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Cover photo: Pacific Energy well “SF" 35A-32, drilled in August
1990 near Mammoth Lakes, California, in Casa Diablo Geothermal
Jield. Photo by Stephen Mulqueen.
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CALIFORNIA
GEOTHERMAL INJECTION WELLS

Division Regulatés Geothermal Injection Wells

gram delegation of subclasses of

On July 30, 1991, a Memoran-
dum of Agreement was signed by
M.G. Mefferd, State Oil and Gas
Supervisor of the Division of Oil
and Gas, and Harry Seraydarian,
Director of the Environmental
Protection Agency (EPA) Region
IXWater Management Division.
As part of the agreement, EPA
Region IX assigned to the Divi-
sion of Oil and Gas “Therespon-
sibility foradministrating the geo-
thermal energy injection program

until procedures for formal pro-

NORTHERN CALIFORNIA

Class V injection wells are devel-
oped or when the State of Califor-
nia receives primary enforcement
authority for all classes of injection
wells.” This responsibility extends
to injection wells drilled on state
and private lands in California.
The EPA is working on another
agreement with other state and
federal agencies for administering
geothermal injection wells on fed-
eral lands in California.

New Steam Well at The Geysers

On April 30, 1991, Calpine Corporation announced the
completion of a new geothermal steam well, “Wolfe” No.
1, in The Geysers Geothermal field.

“Wolfe” No. 1 confirmed the existence of a substantial
new steam resource in a previously undrilled area of the
field. Development of this area would offset recent
declines in output from the existing steam field.

The well required 67 days to drill, reaching a total depth
of 8,496 feet on April 22, 1991. The total cost exceeded
$2 million. Tests indicate thewell is capable of producing
enough steam to generate 14,000 kilowatrs of electricity
an hour. Steam from the well will be produced for Pacific
Gas and Electric Company (PG8E) Power Plant Unit
13, which has a maximum generating capacity of 135,000
kilowatts and is the largest geothermal plant in the world.

Ron Walter, Calpine’s vice president of geothermal devel-
opment, said, “We are very pleased with the results from

the Wolfe well. The purpose of drilling in this area was
to prove the existence of additional reserves to the north
of the steam field, which currently supplies steam to
PG&EF’s Unit 13 and Unit 16 facilities. If we can reach
agreement with PG&E on the use of additional steam
from this new area, we can significantly improve the
output capability of Units 13 and 16.”

Calpine Corporation is a leading participant in the power
industry and a developer, owner, and operaror of cogen-
eration and geothermal facilities throughout the United
States. Calpine is the general partner of Santa Rosa
Geothermal Company, which owns the geothermal wells
that supply PG&E’s Units 13 and 16, Sacramento Mu-
nicipal Utility District’s power plant SMUDGEO
No. 1, and the West Ford Flat and Bear Creek Canyon
power plants, which it owns, aswell. Electricity generated
at these two plants issold to PG&E. Calpine’s total power
production at The Geysers exceeds 330 megawatts.

Production Wells
Injection Wells

Wells Drilled in The Geysers Geothermal Field, Including Private, State, and
Federal Wells

Temperature-Gradient Wells 10{ 20 | 30

*Some are used as back-up wells.

Active iAbandoned | Toral

521 92 613
42 8 50
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Power Power Dare Gross Output,
Plant Plant On Capacity Oct. 1991
Steam Supplier Owner* Unit Linc (Megawatts)  (Megawarts)
UNION OIL CO. OF CA. PG&E Unie 7 . 117/72 55 7 3
Unic 8 11/72 55 37
o UNION OIL-CO. OF CA. PG&E Unit 9 11/73 55 44
1 Unit 10 11173 55 44
UNION OIL CO. OF CA. PG&E Unit 11 5175 110 70
UNION OIL CO. OF CA. PG&E Unic 12 3/79 110 81
GEQ OPERATOR CORP, PG&E Unit 15* 6/79 62 Retired
SANTA ROSA GEOTHERMAL PG&E Unir 13 5/80 138 109
UNION OIL CO. OF CA. PG&E Unit 14 9/80 114 64
: UNION OI1L CO. OF CA. PG&E Unit 17 12/82 119 51
NORTHERN CA. POWER. NCPA NCPA1 1/83 122 75
AUTHORITY
UNION OIL CO. OF CA. PG&E Unic 18 2/83 119 82
SANTA ROSA GEOTHERMAL SMUD SMUDGEQO11  10/83 78 78
SANTA FE GEOTHERMAL SANTA FE Santa Fe 1 4/84 85 80
GEOTH.
DEPT. OF WATER DWR Bottlerock** 3/85 55 Suspended
RESGURCES
UNION OIL CO. OF CA. PG&E Unit 20 10/85 119 84
. _ 7 SANTA ROSA GEOTHERMAL PG&E Unic 16 10/85 119 98
- ’ NORTHERN CA, POWER NCPA NCPA 2 11/85 124 75
Current Geysers Power-Plant Production AUTHORITY
A table in the 76th Annual Report of the State Oil & Gas  on standby in the field, others have been suspended, and f ' COLDWATER CREEK OPER. CCPA Unit 1 5/88 & 55
Supervisor, 1990, shows the gross steam produced from  most are operating at a reduced capacity. '5 CORP.
geothermal power plants at The Geysers Geothermal field
from 1 9§ 8 to the present. The table shows that thesteam  The following table indicates the current output/status of S SANTA ROSA SANTAROSA  Bear 9/88 py) 22
production at The Geysers has declined from a high of  the power plantsasof late October 1991, alongwith their - ¥ GEOTHERMAL GEOTHERMAL  Canyon Creck
111,821,897,000 kilograms in 1987 to 95,654,893,000  rated gross capacities. .
kilograms in 1990. With the decline in production, z ggLDWATER CREEK OPER. ccPA Unit 2 10/88 65 Standby
several older, less efficient power plants have been placed : ' : RP.
Power Power " Date  Cross " Outpur, SANTA ROSA SANTAROSA  West Ford 12/88 30 30
Plant Plant On Capacity Oct. 1991 GEOTHERMAL GEOTHERMAL  Flat :
Steam Supplier Owner! Unit Line (Megawatts) (Megawatts)
GEOTHERMAL ENERGY GEOTHERMAL Aidlin 1 6/89 25 18
UNION OIL CO, OF CA. PG&E Unit 1 9/60 12 Standby PARTNERS gﬁ?ﬁgns
Unic 2 . 3/63. 14 ' 8
. Totals 2,093 1.326
I .OFCA. P Uni 4f 28 : :
UNION OIL €0 G&E oo 2 A 28 Srandby ! CCPA = Central California Power Agency PGAE = Pacific Gas and Electric Company
¥ S DWR = Calif. Dept. of Water Resources . SMUD = Sacramento Municipal Utilities District
UNION OIL CO. OF CA. PG&E Unic 5 271 55 _ 42 L NCPA = Northern California Power Agency ,
Unit 6 12/71 55 48 X : *Sale of PG&E's Unit 15 isin negotiations with a new corporation, Geysers Power, Incorporated. The sale should be completed by the end of 1991. After
(continued, £ 3) refitting, the unit is expected to produce power by mid-1992,
by Kenneth F. Stelling *The Department of Water Resources’ Borderock Power Plant has all of its production wells suspended, with cement plugs placed in the well bores.
Geothermal District Engineer S - s : Currently, the power plant is not scheduled to resume operation.
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In the mid-1980s, reservoir pressures and steam supply
rates from wells at The Geysers Geothermal field unex-
pectedly began to decline more rapidly than predicted,
yielding a corresponding decline in electrical power gen-
erated from the field,

The California Energy Commission (CEC) responded to
the news by forming a Technical Advisory Committee
(TAC) in late 1989, composed of representatives from the
CEC, Division of Oil and Gas, California State Lands
Commission, and utility and steam suppliers at The
Geysers. The TAC was overseen by CEC's Siting and
Regulatory Procedures Committee (SRPC). One of the
primary tasks of the TAC was to evaluate cost-effective
alternatives for cfficient management of the steam re-
serves. During the first year of existence, the TAC:

1.Funded a study that recommended the TETRAD
simulator as being most appropriate for modeling
the performance of the reservoir; and

2.Chose Stone & Webster Engineering Corp. to
report on major power plant modifications that
could increase the efficiency of the field.

Further developmental work on the reservoir model and
power-plant improvement report came to a virtual stand-
still during early 1991. During this period, CEC Com-
missioners Kevorkian and Bilas took over direttion of the
SRPC, and new CEC staff was assigned to the TAC. In
addition, members of the Consortium (agroup within the
TAC limited to steam suppliers and utilities) had diffi-
culty in coming to terms on an agreement to fund the
work of Stone & Webster. Citing the TAC's lack of
progress on the model and report, the SRPC held a
hearing on July 9, 1991.

by Richard Thamas
Geothermal Officer

. The members of the TAC were asked by the SRPC to

answer questions regarding causes of the declines and
offer solutions for reducing the decline. Following the
hearing, the SRPC issued an Order, which, in part,
directed steam suppliers and electric generators to prepare
a coordinated resource plan for The Geysers. According
to the Order, the plan should be meaningful, comprehen-
sive, and voluntary. The Order further stated that “in the
absence of meaningful and comprehensive solutions from
industry, the Committee (SRPC) will pursue other op-
tions at its disposal, including available regulatory and/or
legislative remedies.” The SRPC further indicated that it
intends to submit its recommendations to the full CEC in
time for adoption by its meeting in December 1991.

Atan October 10, 1991 prehearing workshop, and again
at an October 16, 1991 hearing, the Consortium pre-
sented to CEC staffand the SRPC the conceptual plan for
chan%i_ng_ operations in the field. The plan emphasized
five elements for increasing the efficiency of operations in
four distinct regions of the field. The Consortium
emphasized that the plan was conceptual, not fully ap-
proved by the myriad of interested parties, and not tested
against the computer models that are in the early stages of
development. They concluded that “further technical
and economic evaluation of these elements are needed
prior to the development of any option.”

Also, during the prehearing workshop, the Consortium
announced that an agreement was signed on September
17, 1991, between Lake County and the TAC Consor-
tium. Lake County’s subcontractor, GeothermEx, has
begun developing the computer model of the reservoir
that would be instrumental in testing the conceptual
plans. The Consortium also announced the signing of a
funding agreement between the Consortium and Stone
& Webster to complete the power-plant report.

4
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Calistoga Update

The City of Calistoga will receive a grant of $244,000
from the California Energy Commission to continue
development of the city’s district heating system. Under
funding from an earlier grant, ageothermal well, "CDHS"

1, was drilled for the system in June 1990. The new
monies will be used for long-term well testing and formu-
lating plans for handling cooled geothermal water.

CEC-City of Clearlake HDR Project :

Phase 2 of the California Energy Commission-City of
Clearlake hot-dry-rock project entails a basic scientific
evaluation of the geological regime in and near the City of
Clearlake. 'The evaluation will include a study of six
factors: ‘

(1) Geological structures, with a compilation of sub-

surface lithological boundaries, volumetric textures,
and an assessment of the fault control of the reservoir
permeability;

(2) Thermometry, with an assessment of heat flow at
the surface from various wells;

{3) Geohydrology, with a geochemical evaluation and
an assessment of the subsurface fluid types, sources,
and flow paths;

(4) Seismicity, with a study of natural earthquake
distribution and influence on fluid-coupled mechani-
cal processes and fluid sources at depth;

(5) Geothermal regimes that combine subsurface ma-
terials data, temperature, and boundary conditions
into a fluid-transport model; :

(6) Surface-water hydrology for assessing water (input
and output) sources and identifying sources of hot-
dry-rock reservoir fill, and make-up water.

Phase 2A will include the following:

(1) Additional work under the geological structure
task of Phase 2, utilizing commetcially available, three-
dimensional models to investigate the causes of the
resistivity anomaly;

(2) An isotope (tritium) survey will be made under the
geohydrology task, plus a microprobe of
geothermometry and geobarometry, if possible.

A wellbore stability task will be undertaken to assess
existing deep wellbores and to derive engineering param-
eters such as fracture opening pressures, induced flow
rates, and lithostatic stress,

Total CEC funding for Phase 2 and Phase 2A will be
$280,000. The final report on these phases of the project
will be released in early 1992. For further information,
contact Roger Peake, Geothermal Project Manager, Cali-
fornia Energy Commission, at (916) 654-4609.

Lake County Receives Clean Air Designation

TheLake County Air Quality Management District is the
only air district in California officially designated as
operating in compliance with all of the state’s Clean Air
Act Ambient Air Quality Standards. Extensive monitor-
ing and a consecutive three-year perfect record were
needed by the county to win the designation.

Lake County officials characterize the award as a “shared
achievernent” among many industries, agencies, and indi-
viduals who have helped to improve county air quality.
Together, they have moved from frequent violations to
almost a 4-year period with no violation of air standards.
Thecounty gives credit to the implementation of the best
available control technologies in the extensive geothermal
and mining industries, and a progressive open-burning

by Elizabeth Jobnson
Geothermal District Engineer

program. For example, hydrogen sulfide concentrations
at The Geysers Geothermal field were reduced from highs
of 0.6 ppm in the late 1970s to the current atrainment
level of 0.02 ppm.

A celebration of the designation was held on May 17,
1991. Duringthe ceremony, a resolution of the Assembly
and Senate commending Lake County, sponsored by
Assemblywoman Bev Hansen and Senator Mike Thomp-
son, was presented to the Lake County Board of Supervi-
sors. The resolution was signed by Governor Wilson.
Over 200 environmental, industry, governmental, and
legislative representatives attended the ceremony.

California’s air quality standards are significantly more
stringent than are the Federal Clean Air Standards.
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California Energy Company

According to the Geothermal Resources Council Bulle-
tin, California Energy Company has announced that it
will move its headquarters office from San Francisco,
California, to Omaha, Nebraska. The move is aimed at
cutting costs, situating the geothermal producer for na-
tionwide expansion, and putting its executives in thesame
city as its largest shareholder, Peter Kiewit & Sons.

California Energy also announced itwill reacquire Kiewit’s
one-half interest in geothermal properties in Nevada and
Utah. In return for this acquisition, Kiewit receives the

options to buy an additional 2.5 million shares of the
company -- one million of them at 11 5/8 per share and
the remainder at 9 per share. This transaction gives
Kiewit 24 percent of California Energy’s stock. Undera
revised standstill agreement also announced, Kiewit can
purchase up to 49 percent of California Energy’s stock.

Since becoming CEO of California Encrgy in February
1991, David Sokot has lowered the company’s overhead
costs by $12 million a year.

Geothermal Well Drilled in Alfuras

TheModocJoint Unified School District, in conjunction
with the California Energy Commission, drilled a low-
temperature geothermal well; called “AL” 2, near the
middle and elementary schools in Alturas, California.
This well was the second well drilled for the school
district. The first was drilled in 1988, and is used to heat
most of the high school campus. Thewell saves the school
district nearly $10,000 a month in heating costs for the
gymnasium, alone. The school district also hopes for big
savings from the second well, with which it plans to heat

by Robert S. Habel
Geothermal District Engineer

both the elementary and middle schools, currently heated
by electricity.

Well “AL” 2 was completed in October 1991 at a depth
of about 600 meters. Geothermal water temperatures
were measured at about 80° C. The school district is
having the water chemistry analyzed, and hopes to get a
surface-discharge permit to pump test the well.

After “AL” 2 was completed, the drilling rig was moved to
“AL” 1, the first well drilled. “AL” 1 was deepened to
increase the fluid volume and temperature. With these
increases, the well will be used to heat the remaining
buildings on the high school campus.

Susanville Update

The City of Susanville has received promising tews from
the Lahontan Regional Water Quality Control Board, in
regard to the disposal methods to be used for produced

eothermal fluids from the city’s geothermal district-

eating project. In July 1991, the regtonal board asked its
staff to meet with the city staff to develop mutually
acceptable disposal methods. The board felt it was not in

by Robert S. Habel
Geothermal District Engineer -

the best interest of the state at that time to issuea cease and

desist order for the surface disposal of the geothermal
fluid. : - '

After making this decision, the regional board’s staff
toured the city’s geothermal district heating system to
fully understand the impacts, if any, from surface dis-
charge to the surface waters near and around Susanville.
However, the board continues to be interested in finding
an acceptable injecrion site for the geothermal fluid used
in the city’s geothermal district heating project.
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The Deep Magma Well: Phase 2

“The primary purpose of the U.S. Department of Energy
(DOE), Magma Energy Program in Long Valley is to
confirm the results of surface measurements in the Long
Valley caldera and evaluate the extent of the magmatic
resource there,” said John Rundle of the Earth Science
Division, Lawrence Livermore National Laboratory, and
chief scientist of the project. “The well is drilled in the
resurgent zone area of the caldera,” Dr. Rundle contin-
ued.

“So far in 1991, we've drilled the well to about 7,000 feet,
and are in Phase 2 of the overall well program. The well
was drilled through the Bishop Tuff and into basement
rock.

“During the last week of October, we will start coring the
well for 500 feet. We expect a continuous core recovery.

Phase 2 drillingand coring costs arc shared equally by the
California Energy Commission and the DOE.

“Next suramer,” Dr. Rundle said, “the DOE will pay for
many tests to be made in the well. This activity will be
considered as part of Phase 2. Among the measurements
are seismnic, stress, heat flow, magnetotelluric, and bore-
hole gravity.

“The core extracted this year will be studied by geologists
and wind up in the DOE core repository in Grand
Junction, Colorado.

“Phase 3 drilling won’tstart until at least 1993 and maybe
later, depending on funding,” Dr. Rundle concluded.

Mammoth Lakes T-G Well Successful

A temperature-gradient well has been completed success-
fully at Juniper Ridge, in Mammoth Lakes, California.
Dubbed “Ohwell 1, the well was drilled on private land
to a depth of 2,177 feet by Longyear Drilling Company
of Dayton, Nevada. As of September 30, 1991, the
bottom-hole temperature was 174°F, which is ideal for
use in thedistrict heating system proposed for Mammoth
Lakes. The system would deliver warm water to heat
buildings, replacing heat generated from fossil fuels.

Consulting geologist Gene Ciancanelli of Cascadia Ex-
ploration Corporation said, “Between 2,035 and 2,055
feet, we encountered formations that appear to contain
geothermal fluids suitable for district heating., We also
discovered a freshwater production zone at 670 feet,
which we are recommending as a supplement to the
town’s limited freshwater production.”

Mammoth Lakes has retained Cascadia Exploration Cor-
poration, a company with over 15 years of experience in
geothermal exploration and development, to provide
technical expertise for its district heating system. Primary
funding for the project comes through a grant from the
California Energy Commission.

Drilling operations were not without difficulty, While
drilling at 2,175 feet, the crown of the diamond-core bit
broke off in the bottom of the hole. A new bit was
installed, and the drill spun for 17 hours trying to go
through the diamond-studded drill bit debris. This

operation overstressed the drill pipe and caused it to break
at 1,845 feet, leaving the lower 330 feet of the drill string
with the new diamond bit at the bottom of the hole.
Unsuccessful attempts were made to extract this material,
but, as the costs of the attempts mounted, Project Man-
aﬁer George Fetzer decided to cut the fishing operations
short. -

“Our rarget depth was 2,400 feet, but we had already
found the hot-water aquifer at 2,035 feet,” Fetzer said.
“Going deeper was not essential for the success of the
project.”

However, the drillers felt that they could recover the
bottom 330 feet of the hole for future temperature
measurements by placing a string of smaller-diameter
pipe inside the broken oﬂg portion of the pipe. Although
this was a delicate operation, likened to trying to hit a
straw with a piece of spaghetti while blindfolded, the
drillers were successful after several hours of painstaking
work, and the hole was saved.

According to Ciancanelli, Mammoth Lakes now has
found two of the three ingredients necessary for geother-
mal success -- heat and water. The third ingredient,
reservoir permeability, isstill unknown. Tolearn this, the
town plans to drill a geothermal production well, now
scheduled for the spring of 1992. Through this well, the
town will pump test the aquifer to determine if acceptable
quantities of geothermal fluids can be delivered.
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Casa Diablo Geothermal Field History

Introduction

Casa Diablo is a small geothermal ficld on the eastern side
of the Sierra Nevada in the Long Valley cauldera, near
Mammoth Lakes, California. Prior to geothermal devel-
opment, most of the power in the area came from some
200 miles to the south. However, with high electrical
demands in the area (peaking at about 40 megawatts),
geothermal power generation has become vital to the
community’s energy grid and tax base.

In 1991, electrical generation from the field increased
from 10 to 40 megawatts. Local and special-interest
groups have voiced concerns of the potential impacts of
this increase on hydrothermal features in the area. To
help clarify the situation, 2 history follows of caldera
hydrology, geology, geothermal development, and politi-
- cal issues.

Geology

“The Long Valley caldera is in east-central California, in
southern Mono County, about 40-70 km northwest of
Bishop. The caldera floor is elliptical in plan, 17 by 30
km, with its long axis aligned east-west, The area of the
floor is about 450 km?and the total area of the caldera and
its tributary drainage basins is about 830 km?.

“The caldera margin is formed by the Sierra Nevada on
the south and west, by a prominent ridge from Bald
Mountain to Glass Mountain on the north, and by an
unnamed dissected volcanic tableland on the east. Alti-
tudes along the rim range from as low as 2420 m in the
- northwest and 2067 m at Lake Crowley (spillway level) in
the southwest to 3390 m at Glass Mountain in the
northeast, 3823 m at Bloody Mountain in the south, and
3367 m at Mammoth Mountain in the southwest.

“Long Valley proper occupies the lower, eastern two-
fifths of the caldera. The higher, western three-fifths of
the caldera includes a complex series of postcaldera rhyo-
lite flows which have been arched and subsequently
faulted to form a resurgent dome 10-12 km in diameter.
The annular moat berween the resurgent dome and the
caldera rim is occupied in the north, west, and south by
still younger rhyolite to basaltic lavas and in the east
chiefly by alluvial and lacustrine deposits. Altitudes
within the area of the caldera floor range from 2067 m at
Lake Crowley in the southeast to 2860 m at the summit
of a lava dome within the southwestern moat. The

by Robert 8. Habel -
Geoihermal District Engincer

resurgent dome rises to maximum altitude of 2545 m at
Lookout Mountain in the northern part, or about 340-
460 m above the floor of the adjacent moat.

“The caldera is drained by the Owens River, which flows
eastward across its northern part and then southward onto
Lake Crowley, and by several tributaries around the
periphery. Mammoth, Hot, and Convict Creeks are the
chief tributaries, flowing generally eastward across the
southern part of the caldera into Lake Crowley. Drainage
on the resurgent dome has a roughly radial pattern,”

Michael Sorey of the United States Geological Survey
(USGS) believes that the “Regional hydrology of the
Long Valley caldera is characterized by a generally west-
to-eastground-water flow from recharge areas in and near
the base of the Sierra Nevada, around the western and
southern margins of the caldera, to points of discharge
along Mammoth Creck, Hot Creek, and Lake Crowley.
Some of the recharge waters circulate along deep fault
zones, and are heated to about 220°C by hot rock less than
1 million years old. After rising toward the surface,
hydrothermal fluids flowlaterally eastward in oneor more
aquifers underlying the shallow nonthermal groundwater
system. Those hydrothermal fluids discharge at various
places in the central and eastern parts of the caldera where

northwest-trending normal faults provide paths for flow

»

to the surface.

‘The geothermal developer, Mammoth-Pacific, has a dif-
ferent model of the reservoir. Consultants for the opera-
tor believe geothermal fluid may be moving horizontally
from northwest to southeast, but that the geothermal
fluid inside the boundaries of Casa Diablo Geothermal
field rises through faults from a much deeper source,
independent of the horizontal lateral flow, Mammoth-
Pacific, also feels that the geothermal resource supplying
its power plants is within an isolated block-faulted area.
Thus, using this geothermal fluid will not affect users of
the geothermal resource down gradient from the power
plants, such as the State of California’s, Department of
Fish and Game Hot Creek Hatchery and the Hot Creek
Gorge Recreational Area.

The existenice of different geologic and hydrothermal
models for the geothermal resources in the caldera has
resulted in confusion and concern during the geothermal
permitting process.

Early Field-Development History
Casa Diablo Geothermal field sits in an area long referred

to as the Casa Diablo (House of the Devil). The namewas
probably inspired by the hydrothermal manifestations in
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hot springs.

Such manifestations caught the attention of Magma
Energy, Inc., which drilled the first well, “Mammoth” 1,
in November of 1959. The data obtained from “Mam-
moth™ 1 was encouraging enough that the company
drilled 7 more wells to evaluate the geothermal reservoir.
These 7 wells are referred to as the Endogenous wells. In
1978, 2 of the Endogenous wells were used in a demon-

stration project to heat a nearby lumber yard building, A~

temperature of nearly 166° C was recorded in “Endog-
enous” 2 at 122 meters, near the bottom of the surface-
casingshoe. For nearly 4-1/2 months, well datawere used
to verify the geothermal potential of the reservoir for
direct-use application. The project was the first step in
developingadirect-use geothermal district heating project
inMammoth Lakes, California, nearly 5 kilometers to the
wcst.

Power Plant Mammoth Pacific |
(MP 1)

Data obtained from the 8 wells drilled in Casa Diablo
Geothermal field suggested that the field could support a
geothermal power plant. This was important because
Mammoth Lakes was purchasing nearly 40 megawatts of
its electricity from Southern California Edison Company
via power lines from the Mojave Desert, nearly 200 miles
to the south,

In September 1983, a joint venture of Pacific Energy
Resources Incorporated and Mammoth Binary Power
Company was formed and named Mammoth-Pacific.
Mammoth-Pacific began working with Southern Califor-
nia Edison Company on power sales contracts to supply
the Mammoth Lakes area with electricity generated in
Casa Diablo Geothermal field.

At this point, Ben Holt Company, an affiliate of the Holt
Geothermal Company and ageneral partner of the Mam-
moth Binary Company; signed a contract to design an air-
cooled binary power plant.

One advantage of an air cooled binary system is the low
environmental impact of the power-plant operations.
Because the geothermal fluid is never flashed or exposed
to the atmosphere, it has very low emissions. The
emissions are from the extremely low leakage of isobutane
used in the power plant as a secondary fluid (see sidebar).
In addition to the binary design, the power plant is air-
cooled and does not require any water for coolinf, an
important issue in an area of limited water availability.

The power plant was designed to be just 35 feet high,
resulting in a very low profile with little visual impact.
‘This was also very important because the power plant was

to be constructed next to Highway 395, a scenic corridor.

Construction of the 10-megawatt, gross, power plant, to
be named MP I, was started in August 1983, and the plant
came on line in February 1985.

The first production well, “MBP” 1, was drilled in 1983.
Since then, 5 production wells and 2 injection wells have
been drilled. The last well, “MP” 6, is a make-up well
completed in 1990.

Well “MBP” 2 was completed on November 5, 1983. On
July 16, 1984, about one week after the well was flow
tested, a new fumarole erupted about 15 meters from the
well, and about 30 meters from the Casa Diablo fumarole.
This occurred because geothermal fluid from the reservoir
was channeling its way o the surface, independent of the
well bore.

The operator worried about controlling the well, know-
ing thar once fluid started flowing up around the well
casing, this would be difficult. Therefore, Mammoth-
Pacific decided to produce the well to see if the fumarole’s
flow could be reduced significantly, which it was not.
Thus, to avoid a well blowout, Mammoth-Pacific re-
quested and received a permit from the Division of Qil
and Gas to plug and abandon the well, and on September
6, 1984, abandonmenrt operations were begun. On
September 10, after three cement plugs were placed in the
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Seprember 10, after three cement plugs were placed in the
well bore, hot water began bubbling out on the surface
around therig substructure, threateningtherig’s stability.
Finally, after 13 cement plugs and 95 cubic meters of
cement were in place, the well was plugged and aban-

doned.

The need to abandon this well altered evaluations of
future drilling and cementing operations in the geother-
mal field. Proposed well programs wete either changed or
well locations moved to avoid similar problems.

Field Monitoring Programs

At first, the impacts from geothefmal development in
Casa Diablo Geothermal field were not monitored closely.
In fact, the environmental documentation for the MP I
geothermal project was handled by the Mono County
Planning Department, which prepared a Negative Decla-

ration to satisfy California Environmental Quality Act -

requirements for the issuance of a use permit. The
environmental review was short and was accepted by the
county. In contrast, today in 1991, proponents of geo-
thermal projects must have prepared adequate environ-
mental analysis, usually in the form of an environmental
impact report which thoroughly evaluates potential ad-
verse impacts from the geothermal development.

In 1984, with the increase in the geothermal activity in
Casa Diablo field and an increasing concern over environ-
mental impacts from the geothermal projects, Mono
County created the Energy Management Department
(EMD) to review and process geothermal use-permit
applications, and to be the lead agency on environmental-
review documentation for geothermal-development
projects in the county.

In 1984, the EMD received a use permitapplication from
Bonneville Pacific for the Mammoth/Chance geothermal
project, which was slated to be sited about 2 miles to the
southeast of the MP I geothermal project.

The Mammoth/Chance project included the drilling of
exploration, production and injection wells, and the
construction of a 10-megawatt, gross, power plant across
a meadow from the California Department of Fish and
Game, Hot Creek Hatchery. 'This area is near other
hydrothermal féatures, such as the Hot Creek Bubbling
Pool. Because project activities could affect these features,
the EMD) required a series of monitoring wells to be
drilled arounj the proposed site. Baseline data on cold
water and geothermal reservoirs had to be collected before
any geothermal development could begin.

As baseline data were being collected and evaluated,

separate hydrothermal models were developed by the

USGS and by the developers. Reviewing these models,
the EMD realized that too many geological and hydro-
logical unknowns existed in the area. This uncertainty
made it difficult for the county to develop threshold limits
on changes to the baseline condition and to regulate
development adequately.

Thus, the EMD suggested that an advisory committee be
organized to evaluated the geology, hydrology, and the
planned geothermal development in the Long Valley
caldera. The committeewould make nonbinding recom-
mendations to the appropriate regulatory ‘agencies on
monitoring programs and project conditions, with a goal
of using the geothermal resources wisely. Advisory com-
mittee members included representatives from the Bu-
reau of Land Management, U. S. Forest Service, Califor-
nia Division of Qil and Gas, California Regional Water
Quality Control Board, California Department of Fish
and Game, California Air Resources Board, Mono County,
Mammoth Pacificand Bonneville Pacific (the geothermal
developers), and all other interested or affected organiza-
tions. '

In 1986, the Mono County Board of Supervisors passed
a resolution creating an advisory committee, which it
called the Long ValE:y Technical Advisory Committee.
The name was changed later to the Long Valley Hydro-
logical Advisory Committee (LVHAC), reflecting more
clearly the committee’s focus.

The LVHAC developed a monitoring program of all the
geothermal and nongeothermal projects that could im-
pact the Long Valley caldera’s hydrothermal features.
The monitoring program includes more than 25 sites
including wells, springs, streams, and a precipitation
gauge. Todayin 1991, data arestill collected at thesesites

to-evaluate the hydrology of fresh cold water and of
hydrothermal fluids.

By 1987, several monitoring wells had been drilled for the
Mammoth/Chance project, and baseline data were being
collected. In February 1988, the Mono County Board of
Supervisors issued 2 use-permit for the Mammoth/Chance
power plant, The decision was appealed immediarely by
the Sierra Club, Cal-Trout, and the California Depart-
ment of Fish and Game. In January 1989, the Mono
County Superior Court issued a decision in favor of the
petitioners, subsequent to a Writ of Mandamus hearing
held in July 1988. Thedecision set aside the certification
of the project’s EIR on the grounds it did not address the
cumulative impacts of the project as stated in guidelines

* of the California Environmental Quality Act (CEQA). A

new EIR would have to be prepared and approved before
the project could continue. An appeal of this ruling was
filed by Bonneville Pacific to the Third District Appellate
Court. In the spring of 1991, the appellate court agreed
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with Mono County Superior Court’s decision. The
operator filed an appeal to the State Supreme Court, and
was denied a hearing based on the lack of merit. Thisleft
the operator with options to either write a supplementary
EIR to evaluate the cumulative impacts or abandon the
project.

Power Plants MP I, MP Ill, and PLES 1

After Mammoth-Pacific put power pl;'mt MP I on line
and had evaluated its impacts on the reservoir, the
company began the permitting process for building three

additional power plants in Casa Diablo Geothermal field: -

MP II, MP III, and PLES 1.

On October 5, 1987, the Mono County Planning Com-
mission issued a use-permit to Mammoth Pacific for
power plant MP Il and denjed without prejudice a permit
for power plant MP II1. The MP II plant would be of the
same design as MP I, but rated at 15 megawatts, gross.
The Sierra Club and the Department of Fish and Game
had concerns that the proposed power plant would cause
negative visual impacts and possibly impact surfacewaters
if a geothermal spill were to occur. Eventually, the Sierra
Club filed an appeal with Mono County Board of Super-
visors to rescind the use permit.

As a result, on February 22, 1988, the Mono County
Board of Supervisors denied the MP II project by a 3 to
2 vote. The denial was based upon concerns of possible
negative visual impacts and potential impacts to the mule
deer migration caused by the project. The operator asked
that the project be denied “without prejudice,” which was
granted, allowing the operator -to resubmit the project
with information to show that the MP II power plant
would not negatively impact the community and envi-
ronment.

Mammoth-Pacific did resubmit the project, and in De-
cember 1988, the Mono County Board of Supervisors
voted 5 to 0 to approve a use-permit for the MP II power
plant. Shortly thereafter, the California Department of
Fish and Game appealed the Board’s decision. Finally, in
the fall of 1989, an out-of-court settlement was reached
by the Department of Fish and Game, Mammoth-Pa-
cific, and Mono County. Mammoth-Pacific gave an
undisclosed sum of money to Fish and Game to fund
biological surveys, studies related to the surrounding arca,
or land purchases of other potential geothermal land that
could impact the fish hatchery. Now with the appeal
withdrawn, Mono County issued a use-permit for the MP
II project. :

In the same period, Pacific Energy, parent company for
Mammoth-Pacific, had filed for a permit from the U.S.

’

Forest Service, through the U.S. Bureau of Land Manage-
ment, to construct a plant identical to MP II, to be called
PLES 1. The plantwould beless than 10 meters from MP
I1, on U.S. Forest Service land. The Final EIS for PLES
1 was completed in June 1989. On November 15, 1989,
the BLM granted Pacific Energy a permit to construct and
operate the 15 megawatt, gross, power plant.

Power-plant construction and drilling operations began
simultaneously for both projects in the spring of 1990.
On December 7, 1990, Power Plant MP Il went on line,
asdid PLES 1 on December22. These plants brought the
generating capacity of the geothermal field to 40 mega-
walts, gross.

in Summary

Potential environmental impacts from all types of devel-
opment in the Long Valley caldera are being monitored
closely by federal, state, and county officials. Of primary
concern are changes to hydrologic and thermal features.
Because of Mono County’s scenic beauty, world-renowned
fishing, and world-class skiing facilities, the issues of
geothermal development and an “industrial look™ are
topics of political controversy. Throughout the permit-
ting process for the geothermal projects, concerns were
raised about possible negative impacts to these assets,
which are the primary sources of income to Mono County
and to Mammoth Lakes.

The LVHAC has evaluated monitoring data for impacts
to the hydrothermal features in the Long Valley caldera
since 1987. It has sent recommendations for additional
monitoring to a geothermal operator and permitting
agencies. Through extensive discussions, the permitting
agencies and the operator have developed a plan to obtain

 the additional data.

At this writing, work is progressing on permitting an
additional monitoringwell to bedrilled in Chance Meadow
between current geothermal development and the State
of California Fish Hatchery. The well would allow the
LVHAC to obtain data that could indicate changes in the
hydrothermal system caused by the geothermal develop-
ment. The changes would be evaluated to see what
impacts, if any, the geothermal development has had on
the hydrothermal resources used at the fish hatchery and
on the hydrothermal features enjoyed by toutrists in the
Hot Creek swimming area.

Thus, the development of geothermal resources in the
Casa Diablo Geothermal field has been; and continues to
be, carefully planned and reviewed by federal, state, and
local agencies. With the development of the Long Valley
Hydrologic Advisory Committee, and the close working
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relationship of all the regulatory agencies and the geother-  nomically viable source of energy for the State of Califor-

mal operators in the area, geothermal development has nia.

been made an environmentally safe, reliable, and eco-
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Mammoth-Pacific Powér Plant Dedication

On June 5, 1991, two new power plants in the Casa~
Diablo Geothermal field were dedicated with a ribbon
cutting ceremony hosted by the Inyo National Forest,
U.S. Bureau of Land Management, Mono County, and
Mammoth-Pacific, the power plant owner. Thetwo new
power plants, known as MP II and PLES 1, started
producing electricity in December 1990. Both of the new
power plants are rated at 15 megawatts, gross, bringing
the electrical generation capacity of the field to 40 mega- .
watts, gross.

The masters of ceremony at the dedication were Dennis
Martin, Inyo National Forest Supervisor, and Daniel
Lyster, Director of Energy Management, Mono County.
Speakers at the ceremony included Ross Sargent, chief of
staff for Senator Patrick Johnson; Assemblyman David
Knowles; Lynn Sprague, director of the Washington
Office, Minerals and Geology, USDA Forest Service;
Churis Sherman, president of Pacific Energy; Dan Paranick,
chairman of the Mono County Board of Supervisors;
Joyce Muraoka, deputy regional forester, Region Five,
USDA Forest Service; Robert Anderson, deputy director
for the Bureau of Land Management; Michael Smith,
acting manager, Research and Development, California
Energy Commission; Sylvia Arbelbide, director, Minerals
Area Management, Region Five, USDA Forest Service;
and Robert Habel, Division of Oil and Gas.

A common thread in the speeches was the hard work put
forth by Mammoth-Pacific, and the benefits of using
geothermal energy, a clean energy source.

The ceremony was concluded with a self-guided tour of
the two new power plants. '

Mammoth-Pacific Geothermal
Power Plants MP IT and PLES 1
are in the foreground. - Each is
rated at 15 megawatss, gross.
Mammoth-Pacific Plant MP 1,
shawn in the background (right),
is rated at 10 megawatts, gross.
Photo murte:ymaef' Mamnﬁi]r
Pacific.

by Robert Habel
Geothermal District Engineer

The ribbon cutting ceremony was hosted by the Inyo National Forest,
U. S. Bureau of Land Management, Mono County, and Mammoth-
Pacific. Phow by R Habel, '

Ribbon eutting ceremony for the two new power plants in Casa Diablo
Gevthermal field Cutting the ribbon are Assemblyman David Knowles
(lef) and Ross Sargent, chief of siaff for Senasor Patrick Johnson (vight).
Photo by R. Habc,f : ~ -
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The Cost of Geothermal for PG&E

Pacific Gas and Electric Company is a large public utility
in Northern California. The types of electrical energy
resources it uses and their costs follow. These data are
from an article by Jeff Pelline, published November 12,
1991, in the San Francisco Chronicle.

PG&E Electrical Energy Resources
) Cost per Percentage Percentage
Type kilowatt hour 1990 projected, 2000
Hydroelectric - 0.1 cent 23 25
Geothermal 2 . cents 4 2
Fossil fucl 3. .cents 38 27
Cogeneration 7 cents 11 13
Nuclear 9 cents 10 9
Imports - - - -8 cents 8 1
Energy conservation 0 cents 6 13

New Hot Mineral Spa Fish Farm

On September 28, 1991, Ernest Schwander completed a
well in the Hot Mineral Spa area, which is known as a

winter tourist center in northern Imperial County, Cali-
fornia. '

The well, drilled to a depth of 177 meters, flows at a rate
of about 1514 liters/min. Mr. Schwander is constructing

Partions of three of the four concrete fish ponds. Two ponds are 36.6 meters
indiameter, and two are 30.5 metersin diameter. Photo by T. Boardman,

by Timothy Boardman
Geothermal District Engineer

a fish farm where he plans to use geothermal water to raise -

tilapia for the fresh-fish marker.

_ Atotal of 20 geothermal wells have beendrilled in the Hot
Mineral Spa area. Most are used in fish farming opera-
tions. The spa area, itself, is about 16 kilometers north-
west of Niland, and has mineral waters at 60°C to 74°C.

Geothermal well “Tmperial” 20, with Ernest Schwander, well owner.
Photo by T. Boardman.

Magma to Expand Three Power Plants

In September 1991; Red Hill Geo-

thermal Inc., asubsidiary of Magma - W
Power Company, submitted an ap- 72 /
plication to the Imperial County #2287 g,
Planning Department to expand the {2 as o
Del Ranch, }.J. Elmore, and J.M. é”‘i\ )ﬁ’}“\\\\»}\,
Leathers Power Plants, all in the %<

Power Company and its subsidiaries

’ ‘ AN
Salton Sea Geothermal field. Magma " [ [17) greed to a 25-1jear

Currently, each pgﬂfyer plant gener-

i, Ates35 megawatts of electricity, The
i ' . proposed expansion to 45 metg);watts
for each plant takes advantage of
some of the unused and under-uti-
lized capacity of each plant. The
change will increase brine flow
through the plants. Thus, in-

» plant brine handling, cooling,

own a 50 percent share of these POTVET Pﬂfﬁﬁﬂ&ﬂ %f@@ﬁl@ﬂt' electrical, and instrumentation

plants.

by Timothy Boardman
Geathermal District Engineer

systems will be expanded.
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The Imperial Irrigation District (IID) has agreed to a 25-
year power purchase agreement to buy 18 of the 30
megawatts of electricity. According to the contract, 11D
will pay Magma 5.04 cents per kilowatt-hour. The price
of electricity under the contract will increase with the
cost-living index, according to the terms of the agree-
ment.

This is the first time the IID has entered into a contract
with any of Imperial County’s 16 geothermal plants. At
one time, electricity generated from geothermal energy
was considered too expensive for I1D to purchase. How-
ever, this contract, according to IID officials, compares

OTHER WESTERN STATES

favorably with those purchasing electricity generated
from other sources. The Imperial Irrigation District
supplies water and power to thie residents of the Imperial
and Coachella Valleys.

Magma plans to drill new wells for the power plants in
January 1992, and to have the expansion for each plant in
commercial operation by May 7, 1992. Magma Power
Company will make an initial investment of $19.8 mil-
lion in the expansion. The project should increase annual
revenue by about $4.5 million. Magma’s annual revenue
is about $95 million.

NORTHWESTERN REGION | B

Geothermal in the Northwest

The geothermal resources of the Northwest may offer the
potential for producing several thousand megawatts of
cost-effective energy. While geothermal energy has been
proven in other areas of the country, geothermal energy

from the type of fields yuulil] W\‘ i

found in the Cascades has

AT

mal resources in the Northwest through development of
a series of pilot projects.

Thekey uncertainty here is whether or not thegeothermal
e TESOUICES ofthe Cascades can support electrical
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developer bears the risk of development in
return for guaranteed sales of electricity at a
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tion and Electric Power R ??}@Mﬁ\ﬁ, h'&"{\?ﬁij., ) e price higher than current avoided costs.
Planrecommends imple- S —mml WR W

mentation of a geother-
mal research, develop-
ment, and demonstration
agenda including (1)

technology and development

activities occurring outside the

Northwest; (2) collecting environmental haseline data at
promising geothermal resource areas; (3) identifying and
preparing plans for resolving constraints to geothermal
development at favorable resource areas; and (4) confirm-
ing the feasibility of generating electricity from geother-

ExcerptecZam the 1991 Northwest Conservation and Electric Power
Plan by the Northnwest Power Planning Council, Portland, Oregon.

\.amplementation of a geothermal
research, development, and
monitoring of geothermal gfemonstmtion agenc[a.,."

If successful, these dem-
onstration projects would
result in shortenirg the
lead time for development
of 300 megawatts of geo-
thermal power currently in
the plan and potentially confirma
much larger resource.

The plan estimates the “Hi%h megawatt forecast” for
geothermal as 350; the “Levelized nominal cost in cents
per kilowatt hour” as 10.7; and the “Levelized real cost in
cents per kilowatt hour” as 5.4
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Unalaska Geothermal Project

In October 1991, OESI Power Corporation signed a
letter of agreement with the Alaska Energy Authority
(AEA), outlining the initial actions to be taken by the AEA
and OESI toward developing a 12-megawatt geothermal
power-plant project on Unalaska Island, which is one of
the Aleutian Islands. The letter of agreement specifies
that OESI will submit a detailed project development
plan to the AEA, and the AEA will negotiate and execute
agreements for the sale of electricity from the power plant.
The AEA will also negotiate certain other agreements and
retain a consulting engineer and a geothermal consultant
to assist in its project review.

Earlier this year, the AEA authorized the use of $60
million of tax exempt bonds to financethe project, subject
to further study. The bonds would finance the cost of the
power plant, transmission line, construction support and
management, engineering, overhead, and construction

fees. The tax exempt bond financing is expected to be in .

place by March 31, 1992.

Under the terms of the agreement, OESI will construct
and operate the power-plant facilities, which will be
owned by the AEA. OESI will also develop and provide
geothermal fluid from its geothermal resource leasehold,

The project purpose is to provide base-load power to the
residents of the City of Unalaska, aswell as to the shipping

and fishing industries at the International Port of Dutch
Harbor, '

James W. Porter Jr., chief executive officer of OESI, said,
“Asan integrated development company, OEST s capable
of providingthefull range of services required bythe AFA,
from planning to construction to operation of the project.
We are very excited about being the first commercial
geothermal project in the State of Alaska.”

Geothermal Activity in Oregon, 1990

Geothermal exploratory activity in Oregon decreased in
1990 relative to 1989. Only oneholewas completed, and
the amount of leased federal land and lease revenues
continued to decline. The total amount of federal land
leased for geothermal resources has declined steadily since

the peak in 1983 (Table 1).

No Known Geothermal Resource Area (KGRA) lands
were offered for bid in 1990. Some KGRA lands at
Newberry volcano have been incorporated into the
Newberry Volcanoes National Monument. The monu-
ment area, combined with buffer zones of restricted
access, encompasses about 85 percent of the land classi-

fied by the federal government as a KGRA.

Anadarko Petroleum Corporation applied for permits to
drill 2 new test wells near Borax Lake in the Alvord Desert
area. Drilling is stalled pending review of appeals filed by
various environmental organizations concerned about
potential threats to the Borax Lake chub. In a related
action, U.S. Representative Bob Smith introduced a bill
to create an 812,870-acre Steens Mountain National
Conservation Area. The bill failed to make it through
Congress. ' B

The Oregon Water Resources Department (WRD) wrote
and amended administrative rules that addressed several
geothermal issues pursuant to new legislation. The rules
defined terms such as “thermal interference” and “sub-

By George R Priest, Oregon Department of Geologyand Mineral Industries.
Excerpted by permission from Oregon Geology, vol. 53, no. 4. :

stantial thermal alteration”. They specified 65°F as “a
temperature below which low-temperature geothermal
appropriations shall not be protected from thermal inter-
ference caused by groundwater appropriations for other
purposes,” .

The direct use of relatively low-temperature geothermal
fluids continued in 1990 ar about the same level as over
the last several years. Most of the activity was centered in
Klamath Falls and Vale. ‘

The U.S. Geological Survey (USGS) continued its Cas-
cade Range research of igneous processes, hydrothermally
altered rock, thermal waters, hydrothermal systems, and
regional geology during the year.

In its 1990 Resource Program, the Bonneville Power
Administration (BPA) offered to purchase, in joint ven-
tures with regional utilities, 10 megawatts of output from
cach of three geothermal pilor projects in the Northwest.
The main goal is to initiate development at threesites with
potential for large-scale power production. Informal
discussions with developers are underway, with letters of
intent due September 3, 1991. Formal negotiations will
begin on Ocrober 1, 1991, -

The BPA initiated research to estimate local economic
impacts of a 100-megawatt geothermal power-plant
project. These impact estimates are being done for
hypothetical projects in Deschutes and Harney Counties,
Oregon. (The Washington State Energy Office is doing
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similarstudies forsuch a project in Skamaniaand Whatcom
Counties.) Further research for BPA (to be completed in
1991) will include land-use impact estimates and assem-
blinga database of geothermal power plants in the United
States.

To identify land use, environmental, and other issues
associated with geothermal development and to provide

Table 1. Geothermal leases in Oregon in 1990.

Types of leases Numbers Acres

Federal leases in effect:

Noncoppetitive, USFS 142 220,536.08
Noncompetitive, USBLM 2 942.79
KGRA, USFS 1 100.00
KGRA, USBLM 7 16,465.12
Total leases issued:
Noncompetitive, USFS 358 686,064.05
Noncompetitive, USBLM 266 400,157.79
KGRA, USFS 8 11,924.61
KGRA, USBLM 62 - 118,307.85
Total leases relinquishe(_i_:
Noncompetitive, USFES 216 465,527.97
Noncompetitive, USBLM 264 405,215.00
KGRA; USFS 7 11,824.61
KGR, USBLM 55 101,842.73

Lease applications pending 121 —

a basis for informed resolution of these issues, several
supporting activities are underway, It should be noted
that many of these activities focus on specific areas, but do
not necessarily predict the locations of pilot projects.

The Deschutes National Forest, Oregon Department of
Energy, and the BPA are working on a study to assess the
land-use impact of geothermal development in the Bend
highlands area south of Sisters. The two federal agencies
are fundingjointly awide range of publicinformation and
involvement activities related to geothermal develop-
ment. :

The BPA is cooperatively funding designs of environmen-
tal baseline monitoring programs for several areas. The
U.S. Geological Survey Water Resources Division ex-
pects to begin collecting data this summer for a hydrologj-
cal network at Newberry volcano and the Alvord Desert.
Design work will begin this year for programs to monitor
air quality, flora, fauna, seismicity, and subsidence at
Newberry.

The Oregon Department of Geology and Mineral Indus-
tries planned a scientificdrilling program in 1987. F und-
ing to support the program came in 1989 from contribu-
tions of $200,000 by the U.S. Department of Energy and
$100,000 by Oxbow Power Corporation. Under the
program, a hole was drilled in 1989, and casing was set to
141 meters near Santiam Pass. In 1990, the hole was
cored to about 928 meters, and geological and geophysi-
cal data were collected. The temperature-depth profile
for the hole is irregular, with a high (120° C/km) gradient
in the lowermost part, Data analysis will help in under-
standing the geological history and regional heat flow near
the axis of active Cascade volcanism. :

B _
The Oregon Water Resources Department low-tempera-
ture geothermal program evaluated numerous proposals
to inject spent geothermal effluent. This activity resulted
from a City 0? Klamath Falls ordinance now requiring
such injection within the city. By year’s end, proposals
from 18 institutional, commercial, and domestic users
were received. Injection rates under the proposals range
from 2 to 450 gallons per minute. In addition, an
institution near Bend has submitted a proposal to inject
1,500 gallons per minute.

Jack Dymond and Robert Collier of the Oregon State
University College of Oceanography continued the inves-
tigation at Crater Lake National Park. Their objective is
to determine whether or not geothermal input exists on
the lake floor. Data collected in 1989 from a surface ship
and a submarine were analyzed and summarized in adraft
final report to the National Park Service. The report is
expected to be finished in 1991.

Commercial Operations Start at Soda Lake Geothgﬂpq!’ |

No. 2 |

In August 1991, OESI Power Corporation (QESI) an-
nounced the completion of commercial-operations test-
ingat its Soda Lake No. 2 facility. The geothermal power
plant passed its acceptance tests at a contracted capacity
rating of 13 megawatts. The test results were verified by
Sierra Pacific Power Company, the purchaser of the
plant’s electrical output, under a 30-year power purchase
agreement.

The Soda Lake Power Purchase Agreement provides for
initial energy payments of 2.4 cents per kilowatt-hour
and capacity payments starting at 2.7 cents. The pay-
ments will escalate under provisions in the power-put-
chase agreement.  The Soda Lake No. 2 power plant is
next to OEST’s Soda Lake No. 1 facility.
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Brady Hot Springs Power Plant

A 20-megawate geothermal power plant contract was
awarded to The Ben Holt Company of Pasadena, Cali-
fornia; for engineering design, procurement, and other
services for a power plant owned by Brady Power Part-
ners.

The plant is at Brady Hot Springs, 60 miles northeast of
Reno, near Fernley, Nevada. The power plant is sched-
uled to be on line in August 1992.

San Emidio Power Plant

San Emidio Resources, Inc. has filed an
application with the Public Service Com-
mission of Nevada, identified as Docket
No. 91-9058, for a permit to construct a
geothermal power plant and its associ-
ated facilities. The project site is in
Washoe County in the San Emidio Desert
Basin, about 10 miles south of Gerlach,
Nevada. Induded in the applicationisan
Environmental Assessment of the utility
facility, Theapplication was filed pursu-
ant to the Utility Environmental Protec-
tion Act.

Temperature-gradient well being drilled by San
Emidio Resources, Inc. in the San Emidio Desert
Basin, along the fault line that controls the San
Emidio geothermal resource. Photo by S. Hodgson.

Wind Mountain Mine

The Wind Mountain Mine is operated by Amax Gold
Inc. in Washoe County, Nevada, about 106 kilometers
north of Reno. According to a paper written by John D.
Wood for Amax, in June 1988 the company had defined
a 13.7 million metric ton orebody averaging 0.72g Au/t

Wind Mountain Mine. Photo by S. Hodgsen.

and 11.4g Ag/t. Widespread hydrothermal alteration and
rock alteration products (opal, illite, montmorillonite,
kaolinite, and alunite) at the mine indicate the deposit
was formed in a near-surface environment from a hot-
spring type geothermal system.

Mining is by conventional open-pit methods using blast-
hole drills. The crushed ore is taken to the leach pad,
where the cyanide heap-leaching process is undertaken to
recover thesilver and gold. Water from a geothermal well
drilled ar the open-pit mine is used directly as process
water. :

The mine will be decommissioned in early 1992. At this
time the ore heaps will be rinsed until the effluent
measures ne more than 2 ppm of cyanide. Some chemi-
cals may be needed for this process.
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The Dixie Valley Geothermal Project

The Dixie Valley geothermal project, owned and oper-
ated by Oxbow Geothermal Corporation, is in Churchill
County, Nevada, about 120 miles northeast of Reno. The
project includes a geothermal power plant with a maxi-
mum production rate of 67.6 megawatts, gross, the
largest geothermal power plant in Nevada.

In 1974, Sunoco Energy Development Company
(SUNEDCO) began an exploration program in Dixie
Valley. The program included geophysical surveys and
temperature-gradient wells. In 1978, the discovery well
for Dixie Valley Geothermal field was drilled and com-
pleted by SUNEDCO in fractured basalt with a reported
temperature of 218°C, according to the “Geothermal
Resources of Nevada” map. SUNEDCO drilled several
additional exploratory wells in the late 1970s and early
1980s. Trans-Pacific drilled 2 productive wells in 1983
and obrained power sales contracts with Southern Cali-
fornia Edison. In 1985, Oxbow Geothermal Corpora-
tion purchased the leases, wells, and contracts from
SUNEDCO and Trans-Pacific. Oxbow Geothermal is

oncofthegroup of Oxbow companies owned privately by
William Koch of West Palm Beach, Florida.

In the next few years, additional wells were drilled and
tested by Oxbow, and the power plant and a 210-mile
transmission line were permitted and constructed. The
power plant cameon line in July 1988 when 6 production
wells and 4 injection wells were in service. Since 1988, 3
additional production wells and 2 injection wells have
been drilled. Currently, 9 production wells supply about
5.25 million pounds per hour of 480°F fluid to the power
plant, and 8 injection wells are used to return about 8,000
gallons per minute of water to the reservoir. '

The Dixie Valley power plant may be the world’s largest
single-unit, dual-flash geothermal power plant. It in-
cludes a Fuji, single-cylinder, mixed-pressure, counter-
flow condensing turbine. The high-pressure steam is
measured at 90 psia, and the low-pressure steam at 20.8
psia. Temperatures are 162°C for the high-pressure steam
and 113°C for the low-pressure steam. Since coming on

Dixie Valley Geothermal Power Plant. Photo couriesy of Fuji Electric Co., Ltd,
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line, the power plant has performed well. The availability

factor is in the upper 90 percent range, and the output has
been consistently above 62 megawatts, gross.

As a footnote, Oxbow Power Services Inc. owns and

operates the geothermal power plant in Beowawe Geo-
thermal field and the wells connected to the plant. The
land itself and the leases at the field are owned by
California Energy Company.

HumboldtHo: Springs, probably preseni-day Dixie Hot Springsin Dixie Valleynear the eastern slope af the Stillwater Range, Churchill County, Nevada.
Drawn by Jim Spriggs ffom a photo by Timothy H. O Sullivan, iaken during ihe King survey, probably in 1868. O'Sullivan’s equipment wagon and
phowgraphic outfisare shown, Photo fromithe U.S, Geological Survey and reprintedinWestern Views and Eastern Visions &y Eugene Ostroff, Curator

of Photography, National Museum of American History.

Sierra Pacific Power Company,Geothermal Fact Sheet

Sierra Pacific Power Company’s interest in geothermal
power began in the 1960s. This interest led the company
to propose to the Public Service Commission of Nevada
several pilot geothermal contracts in the early 1980s, two
of which resulted in geothermal plants that provide Sierra
Pacific with considerable information the company has
used to determine the viability of this resource as a supply
for its customers. With the advent of the Public Utility
Regulatory Policies Act (PURPA), electric utilities such as
Sierra Pacific became obligated to purchase power gener-
ated by small power producers and cogeneration facilities,
called “qualifying facilities” or QFs. '

Sierra Pacific has found that geothermal producers, be-
cause of their smaller capacities, are often a good match to

Sierra Pacific’s yearly resource needs. To meet its future
capacity needs, Sierra Pacific has signed 11 long-term
purchase contracts in the last 3 years. Eight of these are
with geothermal QFs.

In 1990, Sierra Pacific Power’s internal generating capac-
ity was 835 megawatts., An additional 46 megawatts of
capacity was purchased from geothermal QFs. Of
6,259,354 megawatt hours of energy demand, 400,245
megawatt hours were purchased from 15 QFs. The
majority of the QF projects from which Sierra Pacific
purchases power are geothermal, with the remainder
being wind, hydro, and woodwaste. Some 312,489
megawatt hours were purchased from 10 geothermal QFs
in 1990. In August 1991, an additional 13 megawatts of
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capacity was added from a geethermal producer at Soda

€.

Sierra Pacific wheels about 90,000 megawatt hours of
electricity per year for geothermal QFs. An additional 50
megawatts of electricity produced by a geothermal QF
with no interconnection to Sierra Pacific is sold out-of-
state.

In reviewing recent proposals to provide long-term en-
ergy supplies, Sierra Pacific negotiated contracts for pur-
chased power that offered the “best value” electricity to
match the company’s need. As a result of Sierra Pacific

NEW MEXICO

The design, construction, and installation of the surface
plant is nearing completion for the Phase II system: at
Fenton Hill in Los Alamos, New Mexico. Basic process-
design work is completed, and all major components of

Excerpted from the Annual Report for FY 1990 for the Hot Dry Rock
Geothermal Energy Development Program.

Los Alamos Hot Dry Rock Update

Power’s 1990 Request for Proposals, seven contracts to
provide a total of 107 megawatts of power were signed.
The power is expected to be on line between 1992 and
1995. Six of the seven contracts are for geothermal QFs,
supplying 82 megawatts of the 107 megawatts.

In 1992, Sierra Pacific anticipates purchasing to 99
megawatts of capacity from geothermal QFs, or 507,000
megawatt hours, out of a total demand of 6,403,500. In
1996, the expected purchases from geothermal QFs are
projected to increase to 162 megawatts, or 1,203,000
megawatt hours out of a total demand of 7,041,000
megawatt hours.

the system have been procured except the gas/particle
separator. Design problems for the separator have been
resolved, and purchase during the first half of FY91 is
anticipated. Installation of the surface plant is well
underway. The system will be completed and ready for
operation by the end of FY91 under the current schedule.

1 Million
Galion Pond

- Reservolir

The Fenton Hill Phase IT surface plant.
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What happens next will depend upon the program fund-
ing level, with long-term flow testing beginning as soon as
possible.

Ficld tests in the deep, hot, Phase II reservoir at Fenton
Hill have shown that it should be possible to operate hot-
dry-rock reservoirs with water losses of 1 to 3 percent or
less. These test results contrast sharply with the signifi-
cant water losses seen by Japanese and British scientists
working in shallower, cooler, hot-dry-rock reservoirs.
Calculations and modeling based on field data have
shown that water consumption declines with the log of
time in a manner related to water storage in the reservoir.
This work may be crucial in proving that hot-dry-rock is
an economically viable means for producing energy, even
in areas with water in short supply: :

‘We are better able to conduct, analyze, and understand
the long-term flow test of Phase 1. For example, an
engineering model was developed to predict and explain
water consumption in hot-dry-rock reservoirs under pres-
sure; collecting and processing seismic information was
more fully automated; and the detection limits for reac-
tive tracers were lowered below 1 part per billion.

Water-rights acquisition activities, site clean-up, and
improvements in the 1-million gallon storage pond at
Fenton Hill have ensured adequate water to carry out a
vigorous testing program in a safe and environmentally
sound manner. The 1-million gallon pond was
recontoured and lined with a multi-layered plastic barrier.

Geothermal Management Plan

Introduction

A31-hourblowoutat Puna Geothermal Venture’s (PGV)
KS-8 well near Pahoa occurred on June 12, 13, and 14,
1991, The blowout resulted in the evacuation of some
nearby families and in numerous complaints of acute
health symptoms from the released gases, the noise, and
odor nuisance. The blowout also raised a question as to
whether or not the geothermal resource in the Kilauea
East Rift Zone can be developed safei; and without
impacting the health of the nearby residents.

On June 14, the Hawaii County Planning Director
suspended all drilling activities at PGV’s present site. On
June 16, immediately after the well was temporarily
secured, State of Hawaii and County of Hawaii officials
met to outline a strategy which has since been followed.

Investigations

With joint state-county participation, three concurrent
investigations of the blowout were undertaken: A review
of KS-8 well drilling equipment and proceduires (Element
I) conducted by four mainland government and private
drilling, geologic, and regulatory experts; a review of the
emergency response procedures (Element II) conducted

by the Department of Health and Hawaii County Civil
Defense; and a review of air and noise mirigation, and
monitoringand enforcement (Element ITI) conducted by
two mainland government and private engineering and
regulatory experts. The final reports from the three
groups were madeavailable to thestateand county on July
24,1991. A community meeting was held the following
day atwhich time the reports were presented to the public
by the investigative teams. Based on the experts’ recom-
mendasons, the County of Hawaii extended the suspen-
sion order to include all further activities at the PGV site
exclusive of efforts to fully control KS-8.

On July 30, 1991, the Mayor proclaimed a State of
Emergency at PGV’s well site because there were subsur-
face symptoms, confirmed by the state and county inves-
tigators, that the KS-8 well was not fully under control.
This proclamation allowed the cognizant agencies to
expeditiously approve the drilling of a nearby water well
by the developer for the purpose of quenching and finally
killing the KS-8 well.

A conclusion of the investigations was thar the blowout
did not occur as a result of “unusual or unmanageable
subsurface geologic or hydrologic conditions.” All three
of thednvestigarive reports recommended specific devel-

- oper and government actions to minimize the potential

Excerpted from the plan prepared by the State of Hawaii
and the County of Hawaii Geothermal Task Force, October 1991,

for future adverse impacts on health and safety of person-
nel involved in the project and residents of nearby com-
munities: '
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EIS for Hawaiian Geothermal Development

As partofthe National Environmental Policy Act (NEPA)
of 1969 planning process, the Department of Energy
(DOE) intends to prepare an Environmental Impact
Statement (EIS) for the development of a geothermal well
field on the istand of Hawaii, State of Hawali; the subse-
quent construction and production of up to 500 mega-
watts of power; and the transmission of this power by
overland and submarine cable to Oahu, and possibly, to
one or more of the other Hawaiian Islands. :

The EIS will evaluate the significance of environmental
impacts associated with the proposed Hawaii Geothermal
Project (HGP), the culmination of research and develop-
ment efforts begun in the mid-1970s to explore the
feasibility of using Hawnaii’s indigenous geothermal re-
source as an alternative energy source for the production
of electricity. Currently, the State of Hawaii uses petro-
leum for about 90 percent of its power production, the
highest usage among all 50 states.

The four-phase HGP, as defined by the State of Hawaii,
consists of (1) exploration and testing of the geothermal
resource beneath the slopes of the active Kilauea volcano
on the island of Hawaii, (2) demonstration of deep-water
cable technology in the Alenuihaha Channel between the
Big Island and Maui, (3) verification and characterization
of the geothermal resource identified in Phase 1, and (4)
construction of commercial geothermal power produc-
tion facilities on the Big Island, with the potential for
overland and submarine transmission of electricity from
the Big Island to Qahu and other islands. Phases 1 and 2
have been completed; the DOE prepared appropriate
NEPA documentation for separate federal actions related
to early research projects. Future activities under Phases

3 and 4 will be.the subject of this EIS.

The DOE has issued an Advance Notice of Intent (NOI)
to cncourage early public involvement in the NEPA
process and to solicit comments on the proposed scope
and content of the EIS. Comments are expected regard-
ing potential sites for geothermal development; alterna-
tives to geothermal power; and environmental issues,
such as land use, habitat disturbance, effects on cultural
resources, air quality degradation, and impacts to the
terrestrial and marine environment. The precise location
of sites for geothermal power plants will not be known
until the state completes currently planned resource veri-
fication and characterization activities on the Big Island.

Excerpredfrom an Advance Notice of Intent to Prepare an Environmental
Impact Statement for the Hawaii Geothermal Prajecs, Phases 3 and 4:
Resource Verification and Characterization, and Construction and
Operation of Geothermal Power Plants.  The document was signed in
August 1991 by Peter N. Brush, Acting Assistant Secretary, Enviranment,
Safety and Health, U.S. Dept. of Energy.

Land areas having the greatest potential for development,
as defined by past research and exploration, are located
within three designated Geothermal Resource Subzones
on 22,000 acres in the lower and middle Kilauea East Rift
Zone in the Puna District on the Big Island.

The DOEwill publish an NOT in the fall 0f 1991 tosolicit
further public input and to announce 2 schedule for
public scoping meetings to be held prior to the comple-
tion of an EIS Implementation Plan and initiation of EIS
preparation.

Written comments, questions, and requests for general
information on the Hawaiian Geothermal Project should
be directed to

Dr. Lloyd Lewis, CE-121

Office of Conservation and Renewable Energy

U.S. Department of Energy

Forrestal Building

1000 Independence Avenue, S.W,

Washington, D.C. 20585

Telephone: (202) 586-6263

General information on the procedures followed by the
DOE in complying with the requirements of NEPA may
be obrained from ,

Ms. Carol Borgstrom, Director

Office of NEPA Oversight (EH-25)

U.S. Department of Energy

Forrestal Building

1000 Independence Avenue, S.W.

‘Washingron, D.C, 20585

Telephone: (202) 586-4600

Geothermal exploration began in Hawaii in 1972 with
funding from the National Science Foundation (NSF). A
potential geothermal resource site was identified on the
Kilauea East Rift on the Big Island. Subsequent explor-
atory drilling (also funded by NSF) between December
1975 and April 1976 resulted in a productive geothermal
well at a depth of about 6,000 fect. In 1976, the Energy
Research and Development Administration (ERDA), a
predecessor to the DOE, funded testing of thegeothermal
well, which was named HGP-A. Subsequently, the DOE
was established, and it funded the development of a 3-
megawatt demonstration power plant at the HGP-Assite.
In 1986, the HGP-A well and power plant were trans-
ferred by the DOE to the State of Hawaii to be used for
further research. The state has referred to this early
exploration and testing of the geothermal resource as

Phase 1 of the HGP.

The DOEalso provided funds for the Hawaii Deep Water
Cable Program initiated in 1981, and referred to by the
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State of Hawaii as Phase 2 of the HGP. The goal of the
program was to determine the technical and economic
feasibility of constructing and operating a deepwater,
submarine power-transmission cable that would link the
islands of Hawaii and Oahu and would operate for a 30-
year period. This project was completed in 1991 and
proved the feasibility of a deepwater transmission cable.
In all, over an 11-year period, the DOE has provided
about $33 million for geothermal and cable research in
Hawaii.

In April 1989, the State of Hawaii requested additional
federal funding for what it defined as Phase 3 of the HGP,
called Resource Verification and Characterization. Con-
gress subsequently appropriated $5 million for use in
Phase 3. Because Phase 3 work is by nature “research”
rather than development or project construction, Con-
gress indicated to the Secretary of Energy that it is not a
“major federal action” under NEPA and would not
typically require an EIS. However, because the project is
highly visible, somewhat controversial, and involves a
particularly sensitive environmental resource in Hawaii,
Congress directed that “...the Sectetary of Energy shall
use such sums as are necessary from amounts previously
provided to the State of Hawaii for geothermal resource
verification and characterization to conduct the necessary
environmental assessments and/or environmental impact
statement (EIS) for the geothermal initiative to proceed.”
In addition to the Congressional directive, the U.S.
District Court of Hawaii rendered a judgment, in re-
sponse to litigation filed by several environmental groups,
that requires the federal government to preparean EIS for
Phases 3 and 4 prior to gisbursement of additional funds
to the state. The Advance NOI by the DOE is being
issued to begin the NEPA process for Phases 3 and 4.

The State of Hawaii considers the unknown extent of the
geothermal resource as the primary obstacle to private
investment and commercial development of geothermal
-power production facilities and cable system. Both state
and private industry experts estimate that at least 25
commercial-scale exploratory wells will need to be drilled
to verify the generating potential of the resource. Phase
3 activitieswould includewell drilling, logging cores from
holes, measuring temperatures, collecting and analyzing
geothermal fluid samples, and takingdownhole geophysi-
cal and geochemical measurements.

Oncethe geothermal resource has been characterized, the
construction of 10 to 20 separate geothermal power

plants from 25 to 30 megawatts, net, each, is forecast by
the State of Hawaii. The actual number of geothermal
plantswill depend on the extent of the resource defined in
Phase 3. The exact location of the plants will not be
known until Phase 3 is completed and facility design and
layout are underway. Based on current knowledge of the
resource, the State of Hawaii estimates a total of about
125 production wells and 30 injection wells may be
needed. The plants would most likely be connected by a
network of roads, plumbing, and overland transmission
lines in the East Rift area. Overland and underwater
transmission lines 300 kV AC or DC) would be con-
structed to distribute power across the Big Island and to
the other Hawaiian Islands, particularly Oahu,

‘The current timetable for Phases 3 and 4 of the HGP calls
for the State of Hawaii to initiate permitting and financ-
ing in 1991, with resource verification to be conducted
after NEPA documentation is completed. Procurement
and installation of power plants by the State of Hawaii
and other nonfederal entities is anticipated to begin in the
1994-1996 period, with initial transmission to Oahu no
sooner than 1995. Thestatehopes to have 500 megawatts
of geothermal power on line by 2005.

TheEIS formatand contentwill correspond to that which
is recommended in the Council on Environmental Qual-
ity regulations and DOE guidelines. Chapter 1 of the EIS
will discuss the purpose of and need for the action,
provide background on the proposed project, and define
the scope of the EIS. In Chapter 2, the activities to be
carried out as part of the proposed action and alternative
actions will be described, the project location will be
defined, and a tabular summary comparison of impacts of
alternatives will be presented. Chapter 3 will describe the
environment that could be affected by the proposed
action. In Chapter 4, the environmental consequences of
alternatives will be discussed. '

DOE has conducted a preliminary screening of environ-
mental issues that could arise as a result of the HGP. The
EIS will include, as appropriate, consideration of the
following categories of impacts at alternative sites for
power plant construction and operation and for alterna-
tive cable routings over land and in the marine waters of
the Hawaiian Islands: land use, air quality, water re-
sources, ecological resources, geological resources, noise,
health and safety, socio-economics, and scenic and visual
resources.
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Geologic Saga of-.....

ICELAND: ISLAND OF VOLCANOES AND GLACIERS

Iceland--a land of sparce vegetation and with an atmo-
spherealmost unpolluted by man—-includes volcaniccones,
lava flows and lava cliffs, geysers and other manifestations
of extensive geothermal resources, high interior uninhab-
ited deserts, glaciers, glacial outwash plains, waterfalls,
fjords, and grabens. '

The total area of Iceland is 102,999 square kilometers
(39,768 square miles): 1 percent cultivated, 20 percent
grazing, 11 percent covered by glaciers, 11 percent lava
flows, 3 percent lakes, 4 percent sand. Much of the other
land (50 percent) is high desert plateau.

The terrain varies in elevation from sea level to 2119 m
(6,952 feet). The population of the country is about
255,000 with about 87,000 of these people living in
Reykjavik, the capitol city. Icelanders have a long history
of success in coping with volcanic eruptions of ash and
lava, with glacial debris floods, and with the severe cli-
matic conditions just south of the 66th parallel in the
vicinity of the Arctic Circle.

Like California, Iceland is situated on two tectonic plates.
The mid-oceanic ridge diagonally bisects the island, with
the northwestern portion on the North American plate
spreading westward and the southeastern portion on the
Eurasian plate spreading eastward. The ridge occursasan
ocean-floor mountain range and extends in a north-south
direction from Iceland for 65,000 kilometers beneath the
Atlantic Ocean. The two plates are separating along the
spreading ridge at an estimated rate of a few centimeters
peryear. Theisland of Iceland has been built up by crustal
material issuing from the spreading center as it forms a rift
valley on the ocean floor ridge.

In Iceland, the surface evidence of the mid-oceanic ridge
occurs as a volcanic zone that begins on the southwestern
edge of the Reykjanes Peninsula and trends generally
northeastward to the northern coast. ‘This corridor is
called the neo-volcanic zone, and is marked by volcanic
peaks (Mount Hekla, Mount Krafla, and others), fault
scarps, lava flows, volcanic cones near Lake Myvatn, and
lava cliffs to the northeast near Melrakannes. The oldest
age determined for Icclandic lava is 16 million years.

by Mary C. Woods, Geologis .
Adapred, with permission, from California Geology,
February 1986

Volcanic activity of the mid-Atlantic spreading zone has
been manifested in the Westman Islands, which consist of
15 volcanic islands off the southern coast of Iceland.
Surtsey is one of these islands. In November 1963, this
submarine volcanic vent began erupting basalt lava and

ases, building up a cone that rose above sea level. The
Fava buildup continued until early June 1967, ending
when the cone was 170 meters (560 feet) above sea level.

In 1973, further activity along the mid-oceanic ridge
brought forth lava flowing from a fissure on the eastern
sideof Haimaey, the only inhabited island in the Westman
group. This activity has added more than 1.5 kilomerers
of new land surface to the 4-square-mile island.

Dettifoss, the largest waterfall in E urope. Photos by M. Waads, except as

noted.

Tjérnes. - The Plio-Pleistocene geological history and climatic changes in
Iceland are recorded in-the thick sediments of the sea cliffs on Tjirnes
Peninsula.
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An anciens portion of the mid-oceanic spreading ridge. The Lava flows are
separated by a graben created by dynamic spreading forces, The Viking
settlers selected this site for their open-air parliament in 930 AD. The
parliament (called Althing) was beld for about three weeks each year in
mid-summer. This area, and the natural amphitheater formed by lava
Slows, is called Thingvellis. The Ieelandic parliament met here annually
until the mid-1700s.

Haimaey, Westman Islands. Houses were buﬁe@i by lava and tephra when
afissure eruptedin Janwary 1973 on the island of Haimaey, a fishing center
off the southern coast of Iceland. Photo by E. Joan Baldwin,
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Geothermal Activity

The island country of Ice-
land has many geothermal
sites, another testimony to
the hot magma along the
spreading ridge thar lies just
below the land surface. In
the City of Reykjavik, hot
water from narural hot
springs and from drilled
wells at Warm Springs Val-
ley is used to heat homes,
buildings, outdoor swim-

REYKJAVIK

Index map

JouLE ming pools where residents
soute swim during the entire year
JouLe in comfort, and numerous
JouLe greenhouses.

Major geothermal steam fields and their estimated resources of thermal energy. Reprinted from Reseaux 8

Chaleur, no. 11, 1991.

During the period of eruption starting in January 1973,
more than 300 homes on Haimaey were covered with
lava, scoria, and ash (tephra). Noliveswerelostasthearea
was evacuated. Later, many homes were dug our of ash
that was 50 meters thick in some places, but the buildings
buried in lava could not be saved.

The geothermal power plant near Mount Krafla

According to the magazine
Reseaux & Chaleur,
Reykjavik District Heating
Services (Hitaveita Reykjavikur) was established in 1930.
The company servés about 140,000 inhabitants of Ice-
land, or 58 percent of the nation. The Hitaveita uses
resources from four low-temperature fields and one high-
temperature field. The geothermal water from the low-
temperature fields is used directly in radiators and as tap
water. The geothermal water from the high-temperature
field is used to heat fresh water,
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Geothermal energy from the Hitaveita is niainly used for
space heating. The cost of the energy is 1.5 US cents/
kWh. The nearest alternative energy options are electric-

ity and fossil fuels. The cost of heat from those sources is

over 5 US cents/kWh.

At Hveragerdi, farmers use geothermal energy for heating
vast greenhouses where fruit, vegetables, and flowets are
grown.

In addition, Icclanders use low-temperature geothermal
resources as industrial process heat, for air conditioning,
agricultural drying, fish and animal farming, and snow
melting, '

At the 30-megawatt geothermal power plant near Mount
Krafla in the eastern area, the hot steam is used to produce
electrical energy.

Three other geothermal power plants (two at Svartsengi
and one at Némafjall) brought the 1989 total installed
capacity to 44.6 megawatts. In addition, plants to pro-
duce 50.2 megawattswere under construction orplanned.
(These statistics are reprinted from “Iceland Country
Update” by G. Pdlmason and A. Gudmundsson, from the
1990 Insernational Symposium on Geothermal Energy, Part
I, published by the Geothermal Resources Council.)

OESI Power Corporation, binary installation at the Svarisengi Geothermal Power Plans, Reyhjanes Peninssls, locland,  Here, three OFST energy-
converter modules produce an output of about 3.9 megawatts, gross. The installation, commissioned in mid-1989, is the  forst stage fora 12-megawati

power plant,

Thhe three OESIuniss generate power from back-pressure steam that measuves 217 F(103°C). By condensing the steam, the units help to reduce pollution
and outdoor corrosion on the powér plant. The heat rejected from the water-cooled condenser is used to preheat the district heating water.

The three power plant units installed ar Svarisengi increase the elech':'cal-cgfac.'ity of the existing power p[qﬁtﬁom about 81011 8 ;z;g;gawam. From
1.4 10 1.7 megawatts of the total generated power is wsed in the plant, itself. The remaining 10 megawasts go to the local electrical grid,

The power plant is owned and operaied by Sudurnes Regional Heating Corporation, the sole distributor for electrical and heat energy on the Reykjanes

Pennsula,
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CANADA

Meager Creek Update

Canadian Crew Energy Corporation will resubmit a
proposal tosupply electrical power from its Meager Creck
Geothermal Project to B.C. Hydro and Power Authority.
Crew was the only company to respond to B.C. Hydro’s
1990 Request for Proposals to Supply Power from Geo-
thermal Resources. The company’s revised proposal will
be based on preliminary turnkey plans for the construc-
tion of the proposed pilot plant it received from three
Canadian engineering and construction companies.

MONTSERRAT

Canadian Crew Energy is presently developing Canada’s
first geothermal energy project at Meager Creck, 100
miles north of Vancouver, B.C. The project represents
development of an economically viable, renewable source
of alternate energy that will provide major benefits to the
Province of British Columbia. The generating potential
is estimated at 260 megawatts.

Montserrat

The geothermal potential of the island of Montserrat has
been evaluated, according to the Export Bulletin of the
California Energy Commission. “Prospects look excel-

MEXICO :

lent for a 2- to 5-megawatt geothermal power plant in the
near future on the island.” Montserrat is a 32-square mile
island in the Leeward Islands of the Lesser Antilles.

A Geothermally Sustained City for Mexicali, Baja

California

The Municipality of Mexicali, in the Sonoran Desert,
faces the arrival of large concentrations of immigrants
from local and southern rural areas in Mexico. Agricul-
tural land is lost to urban sprawl, and the municipal
budgetisstrained by demands for infrastructural develop-
ment.

Dr. Marco Vilchis is planning a geothermal community
he calls an urban cell for an area away from Mexicali, but
near the California-Mexican border. He is paying special
attention to areas between East Mesa Geothermal field
and Cerro Prieto Geothermal field. Developing the
urban cell will lessen the strain on the Municipality of

Excerpted from a paper by M. C. Marco A Vilchis C., Facultad de
Arguitectura, Universidad Auténoma de Baja Caleomia, P. 0. Box
16287, 111 Ist St., Calexico, Ca. 92231.

Mexicali and increase the quality oflife for many people.

The urban cell will include its own public services,
government, industry, housing, commerce, education,
and energy infrastructure. Eventually, it wili become part
of a regional, urban cell system.

Dr. Vilchis plans to use geothermal resources of 100° Cto
140° C at 2 to 4 bars pressure, for heating and cooling,
electrical generation, and industrial direct uses. Heat
would be extracted from 4 geothermal wells and moved
through an absorption cooling system into cold- and hot-
water distribution networks.
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History of Geothermal Development in Mexico

Geothermal development in Mexico was begun in the
early 1950s by the Comisién Federal de Electricidad
(CFE) that, by Mexican law, is the public utility in charge
of electrical energy service. Data gathered at this time by
the CFE from known thermal areas throughout the
country indicated there were more than 60 potential sites
for geothermal development.

Pathé Geothermal field, in the State of Hidalgo, was
developed first, and 12 wells were drilled there. Although
the reservoirwasdetermined to be ratherlimited, Mexico’s
first geothermal power plant, with 600 kilowatts of capac-
ity, was built in the field and went on line in 1959. (This
was one year ahead of the first modern geothermal plant
in the United States at The Geysers Geothermal field,
although a 35-kilowatt geothermal power plant had been
operatt;d at The Geysers in the late 1920s and early
1930s.

The success at Pathé caused exploration to be contem-
plated for Los Negritos and Ixtldn de los Hervores Geo-
thermal fields, in the State of Michoacén in the neovolcanic
belt crossing central Mexico, and at Cerro Prieto Geo-
thermal field in Baja California, just south of the U.S.
border. Of these three, Cerro Prieto was selected by CFE
for immediate development because of its greater poten-

tial,

Deep exploratory drilling started in Cerro Prieto Geo-
thermal field in 1960 and 1961. The first two turbo-
generators of 37.5 megawatts each went on line in the

View of Cerro Priets Geothermal field. Photo by S. Hodgson.

field in 1973 (almost a decade before the first geothermal
power plant went on line in the Imperial Valley, just
across the border in California).

During the 1970s and 1980s, CFE continued exploring
for geothermal resources throughout Mexico, identifying
amongother areas, the fields of Los Azufres in the State of
Michoacdn, La Primavera in the State of Jalisco, and Los
Humeros in the State of Puebla.

Over the years, the CFE has formed a very well known
team of geothermal scientists and engineers, who have
installed 725 megawatts of electrical power generated

from geothermal resources (620 megawatts in Cerro

Prieto, 90 megawatts in Los Azufres, and 15 megawatts in
Los Humeros). Another 28 megawatts are under con-
struction (15 in Los Humeros and 13 in Los Azufres,
including 3 megawatts in a binary-cycle plant); and 120
megawatts are being contracted out, 40 megawatts each at
Los Azufres, Cerro Prieto, and Los Humeros. Another
170 megawatts are under study (40 megawatts at Cerro
Prieto, 60 megawatts at Los Azufres, and 70 megawatts at
La Primavera, near Guadalajara). The CFE also has 5
geothermal areas under exploration, 2 in Baja California
and 3 in Central Mexico. According to the CFE, by the
end of 1993 Mexico will have an installed capacity of 873
megawatts from geothermal development. The CFE has
made recent, significant efforts to increase efficiencies and
reduce costs in its geothermal operations. For example,
fluid production at Cerro Prieto has been increased, so
there is now sufficient steam available to supply the 620
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megawatts of installed capacity. The CFE has reduced
significantly thesteam losses at the surfaceat Cerro Prieto,
atraining a plant factor of about 95 percent. Because of
theseefforts, the cost per kilowatt hour at Cerro Prieto has
dropped by about 30 percent.

In October 1991, in recognition of Mexico’s pioneer
achievements in geothermal development through the

CENTRAL & SOUTH AMERICA

efforts of the CFE, and the continued high level of
geothermal activity in the country, the Geothermal Re-
sources Council (GRC) awarded its Pioneer Award to the
Comisién Federal de Electricidad. The presentation-was
made by Marcelo Lippmann at the GRC’s annual meet-
ing to Ing. Miguel Ramirez Gutiérrez, who is Gerente de
Projectos Geotermoeléctricos of the CFE.

Costa Rican Geothermal Development

“I supporrt the development of Costa Rica’s geothermal
resources at Miravalles Geothermal field,” Dr. Oscar
Arias told me. T had asked him for his position on
alternative energy sources. Dr. Arias, a former President
of Costa Rica, received the Nobel Peace Prize in 1987,

In his public remarks at a speech presented in Davis,

by Susan Hodgson

California, on October 23, 1991, Dr. Arias said that rich
and poor nations alike must share responsibilities for
protecting the world’s natural resources. However, the
richest countries must help the developing countries in
this matter. The developing countries must have as their
immediate priorities the questions of employment, hous-
ing, and health. They cannor afford to give primary
emphasis to the preservation of natural environments.

Guatemalan Activity at Zunil

“At Zunil Geothermal field, the expansion spool on awell
was cut by the landslide, allowing the well to flow,” said
Dr. Andrés Caicedo,

Executive Coordinator,

” .........
Unidad de Desarrollo .08 12-megawatt well -

Geotérmico, INDE.
“The well explosion
theory has been laid to
rest,” he continued, “be-
cause the well cellar was

producing from a

reservoir,”

left intact. We have now /./
replaced thewell head and /
cleaned the cellar.” {

R
Dr. Caicedo was referring to the landslide
that occurred on January 5, 1991, at
Guatemala’s Zunil Geothermal field, near
the city of Quetzaltenango. The slide, which
came at the end of the rainy season, damaged
a geothermal well, No. ZCQ-4, located beneath the toe of

the slide area.

“Now well ZCQ-4 will be used as a backup well. In
addition, as the landslide risk at the field remains, the
entire area has been mapped for geological risks. Armed
with this additional knowledge, we continue with our
program at Zunil,” Dr. Caicedo said.

by Susan Hodgson

fractured granite  ™\_

s' a8
Quezallenango

“We have drilled 6 wells in the ZCQ series. Four are
productionwells (Nos. 3,4, 5,and 6) and one (No. 2) may
be used as an injection well, de-
pendingon reservoir engineering
results and our ability, from a
civil engineering standpoint, to
site the injection pipeline. We
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have placement problems because
_ of the landslide. One well
R 2 (No. 1) was not productive
' GUATEMALA ‘\/N and has been abandoned.
s
- J-" “We are now drilling the ZD

Guatemala City well series,” said Dr. Caicedo.

7 Well ZD No. 1 is finished, a

~ 12-megawatt well producing

—_— " from a fractured granite reser-

voir. No other well has pro-

duced over 4 megawatts. Also,

well ZD No. 1 shows that geothermal produc-

tion can occur in fractured granite,

“There are two reservoirs penetrated by the ZD series.

One is shallow, a series o’fP voleanie rocks 800 to 1000

meters deep. ‘The second, deeper reservoir is in the
fractured granite and is 1000 to 2000 meters deep.

“Our power plant will generate 15 megawatts of electric-
ity. We will begin construction in 1993 and complete it
in 1994, Dr, Caicedo concluded.
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Chilean Geothermal Activity

Chile’s National Energy Commission (NEC) is
preparing a law to promote the development of
geothermal resources. The State Development
Corporation (CORFO) will probably end up con-
trolling Chile’s best-known geothermal deposits.
A number of U.S. companies have expressed an
interest in the country’s geothermal potential, If
the proposed law is passed and exploration begins,
Chile could become a significant producer of E
geothermal energy. The U.S. can be expected to
play a dominant role in this area. This is the
second time the Aylwin government has demon-
strated its willingness towork with foreign govern-
ments and the private sector to develop sound
resource and tax legislation.

A draft of the proposed NEC law has been re-
viewed by interested private companies. This
draft is now being reviewed by the Ministries of
Mines and Public Works, CORFQO, and the Presi-
dential Secretariat. The Ministry of Mines is
involved because of the potentially conflicting
issue of mineral rights and the Ministry of Public
Works is being consulted because of its jurisdic-
tion over water rights. CORFO is being consid-
ered because it is the only governmental organiza-
tion that has ever been involved in the attempted
development of Chile’s geothermal energy re-
sources. Once the approval of these organizations
is obtained, the law will be forwarded to President
Aylwin before being sent to the Chilean congress.

Chile’s best known geothermal deposits are the El
Tatio and Puchuldiza deposits, in the Second
Region east of Calama near the Bolivian border.
CORFO drilled 13 exploratory wells in the El
Tatio area between 1967 and 1975 with the finan-

cial assistance of the United Nations Develop- Osorma volcano and the Petrohué River, in the Chilean lake country. Drawing by

ment Program. The Sociedad Geotérmica del /7 Spriges

Tatio was subsequently established to develop the de-
posit. The Sociedad is 51 percent owned by CORFO and
49 percent owned by private interests in Antofagasta, and
now controls surface and mineral rights to the deposit.
This is the only extensive geothermal exploration ever
conducted in Chile.

The proposed geothermal law has a transitory article
(repoitedly adopted from U.S. geothermal legislation)
that will allow those parties that have conducted geother-
mal explorations and studies to have first claim on the
geothermal rights for these deposits. As a result, CORFO
will probably end up controlling the El Tatio and
Puchuldiza deposits, which it will then try to develop in

Excerpted from an unclassified U.S. Department of State
Economic/Business Affairs cable.

association with private companies.

Chile has a large number of lesser-known geothermal
deposits. Some of these were studied at the beginning of
the century by public and private organizations. The
most studied is the Surire deposit in the First Region near

the Bolivian border. Other potentially interesting depos-

its in notthern Chile include the Polloquere, Quitariri,
Pampa Lirima, Alitar, and Aguas Calientes deposits. In
central and southern Chile, a number of deposits have
been developed for medicinal uses and for tourism.

ENERSIS, a 12 percent owner of ENDESA, Chile’s
largest electricity producer, reportedly is interested in
forming a joint-venture with a U.S. company to produce
geothermal energy.
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TheU.S. Department of Energy’s Office of Planningand = federal and California geothermal légisiation. Asaresult,
Environment and Office of Energy Conservation and  Chile has included several aspects of U.S. geothermal
Renewable Energy have given the NEC extensivedataon  legislation in its proposed legislation.

DEVELOPMENT | S
puBLCUTILITES |
CPUC Quantifies Residual-Emission Costs |

In June 1991, the California Public Utilities Commission (PUC) |-
implemented a new procedure to quantify the costs of residual § =
power-plant emissions, which are defined as the emissions from
power plants after permitted emission requirements are met. The
residual emission costs are added to the overall calculations for the
costs of new power plants. The changeallows power plantswith low
residual emissions to be more competitive with other types of power
plants.

“We are looking at resource plans now for the utilities. These
residual emissions values will be used in computing the costs,” said
Thomas Thompson, Senior Utilities Engineer with the PUC. “For
example, if a plant burns fossil fuels, we will internalize the
emissions-negated costs. Alternate technologies may have higher
private costs but no impuved costs,” he added.

Oak trees at The Geysers Geothermal
Sield. Photo by S. Hodgson.

by Susan H Mgs_an

* The numbers are based on the costs of emission control for each utility.  'SCE - Southern California Edison
The amounts are in 1987 dollars and must be increased about 5 percent  SDGSE - San Diego Gas and Electric Company

each year to reflect 1991 dollars. PGSE - Pacific Gas and Electric Company
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Nevada PSC Computes Environmental Costs ‘ ' ~—
. . ' _ _ . Electric Facllitles Emissions Factors and Water Use
As explained in the January 1991 issue of the Geothermal
Hot Line, t'he Nevada Public Service Commiss.ion (PSC), Emissions (be/MMBtu in) Water Use
through Final Rule for Docket No. 89-752, gives prefer- ' (gas per
- ence to _the cleanest alternative energy sources, such as lfle sox TSP O VOO ©CO2 CHE N2O HeS N3 [MMBtin
solar, wind, and geothermal. The regulation calls for New Utility Facilities :
utilities to consider environmental costs and benefits to
‘uf:_he stat:hwhenuPlannmg new plants or purchasing power . ‘
rom other Sources. 1a. Combined Cycle NG 0.3333 0.0006 0.001 0.021 0033 17 00019 00078 NA NA 175
: t. Combinad Cycle NG w/SW1 0.0787 0.0006 0.001 002 0033 117 0.00i12 0.0078 NA NA 175
As quoted from the docker, ;
“Environmental costs and economic benefits to ¢. Combined Cycle NG w/SW! + SCR 0.0283 00008 0001 0021 0033 117 00019 00076 NA 0037 175
thf?statc means coéts and benefits inuring to the 2a, Combined Cycte Distillate Ol 0.5 03135 0001 0018 00185 363 0.0018 00325 NA NA 1725
/ . Combined late Ol ] . 0.31 X . . . 0325 039 17,
*state from electricity produced’for consumption b. : ch:: :’ﬂid':loaw’sc :!; N: 3 ::m ::w ::165 :‘e: :uoow :IA m :Am :;s
3 ~ within the state whether the generation source is 3a. Combined Cycle Residu | 3
; located within or outside Nevada. To calculate id Lake, Nevadz. Phoio by S, Hod: 4a. Coal, Pulverized w/scrubbers 08 0.8 .03 0024 0004 238 00015 00325 NA NA 484
: . : . Fyramid Lake, Nev o by & Hoagson. ic Fluidized Bed 05 o8 0 045 00028 238 00015 00325 NA  NA 1590
environmental costs of generation from sources Sa. Coal, Atmosepheric Flu : : o 3 i : - !
outside the state, the cost should be calculated the _tion or otherwise included in the plan. &a. Coal, Integrated Gasificaton Comb. Cycle 020 033 0.003 001 0003 198 0.0015 00325 NA NA NA
- same as if the electricity were generated in the ) ' B B 7 ) 7a. Geothermal Flashad steam wfinjection NA NA NA NA NA 0.03 1E05 NA 0.00168 NA 556
State of Nevada. “The utility must use the general emission rates 8. Solar, Thermal 0 0 0 0 0 e 0 o 0 o &
o and the environmental damage costs established b. NG, Boiler back-up unit 0150 00006 000290 0038 00013 119 00002 0028 NA  NA 93
“T'he environmental costs to the state associated by the Commission unless the utility justifies e. NQ, Boiler back-up unit with LN8 0031 00008 00029 0038 00013 119 00002 0028 NA NA 93
_ with operaring and maintaining a plan for supply deviating from these values.” d. NQ,Boiler back-up unit with LNB + SCR 0012 0.0006 00029 0038 00013 119 00002 0.028 NA NA 33
i © or demand must be quantified for air emissions, 9a_ Solar, Photovoltaic 0 o o 0 0 0. o 0 0 o o
" water, and land use. Environmental costs are ‘Tables attached to the docket are reprinted here. For the 10a. MEW, Steam Boiler 0308 038 04700 053 00300 165 0001 0033 NA NA  NA
those costs, wherever they may occur, which complete document, contact the Nevada Public Service b. MSW, Steam Boiler w/FFB 0308 038 000470 053 00300 165 0001 0033 NA NA NA
result from harm or risks of harm to the environ- Commission, Dawson Building, 4045 S. Spencer Street, 118 Wood, Steam Beiler 0.155 00083 0.4862 0221 00773 212 0033 0033 NA NA  NA
ment after the application of all mitigation mea- Suite A-44, Las Vegas, Nevada 89158-3920. b. Wood, Steam Boller w/FFB 0.155 00083 000486 0221 00773 212 0033 0033 NA  NA NA
sures required by existing environmental regula- 12a Wind o 0 0 0 0 0 0 0 0 o 0
13a. Small Hydroelectrie 0 0 0 0 -} [+ 0 [} 0 0 0
14a. Purchases Check source note.
VALUATION OF ENVIRONMENTAL COSTS
; Peakers
Pollutant Valuation (1990 dollars/ib) The value is appllcable 1e. Combustion Turbine NG 03833 00006 0.0133 0095 0012 119 0012 0018 NA  NA 003
Carbon Dloxide (CO.) 0.011 to EPA attainment areas. b. Combustion Turbine NG w/SW1 00787 00006 DO133 01095 0012 119 0012 0018 NA  NA 003
' : The value for an fiigﬁg; E o Combustion Turbina NG w/SWI + SCA 00283 00008, 00133 01095 0012 119 0012 0018 NA 0037 0.03
Methane (CH,) 0.11 to or greater than the E 20 Combustion Turbine Distitate Ol 08 0212 003 0418 00359 184 00016 00211 NA  NA 003
Nitrous Oxide (N,0) 2.07 amount and is likely to ba % b. Combustion Turbine Distillate Oil w/SW1 02 0212 003 0116 0.0359 184 0.0016 00211 NA NA 002
s ) . site specific. £ 34, Reciprocating Engine, Dissel 33500 00557 02363 07286 02293 182 NA  NA  NA NA  NA
Nitrogen Oxides (NO 3.4 g
g 2 he value For VOC has £ b. Reciprocating Engine, Diessl w/SCR 05025 00557 02233 07208 02253 162 NA NA NA 0.039 NA
Sulfur Oxides (S0,) 0.78 been adjusted to reflect E 4a. Pump-storage Hydroelectiic Check source note. ¢
. the State of WNevada’s & Sa. Purchases Check source note.
Volatile Organic Compounds (VOC) 0.592 ctatus ao attalnmont for % _ _
Carbon Monoxide (CO) voc. This wvalue is E
Ambient Alr Quality + : 0.43% representative of an =
Global Warming Contribution 0.03 actual cost incurred in
Total 0,46 Nevada to control fugitive
VOC emissions from
Total Suspended Particulates/ gasollne. The value for
Particulate Matter (Diam<10MM) TSP/PMIO 2.09! an EPA non-attainment areaa
- ‘ s is $2.75/1b.
Hydrogen Sulfide-(H,S) NA
NH 0 . A national marginal
. 1 control cost for HS in
! Water Impact Site Specific (Determined by Utility) attainment areas would be
. approximately $0.9 per
Land Use Site Specific (Determined by Utility) 1b. {(OTA, 1989). The
valuation of H,S 1s in
progress at this time.
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Electric Facllities Emisslons Factors and Water Use

Emisslons (Ibs/MWhr out) Water Use
Heat | {gals per
Rate 7NOx SOx TSP (0] VOGC CO2 CH4 N20 H2S NH3 |MWhr out)
New Utility Facilities
Bassioad
1a. Combined Cycle NG 8140 32 0.005 0.01 0.17 027 952 0015 0083 NA NA 142
b. Combined Cycle NG w/SW1 8140 064 0.005 0.01 017 027 952 0015 0063 NA NA 142
c. Combined Cyclo NG w/SWI + SCR 8140 023 2005 0.01 0.17 027 952 0015 0063 NA 03 142
2a. Combined Cycle Distillate Gil Bl 4 2.58 0.01 0.15 0.13 1330 0.013 0265 NA NA 142
b. Combined Cycle Distiliate Ol w/SCR 8140 08 25 001 015 013 1330 0013 0265 NA 032 142
3a Combined Cycle ResiduaiOil 8250 NA NA  NA  NA  NA NA NA NA NA NA NA
4a. Coal, Pulverized w/scrubbers 9400 6 [ 0.3 0.23 0.038 2240 0014 0308 NA NA 455
Sa. Coal, Atmospheric Fluidized Bed 10000 S 6 0.1 1.5 0.03 2380 0.015 0.325 NA NA 15900
6a. Coal, Integrated Gasificaton Comb C 9280 1.9 3.1 0.03 0.09 0.03 1840 0014 0302 NA NA  NA
7a. Geothermal, Flashed steam w/injectio 40000  NA NA NA NA NA 120 00004 NA 00664 NA 2224
8e. Solar, Thermal 14600 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1007
b. NG, Boiler back-up unit 11000 165 0007 0032 042 0014 1310 0002 0.3 NA NA 1023
¢. NG, Beiler back-up_ unit w/LNB 11000 0.4 0.007 0.032 042 0.014 1310 0002 0.31 NA NA 1023
d. NG, Boiler back-up w/LNB + SCR 11000 0.13 0.007 0.032 042 0014 1310 0002 0.3 NA NA 1023
9a. Solar, Photovoltaie 24000 0 [ 0 0 0 ] 0 Q 0 0 Q
108 MSW, Steam Boiler 16800 5.17 6.4 7.896 18 0.504 2770 0.02 0.55 NA NA NA
b. MSW, Steam Boiter w/FFB 16800 5.17 6.4 0079 16 0.504 2770 0.02 0.55 NA NA NA
11a. Wood, Steam Boiler 16740 2.59 0.14 8139 37 129 550 0.55 0.55 NA NA NA
b. Wood, Steam Boiler w/FFB 16740 2.59 0.14 0.08136 3.7 1.29 3550 0.55 0.55 NA NA NA
12 Wind 7600 0O 0 0 o ¢ . 0 0 ] [+] Q 0
132 Small Hydroelectric 3800 0 0 0 ] 0 0 0 0 0 [} 0
14a Purchasss Check source note.
Peakers
14 Combustion Turbine NG 13100 5152 0008 0174 1434 0.8 1560 0.16 0.24 NA NA Q4
b. Cambustion Turbine NG w/SW! 13100 1.03 0008 0174 1434 0.16 1560 Q.16 0.24 NA NA Q4
¢. Combustion Turbine NG w/SW1 + SC 13100 0371 0.008 0174 1,434 0.1 1560 Q.18 0.24 NA NA 04
2a. Combustion Turbine Distillate Oil 13100 8 2.78 04 1.52 0470 2150 0021 0276 NA NA 04
b. Combustion Turbine Distillate Oil w/S 13100 3 2.78 0.4 1.52 0470 2150 0021 0276 NA NA 04
" 3a. Reciprocating Engine, Diese! 10000 33.500 0557 2383 72856 2283 1620 NA NA NA NA NA
b, Reciprocating Engine, Diesal w/SCR 10000 5025 0557 2383 7.286 2293 1620 NA NA NA 039 NA
4a. Pump-storage Hydroelectric 4900  Check source note.
Sa. Purchases Check source note.
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New Utility Facilities

Baseload
1a. Combined Cycle NG, Sulfur content 0.0007%. Oxidation catalyst at 80% contrel for CO. Sourca: Teilus (s) for emissions (except NOx which is from
CEC (#)} and chosen CO control level. Water consumption from CEC (b).
. Combined Cycle NG w/SWI. Sulfur content is 0.0007%. Oxidation catalyst at 80% control for CO and SWI at 80% control for NOx. Source: Tellus
{s) for amissions and chosan CO control level, CEC (a) for chosen NOx control lavel Water consumption from CEC (b).
c. Combined Cycle NG w/SW! + SCR. Sultur content is 0.0007%. Oxidation catalyst at 80% control for CO. SW1 + SCR at 92.8% control for NOx which
. corresponds to 9 ppm . SW1 reduces NOx emissions by 66.4% going from approximately 123 ppm to 42 ppm. This is followed by an additional
78.8 % reduction from SCR going from 42 ppm to 9 ppm. In the Northeast, this was considered the least cost combination of NOx control to achieve
the NESCAUM reguistion of 9 ppm. Source: Tellus (s} for emissions and chosen CO control level, CEC (a) for chosen NOx control level. NH#
amissions are a Tellus calculation (see expianatory notes). Water consumption is from CEC (b). )
2a. Combined Cycle Distitlate Oil. Sulfur content la 0.3%, and ash s lesa than 0.1%. Oxidation catalyst st 80% control for CO. Source: Tallua (a) for
emissions and chosen CO controi level, Water consumption Is assumed squivalent to CC NG
b. Combined Cycle Distillate Oit w/SCR, Sulfur content ks 0.3%, and ash iz less than 0.1%. Oxidation catalyst at 80% contrel for CO and SCR at 80%
control for NOx. Source: Tellus {8) for ernissions and chosen CO cortrol level, CEC (s) for chosen NOx control level. Tha NHJ emissions are a
Tellus calculation (see explu:atory notes). Water consumption is assumed equivalent to CC NG.
3a Combined Cycle Resicdual Oil. NA : :
4a. Coal, pulvarized w/scrubbers. Sulfur content is 25% and ash content Is 12%. Scrubbers 81 83% control for SOx and 90% contrel for TSP. Source:
Tolus {8) for emissions (except COR which comes from Gleick to reflect Westewn cosl). internal calculaiion 10 sstimate control levels,
Weter consumption from ETH.
Sa. Coal, Atmasphetic Fluldized Bed Combustion. Suffur contant Is 2.5% and ash contert ie 12%. Source: Tellus {a) (except coal which comss from
Qlelck Yo reflect Wastam cosl). Water consumption from CEC ().
Sa. Coal, integrated Gasification Combined-Cycle. Sulfur content Is 1.4% and ash content ls 6.25%. Source: Tallus (2) {except CO2 which comes {rom
Gialck 1o reflect Western coal).
7a. Goothermal, Flashod steem wiinjection. Average of the 9 CECi Coso plants, 8 under construction. Alr Emissions Control Syw {AECS) utilizing
noncendenaible gas injsction. Heat Flzts Is assumed 40000 Bhw/KWhe, SBource: Goddard & Goddard for emissions, Tellus for Heat Rate.
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 Geotharmal Emissions
The geothermal emissions presented here are not considered wholly representative of potential gecthermal smissions in Nevada,
Geothermal emissions are very site-specific and emission values should be submitied by potential developers ¥ anticipated
emissions are substantially different from those presented here.
New Unility Facilities
Baseload
a. Combined Cycle NG, The potential rangs for the CO conitrol using oxidation catalyst Is 80 - 90%. Source: CEC (a) for control range.
b. Combined Cycle NG w/SCR. The potential range for CO control using oxidation catalyst is 80 - 90%. The potential range for NOx contro! using
SCR Is 80 - 90%. Source: CEC (a) for control ranges. .
a. Combined Cycle Distillate Oil. The potential range for CO control using oxidation catalyst is 80 - 50%. Source: CEC (a) for control range.
b. Combined Cycle Distillate Cil w/SCR. The potential range for CO control using oxidation catalyst is 80 - 90%. The potential range for NOx control
using SCR le 80 - 90%. Source: CEC () for control ranges.
a. Combined Cycle Residual Oil,
a. Coal, pulverized w/scrubbers.
a. Coal, Atmospheric Fluidized Bed Combustion.
1. Coal, Integrated Gasification Combined-Cycle.
a. Geothermal, Flashed steam wiinjection.
a Solar, Thermal.
5. NQ Boiler back-up unit
¢. NQ Boiler back-up unit w/LNB.
d. NG Boiler back-up unit w/SCR.
a, Solar, Photovoltaie,
Oa. MSW, Steam boiler.
b. MSW, Steam Boiler w/FFB.
1a. Wood, Steam Boller.
b. Wood, Steam Boiler w/FFB.
28, Wind.
1a. Smait Hydroelectric,
4. Purchases.
Paakers
1 Combustion Turbine NG.
2. Combustion Turbine NG. The potential rangs for NOx control using SW1 is 70 - 82%. Source: CEC for control range.
1. Combustion Turbine Distillate Oil.
. Combustion Turbine Distillate Oli w/SWI. The potential range for NOx control using SW1 is 70 - 82%. Source: CEC for control range.
1. Reciprocating Engine, Diesel. .
b. Reciprocating Engino, Diesel w/SCR. The potential range for NOx control using SCR is 80 - 90%. Source: CEC for control range.
2. Pump-atorage Hydroslectric.
& Purchases
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PUBLIC INFORMATION | I

Sun Day 1992

Sun Day 1992: A Campaign for a Sustainable Energy
Furure, is a nationwide educational campaign to promote
improved energy efficiencies and renewable energy tech-
nologies, such as geothermal, solar, wind, biomass, solar-
hydrogen, and hydroelectrical.

Sun Day 1992 will include at least one national day (Earth
Day - April 22, 1992) and possibly a second in early fall
1992. In addition, Sun Day’s sponsors will encourage
related activities throughout 1992, such as the United
Nations Conference on Environment and Development
in June 1992, Sun Day’s organizers will develop and

distribute written materials on energy conservation and
renewable energy to students and teachers throughout the
United States.

The event’s initial sponsors include many state and na-
tional energy trade associations, representatives of mu-
nicipal electrical urilities, and national and local environ-
mental organizations. '

For further information, contact Sun Day .1992, 215
Pennsylvania Ave., S.E., Washington, D.C.20003. Phone
(202) 546-4996.

Six New Geothermal Brochures

For a long time, the geothermal community has needed
literature geared to the general public explaining geother-
mal energy and development. Such materials are becom-
ing available, several in the last few months.

The most inclusive is a handsome, full-color publication
called Geothermal Energy written by Mike Wright of the
Earth Science Laboratory, University of Utah Research
Institute. It includes six, well-illustrated pages that ex-
plain geothermal -- the what, why, how, and how much;
the “net positive” environmental impact; the enhanced
energy security and reduced trade deficit; and the costs.
For a free copy, write to UURI at 391 Chipeta Way, Suite
C, Salt Lake City, Utah 84108.

Another general-interest bro-
chure, this one concentrat-
ing on low-temperature re-
sources, is titled Geothermal ¢
Servicesaf The Geo-Heat Cen-
ter. The brochure describes
technical assistanceavailable;
advice and referrals; a
speaker’s bureau; ¢
tours; publications;
and a library. For a copy, write Paul J. Lienau, Director,
The Geo-Heat Center, Oregon Institute of Technology,
3201 Campus Drive, Klamath Falls, Oregon 97601.

An informative, full-color brochure now available from
Unocal Corporation is called Imperial Valley Geothermal
Operations. 'The geothermal resource is described, as are
Unocal’s power plants and geothermal operations in the
Imperial Valley. For a copy, write Unocal Corporation,
Corporate Communications Dept., P.O, Box 7600, Los
Angeles, Ca. 90051.

Two new brochures describe Hawaii’s geothermal devel-

opment. Geothermal, Part of the Mix in Hawaii’s Energy

Future, reportsthat in 1881, King David Kalakaua and his

po ) o the well-illustrated
R Y pages explain geothermal...” 335 Merchant Streer,

attorney general discussed with Thomas Edison the pos- -
sibility of using power from Hawaif’s volcanoes to pro-
duce electricity for Ii%hting Hawaii’s capital, and trans-
mitting this power by submarine cable to the other
islands.

The brochure is very attractive and informative, listing
advantages and disadvantages of geothermal develop-
ment and describing the worldwife use of geothermal
resources. The brocﬁure is actually one in a series of nine
informative pamphlets describing alternative energy
sources, planning, and management. The scope and
sophistication of information provided by these bro-
chures is sorely needed. For copies, write to the Energy

Office, Department of

Business, Economic De-
» velopment & Tourism,

Room 110, Honoluly, .
Hawaii 96813.

Another brochure on Hawaiian geothermal develop-
ment is called What's So Hot Avout Geothermal? In
clear language, it covers the basics of geothermal
production, emphasizing comparisons of geothermal -
development versus solar and wind; also, the brochure
covers CO, emissions from geothermal plants versus
those from oil- and coal-fired plants. The brochure is
available from The Pro-Geothermal Alliance, 737 Bishop
Street, Suite 2880, Honolulu, Hawaii 96813,

Los Alamos National Laboratory has reprinted an article
from Energy Watchtitled “Hot Rocks”, It is an informa-
tive, two-page description of the hot-dry-rock program,
printed in an attractive manner on recycled paper. For
copies, write Dave Duchane, Hot Dry Roc?( Program
Manager, MSD443, Los Alamos National Laboratory,
Los ;famos, New Mexico 87545. :
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Geothermal Information Needs

Reprinted from "Developing Advocacy for Geothermal Energy in the United States” by Phillip M. Wright, Earth Science Laboratory, University of Uiah
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Research Institute.,
Technical
Level Emphasis Mechanisms
s 3-7 Economic, environmental and social Direct presentations, factual
Market Makers E 79 advantages of geothermal energy. marketing material.
and End Users S0 5-9
LR 7-9
S 4-7 Energy security and how geothermal can Brielings for top officials, positioca
Administators E 69 help. Environmental and other papers. Articles in respected
S0 6-9 advantages. Voter support for alternative publications and major newspapers.
LR 6-9  energies and geothermal.
S 47 Specific needs of geothermal community. Briefings for legislators and staffers.
E 6-9 Energy security and how geothermal can Congressional testimony. Letters
50 6-9 help. Environmental and other dealing with a single issue. Published
LR 6-9 advantages. Voter support for alternative articles in journals and major
energies and geothermal. Economics of newspapers.
geothermal development.
5 79 Specific needs regarding regulations. Responses to FR announcements of
E 3-5  Advantages of geothermal energy. regulations. Letters and briefings.
S0 4-7 Multiple land-use context. Development Developing local-level relationships.
LR 7-9 sequence and its impacts.
S 39 Environmental and other advantages of Support for special interest groups.
Special Interests E 3-9 geothermal energy. Energy security and Developing working relationships.
S0 3-9 energy policy. Economic and social Articles and letters in their journals.
LR 3-9 effects of development. Development Articles in widely-read publications.
sequence and its impacts. Needs of In-depth newspaper and TV
geothermal community. documentaries.
5 156 General energy and geothermal Newpaper and TV spots on
E 1-5 information. Environmental and other geothermal projects and energy
SO 1-5  advantages. Economic and social effects issues.
LR NA of development. '
S 4-9 Scientific, economic, Iegal." social, - Text books and chapter for texts.
E 49 environmental, energy security aspects. Journal publications. Educational
S0 4-9 material for libraries.
LR 4-9
S 2-5  General informatien on geothermal Material for inclusion in texts,
E 25 energy. advantages. Environmental Pamphlets and other educational
(Grades 9-12) S0 2-5  impacts, General energy information. aids.
LR NA
-8 1-3 Basic energy and geothermal concepts. Material for inclusion in texts.
] E "1-83  Advantages of geothermal energy. Pamphlets and oth: i
(Craded K - 8) S0 1.3 B 2y aids.p er educaponal
LR NA
8 = Sclentific E = Economic 50 = Social LR = Legal/Regulatory
Basle General Semi- - Highl
Non-'i'echqical Non-Technical Technical Technical Techniycal
Technical Level Scale I : } } [ : i {
1 2 3 4 5 7 ]8 l9
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'ENERGY PLANNING ' .

California Energy Plan Announced

On October31, 1991, Governor Pete Wilson released the
1991 California Energy Plan. The plan establishes energy
policies for the next two years, and was developed by the
California Energy Commission. ‘

“The future economic growth of our state is directly
linked to the price and availability of energy in all its
forms,” Governor Wilson said. “An energy source that is
cheap to develop and consume may also be very expensive
in terms of its environmental and health impacts. An
energy efficiency improvement which is initially a bit
more expensive may actually save thousands of dollars
over its useful life.

“During the public hearing on the California Ener
Commission’s proposed report, and also during the pub-
lic hearing on the commission’s proposed 1991 Califor-
nia Energy Plan, a number of witnesses expressed dismay
that neither report recommends establishing a statewide
carbon-dioxide (CO,) reduction goal. Subsequent to
these hearings, Southern California Edison Company
and the Los Angeles Department of Water and Power
announced that they would each reduce their CO, emis-
sions by 10 percent over the next decade, and they each
established a goal to achieve another 10 percent reduction
by the year 2010. o

“At issue is whether or not the California Energy
Commission’s 1991 Energy Plan and Global Climate
Change report should, in fact, establish a CO, reduction
goal for California, and whether or not this go:l should be

announced in conjunction with the Governor’s approval
ofthe energy plan. As thelead state agency responsible for
global climate change issues, and as the state’s energy
agency whose policy decisions affect nearly all CO, emis-
sions within the state, I am today directing you (the CEC)
to hold appropriate public proceedings to determine
whether California should establish such a goal and, if so,
what level that goal should be.

“From an emphasis on conservation to allowing clean
renewable technologies to more fairly compete with con-
ventional energy sources, this (document) is a compre-
hensive blueprint for California’s energy future. The 12
policy recommendations and the 66 specific actions steps
represent a careful balance between market principals and
respect for environmental values, I endorse its adoption
and urge the legislature, the federal government, and all
affected state agencies to expeditiously implement its
recommendations,” Governor Wilson concluded.

California’s Energy Plan was prepared by the California
Energy Commission (CEC), pursuant to Public Re-
sources Code, Section 25309. The report forms the basis
for action by the Legislature, the Governor, other state
agencies, utilities, and the private sector in meeting
California’s future energy needs: It is supported by five
CEC technical reports: The Energy Efficiency Report, The
Fuels Report, The Energy Development Report, The Electric-
ity Report, and The California Contingency Plan.

Population Growth for California

On October 31, 1991, Richard Sybert, chairman of the
State Council on Growth Management, released a study
delineating dramatic changes in the population growth
patterns of California.

In the study, the California Department of Finance
predicts that California’s population will reach 36 million

by the end of the century. Furthermore, it is projected
that the state’s current population of 30.7 million will
increase by 30 percent by theyear 2005, about three times
more than the national population growth rate. These
changes are set forth in a new publication, Analysis of the
1990 Census in-California.
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"Cal'if'ornia’s Electrical Needs

The Division of Ratepayer Advocates (DRA) of the

California Public Utilities Commission
(PUC) has released a report on the
need for new resources for the
state’s electric utilities. The
report shows that Califor-
nia will need 3,851
megawatts of new or
repowered  power _3
plants in the next 8
years to accommodate
increases in demand
and to replace older ex-
istingpowerplantswith
new, more efficient, and less polluting
models, using PUC planning criteria.

n

..3,851 megawatts of new
or repowered power plants
in the next 8 years...’

While the DRA endorses the PUC criteria, the DRA
recommends that 2,244 megawatts be put out for bid
immediately, ‘This amount will ensure adequare power
supplies, maintain a healthy economy, and balance the

PUC criteria with the findings of the California Energy

Commission (CEC). This activity will also make sig-
nificant progress
toward improving
air quality.

How much capac-

ity is needed?
The DRA recom-

mendations on
needs by 1999, in

megawatts, follow.

Energy Efficiency Defined

On September 26 and 27, the Northern California Power
Agency held its 1991 annual meeting in Sacramento.
Charles Imbrecht, Chairman of the California Energy
Commission, was moderator for a panel on Energy Effi-
ciency.

In his remarks, Mr. Imbrecht stated that improved effi-
ciency in the way we use existing energy resources is the
most cost-effective method of energy conservation. “Over
the next 10 years, 75 percent of all capacity requirements

for California will be met through conservation efforts,”
Mr. Imbrecht said. ' '

S. David Freeman, General Manager for the Sacramento
Municipal Urtility District and a member of the Energy
Efficiency panel, called “conservation” a very conserva-
tive point of view, when looked at through the economics
of energy efficiency.

by Susan F, Hodgson

He said he believes most utilities pay only lip service to
energy efficiency, and that a utility’s money goes into
power plants. “The utility has incentives tosell more and
more electricity,” he said. Instead, Mr. Freeman believes
utility companies should have taken Thomas Edison’s
advice to sell light, not kilowatt hours. “If we did this,”
he said, “we would be getting as efficient with the whole
system, instead of stopping at the point wherethe electric-
ity is used. If we had abundant sales at the lowest price,
we knew we were doing well, - - '

“Wedon’t haveto justify efficiency on any grounds except
business sense,” Mr. Freeman continued. “The Sacra-
mento Municipal Utility District invests 5 percent of its
revenucs in efficiency programs. This is among the

highest percentage spent by a utility for such matters,” he
concluded.
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Efforts-

Dr. Calvin A. Kent, Administrator of the Energy Infor-
mation Administration (EITA), has announced a reorgani-
zation of the EIA, an independent arm of the Department
of Energy, which provides comprehensive energy statis-
tics and information, and objective analyses of energy
issues.

A major office has been created in the reorganization to
develop and maintain the National Energy Modeling
System and other modeling systems necessary to analyze
energy information and data used for midterm and long-
term energy forecasting,

EIA Consolidates Modeling and Energy Forecasting

“The modeling systems are needed in order to analyze the
complex interactions of demand, supply, and conversion
for all energy sources and-their economic and environ-
mental impacts,” said Dr. Kent,

The newly formed Office of Integrated Analysis and
Forecasting will undertake analytical studies of integrated
energy markets and the ways the markets are affected by
differing energy policies. Forecasts released by the office
will involve energy markets, environmental and macro-
economic issues, and international developments.

SERI Becomes National Energy Laboratory

On September 16, 1991, President George Bush desig-
nated the Solar Energy Research Institute (SERI) in
Golden, Colorado, as the National Renewable Energy
Laboratory.

President Bush said, “One of the most important themes
in our National Energy Strategy is the more efficient use
of energy resources. We must keep America on the
cutting edge of new technologies, like alternative fuels,
electric cars, solar and geothermal energy, high-speed rail,
and advanced, even safer nuclear energy facilities. We
must encourage environmentally responsible develop-
ment of all U.S, energy resources, including renewable
energy. Renewable energy does reduce demand upon our
other finite natural resources, it enhances our energy
security and, clearly, it protects the environment.”

In the last two years, U.S. Department of Energy (DOE)
funding for research and development of renewable en-
ergy technologies has increased by 78 percent, from $138
million to $246 million. In the last decade, the cost of
producing electricity from solar thermal has declined by
83 percent, from photovoltaics by 60 percent, and from
wind by 75 percent.

“Much of the outstanding progress in these areas took

place at SERL,” Deputy Secretary of Energy W. Henson
Moore said. “Elevating its status to the elite group of
National Laboratories is both a recognition of these
accomplishments and a commitment to continue this
renewable energy progress.”

SERI is the nation’s lead institution for solar and renew-
able energy research and development, with an annual
operating budget of about $95 million and a staff of over
500. It was authorized by the Solar Energy Research,
Development, and Demonstration Act of 1974, Midwest
Research Institute of Kansas City, Missouri, operates”
SERI for the DOE. The DOE has requested that SERT
receive a new $20 million, 100,000-square foot labora-
tory. Congress approved $4.5 million to begin construc-
tion in 1991,

Since SERI went into operation in 1977, the laboratory’s
mission_has grown to include all aspects of solar and
renewable energy research, including photovoltaics, solar
thermal, biomass, wind, building systems, resource as-
sessment, analytical studies, and energy storage. The
laboratory’s cooperative programs and technology-trans-
fer initiatives with private industry have helped bring
renewable energy technologies into practical use.
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Geothermal Sampling Device Used or Deep Sea Testihg-

With a device designed by Lawrence Berkeley Laboratory, scientists
obrained an uncontaminated fluid sample from a well south of Costa Rica,
the deepest well ever drilled into the oceanic crust. The sample was
extracted with a downhole sampler designed at Lawrence Berkeley for gas-
and fluid-sample collection from geothermal wells. The laboratory modi-

fied the device for undersea use.

The fluid drawn from the offshore well was very hot (about 165°C or
330°F). Asthesurrounding ocean waterwas near freezing, the samplerwas
modified to equalize pressure conditions inside and outside of the sample

chamber,

A piece of flexed tubing was inserted into the sampler to act as a volume
compensator. Thus, oceanic waters, instead of rushing into the sample
chamber when the pressure dropped, entered the tbing through its one
open end, forcing the tubing to elongate until pressure inside and outside

the chamber were equalized.

<TOTAL DRILL STRING LENGTH
1$ 30.000 FT

TELEVISION CAMERA
ON FRAME

e
L2 1 v -
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s oy
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Achemist attackes sample-extraction equipment to
the fluid sampler. Photo by R. Solbau.

Theresearchvessel] OIDES Resolution aspreparations
were underway to reenter the decpest well ever drilled
into oceanic crust, Eveniually, the downhole fluid
sampler, actually developed for geothermal wells, would
be lowered down the well from inside the drill siring,
Drawing courtesy of Lawrence Berkeley Laboratory.
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GRANTS, LOANS, AND PROPOSALS :

Geothermal Grant and Loan Program

In September 1991, the California Energy Commission
(CEC) began the 12th funding cycle of the Geothermal
Grant and Loan Program. With this program, the CEC
funds geothermal projects for cities, counties, special
districts, Indian tribal governments, regional planning
agencies, and certain municipal utility districts.

The CEC accepts applications for resource and technol-
ogy development, impact mitigation, and planning. Re-
cent legislation atlows the CEC to award funds to private
applicants, but such solicitations will not begin until
calendar year 1992. :

It offers grants for projects not expected to generate
savings or revenues. These include impact mitigation,
planning, resource assessment projects, and certain high-
risk research and development projects. Applications for
impact mitigation, and/or planning projects from coun-

ties of origin, and from local jurisdictions within a county
of origin must provide a matching contribution of at least
50 percent of the total project cost,

Contingent awards are available to local jurisdictions
developing products that are expected to generate energy
cost savings or revenues. The minimum matching contri-
bution is 20 percent of the total project cost. Based on the
success of the project, a contingent award is converted to
a grant or a loan. The interest rate is 4 percent for
contingent awards converted to loans. The maximum
repayment term for loans is 20 years. Funding is awarded
competitively. :

If you are interested in the program, contact Kelly
Birkinshaw, Geothermal Grantand Loan Program, CEC,
1516 Ninth Street, MS-43, Sacramento, Ca. 95814.
Phone: (916) 654-5129.

Direct-Use Proposals Sought for Geopressured

Resource

EG&G Idaho, Inc., a management and operating con-
tractor for the Department of Energy, requested written
expressions of interest to provide proposals for direct uses
of ageopressured-geothermal résource. It wasanticipated
that the proposals would be on a 50/50 cost-share basis.
According to Tonya Pearson, subcontract administrator
for EG&G, a fair response was received to the request.
The next step will be for EG8&G to mail out Requests for

Proposals for an industry cost-shared, direct-use evalua-
tion project over an estimated 3-year period. =

Possible direct-use projects include agriculture, aquacul-
ture, thermally-enhanced oil recovery using hot geopres-
sured fluids, supercritical fluids used to process organic
waste, desalination, and soil remediation.

| LEGISLAIN | | |

California Legislation

AB 1970 AUTHOR: Klehs

TITLE: ‘Taxation: natural resources

INTRODUCED:03/08/91

LOCATION:  Assembly Revenueand Taxation Com-
mittee i

SUMMARY:

Makes nonsubstantive technical changes to provisions of
the Personal Income TaxLaw and Bartk and Corperation
Tax Laws relating to percentage depletion in the case of
oil, gas,and geothermal wells.
STATUS: 04/01/91 Te ASSEMBLY Committee on

- REVENUE AND TAXATION.

SB634  AUTHOR: Rogers
TITLE: Mineral resources: revenues:leases
INTRODUCED:03/04/91
ENACTED: 10/05/91
CHAPTER: 520

SUMMARY:

Authorizes the State Energy Resources Conservation &
Development Comumission to make grants to private
entities engaged in the exploration and development of
geothermal  energy, subject to specified conditions. Im-
poses an additional requirement that projects approved
by the Commission be submitted for review & comment
to the Department of Finance, 8 Legislative Analyst, &
the Joint Legislative Budget Committec when the Legis-
lature is in sesslon. ’

STATUS: 10/05/91 Signed by GOVERNOR.

Federal Legislation

H 409 AUTHOR: Quillen -
"~ TITLE: ALTERNATIVE ENERGY
SOURCES |
INTRODUCED: 01/04/91
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SUMMARY:

Creates acommission to grant exclusive franchises for the
exploration and for the commercial development of
geothermal energy and for the right to market any such
energy in its natural state.

STATUS: 01/04/91 INTRODUCED. To HOUSE -
Commitree on ENERGY AND COMMERCE.

H 780 AUTHOR: Sharp
TITLE: ALTERNATIVE ENERGY SOURCES
INTRODUCED: 02/04/91
SUMMARY:
Provides incentives for generating electricity using solar,
wind, or geothermal energy. Encourages energy and
water conservation,
STATUS: 02/04/91 INTRODUCED. To HOUSE
Committee on WAYS AND MEANS.

H 929 AUTHOR: Sharp
TITLE:  ALTERNATIVE ENERGY SOURCES
INTRODUCED: 02/06/91
SUMMARY: .
Makes certain technical corrections in the Solar, Wind,
Woaste, and Geothermal Power Production Incentives

TECHNOLOGY TRANSFER

Act of 1990.
STATUS: 02/06/91 INTRODUCED To HOUSF
Committee on ENERGY AND COMMERCE.

AUTHOR: Thomas W

TITLE:  ALTERNATIVE ENERGY SOURCES
INTRODUCED: 03/22/91

SUMMARY:

Amends theInternal Revenue Code of 1986 to excend for
5 years theenergy investment credit for solar energy.and
geothermal property and to allow such credit against the
entire regular tax and the alternative minimum tax.
STATUS: 03/22/91 INTRODUCED. To HOUSE
Committee on WAYS AND MEANS.

AUTHOR: Williams

TITLE: ALTERNATIVE ENERGY SOURCES

INTRODUCED: 09/17/91

SUMMARY:

Amends the Geothermal Steam Act of 1970.

STATUS: 0%/17/91 INTRODUCED. To BOUSE
Committee on INTERIOR AND INSULAR,
AFFAIRS.
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Energy Sources Technology Conference and Exhibi-
tion, Adam’s Mark Hotel, Houston, Texas, January 26-
30, 1992.

The event is organized by the American Society of Me-
chanical Engineers, Petroleum Division. For informa-
tion on the technical sessions and on program planning,
contact Dr. John C. Rowley, Pajarito Enterprises, 3 Jemez
Lane, Los Alamos, NM 87544. Details on registration
and the advance program are available from Mr. Frank
Demarest, ETCE-ASME Pet. Div., 1950 Stemmons
Frwy., Ste. 5037C, Dallas, Texas 75207.

Seventeenth Annual Workshop on Geothermal Reser-
voir Engineering, Stanford University, Stanford, Califor-
nia, January 29-31, 1992.

Theaim of the workshop is for researchers, engineers, and
managers involved in geothermal reservoir studies and
developments to report on their progress and discuss
geothermal matters.

For further information, contact Ms. Jean Cook, Pro-
gram Manager, Petroleum Engineering Dept., 360
Mitchell Bldg,, Stanford, California 94305-2220. Phone
(415) 723-4745.

National Energy/Environmental Education Network
Conference, February 25 through 28, 1992, Peppermill
Hotel, Reno, Nevada. $150 if rcglstered before January
10; after this date, $200. Sponsored by the State of
Nevada, U.S. Department of Energy, the California
Energy Extension Services, the Energy Offices of Arizona
and Illinois, Bonneville and Western Area Power Admin-
istrations, Sierra Pacific Power Company, Nevada Power
Company, Southwest Gas Corporation, and OESI Power
Corporation.

This new organization hopes to develop a strong network
for energy education professionals; to identify and under-
take strategies for information exchange, and to form
direction for the 1990s to educate youth, consumers, and
communities on energy and environmental issues.

For further information, call Ms. Cathy Fischer at (702)
784-4921.

Symposium on Sustainable Development of Energyand
Mineral Resources in the Circum-Pacific Region and
the Environmental Impact of their Utilization, March 9
to 12, 1992, Bangkok, Thailand. Sponsors include the
Circum-Pacific Council for Energy and Mineral Re-

sources, the Petroleum Institute of Thailand, and other -

Asian and international associations.

The symposium will evaluate the natural endowment of

energy and mineral resources, the factors affecting their
utilization, and the environmental consequences of their
development.

Particular emphasis is given to the western Pacific region,
which includes the most rapidly growing areas of eco-
nomic development and population. These are also the
areas with the greatest - potential for increased use of fossil
fuels and increasing rates of greenhouse emissions.

For information/registration contact, Ms. Mary Stewart,
Secretary-Treasurer, Circum-Pacific Council, 5100
Westheimer, Suite 500, Houston, Texas 77056. Phone
(713) 622-1130.

The Earth Summit, the final event of the United Na-
tions Conference on Environment and Development,
Rio de Janeiro, Brazil, June 1-12, 1992.

The United Nations Conference on Environment and
Development is a worldwide series of conferences and
events scheduled between July 1991 and June 1992. The
final activity will be The Earth Summit held in Rio de
Janeiro in June 1992,

Maurice F. Strong, the conference secretary-general, says
that Brazil is preparing to receive 6,000 conference par-
ticipants. He says it will be the largest earth summit ever.
At least 100 heads-of-state are expected.

James Gustave Speth of the World Resources Institute
told the Senate Committee on Foreign Relations in May
that “The 1992 Earth Summirt presents an extremely
important, once-in-a-generation opportunity forthe world

_community.”

- Mr. El-Ashry, environmental director of the World Bank,

has proposed as agenda items for the conference: inte-
grated land resources management; sustainable energy
strategies; forests and biological diversity; international
finance; and international technology tra.nsfer.

Among the conference organizers is Gabriel Sénchez
Sierra, a committee member of the Working Party for the
Atmosphere. Dr. Sdnchez Sierra is the Secretario General
of OLADE (Organizacién Latinoamericana de Energfa),
P.O. Box 6413 CCI, Quito, Ecuador. OLADE is well-
known to the geothermal community for its work in
geothermal development in Latin America.

The Danish Organization for Renewable Energy, in
collaboration with interested nongovernmental organiza-
tions, is formulating a proposal to the United Nations
Conference on a world strategy for sustainable energy
development. This will include the goal of reducing CO,

emissions. For information on this Danish organzzatlon,
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“contact OVE International Secretariat, Willemoesgade

~ 14, 2100 Copenhagen, Denmark.

To receive an invitation to attend the Earth Summit, you
must present yourself to the conference organizers as a
member of a nongovernmental organization. Such a
presentation involves filling out an application form. To
receive this form or for more conference informarion,
write Ms. Yolanda Kakabadse, 160 Route de Florissant,
P.O. Box 80, CH-1231, Conches, Switzerland.

7th International Syinposium on Water-Rock Interac-
tion, Park City, Utah, july 13-22, 1992.

The symposium will focus on all environments with
water-rock interaction, from low- to high-temperatures
and pressures, to methods applications.

Thesymposium is organizéd by the National Water-Rock .

Interaction Organizing Committee, selected by the Work-
ing Group on Water-Rock Interaction. A post-session
field trip will be held in Yellowstone National Park, July
19-22.

For further information, contact Dr. Yousif Kharaka,
Secretary General WRI-7, USGS, 345 Middlefield Road,
Menlo Park, CA 94025.

International Conference on Industrial Uses of Geo-
thermal Energy, Cleaner Energy for the Future, Reykjavik,
Iceland, September 2-4, 1992.

The conference will focus on the technical and economic
parameters of using geothermal steam in industrial manu-
facturing processes. The conference is aimed at technical
and management personnel in energy intensive indus-
tries, but academics and others interested in geothermal
energy are encouraged to attend.

For information, contact the Federation of Icelandic
Industries, P.O. Box 1407, 121 Reykjavik, Iceland.

2nd World Renewable Energy Cohgfcss, Readiﬁg, UK,
September 13-18, 1992.

A forum where those responsible for and involved in
renewable energy, including geothermal, can discusslarge-
scale implementation of these energy resources.

For further information, contact Professor A.A.M. Sayigh,

Congress Chairman, Dept. of Engineering, Univ. of
. Reading, Whiteknights, P.O. Box 225, Reading RG6
+2AY, United Kingdom,

1992 Annu:ﬂ Meetiﬁg of thé Gébtﬁei‘mal Resx;urces
Council, October 4 -7, 1992, Town and Country Hotel,
San Diego, California.

The meeting will mark the 20th anniversary of the GRC,
and a gala celebration is planned. There will be at least six
separate sessions, including exploration, turbo-machin-
ery maintenance, corrosion, fractured reservoirs, hot dry
rock, and geothermal hazards, Possible field trips include
the geology of the Salton Trough, flash and binary power
plants, and hardware supply and service centers in the
Imperial Valley. For further information, contact Grace
Mata, GRC, P.O. Box 1350, Davis, Ca. 95617.

Symposium on Tectonic Framework and Energy Re-
sources of the Western Margin of the Pacific Basin,
Shangri-La Hotel, Kuala Lumpur, Malaysia, November
29 - December 2, 1992. Organized by the Circum-
Pacific Council for Energy and Mineral Resources.

At the symposium, discussion will center on the relation-
ship of the tectonic framework and dynamic geological
processes to the potential- and actual-energy resources
along the western rim of the Pacific basin. Subjects to be
reviewed are the existing knowledge; the distribution of
energy resources in relation to sedimentary basin dynamic
processes; future research; and existing and planned uses
for this energy.

For further information, contact The Symposium Secre-
tary, c/o Geological Society of Malaysia, Dept. of Geol-
ogy, Univ. of Malaya, 59100 Kuala Lumpur, Malaysia.

Problemsin Geothermal Energy, the International Sym-
posium on Geothermal Energy, June 1993, Leningrad,
USSR. Sponsored by the Leningrad Mining Institute and
the Soviet Geothermal Association.

The goals of the symposium are to advance theoretical
knowledge and practical application of the development
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of geothermics, geothermal resources evaluation, tech-
nology and utilization of thermoelectroenergetics and
balneology; to establish and develop scientific contacts
among specialists from different countries; and to im-
prove and expand on the contents of Geothermal Energy,
a collection of scientific papers to be published in 1994,
in Russian and English. :

The main topics to be discussed are geotemperature fields
and geothermal resources; the technology of geothermal
energy and fluids extraction; and the utilization of geo-
thermal energy and thermal water.

Papers aresolicited in all aspects of theoretical and applied
geothermics, geothermal technology, geothermal ener-
getics, and balneology.

For further informarion, contact the Leningrad Mining
Institute, Dom 2, 21 Linia, Leningrad, 199026, USSR.
Phone 2136137, 2188460. Telex 121494 LGIP SU.
Fax (812) 2132613. The co-chairman of the program
committee is Prof. Paul Kruger, Civil Engineering Dept.,
Stanford Univ., Stanford, Ca. 94305.

CORE REPOSITORY B

Geothermal WeI'I-Sa'm'p'Ie Storage Available

‘The California Well Sample Repository is looking for
more geothermal well materials to add to its collection of
rock-sample suites from geothermal areas.

The repository is on the campus of California State
University, Bakersfield. It is the state’s only facility for
permanent storage and public use of cores, sidewall
samples, drill cuttings, outcrop samples, microfaunal
slides, foundation borings, and mineral suites.

Cores, ditch samples, and sidewall samples from more
than 10,000 exploratory and development oil and gas
wells throughout thestateare in the collection. Whenever
possible, cores are center-sliced to enhance study. Mate-
rials are placed in standardized cardboard boxes, labeled
for retrieval, and stored on steel shelving. Ancillary data

AUDIOVISUAL

Before the Drilling Begins

The environmental documentation process and well-pad
engineering practices used at The Geysers Geothermal
field are the topics of a videotape available from the
Division of Oil and Gas. The videotape is about 13
minutes long and was taped on location at The Geysers

(Geothermal field,

The videotape, titled Before the Drilling Begins, may be
purchased for $25 in the VHS format.

Contact Susan Hodgson for further details at (916) 323-
2731. .

such as well histories, core descriptions, photos, analyses,
and electric logs are on file for many wells.

The repository is open to anyone wishing to study its
materials, either on or off the site. Materials are used for
seminars, schools, and conventions. Grants, contracts,
donations, gifts, and other funds received in support of
the repository are administered by the California State
University, Bakersfield Foundation solely for the benefit
of the repository.

For more information, contact Russ Robinson, the re-
ository curator, at (805) 664-2324. The repository is
ocated at California State University, Bakersfield, 9001

Stockdale Hwy., Bakersfield, California 93311-1099.
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Hawaii volcanism: impact on the environment (20
slides). 1991. $25.00 plus $10 handling charge. Order
product no. 739-A11-005. Available from the National
Geophysical Data Center, 325 Broadway, E/GC4, Dept.
‘863, Boulder, Colorado 80303-32328.

“The set of 20 color slides (35 mm) illustrates the impact

~-of volcanism on communities, vegetation, marine life,
roads, and coastlines. Also illustrated are the benefits of
volcanism such as geothermal power, increase in island
land areas, and opportunities for viewing and studying
volcanism in relative safety. Views of eruptions are
included at Kilauea and Mauna Loa volcanoes in the
1980s.

/

Relief globe slides (set of 20 slides). 1991, $40.00.
Available from the National Geophysical Data Center,
325 Broadway, E/GC4 Dept. 874, Boulder, Colorado
80303-3328. Ask for Product #931-A11-001.

The set of 20 slides contains 14 global views of the Earth
in full-color shaded relief, with land and undersea topog-
raphy. The planet is seen from vantage points over the
poles and each major ocean and land mass. A rectangular
Mercator projection view of the whole Earth is included,
as well as displays of crustal plates and their relation to
world seismic activity. The images are computer-gener-
ated from a digital database of oceanic bathymetry and
land topography. The original data points were spaced
every 5 minutes of latitude and longitude. The images
represent a reduced resolution while preserving impor-
tant physiographical features. Otherviews may be gener-
ated on request, either as slides or as computer files,

PUBLICATIONS

Harbin Hot Springs |

Come... Let’s take a stroll with Ellen Klages, author and
resident of Harbin Hot Springs, a famous hot springs
resort south of the City of Clearlake. Turn the pages of
her book, Harbin Hot Springs: Healing Waters, Sacred
Landand watch how legends literally spring to life. This
isnotonly an anthropological study of the area and its past
inhabitants, but also a detailed historical account of a
Lake County retreat center, recording all the various
owners, proprietors, and patrons.

In the beginning, we meet the First People--the Pomos
and the Lake Miwoks--whose shamanic rituals 125 years
ago drew them to the “hot place.” We next warch the
Victorian ladies and gentlemen eagerly “take their cures”
after a nine-hour tortuous, dusty ordeal of a train and
stagecoach ride from the Bay Area to Lake County. The
most popular doctor’s prescription for a cure was the
“waters”--whether onehad dropsy, consumption, orother
maladies. (You havetobearin mind peopledid not bathe
on a regular basis in those days.)

Next, the retreat evolved into a “paradise for pugilists.”
Herewe hang ourwith the good ole boys, boxing celebrity
Jim Jeftries, and Ruby Bob Fitzsimmons, “that bald
kangaroo.” These men sparred, hunted snipe, and played
a hoax that went awry (with local townspeople and the
sheriff in on it) that was even reported in a San Francisco
paper. It was fun times for the sports celebrities and their
camp followers. ' ’

by Barbara Baylard
Geothermal Section, Santa Rosa

Prohibition did not really have much of an effect on
Harbin. The Depression cameand left. Surprisingly, the
resort boomed. “We not only have a right, but an
obligation to take vacations,” wrote Eleanor Roosevelt in
her weekly newspaper column. Although tires and gaso-
line were rationed {in one month Lake County was
allotted 8 new tires and 14 retreads), every cabin and room
was booked to capacity. Indeed, it was the age of the
automobile that made the resort boom into a family
sporting lodge.

Through theyears, several debilitating fires took their toll.
But the Phoenix always rose up amidst the ashes at
Harbin. Now, a new surprise was in store. Harbin Hot
Springs became a university, Harbinger University. Al-
though the original intent was for it to become a think
factory for scientists to study the connections between
religion and science, an enlightened few, trying to find a
legitimate journey to higher consciousness, were joined
by a mass of young imitators. In the late "60s and early
’70s, hundreds of people arrived--expecting to attend a
great party, to be fed and housed with nothing asked in
return. The bullet-riddled carcass of a car with red paint
dripping, “WELCOME,” sitting in front of the iron-
wrought gate to the inn, plus scattered beer cans served as
appropriate symbols of the time,

Bob Hartley, who had invested in the Harbin resort, was
a man with a dream. His vision of scientists, seers, and
hippies commingled to form a throng for his Heart
Consciousness Church came nigh to being destroyed
both by a civil war with squatters at the resort, and by the
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reactions of outside townspeople. However Hartley,
known as “Ishvara,” diligently set up a teaching center
and workshops specializing in the New Age. Holistic,
natural living, and health were to be primary focal points
at Harbinger U., now called New Age University.

His dreams, hopes, and tenacity are reminiscent of those
of the other owners, beginning with the founder, James

Matthew Harbin,

Where is Harbin Hot Springs? Follow Highway 29
through California’s Napa Valley, enter Lake County,
and travel to Middletown. There, inasecluded canyon to
the northwest lie the hot springs, the site where Harbin
Hot Springs was founded--“the hot place.”

What are hot springs? They are pools of naturally heated
(geothermal) waters coming to the earth’s surface. Here
at Harbin, the geothermal water is channeled into soaking
pools. A nartural, cold-water spring fills a swimming pool.

Harbin Hot Springs: Healing Waters, Sacred Land
(1991, Harbin Springs Publishing) isavailable for $11.95
from this company at P.O. Box 1132, Middletown,
California 95461.

Schlumberger sounding near Medicine Lake, Califor-
nia. By A. A. Zohdy and R. ], Bisdotf. 1990. Published
in Geophysics, v. 55, no. 8 (August), p. 956-964. Journal
available in most libraries.

Geothermal program review IX proceedings, March 19
to 21, 1991, sponsored by the U.S. Department of
Energy, Conservation and Renewable Energy, Geother-
mal Division. CONF-913105. Available from the
National Technical Information Service, U.S. Depart-
ment of Commerce, 5285 Port Royal Road, Springfield,
Virginia 22161.

Reports are included from the annual Department of
Energy, Geothermal Division conferenceon research and
development. The papers cover hydrothermal and hot-
dry-rock projects, geopressured resources, and the Long
Valley exploratory well. : ‘

U.S. Department of Energy Publications

The following documents are available, free of charge,
from Geothermal Division (Mail Code CE-122), U.S.
Department of Energy, 1000 Independence Avenue,
SW, Washington, ID.C. 20585 erMeridian Corporation,
Attention: Perle M. Dorr, 4300 King Street, Suite 400,

Alexandria, VA 22302, Phone: (703) 998-3600; Fax:
(703) 998-0887. - '

®
Geothermal energy R&D program, annual progress
report for fiscal year 1990. 1991. Prepared for U.S.
Department of Energy by Meridian Corporation.

The report includes a description of the objectives of each
project in the FY90 R&D program; the fiscal year activi-
ties; project milestones, variances, and deliverables; and
the progress that has been made during the fiscal year
toward meeting the objectives. '
.

Geothermal progress monitor no. 12. 1991. Prepared
for the U.S. Department of Energy by Meridian Corpo-

ration.

This issue of the annual publication synthesizes informa-
tion on all aspects of geothermal development in this
country and abroad to permit identification and qualifi-
cation of trerids in the commercial use of geothermal
energy technology. It covers the advances, progress, and
activities through 1990.
)

Geothermal technology evolution rationale for the Na-
tional Energy Strategy. 1990. Prepared for U.S. Depart-
ment of Energy by Meridian Corporation.

The report contains the rationale for projections of cost,
performance, and market penetration by geothermal re-
sources and energy systems; addresses figures of merit for
evaluating the economic viability of geothermal electric
projects and technology trends affecting cost; examines
three scenarios of projected change in cost and perfor-
mance; and presents the rationale for achieving the im-
provements, - S ' '
.

Geothermal energy program, multiyear plan, FY 1992-
1997. By the Geothermal Division, U.S. Department of
Energy. June27, 1991.

The plan, and accompanying budgetary figures, are for
internal planning and management purposes. They have
not been approved as U.S. Government budget figures or
projections. - - S

The purpose of the plan is to translate programmaticgoals

- and-objectives -into-a-definitive strategic plan for the
. development of geothermal energy and to identify the

resources, schedules, and milestones required to carry out
the program. “The plan also provides a baseline against’
which progress can be measured.

To comment on the plan, contact Dr. Allan Jelacic,
Geothermal Division, Conservation and Renewable En-
ergy, U.S. Department of Energy, Washington, DC
20585.
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photographs and illustrations, many never before published, Hardcover. $10.00 a copy (tax and
shipping included). Written by William Rintoul for the Division of Oil and Gas. Published by
and available from the division, at 1416 Ninth Street, Room 1310, Sacramento, Ca. 95814.
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Geothermal energy. in the Western United States and
Hawaii: - resources and projected electricity generation
supplies, 1991. DOE/EIA-0544. Free. 70 p. Available
from the GRC, P.O. Box 1350, Davis, Ca. 95617.

This report includes the current status of the industry and
the electric-power generation potential of geothermal
energy. It concludes that the prospects for geothermal
development depend upon finding large, new resources,
predicting operational performance, competingwith other
energy technologies, meeting environmental and other
constraints, improving technology, and satisfying market
demand.

California statewide wilderness study report, parts 1, 2,
and 3. Free. 1991. Published by and available from the
Bureau of Land Management, Federal Building, 2800
Cottage Way, Sacramento, Ca. 95825.

These are important reference volumes. They include the
wilderness recommendations for 209 wilderness study
areas in California. Basically, 2.3 million acres in 62 study
arcas are recommended for designation as part of the
National Wilderness Preservation System. Also, 4.8
million acres in 147 study areas are recommended for
release from wilderness study, for uses other than wilder-
ness. Part 2 includes a full-color Wilderness Status map.

Temperatures and natural a-ray logs obtained in
boreholes MLGRAP #1 and #2, Mammoth Lakes, Cali-
fornia; data and preliminary interpretations, U.S, Geo-
logical Survey, Open-File Report 90-0460. By W.H.
Diment and T.C. Urban, 1990. 132 p. Microfiche
$4.00; paper copy $20.25. Available from U.S. Geologi-
cal Survey, Books and Open-File Reports Section, Federal
Center, Box 25425, Denver, CO 80225. Phone (303)
236-7476.

Magmatic unrest at Long Valley Caldera, California,
1980-1990 (abstract). By R.A. Bailey. 1990, Program
with Abstracts, Geological Association of Canada; Min-
eralogical Association of Canada; Canadian Geophysical
Union, Joint Annual Meeting, May 1990, p. 6. Journal
available in university libraries.

" Interim coordinated resource management plan, P800-

91-003 CD. Free. Published by and available from the
California Energy Commission, 1516 Ninth St., MS-13,
Sacramento, Ca. 95814.

The plan for The Geysers Geothermal field was prepared
by members of the Commission’s Geothermal Technical
Advisory Committee.

1990 Energy Efficiency Report, No. P400-90-003. By
the California Energy Commission. 1990. Available free
on request from the California Energy Commission,
Publications Office, MS-13, 1516 Ninth Street, Sacra-
mento, California 95814-5512.

The report identifies energy use trends in residential,
commercial, industrial, agricultural, and transportation
sectors; identifies conservation reasonably expected to
occur over the forecasted period; indicates the potential
for additional conservation; specifies improvements to
existing programs; and recommends legislative or admin-
istrative actions, programs, and policies.

“Imperial Valley’s Geothermal Resource Comes of Age,”
by Vince Signorotti. Reprinted separately from the
Summer 1991 issue of Valley Grower. Free. Available
from Vince Signorotti, Unocal, 461 West Main St.,
Brawley, Ca, 92227.

Thearticle offers an interesting, historical overview of the
development of geothermal energy in the Imperial Valley.

Monograph on The Geysers Geothermal Field. 1991.
$28.50, hardbound, including shipping and handling,
International orders other than Mexico and Canada, add
$5.00 for surface deliveries. Published by and available
from the Geothermal Resources Council, P.O. Box 1350,
Davis, Ca. 95617.

“This is the most definitive work ever written on The
Geysers,” said Dave Anderson, executive director of the
GRC. “It includes 34 papers on all aspects of geothermal
development in the field. Two chapters describe the
history of development. All in all, this is a landmark
publication,” he concluded. o ' :
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The following reports are available on request from
EG&G Idaho, Inc., P.O. Box 1625, Idaho Falls, Idaho
83415. -

°
The feasibility of applying geopressured-geothermal
resources to direct uses, by B. C. Lunis, ]. Negus-de Wys,
M. M. Plum, P. ]. Lineau, F. J. Spencer, and G. F.
Nitschke. =~ -

°
Feasibility study: application of the geopressured-geo-
thermal resource to pyrolytic conversion or decomposi-
tion/detoxification processes,” by W. A. Propp, A. E.
Grey, J. Negus-de Wys, M. h‘/l Plum, and D. R. Haefner.

The feasibility of hydraulic energy recovery from geo-
pressured-geothermal resources, by G. C. Thurston and
M. M. Plum.
.

Feasibility of recovering medium- to heavy-oil using
geopressured-geothermal fluids, by J. Negus-de Wys, C.
E. Kimmell, G. F. Hart, and M. M. Plum. 1991. Pre-
pared for the U.S. Department of Energy Field Office,
Idaho.

Mineral resources newsletter, spring 1991 issue. Free.
Published by and available from the Office of Mineral
Resources, Geologic Division, U. S. Geological Survey,
913 National Center, Reston, Virginia 22092.

This quarterly newsletter is very interesting. It presents
highlights from the U. S. Geological Survey minerals-

related programs, research results, and news.

The spring 1991 issue highlights intefnational resource
activities currently conducted in the Americas by the
Office of Mineral Resources under the Center for Inter-
American Mineral Resources Investigations (CIMRI) in
Tucson, Arizona. CIMRI fosters cooperative mineral-
resource investigations, data exchanges, training, and
research activities.

Also included are news notes from USGS Minerals Infor-
mation Offices, a list of new publications, and ordering
information.

Renewable energy excursion: supporting analysis for
the National Energy Strategy, SRZNES/90-04, UC-98.
December 1990. Free. Available from the Energy
Information Association, Office of Coal, Nuclear, Elec-
tric, and Alternate Fuels, U.S. Dept. of Energy, Washing-
ton, D.C. 20585.

During thedevelopment of the National Energy Sfratcgy,
the Energy Information Administration, an independent

agency within the U.S. Department of Energy responsible
for collecting and disseminating information about en-
ergy use, conducted substantial modeling and analysis,
including a series of energy forecasts of renewable energy
use in the utility, transportation, residential, commercial,
and industrial sectors.

The geothermal category in the report includes geother-
mal heat pumps (GHP), also known as ground-source
heat pumps. Exclusive ofliquid fuels, GHPs are the most
promising dispersed, renewable technology, with a po-
tential of 2.7 quads by 2030, up from less than .1 quad in
1990. GHPs outperform conventional heat-pump sys-
tems, which are dependent on widely fluctuating outside
air temperatures.

Energy Information Administration news releases. DOE/
EIA-0204 (91/02). Distribution category UC-98. Free.
Published bimonthly by the National Energy Informa-
tion Center, EI-231, 1000 Independence Avenue SW,
Washington D.C. 20585. Phone {202) 586-8800.

The publication is a favorite government publication.
Interesting summaries are included on aspects of many
energy issues. All sorts of recent energy dara are listed.

EIA publications directory, 1990. Compiled by Paula L.
Altman. 1991. DOE/EIA-0149(90). Free. Available
from the National Energy Information Center, Ei-231,
Energy Information Administration, Forrestal Building,
Room 1F-048, Washingron, DC 20585. Phone (202)
586-8800.

The EIA Publications Directory contains titles and ab-
stracts of periodicals and one-time reports produced by
the EIA in 1990. The citations and abstracts are arranged
by broad subject categories, such as energy, coal, petro-

- leum, and natural gas, and by subcategories such as

reserves, products, and byproducts, All reports are in-
dexed alphabetically by subject and title and numerically
by report number.

2061 Today, education for a changing future--math-
ematics, natural sciences, social sciences, technology.
Spring 1991, v. 1 no. 1. Published by the American
Association for the Advancement of Science. Available
from Project 2061, AAAS, 1333 H Street, N.W., Wash-
ington, DC 20005. Phone (202) 326-6666.

Each issue of 2061 Todaywill be addressed to teachers of
all grade levels and subjects, school administrators, edu-
cators, educational policy makers, developers of educa-
tional materials, mathematicians, engineers, scientists,
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and to anyone engaged in educational reform projects. tions, including a derailed listing of more than 100

The first issue, spring 1991, explains Project 2061
accomplishments and current activities.

Project 2061 was started in 1985 by the American Asso-
ciation for the Advancement of Science. Phase I (1985-
1989) spelled out learning goals and published these goals
in Science for All Americans, available from the Oxford
University Press, Trade Paperbacks, 200 Madison Av-
enue, New York, NY 10157-0913, $9.95 plus $1.50
shippingand handling, _ _

Phase II is now underway to transform these learning
goals into alternative curriculum models and to devise
Blueprints for Action dealing with teacher education,
testing, teaching materials, and educational policies. The
goal is to recommend curriculum reform for school

systems, including graduate levels. Phase ITI will strive to -

implement the reforms, nationwide.

REVIEW, the quarterly magazine of renewable energy.
Issue 15, Spring 1991. Free. Available from the Renew-
able Energy Enquiries Bureau, Renewable Energy Pro-
motion Department, ETSU Building 149, Harwell Labo-
ratory, Oxfordshire, OX 11 ORA.

The spring issue of this British publication includes
articles about wood as an energy source; the use of
hydroelectric power in Scotland; a geothermal district
heating scheme at Southhampron; the use of daylighting
and passive solar energy, especially in school buildings;
the redevelopment of a former industrial site in Consett
based on the key element of renewable energy; and
reriewable energy options from Sweden,

Also, ask for the list of General Publications, which
includes 16 geothermal publications.

Dictionary of environmental information sources, third
edition. 1991, 300 p. $65, plus $3 shipping and
handling in U.S.; elsewhere shipping charge is $5. Avail-
able from Government Institutes, Inc., 966 Hungerford
Drive, #24, Rockville, Maryland 20850-1714. Phone
(301) 251-9250.

Thedirectory includes all majorsources of environmental
data. It provides addresses, telephone numbers, and some
other data including basic guidelines on how best to find
information, a comprehensive index system, and hot-line
numbers for quick reference. There are five sections: (1)
federal government resources; (2) state government re-
sources; (3) professional, scientific, and trade organiza-

environmentally oriented organizations; (4) newsletters,
magazines, and periodicals; and (5) databases.

Regulatory choices, a perspective on development in

energy policy. By Richard J. Gilbert. 1991. $39.95. .

Published by and available from the University of Califor-
niaPress, 2120 Berkeley Way, Berkeley, California 94720.
To order, call 1-800-822-6657; quote code iumber 434-
000 to receive a 20 percent discount for orders in the
continental United States.

The volume provides the first comprehensive economic

history of energy policy and its consequences for Califor-
nia.

Theauthor’s focus is on bringing prices in alignment with
the true cost of producing power and delivering it to the

" customer. The first part of the book outlines the issue of

setting utility rates and considers some of the proposalsto
provide regulated industries with incentives to respond to
economic and environmental concerns. Energy supply
problems are discussed in the second part of the book,
which includes a survey of the costs of alternative energy
sources and estimates of their environmental impacts.

Agents of chaos, earthquakes, volcanoes, and other
natural disasters. By Stephen L. Harris. 1990. $12.95.
Published by and available from Mountain Press Publish-
ingCompany, P.O. Box 2399, Missoula, Montana 59806.
(406) 728-1900.

Thebook is a reminder to all that the earth is dynamic and
subject to sudden change due to volcanoes, earthquakes,
meteorite impacts, and other cataclysmic events. Ther-
mal areas are prone to be in the midst of places most
vulnerable to such events. About two-thirds of the book
is dedicated ro describing destructive changes that volca-

 nic processes have caused in California, Oregon, Wash-

ington, Hawaii, Alaska, and other areas along the Pacific
Coast. Earthquakes, so well known to California resi-
dents, are thoroughly covered.

“Because we are passengers on Earth’s tectonic plates, we
live in the realm of natural disasters and cannot expect to
travel free of risk!”

Geothermal direct-use engineering and design guide-
book, second edition. 445 pages. $25 hard cover; $20
soft cover. Foreign orders add $3.00 for surface mail or
$15 forairmail. Published by and available from the Geo-
Hear Center, Oregon Institute of Technology, 3201
Campus Dr., Klamath Falls, Oregon 97601. Phone
(503) 885-1750. S
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The guidebook contains up-to-date technical informa-
tion on low- and moderate-temperature (100°-300°F)
geothermal development. Chapters cover exploration,
well drilling, space heating and cooling, greenhouse heat-
ing, aquaculture, industrial processes, economics, regula-
tions, and the environment,

Roadside geology of Idahe. By David Altand Donald W.
Hyndman. 1989. $14.95. Available from Mountain
Press Publishing Company, P.O. Box 2399, Missoula,
Montana 59806.

Idaho’s interesting geological history includes geothermal
activity. ‘The story begins with the 2.7 billion-year-old
basement rocks. The ancient sedimentary formations of
northern Idaho, the batholith in the central part of the
state, the continental hot-spot track, a possible meteoric
impact crater on the Snake River Plain, and active faules
in the Basin and Range province, all are part of Idaho’s
geological record. The lava flows, vents, craters, and hot
springs throughout the state include a wealth of geother-
mal activity.

Geothermal resources of the western arm of the Black
Rock Desert, northwestern Nevada: Part II, Aqueous
geochemistry and hydrology. Water-Resources Investi-
gations Report (WRI 87-4062). By A. H. Welch and A.
M. Preissler. 1990. 91 p. Microfiche $4; paper copy
$14.50. Available from the U. S. Geological Survey,
Books and Open-File Reports Section, Federal Center,
Box 25425, Denver, Colorado 80225. Phone (303) 236-
7476.

Survey notes. Free. Published by and available from the
Utah Geological Survey, 2363 South Foothill Drive, Salt
Lake City, Utah 84109-1491. Phone (801) 467-7970.

Volume 24, No. 4, 1991, of this periodical has a long,
interestingarticle titled “The Newcastle Geothermal Area,
AStudy ofa Concealed Hydrothermal System” by Robert
Blackett. The article discusses results of an extensive
geological research program at the Newcastle area. Either
this issue or a subscription to the periodical may be
requested.

Roadside geology of Utah. By Halka Chronic. 1990.
$12.95. Available from Mountain Press Publishing Com-
pany, P.O. Box 2399, Missoula, Montana 59806.

‘The scenery of Utah features its splendid rocks in their
bright colors, intricate patterns, and dramatically eroded
structures.

Utah’s abundant mineral resources include geothermal,
oil, natural gas, phosphate, uranium, copper, and helium.
In Tertiary time, 35 to 45 million yeats ago, volcanism
associated with regional uplift created vast areas of basalt
flows and ashflow tuff. Remnants of intrusive igneous
rocks and plugs contribute to the scenic landscape. There
are some hot springs related to thevolcanic rocks at depth.

Texas energy and mineral resources, newsletter. Free.
Avaiilable from the Center for Energy and Mineral Re-
sources, Texas A8&M University, College Station, Texas
77843-1243. When requesting fact sheets, specify geo-
thermal information. Texas Energy Hotline: 1-800-643-
SAVE.

The March 1991 issue of the Texas Energy Newsletier
contains basic information on geothermal energy, includ-
ing the source; the types, such as steam, hot water,
geopressured; and petrothermal (hot dry rocks); develop-
mént of geothermal energy as an energy supply; the
advantages and disadvantages; Texas’ geothermal re-
sources, and a list of references for further reading.

Texas has three main regions of geothermal resources. In
the Trans-Pecos region in the extreme western part of the
state, geothermal resources are known from surface hot
springs in the Big Bend Area and from hot water encoun-
tered in drilled holes. Deep hot waters apparently rise
along the natural conduits provided by steeply-dipping
normal faults and fractures in this region, and locally heat
shallow groundwaters.

A second region, called the Balcones-Mexia-Talco fault
system, extends from west of San Antonio, through
Austin and Waco, to the north and east of the Dallas-Fort
Worth area. Springs and wells produce hot water at
scattered locations aﬁjng this zone.

The third and largest potential source of geothermal
energy in Texas appears to be in the geopressured-geo-
thermal waters along the coast of the Gulf of Mexico, from
Brownsville to Beaumont.

Roadside geology of Texas. By Darwin Spearing. 1991.
$15.95. Available from Mountain Press Publishing Com-
pany, P.O. Box 2399, Missoula, Montana 59806.

The geologic panorama of Texas includes volcanic mesas
and thrusting mountains in the west, red canyons in the
Panhandle, tropical sand barriers along the Gulf Coast,
and the limestone plateaus deposited onto hard granitic
terrain in the center of the state. Rocks of all ages, from
crystalline gneiss of ancient Precambrian time to the loose
sands of Holocene beaches, are found at the surface in the
state, as well as every major rock type, from igneous to
metamorphic to sedimentary.

GEOTHERMAL HOT LINE
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“

Texas also has an incredible array of natural geologic
resources, ranging from its famous oil and gas ficlds
through practically -every rock and mineral resource,
including geothermal. There is a vast potential for devel-
opment o? geothermal resources in the Trans-Pecos re-
gion of West Texas, in a belt across central Texas, and in

the Gulf Coast area.

Roadside geology of Pennsylvania. By Bradford B. Van
Diver. 1990. $12.95. Available from Mountain Press
Publishing Company, P.O. Box 2399, Missoula, Mon-
tana 59806. /

Thejourney through geological time is traced in thestudy
of rocks. In Pennsylvania, there is incredible variety and

CALIFORNIA WELLS

Division Well Data Available

A computer-generated file of geotherma! production and
injection statistics for wells and records open to public
inspection is available from the Division of Oil and Gas.
All data are in metric units. The file may be purchased at
cost from the Division of Oil and Gas in Sacramento.

intricacy to be read in this geological record.

Earth dynamics are brought to life by the author as he
guides the reader/traveler through roadeuts to view in the
mind’s eye the vast inland sea where Ordovician lime-
stone was deposited; the scene of continental collision
between ancestral Africa and North America some 300
million years ago, which folded and faulted sedimentary
rocks of Mississippian and Pennsylvanian age; and the
billion-year-old - mountain- range core of Precambrian
gneiss and schist in the Pennsylvanian Piedmont region.

About one-third of the state is underlain by coal deposits.
The fabulous Pittsburgh seam of bituminous coal, per-
haps theworld’s single most valuable mineral deposit, was
responsible for the development of Pittsburgh as a major
industrial center of the United States.

Drilling Permits for Geothermal Wells Approved January-November 1991
by the Division of Qil and Gas

Date Notice Operator & Well
Received Name 0. API No. Sec. T. R, Location & Elevation
‘5 DISTRICT G1
It MODOC COUNTY
MODOC JOINT UNIFIED
SCHOOL DISTRICT :
09/11/91 “AL” 2 049-90036 11 42N 12E Fr SW cor 191m N,
634m E, ¢l 1336m gr
MONO COUNTY
TOWN OF MAMMOTH LAKES
_03/13/91 “Oh_well” 1 051-96155 3 4S27E Fr NW cor 135m S,

105m E, el 2465m gr
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Date Notice Operator & Well - _
Received _Name & No. API No, Sec. T.R. Location & Elevation
DISTRICT G2
IMPERIAL COUNTY
VULCAN POWER COMPANY
02/27/91 “M” 6B 025-91193 33118 13E Fr SE cor 52m N,
883m W, el -69m gr
RED HILL GEOTHERMAL, INC. . .
02/27191 “River Ranch” 14 025-91194 25118 13F Fr SE cor 675m N,
1541m W, el -69m gr
RIVERSIDE COUNTY
BAKER, GARY 7
04/26/91 “Baker” 1 065-90167 4 35 5E Approx. center Sec.,
el 52m gr
SAN BERNARDING COUNTY
CITY OF TWENTYNINE PALMS
02/21/91 “TNDP” 2 071-90066 29 1IN 9E. Fr NW cor 960m S,
: 1366m E, el 634m gr
02/21/91 “TNP” 3 071-90070 23 IN 9E Fr SW cor 396m N,
305m E, ¢l 610m gr
02/21/91 “TNP” 4 071-90067 14 1N 9E Fr NW cor 1554m S,
46m E, el 549m gr
CITY OF LOMA LINDA
02/22/91 “LL”1 071-90069 26 1§ 4W Fr SE cor 964m N,
110m W, el 326m gr
02/22/91 “LL” 2 071-90068 25 18 4W Fr SW cor 671m N,
293m E, el 326m gr
& DISTRICT G3
LAKE COUNTY
SANTA ROSA
GEOTHERMAL COMPANY
02/04/91 “Wolfe” 1 033-90727 26 11N 8W Fr SW cor 656m N,
653m E, el 661m kb
NAPA COUNTY
CALISTOGA MINERAL
WATER COMPANY
04/19/91 “CMW” 3 055-90124 31 9N 7W Fr NW cor 538m S,
50m E, ¢l 108m df
SONOMA COUNTY
SONOMA COUNTY
PLANNING DEPT.
03/05/91 “SV” 1 097-90820 2 5N 6W Fr NE cor 107m S,
76m W, el 37m gr
GEQOTHERMAL HOT LINE TR02(12-91-DWRR-22C)
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Headquarters 1416 Ninth St.,, Room 1310
& District G1:  Bacramento 95814
Phone (916) 323-1788
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Division of Oil and Gas
1416 Ninth Street, Room 1310
Sacramento, CA 95814

BULK RATE
U. s. F_’OSTAGE
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Sacramento, Calif.
Permit No. 337




