycle

At The Geysers, California, a dry steam {vapor-dominated) re-
source, the first unit in 1960 consisted of an 11 MWe turbine, a
direct contact condenser, and a cooling tower. Power production
was accomplished in a manner similar to conventional fossil-fired
plants. Noncondensible gases naturally occurring in the steamwere
vented to the atmosphere through gas ejectors above the condenser
and in the cooling tower exhaust. Excess cooling tower fluids were
discharged to local streams. Natural dry steam was producedby drill-
ing a well into the subsurface instead of by burning nonrenewable
fossil fuel. A schematic diagram of The Geysers-type dry steam
conversion process is shown in Figure 2.

Development at The Geysers field proceeded slowly in the early
years, primarily because of uncertainties regarding the longevity
of the resource. The pace of development increased, however, as
the longevity of the resource was established and more reserves
were located. This increased rate of development resulted in ac-
companying environmental concerns and required the establishment
of mitigation procedures to control environmental problems. The
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Figure 2. Geysers-type dry steam power production cycle.

once-through discharge of cooling tower blowdown into local streams
was soon stopped and the excess condensate was disposed of in re-
injection wells. Venting of wells prior to production and during
power plant shutdown had originally resulted in high noise levels,
but the development of effective muffling devices greatly reduced
these noise emissions to allowable levels. Concern over the re-
lease of hydrogen sulfide (H,S) in the noncondensible gas stream
led to the development and testing of several processes to reduce
such emissions. The Stretford process, which chemically converts
H,S to elemental sulphur, can reduce H,S emissions by over 90 per-
cent and is now planned for all new units and will be retrofitted
to existing units (Pacific Gas and Electric Co., 1975).

The dry steam geothermal resource, while easily exploitable,
is an uncommon occurrence. Thus, The Geysers field is not a truly
representative model of the environmental impacts associated with
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Figure 3. Flashed steam power production cycle.

geothermal power production because over 95 percent of the world's
hydrothermal geothermal resources are believed to be of the hot-
water (1iquid-dominated) type. The more common hot-water resources
will be exploited by one of two power conversion cycles: the
flashed steam cycle or the binary cycle.

Flashed steam cycle
The flashed steam geothermal power cycle (see Figure 3) is
similar to the dry steam cycle, except that a flasher and water

knock-out unit are required. Flashing results in significantly
larger quantities of fluid to be eventually reinjected into the
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geothermal reservoir. A primary requirement of the flashed steam
cycle is fluid temperature high enough to provide economic quan-
tities of steam (generally above 400°F). The environmental con-
cerns associated with the flashed steam cycle are similar to those
accompanying the dry steam cycle, although noise emissions from
venting wells is not a problem. Presently,worldwide power gener-
ation capacity using the flashed steam cycle totals approximately
500 MWe from about a dozen widely scattered locations, none of which
are in the United States. The power plants in Cerro Prieto, Mexico,
and Wairakei, New Zealand, utilize the flashed steam process and
are the two largest power producers, with 75-MWe and 190-MWe of
installed capacity, respectively.

Binary cycle

The binary power cycle {see Figure 4) has been proposed for
power production where geothermal resource temperatures are too low
for economic utilization of the flashed steam cycle or where the
produced fluid contains undesirable amounts of dissolved solids or
noncondensible gases. In the binary cycle the geothermal fluid is
maintained in a closed loop from the production to the reinjection
wells and therefore should not result in environmental degradation.
The thermal energy contained in the geothermal fluid is transferred
to a Tow-boiling-point working fluid which expands through a tur-
bine to generate power and is then condensed and recirculated. The
spent geothermal fluid is pumped from the plant to reinjection wells
for ultimate disposal back into the reservoir.

The main advantages of the binary cycle over-the flashed steam
cycle are the closed-system operation and the ability to extract
energy from the total produced fluid. This Tatter factor makes
the more complicated and somewhat higher capital-cost binary cycle
economically competitive with other geothermal power production
options. The major disadvantages of the binary cycle include the
increased capital costs, requirements for additional heat exchangers,
and the probable need for supplemental cooling water supplies.

The binary conversion cycle has yet to be demonstrated in
a commercial-sized power plant in the United States. However,
the San Diego Gas & Electric Co. is sponsoring a 50-MWe binary
cycle demonstration plant jointly with the Electric Power Research
Institute (EPRI) and several other utilities. This plantis tobe
constructed at the Heber thermal anomaly in the Imperial Valley
of California and is presently scheduled for operation in late
1980. Successful demonstration of the binary cycle conversion
technology at the Heber plant will encourage development and
economic utilization of geothermal resources with temperatures
ultimately as Tow as 150°C (300°F).

Environmental Impacts of Geothermal
Exploration and Field Development

As with all forms of power generation, environmental impacts
are associated with the conversion of geothermal energy to elec-
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Figure 4. Binary power production cycle.

trical energy. The list of environmental concerns relative to
the development and utilization of geothermal resources includes
many of those impacts attributed to other forms of power genera-
tion (e.g. air quality, land use). Others, such as subsidence
and possible induction of earthquakes, are unique to the geother-
mal industry. Furthermore, the types and magnitudes of environ-
mental impact associated with geothermal power production will be
dependent upon the nature of the reservoir system being developed
(i.e. vapor-dominated vs. hot-water systems) and will be site spe-
cific. Unlike fuel cycles of coal or nuclear alternatives, the
entire fuel cycle of a geothermal plant is concentrated at the
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point of resource extraction. This geographic concentration re-
sults in economic and land use advantages over the often expan-
sive and geographically dispersed fuel cycle steps associated
with coal and nuclear options but presents constraints with re-
spect to power plant siting.

The environmental impacts associated with geothermal power
production can be categorized according to the three separate
stages of resource development: (1) resource exploration, (2) test
drilling and field development, and (3) power plant construction
and operation. The first two stages are discussed below; the
third stage is discussed in the section entitled Potential Envi-
ronmental Impacts of Binary Cycle Power Generation in Oregon.

Exploration

Environmental impacts in the exploration phase resulting from
geological, geophysical, and geochemical investigations are tran-
sitory and are generally of small magnitude. These investigations
are usually conducted on the ground, although aircraft are used
for transportation, airborne geophysical techniques, and aerial
photography.

Existing roads are used whenever possible; but surficial inves-
tigations may require off-road vehicular travel. Little road con-
struction would be required in the Oregon Cascade Range because
of the numerous existing Forest Service and logging roads in the
area. Gravity, magnetic, and microseismic surveys are conducted

with portable equipment which can usually be backpacked into areas
that are inaccessible to vehicles. Seismic and electrical resis-
tivity surveys might result in minor temporary surface disturbances
from vehicular movement, depending on the particular technique em-
ployed.

Shallow holes (generally less than 500 feet deep) are some-
times drilled during the exploration phase for temperature-gradient
measurements and heat-flow determination. Small truck-mounted
rotary drill rigs are generally used, and drill cuttings or chips
are removed by introducing a jet of air during drilling. The ex-
tracted cuttings tend to form a small conical pile above the drill
hole and are easily removed upon compietion of drilling. The hole
is usually plugged, covered, and rehabilitated after the temperature-
gradient measurements have been monitored over a period of several
months. Since these shallow holes are usually drilled adjacent to
existing roads, they result in little surface disturbance.

Test drilling and field development

Adverse environmental impacts from geothermal energy utiliza-
tion may occur during the test drilling and field development phase.
Activities in this phase include: (a) test hole drilling to de-
lineate reservoir boundaries; {b) fluid sampling for determination
of the reservoir's physical and chemical properties; (c) production
testing to determine the flow rate, composition, temperature and
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enthalpy of fluids and gases, recharge characteristics, reser-
voir pressures, and hydrodynamic properties; and (d) the drilling
and testing of production wells to supply geothermal fluids to the
power plant if favorable results are obtained during initial re-
servoir tests.

Potential adverse environmental effects during the test drill-
ing and field development phase can be grouped into four categories:
land use conflicts, air pollution, water pollution, and noise.
Land use conflicts and water pollution appear to be of greatest
concern. The magnitude of these impacts will vary according to
the type of resource being exploited (e.g. vapor-dominated vs.
hot-water reservoirs), topography, type and extent of vegetation
cover, and subsurface geologic and hydrologic conditions.

Land use conflicts: Various land use disturbances occur dur-
ing drilling and field development fromaccess-road construction
and well-site preparation. These impacts range from temporary
nuisance conditions such as blowing dust to the disturbance of
vegetative cover and displacement or loss of wildlife habitats.

The amount of land disturbed is dependent upon the number
and spacing of production wells required to supply fluids to the
power plant, which in turn are functions of topography and the
physical characteristics, extent, and thermodynamic quality of
the geothermal reservoir. For example, during early development
of The Geysers dry steam field, the average well density was one
well per five acres (Budd, 1973). The recent initiation of
directional drilling at The Geysers has greatly reduced land re-
quirements, and three production wells are now being located on
individual well pads. Present plans for the 50-MWe binary cycle
demonstration plant to be constructed near Heber, California, pro-
vide for the location of all 12 directionally drilled production
holes on a single pad. This optimum well spacing can only be
achieved under very special circumstances, such as the pres-
surized sedimentary reservoirs of moderate primary permeability
in the Imperial Valley. Such compact spacing through directional
drilling may not be possible in Oregon, where geothermal reservoirs
will probably produce from secondary permeability zones (faults,
fractures, joints, etc.) in volcanic rocks of varying lithologies.
Land requirements for the surface installations (pumps, piping,
etc.) necessary to transport the geothermal fluids to the power
plant are also directly related to well spacing and terrain con-
ditions.

Geothermal field development does not preempt multiple land
usage of the impacted area. For exampie, the Larderello field
in Italy is in an area where farms, vineyards, and orchards are
adjacent to production wells, pipelines, and power plants (Bowen,
1973, p. 201-202.)

Water pollution: During the drilling and field development

phase the most serious potential water and air pollution problems
will occur if there is a well blowout. A blowout occurs whenwell
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bottom-hole pressures build up and become sufficient to overcome
the well's hydrostatic weight. Well blowouts, which were occasion-
ally a major problem 1in the early development of The Geysers field,
were apparently instigated by slope instabilities resulting from
heavy precipitation, rugged terrain, and altered surficial geo-
Togic units. Well blowouts appear to be controlled completely now
through improved drilling and casing techniques and the implemen-
tation of stringent federal and state regulations requiring blow-
out prevention equipment on each wellhead. Blowouts are still a
potential hazard, however, in the test drilling and field develop-
ment stage.

Ground water contamination can occur during the drilling of
production wells through use of improper drilling and cementing
procedures. Adverse impacts could result from the loss of forma-
tion integrity, permitting the upward migration of generally poor
quality geothermal fluids under high pressure into shallow aqui-
fers. Avoidance of such adverse impacts is possible through use
of proper well compietion and operation practices, along with the
design and implementation of appropriate well monitoring programs.

Atmospheric pollution: Atmospheric pollution is not a major
problem during the drilling and field development stage. Release
of hydrogen sulfide and other noncondensible gases could occur
when production wells into vapor-dominated reservoirs are being
blown for cleanout of rock particles and other debris, but such
releases would occur only over a period of several weeks.
Uncontrolled releases should generally not occur from wells drilled
into Tiquid-dominated reservoirs.

Noise: High-frequency and high-intensity noise emissions can
occur duringdrilling and testing of geothermal wells, particularly
in vapor-dominated reservoir systems when compressed air is used
as the drilling medium instead of mud. When the production well
is being blown for cleanout, sudden release of compressed air and
natural steam can also result in objectionable noise levels. The
development of muffling devices, such as those in use at The Gey-
sers, has resuited in noise emissions being held within acceptable
1imits during testing of geothermal wells. As most prospective
geothermal resource areas in Oregon are in regions of low popula-
tion density, noise emissions from geothermal developments should
have no significant adverse effects on the general populace. Fur-
thermore, noise is generally not a problem with flowing fluid
wells.

Potential Environmental Impacts of Binary
Cycle Power Generation in Oregon

The types and magnitudes of environmental impacts associated
with the construction and operation of geothermal power plants are
dependent upon differences in reservoir type and upon the conver-
sion process used to convert the thermal energy contained in pro-
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duced fluids to electrical energy (direct steam, flashed steam,
or binary cycle). Nonresource-related and site-specific differ-
ences in topography, climate, geology, hydrology, vegetation, and
land use are also of importance.

As geothermal reservoirs in Oregon will probably be medium tem-
perature (325°-400°F) and of the hot-water type (see Geothermal Re-
sources in Oregon), this discussion assumes utilization of the
binary conversion process. Depending on the chemical and thermo-
dynamic quality of individual reservoir systems, greater thermal
efficiencies may be realized through utilization of the flashed
steam process. However, the environmental impacts associatedwith
the utilization of the direct and flashed steam conversion tech-
nologies are well documented in the literature (Bowen, 1973; Axt-
mann, 1975; and Mercado, 1975).

In the binary conversion process, the hot geothermal fluids
which are used to heat and vaporize a low-boiling-point working
fluid, such as isobutane, are isolated in a closed system and re-
injected into the reservoir. Therefore, the adverse environmental
impacts associated with power generation utilizing thebinary cycle
are potentially fewer and of less magnitude than those associated
with existing direct and flashed steam technologies. These potential
impacts are described below; and, to the extent possible, differ-
ences in the magnitudes of each, assuming hypothetical sites in
both the Cascade Range and in eastern Oregon, are estimated.

Impacts on land

The land use requirements of a binary cycle geothermal power
plant are primarily dependent upon the number and spacing of pro-
duction and reinjection wells and upon the acreage required for
cooling towers, the turbine-generator building, isobutane and
condensate storage tanks, and shops and warehouse facilities.

At the Heber 50-MWe demonstration plant site these power block
facilities will require 4 to 6 acres, and the total development
including well locations and necessary buffer zones will involve
20 acres. Figure 5 shows an artist's conception of the Heber
facility. Slightly larger sites might be required in Oregon,
where reservoir differences may necessitate location of separated
production wells.

In Oregon, geothermal power plants must be located within
areas designated as suitable for such purposes in the Oregon
Nuclear and Thermal Energy Council's (now the Energy Facility
Siting Council)"Statewide Siting Task Force Report" (1974). Many
natural resource areas, including wilderness, roadless, historic,
botanical, and research natural areas; wildlife refuges; and geo-
logic areas are presently withdrawn as potential geothermal plant
sites by this legislation. Several Known Geothermal Resource
Areas (KGRA's) in the Cascade Range are within or immediately ad-
jacent to areas designated as unsuitable and thus will probably
not be developed for electric power generation unless the earlier
designation is reviewed and changed.
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Subsidence and induced seismic activity resulting from fluid
withdrawal and reinjection are other potential land use impacts of
geothermal development. Prolonged withdrawal of fluids from Tiquid-
dominated reservoirs in sediments is a potentially serious problem.
The Wairakei field in New Zealand is the only geothermal field in
which documented ground movement has been reported. The area af-
fected is greater than 65 km? and the total maximum vertical move-
ment since 1956 has been approximately 4m (Axtmann, 1975, p. 801).
Although the risk of subsidence can be greatly reduced through re-
injection of the geothermal fluids, they are presently not rein-
jecting at the Wairakei field. With the binary cycle, almost the
entire volume of withdrawn fluids will eventually be returned to
the reservoir and subsidence should not be a problem.

In Oregon, subsidence is not expected to occur in the gener-
ally competent volcanic formations of the Cascade Range (U. S.
Forest Service, 1977). The risk of subsidence may be greater in
the Basin and Range grabens, particularly those in which the geo-
thermal fluids are contained in reservoirs within the generally
thick sedimentary fill.

Whereas the reinjection of geothermal fluids reduces the
likelihood of subsidence, high pressure injection into geologic
units that are in hydraulic communication with an active fault
should be avoided because such injection may trigger minor earth-
quakes. Present experimental evidence suggests, however, that
the potential for inducement of minor earthquakes can be greatly
reduced by not injecting along an active fault and by controlling
injection pressures and fluid flow rates (Healy and others, 1968;
Raleigh and others, 1976).

New transmission corridors will be needed to interconnect the
potential geothermal resource areas of southeastern Oregon with
the regional grid system. As much of this region is arid, sparsely
populated, and nonforested, no major adverse environmental impacts
should result from construction of new 230-kV or 500-kV transmission
lines. If capacity is available on transmission lines that already
cross the Cascade Range, they could be used to transmit the elec-
trical energy from geothermal power plants. Additional lines
would be required, however, to connect any future geothermal
plant with the existing system.

Impact on water

Geothermal plants, because of their Tow thermal efficiency
(17 to 16 percent vs. 32 to 34 percent for a nuclear plant and
36 to 40 percent for fossil-fuel plants), require rejection of
large amounts of waste heat per kilowatt of plant capacity. Geo-
thermal plants which use either the direct or flashed steam con-
version cycles provide their own cooling water and generally do
not require supplementary sources. After passing through the tur-
bine, the natural steam is condensed, piped to the cooling towers,
and recirculated back to the condensers for cooling. The excess
condensate not evaporated through the cooling tower is reinjected

85



into the geothermal reservoir where it originated, thus prolong~
ing useful production from the field.

On the other hand, geothermal power plants utilizing the
binary cycie may require large amounts of supplemental cooling
water from outside sources because the geothermal fluids usually
remain in a closed system; and since the total extracted volume,
excluding losses, is reinjected into the reservoir, it is not
available for cooling tower water supply. In some cases, it may
be desirable and possible to use some geothermal fluid for power
plant cooling water.

Consumptive water requirements for a 50-MWe binary cycle geo-
thermal power plant utilizing a wet cooling tower will probably
range from 1,000 to 2,000 gallons per minute, depending on the
total amount of waste heat to be rejected (Holt/Procon, 1976).
Assuming an 80 percent annual plant factor, this would result in
the need for obtaining 1,300 to 2,600 acre-feet of water annually
from either surface or regional ground water supplies, or perhaps
the geothermal reservoir itself. For a 200-MWe geothermal field,
the total consumptive water requirements would be increased to
between 5,000 and 10,000 acre-feet annually.

Cooling water requirements of binary cycle plants could be
reduced substantially through use of either a combination wet-
dry or dry cooling tower technology. For example, the consump-
tive water requirements of a wet-dry cooling tower are 40-70 per-
cent of those for a conventional wet tower, depending on design
(0lesen and Budenholzer, 1972). Dry cooling towers require no
makeup to the circulating water system but do require a much
greater land area than evaporative towers and may result in re-
duced generator output during hot summer days. Wet-dry and dry
cooling towers would alsoc require much higher initial capital in-
vestments than the more conventional wet cooling towers and higher
auxiliary power to operate fans and pumps.

The availability of cooling water may be a Timitation to
geothermal development in certain water-short areas. This could
seem particularly true for portions of southeastern Oregon such
as the Alvord Valley and Glass Buttes. Cooling-water supplies may
be more readily available in the Cascade Range because of normally
high precipitation and runoff amounts and the expected presence of
large amounts of ground water.

Thermal and chemical pollution of possible nearby natural
surface water bodies should not be a problem with binary cycle
geothermal power plants under normal operation. Waste heat re-
jection in most cases will be accomplished by evaporation to the
atmosphere in either wet or wet-dry cooling towers, spray ponds,
or cooling reservoirs. Blowdown from the cooling towers can be
routed to an evaporation pond or reinjected into the geothermal
reservoir.

Improper injection of geothermal effluents back into the reser-
voir could cause contamination of shallow ground-water aquifers. Be-
cause of higher temperatures, geothermal effluents are expected
to be of poorer quality than these ground-water supplies, parti-
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cularly in the concentration of dissolved solids and certain trace
elements such as mercury, arsenic, and boron. If proper injection
well drilling and completion practices are followed and if a shal-
low ground-water aquifer surveillance program is implemented in
the area surrounding the reinjection field, contamination of do-
mestic supplies can be obviated.

Impact on the atmosphere

Air quality impacts from geothermal power plants are of two
main types: (1) those associated with the discharge of water
vapor from cooling towers, and (2) those associated with the re-
lease of noncondensible gases, primarily hydrogen sulfide.

The discharge of water vapor to the atmosphere from wet evap-
orative cooling towers results in the development of a steam plume
above the tower. Under adverse meterological conditions, this
steam plume could descend to the ground and cause Tocalized fog-
ging and icing problems on plant structures and nearby roads; but
this problem should not occur frequently under normal atmospheric
conditions. The use of wet-dry or dry cooling towers would greatly
reduce or, in the case of the latter, eliminate these adverse im-
pacts.

Geothermal fluids, both Tiquid and steam, may contain non-
condensible gases including carbon dioxide (C0,), hydrogen sulfide
(HyS), methane (CH,), and ammonia (NH;). The gas of principal
concern is H,S, because of its potential danger to plant and ani-
mal life (see California Division of 0il and Gas,and others, 1975),
high corrosiveness, and objectionable "rotten egg" smell. With
the direct and flashed steam technologies, such as those in use
at The Geysers and Cerro Prieto, Mexico, respectively, the non-
condensible gases have been vented to the atmosphere through air
ejectors above the condensers and rapidly diluted under favorable
meterological conditions. Under adverse meterological conditions,
however, concentrations of H,S in air can exceed ambient air qual-
ity standards. An H,S abatement program presently underway at The
Geysers will provide technology for controlling hydrogen sulfide
to within acceptable levels (see, for example, Allen and McCluer,
1975).

Development and utilization of the binary conversion process
should greatly reduce, or eliminate altogether, the discharge of
noncondensible gases. As the binary cycle operates as a closed
system with a single-phase liquid flow, the noncondensible gases
will remain in solution and be reinjected into the reservoir with-
out release to the environment. If the produced fluids are in a
two-phase flow and steam flashing occurs at the wellhead, the non-
condensible gases will concentrate in the steam phase and be re-
moved and treated in a separator following the steam condenser.

Socioeconomic and aesthetic impacts

Socioeconomic impacts, both beneficial and adverse, will re-
sult from development and utilization of geothermal energy in Ore-
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gon. Major benefits will include economic stimulation through the
development of an indigenous energy resource and increased elec-
trical system reliability through dispersed power plant siting
and a broader generation resource mix. Changing land use pat-
terns, population growth, and accompanying stresses on certain
community facilities may result from power plant construction
and operation, but the magnitude of these impacts will depend
on the existing community structure of those areas affected.
Construction of a geothermal plant will employ on the order
of 200 workers at all Tevels over a period of several years. Some
of this Tlabor could be drawn from local communities, especially
for such jobs as plumbing, welding, and operation of heavy equip-
ment. A permanent operational staff of between 10 and 20 will be
needed. Several additional permanent workers would maintain the
wells, piping, pumps, and equipment in the geothermal field itself.
A significant positive impact would result from increased
county revenues due to real estate and ad valorem taxes. Further-
more, geothermal power generation in portions of eastern Oregon
could aid in diversification of the economy, which is currently
dependent upon the primary sector. Such diversification would
result in the introduction of additional employment opportunities.
The aesthetic impact of a geothermal power plant will depend
on existing land uses, type and extent of vegetation, topography,
and geographic location. As Figure 5 shows, a binary cycle plant
is not obtrusive in appearance, although this is certainly a
matter of individual judgment. The largest and tallest structures
are the mechanical draft cooling towers, which are approximately
15m (50 feet) high. In the Cascade Range, most if not all of the
power plant and field facilities could be easily harmonized with
the forested landscape, and from a distance the steam plume above
the cooling tower is all that would be visible from most vantage
points. In the generally nonforested landscape of southeastern
Oregon the plant would be much more visible, although potential
geothermal occurrences are somewhat remote from major population
centers and high-use recreation areas.

Conclusions

Based upon our present, albeit sketchy, knowledge, potential
geothermal resources in Oregon are likely to be of the liquid-
dominated (hot water) type with estimated temperatures of the
hotter reservoir systems approaching 200°C (392°F). The binary
cycle appears to be the most favorable conversion process for
electric power generation from geothermal systems with temperatures
in the range of 150°C (302°F) to 210°C (410°F). Utilization of the
binary cycle, which isolates the geothermal fluids in a closed
system, will greatly reduce the adverse environmental impacts
generally attributed to geothermal energy based on the uncommon
Geysers model. Air pollution impacts resulting from the release
of hydrogen sulfide and other noncondensible gases will be non-
existent during normal plant operation. With the application of
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Figure 5. Artist's Conception of the Heber 50-MWe Binary Cycle Demonstration Geothermal Power Plant.



directional drilling techniques to tap geothermal reservoirs,

land requirements and the concomitant impact of surface instal-
lations can be reduced. Reinjection of the geothermal effluents
will eliminate the need to discharge these fluids to surface waters
and reduce the possibility of subsidence. When accomplished pro-
perly, deep reinjection will not adversely impact domestic ground
water supplies. Improved drilling and casing techniques and the
utilization of blowout-prevention equipment on the wellhead will
greatly reduce the probability of well blowouts during the drilling
and reservoir testing phase.

The greatest and most significant uncertainty in geothermal
energy utilization for electric power generation in Oregon is
associated with the existence or availability of commercial reser-
voirs which can produce large volumes of fluids for at Teast 30
years. The next most significant uncertainty is the availability
of water for binary power plant condenser cooling. In this re-
gard, it appears desirable to conduct hydrological studies of
surface and ground waters in potential geothermal areas parallel
with exploration. The need for cooling water is probably not a
major obstacle to geothermal development, but the availability of
cooling water warrants careful consideration in the early stages
of resource evaluation.

If commercial geothermal reservoirs are present in Oregon,
the binary cycle will enable their utilization for power generation
in an environmentally compatible manner. Furthermore, if these
reservoirs can be developed economically, geothermal power may
eventually become an important supplement to Oregon's present
hydropower, nuclear, and fossil generation resources mix. The
important advantage is that geothermal energy would be a fuel
resource indigenous to Oregon and not imported from out of state.
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GEOTHERMAL OPEN-FILE REPORT RELEASED

The Department has released Open-file Report 0-77-2, “Geothermal
Gradient Data," by Donald A. Hull, David D. Blackwell, Richard G.
Bowen, Norman V. Peterson, and Gerald L. Black. The 135-page re-
port contains a brief text, maps, and tables and graphs showing
geothermal data collected in Oregon by the authors between Sep-
tember 1975 and December 1976. The report is available in the
Department's Portland, Baker, and Grants Pass offices at a cost
of $5.00 per copy.

* x % * %

STUDY OF GROUND EFFECTS OF EARTHQUAKES IN PORTLAND NOW AVAILABLE

Copies of "A Preliminary Geological Investigation of the Ground
Effects of Earthquakes in the Portland Metropolitan Area, Oregon"
(1974), by Paul Hammond, G.T. Benson, Dan J. Cash, L.A. Palmer,
Jan Donovan, and Brian Gannon, may be purchased for $4.00 at the
Department's Portland office. The publication, which summarizes
Portland's earthquake history and discusses potential geologic
hazards related to earthquakes, contains six Portland area maps:
a preliminary tectonic map, a lineation map, a map showing the
crack analysis of lineations in East Portland, a slope map, a
landslide map, and a map showing potential geologic hazards re-
lated to earthquakes.

* % *x * %

NEW BUREAU OF MINES STATE LIAISON OFFICER APPOINTED

On April 1, 1977, John M. West became the new Bureau of Mines
State Liaison Officer in Oregon, replacing Walter E. Lewis, who
retired. Mr. West, a native Oregonian, has served the Bureau as
minerals resource investigator in Spokane; nonmetallic commodity
specialist in Washington, D.C.; foreign minerals specialist, doing
studies on South Asia and the Far East; commodity specialist on
boron, mercury, and diatomite in San Francisco; and gold specialist
in Washington, D.C. As Liaison Officer he will strengthen Federal-
State cooperative efforts to solve supply and environmental quality
problems associated with the development of mineral resources and
provide information and assistance related to Federal programs con-
ducted or administered by the Bureau of Mines. West's business
address is: Suite 7, Standard Insurance Building, 475 Cottage
Street N.E., Salem, Oregon 97301; telephone (503) 399-5755.

* * % x *

IT'S A SHAME for the Department to pay the U.S. Postal Service 25¢
of your tax money for your new address. You don't even get your
ORE BIN, worth 25¢, that month. Let us know your whereabouts in
time to avoid this waste!
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