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Send Us Your NeWsS..cuiiieericuncrses

The Geothermal Hot Line encourages and welcomes
contributions from its readers. We always need news
and factual articles on every aspect of high-and low-
temperature geothermal development in California
and worldwide.

Possible topics include environmental safeguards,
exploration, geology, reservoir engineering, research
and development, power plants, legislation and regula-
tion, conference notices, and news about new publica-
tions, maps, and videotapes.

- You can call me with a story or send in an article.

How long should an article be? Mest run between 1 and
5 double-spaced, typewritten pages. (Longer ones are
used on occasion,) Photographs are always helpful.
Black and white photos are preferable, but color photos
often reproduce quite well. I will copy and return all
photos that you send, Our graphic artist will make line
drawings from your sketches.

1 look forward to hearing from you. And, please make
sure I'm on your company's press release mailing list.

"Editor
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CALIFORNIA

IN MEMORIAM
Barkman C. McCabe
1897 - 1988

On October 24, 1988, Barkman C. McCabe passed
away in Los Angeles, California, after a short
illness. Mr. McCabe was Chairman Emeritus of
Magma Power Company. His work pioneered
commercial development of both geothermal steam
from The Geysers Geothermal field in Northern
California and geothermal hot brine from the
Imperial Valley in Southern California.

An Historical Monument marker placed in 1974
by well “Magma” 1, at The Geysers, reads, in part:

“First commercial geothermal steam well in the
Western Hemisphere, drilled December 1954 by
Magma Power Company under the supervisionofl §
B. C. McCabe, President. The successful
completion of the well started development of this
geothermal project.”

Geothermal Section

Department of Conservation
Division of Qil and Gas

The Geothermal Section of the Department of
Conservation, Division of Oil and Gas has regulated the
state’s geothermal wells since 1967. Currently, the
Geothermal Section includes six engineers and three
clerical support personnel working in the Sacramento,
Santa Rosa, and El Centro offices.

The Geothermal Section’s mandates resemble those of
the division’s Oil and Gas Section in the areas of well
operations and the protection of life, health, and natural
resources. However, differences do exist. For example,
for purposes of the California Environmental Quality
Act, the Geothermal Section acts as the lead agency for
all geothermal exploratory projects on state and privately
held lands. In addition, the Geothermal Section regulates
well-siting procedures in areas of unsiable terrain.

Differences among the geothermal projects overseen
by the three geothermal offices reflect the varlety of
geothermal resources and resource-development
activities in the state. In fact, California’s geothermal
projects range from development of the largest geothermal
steam field in the world to individual users of low-
temperature resources.

In spite of the great resource diversity, all three offices
have similar functions. Each collects and files well

.records and production and injection data, Most well

records are open to public inspection.

~ The records includé applications submitted by oper.a.tors.

to drill, rework, and abandon geothermal production
and injection wells and temperature-gradient holes.
Upon receiving the applications, engineers evaluate
each project’s geological, geochemical, engineering,
safety, and environmental components. The engineers
then approve, conditionally approve, or deny the
applications.
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R S e = = Geothermal District G1 Amedee, and Casa Diablo. Low- ects with little or no experience in

-temperature geothermal projects geothermal development. In such

Geothermal engineers also make field inspections gism‘:t? 'l;hos: ;’lf District flfl\(rhe«;a}r;iquaét:lffecimln Geothermal District Gl includes are underway throughout the dis-  cases, it is especially important that

-- in 1988, over 1,800 inspections were made. In Sacramento), which covers most of Northern California . . X )

witon. theywioess jcion wllcosricel  cep o Th Geyers s and e ortern st o7 oot Colornin L\ et e o o that ollovs  anspolant ielephone the Gertoe

annually with each injection-well operator to discuss ;c;lunﬁe; :';:) Cig:ﬁt:e‘:jmi;l ht:éz i:;t]lﬁ;f;?;_iio;ﬁgii 5 fields: Lake City, Susanville, all the geothermal projects. Letme project to a geothermal engdineer. He

ﬁe%d performance. gc:t}::: im al aciivities in Districts G2 and G3 1 Litchfield, Wendel, Amedee, and Casa know if any were omitted. or she will outline the most expedi-
: \ . : ' k Diablo. Electrical generation from _ _ _ o tious way to proceed.

What geothermal projects are underway in each headquartered in El Centro and Santa Rosa, respectively. geothermal resources  Most low-temperature wells drilled

occurs in three of in District Gl are exploratory wells.

the fields: An exploratory well is defined, in goaghLOQ | District G1
Wendel, part, as anywelldrilled over 1/2 mile eothermal Distric
November 1988

from a geothermal well able to pro-
duce geothermal fluid in commercial
amounts. Under the California
; Environmental Quality Act,
N /g%“ SRS the Division of Oil and
Py RPN JEAGas acts as the

" t Riawell lead agency in the

A environmental

‘ 0
o%@w/)@a{\o mt:%m’* Cﬁyk/‘l documentation

5 Bieber Cedarvile / process for all ex-
MRETA, LR ¥$ 5‘5% ® 'ﬁa& o/\ 3 i

THE DIVISION OF OIL AND GAS

) Regulates the DRILLING, OPERATION, MAINTENANCE,
j and ABANDONMENT of oil, gas, and geothermal wells.

Encourages the wise devel-
opment of oil, gas, and geo-

' %m alSSEN

ploratory geothermal

thermal resources through Requires measures that - =iy ) el
good conservation and engi- protect the environment grevents{ ]afs fﬁ" a!?h POSS‘brE[e' ‘ well projects. Theex-  Rob Habel,
neering practices. and prevent subsidence. ' amage tolite, heaith,property, RN eption is Imperial
9p P and natural resources. TR cep p 1. BIG BEND
‘ ;”%\‘fg\ County, which has been
hatover 12,000 [ o
Ensures hat over T Litcribld granted lead agency Welcome to Geothermal District G1.
Class Il injection wells Pretects underground and : N status by the division ;
are operated properly. surface waters suitable for g Wﬁdi‘ * Qur tour starts in the Town of Big

irrigation and domestic Amider, Bend, about 50 miles northeast of

Requires the use of proper uses. Environmental documenta- Redding in Shasta County. Three
well plugging and abandon- tion for all other wells is
ment methods. handled by city or county plan-

ning departments. The docu-
mentation is reviewed by the
Division of Oil and Gas when a
projectis on state or private land.
In such cases, the division is con-
sidered a responsible agency.

_For all geothermal prbjects on state
or private land, a division engineer
must issue permits for all drill-  ian Springs School. WG
ing and production operations. geothermal E
To ensure compliance with projects - are
permit stipulations, periodic here, in and -
inspections are made of around the

5 e Iy E&'B’L?Qfmt operations and equip- town.

| g : ‘_:‘10 \ ment. _

J 4, . T e FOUKE The first one is
{ % T ot 4(1%513.@\3\0 The District Gl office  the Indian

i . % i <& —-V’demmﬁtﬁ\ Lf\-k“S receives many tech- Springs School

’ P - ‘ nical questions, es-  District’s direct-
3 i pecially from low- heating project.

|

&l
| s District G1 articles by

‘ A Robert S. Habel Well “ISS” 1. WG

temperature Using funds

| jD istrict Engineer sy Bakersfield resource de- received from the California Energy
2 e— . velopers who Commission (CEC), the school dis-
\ begin proj- trictdrilled geothermal well “ISS” 1 to
54 DIVISION OF OIL AND GAS | CEOTHERMAL HOT LINE | .




250 meters,
down to a hot
water resource
of 50°C. The well
is about 80
meters from the
school's main
facilities. The
entire school,
two residential
units for school

“Iss"t welk:mtml' room. KiH

Geothermal fittings in multipurpose room. KH

employees, and an indoor swimming
pool have been
heated with the
geothermal
fluid for two
years, Although
theschool uses
the geothermal
water directly
{with the excep-
tion of the
swimming pool
and showers,

Pool heat exchanger. KF

where a heat-
exchanger sys-
tem is installed),
tests have
shown that only
minor scaling
has occurred.

Big Bend Hot
Springs is just
outside of town,
on the Pit River,
Here, the own-
ers of a campground facility are us-
ing the hot springs water {(near 83°C)
in bathhouses and to heat a small
greenhouse. The hot springs area
has stirred interest from other devel-
opers, including Yankee Power, Inc.,
who recently drilled. four tempera-
ture-gradient wells in the area.

Yankee Power, temperature-
gradient well. RH

2, GLASS MOUNTAIN

Leaving Big Bend, we drive northeast
to Glass Mountain, an area primarily
onfederal land, Much of the area has
been leased for geothermal explora-
tion by several operators, some of
whom have completed geophysical
and geochemical work and drilled
wells for data acquisition.

3. BIEBER

Further to the east, in the northeast-
ern corner of Lassen County, is the
Town of Bieber. The Pit Resources
Conservation District received funds

Well “BV" 3, with Big Valley School in background. CC

from the CEC to drill several wells in
and around the {own to assess the

- Valley Road, 23

It is just east of Big Valley High
School. The well was drilled to 648
meters, with recorded water tem-
peratures near 46°C. An evaluation
is underway to decide whether the
hot water could be used for direct-
heating projects or to boost tempera-
tures in a heat pump in the high
school heating system.

4. ALTURAS

Inthe City of Alturas, Madoc County,
work was started in 1987 on a joint
project between the county and the
Modoc Joint Unified Schoal District.
The project was designed to assess
the geothermal potential in Alturas
by drilling a
geothermal
well near Mo-
doc High
School. The
well, “AL” 1,
was drilled on Well “AL” 1,
the high school S W6

campus to a depth of 738 meters;
water temperatures are near 86°C.
The well, which underwent limited
testing, may be used by the school to
help heat most of the campus facili-
ties. Additional work on the project
may be needed, including additional
drilling to assess more clearly the
geothermal reservoir. The past work
was funded, in RN

part, by the CEC. :

Modoc High

B5.CEDARVILLE

Cedarville is at e i 1, in ohed,
the junction of RrH
Highway 299
and Surprise

miles east of |
Alturas. There
are four geo-
thermal proj-
ects In and
around the |
town. Several
years ago, wa-

B area's geothermal resources. To date, Ler Wells were "Cd@h"z. :f:
Hot springs and bathhouse, WG only one well, “BV” 3, has been drilled. drilled that pro-
56 DIVISION OF OIL AND GAS

duced water above 529C, One well,
“Cedarville” 1, is now being used to
heat the Conners' Well Drilling, Inc.
shop and the Cedarville High School.
Water from the well has been given to
the school. Conners’ Well Drilling,
Inc. will continue to use some of the
well water to heat the shop,

Motel entrance. WG

A second well, “Cedarville” 2, is being
used by the school district to heat the
Cedarville Elementary School. Be-
ginning in 1989, additional water
from this weli will be used to heat the
Surprise Valley Hospital. The CEC
has provided funding for the school
and hospital projects,

Surprise Valley

The Surprise Valley mineral wells
and hot springs, about four miles
east of Cedarville, are the site of the
Surprise Valley Mineral Wells Motel.
The motel uses geothermal fluids to
heat a large portion of its facilities.
Fluids for the motel space-heating
system are produced from two wells
with surface temperatures near boil-
ing. Fresh water is heated in two
copper heat exchangers submerged
In cisterns of geothermal water,

6. LAKE CITY

Lake City
Geothermal
field is about
10 miles
Geothermal well and motel, KiY

north of Ce-
darville. Be-
ginning  in
1959, Magma
Energy, Inc.

drilled several we phpps" 2, Magma Energy,
ine, WG

‘near the site of

geothermal
wells  here,

a phreatic
eruption that
occurred in
1951. At one
point, the
company
nearly lost a
drilling rig in
the hot springs :{;Iy’ “Parman” 1, Magma En-
and mud pots.

Currently,
three idle geo-
thermal wells
remain in the
field.

Fort Bidwell

To the north of
Lake City, near
the Oregon Well “Parman” 3, Magma En-
border, is the ey, nc. WG

town of Fort Bidwell and the North-
ern Paiute Indian Reservation. The
Division of Oil and Gas has no permit
authority on Indian land. However,
reservation
representa-
tives have
asked for
advice several
times.

In the early
1900’s, the
U.S. Army drilled several geothermal
wells on the reservation. Recently,
the CEC has funded several space-
heating projects here. Now, several
buildings are heated with geother-
mal fluids. One well on the reserva-
tion (not yet completed} was drillgd to
pro-

vide
h ot
water
for
space-
heating and, possibly, generating elec-
tricity. The reservation has a geoth-
ermally heated fish-farm operation
where catfish are raised for the San
Francisco market. Presently, the fish-

Uncompleted well. CC

- Fishgfarm operation. CC

farm cperation has been suspended
due to drought conditions and the
lack of fresh mixing water.

7. HONEY LAKE VALLEY

Continuing south into Lassen County,
one comes fo several geothermal
projects in Honey Lake Valley. The
most widely known geothermal proj-
ect in the valley is the Susanville
District Heating Project. The district-

B heating system
includes two pro-
duction wells, two
injection wells,

Geothermual distribuiion
system installation. CEC

and about 16,000 feet
of insulated pipe con-
necting 77 facilities
to the system.

The two production

wells are able to pro- if:;mtm
duce about 900 gal- cEC

lons per minute of about
74°C geothermal water.,
Plans exist to enlarge
the system to serve an
additional 75 users.
Based on 1986 heating
_ » costs, the facilities that
An injection well, aT€ currently connected
KH to the system save close
to $83,000 annually in heating bills.
The funding for the space-heating
project was provided by the CEC,
City of Susanville, County of Lassen,
U.S. Department of Energy, U.S.
Department of Housing and Urban
Development, U.S. Bureau of Recla-
mation, and the Farmer's Home
Administration.

In the southern portion of the Susan-
ville Geothermal field, the commer-

. GEOTHERMAL HOT LINE
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cial greenhouse operation of Tsuji
Nursery, Ine. is heated with geother-
mal fluid. Two geothermal wells
provide the greenhouses with 68°C
water at a rate of about 600 gallons
per minute. Currently, the nursery is
raising roses for the commercial
markets.

To the east of Susanville, just west of
the town of Litchfield, is the Califor-
nia Correctional Center, Much of this
facility is heated with geothermal fluids
from two wells, “Johnston” 1 & 2.
Well “Johnston” 2 is 444 meters deep;
fluid temperatures are about 63°C.
After itis used, the produced water is
dispersed at the surface through a
sprinkler system. The project was
begun in 1981 and was funded by
the City of Susanville, private devel-
opers, and the CEC.

Further to the east, near the town of
Wendel, is the Wendel Geothermal
field, Here, Carson Development
Company operates a 0.75-megawatt,
gross, geothermal power plant called
the Wineagle Power Plant, which went
on line June 11, 1985, Well "Wine-
S agle" 1,
- provides
B | the geo-

]| thermal
fluid that
flows

through
Wineagle Power Piant, WG a heat
exchanger, which uses Freon 114 as

the working fluid. The Freon 114 is
convertedto

steam that
turns a tur-
bine, con-
denses back
to a liquid by
air cooling,
and returns
to the heat
exchanger in a closed (blnary cycle)
circuit.

Well “Wineagle™ 1. RH

An employee need not be on-site 24
hours a day, as the plant is operated
by computer, via a telephone line, If
an emergency or a shutdown occurs,
an employee is notified by the com-

Honey Lake Hydroponic Farms. RT

puter.

Until a few years ago, the spent geo-
thermal fluids from the Wineagle Power
Plant were cascaded to heat the Honey
Lake Hydroponic Farm’s greenhouse
operation. Today, the greenhouse
operation is ne longer in business, so
the fluids are discharged into old
drainage channels, where they mix
with water flowing from nearby hot
springs.

Currently under construction in the
Wendel Geothermal field is the HL
Power Company's 30-megawait, net,
biomass/geothermal power facility.
The facility will produce steam with
heat generated by burning forest thin-
nings and logging residue. (Produced
fluids from one geothermal well will
pass through a heat exchanger to
preheat the boiler feedwater.) The
steam will power a 35.5-megawatt
generator. All spent geothermal fluid
will be 1njected back into the reser-
P = voir to maintain
reservoir pres-
sure.

To the southeast

. of the Wendel
Well, foreground; HL

Power Co. plant, back- Geothermal field _
ground. WG is the Amedee
Geothermal : .

field. Amedee
has long been
known for its
geothermal hot
springs. Sev-
eral developers
have come here looking for a viable
geothermal resource.

Amedee Hot Springs wG

Twe wells drilled by Trans-Pacific
Corporation, “Norcal” 1 and 2, sup-
ply a 2-megawatt binary power plant,
Amedee Geothermal Venture 1 (Phase
1), with geothermal water near 107°C.
The binary power plant uses Freon
as its working fluid and is air-cooled
in a manner similar to that of the
Wineagle Power Plant. Phase 2 of the
venture will expand the power plant
to B megawatts, net, if geothermal
reservoir tests [ o RSO

are favorable.
Electricity 1s
sold to Pacific
Gas and Elec-
tric Company

Well “Norcal” 1 and Amedee
undera Stan-  venuwre 1 Power Plant. WG

*m.mmﬁ o] dard Offer No.

%52 4 contract. The
power plant
went on line in
the fall of 1988.

Amedee Venture 1 Power
Plant, WG

8. GREENVILLE

The Indian Valley Hospital District in
Greenville, Plumas County, completed
a low-temperature geothermal well
near the hospital in January 1983.
The well produces water at 47°C ata
depth of 130 meters. The hospital
was retrofitted for direct-use geother-
mal heating, but the work did not
meet building codes. Now, the retro-
fitted system is being modified and is
expected to be operational by Janu-
ary 1989. This project was partially
funded by the CEC. '

9. SIERRA COUNTY

Sierra County has been evaluating
the geothermal resources in Sierra
Valley for several years. The county
recently converted a temperature-
gradient well, “SV” 3, to an explora-
tory well, which is being evaluated for
production potential. The county
plans to build a geothermal park

- nearthe “SV™ 3 site, where it owns 40

acres of land with a low-temperature
geothermal resource.
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The first project to be built at the
geothermal park is expected to be a
geothermally heated aquaculture
facility constructed for raising mos-
quito fish. Experiments will be un-
dertaken here to see if mosquito fish
can be rajsped and bred in low-tem-
pexature geothermal fluids. The mos-
quito fish, which eat mosquito larvae,
would be used in the Sutter-Yuba
Mosquito Abatement Distriet's pro-
gram in the Sacramento Valley. The

project has been funded by the CEC,

10. MONO COUNTY

Mono County is at the southeastern
end of District G1. The county seat of
Bridgeport, with funding from the
CEC, has been working on a city
district-heating project for several
years. The well sites for the project
are in the southeastern portion of the
town, near Travertine Hot Springs.
At one site, an exploratory well (a

Truvert Hot Springs. RH
potential injection well) has been
drilled. Two potential production weils
have been drilled, but neither was
completed successfully. The project
has been suspended pending fur-
z o ther in-
vestiga-
tion.

] Farther
g to  the
Inje well, foreground; Mammoth- sout h

Pacific I Poiver Plant, background. WG near the

commu-

section of
Highways 203
and 395, is the
Casa Diablo
Geothermal
field. Here,
Mammoth-

Pacific cur-
rently operates
the Mammoth-
Pacific I binary
ower plant, T
\I:Ihich gP;ner- mﬁeﬂgﬁgmmﬂl assess
ates about 7 megawatts, net, of elec-
tricity. The power plant uses isobu-
tane as a working fluid. The working
fluid is heated under pressure by hot
water in a tubular heat exchanger.
The plant has been in operation since
1985 and is using geothermal fluids
with temperatures at 165°C,

Much research has been undertaken
to evaluate the Casa Diablo geother-
mal resource. The resource appears
1o be good, and three additional power
plants have been proposed: Mam-
moth-Pacific II, Mammoth-Pacific III,
and PLES 1. To date, all of these
power plant proposals are either going
through the permit process or are
under litigation. All three of the pro-
posed power plants would be 10 mega-
watts, net, similar in design to Mam-
moth -
Pacific I,
and oper-
ated by
Pacific
Energy.

Deep scientific well site. WG

To the
south-
east of Casa Diablo, Bonneville Pa-
cific Corporation is proposing a 10-
megawait. net, binary power plant,
Mammeoth/Chance, which will be air-
cooled. The working fluid will be
isopentane, which will be heated by
geothermal fluid (under pressure) at
a temperature of 127°C. This power

raised for the rivers and lakes in the
Sierra Nevada range and other areas.
The hatchery uses a small amount of
water from the nearby thermal springs,
which are enly slightly warmer than
ambient water temperatures. How-
ever, the warmer water increases the
productivity of the fish hatchery,

The community of Mammoth Lakes,
through a grant from the CEC, has
drilled two geothermal assessment
wells inside the town limits as part of
a geothermal resource assessment/
district-heating project. Temperatures
near 79°C were encountered in both
wells at about 457 meters. The town
is now evaluating drill sites for explo-
ration and/or production wells to
further test the geothermal resource.
Initial assessment work and feasibil-
ity studies for the project were done
with the assistance of Mono County
and the CEC.

Sandia Naticnal Laboratories, with
funding from the U. S. Dept. of En-
ergy, the CEC, and Mono County,
cored a small diameter hole to a depth
of 732 meters at the Shady Rest
Campground, northeast of the Town
of Mammoth Lakes. Temperatures
up to 204°C were recorded at 335
meters.

Sandia National Laboratories, with
the support of the U.S. Department
of Energy, will drill a deep scientific
wellin the resurgent dome area of the
Long Valley Caldera, about two miles
north of the Casa Diablo Geothermal
field. The well will be drilled in phases
on an existing Santa Fe Geothermal,
Inc. well pad, to a point just above the
magma chamber. Drilling is set to

" begin in the spring of 1989,

* Photo credits key
CC -Cheryl Closson
CEC-California Energy

&itz mof plant is currently under litigation. Commission

moth WG -William Guerard

Lakes at i Adjacent to Mammoth Creek is the KH -Kenngph Henderson

the in- | Department of Fish and Game's Hot RH -Robert Habel

ter - Creek Fish Hatchery. Here, {ish are RT -Richard Thomas
Mummoth-Pactfic I Power Plant. WG
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NORTHERN CALIFORNIA

$3 Million Bid for Glass Mountaln
Leases

A Santa Rosa-based geothermal company was the
successiul bidder for about 12,000 acres in the Glass
Mountain gecthermal area in Siskiyou County, offered
for lease by the Bureau of Land Management (BLM),

Freeport-McMoRan Resource Pariners bid $3 million
and won the seven tracts at Glass Mountain, which a
company offictal said has the best geothermal potential
of any land offered by the BLM in several years any-
where in the United States.

Bill Woods, an official with Geysers Geothermal, Free-
port-McMoRan’s management partner, said the acqui-
sition brings the total acres leased to the company to
about 25,000 -- 9,700 of which are within the Glass
Mountain unit boundary. He said the company leased
the tracts to be in a position to explore and develop the
geothermal resources when the market improves.

The BLM received bids on 12 of 20 p_arceis for lease at
Glass Mountain. The highest individual bid of $967,201
was submitted by Freeport-McMoRan for a 1,304-acre
tract.

by Bony Saludes. Reprinted, with permission, from the April 14,
1988 edition of the Sania Rosd Press. Democrat.

Unocal Drills at Glass Mountain

Unocal Corporation is carrying the search for geother-
mal resotirces to northeastern California, almost to the
Oregon border.

In July 1988, the company was drilling in the Glass
Mountain area, about 25 miles south of Tule Lake and
30 miles south of the Oregon border.

The well, designated “Glass Mountain Federal” No. 68-
8 on Sec. 8, 43N-4E, Siskiyou
County, is in the southeast-
ern quarter of the south-
western quarter of the south-
eastern quarter of the sec-
tion. :

Originally, Unocal drilled the
well in 1984 as a tempera-

ing at 6,500 feet. On the fg aprqigct antf
present go-round, Union may

deepen the well to about what size any p()t@ﬂtiﬂ[
project would be.

8,500 feet.

When questioned about this ¢

in December 1988, Unocal
spokesman Harry Bain said the well was completed

“We are testing the well and evaluating the test results.
We're pleased with what we've seen so far, but it's too
early to tell whether or not there is a project and what
size any potential project would be,”

The drill site lies about two miles southwest of Glass

It's too early to tell
ture-gradient hole, bottom- whether or not there

Mountain, a 7,649-foot peak that's a landmark in the

high Modoc Plateau of Northern California. The moun-
tain is composed of black volcanic glass, called obsid-
ian, and pumice. Aecording to geologists, the moun-
tain was formed no more than 1,100 years ago -- little
more than yesterday in geologic terms -- by two sepa-
rate flows of volcanic rocks.

Pomo, Wintun, and Modoe¢ Indians made arrowheads,
spearpoints, crude knives, and razors from the obsid-
ian., They traded some of them with the tribes of the
lower Klamath, in Oregon.

In the 1920's, others turned
their attention to Glass
Mountain, filing claims for
both obsidian and pumice.
_ Inthe 1930’s, one group of
- entrepreneurs set up a rock-
sawing plant near the north-
ern edge of the mountain
and tried, unsuccessfully,
to cut blocks of black ob-
sidian into tiles for sinks
and shower stalls. A more
successful venture that fol-
lowed was cutting scouring
blocks from the pumice.

The mining of block pumice still continues in the area.
In addition to scouring blocks, the pumice is used as a
llghtweight aggregate for concrete, and in the manufac-
ture of building blocks and acoustic plaster.

By Bill Rintoul.
Reprinted, with permission, from the July 1 3, 1988 edition of the
Bakersfield Californian.
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Amedee Geothermal Power Plant

[ talked with Tsvi Meidav, president of Trans-Pacific
Geothermal Corpdration, in January 1989. “We are
pleased with the Amedee Geothermal Power Plant,” he
said, “We'll still fine-tune this binary power plant for a
month or so, to ready it for routine operation.”

In September 1988, the power plant began generating
electricity in Northern California, near Honey Lake.
The plant generates 2 megawalts, net, of electricity in
the winter, and from 20 to 30 percent less in the
summer, depending on the temperature.

Geothermal fluids from two wells are used to operate
the plant, and surface discharge is used to dispose of
the spent fluids. This is possible because the geother-

by Susan F. Hodgson

Amedee Geothermal Power Plant. Pholo courtesy of Barber-
Nichols Engineering Company.

mal fluids have a very low salinity and a composition
the same as area hot spring waters.

The binary power modules for the plant were designed
and manufactured by Barber-Nichols Engineering.
Gibbs & Hill was responsible for the overall plant
design and construction.

The plant is owned by Amedee Geothermal Venture I,
a partnership between Trans-Pacific Geothermal Cor-
poration and U.S. Energy Corporation. It is operated
and maintained under a subcontract with Barber-
Nichols Engineering.

“We have a Standard Offer No. 4 contract for 5 mega-
watts with Pacific Gas and Electric Company,” Mr.
Meidav concluded. “Sometime in the near future, we
will expand the project to add ancther 3 megawaits of
electrical generation.”

Honey Lake Power Facility Under Construction

Geothermal energy and wood waste are primary energy
sources for the 30 megawatt, net, Honey Lake Power
Facility, a cogeneration power plant owned and man-
aged by HL Power Company. The facility, 60 percent
completed in January 1989, will use 1,300 tons péer
day of fuel obtained from selective forest thinnings and
from logging residue combined with mill wastes. The
power plant will be the largest industrial facility to use
some of Lassen County’s geothermal resources.

The facility will produce 236 million kilowatt-hours of
electricity annually. The plant consisis of a wood-fired
traveling grate furnace with a utility-type high pres-
sure boiler manufactured by Zurn Industries, Inc.

Fluids from a geothermal well will pass through a heat
exchanger to preheat boiler feedwater. Used geother-

mal fluid will be disposed of in an injection well. Steam
will be converted to electrical power through a 35.5-
megawatl turbine generator and transmitted 22 miles
to Susanville over company- owned and maintained-
transmission lines. The plant includes pollution con-
trol for particulate removal, ammenia injection for
removal of nitrogen oxides, and computer—controlied
combustion systems to control carbon monoxide and
hydrocarbons. The highly automated woodyard con-
sists of systems to remove metal, handle oversized
material, receive up to six truckloads of wood products
per hour, and continuously deliver 58 tons per hour of
fuel through redundant systems to ensure maximum
on-line performance.

Construction of the fécilitybeganiﬁApril 1988, and the
plant is scheduled to become operational in mid-1989.

GEOTHERMAL HOT LINE
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Honey Lake Power Facility, agecthermal cogeneration plant, Lassen County, California. Artist's drawing and construction site. Photo
courtesy of Zum/NEPCO. i

InJanuary 1989, David Lindquist, project manager for
Zurn/NEPCO, said that the turbine building and the
boiler were erected, and that the fuel-handling system

was 50 percent completed. He was awaiting delivery of
the steam turbine generator.

Mono County Update

On December 6, 1988, the Mono County Board of
Supervisors, in a vote of 5 to 0, approved the issuance
of a use-permit for the Mammoth-Pacific II geothermal
power plant. The power plant will be a binary, air-
cooled, 10-megawatt, net, project. The permit was to
take effect on January 16, 1989; however, an appeal
was filed by the California Department of Fish and
Game, and the permit will not take effect until this
appeal is resolved.

In February 1988, Mono County issued a project use-
permit to proposers of Bonneville Pacific Corporation’s
Mammoth Chance Geothermal Project, also a 10-
megawatt, net, binary and air-cooled project. The
permit was appealed by the Sierra Club, Cal-Trout, and
the California Department of Fish and Game, In Janu-
ary 1989, as a result of a mandamus hearing originally
conducted in July 1988, the Mono County Superior
Court issued a decision in favor of the petitioners. Itset
aside the certification by the Board of Supervisors of
the Mammoth-Pacific Il and III Geothermal Project EIR
and the conditional-use permit issued for the projects.
Now, -a subsequent EIR must be prepared for public
review and comment. The subsequent EIR will address

the issue of cumulative impacts and will include a
discussion of “new information™.

To provide a technical forum for the discussion and
evaluation of hydrologic resource data collected in the
Long Valley Caldera of Mono County, 1 formed the Long
Valley Hydrologic Advisory Committee (LVHAC)in 1986.
Whenrequested, the committee provides comments on
such hydrologic resource data to permitting agencies.

Inits January 1989 meeting, the commiitee decided to
send a comment letter to Mono County and the Bureau
of Land Management regarding the effectiveness of
hydrologic monitoring in Long Valley. The committee
also discussed data from a preliminary hydrological
report by S.S. Papadopulos and Associates, Inc. In a
third agenda item, the committee decided to move
ahead in compiling a conceptual-model/heat-budget
analysis of the geothermal resource in the Long Valley
area. The Department of Fish and Game will continue
to prepare its own model of this geothermal resource.

by Dardel Lyster, Director

Mono County Energy Management Dept.
HCR79, Bax 221

Mammoth Lakes, CA 93546

New Power Plants Operating at The
Geysers

The West Ford Flat Power Plant at The Geysers Geo-
thermal field is owned and operated by Freeport-
McMoRan Resource Partners/Geysers Geothermal
Company. The 27 megawatt, net, geothermal power

plant has two, 13.5, net, megawatt units. Unit 1 went
on line December 11, 1988. The electricity is pur-
chased by Pacific Gas and Electric Company under a
Standard Offer No. 4 contract. - ' '

Seven production wells and 1 injection well are used to
operate the power plant, which is in the southwestern
quarter of Section 23, Township 11N., Range 8W., M.D.
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B.&M. Plant engineering and design is by SAI Eﬁgi-
neers, Inc.

The Bear Canyon Creek Geothermal Power Plant, also
at The Geysers, is owned and operated by Freeport
Geothermal Resources Company. The 20-megawaltt,
net, plant has two, 10-megawatt, net, units. Unit 1
went on line September 2, 1988, and Unit 2 went on
line September 8, 1988. The electricity1s sold to Pacific

Gas and Electric Company under the térms of a Stan-
dard Offer No. 4 contract.

Five production wells and 1 injection well are used to
run the $50 million power plant, which is near the
center of Section 36, Township 11N., Range 8W., M.D.
B.&M. Plant engineering and design is by Stone and
Webster Engineering Corporation.

GEO Sells Aidlin Geothermal
Project to MPE

Geothermal Resources International, Inc. (GEQC) has
completed the sale of its interest in the 20-megawatt
Aidlin Geothermal Project at The Geysers Geothermal
field in Northern California,

According to GEO's Chief Executive Officer, Ronald P.
Baldwin, GEO sold its interest in the Aidlin Geothermal
Project to Geothermal Energy Partners Ltd. (GEPL), a
California parinership. GEPL was represented in the
transaction, which has a total value of about $13
million (including $1.8 million in cash), by its general
partner, Western Geothermal Company, a wholly-owned
subsidiary of Mission Power Engineering Company
(MPE).

Baldwin said that in January 1988, GEO had received
the option to purchase for $4 million two long-term

power purchase agreements from SAI Geothermal, Inc.
(SAIG), which SAIG entered into in 1984 with Pacific
Gas and Electric Company. Based on the SAIG agree-
ment, GEO had planned to develop the geothermal
resources on about 700 acres it has leased at The
Geysers from private landowners Joseph W. and Mary
Aidlin and to contract with MPE to engineer and
construct a geothermal power facility containing two
10-megawatt generating units.

Baldwin said the sale of the company’s interest in the
Aidlin Geothermal Project to MPE provides GEO with a
portion of the funds necessary to meet some of its more
immediate financial obligations. This includes an
interest payment ofabout $850,000 owed to PacifiCorp
in Portland, Oregon.

He said the company continues to discuss with its
lending institutions and creditors other aspects of a
short-term financial plan designed to enable GEO to
further reduce its short-term liquidity problems.

DWR Geysers Update

“Right now, we're looking for expressions of interest in
our geothermal rescurce around the South Geysers
Geothermal Power Plant and in the power plant, itself,"”
said Henry Struckmeyer, Chiefof the Resources Devel-
opment Branch, Department of Water Resources (DWR).
“Three steam-production wells and one dry well are at
the site,” he added.

“At the DWR Bottlerock Geothermal Power Plant, the
Department of Water Resources now not only owns the

power plant, which it constructed and operates, but
the lease, well pad, and steam gathering system,” Mr.
Struckmeyer added. “These last three items were
purchased on July 1, 1988 from MCR Geothermal
Corporation, Entex Petroleum, and Geothermal Kinet-
ics, Inc.”

The 55-megawatt Bottlerock plant began full-capaeity
commercial operation in March 1985. In December
1988, the power plant was operating at about 20
megawatts, net.

Three Power Plant Units Cancelled

“Pacific Gas and Electric Company has cancelled plans
to build three geothermal power plants at The Geysers
Geothermal fleld,” said Jan Stewart, News Services
Representative for the company. The plants are Unit
19 (55 megawatts}, Unit 21 (140 megawatts), and Unit
22 (140 megawatts). All the power plants were to be
built in Lake County.

Ms. Stewart said that the plants were cancelled
“...because Unocal, our primary steam supplier at The
Geysers, has determined there is insufficlent steam to
operate them.”

When asked about the field’s steam supply in general,
she replied, “There's been a slight decline in steamfield
production, but we're not having many significant
problems.”
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Steam Prices Drop in 1988

Steam prices at The Geysers, the world's largest pro-
ducer of geothermal power, have dropped to their
lowest level in 10 years and will result in a several-
hundred-thousand-dollar loss in property taxes for
Sonoma and Lake Counties.

Geothermal industry officials are estimating a price
drop of more than 12 percent for 1988. Sonoma and
Lake Counties use the price of steam to calculate the
value of the steam reserves for property tax purposes.

The Price of Steam
Per Megawatt Hour
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Pacific Gas and Electric Company (PG&E) and Unocal,
which get together once a year to set the steam price,
have set a 1988 price of $15.15 per megawait hour, a
$2.11 drop from lastyear’s $17.26, Unocal spokesman
Harry Bain said. PG&E produces about 8.5 billion
kilowatt hours of electricity from its power plants at The
Geysers every year, and it pays Unocal based on the
kilowatts of power that are produced. Unocal, the big-
gest steam producer at The Geysers, supplies steam
exclusively to PG&E for 16 of the utility’s 19 power
plant uniis in Sonoma and Lake Counties.

The price is set by a complicated formula worked out
between PG&E and Unocal. One of the key factors is
the world price of oil, which has remained low for the
past three years. The price is set every spring and is
retroactive to January 1.

Steam prices rose steadily and reached a peak of
$39.40 per megawatt hour in 1985, but have declined
steadily in the last three years, This year’s price will be
comparable to the $15.50 price set in 1978.

Geothermal tax revenues also climbed with the steam
prices, reaching an all-time high in the 1984-85 tax
year. They have dropped steadily since. For example,
taxrevenues from the steam reserves, excluding power
plants, dropped from $13.5 million to less than $10
million in Sonoma County last year.

While the price drop is bad news for steam suppliers
and public agencies that benefit from geothermal tax
doilars, the impact won’t be as devastating as last year
when the steam price fell 43.6 percent -- from $30.60
a megawalt hour to $17.26.

Losses in Lake County were offsel by new development,
which caused the tax value of the geothermal industry
to increase slightly, Dan Irwin, Lake County’s assistant
assessor said,

Gary Kovacovich, an administrative analyst for Son-
oma County, said the impact of the price drop on the
county’s finances is still being assessed. He and Irwin
said they anticipate a drop in geothermal tax revenues
in their counties this year. Besides Sonoma and Lake
Counties, the Geyserville and Cloverdale school dis-
tricts benefit the most from geothermal tax dollars,

Hardest hit was Unocal, which lost close to $100
million with the big price drop last year and virtually
halted all high-risk ventures, including exploration.

by Bony Saludes
Reprinted, with permission, from the Santa Rosa Press Democrat,
April 1988,

New Unocal Geothermal President

Stephen C. Lipman has been appointed president of
Unocal's geothermal division, effective February 1,
1989, He will have responsibility for worldwide geo-
thermal operations.

Mr. Lipmian joined Unocal in 1963 as a petroleum
engineer working inoil and gas operations. He moved
to the geothermal division in 1976 and became district

operations manager for geothermal operations in Santa
Rosa,; California, in 1979, He was nainedvice president
for domestic operations in 1984 and has been execu-
tive vice president of the division since July 1988,

Mr. Lipman repl&ées Dr. Carel Otte, 66, who has led
Unocal’s geothermal activities since inception. Dr. Otte
will continue as a senfor advisor to the company untit
he retires later this year.
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SOUTHERN CALIFORNIA "

Power Plant Notes, October 1988

Text and photos by Susan F. Hodgson

A well-planned and informative field trip to geothermal power plants in
California's Imperial Valley was organized as part of the annual. meeting of
the Geothermal Resources Council in Cctober 1988. Not only were many
power plants running at this time, but many were under construction, as
well. The following notes and photographs are from the trip.
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Salton Sea Geothermal
Praject, Unit 1 and future
site of Unit 2, in the Salion
Sea Geothermal field.
Earth Energy, Inc, a
subsidiary of Unoocal
Corporation, owns and
operates the power plant,
Jrom which Southern
California Edison buys 10
megawatts of electrical
power. The plant will be
expanded, and electrical
generation will increase

t0 30 megawaits by 1995,

Salton Sea Geothermal Project, Unit 3, owned by Desert Power Company, a subsidiaJy of Unocal Corporation, as. it was under
construction in October 1988 in the Salton Sea Geothermual field. The dual-flashpower plantwentonline in February 1989. The facility
cost.$106 million and has a gross output of 54 megawatis and a net output of 49.8 megawatts. Southem Calffornia Edison will

purchase 47.5 megawatts of the output at the Mirage Electrical Substation. .

Unocal Geothermal Division will produce geothermal brine and deliver steam to the plant from 2 production wells, and inject the

geothermal fluids in 3 injection wells. The reservoir temperature is 520°F.
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J.J. Elmore power plant under construction. Four Magma Power
Company geothermal power plants are either on line or under
construction in the Salton Sea Geothermal field: Vulcan (the
oldest, on line in 2/86), Del Ranch (10/88), J.J. Elmore {12/88),
and Leathers (scheduled for the fall of 1989). Red Hill Geothermal,
a 100 percent-owned subsidiary of Magma Power Company,
operates all four plants.

Allof the power plants are dual-flash. However, the Vulcan plant
has two turbines (a high-temperature and a low-temperature),
each with its own generator. Each of the other three power plants
has a single, double-entry turbine.

Temperatures, rom450“t0600°FhaLebeenmeasiuedhgeothem‘ul . o
wells drilled‘t); operate the power plants. The Vulcan plant has Southemn California Edison (SCE) purchases power from all four
12 production wells and 7 injection wells; the Del Ranchplant has - power plants. The contract with SCE, for all but the Vulcan plant,

. . alls for a firm capacity of 34 megawatts and a nameplate
8 production wells and 4 injection wells; theJ.J. Elmoreplanthas %3 .
8 production wells and 4iri!igec tion wells; and the L Hp rs plant reading of 38 megawatts. The Vulcan power plant produces 32

will have about the same number of wells as the other plants. megawalts, net, of electricity.

Ormesa I, a project of Ormesa Geothermal, is a 30-megawatt geothermal power plant with 26 Ormat Energy Converter units in the
East Mesa Geothermal Resources Area. The profect wenton line in September 1987 and includes 11 production wells and 6 infection
wells. The binary power plant was constructed by Walsh Construction Company, a substdiary of Guy F. Atkinson Company.

Ormesa IE is a binary geothermal power plant, and an extension
of Ormesa I in the East Mesa Geothermal Resources Area.
Ormesa IE went on line in December 1988. The power plant,
which includes 10 Ormat Energy Converter units, generates 8
megatvatts, net, of electricity. Four geothermal production wells
and 3 injection wells are included in the project.

Ormmesa Il is a 20-megawatt, binary geothermal power plant that began generating electricity from moderate-temperature geothermal
Jluid in March 1988. The geothermal power plant is also in the East Mesa Geothermal Resources Area. ‘The power plant is the
culmination of a development partnership between Ormat Energy Systems, Inc..and Harbert International, Inc.

Nine production and infection wells were drilled and tested for the power plant. Each of the 20 Ormat Energy Converters used in
the project is a self-contained power plant of 1.2 megawatts.
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GEM 1 is a 37-megawatt, gross, geothermal power plant, 50
percentofwhichis owned by GEQ East Mesa Limited Partnership
and 50 percent by a wholly-owned subsidiary of Mission Energy
Company. The dual-flash power plant, with two, 18.5 megawatt
units, is scheduled for completion on June 1, 1989 in the East
Mesa Geothermal Resources Area. At the end of January 1989,
acompany official said that 13 to 16 geothermal procluction wells
would be used to operate the powerplant, and that 14 production
wells had beendrilled. He added that 6 to 8 injection wells would
be needed, and 4 injection wells had been drilled.

Heber Binary Demonstration Plant:
A Second Law Assessment of Low-Power Tests

Introduction

The Heber Binary Project involves the world's largest
power plant of its {ype -- a 65-megawatt, net, geother-
mal plant that has been described in a series of reports
and technical articles.*»® The project sponsors and
contributors include: the U.S. Dept. of Energy, Electric
Power Research Institute (EPRI), California Dept. of
Water Resources, Imperial Irrigation District, South-
ern California Edison Co., San Diego Gas & Electric
Co., State of California, Magma Energy Co. Inc., and
Pacific Gas and Electric Co.

The resuits of start-up and low-power testing have
been reported by EPRI in Special Report AP-5240-SR.!
It is not the intent of this article to restate the resulis
of that report, but rather to offer an interpretation of
the plant's performance during the tests. This is of
interest because the plant was limited to no greater
than 25.5 megawatis, gross, output due to low brine
flow. The question of whether the plant could have
achieved its design power output and efficiency had it
been supplied with the design brine flow can be
addressed using thermodynamic Second Law con-
cepts, Le., through the use of exergy.?®

Test Results

Special Report AP-5240-SR contains tables of daily test
resulis for the period of December 8, 1985 through
June 26, 1986. For each of the 201 days in the test
period, the following data are listed: brine mass flow
rate, heat input, number of wells in service, plant
availabilify, plant maximum capacily, gross and net
electricity production, brine utilization, heat rate, and
wet-bulb temperature. Although the brine inlet and
outlet temperatures are not quoted for each day, it is
stated that the inlet temperature varied from 360° to
364 (182.8%to 184.4°C), and the outlet temperature
was 150%F (65.6°C). In this analysis, I have adopted
362°F (183.3°C) as the average brine inlet tempera-
ture.

L.4.5 Superior figures refer to a list of Selected Reférences‘ at
the end of the article.

All the data have not been analyzed. 1 have selected
those data for all days on which the plant was available
100 percent of the time and in which the maximum
output was 20 megawalls or greater (a total of 22 days),
along with a random sample of 16 other days having
100 percent availability but with outputs of below 20
megawaits. The best period of operation was from May
4-19, 1986 -- a total of 16 consecutive days within the
22-day period mentioned previously.

HEBER BINARY DEMONSTRATION PLANT
Net power cutput/Exergy input
5 NET UTILIZATION EFFICIENGY, %

30 —_—@
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Data from EPRI Spsclal Report AP-5240-8R

Second Law Analysis

The Second Law approach to plant performance cen-
ters on the maximum theoretical output associated
with a given input stream of geofluid. This is called the
exergy, and is found from the following equation:

E = mlh, - h- Tys, - s,)l.

where m is the mass flow rate of geofluid, h, and s are
the geofluid inlet enthalpy and entropy, T,is the abso-
lute temperature of the available heat sink (in this case,
the wet-bulb temperature}, and h,and s are the en-
thalpy and entropy of the geofluid evaluated at T,, To
a very good approximation, h and s can be taken at

by Dr. Ronald DiPippo

Mechanical Engineering Department
Southeastern Massachusetts University
North Dartmouth, MA 02747
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saturated liquid conditions.

The net utilization efficiency is simply the ratio of the
net power output (i.e., gross power minus all para-
sitics including brine well-pumping power) to the ex-

ergy:
n\.\ = wnet / E.

The figure shows a plot of n versus the maximum gross
power for the 38 test points selected for analysis. The
curve is a second-order, least-squares fit to the data;
the correlation equation is:

n, = -0.0984 + 0.0127 W, __ - 0.0000998 (W, ).

According to the correlation, there Is a threshold of 8.3
megawatts that must be exceeded before the plant can
produce any net power. The dashed portion of the
curve is an exirapolation to the design gross power of
65 megawatts, At that value, the correlation predicts
an efficiency of 30.5 percent (large circle).

We may compare this predicted value to the design
value based on full brine flow of 7.5 million lbm/h (945
kg/s): the exergy input under design conditions is
147.43 megawatts; the design net power output is 45
megawatts; thus, the design Second Law efficiency is
30.5 percent.

Therefore, we find that the extrapolated plant perform-
ance based on low-power test data agrees with the
design performance at full brine flow. This would imply
that the Heber plant should be able to achieve its
design rating when the production facilities are ex-
panded to full capacity. It mustbe noted, however, that
the test results were achieved using a brine outlet
temperature that was lower (i.e., more favorable) than
design -- 150° versus 160°F (65.6° versus 71.1°C).
Furthermore, some of the excess cooling tower capacity
that was available during the low-power tests was used
to achieve maximum cooling in the hydrocarbon con-
denser. This allowed for a lower turbine backpressure,
which also improved the performance.
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New Imperial Valley Power Line

The Imperial Irrigation District placed its new 104-
mile, 230kV transmission line in service in the Imperial
Valley on September 14, 1988. The power line, with a
rated capacity of 600 megawatts, transmits electricity
generated at geothermal power plants. The line runs

from the Midway Substation near Niland to Southern
California Edison’s (SCE) Coachella Substation near
Indio. The southern portion of the line will run from the
Highline Substation east of Holtville to Midway, and is
expected to be in service in November 1988. A lesser
feeder line will run between Heber and the Highline
Substation. '
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Work on the line began in the summer of 1987. Irby
Construction Company of Jackson, Mississippi, was
the contractor.

The transmission line was financed by 14 geothermal
companies, whose participation was based on the
amount of line-capacity they expect to use. The 14
participants are: Chevron Geothermal Company of

California; Del Ranch, Lid.; Desert Power Company;
Elmore, Lid.; Earth Energdy, Inc.; GEO East Mesa No. 2,
Inc.; GEO East Mesa No. 3, Inc.; Heber Geothermal
Company; Magma Power Company; Ormesa Geother-
mal; Ormesa Geothermal II; Union Oil Company of
California; Vulcan/BN Geothermal Power Company;
and Western Power Group, Unit II, Inc. All sell electric-
ity to SCE under Standard Offer No. 4 contracts.

GRI-Mission Energy Partners in
East Mesa

On December 6, 1988, Geothermal Resources Interna-
tional, Inc. (GEO) announced that its wholly-owned
subsidiary, Gem, Inc., has formed a limited partner-
ship with a wholly-owned subsidiary of Mission Energy
Company, an indirect subsidiary of SCEcorp (the par-
ent company of Southern California Edison Company),
under which the Mission Energy subsidiary has be-
come a 50 percent owner of the East Mesa geothermal
project and an equal general pariner in the GEO East
Mesa Limited Partnership, which includes the 37-
megawatt geothermal power-generating facility (GEM
1) currently under construction and the existing 13.4-
megawatt McCabe geothermal power-generation facil-

ity.

According {0 GEO's Chief Executive Officer Ronald P.
Baldwin, the Mission subsidiary acquired its 50 per-
cent interest in the partnership for an amount greater
than one half of GEO’s actual equity contribution to
date, which totals about $44 million.

Baldwin sald that the sale of the equity inthe East Mesa
geothermal project is an initial step towards a financial
solution to GEO’s current cash flow needs, and is part
of an overall financial restructuring plan the company
has undertaken since August 1988.

To completé the transaction, the Mission Energy sub-
sidiary purchased all of the interest in the East Mesa
geothermal project held by PacifiCorp Credit, Inc.

(Portland, Oregon), with the balance of its 50 percent
interest being acquired from GEO’s interest in Gem,
Inc. The East Mesa geothermal project in which the
Mission subsidiary acquired a 50 percent interest
includes:

- about 4,200 acres of geothermal leasecholds;

- two 25-megawaftt contract-capacity, long-term power
sales Standard Offer No. 4 contracts with Southern
California Edison Company (SCE); and

- the 13.4-megawatt B.C. McCabe power plant cur-
rently providing electrical power to SCE under a long-
term Standard Offer No. 4 contract.

According to Baldwin, since GEO began work on the
East Mesa project in April 1987, 11 wells have been
drilled. These are expected te provide enough geother-
mal water to supply over 50 percent of the total
geothermal water required for the GEM 1 facility that
Mitsubishi International Corporation designed and is
constructing, Construction of the GEM 1 facility is
substantially on schedule, with about 80 percent of the
power plant construction completed.

Baldwin said that in the event the East Mesa geother-
mal project expands its power generation capacity up
to an additional 36 megawatts, the Mission Energy
subsidiary has an option to participate in this project,
which includes providing funding for a 50 percent
interest.

Geothermal Helps SCEcorp Earnings |

SCEcorp, the parent company of Southern California
Edison Company, annocunced another record year of
earnings for 1988, according to Howard P. Allen,
chairman of the board and chief executive officer. Mr.
Allen stated that the earnings increase was particularly
noteworthy because il was achieved despite a reduc-

tion by the California Public Utilities Commission (CPUC)
in the utility’s 1988 authorized return on common
equity.

“The reduction, by itself, would have lowered earnings
33 cents per share,” he said, “but the company over-
came this through tight controls on operating

GEOTHERMAL HOT LINE

69




€xpenses, approval by the CPUC of expense levels that
nore accurately reflect Edison’s costs, a CPUC award
for favorable

tility earnings were 84 percent greater than in 1987,
with earnings growth being achieved in each nonutility
R business.

conplantor gfigher earnings resulted from

erating per-

formance,  Mission Energy bringing 830

and higher

eamings from  MEGAWALLS of new cogeneration

the Mission .t geothermal projects

Group  of .
nonutility into operation...

subsidiaries.”

Allen reported that 1988 earnings per share for SCE-
corp’s nonutility subsidiaries (the Mission Group) were
35 cents or 10 percent of total SCEcorp earnings,
compared with 19 cents or 6 percent for 1987. Nonu-

“Higher earnings
resulted from
Mission Energy
bringing 830
megawatts of new
cogeneration and
geothermal proj-
B ecis into opera-
TS v ' tion, the sale of
industrial property by Mission Land, increased con-
struction activity by Mission Power Engineering, and a
full year of operation for Mission First Financial,” Allen
said. ‘

SCEcorp and SDG&E Agree to Merge

On November 30, 1988, SCEcorp announced that the
boards of directors of both SCEcorp and San Diego Gas
& Electric Company (SDG&E) have approved a defini-
tive agreement to merge SDG&E into Southern Califor-
nia Edison Company, the electric utility subsidiary of
SCEcorp. “SCEcorp’s board acted a week ago and
SDG&E's board acted today,” said Howard P. Allen,
chairman and chief executive officer of SCEcorp.
“Approval by the shareholders of both companies is
required for the proposed transaction,” Allen added.

“For SCEcorp shareholders, SDG&E offers a service
territory with greater projected growth rates than
Edison’s, and a better customer mix that provides more
stable revenues,” Allen said. “The merger offers the
potential for operational savings of at least $100 mil-
lion, which can help keep electric rates down.

“The combination also offers a number of operational
benefits, These include use of current excess generat-
Ing capacity on the Edison system, more efficient
operations and greater economies of scale, direct ac-
cess to existing and potential generation in Mexico,
lower costs to provide service to newly developing areas
in South Orange County, and reduced need for capital
expenditures in the future,

“Consummation of the merger, which is expected in
Iate 1989 or early 1990, also is subject tc approval by
the California Public Utilities Commission, the Federal
Energy Regulatory Commission, and other regulatory
authorities.” '

Allen indicated that the San Diego operations of the
merged utility will continue to operate as a division,
retaining the name San Diego Gas & Electric Company
for at least two years following the merger.

The agreement provides that SDG&E chairman, presi-
dent, and chief executive officer Thomas A. Page will
become vice chairman and a director of SCEcorp, and
president of the SDG&E division and a director af
Southern California Edison Company. In addition to
Page, three other members of the current SDG&E
board will join the SCEcorp board of directors.

The combined utility will be the largest investor-owned
electric utility in the United States, with $8.2 billion
annual revenues, 4.8 million customers, 81.2 billion
annual kilowatt hour sales, and assets of $17.7 billion.
Its service territory will comprise 54,100 square miles.

“The new, combined utility should become the crown
Jewel of the electric utility industry. It will have
excellent growth potential, economic diversity, and
balance,” Alien stated.

Allen reiterated his earlier promise that Edison will file
a request with the California Public Utilities Commis-
sion for a 10 percent decrease in residential rates in
SDG&E's service territory within six months of the
completion of the merger of the two utilities. The rate
decrease would be separate from whatever rate in-
creases or decreases SDG&E makes independently
because of changes in fuel and purchased power costs,
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Coso Update, November 1988

“Navy Power Plant No. 1, Unit No. 1, began commercial
operation in July 1987, the first of nine power plant
units planned by California Energy Company (CEC) for
its Coso Geothermal Project,” said Charles Condy,
board chairman and chief executive officer of CEC. “As
of May 5, 1988, Unit No. 1 had generated 167 million
kilowatt hours of electricity and earned $13 million in
gross project revenues,” he stated.

Navy Power Plant No. 1, December 12, 1988, Photos courtesy of
California Energy Company.

“Construction on Units 2 and 3 of Navy Power Plant No.
1 began in March 1988. ‘These two power plant units
are -scheduled to go on line in November 1988," said
Jim Moore, Senior Vice President, Exploration, for
CEC. “Together, the three units in Power Plant No. 1
will generate 80 megawatts, net, Twenty production
wells and 5 injection wells have been drilled for the
units,

Power Plant BLM East, Decemmber 1 5, 1988,

“Construction has almost ended on BLM East, a two-
turbine power plant on lands leased from the Bureau

" of Land Management (BLM),” Moore added. “This

power plant will be on line at the end of 1988, generat-
ing 48 megawatts, net, of electricity. Eight production
wells and 3 injection wells have been drilled for the
power plant. Work is underway on a fourth injection
well.

“Construction has started on a one-turbine power

plant, BLM West, which is scheduled for completion in

July or August 1989 on land leased from the BLM. The

plant will generate 30 megawatts, net, of electricity,

Four production wells have been drilled, and drilling is

underway for 2 additional production wells. No injec-

tion wells have been designated for the power plant,”.
Moore concluded.

Navy Power Plant No. 2 will have three units, Units No.
4, 5, and 6. In December 1988, the California Energy
Commission issued a Small Power Plant Exemption for
the three units, Construction will begin in early 1989.
In November 1988, well drilling for Navy Power Plant
No. 2 was still in the exploratory stage: 3 production
wells had been drilled and no injection wells.”

Power Plant BLM East, December 15, 1988,

All four power plants include a new, noncondensable
gas reinjection system that reduces noncondensable
gas emissions to about 1 percent of those produced by
comparable coal-burning electrical generation plants.

Carl Austin, head of the Geothermal Program, Nava}
Weapons Center, described the Coso geothermalreser-
voir. He said that a major upwelling zone in the Coso
reservoir rises vertically to the main argillic seal and
then turns and moves to the north. Navy Power Plant
No. 1 is on this northern extension. Navy Power Plant
No. 2 and the BLM power plants are above the vertical
upwelling zone.

Geothermal wells at Coso have been completed with
temperatures over 700°F and operating welthead

temperatures of 480°F,
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In November 1988, 1,800 people were employed at
Coso in power plant construction and well drilling
projects. The number is expected to drop to arcund
1,000 people by the end of 1988, and to remain at that
level until 1990.

All nine units at Coso are expected to be completed and
on line by the end of 1989, generating a total of230
megawatts. Gross revenue will equal about $200
million a year. The project’s electrical output will be
purchased by Southern California Edison under three
long-term contracts of 24- to 30-years' duration.

OTHER WESTERN STATES

CEC has completed negotiations with Credit Suisse for
a $306 million project financing agreement, underwrit-
ten by a financing group recently expanded to include
Union Bank of Switzerland, NatWest USA, Manufac-
turer's Hanover Trust Co., Security Pacific National
Bank, and the Royal Bank of Canada.

The Credit Suisse financing package, together with a
$30 million corporate financing package raised through
Merrill Lynch Capital Markets, an earlier private place-
ment ofa $3.1 million companydebenture, and the $16
million of proceeds from the company’s initial public
offering, brings the total capital investment in CEC to
$355 million.

Steamboat Geothermal | Plant Expanded

In September 1988, Ormat Energy Systems, Inc. be-
gan work on its Steamboat Geothermal IA Project in
Steamboat Springs, Nevada. This expansion of the
Steamboat Geothermal I Power Plant (see June 1988
Geothermal Hot Line) was finished in late 1988, and the

power plant acceptance test was completed in early

January 1989. The IA Power Plant includes two Ormat
energy converters that generate an additional 2 mega-
watts, gross, of electricity by using the geothermal
water prior to injection. An air-cooling system is
installed to ensure zero environmental impact.

The new project, which is to be owned by Far West
Capital of Midvale, Utah, will sell electricity to Sierra
Pacific Power Company under a long-term power pur-
chase contract and will be operated by Ormat Energy
Systems, along with the existing Steamboat Geother-
mal [ Power Plant.

Ormat has received the U.S. Dept. of Energy 1988
award for Energy Innovation for its Steamboat Geo-
thermal I Power Plant. The nonpolluting, 7.4 mega-
watt, gross, binary power project has operated since
1985.

Stillwater Geothermal | Project Loan

Ormat Energy Systems, Inc. announced it has recelved
a construction loan for the Stillwater Geothermal 1
Project near Fallon, Nevada.

The 17-megawatt, gross, air-cooled power plant is
expected to be in full operation by the second quarter
of 1989, and selling power to Sierra Pacific Power
Company under a 30-year contract.

The $36 million loan was provided by Bankers Trust
Company and Bank of Nova Scotia. Constellation
Development, Inc. (a Baltimore Gas and Electric sub-
sidiary) will provide the utility equity. Barnkers Trust
Company, acting as the financial advisor to Ormat, will
arrange the balance of the equity and the long-term
debt. Ormat will construct the power plant, develop the
field, and operate and maintain the project under a
long-term contract.

Coming Soon: RFP for Geothermal Energy in Hawaii

The State of Hawali and Hawailan Electric Company
(HECO) have announced plans to seek proposals to
develop one of the world’s most Innovative electrical
generation and transmission projects,

P

by Gerald Lesperance

Dept. of Planning and Economic Dev.
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The goal is to develop 500 megawatts of electricity from
geotherma! energy on the Island of Hawall and trans-
mit it by underwater cable to other islands in the state,
primarily to heavily populated Oahu, a distance of
about 270 miles.

Successful completion of the project would satisfy with
geothermal energy a major portion of Oahu’s electrical
demand, and reduce annual oil imports to the island
state by millions of barrels. Oahu acceunts for about
80 percent of the state's electrical consumption.

The request for proposals (RFP) will be issued in early
May 1989. The project calls for a private consortium to
finance and develop the geothermal energy resource on
the Island of Hawaii, and to transmit electricity from
the resource by underwater cable to Oahu, and possi-
bly Maui, as well.

Selection of the developer of the projeci;. ‘which is
expected to cost in excess of $1.7 billion, is expected to
be made by the end of 1990. «

Driven by near-total dependence on oil imports for its
energy, Hawaii has included increased energy self-
sufficiency as an objective.

“Hawalli's energy outlook requires positive action now,”
said Governor John Waihee., “We are fortunate to have
our own natural resource for electricity on a commer-
cial scale around the clock, and the technology for
using it -- a mature, proven technology -- better suited
to our environment than electrical production from
fossil fuels.” The governor's position has received
support from the Legislature.

HECO President Harwood D. Williamson said geother-
mal energy has long been seen by his company as
Hawaii's best renewable energy alternative to fuel oil for
generating electricity.

“Without question, geothermal energy is the best near-
term renewable energy alternative to meet the base-
load needs of our utilities in satisfying our customers’
needs,” Williamson said. “Successful completion of
this project would be a significant contribution-towards
making Hawali more secure and less vulnerable to the
uncertainties of the world oil market.”

Although geothermal energy could not be transmitted
to Oahu until around 1995, the RFP will be issued this
year to allow HECO to consider other alternatives if the
response to the RFP shows that economical geothermal
electricity will not be available by then.

Much of the United States began converting from oil to
other fuels for electrical generation in the 1970% in
reaction to the OPEC oil embargo, but Hawaii's mid-
Pacific isolation has prolonged the state’s near-iotal
dependence on fuel oil. Although the national average
for oil-fired electrical generation is 5.5 percent, Hawaii
uses fuel oil to generate more than 90 percent of its
electricity.

The geothermal energy resource on the Island of Hawali,
the “Big Island,” has been estimated to be at least 500
megawatis, far more than can be utilized on that
island. Hawaii Electric Light Company, HECO's elec-
tric utility subsidiary that serves the Big Island, had a
peak demand in 1988 of 126 megawaits.

Since 1982, a small, state-owned research and demon-
stration geothermal power plant on Hawaii has sup-
plied to Hawaii Electric Light Company about 2 mega-
watts, enough to service about 2,000 homes.

The RFP calls for development of the existing Geother-
mal Resource Subzones in the Kilauea East Rift Zone of
the Big Island’s Puna District, where the demonstra-
tion plant is located. This subzone is believed to have
the largest geothermal resource in the island chain.

Early in 1988, the Governor's Advisory Committee on
the Geothermal/Cable project, chaired by former Hawaii
Governor William F. Quinn, endorsed geothermal energy
as technically feasible in Hawaii, The State Legislature,
at about the same time, consolidated and streamlined
geothermal permitting procedures and funded geo-
thermal exploration and reservoir analysis.

The export of large amounts of electricity from the Big
Island to Oahu has been studied for years and is
belleved to be the best way to reduce the state’s
dependence on fuel oil.

Since 1982, HECO has been the prime contractor of the
Hawaii Deep Water Cable Project, which is funded
jointly by the U.S. Department of Energy and the State
Department of Business and Economic Development.

A 6,000-foot electric cable of a type that could be
deployed between the islands was manufactured in
1987. Laboratory testing of the cable was concluded in
October 1988, and the cable was found to be mechani-
cally and electrically sound.

At-sea testing of deployment and retrieval procedures
using a surrogate, nonelectric cable will begin during
the last three months of 1989 in the Alenuihaha
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Channel between the Islands of Hawaii and Maud.

The cable will be the longest and deepest electrical
power cable in the world. The deepest portion of the

cable routie between the Big Island and Oahu would be
about 7,000 feet, in the Alenuihaha Channel.

Ormat Completes Hawaiian Purchase

Ormat Energy Systems, Inc. has purchased Maxus
Energy’s 75 percent interest in the Puna Joint Venture
in Hawaii. Ormat acquired 25 percent of the same

Venture from Amfac Energy in March 1988, with the
intention of developing a 30-megawatt geothermal power
plant on the Island of Hawail.

Hawaiian Direct-Heat Grants Encourage Geothermal Creativity

The Hawaiian Communily Geothermal Technology
Program is unique. Under its auspices, heat and other
by-products of Hawaii's high-temperature HGP-A geo-
thermal well and power plant are not wasted. Instead,
they form the backbone of a direct-heat grant program
that reaches into the local community and encourages
community members to develop creative uses for geo-
thermal energy. A by-product of this approach is a
broadened local base of support for geothermal energy
development.

Four small businesses and one artisiic partnership
were the first program participants. Beginning in 1986
with grants of up to $10,000 at the Puna Geothermal
Research Center, the grantees experimented with food
drying, lumber drylng, greenhouse-bottom healing,
cloth dyeing, and glass-making projects.

ot
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Peter Allen, owner of Papaya Products qf Hawall, scrapes
geothermally dehydrated green papaya powder off trays. Bottles
of the pawder and samples of dried fruit slices are on the table
in front of him.

Now, with the experimental and precommercial work
completed, most of the original grantees are looking for
ways to continue their projects on a commercial scale
by studying the economics of using geothermal heat in
.a full-secale business and researching potential mar-
kets. A geothermal “mini-park” may be built near the
research center.

Inspired by this success, additional researchers and
enirepreneurs have expressed an interest in develop-

by Andrea Gill Beck

Field Representative, Hawali Energy Extension Service
Dept. of Business and Economic Development

Hilo Lagoon Centre Annex Bldg.

101 Aupuni St., #214

Hilo, Hawaii 96720

Portions of this article are reprinted from the Geothermal Resotirces
Council "Transactions”, vol. 12, 1988.
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Bill Irwin {(left) and Denver Leamnan, partners in the woodworking
Jirm of King Koa, check a charge of lumber in their computer-
controlled, geothermally heated kiln. :
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Ornamental palms in this experimental greenhouse, operated by
James (“Chris”) Downing of Leilani Foliage, germinate more
readily and grow faster with a geothermal bottom-heating system.
ing direct-heat geothermal projects. Some of the state’s
largest agricultural businesses have visited the re-
search center to discuss cooperative ventures with the
grantees.

Second Grant Phase

In 1988, a second round of projects was funded under
the program. This time, the funding limit was $15,000.
Five projects were selected from 11 applications; work
will begin in the summer of 1988 and run for 1 year.

The five new projects are:

- Geothermal Aquaculture Project,-- an experiment
with low-cost propagation of catfish species in geother-
mally heated tanks with a biofilter;

- Media Steam Sterilization and Drying,-- an applica-
tion of raw geothermal steam to shredded, locally-
available materials such as coconut husks, which
would be used as certified nursery growing media;

- Bottom-Heating System Using Geothermal Power for
Propagation,-- a continuation of Leilani Foliage's proj-
ect from the first round of grants, focusing on new
species of ornamental palms;

« Silica Bronze, -- the use of geothermal silica as a re-
factory material in casting bronze artwork; and

- Electro-deposition of Minerals in Geothermal Brine,-
aresearch project aimed at determining the nature and
possible utility of minerals deposited from the hot fluid.

Norman Miller (seated} and Bill irwin, graniees of the "Hawaii
Glass Project,” making glass from their formula incorporating
geothermal silica.

Andrea Beck, Community Geothermal Technology Program
administrator, inspecting samples of hand-dyed silk treated with
raw geothermal steam.

History of the Puna Geothermal
Research Center

In November 1986, ownership of the Hawaiian Geo-
thermal Project -- Abbott (HGP-A) well, power plant,

and adjacent facilities--was transferred from the U.S.

GEOTHERMAL HOT LINE

75




X .

Department of Energy to the State of Hawail. Today,
the geothermal power plant is operated by the public
Natural Energy Laboratory of Hawaii (NELH).

NELH's four-acre Puna geothermal facility encom-
passes not only the HGP-A well, power plant, and
visitor center, but the state’s only geothermal direct-
heat research laboratory, called Noi't O Puna, or the
Puna Geothermal Research Center.

As a public facility, Noi'i O Puna is available for both
publicly- and privately-funded research, development,
demonstration, and commercialization prejects. The

WORLDWIDE
LATIN AMERICA

laboratory consists of a 40’ x 80’ semi-enclosed con-
crete test pad, graded land outside the laboratory
building, a chemistry laboratory, and an office.

The resources available at Noi'i O Puna include: high-
pressure geothermal water (160 psig at 370°F); low-
pressure geothermal water (15 psig at 250%F); low-
pressure steam (15 psia at 2560°F); and hot potable

_water. (50 psig at 210°F). Compressed air, electricity

(480 vac single- and three-phase; 240 vac single- and
three-phase; and 120 vac single-phase), and a me-
chanical shop are also available,

New Geothermal Plans for Latin America

“People have preconceived notions that geothermal
energy is expensive and risky,” said Gustavo Calderon,
chief, Non-Conventional Energy Section, Inter-Ameri-

can Development Bank. “This is wrong. Geothermal
energy really improves the

flexibility of a country’s power ©
generation mix and lowers
energy expansion costs.

“Even in a counlry like Costa
Rica with high hydroelectri-
cal potential and low-cost

and Guides'. The foundation of the program will be a
series of guides documenting each phase of a geother-
mal project, beginning with the prefeasibility and fea-
sibility studies and moving through power plant con-
struction and expansion. This
is necessary because geother-
mal projects involve relatively
unknown technologies and
practices ... two major stum-
bling blocks for energy man-
agers,

developments, geothermal geotﬁerma[ _- “Portions of the guide have al-
power generation has been . .. ready been prepared by
found financially and eco- P owerg eneration  OLADE, but most are unwrit-

nomically justifiable. Calcu-
lations with standard eco-
nomic models show this.
Besides economic benefits,
geothermal energy adds flexi-  eeamemmmn o

bility to energy packages. It's

good to have it in dry years or during unforeseen
events. Geothermal energy is also more environmen-
tally benign than hydroelectrical projects with large
reservoirs,” Mr. Calderon continued.

is financially
Justifiable.

“Now, geothermal engineers might know this, but in
Latin American countries, many national energy
managers do not. This is a real stumbling block in the
development of geothermal energy in Latin America,”
he said. “To help get the word out, the Inter-American
Development Bank is considering a new program in
conjunctionwith the Organizacidn Latinoamericana de
Energla (OLADE), titled ‘Preparation of Geothermal
Projects for International Financing: Methodologles

ten. The chapters to be writ-
ten will describe how to under-
take the following activities:

1. An evaluation of the prob-

_ able energy potential of a geo-
thermal field at the time of reconnaissance, prefeasibil-

ity, and feasibility work. :

2. Mathematical models for the simulation of reservoir
behavior at various stages and levels of exploitation,
with the goal of defining the usable capacity in the
known area. :

3. Environmental aspeéts that must be considered in
each stage of a project’s development.

4. Other special factors that will be considered, such

by Susan F. Hodgson
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as deposition and corrosion, and their effects on the
costs of investment, operation, and maintenance.

5. Methodology and study for planning the expansion
of electrical generation when geothermal projects are
candidates for such action, Description of the expan-
sion plan of least cost. [NOTE: The planning method-
ologies are used for the feasibility studies (with risk
analysis) and for the studies of investments in geother-
mal plants, which include the field development.]

6. Economic evaluation of geothermal projects, using
the resulls of the planning methods indicated before,
but in a different form, according to the level of the
geothermal project that s discussed.

7. Economic evaluation of direct-use geothermal proj-

~ ects for a benefit-cost analysis (economic prefitability).

8, Institutional, financial, and owner or executor evali-
ation of geothermal projects.

“Using these documents, the energy planners should
be able to decide how geothermal development looks as
an investment option in any interested country’'s spe-
cific situation. We hope to incorporate United States’
expertise into the document-preparation phase of the
activities,” said Mr. Calderon.

“In 1990, when all the documents are ready, our
technology transfer activities begin. There will be two
seminars and one course offered to enerdy managers
and engineers from Latin American countries inter-
ested in developing geothermal energy. These events
will probably be undertaken at OLADE headquarters in
Quito, Ecuador,” he concluded.

Central American Electrical Interconnection

A technical cooperation grant of $2.25 million, de-
signed to strengthen the capacity of Central American
countries to operate their regional interconnected elec-
trical system, was announced by the Inter-American
Development Bank (IDB).

The grant, extended from the bank's Fund for Special
Operations, will help improve the capacity of the re-
gion's electric power companies to achieve economical,
safe operation of the interconnected electric power
systems. The funds will also be used to finance regional
studies of the accords, procedures, regulations, and
supervisory mechanisms for the system, as well as
program development and data bases.

Six national companies will participate in the program.
They include the Instituto Costarricense de Electri-
cidad (ICE}); the Comision Ejecutiva Hidroelecirica del
Rio Lempa (CEL) of El Salvador; the Instituto Nacional
de Electrificacion (INDE) of Guatemala; the Empresa
Nacional de Energia Electrica (ENEE} of Honduras; the
Instituto Nicaraguense de Energia (INE) and the Insti-
tuto de Recursos Hidraulicos y Electrificacion {RHE} of
Panama. The project will be coordinated by the ICE; its
total cost is estimated at $3.3 million.

Background

The electrical power systems of the Central American
countries were developed independently. Over thelast
few years, however, important strides have been made

in electric power integration through bilateral intercon-
nections, many financed with the help of the IDB. The
Nicaragua-Honduras interconnection began to operate
in 1976; the Nicaragua-Costa Rica interconnection in
1982; and, in 1986, the interconnected Honduras-
Nicaragua-Costa Rica-Panama system was finished
with the completion of the Costa Rica-Panama link.
Also in 1986, the Costa Rica-Panama connection and
the Guatemala-El Salvador connections were com-
pleted as separate subsystems. In 1986, an agreement
was signed to undertake feasibility studies for an
electrical interconnection between El Salvador and
Honduras.

Through the years, these interconnected countries
have been exchanging energy under bilateral con-
tracts, which have been complemented by multilateral
agreements. The system has become more complex as
the number of interconnected countries has increased
and new hydroelectrical planis have come on stream.
Such complexity has highlighted deficiencies in the
exchange mechanisms, in the mechanisms of analysis
and integrated cooperation, and in planning method-
ologies. ; : '

To optimize the benefits of a system of electrical power
exchange among the various Central American sys-
tems, the countries’ capacities must be strengthened
to plan not only the economical operation of their
systems, but also the legal, institutional, and technical
frameworks for carrying out the electrical exchanges.
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Geothermal Resources of the Alberta Plains

Formation waters of the Alberta Plains are inventoried
in a new report prepared for the Renewable Energy
Branch, Energy, Mines, and Resources, Canada. The

" report, titled Geothermal Resources of the Alberta
Plains, is written for those contemplating using the
waters as sources of geothermal energy. Water tem-
peratures, salinities, depths, and the reservolr capaci-
ties of the enclosing rocks are included.

From geological information and preexisting tempera-
ture and gradient data, 21 maps were drawn of tenrock
units and the enclosed fluids. Although some previous
site-specific inventories of the geothermal resources of
the Alberta Plains have been made, the study is the first
comprehensive survey.

The sedimentary envelope of the Alberta Plains ranges
in thickness from zero in the northeastern corner of the
province to nearly 5000 meters along the edge of the
disturbed belt in the southwestern corner. Tempera-
ture gradients (degrees Celsius per kilometer) range
from over 45 to less than 10 and average about 30.
Although no highly anomalous hot spots have been
identified to date, many excellent aquifers are present.
Water at temperatures suitable for many purposes is
readily available. The water generally contains consid-
erable amounts of dissolved solids, usually 100,000
ppm or greater.

Capital costs to Install geothermal energy recovery
operations from scratch are prohibitively high on
Canada’s Alberta Plains. The geothermal resources
there are about 1.5 kilometers deep, and drilling wells
to reach them is expensive. For a geothermal recovery
operation to be economically feasible, drilling costs
must be avoided. One way is through a joint-venture
operation with the petroleum industry.

A joint venture may be possible because oil extraction
often Involves the production of large volumes of hot
water, a geothermal resource. Typically, after the hot
water is brought to the surface with oil, it is injected
underground and the heat is never used. Ways to
obtain and use this heat follow.

1. After the oil is separated from the hot water, a heat
exchanger could be added to the water-disposal loop at
a relatively low cost. Either the oil operator or a
geothermal operator could draw the heat energy out
and use it for other purposes. ;

2. Many hydrocarbon exploratory wells are cased and
tested before they are found incapable of producing oil
or gas in economical quantities. At this point, the usual

. industry practice Is to plug and abandon such weils.

To avoid such costs, an oil operator might be willing to
turn the well over to a party interested in exploiting the
geothermal resources penetrated by the well.

3. Some unsuccessful exploratory hydrocarbon wells
are never fully cased. Instead, they are plugged and
abandoned after logging and testing is completed. The
operators of such wells may be willing to assign interest
in the well to a geothermal operator, who would then
completely case the hole and use the resource.

4. Even successful hydrocarbon wells have a finite life.
When they are no longer capable of producing oil and
natural gas at economical rates, they still may be
capable of producing hot water for geothermal pur-
poses. The water may come from the hydrocarbon zone
or from another zone penetrated by the well. Perhaps
a geothermal operator would be interested in buying
such a well,

5. In the course of producing eil, substantial quantities
of water or steam commonly are injected into the oil
reservoir to increase production. Often, the water is
hot, produced from an aquifer in a nearby well. Per-
haps arrangements could be made whereby this hot
water could be run through a heat exchanger prior to
injection into the oil zone.

In Canada, all oil- and gas-well drilling activity is
announced by the Alberta Energy Resources Conser-
vation Board., The board publishes a list of licensed
wells every day. The matter of obtaining geothermal
rights would also be addressed through the Conserva-
tion Board when Crown lands are involved. '

Copies of this report are available for the cost of
reproduction from George E. Loveseth, Vali Resources
Limited, 3632 Utah Drive, Calgary, Alberta, T2N 4A7,
Canada; telephone (403) 265-2568.

by ‘
G. E. Loveseth and B. J. Pfeffer
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GREAT BRITAIN

British Electricity Monopoly May Be Sold

On December 1, 1988, British Prime Minister Margaret
Thatcher submitted legislation to sell the electricity
monopoly. The sale of the power-generating and
distribution system in England and Wales is to be
completed by mid-1991. Two companies would be set
up in Scotland; Northern Ireland would not be affected.

Competition for power-generation would be encour-
aged by splitting the Central Electricity Generating
Board into two companies: PowerGen and National
Power.

The Hot Dry Rock Project at Cornwall

“Cornwall's hot dry rocks could generate sufficient
electricity to maintain the needs of the South West in
the next century.” That was the optimistic message
given by Energy Minister Michael Spicer on March 3,
1988, when he announced additional funding of 8.15
million pounds to take the geothermal hot dry rock
research program, centered at the Camborne projectin
Cornwall, on to a further stage of development,

Mr. Spicer went on to say, “The Camborne project is a
world leader in hot dry rock technology. Extracting the
heat which occurs naturally in granite rock thousands
of metres below the ground in Cornwall could provide
electricity at a competitive rate.

The 8.15 million pounds of funds will, over the next
three years, be used to take the project to the stage
when we will be able to judge the commercial prospects
for electricity generation, and plan its exploitation. If
prospects are good, an industrial consortium would
have to be formed to establish a power station and
market the electricity. '

“Our decision to take the work forward to the next stage
could not have come at a more opportune time, when
privatisation of the electricity industry enhances the
prospects for renewable sources of energy contributing
to the nation’s energy needs,” Mr. Spicer concluded.

Project History

The United Kingdom's, Department of Energy hot dry
rock (HDR) programme, the centrepiece of which is the
Camborne School of Mines project at Rosemanowes
Quarry in Cornwall, has been under way since 1976
with the overall alm of assessing the technical and

economic feasibility of commercial HDR power installa-
tions, primarily for electricity generation. The techni- -
cal problems of assessing the HDR resource at the 6 to
7 kilometre depths required for commercial exploita-
tion are formidable, and the department’s strategy has
been to proceed to a full depth prototype system by way
of projects at shallow and intermediate levels.

This has allowed the main technical and engineering
problems to be addressed without the added complica-
tion of the high-temperatures encountered at full
commercial depth. Work at the shallow depth, to
assess the feasibility of enhancing the permeability of
rock, was successfully completed in 1979. The inter-
mediate depth (2 kilometres) experiments, to establish
the feasibility of a viable HDR reservolr within the rock
fractures, are due to be completed during 1988.

In the first half of 1987, a major programmie review was
undertaken. It included an economic assessment of
the HDR resource, a technical review of the technology,
an assessment of the commercial prospects for HDR
systems carried out by Taylor Woodrow, and the defl-

nition of an appropriate strategy for further work. The - -

picture that emerged from the review can be summa-
rized as follows:

- The HDR resource might make a signiflcant contribt=
tion to UK electricity requirements at a cost that could
be competitive with conventional sources. The com-
mercial exploitation would be limited by economic and

environmental constraints, but, éven so, HDR night e

Reprinted, with permission of the Department of Energy {UK)
Jrom Review, tssue 3, April 1988. '
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supply up to 10 percent of the country's electricity
needs for 125 years or more. Most of the resourceis in
Cornwall, and if developed for local use, could supply
all local needs for the foreseeable future.

- Although considerable progress has been made in
proving the concept and understanding the technol-
ogy, the attainment of technical targets for commercial
HDR reservoir operation is still some way off. At iis
present stage of development, the technelogy must still
be regarded as experimental. The way forward lies in
the development of stimulation techniques capable of
creating commercial HDR reservoirs, together with
techniques for manipulating them.

- Commercialization prospects for HDR appear to be
attractive in the long term, provided the key technical
problems relating to reservoir creation and operation
can be overcome, but unattractive in the short term
because of current technical uncertainties and the long
time scale involved in demonstrating the concept at
commercial scale.

- The future programme strategy should be built
around a cautious commitment to a deep prototype
HDR project. Continuing work should be aimed at
removing the present technical uncertainties and
providing the information necessary for a decision on
whether or not to proceed with the high-cost drilling
phase of a prototype project.

8.5 Million Pounds Extra Funding

The additional funds of 8.15 million pounds for the
HDR programme, announced by the Government in
March, will allow the continuing work recommended in
the 1987 review to go ahead. The main elements in the
forward plan are:

- aconceptual design of a deep commercial-size proto-
type system, commencing in October 1988.

- a change in emphasis in the current work pro- :
gramme of the Camborne project so as to provide :
necessary detailed technical support of the conceptual 3

design study.

- anew 3-year phase for the Camborne project, com-
mencing in October 1988, aimed at developing and
validating techniques for manipulating HDR reservoirs
to improve and/or correct their performances.

a further major review in early 1990 to consider the
case for commencing the main design and construc-
tion phase of the commercial prototype sysiem.

If the results of the 1990 review are positive and the
prototype project goes ahead, the estimated cost of
detailed design, construction, and monitoring, includ-
ing a power plant to generate electricity by 1995, is 42
million pounds. Substantial industrial/commercial
involvement and commitment would be a prerequisite
of any government decision to proceed.

[Opportunities for fruitful collaboration with other

countries will continue to be sought. There has been
recent UK involvement in a Swedish HDR project and
discusslons are taking place on possible collaboration
on HDR with the European Commission, Japan, and
the United States.

Bringing HDR technology to the commercial market
presents a huge technological challenge to those in-
valved -- but the prize is worth striving for,

The Camborne School of Mines began its initial HDR
research in 1973. By 1976, the work had progressed
successflly to the stage where it attracted substantial
funding from both the Department of Energy and the
Commission of the European Communities.

As a final note, the upcoming hot dry rock conference
in Cornwall at the Camborne School of Mines is de-
scribed in the “Conferences” section of this issue.

80

DIVISION OF OIL AND GAS

Indonesian Project Underway

Unocal Corporation has given the Indonesian Govern-
ment notice of intent to proceed with a geothermal
project to provide steam for a 110 megawatt electrical
generating plant.

Under a joint operation contract signed in 1982 with
Pertamina, the state oil company, Unocal Geothermal
of Indonesia, Lid., a wholly-owned Unocal subsidiary,
discovered a geothermal field in the Gunung Salak
area, about 40 miles south of Jakarta. The company
has drilled 11 wells, and has confirmed reserves for
more than 230 megawatts of generating capacity.

Indonesia’s state electric company, PLN, will build the
power plant with loans from the Italian government,
Ansaldo, an Italian company, will supply equipment
and manage the construction. Construction will begin
in 1989, with the power plant expécted to conte on e
in 1992,

‘With the notice of intent to proceed, Unocal Geothermal
of Indonesia, Ltd. will begin drilling additional wells
and build the field facilities necessary to provide steam
to the power plant.

Beppu Geothermal Field and the Geophysical Research Station

Introduction

Bathing in hot springs has always been an important
part of life in Japan. There are over 2,000 spas in
Japan, visited every year by over 100 million people. In
spile of this interest in hot-springs, very few institutes
are dedicated to research in the hot-spring sciences. In
this regard, the Geophysical Research Station of Kyoto
University, Beppu, is uniquebecause of its broad range
of scientific studies of geothermal phenomena. The
studies include geochemical, geophysical, geological,
and hydrological research on geothermal systems in
their natural and modified states.

The Geophysical Research Station has an ideal location
on the Beppu geothermal system, one of the largest
geothermal systems in Japan on the Island of Kyushu.
This island is the southernmost of the four main
islands of Japan, at the northeastern end of the Philip-
pines-Kyushu volcanic arc. '

Beppu City

The surface thermal activity at Beppu varies from hot
springs to superheated fumaroles and steaming ground
on the volcanoes behind Beppu City. The city has been
built on a large fan deposit on lower flanks of the
Tsurwmi Volcanic Centre. Lavas last flowed here about
2,000 years ago.
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A schematic model of the geothermal system in Beppu. Courtesy
of the Geophysical Research Station.

The article is excerpted from the Outline of Geophysical Research
Station, Faculty of Science, Kyoto University.
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Haruki River

Beppu Bay

Distribution qf the drilled wells in the Beppu Geothermal field. Courtesy of the Geophysical Research Station.

Beppu has a long history as a resort area for its onsen
(hot spring bathing) and its jigolu (literally “heli”;
fumaroles and steaming ground). To enhance the flow
of hot water, wells were drilled as early as 1880 with a
flexible bamboo technique known as “Kazusa-bori”.
These may be some of the earliest geothermal wells
drilled anywhere in the world. By 1924, over 1,000
wells had been drilled. Today over 3,000 wells areinan
arca of bkm (E-W) by 8kin (N-S), and the total flow of hot
water and steam is around 600 kg/s. The wells range
up to 700m in depth, and temperatures above 200°C
have been measured.

Inan experiment in the early 1920’s, the Tokyo Electric
Light Company generated 2 megawatts of electricity
using geothermal steam from a Beppu well. Although
a 30-kilowatt geothermal power generation unit was
briefly operated in 1951, it was not until 1979 that a
permanent power plant began producing electricity
from geothermal steam at Beppu. This isa 3-megawatt
unit that provides power for the Suginoi Hotel.

The Geophysical Research Station

Because of the intensive efforts of the late Professor T.
Shida, with special support from Oita Prefecture and
Beppu City, the Geophysical Research Station was
established at the present site of Beppu Cily inJanuary
1924 so that comprehensive studies of volcanic and
geothermal phencmena could be made. After this
beginning, systematic measurements of the Beppu
geothermal system started. In March 1928, the Aso
Volcanological Laboratory was established near the
active central volcano within the Aso Caldera, about
60km southwest of Beppu, to promote geophysical
studies of volcanic activities.

In collaboration with these two institutions, the Geo-
physical Research Station carries out geothermal re-
search, with the Beppu system as its main research
area. To measure geothermal activities, the Handa
Observatory, attached to the Geophysical Research
Station, was established in 1934 at Kuju which, half-
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way between Beppu and Aso, is also one of the largest
geothermal systems in Japan. To date, over 250
scientific papers have been written by the research
workers in the Geophysical Research Station,

Visiting Scientist Program

The Geophysical Research Station has three research
sections.

1. Geothermal Fluid Research Section (permanent)

The main subjects of study undertaken by this section
are the physical and hydrological processes of geother-
matl fluid flows through underground media, such as
potential flow, thermal convection, two-phase flow, ete.

2. Geothermal Structure Research Section (until
19986)

Two members belong to this section. Its main subjects
of study are the characteristics and history of under-
ground geothermal formations based on geologic, pet-
rologic, geophysical, and geochemical methods. For

DEVELOPMENT

this purpbse, seismic e}{pléré.fion and deep drﬂhng will
be conducted in and around the Beppu area with the
collaboration of the Geothermal Fluid Research Sec-
tion. '

3. Geothermal Setting Research Section {until
1996)

This section is open to foreign scientists in any discl-
pline related to geothermal phenomena. Examples of
study are comparative studies between the Beppu-
Kuju-Aso "area and other geotlierrial and volcatiic
flelds in the world. Each visiting scientist holds a
tenure of 3 months to 1 year.

For further information about the Geophysical Re-
search Station or the visiting scientist program, con-
tact the Director, Geophysical Research Station, Kyoto
University, Noguchibaru, Beppu, Oita-ken, 874 Ja-
pan. Telephone: 0977-22-0713{JPN); Telefax: 0977-
22-0965(JPN]).

ENVIRONMENT

Greenhouse-Effect Spurs Legislation

Senator Timothy E. Wirth (D-Colo.) reintroduced legis-
lation on February 1, 1989, to establish a national
energy policy that would slow down the emission of
pollutants contributing to the “greenhouse effect.”

Wirth's comprehensive bill to combat the greenhouse
effect includes initiatives to: increase energy-efficiency
in all sectors of the U.S. economy; expand research and
development of nonfossil fuel sources such as solar;
encourage technologies to reduce carbon dioxide emis-
sion from coal-fired power plants and other sources;

e Authord: attona; 1 o

Frogram rY 1991 XY 1592 rY 1933

direct the World Bank and the International Monetary
Fund to develop policies to stop tropical deforestation;
and research the greenhouse effect, its causes, and the
steps needed to cope with a changing climate.

The accompanying table of energy project funding
levels is furnished by Senator Wirth's office.

For further information, contact Jim Spellman at (202)
224-5852.

rison to fundine mcal Years 1

rY. 1383 level FY 1961 lavel

Enezgy afficiancy rkd $209,181,000 §253, 000, 000 $301 000,000 $165,700,000 #143,000,000 (FT 1980)
0 57 B/A B/K

efficlency demonstration

5
BUBTOTAL {efficlency)  $264,161,000 ¥318,000,000 $376,000,000

state/local conssrvation  $26%5,000,000 $B5, 000,000 $105,000,000 $211,200,000 $403,000,000

and weatharigation

Reneweble TEd

HWind energy $19,000,000 $22,000,000 $26,000,000 $8,839,000 $63,700,000

Photovoltalc enexgy $43,100,000 $45,000,000 T§50,0006,000 835,500,000 5§153,200,000

Solar thermal enargy 520,700,000 $32,000,000 $35,000,000 515,000,000 $118,900,000

Blofuele. vnerygy $32,100,000 $35,100,000 $40,000,000 $13,435,000 £57,700,000

Galar bulldings energy 8,000,080 $9,000,000 $10,000,000 $5,3865,000 574,260,000

Ocean energy $5,000,000 $5,000,000 55,000,000 54,105,000 §35,000,000

Goothermal energy - $34,500,000 535,700,000 $38,700,000 $19,500,000 $156,000,000

Hydrogen/fusl celle $20,000,000 $30.000.090 $40.000,000 n/a HiA
SUBTOTAL (Renewablas}  $150,800,000 §213,800,000 $244,700,000 BUBIOTAL $101,742,000 §5B0,400,000

Claan cosl | §5,000,000 $15,000,000 525,000,000 $515,000,000 /K

Katural gas r&d $125,000,000 $125,000,000 $125,000,000 N/A

{A1l clean coal R&D)
LY

Advanced civilian nuclezsr $100,000,000 $200,000,000 $200,000,000 $205,700,000 $650,000,000

Basic science initiatives $91,300,000 $91,300,000 $91, 300,000 R/A R/A

¥orld population growth $500,000,000 $540,000,000 $580,000,000 $200,000,000 4130,000, 000

HOAL {Each fiscal year)  $1,536,201,000 41,597,300,000 81,747,000,000 TOTAL

GRAND TOTAL (Qver three yeara) 94,870,581,000

$965,342,000(*)  $2,226,490,000

(*) doen not isclude ciean coal Eunding
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Geothermal Energy and the Greenhouse Effect

Does the hot and dry summer of 1988 and the excep-
tionally hot decade of the 1980's mean that the conse-
quences of the so-called “greenhouse effect” are begin-
ning to be felt? The greenhouse effect results mainly
from the emission of carbon dioxide (CO,) into the
atmosphere. This allows ultraviolet radiation from the
sun to pass freely to the earth, but prevents infrared re-
radiation from leaving the atmosphere. The effect is
similar to what happens in a glass-enclosed green-
house,

Any fuel that contains carbon will generate CO, when
it combines with oxygen In the air that is used for
combustion. One of the major sources of CO, is the
combustion of fossil fuels, or, more generally, carbon-
based fuels, which are the main raw-energy sources for
electrical power production in the United States. Com-
monly used fuels include coal, oil, natural gas, and
wood. Alternative, noncarbon-based generation meth-
ods include the use of nuclear fuels, water power
(hydroelectricity), geothermal energy (direct- or flashed-
steam and hot-water binary), and solar energy {pho-
tovoltaics and solar thermal). Great differences exist
among the basic energy sources with regard to the
amount of CO, emitted per unit of electrical energy
produced.

Considering only the final energy conversion process at
the power plant (i.e., ignoring the mining, refining, and
transporting of the fuels, as well as the energy con-
sumed in the construction of the power plant, itself),
the following energy sources emit no CO, at all:

Geothermal hot-water binary
Hydroelectric

Nuclear fission

Solar photovoltaics

Solar thermal

The following raw-energy sources do emit CO,and are
ranked by the amount of CO,emitted per kilowatt-hour
of electricity generated:

Geothermal steam 0.1-0.15 pounds/kWh
Natural gas:

Combined cycle 0.9 "
Steam cycle 1.0 “
Simple gas turbine 1.3 “
0il 1.5 “
Wood (dry pine, oak) 2.0 “
Coal 2, “
Bagasse* 2.6 “

* Dry sugar-cane refuse, after the juice has been extracted.

CARBON DIOXIDE EMISSIONS
per unit of energy produced

Geothermal steam

Natural gas-
combined steam
& gas turbine

Natural gas -
steam turbine

.y Natural gas -
w >

2 gas turbine
l_

-l

5 Oil

[

Wood

Coal

Bagasse

0 05 1 15 2 25 3
pounds CQO2 per kilowatt-hour

The values quoted are typical for each energy source.
They are based on typical fuel compositions and heat-
ing values, and on state-of-the-art thermal efficiencies
for each type of plant. The range of values for geother-
mal steam plants takes inte account typical noncon-
densable gas concentrations and specific steam con-
sumptions.

Geothermal plants are among the best from a CO,-
emission standpoint: binary plants are emission-free
and geothermal steam plants have the lowest specific
CO, emission of all other types. Furthermore, since

by Dr. Ronald DiPippo

Mechanical Engineering Department
Southeastern Massachusetts University
North Dartmouth, MA 02747
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there are no ancillary emissicns of CO,associated with
processing and transporting geothermal steam and hot
water (as there are with the other energy sources listed
in the preceding table and accompanying chart), the
advantage of geothermal energy over the other types is
even greater than the figures indicate.

Indeed, geothermal steain plants can be designed so
that no CO, is emitted into the atmosphere provided
that the noncondensable gases are compressed and
injected with the waste brine. This technique is being
tried for the first time at geothermal power plants in the
Coso Geothermal Project.

Solar Box Cookers and Geothermal Energy

A major amount of world-wide forest depletion is caused
by harvesting cooking wood. Solar box cookers can
help to ameliorate this situation in that they use solar
energy instead of wood to cook food. Usable year-
round in the tropics and for 6 to 8 months of the year
in most sunny areas of the world, the cookers can cook
almost anything if there is 15 minutes of sunshine
every hour. Developed in 1976, solar box cookers
represent a major advance over early solar cookers.

Solar box cookers are about the size of an ice chest,
easily constructed by the users themselves and inex-
pensive. The cookers are made of cardboard or wood,
and aluminum foil. Each box is topped with a sheet of
glass above which an adjustable reflective lid is posi-
tioned to angle in sunlight. The food cooks in covered,
dark-colored pans.

One cooker can cook 10-15 pounds of foed in three to
five hours. Fruits, vegetables, meats, and any baked
goods can be prepared, and water and milk pasteur-
ized in them. The cooking food doesn't have to be
stirred and won't burn.

Dr. Robert Metcalf, a microbiologist at California State
University-Sacramento, travels throughout the world
holding solar box cooker workshops, teaching people to

build ‘and use solar box cookeré.

Dr. Metcalf's initial projects in Bolivia and Guatemala
were funded by The Pillsbury Company. He has also
initiated projects in Baja and Michoacdn, Mexico with
Solar Box Cookers, International, and in Djibouti, East
Africa, with the United Nations Food and Agriculture
Organization. Dr. Metcalf believes this simple box can
slow the destruction of forests and offer user benefits
in time and money.

Dr. Metcalf is also looking for ways the geothermal
community could interface with solar box cookers.
Perhaps the cookers could be included in environ-
mental mitigation plans throughout the world. He can
be reached at the Department of Biological Sciences,
California State University-Sacramento, Sacramento,
California 95814; phone (916) 454-6438.

For general information on solar box cookers, send a
stamped, self-addressed envelope to Solar Box Cook-
ers International, 1724 11th Street, Sacramento, Cali-
fornia 95814. For construction plans, include $3.00
with your request.

NOTE: Solar Box Cookers International is a nonprofit
organization, founded to encourage solar box cooking.

A solar bax cooker is demonstrated in Guatemala.
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GEOLOGY

Seismic Activity Noted at Medicine Lake Highlands

The sudden rumble of earthquakes beneath Medicine
Lake Highlands this fall gave geologists an early warn-
ing that one of Northern California's volcanoes may be
stirring back to life.

Researchers siressed that an eruption of the volcano is
nol expected soon. But the flurry of underground
shocks in late September, combined with new evidence
of a pool of molten rock beneath the big volcano, has led
them to monitor Medicine Lake with new wariness.

“We've added six new seismic monitoring stations,”
said geologist Stephen Walter of the U.S. Geological
Survey (USGS) in Menlo Park. “We aren't sure at this
point exactly what is causing the new activity. But one
of the possibilities is that the Medicine Lake volcano is
awakening. Certainly, we've never classed it as a dead
volcano.”

Medicine Lake, in eastern Siskiyou County, is part of
the Cascade chain that includes Mount Shasta and
Mount Lassen.

Stephen Harris, a volcano expert at California State
University, Sacramento, said that Medicine Lake's
appearance -- a gentle-sloped shape known as a shield
volcano -- belies ils potential strength.

The volcano has been dormant since 1910, when it
ejected a brief flurry of ash -- worrying no one.

However, its earlier history is more dramatic. Geologic
records indicate that a little less than 1,100 years ago,
it blew apart in a huge eruption, sending ash and rock
hundreds of miles. Several hundred years later, it
spilled enough lava out to create Glass Mountain. The
famous dark flows of Lava Beds National Monument,
just south of Tulelake near the Oregon border, are also
remnants of a Medicine Lake eruption.

The USGS has estimated that a massive explosion of
Medicine Lake -- on the order of the one that created
Oregon’s Crater Lake -- could destroy life and property
within a 50- to 100-mile radius of the volcano and lay
a thick blanket of ash over most of the western United
States.

“There's no evidence that’s an immediate threat,” said
Harris whose book, “Fire Mountains of the West,” was
published last month. “And, fortunately, it's a very
remote and sparsely developed area. If there was an
eruption, the worst risks would be in Tulelake and
across a few farms in the region.”

Walter said that Medicine Lake has remained so still
since the early 1900’s that federal geologists attached
only a single seismic device to it before this fall, merely
rounding out their Mount Shasta monitoring networlk,
Two years ago, the equipment recorded a single jolt at
the edge of the quiet volcano. Then suddenly, In
September, tremor after tremor began shaking the
ground.

The geological survey recorded almost 200 smallearth-
quakes on its Medicine Lake station from Sept. 29 to
September 30. The shocks were as large as 4.2 on the
Richter scale. In one hour, on Sept. 29, the seismic
monitor recorded 65 small earthquakes.

“For an area to jump from nothing to that, well, it
caught our attention,” Walter said. The survey hur-
riedly added extra shock-sensitive devices to the
Medicine Lake network. In early Nevember, the ma-
chines recorded two microearthquakes, measuring
less than 1 on the Richter scale, directly beneath some
of the major lava flows.

“This may be a result of movement in the Earth’s crust
unrelated to the voleano, itself,” Walter stressed. “We
still need more information. This has reminded us that
we really don’t have good base-line data for this vol-
cano. And if Medicine Lake were to come {o life
tomorrowornextweek, we want to be better prepared.”

The federal teamn plans to take measurements of Medicine
Lake, testing for changes in its shape caused by
underground pressures.. The work is scheduled for
spring because snows have made the volcano inacces-

by Deborah Blum

Sacramento Bee Science Writer

Excerpted, with permission, from the November 19, 1988 edition
of the Sacramento Bee.
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sible. But Walter said the new seismic network is an
effective lookout, sensitive to very small increases in
activity. '

The suggestion that the recent earthquakes were set off
by restless motion in the volcano, itself, is bolstered by
the recent discovery of a magma chamber, filled with
molien rock, beneath Medicine Lake's center. Federal
researchers found it by watching shock waves, gener-
ated by small explosives, travel through Medicine Lake.,
Areas of hot, thick, liquid rock are easily found because
they slow the traveling waves.

JohnR. Evans, aUSGS geologist. said that he suspects
the earthquakes were directly generated by magma
pushing into new regions beneath the volcano,

Flurries of earthquakes are considered warning sig-
nals of an eruption; they pounded beneath Mount St.
Helens for two years before the Washington state
volcano blew open in 1980. But geologists are uncer-
tain of what earthquake patterns may actually precede
a disaster. Some 2,000 earthquakes have been regis-
tered beneath California’s Mount Lassen in the past

eight years, with no sign that an eruption is near.
Similar flurries have been recorded at Mount Shasta in
the past decade.

“Two shocks in the past week is actually pretty wimpy,”
said Alexander McBirney of the University of Oregon's
Center for Volcanology. “But the problem is that every
volcano has its own personality. And we just don't
know the personalities of the volcanoes in this part of
the world very well.” '

McBirney said that, unlike the restless Hawaiian volca-
noes, volcanoes in the Cascade chain tend to sit quietly
for long intervals before erupting. That gives scientists
little chance to develop a clear understanding of what
sets them off - and whether they give any warning.

“There’s no doubt that Medicine Lake is going to erupt
again,” McBirney said. “But no one knows when, and
this kind of activity is not uncommon. At this point, I
wouldn't worry about an eruption at all. You know
what they say about California volcanoes -- the biggest
dangerisn’t the lava coming down the slopes, it’s all the
people coming up to watch.”

Coring An Active Hydrothermal System

“We got virtually everything we started out for in this
project,” said Dr. Peter Lysne of the Geosclence Re-
search Drilling Office, Sandia National Laboratories.
“We worked from our estimates, and it all came out.”

Dr. Lysne was talking about the Valles Caldera core-
hole VC-2B, drilled through an active hydrothermal
system at Valles Caldera in New Mexico.

The corehole is part of the Continental Scientific Drill-
ing Program, funded by the U.S. Department of Energy,
Office of Basic Energy Services, Division of Geos-
ciences. The program is undertaken in cooperation
with Los Alamos National Laboratory, Sandia National
Laboratories, Tonto Drilling Services, and the Univer-
sity of Utah Research Institute.

In September 1988, Sandia and Tonto Drilling Services
sponsored a seminar on the corehole project. Toplcs
discussed at the seminar included the wireline coring
operation, the need for continuous core in exploring for
geothermal and hydrocarbon resources, and an over-

view of the design and construction of the VC-2B well,
including a cost analysis. A Universal 5000 drilling rig
was used both to core and to drill open hole,

Jeflf Hulen of the University of Utah Research Institute
and Jamie Gardner of Los Alamos National Laboratory
are the Principal Scientific Investigators for the VC-2B
project, although about 50 additional scientists are
involved. At the seminar, Dr. Hulen reviewed the proj-
ect goal: to core entirely through an active hydrother-
mal system. ‘

The Valles Caldera hydrothermal system consists of a
series of convective cells with fluid temperatures above
5009F. As the fluids move through the formation, they
dissolve minerals in the high-temperature areas and
redeposit them in the low-temperature areas. The
study was designed to examine the active ore-deposi-
tion process. Study data are gathered from cores taken.
from the surface to total depth at 5,780 feet, including
about 600 feet of Precambrian granitic rock at the
bottom of the hole. -
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Valles Caldera corehole VC-2B.

Dr. Lysne said that a great deal of mineralization was
found in the upper part of the system -- in oné case even

silver ores had been precipitated. Interestingly, at the
bottom of the hole, fractures at least accepting flow
were found in the Precambrian granite. “Next sum-
mer,” Dr. Lysne said, “the well will be cleaned out and
we will try to take fluid samples from the Precambrian
granite. We set the last casing at 5,567 feet, so thata
little over 200 feet of open hole remains at the bottom
of the well.”

Dr. Lysne and Ron Jacobson of Sandia National Labo-
ralories, and Larry Pisto of Tonto Drilling Services,
designed the VC-2B well. At the seminar, Dr. Lysne
discussed the well design, which was influenced by the
needs of the scientific team, permit requirements, cost,
and safety. Penetration rates for coring reached 210
feet a day. Problems with a breakdown of the polymer
drilling fluids at high temperatures (275°C+) limited
the rotational speed of the drill string, so penetration in
the Precambrian granite was reduced to about 50 feet
a day.

Arevised scientific plan for the corehole will be made in
the spring of 1989 and issued through Los Alamos
National Laboratory.

For further information about the project or about deep
wireline coring techniques, contact Peter Lysne, Geos-
cience Research Drilling Office 62404, Sandia National
Laboratories, Albuquerque, New Mexico 87185.

Deep-Sea Vents Studied

“Deep-sea hydrothermal vents have been discovered at
a number of places, but not everywhere,"” sald Univer-
sity of Callfornia-Davis seismologist James McClain.
“Why they are where they are, how they work, how long
they last, these are things we're trying to learn. About
15 to 30 percent of the earth’s released Internal heat is
lost through such vents. But this is a huge range and
there are no good measurements, yet. Naturally, the
amount of heat released depends on how many vents
there are and howlongtheylast. Thus, these two issues
become key questions.”

Dr. McClain participated in two studies of deep-sea
hydrothermal vents during the summer of 1988. One,
sponsored by the National Science Foundation, was in
areas along the Juan de Fuca Ridge, 200 miles off the

coasts of Washington and British Columbia. Here,
researchers found vents at depths of about 7,000 feet,
with temperatures at about 400°C.

The second study, sponsored by the States of Califor-
nia and Oregon and the Minerals Management Service,
was conducted along the Gorda Ridge, off the California

-and Oregon coasts. Here, vents were found at depths

of about 9,000 feet, emitting water of about 260°C.

Dr. McClain said that the vents are called *black
smokers”, although there is no smoke. An appeararice
of dark smoke forms as dissolved sulfides precipitate
out of the hydrothermal waters. The “smoke” is black
in the Juan de Fuca Ridge area and grey in the Gorda
Ridge area.
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Fiber-Optic Sensors and Geothermal Reservoir Engineering

Summary

Perhaps the first demonstrations of fiber-optic sensors
in a geothermal well occurred in early 1988 on the
Island of Hawaii. The first of two fiber-optic optrode
tests was al the HGP-A well and 3-megawatt power
plant facility managed by the Hawaii National Energy
Institute at the University of Hawaii. The second test
was in a nearby geothermal exploratory well, Geother-
mal Test Well 2 (GTW-2, USGS No. 2686-02). Both sites
are in the Kilauea East Rift Zone.

A fiber-optic temperature sensor test will be under-
taken soon in a deeper, hotter geothermal well. Prob-
lems will be examined that may occur with a stainless
steel-sleeved, fiber-optic cable.

Background: What Aré Fiber Optics? *

Fiber-optic fiber is classifled as wire. It has rapidly
taken over nearly a third of the telecommunications
wiring field, formerly dominated by copper wire. At the
same time, the fiber-optic industry is developing here-
tofore unthought-of applications. Until fiber optics, it
was impossible to view inaccessible spots in the human
body without surgery, to see inside working engines, or
to look direcily into hostile environments, such as

by S. M. Angel and P. W. Kasameyer
Lawrence Livermore National Laboratory
P. 0. Box 808, 1L-524

Livermore, California 94550

* The information under this heading ts reprinted from Compressed
Air, the June 1988 issue.

Alaser fluorescence spectrometer, similar to the one used in the
Jield work.

Photolefi: The end of the temperature optrode that is lowered into
the well. A thermocouple is attached to it. Photo upper right: a
two-pound lead weight used to get the optrode into the well
against the steam pressure.

Workers take preliminary temperature readings with the
thermocouple. Later, the optrode was lowered on the same pulley
system. :

A worker lowers an optical fiber into the well to a depth of 500
Jeet. The temperature response was continuously displayed on
the computer as the probe was raised or lowered. More time
could be spent at any area of interest and temperatures could be
remeasured _jor any area. The results of these tests indicated
that fibers up to 1,000 meters long can be used.
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vacuum or steam chambers. Until fiber optics, no one
thought of using robots for remote viewing,

Fiber-optic technology is instrumental in converting
optical images into digital signals for computer use so
that we can explore space without being there, map a
virus without seeing it, and design a boat on a flat
screen and see how it looks in three dimensions. Fiber
optics’ advantages are small size, light weight, and
speed in handling communications, Fiber-optic fiber
can be drawn so small that 600 fibers can fit inside a
1/2-inch carrier tube. There is a disadvantage, how-
ever--high installation costs.

Making Fiber Optic Measurements **

Optical fiber fluorescence measurements are made in
the following way. A laser is focused onto the end of an
optical fiber through an especially designed mirror
with a small hole in it or through a dichroic beam
splitter. The laser light travels through the fiber and
excites fluorescence in the optrode at the distal end.
The resultant fluorescent light travels back through
the same fiber. The retuming diverging fluorescent
light impinges on the mirror or dichroic beam splitter
rather than passing through the hole, and is focused
into a monochromator, where the fluorescence is
analyzed.

Uses in Geothermal Reservoir
Engineering

Optical fiber sensors (optrodes) have been under devel-
opment at Lawrence Livermore National Laboratory
and at many other laboratories for several years. The
ability to make chemical and physical measurements
over optical fibers offers certain advantages, the most
important of which is real-time, in situ monitoring,
This is possible because of the rapid response time of
certain types of these sensors and the nonintrusive
nature of the device. The fiber is small in diameter (.1
to 1.0 mmj and made of glass. Thus, il can be placed

** The information under this heading is reprinted froman article
by Michael Angel in Transactions, vol. 11, October 1987, p. 155,
published by the Geothermal Resources Council.

in a small protective tube along with other types of
instrumentation already in the well. The optical fiber
cable is passive, and all of the measurement instru-
mentation is above ground.

The key in developing a useful geothermal fiber optics
sensor is in making sensor materials that can with-
stand the corrosive well environment. The optical fiber,
itself, is not a problem here because fiber optic mate-
rials can withstand temperatures above 500°C, if kept
dry. The sensor that attaches to the optical fiber must
be made of an inert material capable of producing an
optical signal in response to the parameter to be
measured. Most of our work involves the use of ce-
ramic-based sensors (for temperature) and high-tem-
perature polymers (for pH and Eh measurements).
These materials are doped with indicators that change
their fluorescence or absorption properties in response
to the parameter of interest.

A pH optrode is in the preliminary stages of develop-
ment. It is based on a high-temperature, inert matrix
doped with inorganic indicators. The absorption prop-
erties of the indicators change as a function of pH. This
type of sensor has been shown to respend reversibly to
pH over a wide range. Sensors have been shown to be
stable in water at 190°C for 20 hours and in 100°C
geothermal brine for seven days. '

In addition to developing new geothermal opirodes, we
have made progress in demonstrating these devices in
“real world” geothermal applications. We chose to use
a temperature optrode for its ease of use and for the fact
it has been well characterized in our laboratory. The
purpose of the field demonstrations was to solve engl-
neering problems associated with putting long optical
fibers in a well and developing a field-portable spec-
trometer. Tests were carried out in a geothermal ex-
ploratory steam well on the Island of Hawaii. Tempera-
ture profiles were obtained to a depth of 500 feet using
a 1,000 foot optical fiber. Theaccuracy of the measure-
ments was compared with side-by-side thermocouple
measurements. The most important aspect of these
tests was to demonstrate real-time interactive depth
profiling. The response of the sensor was monitored in
real time, allowing interesting regions in the well o be
examined closely.
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U.S. Department of Energy
FY 1990 Congressional Budget Request
Conservation and Renewable Energy
(Dollars in Thousands)

Key Activity Summary

Geothermal Technology

I. Preface: Geothermal Technology

The Geothermal Energy Program seeks to lessen the
nation’s dependence on foreign energy supplies by
fostering the use of indigenous, uninterruptible sources
of geothermal energy. This goal of improved energy
security is accomplished by developing technology
needed to exploit a wide variety of geothermal re-
sources. Such technology enables the unencumbered,
competitive use of geothermal energy by the private

seclor. To the extent practicable, the Program empha-
sizes R&D activities whose costs are shared with the
private sector. These activities include the joint devel-
opment of instruments, equipment, materials, tech-
nigues, models, and systems; they provide a ready
means of rapid, efficient technology transfer. By
employing a strategy that couples applied R&D with
timely technology transfer, the program enhances the
security and flexibility of the nation’s energy markets.

II.
A. Summary Table: -
FY 1987 FY 1988 FY 1989 FY 1990 %
Activity Actual Actual Estimate Reguest Change
Gecpressured Research $ 3,900 5 4,995 5 6,000 $ 2,900 ~52%
Hydrothermal Industrialization 1,860 455 0 0 0%
Geothermal Technology Development
Hard Rock Penetration Research 1,350 1,775 2,300 2,300 0%
Rezervolr Technology 3,255 3,975 2,500 2,153 -14%
Conversion Technology 1,065 1,580 1,935 1,580 -18%
Hot Dry Rock Research 8,000 5,770 3,500 3,500 0%
Magma Energy 480 1,380 1,700 1,700 0%
Capital Eguipment o] 0 795 450 -43%
Program Direction 780 835 826 826 0%
Total, Geothermal Technology $20,6%0 %20,725 519,556 515,409 ~21%
B. Major Laboratory and Facility Funding:*
Brookhaven National Laboratory $503 3715 50 ~100%
Idaho National Engineering Laboratory $1,566 51,720 $1,200 -30%
Lawrence Berkeley Laboratory ' $850 5680 50 -100%
Lawrence Livermore Laboratory $240 50 50 0%
Los Alamos National Laboratory $5,250 53,600 $3,600 0%
Pacific Northwest Laboratory 5202 50 50 0%
Sandia Laboratories 52,995 $4,000 $3,123 -22%

*NOTE: Three laboratories active in geothermal research for over 10 years have been eliminated from blanket
funding. They are Brookhaven National Laboratory, and Lawrence Berkeley and Lawrence Livermore

Laboratories.
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Geothermal Monies from Petroleum Violation Escrow Funds

To date, about $3.6 billion of Petroleum Viclation
Escrow Funds (PVE) have been disbursed to state
energy offices by the U.S. Dept. of Energy (DOE) for use
in energy-related programs that mainly encourage
energy conservation or the use of renewable energy.
Most of the funds resulted from two cases: the Exxon
Decision and the Stripper Well Settlement Agreement.
Opportunities for funding support of geothermal activi-
ties most likely derive from these:{wo sources. How-
ever, it is anticipated that other settlements will result
in additional funds being provided to the states that
may be similarly used.

The specific allocation of these funds within various
candidate state programs is left to the discretion of the
individual state, but requires final review and approval
of the DOE for consistency with the terms of the
settlement agreements. A significant portion of the
funds has already been committed for approved activi-
ties. However, the status of noncommitted funding
varies among the states.

Colorado and South Dakota are conducting geother-
mal projects using PVE funds. At least one other state
{Arizona) has considered applying PVE funds to geo-
thermal projects. However, other nongeothermal ac-
tivities that are being conducted in several states
represent types of projects that could be relevant to
geothermal power production, district heating/cool-
ing, and/or direct use projects. These include:

. demonstrations ol viable technologies for commercial
applications

. demonstrations of energy savings through utilization
of alternative energy resources

- district heating projects

- revolving fund programs

# funding assistance to municipalities and businesses

. energy centers for technology transfer

- technology assistance centers

The appropriate state energy office is the primary
contact point to ascertain the funding availability and
applicability as well as the acceptability of any candi-
date project. Inquiries regarding activities planned or
underway within relevant states may also reveal other
projects that could include geothermal components.

The DOE Geothermal Technology Division, phone (202)
586-8076, will provide technical assistance upon re-
quest by state energy officials for the review and
evaluation of the technical viability of geothermally-
related projects.

For more information on the program and the names of
the appropriate sfate energy offices, write the DOE,
Geothermal Technology Division, CE-342, Washing-
ton, D.C. 20585 and ask for the publication titled
Opportunities for Support of Geothermal Activities
from Petroleum Violation Escrow Funds.

ETAP Fourth-Round General Solicitation

The California Energy Commission (CEC) has released
separate Requests for Proposals for both private and
public organizations for the Fourth-Round General
Solicitation of the Energy Technologies Advancement
Program (ETAP). Through ETAP, the CEC will co-fund
advanced energy projects that will increase the energy
efficiency, or cost effectiveness of energy technologies,
or help to develop new cost-effective alternative sources
of energy. Projects must include hardware. develop-
ment. Nearly any type of advanced energy technology,
including those based on energy production, energy
conservation (including advancements in recycling
technology), load management, etc., is eligible for ETAP
funding,

A minimum of $2.35 million is anticipated to be avail-
able in fiscal year 1988-89 to co-fund qualifying pro-
posals. Projects submitted under the solicitation will

compete for this funding. Individual projecis may be
co-funded up to 25 percent of the total funding avail-
able (i.e. up to $587,500).

Projects can qualify for one of two types of ETAP
funding: loans or research contracts. Ofthe available
funds, between 50 and 70 percent will be allocated by
the CEC for loans and the remainder for research
contracts. Up to 80 percent of the total project cost can
be funded by an ETAP loan. For research contracts,
ETAP can co-fund up to 50 percent of the total project
cost. Loans are repayable at about an 8 percent
interest rate. Research contracts are repayable under
certain conditions, and also accrue interest at about 8
percent.

For further information, contact ETAP staff at the CEC,
(916) 324-3490.
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Geothermal Grant and Loan Program for Local Jurisdictions

Through the Geothermal Grant and Loan Program for
Local Jurisdictions the California Energy Commission
(CEC) provides funding to cities, counties, special dis-
tricts, Indian {ribal governments, regional planning
agencies, and certain municipal utility districts for
geothermally-related projects.

The CEC will accept applications from local jurisdic-
tions for any of the following types of projects:

1. Resource Development. This category includes
projects to assess and explore for geothermal resources;
to drill production and injection wells; and to design
and construct geothermal heating, cooling, and electri-
cal generation systems.

2. Impact Mitigation. This category includes projects
to identify and mitigate impacts to the environmentand
public services caused by geothermal development.

3. Planning. This category includes projects to develop
general plan elements, ordinances, or other policies
relating to the planning, development, and operation of
geothermal power plants and direct-use projects.

The CEC will award grants to local jurisdictions re-
questing funds for projects that do not directly produce
revenue or energy savings., These include Impact
Mitigation and Planning projects as well as certain
Resource Development projects such as resource as-
sessment and exploration activitiés.

The CEC will award contingent awards for projects that
produce revenue and/or energy savings. These in-
clude Resource Development projects such as produc-
tion wells, injection wells, and building retrofits. A
contingent award will be administered the same as a
grant while the project is being developed. Once the
project is completed and has been tested, the contin-
gent award will become a loan. Funds for repayment
of this loan will come from the energy savings and/or
revenue resulting from the project. All loans will have
a maximum term of 6 years, a 4 percent interest rate,
and a maximum principal of 80 percent of the tolal
project cost.

For further information, contact Michael Smith, CEC,
(916) 324-3502.

LEGISLATION | |

Federal Legislation

The following material is a federal legislative report, with information on the status of geothermal legislation from
the 100th Congress, current as of November 21, 1988. It was compiled by Senate LEGIS.

H.R. 235
DATE INTRODUCED: 01/06/87
SPONSOR: Quillen

SHORT ‘TITLE AS INTRODUCED:
Geothermal Energy Control Act of 1987

A bill to create the National Geothermal Energy Com-
mission to grant exclusive franchises for the explora-
tion for and the commercial development of geother-
mal energy and for the right to marketany such energy
in its natural state, and for other purposes.

DIGEST:

Requires the Commission to determine those areas in
the United States that have a potential for the extrac-
tion of geothermal resources and to publish a list of
such areas in the Federal Register.

Directs the Commission to grant exclusive 99-year
licenses to persons capable of carrying out exploration

and development of geothermal resources in such
areas. Sets forth conditions for the granting of such
licenses and for extensions of license terms. Author-
izes the termination of a license for any violation of the
terms of the license prescribed by the Commission.

Permits a licensee under this Act to apply for a license
to market the geothermal resources from the
licensee’s area in their natural state. Requires the
Commission to grant a marketing license for a geo-
graphic area that is the most reasonable area to
market successfully the geothermal resources. Pro-
vides that there shall be only 6ne marketing license
per geographic area. Provides that a marketingli-
cense shall be valid for as long as the licensee holds
the exploration and development license.

Permits the transfer of exploration and development
licenses and marketing licenses with the
Commission’s approval.
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Requires that a licensee under this Act be a U.S.
¢itizen or person owned or controlled by a U.S. citizen.

Restricts the sale of geothermal resources that have
been converted to electrical or other energy forms to
existing utility companies or other persons licensed to
transmit such energy. Permits the sale of geothermal
resources to such a company or person for conversion
into other energy forms.

H.R. 1662
DATE INTRODUCED: 03/17/87
SPONSOR: Shumway

SHORT TITLE AS INTRODUCED:
Federal Lands Recelpts Clarification Act

DIGEST:

Federal Lands Receipts Clarification Act - Amends the
Mineral Lands Leasing Act, the Mineral Leasing Act for
Acquired Lands, and other federal law to specify that.
the states’ share of certain revenue from National
Forest System timber sales, from oil and gas royalties,
and from mineral and geothermal leases be deter-
mined on the basis of gross receipts.

H.R. 1421
DATE INTRODUCED: 06/25/87
SPONSOR: Wilson

SHORT TITLE AS INTRODUCED:
Federal Lands Receipts Clarification Act

LATEST OFFICIAL TITLE:

OFFICIAL TITLE AS INTRODUCED AS OF 06/25/87:
Abill to provide for a clarification of the receipt-sharing
of amounts received from the National Forest System,
geothermal leasing, mineral lands leasing, and oil-
and gas-royalties.

DIGEST:

Federal Lands Receipts Clarification Act - Amends
specified federal laws, including the Mineral Lands
Leasing Act and the Mineral Leasing Act for Acquired
Lands, to specify that gross receipts shall be used to
calculate the amount of the state and local share of
natural resources (mineral, oil, gas, and timber} re-
ceipts payments derived from federal lands.

S. 1889

DATE INTRODUCED: 11/20/87

Signed by the President to become Public Law No. 100-
443, 9/22/88.

SPONSOR: Melcher

SHORT TITLE AS REPORTED IN THE SENATE:
Geothermal Steam Act Amendments

AMENDMENTS PROPOSED:
S. AMDT. NO. 2830

DATE: 8/09/88
PROPOSED BY: Byrd

DIGEST: B
6/13/88 (Measure passed House, amended, in lieu of
H.R. 2794)

Geothermal Steam Act Amendments of 1988 - Amends
the Geothermal Steam Act of 1970 to remove bona fide
sales of geothermal steam as a requirement for geo-
thermal lease extensions. Ameénds the commercial
production or utilization requirement of geothermal
steam leases to include wells capable of producing
geothermal steam in commercial quantities only if the
Secretary of the Interior (the Secretary) determines that
diligent efforts are being made towards geothermal
steam utilization. Permits extension of lease terms for
up to two successive five-year periods even though
geothermal steam has not been produced or utilized in
commercial quantities by the end of its primary or
extended term if the lessee can show bona fide produc-
tion or utilization efforts and: (1) make annual pay-
ments in lieu of the production of commercial quanti-
ties; or (2) demonstrate significant expenditures on an
annual basis. :

Requires the Secretary to review cooperative or unit
plans of development cn a five-year periodic basis in
order (o eliminate those leases that are not regarded as
reasonably necessary to operations.

Requires the Secretary to mdintain a list of National
Park System units with significant thermal features,
and to maintain a monitoring program for such fea-
tures. Specifies units tobelisted. Directs the Secretary
to determine if operations proposed by a lease appli-
cant would likely subject significant thermal features
within the National Park System to significant adverse
effects. Prohibits the issuance of a lease upon such a
finding, Mandates that stipulations designed to pro-
tect significant thermal features be included in leases
and drilling permits.

Requires the Secretary of Agriculture to consider the
effects on significant thermal features within units of
the National Park System in determining whether to
consent to leasing lands under his jurisdiction.
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Prohibits the Secretary from issuing a lease for land
within the Island Park Geothermal Area. Requires the
Secretary to report to the Congress regarding the
presence or absence of significant thermal features
within Crater Lake National Park. Suspends all geo-
thermal resource production (including leases and
drilling permits) in the Corwin Springs Known Geother-
mal Resources Areas until 180 days after the United
States Geological Survey has submitted to the Con-
gress an impact study of present and potential geother-
mal resources development in such areas on thermal
features within Yellowstone National Park.

S. 1006
DATE INTRODUCED: 04/09/87
SPONSOR: Hecht

SHORT TITLE AS INTRODUCED:
Geothermal Steam Act Amendments of 1987

DIGEST:
Geothermal Steam Act Amendments of 1987 - Amends

TECHNOLOGY TRANSFER
GEOTHERMAL ASSOCIATIONS

IGA Update

The International Geothermal Association (IGA) is a
scientific, educational, and cultural organization es-
tablished to operate worldwide. It is a nonpolitical,
nongovernmental, nonprofit organization, with no po-
litical affiliations. Its aim is to encourage, facilitate,
and, when appropriate, promote coordination of activi-
ties related to worldwide research, development, and
application of geothermal resources.

“We want to involve the whole international geothermal
community in the IGA,” said Dr. Raffaele Cataldi of
ENEL. “We also wish to stimulate the development of
national geothermal organizations. Most countries
don't have such organizations. Only a few. There is
none in Italy,” he added. -

After many years of informal discussion about forming
the 1GA, efforts to do so were undertaken in January
1986 by an ad hoc committee of the Geothermal
Resources Council. In October 1986, this leadership
was transferred formally to an independent Organiza-
tion Working Group (OWG) of interested people from
around the world.

the Geothermal Steam Act of 1970 to provide that if
geothermal steam is produced or utilized in commer-
cial quantities under an approved operation within any
lease or administrative lease extension period, such
lease shall continue for so long as geothermal steam is
produced (or utilized) in commercial quantities, for a
maximum continuation of an additional 40 years.

Sets forth conditions under which geothermal leases in
effect as of the date of enactment of this Act shall be
extended for a maximum of three successive five-year
periods.

Requires the Secretary of the Interior to review any
cooperative or unit plan of development every five years
after approval in order to eliminate any lease or part of
lease not regarded as reasonably necessary Lo coopera-
tive or unit operations. Requires such elimination tobe
based on scientific evidence, and only upon the Secre-
tary's determination that it is for the purpose of con-
serving and properly managing the geothermal re-
source.

“The IGA was incorporated in New Zealand in the
spring of 1988 by 15 New Zealanders in accordance
with recommendations of the OWG,” said Dr. James
Koenig, president of GeothermEx, Inc. “These 15
people comprise the current membership of the IGA.”

“A rotating Secretariat has been established by the
OWG for the IGA,” said Bob Greider, director of GRI,
Inc. It will be headquartered in Pisa, Italy until 1991,
and headed by Dr. Enrico Barbier. The OWG has
recommended rotating the Secretariat site every 4
years. It would be moved from Italy to the United States
in early 1991. From there, the IGA would sponsor an
international geothermal meeting in 1994. In 1995,
the Secretariat would be relocated again.

At a meeting May 2-4, 1982 in Pisa, Italy, the OWG will
hand over to the 1GA its recommendations to date. In
addition, the IGA by-laws, finance plan, work program,
and membership program will be created.

For additional information, contact Dr. Barbier at
CNR/IIRG, Piazza Solferino #2, 56100 Pisa, Italy.
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The Canadian Geothermal Energy Association

The Canadian Geothermal Energy Association (CGEA)
was founded in 1976. [t is the only organized group
representing the geothermal community in Canada,
and stands as a forum for sclentists; regulatory per-
sonnel; local, regional, provincial, and federal govern-
mental officials; and private developers to promote an
awareness and use of Canadian geothermal rescurces.

The objectives of the CGEA are to:

Encourage research, exploration, and development of
geothermal energy;

Hold regular meetings and technical sessions to ex-
change scientific, engineering, and economic data;

Provide support and assistance to members;

Serve as a source of information to prospective devel-
opers and Interested parties;

Encourage sound legislative and administrative poli-
cies for the development and utilization of geothermal
energy; and '

Ensure that the development of geothermal resources
is compatible with the protection of the natural envi-
ronment.

PAGE PCTROLEUM LTD WATERFLOOD  SCHEME
EEE———— A —

PRECAMBRHEN

The Page Deadwood Geothermal well and the waterflood scheme
to inject water into the oil-bearing strata, S. W. Saskatchewan.

Presently, the organization has 70 regular members
and 7 corporate members. The next meeting, the
annual general meeting, will be inVlctona, B.C.inApril
1989.

For further information, write to the CGEA, ¢/o Geo-
logical Survey of Canada, 100 West Pender Street,
Vancouver, B.C. V6B 1R8, Canada.

7th Annual Program Review: R & D for the Geother-
mal Marketplace, U.S. Dept. of Energy, Geothermal
Technology Division, San Francisco Ramada Inn at the
Wharf, San Francisco, Callfornia, March 21-23, 1989.
$45 if registered before March 15; $55 after this date.

For further information, contact Linda Kurkowski,
(703) 998-3661.

Symposium on Cooperative Geothermal Research
of the United States and Mexico, The Seapoint Hotel,
San Diego, California, April 4 and 5, 1982.

The U.S. Department of Energy and the Mexican Comisicn
Federal de Electricidad are conducting cooperative
research at Cerro Prieto and Los Azufres Geothermal
field. The results from the first three years of this
research will be presented during the symposium. The

technical papers will deal with geology, geophysics,
geochemistry, and reservoir engineering at both Los
Azufres and Cerro Prieto.

If you would like to receive further information con-
cerning the technical presentations and accommoda-
tions, or a copy of the technical papers, contact Joel
Renner -- MS 3526, Idaho National Engineering Labo-
ratory, P.O. Box 1625, Idaho Falls, ID 83415; phone
{(208) 526-9824.

Fourth International Seminar on the Results of EC
Geothermal Energy Research and Demonstration,
Conference Centre, Florence, Italy, April 27-30, 1989.

The conference is organized by the Commission of the
European Communitles and Ente Nazionale per 'Ener-
gla Elettrica. EC contractors will make formal presen-
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tations on research and development topics. Trends
and accomplishments will be addressed in the follow—
up demonstration prograrii.

There will be simultaneous translations in English,
French, and Italian.

For further information, write A. Demeyere, Commis-
sion of the Eurcpean Communities, DG XI1/E-4, SDM
3/7, Rue de la Loi, 200, 1049 Brussels, Belgium.

Hot Dry Rock Geothermal Energy, The 21st Century
Resource, Camborne School of Mines, Camborne,
Cornwall, England, June 28-30, 1989.

At this international symposium on extracting energy
from hot dry rock, the latest developments on HDR
technology will be reviewed. The symposium is spon-
sored by the Department of Energy, London, the En-

ergy Technolbgy Support Unit at Harwell, the Cam-
borne School of Mines, and CSM Associates, Limited.

For further information, write J.F. Turner, CSM Asso-
clates, Limited, Pool, Redruth, Cornwall, England TR15
3SE., Telefax (0209) 716977,

Geothernial Resources Council Annual Meeting,
1989, El Rancho Tropicana, Santa Rosa, California,
October 1-4, 1989.

The meeting will include a technical program, panel
discussions, pre-meeting short courses, post-meeting
field trips, and a photo contest.

The 1990 International Symposiﬁm on Geothermal
Energy will be in Hawail. i

For further information, contact the GRC, P.O. Box
1350, Davis, CA 95617-1350.

World’s Oldest Geological Map Confirmed

A 3,100-year-old papyrus scroll, depicting gold mines
in ancient Egypt, is probably the oldest surviving
geological map and earllest evidence of geological
thought, two American researchers have concluded.

The scroll, known as the Turin Papyrus and kept at the
Egizio Museum in Turin, Italy, is familiar to Egyptolo-
gists and historians of cartography as one of the
earliest maps from the ancient world.

It portrays roads, quarries, gold mines, a well, and
some houses. Pink, brown, black, and white were used
to illustrate mountains and other features.

“The purpose of the map is still obscure,” wrote A. F.
Shore, professor of Egyptology at the University of
Liverpool, England, in the first volume of “The History
of Cartography,” published last year.

That was before two geologists from the University of
Toledo in Ohio examined the map and went into the
field to compare it with the site. The area mapped is a
wadi, or ravine, in the mountains of Egypt's eastern
desert between Qift on the Nile, down from Thebes, and
Quseir on the Red Sea. The geologists recognized
topographical features from the map, a roadway still in
use, and the mountains on both sides, shown as cones.

But the geologists, James Harrell and V. Max Brown,
also noted that the colors were apparently not added for
aesthetic reasons. In a report at the recent annual
meeting of the Geologjcal Society of America in Denver,
they said the colors “...correspond with the actual
appearance of the rocks making up the mountains”.

Sedimentary rocks in one region, which range in color
from purplish to dark gray and dark green, are mapped
in black. Pink granitic rocks correspond with the pink
and brown-streaked mountain on the scroll.

The scroll notes the locations of the mine and quarry,
the gold and silver content of surrounding mountains,
and the destinations of the roadways.

“The streaks may thus represent the iron-stained gold-
bearing quartz veins that the ancient Egyplians were
mining, or they may depict mine tailings,” said Dr.

Harrell, who is chairman of the geology department at
the University of Toledo

The scroll map was apparently prepared around 1150
B.C. in the reign of Ramses V.

By John Noble Wilford. Copyright 1988 by the New York Times
Company. Reprinted by permission.
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William Smith, an English surveyor, is generally cred- Harrelland Brown made their dlscovery while conduct-
ited with initiating modern geologic mapmaking in ing research for an atlas of the stones used in ancient
Egyptian sculptures.

1815.

USGS Map Booklet Due

In 1988, the U.S. Geological Survey
expects to complete a topographic
map index and catalog booklet for
all 50 states, Puerto Rico, the Trust
Territory of the Pacific, American
Samoa, and Guam.

The publications are designed to
assist in selecting and purchasing
maps. They list 37 different USGS
map products, including planimet-
ric, topographic, and photo-image
maps. They also contain USGS
order forms and a list of local map
dealers.

Recent releases include Oregon, New
Mexico, Maine, and Minnesota. For
more information, write to the Map
Distribution Center, USGS, Box
25286, Federal Center, Denver,
Colorado 80225, Phone (303) 236-
7477.

Casa Diablo/Long Valley Caldera
Area, Map G1-1. $3.00 a copy.
Available from the Division of Oil
and Gas, 1416 Ninth St., Rm. 1310,
Sacramento, CA 95814.

The map is a greatly expanded edi-
tion of division map G1-1. The scale
is 1:40,000 meters.

California, Nevada, and the Pa-
cific Ocean floor, the present,
five million years ago, and five
million years in the future. 1986.
29 inches by 43 inches. $20.00 for
paper image, $45.00 for plastic
laminated image. Add $4.00 for
each order under 10 images. Pub-
lished by and available from Raven
Maps & Images, 34 North Central,
Medford, OR 97501. Phone (800)

- 237-0798.

Three colored computer images on
one map sheet show what the to-
pography of California looked like 5
million years ago, what the fopogra-
phy looks like today, and what it
may look like 5 million years in the
future. The computer images are
oblique views generated from mod-
eling software of digitized terrain
data. Relief is enhanced by vertical
exaggeration. This map is designed
for wall display and emphasizes the
rapidly changing, tectonic develop-
ment of California.

Atlas of geothermal resources in
the European Community, Aus-
tria and Switzerland, a publica-
tion of the Commission of the Euro-
pean Communities. In English.
DM198, Available from Verlag Th.
Schafer GmbH, Postfach 5469, D-
3000 Hannover 1, Germany.

The atlas contains the geothermal
resources data available for the 12
European Community member
states and Austria and Switzerland.
There are 400 maps and cross-
sections and a detailed text. Geol-
ogy, reservoir data, and well infor-
mation are included. The atlas

" supplements the Atlas of Subsur-

face Temperatures in the European
Community, published in 1980.

Compilation of geothermal-gra-
dient data in the conterminous
United States, OF 87-0592. By M.
Nathenson and M. Guffanti. Paper-
back $9.25, microfiche $5.50. 2
over-sized sheets. Available from
the USGS Books and Open-File
Reports Section, Federal Center, Box
25425, Denver, Colorade 80225,

Before the Drilling Begins

The environmental documentation
process and wellpad engineering
practices used at The Geysers Geo-
thermal field are the topics of a
videotape available from the Divi-
sion 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 1/2" (VHS or Beta) for-
mats.

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

New Geothermal Videos

Two new geothermal videotapes are
available from the Division of Earth
Sciences, University of Nevada, Las
Vegas. Both are written and di-
rected by Thomas Flynn. Videotap-

ing and editing are by John Foss,
Storyboard Productions. For fur-
therinformationorto order, contact
Thomas Flynn, Division of Earth
Sciences, 255 Bell Street, Suite 200,
Reno, Nevada 89503. Phone: (702)
784-6151. -

Ne_vada’s Geothermal Resources, 27
minutes, $40.00, 1/2" VHS.

The videotape covers the geoclogy,
natural history, and modern appli-
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cations of geothermal energy. Hot
springs, geysers, geothermal wells,
and geothermal power plants
throughout Nevada are shown.
Industrial, aquacultural, and heat
leaching uses of geothermal energy
are described.
LN AN

Washoe Aquaculture, 13 minutes.

The videotape covers the develop-
ment of the company called Washoe
Aquaculture Limited, Gourmet
Prawnz Inc. {see June 1988 Geo-
thermal Hot Line). At this company,
artesian geothermal water was used

to raise prawns and tropical fish.
Liquid wastes from the aquatic
animals was used as feriilizer for
ralsing vegetables and fruits. Serge
Birk, president of the company, called
the undertaking an integrated proto-
type aquacultural facility.

PUBLICATIONS | R

73rd Annual Report of the State
Oil and Gas Supervisor. 1987.
Free. Published by and available
from the Division of Oil and Gas,
1416 Ninth Street, Room 1310,
Sacramento, Califernia 95814.

Statistical and verbal summaries of
1987 California geothermal activi-
ties.

Geothermal Information
Series Begun by EPRI

“Thirteenn documents are planned
for the Electric Power Research In-
stitute's Geothermal Information Se-
ries," said Peler Ellis of Radian Cor-
poration. Radian is the general con-
tractor for the effort, and Mr. Ellis is
the project manager.

"First in the series is a set of guide-

lines for geothermal fluid chemical
sampling and analyses. I'm writing
it," said Mr. Ellis, "alongwith Ann E.
Behl and Donald E. Michels. Other
topics for the series will include
power-cycle selection, environmental
issues, and reservoir risk assess-
ment. All publications will be tar-
geted to aspects of geothermal utili-
zalion and prepared for utility per-
sonnel.

"The volumes are designed so thata
utility engineer familiar with con-
ventional fossil-fuel plants can pick
them up and learn how geothermal
projects differ from fossil-fuel proj-
ects. For example, people runninga
coal-fired plant never worry about
reservoir development. If the coal
they use is not satisfactory, they
purchase different coal. With geo-
thermal development, if reservoir
difficulties arise, the power plant
may have to close.

“The U. S. Department of Energy
has catalogued and compiled geo-
thermal technology developments
from the late 1970's through 1983.
Since that time, a great deal of de-
velopment has occurred, but the
information is not in one place,” Mr.
Ellis concluded. "We hope to bring
everything together."

Vasel Roberts of EPRI said that cop-
ies of the reports will be distributed
to member utilities and placed in
EPRI's research report center, Here,
they may be purchased.

Forecasts of annual capacities of
the supply of electricity likely to
be available from Qualifying Fa-
cilities -- revised forecasts based
on Delphi gas price projections.
No. 87-ER-7. By the California
Energy Commission. 1988. Free.

Available from the CEC, 1516 Ninth

St., MS-21, Sacramento, CA95814.

USGS and BLM Expand Public
Outreach

Earth science information has be-
come more accessible to the general
public, governmental agencies, and
the scientific and industrial com-
munities with the new Minerals
Information Center, opened recently
in Washington, D.C. The U.8. Geo-
logical Survey and the Bureau of
Mines jointly operate the center in
the Main Interfor Building, 18th
and E Street Entrance, 2600 Corri-
dor, Washington, D.C.

The center is staffed by mineral
experts, who offer a variety of min-
eral-related information and publi-
cations. Statistics on mineral pro-
duction and use are available for
every country in the world.

Two computer databases in the
center have information on mineral
occurrences and mining operations.
They are the Bureau of Mines “PC/
ADIT Mineral Deposit Database” and
the U.8. Geological Survey “Re-
source-Oriented Computer System”.
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Uncle Frank and Aunt Helen
at the airport.

And we flow over steaming mountains. e

Have you ever been to The Geysers
Geothermai field?

Could you tell us
about _geothermal
enargy?

*heat from the earl

Geolhermal” means the Ohyes. [veninough
it rmay be cold out-
doors., the deeper in

1 fhe earthyougo.the
holter it gets, all the
way fo The center,
aboul 4,000 miles
below us. Enough
heatisinthe earthto
supply our energy
needs for millions of

o years. But, most of

7 ihe heat is foo deep
for us to use,

“In ol fields,

water and ol
pumped from
wells over 2 miles deep are almast ds hot as beiling water”
sald Aunl Helen, as she lifted a pan of eggs from he stove.

Yes, ['ve been there many fimes. Your Aunt

GEOTHERMAL IN CALIFORNIA, by Susan
F.Hodgson. [lustrated by Jim Spriggs. 1988.
No charge when distributed to students. Free
classroom sets available. For nonstudent
distribution: up to 50 copies free; then, $1 per
copy. Published by and available from the
Division of Oil and Gas, 1416 9th St., Room
1310, Sacramento, California 95814.

Mlustrated summary of the formation,
production, and uses of geothermal resources
in California. Prepared for 4th- to 9th grad-

i fact, The insde of The earih s somsthing fke
he insige of this hardbolled egg.”

‘Below the crust is the white of the
egg, the part of the earth we call
the mantle, It is about 1,800 miles
thick, the distance between San
Francisco and Chicago.. The
manfle ends about halfway to the
center of the earth

ers, but a useful overview for adults.

In 1988, the publication was awarded the
Second Place prize for “Writing” by the Cali-
fornia State Information Officers Council.

e et
People cooked in the hof
H springs, Too. Insome coundries, |}
| they've collected minerals ke
l boron and sulphur from hot

springs that dried up.”
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*About 125 years ago,” scid Uncle
Frank, as they retumned fo the car,
“people in Calistoga advertised the
hot springs and built health resorfs.
Soon, the hot springs weren't large
enough for all the toursts who
came. So, wels were driled to
reach more hot water, and pools
were made to hold it

‘Some cocled, geothermal i
wgrter Is also called mineral
water," Aunt Helen said. *The
amounts and kinds of chemi-

als and minerals in mineral
water are  different from
hose in the waler we use
veryday. Some people

d think that mingral weter is
especialy healthful. Not only

H do people like 1o drink min-

| eral water, as you did on the
airplane, they ke tobathe

too."

“How else is geothermal water used. Uncle

Frank?" asked Jasen.

o, heating buildings and  for heating businasses like

wouses like ours, greenhouses and food-
drving plants,

BTy

for heating soll in cold
climates,

(NI AR )
N Py

and sell mineral water,” sdid Uncle
Frank,
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Under Secretary of the Interlor Gjelde
cut a platinum ribbon to officially
open the center, which is now the
largest earth-science information
resource in the Washington, D.C.
area.

As an additional note, the USGS plans
to expand its earth-sclence informa-
tion activities in Reston, San Fran-
cisco, Salt Lake City, Los Angeles,
Denver, Menlo Park, Spokane, and
Anchorage.

For further information on the Wash-
ington, D.C. center, contact Jane
Jenness (USGS) at (202) 343-5512
or Linda Carrico (BLM) at {202) 343-
5520.

California geothermal leases re-
port. $5.00 plus $.05 per page.
Make check or money order payable
to DOI/Bureau of Land Management.

Mining on public lands, changes
coming in 1989. Free. (A new fee
schedule is explained.)

Both publications are published by
and available from the BLM, Federal
Office Building, 2800 Cottage Way,
Sacramento, CA 95825, Atin: Public
Room. Phone (916) 978-4754.

U.S. Geological Survey, earth sci-
ence in the public service. Free.
Published by and available from the
USGS, Books and Open-File Reports,
Federal Center, Box 25425, Denver,
Colorado 80225.

A new, full-color booklet offers an
overview of the USGS. Many earth
science issues are discussed, espe-
cially the current USGS activities.

Sicrra Club policy on geothermal
energy. Twenty-five cents. Avail-
able from the Sierra Club, Public
Affairs Dept., 730 Polk Street, San

Francisco, CA94109. Phone (415}
776-2211.

According tothe Sierra Club news-
letter, “The factsheet outlines the
club’s policy on the use of present
technology for the extraction and
conversion of energy from geother-
mal fluid and steam reservoirs.”

LBL geothermal program, list of
publications. Free. Published by
and available from the Earth Sci-
ence Division, Lawrence Berkeley
Laboratory, University of Califor-
nia, Berkeley, CA 94720.

Geothermal energy technology:
issues, R & D needs, and coop-
erative arrangements. Prepared
by the Committee on Geolhermal
Energy Technology, Energy Engi-
neering Board, Commission on En-
gineering and Technical Systems,
National Research Council. 1987.
$5.00. Available from Ms. Carlita
M. Perry, National Academy of
Sciences, Energy Enginéering
Board, 2101 Constitution Ave., MH-
254, Washington, D.C. 20418.

The report, prepared by the Com-
mitiee on Geothermal Energy Tech-
nology, addresses major issues in
geothermal energy technology,
makes recommendations for re-
search and development, and
considers cooperative arrange-
ments among government, indus-
try, and universities to facilitate R
& D activities.

Geothermal innovative technolo-
gles catalog, DOE/SF/16299-H1.
1088, Paper $16.95; microfiche
$5.95. Published by and available
from the NTIS, U.S. Dept. of Com-
merce, Springfield, Virginia 22161.

United States geothermal tech-
nology equipment and services
for worldwide applications, DOE/
ID-10130. 1987. Free. Published
by and available from the Geother-
mal Technology Division CE-342,
U.S. DOE, 1000 Independence Ave.,
SW, Washington, D.C. 20585.

Pressure vessel technology. Ed-
ited by Liu Cengdian and Roy W.
Nichols. 1,750 pages, 500 illustra-
tions. $350 (New York residents
must add sales tax), Make checks
payable to Pergamon Books. Avail-
able from Pergamon Press, Inc.,
Maxwell House, Fairview Park,
Elmsford, New York 10523.

The two-volume set contains the
proceedings of the 6th International
Conference, Beijing, People’s Re-
public of China, September 1988.

In recent years, the technology of
pressure vessels and of pressur-
ized components has changed. More
vessels are in use in the chemical
and petrochemical industries, in
fossil and nuclear power stations,
and in aerospace and marine engi-
neering areas. Many new applica-
tions call for vessel operations under
extremes of high or low tempera-
tures, high internal or external
pressure, and in severe environ-
ments. These developments have
caused much attention to be given
to the safety and reliability of pres-
sure vessels, and remarkable prog-
ress has been made in vessel de-
sign materials, fabrication, and
inspection methods. In the publi-
cation, special emphasis is given lo
practical applications for pressure
vessels and their components and
to recent R & D activities by promi-
nent specialists. The publication
should be of interest to process and
chemical engineers, mechanical
engineers, materials scientists and
technologists, nuclear engineers,
plant designers, and safety officers.

GEOTHERMAL HOT LINE

101




M

Proceedings of the technical re-
view on advances in geothermal
reservoir technology - research
in progress, LBL-25635, Edited by
Marcelo Lippmann. 1988. $16.95.
Published by and available from the
NTIS, U.S. Dept, of Commerce, 5285
Port Royal Rd., Springfield, VA
221861,

Proceedings of a workshop on
development of mineral, energy,
and water resources and mitiga-
tion of geologic hazards in Cen-
tral America, USGS Circular C1006.
Edited by R.D. Krushensky, et al.
1987. 272 p. Free. In English and
Spanish. Published by and avail-
able from the USGS Books and Open-
File Reports, Federal Center, Box
25425, Denver, Colorado 80225.

A two-page geothermal resource
assessment for Central America by
W.A. Duffield is included in this
publication.

Volcanic hazaxrds at Mount Shasta,
California, (no publication code).
By D.R. Crandell and D. R. Nichols.
Free. Published by and available
from the USGS, Books and Open-
File Reports Section, Federal Cen-
ter, Box 25425, Denver, Colorado
80025.

Fire mountains of the west: the
Cascade and Mono Lake volcanoes,
By Stephen L. Harris. 1988, $15.95.
379 pages, paperback. Published
by and available from the Mountain
Press Publishing Company, P.O. Box
2399, Missoula, Montana 59806-
0087, Phone (800) 234-5308,

This excellent new book, written for
the general reader, is a complete
revision of Fire and Ice (published

in 1976). Itincludes a full account
of Mount St. Helens' latest activity
and an up-to-date, complete pic-
ture of other fire mountains in the
Cascade Range and other parts of
the west. It surveys all the west's
volcanic centers viewed as potential
danger spots and offers a biography
of each of the major Cascade volca-
noes, as well as those in California’s
Mono-Mammoth Lake area (all good
geo_thermal areas).

The book incorporates the wealth of
new material on volcanoes published
since the Mount St. Helens erup-
tion. Concentrating on the individ-
ual mountains--from Long Valley
and Mammoth Mountain in Califor-
nia to Garibaldi in British Colum-
bia--the book also includes discus-
sions of specific hazards involved
when volcanoes erupt. Many geolo-
gists prominent in geothermal re-
search are cited. The illustrations
and photos are done extremely well.

An additional item that's fun to read,
and free, is the Mountain Press
publication list. This company
publishes the Roadside Geology
Guides to Alaska, Wyoming, New
Mexico, Vermont, New Hampshire,
New York, Virginia, Montana, Wash-
ington, Oregon, Northern Califor-
nia, Arizona, Colorado, and Rocky
Mountain National Park. It also
publishes many other books on
geology, western history, and na-
ture: truly a unique selection.

The geology and remarkable ther-
mal activity of Norris Geyser Basin,
Yellowstone National Park, Wyo-
ming, Professional Paper 1456, by
D.E. White, R.A. Hutchinson, and
T.E.C. Keith. 1988. 84 p. $9.50.
Published by and available from the
USGS, Books and Open-File Re-
ports, Federal Center, Box 25425,
Denver, Colorado 80225.

Norris Geyser Basin is adjacent to

the north rim of the Yellowstone
Caldera, one of the largest volcanic
features of its type in the world.
Hydrothermal activilty may have been
continuous there for >100,000 years
before present. Norris Basin includes
the highest erupting geyser of re-
cent record, many acid geysers,
extreme contrasts in thermal water
types, colors of organisms and inor-
ganlic precipitates, frequent changes
in activity and chemistiry, and very
high subsurface temperatures (>
240°C).

The publication is advertised by the
USGS to be of “Special Interest”,
and it is.

Réseaux Chaleur: The interna-
tional magazine on heat networks
and geothermal energy. Published
quarterly. Each article includes an
abstract in English. One-year sub-
scriptions are FFr 380. Make checks
payable to SFDD Réseaux Chaleur.
Available from SFDD, BP 20, 78611
Le Perray en Yvelines - France.

The magazine is published by the
French Energy Agency (Agence
Frangaise pour la Maitrise DeL'en-
ergie), the heat networks and geo-
thermal energy service. The articles
focus on heat networks, urban
healing systems, and geothermal
energy.

Worldwide news is included, as well
as conferences, regulations, and a
large bibliography.

Journal of South American earth
sciences, including Central Amer-
ica, the Caribbean, and the Ant-
arctic Peninsula. Edited by N.J.
Snelling and C.E. Macellari. 1988,
vel. 1. Price to be announced.
Published by and available from
Pergamon Press, Fairview Park,
Elmsford, New York 10523.
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The journal will publish scientific
work concerned with all aspects of
the earth sciences in the South
American continent and the sur-
rounding oceans. Works will also be
accepted from the adjacent regions
of the Caribbean, Central America,
and the Aniarctic Peninsula.

Research papers will be featured
that deal with the regional geology
of South American cratons and
mobile belts; economic geology,
particularly metallogenesis and
hydrocarbon genesis; stratigraphy,
structure, and basin evolution;
geophysics and geochemistry; vol-
canology; and tectonics and Qua-
ternary geology. Short notes, dis-
cussions, book reviews, conferences,
and workshop reports will also be
included.

Nevada geology. Quarterly news-
letter of the Nevada Bureau of Mines
and Geology. Free. Published by
and available from the Nevada
Bureau of Mines and Geology,
Mackay School of Mines, University
of Nevada - Reno, Reno, Nevada
89557-0088.

This new, attractive publication will
be used to disseminate news of the
activities and publications of NBMG
and other organizations and indi-
viduals concerned with Nevada
geology and mineral resources.

The Nevada mineral industry --
1987. Publication MI-1987. $5.00
in person or $5.50 by mail. Make
checks payable to “UNR Board of
Regents”. Published by and avail-
able from the Nevada Bureau of
Mines and Geology, Univ. of Ne-
vada-Reno, Reno, Nevada 89557-
0088,

Mining, oil, and geothermal activi-
ties in Nevada are summarized in

the publication. Lists of core depos-
its and mining operations through-
out the state are included.

Low-Temperature Development
Compiled

Two interesting publications on low-
temperature geothermal develop-
ment in the U.S. have just been dis-
tributed by the Geo-Heat Center,
Oregon Institute of Technology. Both
are free of charge.

One, titled Geothermal Direct-Use
Developments in the United States,
is the more extensive. WrittenbyP.
Lienau, G. Culver, and J. Lund, it

information is from a Bulletinr ar-
ticle titled “Direct-Use Development
in the United States”, by Paul Lienau.

The Oregon Institute of Technology
found 44 states to have substantial
low-temperature geothermal devel-
opments, representing an estimated
annual energy utilization of over
18,000 billion Btu/y.

. Wyoming uses low-temperature
geothermal energy the most. Ituses
ten times more than the next two
largest user-states of Californiaand
Nevada, due to its enhanced oil
recovery operations (9,500 x 10°
Btu/y} from the Williston Basin in
central Wyoming. However, fluctu-
ating oil prices may impact this use.

includes de-

scriptions of all Geothermal Direct Heat Use in the United States.
direct-use sites
in the United | St Usedl Resource Capacity Annual Energy
. Temp. Range
States, an es ¢F) x10° Btu/h) &I Btw/y)
say called —
“State of Di- | Ax SGP 109-153 10 51
AR HPSP 63139 7 7
rect-Use De- | Az AHPBS 62-140 6 m
velo ment'’ CA A,DH,PS,LG 61-300 314 1,107
P | co APSDHGHP 52475 66 393
and many se- | f HP 715 840 840
ted refer- | oA HPS,P 67-88 2% 2
lected refer HI 1 347 N/A N/A
€nces. D ADHSPG 90-200 163 536
I HP 54 101 177
N HP 55 91 35
The second | ky HP 59 8 155
; LA HP 69 90 79
publication is NiD P - 47 0
the center's | Ml HP 47 135 155
MN HP 45 3 95
summer 1988 | . i e w“ a
issue of the | M1 G,DH,SPLA 70-181 30 126
NC HP 6 92 80
Geo-Heat Cen- 1 HP 2 19 51
ter Quarterly | N HP 2:5 g 1?;
. NM G,DH,5P 115-245
Bulletin. The | yy 1,75, DHA,HP §7.270 201 916
issue includes gi\; HPS 46~1§53 131; . 2;;
\ HP
many articles, | ox 1,$,DH,PGHP 60-235 132 3l
figures, and | @ & o .
diagrams with | PHPDHSG) 47455 45 131
data on where | T HPPESGA 67126 159 148
UT GHPPAS 60230 24 704
and how low- | v HPS,P 59-104 1 66
el wa HPP - 55128 23 47
temperatur wi HP 6 720 189
geothermal | wy 1LPAGS 4200 5748 10,129
resources are ﬁ,i[()g HP 5569 114 169
being devel- jMams 5862 18,270
NBOK
oped. :

TN

. a—S = space heating & domestic hot water; DH = district heating; HP = heat pump; G = green-
The following [nouses: 1 = industrial; A = aquaculture; P = pocls.
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- Two firms in Nevada use geother-
malfluids to enhance heap leaching
operations to extract precious met-
als.

- Florida, with over 20,000 users,
accounts for the greatest number of
heat pump installations, followed
by Michigan and Indiana.

- Aquaculture projects at the Hot
Creek Hatchery near Mammoth
Lakes, California, and the Fish
Breeders of Idaho, in Buhl, Idaho,
are the largest aquaculture user
sites, However, significant aqua-
culture facilities for raising telapia,
catfish, and large mouth bass have
been developed near Gila Bend,
Arizona. A large facility will be
developed o raise sturgeon at Brools
Warm Springs, Montana.

- Troy-Hygro greenhouses at
Newcastle, Utah, will be the largest
greenhouse energy user when the
28-acre facility is completed. Bur-
gett Floral at Animas, New Mexico,
has developed a facility of about 13
acres. The state with the largest
greenhouse total is Idaho, with 14
sites in operation.

To order the publications, write the
Geo-Heat Center, Oregon Institute
of Technology, Klamath Falls, Ore-
gon 97601,

New Mexico statewide geother-
mal energy program. Edited by L.
Icerman and S.K. Parker. 230 pages.
Free, New Mexico residents; $10.50
all others, payable to the University
of New Mexico. Available from the
NMRDI Communications Office, 457
Washingfon 8.E., Suite M, Albuquer-
que; New Mexico 87108. Phone
(505) 277-3661.

The publication sumimarizes the
results of geothermal energy resource
assessment work conducted by the
New Mexico Statewide Geothermal

Energy Program between Septem-
ber 1984 and February 1988.

The program was sponsored by the
U.S. Department of Energy and the
New Mexico Research and Develop-
ment Institute, administered by
NMRDI, and conducted by profes-
sional staff members at New Mexico
State University and Lightning Dock
Geothermal, Inc. '

The report extends the knowledge
of the geothermal energy resource
base with a potential for commer-
cial applications in southern New
Mexico. The report is divided into
four chapters:

- Geologic, Geohydrologic, and Ther-
mal Settings of Southern New Mex-
ico Geothermal Resources;

» New Mexico State University Geo-
thermal Exploratory Well;

- Temperature, Water Chemistzy,
and Lithological Data for the Light-
ning Dock Known Geothermal Re-
sources Area, Animas Valley, New
Mexico; and

- Preliminary Geothermal Resource
Assessment of the Orogrande, New
Mexico area.

Design and construction of the
NMSU geothermally-heated
greenhouse research facility.
NMRDI Report No. 2-72-4214. By
Rudi Schoenmacker. 44 pages. New
Mexico residents, free; nonresidents,
$3.35. Available from the New Mexico
Research and Development Insti-
tute, Communications Office, 457
Washington, SE, Suite M, Albuquer-
que. New Mexico 87108.

The report describes the design,

construction, and performance of .

the New Mexico State University
(NMSU) Geothermal Greenhouse
Research Facility, Funded jointly

by the New Mexico Research and
Development Institute (NMRDI) and
NMSU, the facility was built to stimu-
late geothermal greenhouse devel-
opment in New Mexico.

Two 6,000-square-foot greenhouses
were built in late 1985 and early
1986 on the eastern side of the
NMSU campus near Tortugas
Mountain.  The greenhouses roof
and wall surfaces are double-glazed
with four different film materials.
One greenhouse is cooled using a
traditional fan and pad cooling
system, and the other is cooled with
a high-pressure fog system and
natural ventilation through roof and
side vents. The facilily has been
heated geothermally since Decem-
ber 18, 1986.

The geothermal greenhouse heat-
ing system consists of the geother-
mal production system, the heat
exchanger, the heat delivery sys-
tem, a disposal pond, and a gas-
fired emergency backup heater.
Geothermal fluids are pumped from
wells producing water at tempera-
tures ranging from 141°F to 148°F.
Water from the geothermal wells
enters a plate-and-frame heat ex-
changer. Heat transferred to fresh
water circulating through the heat
exchanger is pumped in a closed
loop to the greenhouses, where it is
delivered to the greenhouse space
with four overhead fan-coil unit
heaters.

Geothermal fluids from either of two
production wells can be utilized by
the system, effectively giving the
greenhouses a geothermal backup
as well as the gas-fired water heater
backup. This propane system was
used exclusively until- the green-
houses were switched over to the
geothermal system in December
19886, and has only been used twice
for short periods since then.

The greenhouse facility was leased
as incubator space to two commer-

104

DIVISION OF OIL AND GAS

“

These two 6,000-square-foot, geothermally-heated greenhouse research facilities on
the New Mexico State University campus have been used by commercial growers for
performance monitoring. Pholo courtesy of NMRDL

cial tenants in 1986. In mid-June A telephone line installed in both

1986, Flores de New Mexico, Inc.
leased the southernmost green-
house, and during the summer
produced several hundred thousand
potted miniature carnations from
cuttings.. Alex R. Masson, Inc. leased
the other greenhouse in August
1986, growing more than 50 differ-
ent varieties of chrysanthemums.
The institute maintained and moni-
tored the greenhouses for these
tenants.

greenhouses allowed for the remote
sensing of temperatures and power
use, and for automatic warning when
an emergency condition arises. A
data acquisition system installed to
sample temperatures was pro-
grammed to take temperature read-
ings once every 20 seconds, aver-
age these temperature readings over
6 minutes, store the 6-minute aver-
ages once per day on magnetic tape

CALIFORNIA WELLS |
.

Division Well Data Available

for later evaluation, and display the
current temperature on screen.
Twelve temperatures are monitored
constantly: six greenhouse air
temperatures (three in each bay) at
plant level, outside air temperature,
water temperature at the inlet and
outlet of each of the two heaters,
and soil temperature in one of the
planters.

Results from the tenants’ pilot-scale
studies in the NMSU greenhouse
facility were applied to two commer-
cial greenhouse ranges that were
built in southern New Mexico. During
the fall of 1986, Flores de New Mexico
began building a 10-acre commer-
cial range in Las Cruces, and, in
December 1986, Alex R. Masson,
Inc. began construction on a new
four-acre geothermally-heated and
fog-cooled greenhouse range in
Radium Springs. The geothermal
greenhouse research facility allowed
these clients to evaluate the heat-
ing, cooling, ventilation, and control
technologles involved, and provided
experience with the southern New
Mexico climate and growing condi-
tions.

A computer-generated file of geothermal 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.

Drilling Permits for Geothermal Wells Approved March-December 1988

by the Division of Oil and Gas

Date Notice Operator and
Received Well Name & No.

k DISTRICT Gl
)

APl
Number

NONE

Sec. T.R.

Location & Elevation

- GEOTHERMAL HOT LINE
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Date Notice Operator and AP
Received Well Name & No. Number Sec. T. R. Location & Elevation
& DISTRICT G2
Imperial County
UNION OIL CO. '
3/28/88 “Sinclair” 22 025-90848 b 125 13E Fr SW cor 56m N,
106m E, el -66m gr
. RED HILL GEOTHERMAL, INC. o o e
5/11/88 “River Ranch” 7 025-90854 25 11S 13E Fr SE cor 736m N,
1541m W, el -69m gr
UNION OIL CO. )
6/23/88 “Sinclair” 23 025-90859 5128 13E Fr SW cor 56m N,
129m E, el -68m gr
RED HILL GEOTHERMAL, INC.
7/25/88 “River Ranch” 8 025-90863 25 115 13E Fr SE cor 736m N,
1465m W, el -69m gr
UNION OIL CO.
8/22/88 “Sinclair” 10 025-90871 5128 13E Fr Ctr 1/4 cor Sec b,
49m N, 110m E,
el -69m gr
RED HILL GEOTHERMAL, INC.
9/19/88 “River Ranch” 2 025-90875H 25 11S 13E Fr SE cor 738m N,
152m W, el -68m gr
9/19/88 “River Ranch" 12 025-90876 2511S 13E Fr SE cor 736m N,
1221m W, el -68m gr
"ENGLER, WILLIAM E.
9/23/88 “Niland"” 2 025-90877 1 S 12E Fr SW cor 550m N,
289m E, el -30m gr
UNION OIL CO.
10/4/88 “IIn" 7 025-90880 5 12S 13E Fr SW cor 937m N,
140m E, el -70m kb
BARTLETT, FRED F. ,
10/19/88 “Imperial” 1 025-90881 1 95 12E Fr SW cor 556m N,
231m E, el -30m gr
RED HILL GEOTHERMAL, INC. .
11/1/88 “River Ranch” 4 025-90885 25115 13E Fr SE cor 42m N,
287m W, el -69m gr
106 DIVISION OF OIL. AND GAS
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Date Notice Operator and API
Received Well Name & No. Number Sec. T. R. Location & Elevation
11/1/88 “River Ranch” 5 025-90886 25115 13E Fr SE cor 41m N,
247m W, el -6Sm gr
UNION OIL CO.
11/21/88 88-1 025-90887 20 10S 14E Fr SW cor 762m N,
1463m E, el 24m gr
RED HILL GEOTHERMAL, INC.
12/1/88 “River Ranch” 6 025-9088¢ 25118 13E Fr SE cor 320m N,
53m W, el -69m gr
12/1/88 “River Ranch” 11 025-90890 25115 13E Fr SE cor 737m N,
' 1282m W, el -69m gr
San Luis Obispo County
CITY OF PASO ROBLES
4/20/88 “Testhole” 3 079-90002 34 265 12E Fr NE cor prop,
‘ 72m S, 136m W,
el 232m gr
& DISTRICT G3
Lake County
FMRP
4/1/88 “PDC” 2 033-90695 22 11N 8W Fr SE cor 716m N,
481m W, el 856m kb
4/1/88 “Moody Unit” 2 033-90696 22 11N 8W Fr SE cor 317m N,
173m W, el 778m kb
4/18/88 “PDC" 3 033-90697 22 11N 8W Fr SE cor 716m N,
489m W, el 856m kb
4/18/88 “Moody Unit” 3 033-90698 22 1IN 8W Fr SE cor 311m N,
168m W, el 778m kb
UNION OIL CO.
5/18/88 “Tocher” 4 033-90702 27 11N 8W Fr NW cor 233m S,
283m E, el 964 kb
FMRP
8/7/88 “Moody Unit” 4 033-90706 22 11N 8W Fr SE cor 306m N,
163m W, el 779m kb
GEOTHERMAL HOT LINE
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Date Notice Operator and APl
Recelved Well Name & No. Number
Napa County
FURBERG, AL :
11/16/88 *“View Road” 33 055-00121
Sonoma County
UNION OIL CO.
7/22/88 “Angeli” 4 097-90793

GEOTHERMAL ENERGY PARTNERS, LTD.

Sec. T. R,

36 9N 7TW

20 11N 8W

4 11N oW

32 12N oW

35 12N 9w

Location & Elevation

Fr NE cor 725m S,
170m E, el 110m gr

Fr NE cor 579m S,
305m W, el 977m kb

Fr SE cor 1106m N,
1428m W, el 392m kb

Fr SE cor 45m N,
180m W, el 617m kb

Fr SE cor 670m N,
832m W, el 724m kb

8/16/88 “Aidlin” 6 097-907956

8/16/88 “Aidlin” 8 097-90796
GEO OPERATOR CORP.

11/3/88 “Prati” 41 097-90798
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Aidlin Project 10, 63
Ahuachapan 26
Alberta Plains 78
Amedee Hot Springs 15
Amedee Power Plant 61

b

B.C. McCabe Power Plant 19

Bear Canyon Creek Power Plant 62
Beppu Geothermal field 81

BLM environmental plan 36

BLM geothermal energy summary 37

c

Canadian Geothermal Energy Assn. 96

CEC grants and loans 32, 92

‘CEC power plant jurisdiction 34

Central American Electrical Interconnection 77
Coldwater Creek Geothermal Power Plant 10
Conferences 40, 96

Coso Geothermal Power Development 16, 19, 71
Costa Rican geothermal development 26
Courses 40

Crater Lake 36, 94

d

Deep-sea vents - 88

Del Ranch Power Plant 66

Dept. of Energy, U.S. 35, 91

Dept. of Water Resources, Ca. 63

Div. of Oil and Gas, Ca.
Geothermal Section 53, 55

ENEL 38
ETAP 92

Volume 18, Nos. 1 (pages 1 through 52) and 2 (pages 53 through 111)

f

Fiber-optic sensors 89

g

GEM 1 Power Plant 19, 67
Geopressured development 29
Geothermal-Ag Heat Center 11
Glass Mountain 60

Gourmet Prawnz Inc. 20

Great Britain 79

Greenhouse effect 83, 84

GRI (GEO) grants options 32
GRI-Mission Energy partnership 69

h

Hawaiian geothermal development 24, 72, 74
Heber Binary Demonstration Power Plant 67
Honey Lake Power Facility 61

Hot dry rock in Cornwall 79

IGA 95
Indonesia 81
Industry review panel 28

j

J.J. Elmore Power Plant 66

Latin America 76
Leathers Power Plant 66
Legislation, federal 30, 93
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Maassen, Bruce 1

Mammoth Geothermal Power Plant 14
Mammeoth-Pacific Il Project 12

Maps 21, 97

McCabe, B.C. 53

Medicine Lake Highlands 86

Mono County Update 12, 62

n

Nevada PSC, Notice of Petition 32

New Mexican geothermal development 22, 24
New Mexican publication 23

New Zealand 27

0

Ormesal 66
Ormesa IE 66
Ormesa Il 19

P

Petroleum violation escrow funds 92
PG&E 63

Power line 68

Publications 43, 99

Puna Joint Venture 74
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Reservoir development, The Geysers 27
Rock bits tested at The Geysers 28

S

Salton Sea Geothermal Project 65

San Diego Gas & Electric Co. 70

Significant Thermal Features 36

Solar box cookers 85

Southern California Edison 69, 70

Stillwater Geothermal 1 72

St. Lucia 25

Steamboat, NV Hydrothermal Power Plant 21, 72
Steam prices 64

Steam ruling upheld 32
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Thermal Power Company 11
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UNITAR/UNDP 38
Unccal 64
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Well data 46, 105
Wells 47, 105
West Ford Flat Power Plant 62

TRO02(3-89-08P-22C)

GEOTHERMAL HOT LINE

111




Division of Qil and Gas
1416 Ninth Street, Ro\om 1310
Sacramento, CA 95814

BULK RATE
U. S. POSTAGE
PAID

Sacramento, Calif.
Permit No. 337




