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ABSTRACT 

The United Stata OSes geothennal acrgy for dcetrical power 
genendioa and for a vufety of direct use appiicsuions. The most 
ootalile demiopments are The Geyscn in aoiUieni Califomiat 
witli approximately 900 MWe, and the Imperial Vailey ot 
southern CaiifofIlb^ with 14 MWe being generated, and at 
Klamth Falb, Oregoa and Boise, Idaho, where major district 
heating projects are ander constrnction. Geothermal deTelop> 

I is promoted and andenaiHa by private companies, pubUe 
dM federal gorommeat, and- by state and local 

Geotiwmai drifflag aelhity slMwcd aa hncasa hi eaqiioratory 
and development work over tin five previoos yean, from an 
avenge <rf 61 weHi per year to 96 wcils for 1980. Ihese 96 wells 
•ecomited for 605,175 fl of hole. The completed weib taidnded 
18 gcutheiiMl wfldcat 'dlscoveiiea,' IS wfldeat faflues, and S 
geoptcanred geothmnal faifaaca, a total of 3S aptotatory at> 
temiMs. The sicecssfol wOdeats aenounted for 96,9^ ft of hoie 
at aa average total depth of 5,385 ft per weil; represeadng a soe-
ceas ratio of 47.47». California, wUeh had the highest total of 
completed geothamal weib at 83, also had 43 nccesrfhl 
geothnuial davefa>pmeBt weib; most of these woe ia The 
Geysers. Of tbe total of 58 geothermal developaient weili at> 
tegspted, 55 wen coasidend capable of prodaedoo amoaadag 
to a sacecs ndo of 94.8^. A total of 339,854 tt of hole was cot 
foe dw 55 poteadal (wodaoen, witti aa avenge total depth of 
5,997 tt per wdL 

Doiag 1980, two new power plants wen pot oa Uao at The 
Geyscn, iaiaemtag by 37% the total net geoentiag capacity to 
over 900 MWe. PG A E's onit U went oa Ihw la Ainil naiag 
steam provided by Aadaoi USA to opente a 139 MWe phot. 
PG & E's aew llOiAfWe oail 14, sappHed by steam pradaccd by 
Utdoa 00 Company, went oa iim ia Septemiier. 

Two powv p h u t ttffmtnmafii pfodnctfoa ia tbe bapcrial 
VaOsy hi 1980. Soothera Caiiforahi Edboa staited up a 
10<MWe fbali steam oait at dw BrasHey geotbemal Add hi 
Jnaa. Steam Is soppiled by dw Union OB Company. After aa ia-
tenaUteBt begiuciflg. Imperial Magma's- piloc biaary cydCi 
U^MWenattweacoalbwoaacoadaaoaabaaia, pradodagT 
MWe of power. Hot water is snppikd to the piaat by hnpeiial 
Ma^aa's weUs, 

INTRODUCnON 

This is tbe first report devoted sped&aily to geothermal 
resources escpiotaticm and deveiopment activity in tiie United 
States. Dmiog the past few yesis. geothemial acnvity has beea 
induded ia a terse form wj^ the annual repeat ot the 
devefa){«UBts in West Coast area, deveiopmaus in die Four 
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Comers-Intermountain area, and devdopmeots in the Upper 
Gulf Coast of Texas. The basic purpose of ttiis paper is to pre
sent data on the drilling for and developmou of geothennal 
resources in the United States. 

Geotbemal utilizaden in the United States started with early 
efforts being concentrated around hot springs and geothennal 
surface deposits. Bathing, health spas, cooking and some 
mineral extiadion were induded in these uses. These 
developments primarily occurred in the westem states due to the 
assodanon of hot springs with teceot tectonic activity. 
However, some deveiopmesa did east in the older geologic pn>° 
vinces of the eastern part of the United States. Even chough 
ditea heat applications of geothennal energy occurred first, 
tbdr present-day uses are limited in comparison to devdopment 
in other countries. Today, the United States is noted mainly for 
its geothennal decttical power generation. .' 

Most, of the eariy geothermal devdopment in the United 
States was nnri<rr*gVffl by private inchtstry and individuais such 
as B. C. McCabe (Nta«nia Power Company) and Dan A. 
Mc^GIlan (Thermal Power Company), bi recem years the 
federal govemmeu, through the Geological Survey (USGS), the 
National Sdence Foundation (NSF). the Energy Research and 
Devdopment Administration (ERDA), and the Department of 
Energy (DOE) has initiated geothennal programs in order to 
Kimuiate deveiopment. State governments have formed energy 
depattmeots, and some Ityal goverunents have insitiited land 
use planning and adoptol ordinances related to geothermal 
development. 

DIRECT USE DEVELOPMENT 

Therapeutic and bathing uses have recdved great attention 
over the past century, at locations such as Steamboat Springs, 
Nevada: Hen Spnngs, Virginia: Lava Hot Springs, Idaho: 
Steamboat Springs and Qenwood Springs. Colorado; Ther
mopolis, Wyoming; and <^aiiqoga, California. Today, national 
parks protect many of these geothermal uses and phenomena: 
Hot Sptmgs, Arkansas, National Park (bathing), Lassen 
Volcanic National Park (sulfur mining), and Yellowstone Na° 
tional Park (tourism). 

Space heating with geothernal energy has a reoaded history 
of nearly a century in this country. However, this use has not 
meived the pttbikity afforded the spas. iOamath Falb, Oregon, 
and Boise, Idaho, have the greatest energy consumption' for 
space heating, with minor amounts used in Reno, Nevada; 
Lakeview, Oregon; Vale, Oregon; SusanviQe, California: 
Calistoga, California: and other locations. In Klamath Falls, 
over 400 wdb are used for space heating, using waters from 
104°F to 230°F. The principal heat extraction system is a dosed-
loop downhole heat exchange using dty water in the loop. 
Larger esomples of space heatmg m iOamath Faib mdude the 
Or^on Instirate of Tedmology canqnis, where three weib up to 
2,000 ft deep produce up to 440 g/min of 192°F water and heat 
approxunatdy 500,000 f̂  of floor space; The wdl water is 
pumped from the well by using deep wdl centtifhgal putnps, 
and in toost cases, it a used d^ectly in the h e a ^ system for 
each building. The annual operating cost when usmg geothermal 
energy in the campus system is approxunatdy 530,000. Thu is a 
savings of almost S2SO,00Q/yr when conqiared with the cost of 
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heating with conventional fud. Other notable uses in the com
munity indude Presbyterian Intercommunity Hospital, where 
the present worth of a 20-yT savings due to a geothermal retrofit-. 
ted heating system is over SI million, and Maywood Industries, 
where 113 "F water is used for heating a large manufaauring 
building. Devdopmem in Boise, Idaho, staned in 1890 when 
two hot water wdls were drilled northeast of town, producing 
ISO'F water. A natatorium was built to be a commimity recrea
tional center and health spa. By 1930, rwo hot water wdls 
heated 400 homes and businesses. By the early 1970$, the Boise 
Warm Springs water district was formed. Today, the Qty of 
Boise and the water district have a legal workup relationship 
through the Boise Geothennal Office to nnpiennm a geother
mal program for the metropolhan area. Both Klamath Falb and 
Boise have recdved DOE funds for demonstration distxia 
heating projects. 

Numerous greenhouse and aquaculture projects have been 
devdoped ia this country over the past few yean. The most rn-
terestiiig aspea of these geothermal devdopments is the location 
of many of these projects are in colder areas, where heating by 
conventional means is not economically feasible. Tree seedlmgs, 
tomatoes, cm flowers, and potted plana are the most profitable 
greenhouse products. Catfish, trout, and giam freshwata 
prawns are the most profitable aquaculture undertakings. 
Specific projects are located at Wendd, California* 
(greenhouse), Klamath Falb. and Lakeview, Oregon 
(greenhouse and acqnaoilture), and numerous locations m 
Idaho (aquacuJture). 

There are two industrial processing uses of geothennal energy 
of note: Medo-Bd Creatnery in Klainath Falb, where low-
temperanire fhiid b used for pasteurizing milk, and Geotbermal 
Food Processors at Brady Hot Sprmgs, Nevada, where high-
temperature fluid b used tot ddiydratmg .onions and othe 
vegetables. 

The fastest growmg application of geothermal energy u as the 
direa source of heat for a variety of purposes. Individually, pro
jects utilizing direct geothennal heat use a small amotmt of 
energy m comparison with electric plants. However, together 
these projects displace a significam amoum of energy from con
ventional sources. 

Cmient dhea heat application oompiise 183 activities m 15 
states. Eight of these projects became operational during 1979 
andm0,providnig219x lO^Btuperyor. Bytheendof 1980, 
an additional 16 projects wiU be in service, suppiymg another 
185 X 10^ Btn of energy. The United States Depaitmem of 
Energy b supporting spaoe-heatmg hwrallations in the THS 
Memorial Hcspital, Martin, Texas, and ten other space-heatmg 
projects that iiidude three more hoqiitab and two sehoob. The 
Holly Sugar plant at Brawley, California, with DOE support, b 
convertmg to geothennal wats thdr boilen and dryers for 
refining beet sugar. The first geothermal ethanol productitm 
facility b m operation m La Grande, Oregon, and Bechtd has 
completed the conceptual design of a large ethanol plam for 
Raft River, Idaho. Other ethanol phmts are at various stages of 
devdopment m Nevada, Utah. New Mexico, California, and 
Oregon. A summary of direa use applications in each state b 
presented m Figure 3, while the locations of the major direct use 
projects are shown m Figure 4. There are a total of 129 planned 
projects. Tabulations of balenology applications (hot water spas 
and poob) are maintained separatdy, sitice the energy benefit 
fttmi these projects b ambiguous. A summary of direa use ap
plications b presented m Table I. 

ELECTRICAL POWER GENERATION DEVELOPMENT 

The first commercial geothennal dectric power ctnnplex in 
Che United States b at The Geysers, about 80 mi north of San 
Francisco, California. The fidd, one of three sites m the world 

commercially producing dry steam, is located in the rugged 
Mayaanus Mountains of northeastern Sonoma County and 
westem Lake County. Surface geothennal activity in the area, 
despite its name, is limited to numerous fumaroles and several 
hot springs, rather than true geysers, which are charaaerized by 
intermittent eruptions of hot water and steam. 

When first viewed in 1847, the white plumes and hot springs 
in the area were described as 'The Gates of Hell' by their 
discoverer. In the I86Qs, a hotd and bathhouse were built near 
the hot spnngs, but it was not until the early 1920s that an at
tempt was made to devdop the area's power potential. 
Although the steam source was successfully tapped by drilling, 
its devdopmem was neither technologically nor economically 
feasible. The production equipment of that period could not 
tolerate the corrosive and abrasive effects of natural steam and 
its impurities, and hydrodectric sites were more economical to 
devdop. 

In 1956, a joim venture by Magma Power Company and 
Thermal Power Company again tapped the area's resources 
with the drilling of six successful steam wdb. Pacific Gas and 
Electric Company (PG &, E) tested the wdb, which had a com
bined production rate of 299,200 lb of steam per hour, and 
determined that small steam turbmes could produce power 
economically. Under a 1958 contraa, PG &£ deigned and con
structed a small 11-MWe turtiine generator unit, while Magma 
and Thennal developed the steam weib and gathering system. 
The first power plam, costing S4 millioa, began to operate iti 
1960 and opened a new era m the use of geothermal steam for 
the conmurdal production of electricity. 

Seven years later. Magma and Thennal merged thdr holdmgs 
with Union Oil Company of California. Union was then 
rirsignnted as operator of the steam fidcL From' 1967, deveiop-
mem of The Geysers accelerated, and in 1973, it became the 
world's largest geothermal dectrical power mstaUation, surpass
ing Italy and New Zealand. Fifteen units are now in operation, 
producing appronmatdy 900 MWe. 

In the United States, the growth surge at The Geysers m the 
eariy 1970's was foUowed by a delay coinddental with the pro
mulgation of environmental guidelines and the proliferation of 
legislative, regulatory, and jurisdictional activities that followed 
actions by the United States Congress to promtne geothernal 

' developmem. However, growth at The Geysers has resumed, 
and abom seven additional lOO-MWe plants will come on Ime by 
1986. 

For many years, the Imperial Valley of southern California 
has been seen as another significam growth area for geothermal 
power. In the vanguard of developmem, there b the unique 
11-MWe Magma bmary cyde plant operating at Easx. Mesa 
using the Magmamax process, followed dosely by Union Ofl-
Southem California Edison's 10-MWe flash steam plant, wtucfa 
is on line at Brawley. Other plants have been announced by m-
duary at Heber, Brawley, East Mesa, and Niland. The cost-
shared e^ons by OOE and San Diego Gas and Electric to solve 
the problems of highly salme brines at Î filand have done much 
to accelerate the exploration of the Imperial Valley resources, 
where additional power frtmi liquid-dommated resources could 
be on line by 1985. 

A 50-MWe flash steam plam at the Valles Caldera, New Mex
ico, b being consructed under acofi-shared agreemem between 
DOE, Union and Public Service Company of New Mexico. Thb 
plam wiU provide technical and economic data for the devdop
mem of high-temperature, liquid-dominated, hydrothermal 
resources m the United Stales. 

Other dectrical generation devdopmem mdudes the 100-KW 
direa comas pilot plam at B Dorado, Arkansas, using a 210''F 
resource. Isopentane b used as the workmg fluid m thb binary 
cyde system, which b mounted on the beds of two truck trailen. 
One of the hottest geothennal reservohs m the world b at Puna, 
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Hawaii, where a 676''F resource will be used to generate 3 MWe. 
The wdlhead generator is designed to be easily transportable so 
that it can be moved to another site if threameed by lava flows. 
Devdopments are also caking place at Roosevelt Hot Springs in 
Utah, where 20 MWe will be on line in 1983, and in aonhem 
Nevada, where a consortium of dectrical utilities are attempting 
to devdop a site, initially using a single wdlhead semiportable 
generator. 

Application of geothermal energy to the drymg of wood chips 
and forest slash to raise the combustion temperature, and thus 
the thennal efficiency of a wood-fired power plam, b the uniqiw 
approach bdng used by GeoProducts Corporation at Honey 
Lake, by DOE, thf U.S. Forest Service, and the California 
Departmem of Water Resources. Geothennal energy b used to 
prdieat the feed water for the boiler. It b expeaed co be on line 
m 1984 and may be followed by similar plants in California and 
Oregon. 

Currently, nearly all commercial dectric power on line m the 
United States from geothermal sources b from Tlie Geysers field 
in northern California, which has been devdoped solely by the 
private sector. The only geothennal dectrical power being pro
duced in tbe United States outside The Geysers b at the Magma 
Power-San Diego Gas and Electtic lI-MWe East Mesa plant 
and at the Union OQ-Southem Califoraia Edison 10-MWe 
Brawley plant, both of wfaidi are ui Imperial Valley, California. 
However, niether of these two plants has achieved fiiil opera
tional status. A 5-MWe research binary power plam located at 
Raft River, Idaho, will be operational thb year. 

Currently operating and plaimed geothennal electric power 
plants are listed in Tables 2 and 3, respectivdy. Esiimata of the 
reservoir, capacity and proposed power output for the more 
significam areas in the United States are presented m Table 4. 

OROXING ACTIVITY 

The total number'of geothermal wdb drilled in the United 
States up to the end of 1974 amounted to 598 wdb of which 562 
were located in CaUfomia. Yearly geothennal drilling stim-
maiies first published ui 1975 by «ientbt8 at Republic Geother
mal, Inc, have provided data through 1979. Between 1975 and 
1979, a total of 305 wdb were completed. Of these, 214 were m 
Caiifomia, continuing the historical tread that was noted above, 
that is, most of the geothennal drilling aaivity has been conceo-
trated at The Geysers in northern Califomia and ia the Imperial 
Valley of southem California. In Hgwe 5, completed geother
mal weib (ot the 1975-1979 period are plotted as a fimctioa of 
the state m which they were drilled. In the same figure, die total 
number of wdb per year are presented as an inset. Through the 
end of 1979, a aimiitottve total of 903 exploratory and develoi>-
mem geotbennai wdb have been completed in the United 
States. 

DROXXNG ACnVTIY DURING 1980 

Geothennal drilling activtty, as compiled by Petroleum Infor
mation Corporatitm (Figure 5; Tables 5 and 6), showed an m-
crease hi exploratory and devdopment work over the five 
imwious years, from an average of 61 wdb per year to 96 wdb 
for 1980. These 96 wdb accounted for 605,175 ft of hole. 

Tlie completed wdb induded 18 geothernal wildcat 
discoveries, that is, potential geothennal production wdb 
drilled m unproven areas, 15 wildod Mures and 5 geopressured 
geottomal failures, for a total of 38 exploratory attempts. The 
sacoessfbl wildcats aocoimted for 96,924 ft of hole at an average 
total depth of 5,385 ft per wdL These successful weib mduded 
wefls capable of producing dry and wet steam, as weU as ones m-
tended for direa use appiicadons. These wildcats represented a 
success ratio of 47.4%. 

Eight of the discoveries in Caiifomia were dther drilled as 
step-outs from The Geysers or tapped the liquid-dominated 
resources in the Imperial Valley in previously undriUed areas. 
Direct use projects accounted for three of the Caiifomia 
geothernal producen. In faa, California, which had the highest 
total of completed geothermal weib at 83, abo had 43 successful 
geothermal devdopments wdb. Again, most of these were in 
The Geysers. 

Of 58 geothermal devdopment weib attempted, 55 were con
sidered capable of production, which amounts to a success rado 
of 94<7a. A total of 329,354 ft of hole was cut for the 55 potendai 
producers, with an average total depth of 5,997 ft per well. 

Outside of California, three geothermal discoveries were com
pleted in Nevada in the Beowave KGRA by Chevron USA and 
in the Dixie Valley area by Sunoco Energy Devdopment Cor
poration. Three discoveries in South Dakota and two completed 
in Texas at Navarro College for the conununity hospital in 
Mariin are intended for direa use geothennal projects. 

Eight of the successful devdopmem wdb were reported from 
New Mexico and Utah. Three were completed by Union for its 
Baca geothermal demonstration projea in the Valles Caldera. 
The fourth New Mexico producer was complaed for direa use 
application at the Jemez Indian Ptaeblo in Sandoval County. 
Two Utah devdopmem wdb were completed at the Crystal Hot 
Springs to supply a space-heating projea at the Utah State 
Prison. Two othen were completed and tested for use in 
greenhouse operations by Utah Rnes near the towns of Sandy 
and Bluff dale. 

THE GEYSERS ACTIVITY 

During 1980, two new power plants were pm on line, increas-' 
mg by 37<7(> the total na generating capacity to over 900 MWe. 
PG&E's unit 13 weitt on Une in April, using steam provided by 
Aminoil USA to operate a 135-MWe plant. PG & E's new 
110>MWe unit 14, supplied by steam produced by Union Oil 
Company, wem on line in September. 

Union drilled 20 wdb in The Geysers in 1980:19developmem 
weib (producers), and a step-om well Frandsen Federal 5232, 
was suspended due to drilUng difficuMes. Union plans to in
crease thdr steam production to a levd Hfitnyatn co supptnt 
generation of an additional 440 MWe for four new power plants 
by 1985. 

Anunoil USA drilled five wdls, all producers, in The Geysers 
in 1980. The wdb will supply steam co PG & E's unit 13. 
Anunoil plans to provide steam for an additional 220 MWe of 
uistalled generating capacity by drilhng several additional weib 
on its leases. 

Shdl Oil Company spudded five wdb during the year. Dril
ling difficulties forced the abandomnem of one: however, the 
rqnaining four were successful producers. 

MCR Ceothermal Corporation (formeriy McCullocfa Geo
chermal) drilled one developmem well, Frandsco 3-5, in che 
northern portion of The Geysers, bringing the total number of 
wdb drilled within its lease to four. MCR wiU deliver its steam 
to a 55-MWe plam to be constructed by the Caiifomia Depart
mem of Water Resources (DWR) in time for power generation 
by 1985. Six more wdb are scheduled by MCR in order to mea 
its coimnitmem to thb power plam. 

Thetmogenics completed two new wdb on its Rorabaugh 
lease m 1980. The steam from these wdb will be used in PG & 
E's unit 15 to augmau production due to flow rate declines, 
commonly observed during the mitial pnxhiction of steam weib. 

Ocddental Geothernal Corporation drilled two wdb in The 
Geysers, both of which are producers. Ocddental intends to 
build two 40-MWe power plants and sdl die dectridty to 
PG & E. Occidental plans to begin power generation by June 
1984. 
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GRI Operator Corporation (a wholly owned subsidiary of 
Geothermal Resources Intonational, Inc.) driUed a step-out 
well, Prati 1, m the northwest portion of The Geysers. Thb well 
is within 1.5 mi of proven production and b behig evaluated. 

GEYSERS VICINITY ACnVTIY 

Sunedco drilled one wildcat well northeast of The Geysers 
near Wilbur Hot Springs. Thb wdl,. which was drilled to a total 
depth of 9,104 fc, was suspended. 

In late 1980, Phillips Petroleum Company drilled a wildcat 
wdl more than 12 mi to the northeast of the main Geysers 
devdopmem. The wdl Audrey A 1 b relatively close to several 
old steam wdb drilled m the late 1960's at Sulphur Bank mine. 
Thb wdl was drilled to a total depth of 10,042 ft and b currently 
bdng tested to detennine its potential. 

IMPERLiL VALLEY ACnvrTY 

Two power plants commenced production in the Imperial 
Valley in 1980. Southem Caiifomia Edison staned up a 
10-MWe fl t^ steam unit at the Brawley geothermal fidd m 
June. Steam b supplied by the Union Oil Company. After an m-
tennittem begmning, the Magma pilot bmary cycle lI-MWe 
unit wem on line on a contmuous basb, producing 7 MWe of 
power. Hm water b supplied to the plam by Magma wdb, and 
the power b bdng purdiased by the Imperial Irrigation Dbtria. 

During 1980, a total of four wdb were drilled m the East 
Brawley area by three companies. Phillips Petroleum Company 
drilled a wildcat wdl, which b a potential producer, and one 
confimatitm well, which, due to mudmnieai problems, was 
completed as an mjection wdl. OcddentaL Geothennal Cor-
poraodcm driOed and completed a potential producer m the same 
area and made plans to dill a second well m earty 1981. Rnally, 
Union Oil Company drilled and completed a wdl north of the 
Phillips and Ocddental weib. Thb wdl was bdng evaluated at 
the end of 1^0. All the East Brawley wdb are deeper than 
12,000 ft. 

In 1980, rwo wdb were drilled m the South Brawley area. 
TRW drilled an intended producer, and MCR Geothermal 
drilled an mjector. Prdiimnary tests of the TRW well, which 
was to be used by the Holly Sugar plam, were not encouraging. 
MCR abo re<lrilled a former injector and completed it as a 
prtxlucer. 

In the .northern portion of the Imperial Valley near NUand, 
Republic Geothermal'Inc. drilled Britz 3, a step-out ccmfirma-
tion well on its Niland prospea, wfaidi may be a northeast ex
tension of the Salton Sea fidd. Both the Britz 3 and the Fte 1 
wdb (drilled m 1979) are considered to be geothennal 
producers. 

East Mesa 87-6 was drilled to a total depth of 6,^0 ft at East 
Mesa by Republic Geothennal Inc. and completed as a pro
ducer. Thb well, located at the DOE test facility, was funded by 

the DOE and intended for use to test a 'downhole pump' and 
'gravity head binary heat exchanger' developed by Sperry 
Research. 

Finally, in 1980, Mapco drilled a step-out confirmation wdl. 
Currier 2, at its Westmorland prospea. Thb well was drilled to 
a total depth of 10,456 ft, where commercial temperatures were 
encountered. 
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Unned States Oepanmem of Energy, Marka shares estimation task 
force report: Projections for hydrothennal direa-heai systems 
raarket shares. Contract DE-AC-07-M-ID12134, Division of 
Geothermal Energy, U.S. Departmem of Energy, Washingum. 
D .C , 1980. 

United States Departmem of Energy, The OOE geothennal energy pro
gram (poster). Contract DE-AC0I-79ET27240, Depaitmem of 
Energy, Divisioa of Geothermal Energy, Washington. D .C , 1980. 

(Received, 1981.) 

Tahle 1. Summary of Direct Heat Use 

•Unknomm. 

Area of Use 

Current uses on line 
Enhanced oil recovery 
Sattts and pools 
Total 

Number of Users 

XXX 

187 
1 

90 
278 

Federal 

3,848 

3,848 

State 

49 

2 
51 

Funding 

Local 

64 

9 
73 

Private 

1.481 
• 

73 
1.554 

8TU/Yr(109) • 

1.487.1 
10.000.0 

51.8 
11,538.9 
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Berge et ai: Geothermal Resources 

;CR^eEi£0 

FIgnre 2. Map of representative geothermal projects hi the United States, diowing known and taifefred hydrothemal 
areas (light shading) aad kaown and inferred geothermal zones (courtesy of EPRI). 

• RCSIOeNTIAL 
• i AeinCULTUfUL 
raiNOUSTRIAl. 
^ AOUACUUURM. 

Fignn 3. Cnncnt dlreet heat use. Cascaded appUcattons are induded, 
therefore, oae site may provide eaergy for multiple uses. 
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Figure 4. Direct use projects. 

inaacK f>BMH SAm 
*0i«4da — O m n a Ongaa 
*Hoiiy Sug» - S r a M * CaMama 

PagoM Stmgk Coioraas 
Suannaa. CiUanM 

a U M noMn s<nd» u w i 
OOlamid Mrq Ranen. Saun Oakoa 
OAguMnnt MMnama i Macea 
OXMv Hot Sgnnga. CMiloaM 

Oisnci HMBig Synani 
" -Mono* Cil» Ulan 

'.KUoMn PMi. OragoR 
'.Bai»ldana 

Maumw Counm Uano 

iraMiiboiMl I i iawi i Stamm 
7Ma>anD CoM9* ma Mew 

Concana. Catloina 
<71Mlini Ssnif* HMpOL 
TUun s u a Pnon. Ulan 
TTMS Hoisai, Mann. Ik 
<7SL Mary • H a m 

SounOaaea 
7 m i i a Sd«». Soon Oaaoa 
TMannai Paw YMCA. Ongan 

Fignn S. Geothennal well completions s^ee 1975. Shaded 
area shows welto drilled daring 1980. 

Ihb ia 2. Geothermal Electric Plants on Une in Caiifomia 

Area. Developer 
Plam Net Output Year Plant Cost 

Utility Plant Type MWe on Line dollars Notes' 

Brawley 
Union Oil 

East Mesa 
Magma Povrar 

Goysors 
Unjon-Magma-Thsrmal 
Unkjn-Magma-ThsnTtal 
Union-Magma-Thennal 
Union-Magma-1Tiermai 
Union-Magma-Thermal. 
Union-Magma-Ttionnal 
Union-Magma-Thannal 
Union-Magma-Thermal 
UnJon-Magma-Thermai 
Union-Magma-Themial 
Union-Magma-Thennai 
Union-Magma-Thermai 
Themugenics 
Aminoil USA 

Stabis total 

SCE 

SDG&E 

PG&E 
PG4E 
PG&E 
P G ^ 
PG8.E 
PG81E 
PG8.E 
PG&E 
PG&E 
PG&E 
PG&E 
PG&E 
PG&E 
PG&E 
— 

SCE Riot 

— 

Unit i 
Unit 2 
Units 
Unit 4 
UnrtS 
Units. 
Unit 7 
Units 
Units 
Unit 10 

• Unit 11 
Unit 12 
Unit 15 
Unit 13 
— 

Flaati 

Binary 

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam' 
Steam 
Steam 
Steam 
Steam 
— 

10 

10 

11 
13 
27 
27 
53 
S3 
53 
53 
53 
53 

106 
106 
SS 

129 
312 

1980 

1980 

1960 
1963 
1967 
1968 
1971 
1971 
1972 
1972 
1973. 
1973 
1975 
1979 
1979 
1960 
— 

10,040 

16.093 

aoos 
aoos 
3.805 
3,805 
6.378 
6,378 
5,780 
5,760 
8.760 
6.760 

19,666 
27.580 
25,530 
52.800 

201,125 

1 

2.3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4,5 
— 

*1. August 1,1980, Southam Caiifomia Edison. 2, August 17. 1980, Magma Power Inc. 3, August 7. i9Qa San Oiago Gaa and 
Electrie. 4. August 8,1980, Pacifle Qaa and aactric. S. August 1S. 1980, Aminoil USA. 
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Table 3. Proposed Geothermal Electric Plants 

State, Area 

Caiifomia 
Brawley 
Brawley 
Coso 
Coso 
East Mesa 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers 
Geysers ' 
Geysers 
Geysers 
Geysers 
Geysers 
Heber 
Heber 
Heber 
Mono-Long WaJtey 
Niland 
Niland 
Niland 
Niland 
Wendei-Amadee 
Westmorland 

Hawaii 
Puna 

Idaho 
Raft River 

New Mexico 
vaues Catdera , 

Nevada 
Desert Peak 
Desert Peait 

Utah 
Roosevelt H. S. 
Roosevelt H. S. 

Status Total 

Developer 

CU-I Venture 
Union Oil 
Caiifomia Energy 
Caiifomia Energy 
Republic Geotfiermal 
MCR Geotfiermal 
Geotbennai Kinetics 
— 
Resources Funding 
Shell Oil 
Union-Magma-Tbermal 
Union-Magma-Thetmal 
Union-Magma-Thermai 
Aminoil USA 
Union-Magma-Thermal 
Aminoil USA 
Union-Magma-Thennai 
— 
— 
_ 

_ 
^ 
Chevron 
ChevRin 
Chevren 
Magma Power 
Union Oil 
Union Oil 
Magma Power 
Magma Power 
Geoproducts 
Republic (^ottiennal 

State of Hawaii 

INEUEG&G 

' Union Oil 

Phillips Petroleum 
Phillips Petroleum 

Phillips Petroleum 
Phillips Petroleum 
— 

unity 

CDWR 
SCE 
US NAVY 
US NAVY 
SDG&E 
CDWR 
CDWR 
CDWR 
NCPA 
NCPA 
PG&E 
PG&E-
PG&E 
PG&E 
PG&E 
PG&E 
PG&E 
PG&E 
PG&E 
PG&E 
SMUO 
SMUO 
SMUO 
SCE 
SCE 
SOG&E 
SCE 
SCE 
SCE 
SOG&E 
SOG&E 
CDWR 
— 

H6LC0 
• 

— 

PNM 

SPPC 
SPPC 

UP&L 
UP&L 
— 

Plant 

_ 
SCE 
Coso t 
Coso 2 
— 
Bottle Rock 
So. Geysers 
Binkley 
NCPA1 
NCPA 2 
Unit 14 
Unit 17 
Unit 18 
Unit 16 
Unit 20 
Unit 19 
Unit 21 
Unit 22 
Unit 23 
Unit 24 
SMUOl 
SMUO 2 
SMUO 3 
SCE1 
SCE 2 
—, 
— 
SCE 
SCE PILOT 
SOG&E1 
SOG&E2 
— 
— 

HGP-A 

. — 

BACA1 

— 
— 

UP&L 
UP&L1 
— 

Plant 
Type 

Flash 
— 
Rash 
Rash 
Rash 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Rash 
Rash 
Binary 
Cogen 
— 
— 
Rash 
Rash 
.Cogen 
Rash 

Rash 

Binary 

Rash 

Rash 
Rash 

Rash 
Rash 
— 

Net 
Output, 

MWe 

45 
— 
20 
55 
50 
55 
55 
55 
66 

110 
110 
110 
110 
110 
110 
55 

110 
110 
110 
110 
55 
55 
55 
50 

100 
45 
20 
—. 
10 
24 
49 
50 
48 

3 

5 

45 

10 
50 

~. 
20 

2.250 

Year 
on 

Line 

1984 
— 

1984 
1989 
1982 
1984 
1985 
1986 
— 

1982 
1980 
1982 
1982 
1983 
1984 
1986 
1986 
1987 
1988 
1988 
1984 
1985 
1986 
1982 
1986 
1984 
1985 
— 

1982 
1983 
1985 
1984 
1985 

1981 
. 

1980 

1983 

1982 
1984 

— 
1983 
— 

Plant 
Cost, 
dollars 

— 
_ 
— 
— 

80.000 • 
_ 
_ 

. — 
— 

28,000 
27,966 
41,592 
48.882 

•42,700 
— 
— 
— 
— 
— 
— 
. 
_ 
_ 
. 

110,000 
128,400 

— 
- m 

— 
30,000 
50,000 
60.000 

— 

7,000 

24,000 

— 

— 
— 
_ 

20.000 
698.540 

Notes 

6 
1,7 
8.9 
8,9 
3,10 
6.11 
6,12 
6 
13.14 
14 
4 
4 
4 
4,5 
4 
4,5 
4 
4 
4 
4 
5,15 
15 
15 
1 
1 ' 
3 
1,2 
1,7 • 
1 
2.3 
2.3 
6,16 
10,17. 18 

19 

20 

21 

22.23 
22.23 

24.25 
25 
— 

*S«e Ibbia 2 tor notes i-S. 6, July 31.1980. CaUlomia Oep. ot Water Resouic 7. SCE haa contracl witti Union Oil for 4S0-MWa steam supply. 8, August 
S. 1980, Caiifomia Energy Co. 9. August 8.1980, US Navyi 10, August 1S, i960. PepuOie Geotnemiai Inc 11. July 21.1980, MCR Gaottwmial Ine. 12. 
August S. 1980. Geothermal Kinetics Inc. 13. developer in receivership. 14, August 7, 1980. No. Calif. Power Authority. IS. August 19. 1980. Sacramento 
Municipal Utility DisL 18. August 7, 1980. Geopreduos Inc 17, August 14. 1980. Dep. ot Energy, San Francisco. 18. Augua 18. 1980. Mapco Inc 19. August 
11. 1980. Hawaii Oep. o< Plwning and Economic Oevetop. 20, August 1^ 1980. Idano HOL. Engin. Lap. 21. August 8. 1980. Oep. of Energy/BACA. 22, 
August 14. 1980, Sierra Pacific Pov»ef Co. 23. Desert Peak is tentative area. 24. UP4L negotiating wim Phillips tar 20O-3OO-MWe steam supply: 25. August 
11.1980. Utah Power & Ligm. 
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table 4. 
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Estimated Reservoir Capacity and Proposed Power Qutput for Fourteen Hydrothermal 
Electric Areas 

State, Area 

CalKomia 
Brawley 
Coso Hot Springs 
East Mesa 
Geysers 
n Q ^ m f 

Ktono Ijortg v^tey 
Niiand.(Sal|on Sea) 
WertdekArnedee (Lassen) 
Westnmrland 

Hawaii 
Puna 

Idaho 
Raft River 

VhU^C^cteia 
Nav^la 

CtesertPealt 

u ^ 
Roo^vett K S . 

•fetal 

Reservoir Capacity * 
MWe-30 Yr 

640 

mn 
360 

1,610 
fiSO 

2.100 
3,400 

75 
1,710 

40 

150 

•2,700 

790 

970 
tS.80S 

Operating asof 
July 19KI 

10 
— 
10 

732 
_ 
— 
— 
— 
— 

— 

_ 

— 
., 

— 

_ 
812 

Net Power Output MWe 

Planned by 1990 

495 
75 
SO-

1,551 
195 
20 

533 
SO 
48 

.3 

5 

45 

eo 
22.Q 

3,350 

Tot^ by 1990 

505 
75 
60 

2,343 
195 
20 

S33 
SO 
*8 

3 

5 

45 

30 

220 
4 , 1 ^ 

l ^ t e 5. United States Geothermal Cumuiative WeU Compleltons During 1980 

TVlMOfWell* 

Exploratory 
GWO 
GW 
PW 
1btal 

Oeveki|Rn«Tt 
GOS 
GO 
Tbtal 

Miscellaneous 
IW 
TO-TG 
SUS 
Total 

All Wells 
Expiratory 
OeveiO{Krt»it 
MIscsllaneoia 

Total 

Tbtal 

IS 
13 
S 

38 

55 
3 

SS 

3 
96 
12 

111 

38 
58 

111 

207 

nWt , 

9 6 . ^ 4 
88.335 
75 .^8 

259.197 

3 ^ ; ^ 4 
16.124 

345.978 

19.533 
114,231 
107,087 
240.831 

259,197 
•345,978 
240,831 

346.00S 

Percentags of 
Tbtal Compiettjns 

47,37 
39.47 
13.18' 

100.CH} 

94.83 
S.17 

100.00 

2.TO 
8S.49 
10.81 

100,00 

18.36 
26.02 
53.62 

100.00 

Total Footage 

37.39 
33.54 
29.07 

tOO.(Xl 
. 

95.34 
4.66 

^Q0.CO 

8.11 
47.43 
44.46 

1ffi),(X) 

30.84 
40.89 
2447 

1(M.OO 

• 

Average.Depth, ft 

5.38S 
5.796 

13,0« 
3 , ^ 1 

5.397 
S,3re 
'5.H5 

8.511 
1.190 
S.922 
2.170 

S.821 
.S;965 
:2:i7o 

4,087 

S i s ^ s s Ratki, 
Percent 

47.37 
— 
— 
— 

94.63 
— 
— 

— 
,— 
— 
— 

— 
— 
— 

-

*Kay 10 <j«)il»ermal waU tiassificatiana: GWO. praducing-poi»md gsoHwrmai wtideat dt%overy; GW, Aatst^sssAil gaptharmai 
wiueaii RW, lAlauccasslul gMpiesMired wtU^ i GOS, pioducaq-pinsneaj getMwmai deyeiotHnern: GO, un»jcc8ssfui ^qthennai 
devqiapmew: IW. irqection wall: TO>TG, i8mpera«ui»ot)aefvaiion iemperanffe-grsitafii aiat^rapHie weM: SUS, suHierMletf well. 
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Table 6. United States Geothefmai Well Campletions, During i?80 by State 

St^e 

Alabama 
Arizona 
California 
Coloraete 
Hawaii 
Idaho 
Louisiana 
Mar/i«KJ 
Nevada 
Newl«tock» 
Oregon 
Sdutti Oaiwta 
Texas 
Utah 
Washir^ten 

Total 

GWO 

1 
ff 
8 
0 
0 
0 
0 
0 
3 
0 
0 
3 
2 
1 

0 
18 

Exploratory VVells' 

GW 

0 
0 
1 
0 
2 
2 
0 
1 
6 
0 
2 
0 
0 
1 
0 

15 

PW 

0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
2 
0 
0 

s 

Total 

1 
0 
9 
0 
2 
2 
3 
1 
9 
0 
2 
3 
4 
2 
0 

38 

Total 
Footage 

ISO 
0 

67,610 
0 

12,095 
18.337 
48,198 

S .5^ 
51.705 

0 
8,847 

10,564 
:»,653 

2.476, 
Q; 

259.197 

Oevetopmerit Wells* 

GDS 

1 
0 

43 
1 
0 
0 
0 
0 
2 
4 
0 
0 
0 
4 
0 

55 

GD 

0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 
0. 

3 

Total 

1 
0 

45 
2 
0 
0 
0 
0 
2 
4 
0 
0 
0 
4 
0 

58 ' 

•Total 
Footage 

ISO 
0 

302,730 
• 5W 

0 
0 
0 
0 

16.448 
1 6 , 6 ^ 

0 
0 
0 

7,368 
0 

345.978 

IW 

0 
0 
2 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
1 
0 
0 

3, 

Miscellaneous Wells 

TO-TG 

0 
12 
20 

4 
0 
1 
0 
0 
8 
4 

44 
0 
0 • 
1 
2 

96 

SUS 

0 
0 
7 
0 
0 
0 
1 
0 
3 
0 
1 
0 
0 
0 
0 

12 

Total 

0 
12 
29 
i • 
0 
1 
1 
0 

11 
4 

45 
0 
1 
1 
2 

111 

.* 

Total 
Footage 

0 
28.729 
89,482 

1.980 
0 

4,000 
16.348 

0 
47,426 
£000 

37.195 
0 

4,760 
8,'CKI 

690 

240.^1 

Totel 
Wells 

2 
12 
83 
6 
2 
3 
4 
1 

n 
8 

47 
3 
5 
7 
2 

207 

Total 
FtMiage 

300 
28,729 

459.^2 
£579 

i2.ra6 
22^337 
64,546 

5,562 
117,579 

16 ,6^ 
46,042 
10,564 
38,413 
r7,M5 

830 

846^(X» 

* S M T̂ tNe 5 for key to gMthermal well ctnsificitfon. 

Tible 7, Repre^ntative: (^ottnrmal Projeetii in the United Statw 

L»afon 

CalHbmia 
TTie<^yseis 

H^er 

Ea^Ktesa 

Siawtey 
1 

Hrtier 

Uaho 
Ra f tR iw 

Boise 

New Mexira 
^MssC^lOBra 

Nevsla Northern 
Site to t » selected 

Utah 
Rmsei^lt 

Hot Sprnigs 
Maryland 

CristeU 

Texas 
Sramiia County 

Purpose 

Etecdieity, 
Comnteietai 

Eiectricity. 
DerrKuidUotipn 

ElectAcilK 
Pifat 

Pilot 

ComftfSfC^ 

e i « » ^ 

District t»at, . 

Eletfflgaty^^ 
' ^Sfmn^fs t iw 

Eleetridtv; 
Gotmnaieiai 

E lec^r^ , 
Comnterdaj 

htydtoUieMii^ 
Fitfrtorakm 

Geoptessure, 
£xp^ra&in 

Technology 

Nsturai 
steam cycle 

B i n ^ c y t i e 

Bbnaryeyde 

Direct-flash 
steam cyela 

Dirat^-flash 
s^eam-cyds. 

Salary cycle 

na 

Olrea-fla^ 
Steam cyde 

Otreet-flash 
steam c ^ e 

Di iwt - f ia^ 
stsarncyde 

na 

na 

Capadt^ 
MW 

aio 
• 

45 

11 

to 

41 

5 

na 

SO 

50 

20 

na 

ria 

Start Date 

1980-1980 

1384 

1979 

1980 

i382 

-

19S) 

' 1981 

1982 

1984 

Perwttq 

. 
1979* 

1979 

St»nspr3~ 

Pactiie GasarKJ E ! K . 
Co., Un^ -O i l Co. of 
CaL 

DOE, EPRI, San O i e ^ 
Gas & S e c Co,. 
Qwn tm Rraouress 
Co. . ._ '• 

Magma Power 

Souttwm Catttomia 
Edison Co., U n i ^ Oil 
Co..of Cal. 

Southem Calilbmia 
Edteon Co., C ^ v i ^ i 
RosoureesCo. 

DQE 

OOE. S t ^ Of Idatn,. 
City of Boise 

DOE PuOUc Senriw Co. 
of New m r a m . Union 
OuCo.br Cal. 

Saeira Pacific Power Co.. 
ottwrUttlites 

Uteh P<K»er 4 UgW Go:, 
RitUiDS Peftoleum Co. 

Reat^wl arCwatw.^ 
IX3E 

Wall tamptete. CKSE 
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