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ABSTRACT

The Coso Known Geothermal Resource Area is located just east of the
Sierra Nevada, in the broad transition zone between the Mohave and Great Basin
desert ecosystems. The prospect of large-scale geothermal energy development
here in the near future has ted to concern for the protection of biological
resources. Objectives of this report are the identification of ecosystem
issues, evaluation of the existing data base, and recommendation of additional
studies needed to resolve key issues.

High-priority issues include the need for (1) site-specific data on the
occurrence of plant and animal species of special concern, (2) accurate and
detailed information on the nature and extent of the geothermal resource, and
(3) implementation of a comprehensive plan for ecosystem protection. Recommenda-
tions are made that would help to resolve each of these issues. Site-specific
inventories for species of special concern are recommended prior to initiation
of each geothermal development project. Data regarding the geothermal resource
should be gathered through a program of deep exploratory drilling and reservoir
testing and made available for impact prediction and planning purposes. Regulatory
agencies are urged to implement a plan for ecosystem protection that will minimize
impacts and provide consistent guidelines for all developers.

Habitat loss and alteratién is a medium-priority issue. Careful advance
planning can minimize land requirements for geothermal faci]ities, while imple-
mentation of more effective revegetation techniques can help in reclamation of
disturbed areas. Monitoring water levels in aquatic habitats is recommended in
light of the potential effects of large-scale geothermal fluid withdraWa]s. A
second medium-priority issue is the possibility that emissions of boron and

heavy metals in cooling tower drift couid have adverse ecological effects.



Bascline and monitoring studies of vegetation near cooling towers are recommended
to deal with this question. The potential for increaﬁed wind and water erosion
is a third medium-priority issue. No sﬁecial studies are needed; effective
mitigatioq measures should be put into operation.

Three ecosystem issues were considered to be of low priority. The
possibility of ecological damage due to accidental spills could be better
evaluated when adequate data on the chemistry of geothermal fluids becomes
available. Potential noise effects on sensitive wildlife species can be
avoided by maintaining a buffer zone around key habitat areas. Finally,

current data indicate a low probability of weather modification due to cooling

tower operations.



INTRODUCTION

There is the potential for large-scale geothermal energy development in
the Coso Known Geothermal Resource Area (KGRA). The resource here is believed
to be of é quality suitable for generation of electricity. Estimates of the
total electric energy obtainable range up to 650 MW(e) for 30 years (Muffler,
1979). Most of the Coso KGRA consists of Federal lands. These include National
Resource Lands administered by the USDI Bureau of Land Management (BLM), as
well as public lands withdrawn for the use of the China Lake Naval Weapons
Center (NWC) in its defense mission. The BLM has recently carried out a
suecessful lease sale involving Federal lands of both kinds. Lessees will
develop the geothermal resource for generation of electricity. The environ-
mental effects of leasing these lands for geothermal development are addressed
in an Environmental Impact Statement (E!S) prepared by the BLM Bakersfield
District (USD! Bureau of Land Management, 1980e). The China Lake NWC has
initiated a geothermal program on Navy fee-acquired lands within the KGRA.

The environmental implications of this program are discussed in the NWC's Coso
Programmatic EIS (U.S. Naval Weapons Center, 1979). A contractor is currently
proceeding with plans to develop up to 110 MW(e) of generating capacity by 1985.

Because of the likelihood of extensive geothermal development in ;he Coso
region, there is concern over possible impacts on ecosystem quality. Data
regarding the biological resources of the Coso KGRA are needed to ensure that
the desert ecosystem will be adequately protected during the development
process. The purpose of this report is to present an assessment of issues

concerning ecosystem quality at the Coso KGRA. This assessment includes:
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° ldentification of key ecosystem issues.

® Evaluation of their importance as barriers to geothermal development.
’ @ Determination of the adequacy of available data to resolve these
issues.
) Recommendation of additional data-gathering activities necessary for

environmentally sound geothermal development.
Recommended studies include baseline, effects, mitigation, and monitoring
investigations that will provide data useful in planning for protection of
the KGRA's biological resources. These studies could be carried out by Federal
land management and regulatory agenciés, local and state government, or the

geothermal industry.

ECOLOGICAL SETTING

The Coso KGRA is located in the southwestern portion of the vast Basin
and Range physiographic province. It occupies part of the broad transition
zone between the Mohave and Great Basin desert ecosystems. The escarpment of
the Sierra Nevada forms the western boundary of the geothermal area. The
eastern section of the KGRA is dominated by the Coso Range, an area of re-
current vulcanism since the Tertiary. Here several dozen steep-sided perlite
domes and extensive lava flows provide evidence of recent volcanic activity.
Between the Sierra Nevada and the Coso Range lies Rose Valley, a southward
extension of Owens Valley. Elevations within the KGRA vary from about 3,000 ft.
in the valleys and basins to over 8,000 ft. on the highest peak of the Coso Range.
Since the Coso»KGRA lies in the r ain shadow of the Sierra Nevada, the
“general climate -is arid. Winters can be cold, with precipitation in the form
of snow as well as_rain. Summer thunderstorms may occur in July and August,
but rarely provide much usable moisture. Annual precipitation averages about

=6ii 5 inches, but as in most desert regions is highly variable and erratic in
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amount from year to year. Summers are hot, with a growing season of about

225 days. Average dates for last spring and first fall frosts are April 1

and November 10. The productivity of the ecosystem is largely determined by
the amount and timing of winter precipitation. If rain and snow are plentiful
and well-distributed through the cool season, annual forbs and grasses can

be remarkably rich and diverse. After a series of dry winters, on the other
hand, even the woody drought-resistant shrubs may be virtually dormant.

The natural vegetation of the Coso KGRA is primarily maae up of low,
scattered desert shrubs. Other regular elements of the vegetation include
various types of cactus, perennial grasses, and the winter annuals that occasion-
ally produce spectacular wildflower displays. The most important plant communities
are Shadscale Scrub, typical of the Great Basin to the north, and Creosote Bush
Scrub, which extends southward over much of the Mohave Desert. Joshua Tree
Woodland is found at moderate elevations in the Coso Range, while Sagebrush
Scrub and Pinyon-Juniper Woodland occur in small stands on the highest mesas
and peaks.

The desert ecosystem of the Coso KGRA provides suitable habitat for a

relatively abundant fauna, although species diversity is somewhat limited.

Small burrowing rodents, jack rabbits, and lizards of several kinds are the
essential links in the food web that supports a variety of predators. Rap-
torial birds include golden eagles, prairie falcons, red-tailed hawks, and
ravens, while typical mammé]ian carnivores are coyotes, kit foxes, bobcats,
and badgers. The introduced chukar partridge has adapted well to desert con-
ditions; it is the only game species of significance, although mourning doves
are also present. Breeding songbirds are mainly restricted to a few species
that nest on the ground or in the low shrubs. Feral burros are found in small

groups in many parts of the Coso Range. They are responsible for considerable
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damage to the vegetation, especially when they congregate in the vicinity of
water sources. The only other large mammals are the cattle that are grazed
in the KGRA during winter and early spring.
There are no permanent streaﬁs in the Coso KGRA and very little surface
water is available over most of the region. The largest body of water is
Haiwee Reservoir just to the north of Rose Valley. It is a storage facility
in the aqueduct system of the Los Angeles Department of Water and Power.
At the south end of Rose Valley is Little Lake, a small impoundment that
provides habitat for large numbers of migratory waterbirds in spring and fall.
A few springs emerge along the fault traces on the Sierra Nevada escarpment.
At Coso Hot Springs and the Devil's Kitchen in the eastern part of the KGRA
small seeps and fumaroles provide some water for wildlife. In the northéastern
section of the KGRA, Haiwee Spring is an important water source for wildlife
and supports a half-mile long corridor of willows and other riparian vegetation.
Because of the great scarcity of surface water in the summer, the few springs
are of critical value and are heavily used by many species of birds and mammals.
Man's use of the Coso KGRA ecosystem has left relatively minor impacts.
Rose Valley is traversed by a series of narrow north-south transportation
corridors: U. S. Route 395, the Southern Pacific Railroad, two aqueducté, and
two electric transmission lines. Formerly, sheep were brought into the region
in great numbers, but at present only cattle grazing on a limited scale has
been permitted during winter and early spring. In recent years several hundred
acres of private land in the northern part of Rose Valley have been brought
under cultivation. Alfalfa is now grown with sprinkler irrigation, using ground
water pumped from shallow wells. Small scale extraction of cinders and pumice
is carried out at several locations in the western part of the KGRA. The use
of the eastern section of the KGRA for weapons testing has resulted in few

changes in the natural ecosystem except for the maintenance of a road network.
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ISSUES AND CONCERNS

A number of issues and concerns relating to ecosystem quality in the Coso
KGRA have been identified and placed in order of priority (Table 1). Many
participants were involved in the process of defining these issues. The Coso
Advisory Committee, with members from all levels of government, the utilities,
private landowners, and the Indian community, arriQed at a preliminary listing
of ecosystem issues during their second meeting on July 12, 1978. The next
step was a full and open discussion of these concerns at the Coso Geothermal
Workshop, held on August 17-18, 1978 at Lone Pine, Célifornia. Workshop
participants representing government agencies, public utilities and private
industry, universities, public interest groups, and local residents helped
to identify ecosystem issues that could be raised by geothermal development

in the Coso KGRA. Priorities were assigned to these issues using the following

criteria:
e Does the issue present a potential barrier to geothermal development?
° Is there the likelihood of an important adverse impact on the local
ecosystem?
® boes lack of information on this topic Seriouély impair the ability

to accurately predict impacts?

Species and Habitats of Special Concern

Biological resources subject to special protection and management may
act as impediments to geothermal development in the Coso KGRA. Adequate
baseline data on the occurrence and status of rare or endangered species and
sensitive habitats are needed prior to leasing decisions. Information is also

needed regarding species that are fully or partially protected under Federal
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, TABLE 1
ISSUES AND CONCERNS: A SUMMARY

High Priority

1.

Species and Habitats of Special Concern

Are adequate baseline data available regarding the status of

(a) plant and animal species requirirg special management and
(b) habitats of critical concern?

Nature of the Geothermal Resource

Information on the location of the geothermal resource, its physical
and chemical properties, and the possible modes of utilization are
urgently needed to make accurate ecosystem impact assessments.

Ecosystem Protection

Detailed provisions must be made for regulation of geothermal develop-
ment to protect the desert ecosystem and to mitigate impacts on
biological resources.

Medium Priority

4.

Habitat Loss and Alteration

What will be the extent of habitat loss and alteration due to geothermal
development? What kinds of impacts can be expected?

Cooling Tower Emissions

What substances are likely to be emitted from geothermal power plant
cooling towers? What adverse ecosystem effects may occur?

Wind and Water Erosion

What is the potential for increased wind and water erosion as a result
of vegetation removal and soil disturbance?

Low Priority

7.

Accidental Spills

What substances could be accidentally released in the event of a spilil
of geothermal fluids or steam condensate? What could be the impact
on the local ecosystem?

Noise Emissions

What will be the effects of geothermal industry noise emissions on the
distribution, abundance, and behavior of sensitive wildlife species?

Weather Modification

Could water vapor and heat emissions from evaporative cooling towers
lead to local changes in humtdlty and precipitation, thereby impacting
natural vegetation?
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or state laws and species that are of special concern to governmental agencies
or private organizations because of sensitivity to development, declining
numbers, or restricted habitats. Geothermal leasing and development can be
accomplished in a timely and environmentally acceptable manner only if suffi-~

cient baseline data are available to ensure the protection of species and

habitats of special concern.

Nature of the Geothermal Resource

Accurate assessment of potential ecosystem impacts and planning for the
protection of biological resources is seriously hampered by lack of data on
the geothermal resource itself. For planning purposes, it is important to
know the size of the commercial geothermal resource, its exact location, and
its probab]ebproductive life. The physical properties of the geothermal
fluids produced will play a large part in defining the utilization technology.
Does the Coso KGRA contain a vapor-dominated or a ]iquid;dominated reservoir?
What resource temperature and enthalpy can be expected? These data are needed
in order to evaluate future requirements for land, cooling water, and waste
disposal. Both qualitative and quantitative information on the chemical
properties of the geothermal fluids are essential for ecosystem impact pre-
diction. Of particular interest are source term data on concentrations of

non-condensible gases and dissolved solids including borates and heavy metals.

Ecosystem Protection

Effective ecosystem protection was given a high priority at the Coso
Geothermal Workshop. It was concluded that geothermal development should be

carefully planned and regulated to protect the desert ecosystem and to
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mitigaute impacts on biological resources. Questions were raised concerning
a number of rclated issues:

(1) What agencies will be responsible for environmental assessment
and permitting in relation to development operations?

(2) What will be the schedule and procedure for decision-making on
leasing and development?

(3) wWhat opportunities will be provided for public and agency partici-
pation and input to the process?

(4) Where and when will leasing and development be permitted?

(5) What conditions and stipulations will be implemented to éssure
ecosystem protection?

(5) Are available mitigation measures, such as re-vegetation, really
effective in the desert environment?

(7) What are the opportunit%es for off-site as well as on-site
mitigation?

(8) Will monitoring be carried out to detect potential long-term
ecosystem impacts and to evaluate the effectiveness of mitigation
measures?

Habitat Loss and Alteraﬁion

Direct habitat loss will be the most obvious impact of geothermal develop-
ment. Information is needed regarding the extent of land-use conversion and
the ecological resources that would be lost. Surface disturbance and con-
struction of facilities such as roads, wellpads, and pipelines may lead to
more subtle alterations in habitat productivity and carrying capacity. For
example, could roads and pipelines act as barriers to animal movements and
migration? Will operation of vehicles off maintained roadways cause soil
compaction over significant areas? What changes could occur in surface runoff
patterns and in the distribution of moisture for plant growth? Finally, what
is the potential for changes in either hot or cold springé as a result of large-
scale withdrawal of geothermal fluid from the deep reservoir? Could there be
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effects on flow rates, temperatures, or chemical composition that might adversely

impact organisms dependent on these aquatic habitats?

Cooling Tower Emissions

Evaporative cooling towers are likely to be used at geothermal powér
plants in the Coso KGRA. At the Geysers Power Plant 'in northern California
geothermal steam condensate is employed as the circulating fluid in the
cooling cycle. There the cooling towers are the dominant source of environ-
mental emissions for natural impurities in the steam such as non-condensible
gases and dissolved solids. Cooling tower emissions at power plants in the
Coso KGRA could potentially include hydrogen sulfide, ammonia, sulfate, boron,
mercury, and arsenic‘if steam condensate is the source of cooling water.
Possible ecosystem impacts might include damage to natural vegetation and

concentration of toxic materials in the local food chain.

Wind and Water Erosion

The removal of vegetation and disturbance of the soil profile as a result

of construction activities during geothermal development can lead to accelerated

rates of erosion. Because high winds and occasional heavy rains are character-
istic of the Coso KGRA, there is concern over possible ecosystem damage from

increased erosion.

Accidental Spills

Depending upon the technologies employed in utilizing the geothermal
resource of the Coso KGRA, there are many possible ways in which accidental

spills of potentially harmful solid and liquid maéerials could occur. Large
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quantities of geothermal fluid will be carried from wellhead to power plant
through a system of gathering lines. Other pipelines will move cooling water
between the generating unit and the cooling tower, while waste brines or
steam conaensate will bevtransported through pipes to injection wells. Failure
of these lines can result in spills; malfunctions in control systems can lead
zo overflows of cooling tower basins. Drilling muds, petroleum products, and
materials used or produced in pollution control systems are also at risk of
spillage, both on-site and during transport. Information is needed regarding
the kinds of substances that could be accidentally released as a result of

geothermal industry operations.

Noise Emissions

Geothermal development activities will result in increased noise levels
in many parts of the Coso KGRA. What changes in the ambient noise environment
are expected and what could be the impacts on the distribution, abundance,

and behavior of sensitive wildlife species?

Weather Modification

What is the potential for local changes in weather resulting from water
vapor and heat emissions at evaporative cooling towers? Could such weather

modification, if it occurs, impact the natural vegetation in some way?



AVAITLABLE DATA

There is a great deal of baseline information available concerning the
desert ecosystem of the Coso KGRA. Much of this information was obtained
during recent studies sponsored by the China Lake NWC and the BLM in support
of their respective geothermal programs in the Coso area (U. S. Naval Weapons
Center, 1979; USDI Bureau of Land Management, 1980e).

On the other hand, little is known about the effects of geothermal energy
development on ecological systems in adesert environment. In Some cases, it
may be possible to make reasonably accurate impact predictions based upon in-
vestigations at The Geysers geothermal field in northern California, where
development has been underway for some time (Leitner, 1978). Research on the
ecological effects of other types of constructién projects in a desert setting
may also provide data useful for impact assessment.

This section describes the ecosystem data base that is currently available
for the Coso KGRA. [t is organized in two parts: the first part presents
general- baseline data on soils, natural vegetation, wildlife, and aquatic
habitats, while the second part directs particular attention to information

that is relevant to ecosystem quality issues and concerns. A major purpose
is assessment of the adequacy of existing information and identification of

important data gaps.

General Baseline Data

Natural Vegetation and Soils

A.soils inventory and analysis covering essentially the entire Coso KGRA
was carried out by Rockwell International for the Bureau of>Land Management.
This work was performed to provide basic soils data for the EIS covering pro-
posed leasing of Federal lands within the KGRA for geothermal exploration and
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development (USD1 Bureau of Land Management, 1980e). The results of this soil
survey were published as a Techniéal Report (USDI Bureau of Land Management,
1980d) .

The soils study included a Level 3 (medium intensity) Soil Survey. Mapping
of soil units was based on interpretations of aerial photographs and geological

maps and on an extensive and systematic field survey. A General Soils Map

was prepared for the region at a scale of 1:62,500, with the boundaries of
ten soil associations indicated. Thirty-six soil mapping units were identified

and then delineated on a Detailed Soils Map prepared at the scale of 1:24,000.

Both maps were included in the Soils Technical Report, with their respective
legends and descriptions of mapping units.

in addition to the mapping and description of soil units, samples were
taken for laboratory analysis. Selected physical and chemical properties
were determined and presented in tabular form in the Soils Technical Report.
Standard management and interpretation tables were also presented for the 36
detailed soil mapping units. These included measurements and interpretations
of engineering propertiés, interpretive ratings for soil uses, and inter-
pretive ratings for selected soil.properties and qualities.

Two inventories of the natural vegetation resources of the Coso KGRA were
performed recently. The first study was done under contract to the China Lake
Naval Weapons Center and field investiéations emphasized the four relatively
small parcels of Navy feg land within the KGRA (Zembal, Gall, Kruska, and
Lobnitz, 1978). The second study was carried out by Rockwell lﬁternational
for the Bureau of Land Hanagement; it covered almost the entire KGRA (Hen-
rickéon, 1979).

The vegetation inventory of Navy fee lands by Zembal, Gall, Kruska, and

Lobnitz (1978) included intensive sampling at eight field stations. Perennial
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specics were sampled by belt transects and standard parameters such as

percent composition and percent ground cover were estimated for each species.
Annual plants were sampled at quadrats located along the belt transects;
density and frequency of occurrence were noted for each species. All plant
species found on the fee land parcels were identified and voucher specimens
taken to be deposited at the Rancho Santa Ana Botanic Garden. A checklist

of vascular plants was developed, with brief notes on distribution, ecological
requirements, and relative abundance. Three plant communities were recognized
on the Navy fee lands, based upon the dominant shrub species, and their dis-
tribution was described and mapped. Special efforts were made to locate and
identify plant species designated as rare, threatened, or endangered by Federal
and state agencies and by private conservation groups such as the California
Native Plant Society.

The vegetation study done by Henrickson (1979) under contract to Rockwell
international was designed to provide baseline data for the EIS covering
proposed geothermal leasing in the Coso KGRA (USD! Bureau of Land Management,
1980e). The results of this investigation were included in a Technical
Report published at the same time as the EIS (USDI Bureau of Land Management,
1580¢c) .

A vegetation map was prepared from 1arge-séa]e infrared aerial photo-
graphy 5f the region; it is on file at the Bakersfield District Office, USDI
Bureau of Land Management. Nine vegetation units were recognized and mapped
using the aerial photographs and extensive ground reconnaissance. These Qnits
consisted ofimpdrtant individual plant species and mu]tispecies.associations
recognizable in the éerial photographs. Quantitative vegetation data were
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obtained at 99 sampling sites distributed over most of the Coso KGRA. At

each site a standard transect method was used to sample the perennial plant
species. Data were taken to allow estimates of percent cover and frequency

of occurrence for ecach species, as well as total percent cover and species
diversity.A A checklist of all vascular plants known from the Coso region was
compiled, based upon extensive field collections, existing published records
and herbarium specimens, and contacts with knowledgeable local botanists. The
checklist provided information for each species concerning general frequency
in the region and habitat preference. No plant species listed as rare,
threatened, or endangered by the U. S. Fish & Wildlife Service or the California
Department of Fish & Game were idenﬁified in this study. However, several
species considered by the California Native Plant Society to be rare or rare
and endangered were noted and their distribution discussed; several locally
endemic plantg were also indicated. Finally, habitats judged to be particu-

larly sensitive from a botanical perspective were identified.

Data Adeguacy
Soils.data adequate for general planning purposes are available for all
parts of the Coso KGRA that have reasonable geothermal potential. Detailed
soils surveys would be required for siting of specific geothermal facilities.
Such surveys should be designed to identify areas particularly susceptible
to wind and water erosion or other soil-related hazards and constraints.
Vegetation data adequate for general planning purposes are also available
for those portions of the Coso KGRA with reasonable geothermal potential.
Facilities siting would require detailed surveys for rare or endangered plant
species. These surveys should be carried out at the season when such plants‘
are likely to be in flower or otherwise clearly identifiable.
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Wildlife

Baseline data on the wildlife resources of the Coso region are available
from several published sources. Almost all of the recent studies were carried
out under contract to the China Lake Naval Weapons Center or the Bureau of
Land Management. The results of the wildlife investigations sponsored by the
BLM were published as part of a Technical Report on field ecology (USD! Bureau
of Land Management, 1980c).

The amphibian and reptile fauna of much of the Coso KGRA was surveyed as
part of the extensive field ecology studies performed by Rockwell International
for the Bureau of Land Management (Brown, 1979). Techniques used were direct
visual observation during both daytime and nighttime reconnaissance along
roads throughout the KGRA, more intensive observation at eight Study sites
selected as representative of major habitats, and pitfall trap sampling at
five of these sites. A list of amphibian and reptile species present in the
region was developed as a result of this work. Relative abundance and habitat
occurrence were indicated for each species. Sensitive habitats were identified
and the possible presence of rare, threatened, or endangéred species was discussed.

Two recent studies of the avifauna of the Coso region have been ﬁarried
out under contract to the Bureau of Land Management. The first field survey
was designed to prdvidé quantitativeldata on wfnter bird populations (Zembal,
Massey, and LaRocque, 1978). Eight sites representing major habitats were
selected for general bird inventories. Sampling was conducted and population
densities estimaged using the techniques specified for‘Audubon winter bird
population studies. Belt and pace transects were employed to sample the
perennial vegetation and substréte at most of the study sites. Raptor
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surveys were conducted lwice in Rose Valley following the guidelines of

the California Department of Fish & Game Statewide Raptor Survey Program.
Observations of both diurnal and nocturnal raptors were recorded throughout
much of thg Coso KGRA, with special attention concentrated on areas of high
raptor activity. The second field survey included a breeding bird census as
well as bird population inventories during the winter months and the spring
and fall migratory periods (Guthrie, 1979). It was carried out for the Bureau
of Land Management by Rockwell International. The same eight sites selected
for the winter bird studies of Zembal, Massey, and LaRocque (1978) were used
in this investigation. Standard census techniques were utilized to estimate
bird population densities and annotated lists of breeding, wintering, and
migratory bird species were compiled for the Coso region. Detailed records
were made of all raptor sightings and major areas of raptor use were identified.
No rare, threatened, or endangered bird species were recorded.

The mammal fauna of the Coso region has been the subject of several
recent investigations. Matson (1976) studied the distribution and relative
abundance of rodents in the Owens Lake region immediately to the northwest
of the Coso KGRA. Eleven field stations were established in ten plant associa-
tions, several of which are also found in the Coso area. Rodent populations
were sampled by trapping at each station and data on soils and vegetation were
also taken. The relationships among soil texture, vegetation properties,
and rodent distribution and diversity were aiscussed. |

Zembal, Gall, Kruska, and Lobnitz (1978) carried out a survey of mammal
populations on the Navy fee lands within the Coso KGRA. This inventory was

designed to determine the presence, distribution, relative abundance, and
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