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Introduction 

A two year investigation of the geothermal resource potential of New 

England was initiated by Amherst College on July 1, 1980 under terms of 

Agreement No, DE-FC07-80RA50272, with Dr. Gerald P. Brophy acting as Prin­

cipal Investigator, 

The initial phase of the program consisted of visits to the various 

State Geologists, the State Energy Offices, the U. S. Geological Survey of­

fices in New England and the D.O.E. laison in Boston, to ascertain what 

records and information are available. A letter was also sent to all Min­

eral Clubs in New England requesting any information on warm springs and 

wells. Field visits were made to one known warm spring in New England and 

a nearby locality in New York. The team then began a search of the geolo­

gical and hydrological literature and the U.S.G.S, Water Resources files. 

Unfortunately none of the New England states requires recording of any data 

other than location when a well is drilled so one of the principal sources 

of information becomes the individual drilling contractors. 

During the academic year various maps and data have been compiled which 

will become a part of the final report. 



General Geological Setting 

Most of the formations exposed in New England consist of igneous and meta­

morphic rocks varying in age from Precambrian to Cretaceous. Detrital sedimen­

tary rocks and basalts of Triassic-Jurassic age crop out in the Connecticut 

River Valley and southwestern Connecticut. Lucustrine and non-marine poorly 

consolidated sedimentary rocks of Cretaceous to Miocene age are found in the 

Cape Cod region of southeastern Massachusetts. All of New England is mantled 

with glacial and glacialfluvial deposits. 

Major Tectonic Features of New England 

In an assessment of the geothermal potential of a region such as New Eng­

land major structural features and their possible relationship to sources of 

deep circulating warm waters needs to be considered. The major tectonic and 

structural features in the regions include anticlinoria and anticlinorial 

massifs, synclinoria, overthrust sheets, domes, basins and large fault systems. 

Maps illustrating these features are in preparation. The following is an in­

ventory of these features: 

Anticlinoria and anticlinorial massifs. The Green Mountain Anticlinorium 

of western Vermont, the Berkshire Massif of Massachusetts, the Housatonic 

and New Milford Massifs of Connecticut and the Hudson River Massif of 

New York are now considered to be possible overthrust masses that has 

spurred exploration for oil and gas deposits. 

Taconic Allochthon. Thrust sheets of eastern New York and western 

Massachusetts and Vermont contain kncti?n geothemal springs. 

Domes. Domal structures have deformed the nappes of central New Eng­

land and sixteen have been mapped in Vermont, New Hampshire, and 

Massachusetts. 



Basins. During the Permian Period the Boston, Narragansett and 

Norfolk were deformed to form deep sedimentary basins, and during 

the Mesozoic Era the Triassic Basin of the Connecticut River Valley 

was created. 

Fault Systems? The history of faulting in New England is complex 

but the major fault systems recognized are: 

Maine - The preliminary geological map of Maine (1960) 

shows a number of faults which are probably of greater 

extent than recognized at the time of publication. The 

map shows five major faults and fault zones, the longest 

extending from the vicinity of Westbrook northeast to 

Bangor. In western Maine a major fault is mapped extend­

ing from Flagstaff Lake to Moosehead Lake. A complex fault 

system is mapped near Houlton and Presque Isle. 

New Hampshire - Three major thrust faults are recognized 

and from west to east are the Monroe, Ammonoosuc and 

Northey Hill respectfully. 

Vermont - Western Vermont contains a number of thrust 

faults namely the Highgate Springs, ChampIain-Orwell, 

Hinesburg, Pine Hill, Dorset Mountain, Maple Hill and 

Hoosic thrusts. Lesser well known and smaller thrusts 

are mapped in the region around Bennington. 

Massachusetts - Western Massachusetts contains a number 

of thrust faults that are a continuation of those in 

Vermont. The Clinton-Newbury Fault in eastern Massa­

chusetts is probably the largest and most extensive 

single fault in the state. Normal faulting along the 



eastern side of the Connecticut River Valley extends from 

Greenfield south to Long Island Sound, a distance of 105 

miles. Other faults in eastern Massachusetts are the Spen­

cer Brook Fault, the Bloody Bluff Fault Zone, the Mystic 

Fault and the Ponkapoag Fault. 

Connecticut - In addition to the Connecticut River Valley 

Fault other major faults include the Lake Char and Honey 

Hill Faults. 

Rhode Island - l-Jhile there are no major faults mapped in 

the state the rocks in the Narragansett Basin are offset 

by a large number of small faults. 

Plutonic and Volcanic Rocks 

The plutonic and volcanic rocks of New England are extensive throughout 

time and space but four Series are of importance because of the abnormal amount 

of radiogenic elements they contain. The four are the I^ite Mountain Plutonic-

Volcanic series, the New Hampshire Plutonic Series, the Oliverian Plutonic Series 

and the Highlandcroft Plutonic Series. Of these the White Mountain Plutonic 

Series has received the greatest attention, particularly the Conway Granite of 

New Hampshire which has been under consideration for the development of a Hot 

Dry Rock geothermal power plant. 

Maps showing the distribution of the plutonic rocks of New England by age 

and radioactivity have been compiled. 

New England Geothermal Manifestations 

Williamstown, Massachusetts 

Several occurrences of abnormally warm waters or in one case of abnormally 



warm but dry ground have been noted in New England. Of these Sand Spring near 

Williamstown, Massachusetts, is the best known. The spring is located very 

close to the junction of the states of New York, Vermont and Massachusetts and 

lies within the Taconic Allochthone, and is the only occurrence of warm waters 

in New England listed by Warren (1-965). The temperature is a constant 24.4°C 

(76 F) with a flow rate of 400 gallons per minute. Chemical analyses of the 

spring waters and nearby cool well waters show a significant difference in that 

the spring waters have four to twenty times greater silica content than the 

shallow groundwater wells. During a recent visit to the area another small 

thermal spring was located about one mile from the main spring. 

Sand Spring was developed as a spa in the 1880's and the waters were later 

bottled. There is no current activity, however. Detailed geological work is 

currently being conducted. 

Hadley, Massachusetts 

An irrigation well sunk to 250' is supplying water from several levels and 

the wellhead temperature is 60 F. We are attempting to obtain a log of the well 

to ascertain, if possible, how much mixing of shallow groundwater and thermally 

heated deeper water has occurred. A temperature log will be run after the well 

is shut down following the growing season. This well was spudded in Pleistocene 

lake clays and should have penetrated into underlying till and possibly termi­

nated at bedrock. 

Bellows Falls, Vermont 

The town of Bellows Falls drilled a well to a depth of 74' in 1966, The 

well was drilled into glacial till and has a reported bottom hole temperature 

of 68°F. The well was pump tested for 71 hours, and reached equilibrium after 

15 hours with a drawdown of 15 feet. The well produced 575 gallons per minute 

but is currently shut in. 



Monitoring shows that there is seasonal variation in the temperature re­

cordings. The highest temperature was measured in October (68°) and the lowest 

(52 ) in April. The warmest air temperature occurs in August and the lowest 

in February. It appears that the water temperature limits lag that of the air 

by t\JO months. Since the bottom of the well lies 3 feet below the level of 

the Connecticut River (which is 2000' east of the well site) it is possible that 

the inflow of waters from the river with a two month time lag is responsible 

for the unusual behavior, but it is the only well in the area that attains the 

high temperature observed. Bellows Falls is also located on a thrust slice that 

contains a radioactive granite mass. Detailed geological work will be conducted 

during July, 1981. 

St. Johnsbury, Vermont 

An area of unusually warm but dry ground has been visited and thermally 

probed. The owner of the property notes (from diaries he found in the house) 

that in the 1870's mention was made of snow melting in a certain area near the 

residence, and he has observed the same phenomenon since taking residence in 1965. 

The property lies on top of Pleistocene beach sands about 175' above present 

river level. A series of shallow auger holes were put in to depths reaching 

twelve feet. The sand removed from the auger is noticeably warm to the touch 

and completely .dry. Temperatures in the holes varied from 92 F to 107 F. The 

area is currently under study, 

Bennington, Vermont 

Morgan Spring, near what was the center of Bennington in the mid 1800's, 

was reported by Adams (1848) as being a warm spring, Stearns et al (1937) re­

ported that the spring was still listed in 1934 as a warm spring with a tempera­

ture of 53 F which is 8 F above the mean annual temperature. A trip to the 

area will be made. 



Canaan-, Vermont 

There is an unconfirmed report of a warm spring near Canaan and a search 

will be undertaken. 
I 

Providence, Rhode Island 

There are reports of wells to thê  east of Providence that have slightly 

e-ievated water temperatures but these have yet, to be confirmed. 

Geophys ical Inves tigations 

Seismicity 

With, data obtained from the Weston Geophysieal Observatbry maps of seis­

niic and microseismic activity in the various New England states are In prepara­

tion. In general, however, the region is c&rtainiy one that exhibits little 

activity, 

Lineaments 

A map of lineaments and magnetic lineaments for southern New England has 

been compiled, and maps for Maine, New Hampshire and Vermont will be prepared 

during the next year. 

Heat Flow 

Only a few heat flow studies have been made in the region and .much of those 

data have been reported In the literature. Except for the area bf the V̂ Thlte 

Mountains in New Hampshire there does not appear to be any anomalous heat flow 

in the region. 

Radioactivity 

We' have recei \jed the available airborne radiometric survey data for the 

region and anaiysi's is currently underway. One area o'f abnormal radioactivity 

east of Spririgfield, Massachusetts, is. interesting in that the source appears 



to be a mass of intrusive rock which is truncated by the Triassic age fault 

that borders the eastern side of the Connecticut River Valley. It is possible 

that Mesozoic sedimentary rocks to the west of the fault have covered a por­

tion of the igneous mass and block the release of heat from the decay of radio­

active elements in the mass. Surface outcrops of the igneous rocks show an 

unusual content of allanite, a thorium-rare earth rich member of the epidote 

mineral group. 

Summary 

From the information compiled to date it appears that the part of New 

England most likely to contain hydrothermal geothermal resources consists of 

the western thrust belt and possibly the Mesozoic age fault system that borders 

the Connecticut River Valley. Detailed geological studies are continuing. 

Gerald P. Brophy 
Principal Investigator 

gpb/ep 
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Locat .' • ' ' 0 ^ ^ 
The following lists the positions of the hydrothermal systems^ as given 

in USGS Circular 726 (1975) and the positions used in the geothermal 

energy resources map produced by NGSDC (1977). The NGSDC data were 

independently plotted pn 1:250,000 maps and digitized from these maps, 

in general, for several reasons, perfect agreement should not be expected 

between the two methods of determining the positions. If the positions 

of a given system agreed within about 1 mile, the Circular 726 positions 

were adopted for use on the map. 

Paul J. Grim 
EDS/NOAA 
Boulder, Colorado 80302 
August 1977 
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US£D-8-Y_N.GSaC CA MJ—iî îl i ^Z l ^ -Z - l . ^ tiORGAN SPRLN^-S-

ORIGINAL 726 CA 39 1 .0 122 3 9 . 0 SULPHUR BANK MINE 
USED BY MGSQC OA 33 l ^ 12'2 3'3.1Q SULPHUR flAMlC-MUl— 

ORIGINAL 726 CA 33 3i+.9 122 3 4 . i t CALISTOGA 
ii<;Fn RY MG<;nr. na. .̂ A . lu.q 1Z2 ?ik.^ CALTSXaGiL 

• ( 

ORIGINAL- 726 CA 38 k l , b 1.23 1 . 5 SKAGGS H . S . 
USED BY N-OSaC QA 3.^ .Ui . 6 1.2.3 L . 3 SKAJS-GS, H . S . 

ORIGINAL 726 CA 37 i+u.Q 116 5 2 . 0 LONG VALLEY 
IISEO RY N-GSnC OA 37 4 :1 . H 1.19 5?..•;! t ONG ^yfll I FY 

ORIGINAL 72& CA 57 3 7 . 0 119 4 . 5 -REDS MEADOW 
US£0_BX_JlGS'aC CA Z-7 3 7 . 0 Li5 .̂..5 SEQS-MEilDlQW-

i ORIGINAL 726 CA 36 3 . 0 117 4 7 . 0 COSO H . S . 
US£a_aY_MGSDC CA_r-S6 3 . 0 . 117 4.7 . 0 " aOS£U.ti>.S>-

ORIGINAL 726 CA 34 3 5 . 7 118 5 9 . 9 SESPE H . S . 
U.S£Jl-a-Y—NGSijC . CA 34 3 5 . 7 U. 8 £19^9 SESPE H . S . 

ORIGINAL 726 CA 33 1 2 . 0 115 3 6 . 0 SALTON SEA 
USEO RY N̂ GSDC CA 33 1 2 . 0 115 3 6>^ SflLTON SFA-

'. ORIGINAL 72 6 CA 33 1.0 115 3 1 . 0 BRAWLEY 
USe-O-SY—N.CSOC CA 2J 1-.-C t lS—i-L.^—:B.RA.l iL£- ' i -

ORIGINAL 72b CA 52 4 3 . 0 115 3 1 . 7 HEBER 
USE.0_BX_N.CSaC CA 3.2--4.X..0 115 , 31 . Z fctEdER-

ORIGINAL 726 CA 32 4 7 . 0 115 1 5 . 0 EAST MESA 
US tD-B-Y—N-CSilC CA 3.2- 47.-0 11=? 1 5 . n LA SJ_M£SA. 

ORIGINAL 72b CA 32 4 4 . 0 115 7 . 6 BORDER 
USED BY NGSOC CA 32 4 3 . 3 115 7 , 0 .BORDER 

http://34.it
http://USE.0_BX_N.CSaC


'3' • ' * 

n ORIGINAL 726 ID 45 1 8 . 8 114 1 9 . 2 BIG CREEK H . S . 
. ULSE.0-3X_N.GSnr. " Tn -45 I n . f l 114 1 9 . 2 ' a i .& -C :R£ZK- i i . s . 

ORIGINAL 72o 10 45 . 9 113 5 1 . 1 
.LLS.ED BY NGSJLG 10 45_: ...6 11 3 3 6 . 5 

SHARKEY H . S . 
SuriARKKY H.S>-

ORIGINAL 726 10 44 1 7 . 9 117 2 . 9 
USED—BJL-Nii.Si3,Q_^LD 44 1 7 . 9 1X2 2..JL 

WEISER AREA 
J.'iEISER AREA-

ORIGINAL 72'6 10 44 1 8 . 3 116 4 4 . 7 CRANE C-REEK 
USED RY NGS.D.G TO 4u i a . -5 116 4 4 . 7 CRAi'iE CREEK-

l ( 

ORIGINAL 726 ID 44 34.4 116 40.7 
USED RY NGSDC ID Un, 34.4 116 40.7 

N-EAR CAHBRIOGE 
JiEAR CAHBRIDGi-

ORIGINAL 726 ID 43 '23.0 114 55.9 
USFO BY N£SILC ID 43 23.0 1.14 55 .-91 

•WAROROP H . S . 
jyLR.aR.Q£_H.-S*_ 

ORIGINAL 726 ID 42 2 . 2 115 3 2 . 4 
LLSEO RY N.GSajC ID 4? . 1 . 8 115....2:Z..JL 

MURPHY H . S . 
JIUJ^HY HvS.«. 

ORIGINAL 726 NV 4 1 5 5 . 5 118 ^ 2 . 7 BALTAZOR H . S . 
USED RY NGSnC NV 4 l 5 5 . 3 118 ^ .2 .7 HALT A7Q1< . H.S . 

ORIGINAL 726 NV 4 1 2 1 . 0 118 
USED 3Y NGSDC NV ' • i 2 1 . 0 118 

4 7 . 0 PINTO H . S . 
4 7 . 0 PTNTQ H . S . 

ORIGINAL 726 U\J 
U.SFn RY NGSCyC NV-

40 39.7 119 21.. 7 GREAT SOI.LING (GERLACH 
_2Ĵ _Z uE£AI-^a.aiJ:m.G-JL£—^ : 

ORIGINAL 726 NV 41 28.2 116 9.0 
USEO RY NGSOC NV 41 28.2 116 9.0 

HOT SULPHUR SPRINGS 
HOT SULPHUR SPRI 

ORIGINAL 726 NV 41 10.9 114 
US.£.0_BV_iLGSOC NV. 4-l_1.0..J l̂.lj4. 

5 '9 .4 NEAR WELLS 
_5_9-.Jt_±^£:AS_JiUJ--S_ 

ORIGINAL 726 NV 40 3 5 . 2 115 1 7 . 1 
U.S£D_3:L_hLGS.'D;C :N.V.__ii.Q_35.^,2 115 1Z..JL 

SULPHUR H . S . 
•SULPHUR H..S...-

ORIGINAL 726 N.V 43 3 4 . 2 11.6 3 4 . 8 
U_S.££i BY NG,SXLC„NV 40 3 4 . 2 116 3 4 . 8 

B'EOWAWE H . S . 
BEOWAWE H . S . 

ORIGINAL 726 
USED BY NGSOC 

NV 
NV 

40 24.5 
40 24.5 

117 
117 

52.9 
52.9 

KYLE H.S. 
KYLE H.S, 

t 

1 
ORIGINAL 726 NV 40 36.2 117 38.7 LEACH H.S. i 
i i c ~ n o v k i r o n n MVI /, ri t c n A A f •20 1 i f A n L i u c* 

http://ULSE.0-3X_N.GSnr


i~] ORIGINAL 726 . NV . 40 4 5 . 7 117 2 9 . 5 HOT' SPRINGS RANCH. 
. USED_B.Y__N.&S.0C__3LV 40 45-...Z 11.7 2 9>5 HOT SPRINGS RAUG— 

ORIGINAL 726 
.USEIUBJf—N.G.SQC 

NV 
_N.V_ 

40 
Jt-Q-

10 
.10-

7 
1Z_ 

117 
117 

29.4 
29.4 

JERSEY 
JFRSFY-

VALLEY 
JiLAi-LEX. 

H.S. 

ORIGINAL 726 NV 39 31.3 118 
US.EIL_a.Y._l!lJ&.S.O.C N.V .59 31 .-3 .118 

33.1 STILLWATER AREA 
33.1 .ST TIL WAT FR AREA 

ORIGINAL 726 NV 39 34.0 118 49,0 SODA LAKE 
USEO—B-Y—N-GSOe tW 3-a-3-4,*0 U ^ 51.0 ' SODA LAKE-

o^. 

Â 

ORIGINAL 726 NV 39 4 7 . 2 119 0 . 0 
U-SFD BY—N.GSO£ NV 39 47. .2 11.9 - n . O 

BRADY H . S . 
-aRAJXY H . S . 

sr 
ORIGINAL 726 NV 
USZO—QXJ:J.G.SilC NV-

'39 2 3 . 0 119 4 5 . 0 • S'TEAH'BOAT SPRINGS 
-33L-^5..n 119 4.5-^ S T £ AiiBIlAJL-S P R I.N.G-^ 

I'- ORIGINAL 726- NV 
USEQ-B-Y—N GSOC N V. 

119 1 1 . 3 WABUSKA H . S . 
- t l - 9 — l l - . g ViABUSKA—H,...S». 

ORIGINAL 726 NV 39 1 2 . 6 113 4 3 . 4 LEE H . S . 
USFn BY MGSOC N.V 39 12.F» 1X8—4 3 . 4 LFF H.S.^ 

ORIGINAL 726 NV 
u s p n BX-N-Gsac NV. 

39 2 1 . 4 117 3 2 . 8 SMITH CREEK VALLEY 
. 3 -9_ lA . v5 1 1 7 3 3 - P -sMTTH r.RFFK VAt 1 

ORIGINAL 726 NM 
USED—S:*^ N GS DC— N M~ 

' 3 5 - 4 5 . 0 1.0b 3 2 . 0 VALL'tES • CALDERA 
.3-5—5A-.-D iA^SZ^M VLAL-LES-CA-LOEilA.. 

ORIGINAL 726 NM 32 8 . 5 108 5 0 . 0 LIGHTNING UOCK AREA 
USEO—a:it-N.GSOC NM 3-'2 ^ - ^ HLa_54U-0 LI.&HJ-tiIivlC_DaCK—A 

ORIGINAL 726 OR 
USED BY—RG.SDC..—0.R-

42 4 0 . 5 
_4.i.-5-

118 
-11-a. 

2 C . 7 
-2Jj_.-7_ 

MICKEY 
-MXCKELY-

H . S . 
J i^S. . -

ORIGINAL 726 OR 42 3 2 . 6 118 3 1 . 6 ALVORD H . S . 
USEO—aY-.N.GSOC— 0 R 42~32-*-6 113 . 3 1 ..6 A.L-VliRn H.-S.-

ORIGINAL 726 OR 4'2 2 0 . 1 118 3 6 . 0 HOT LAKE 
5.Y_JiGSDC— 0R 4.2 2 0 . 1 ll-8_3.6..-fl H^ai—LAK£_ 

ORIGINAL 726 OR 43 5 9 . H 117 1 4 . 1 VALE H . S . 
USED—BJL_RGSaC ^O.S 4-5—i9j_4 L L Z _ U t . - l VAL- H . S . 

ORIGINAL 726 OR 44 1 .4 117 2 7 . 6 NEAL H . S . 



i-iA-^v s,'-*svi.''*:i^'-*.> • 

n ORIGINAL 
MlSPn, .BY. 

726 
N,G.SDIL 

OR 
JQR_ 

42 
-k2-

12 .0 
_L2-.JL 

120 
1 ?n 

2 1 . 6 
21 . f i 

LAKEVIEW 
I AKFVTFW 

ORIGINAL 
US£I3_ 

55.0 
S3.Q 

CRUMPS 
CRUMPS 

SPRING 
SPRING 

ORIGINAL 726 
^ iiSEQ BY N.CS.Q.C-

OR 44 
44 

0.0 119 3 8 . 8 
119 3 8,,JL 

>JEB.ERG H.S. 
WERE'RG H.S. 

ORIGINAL 726 
y.s-£D_ay—tms-DiL 

UT 38 30 .0 
-UJ--_3a 2 9 . 8 . 

112 50.0 ROOSEVELT (MCKEAN) H.S 
112 51.4 ROOSEVELT (MCKEA 

ORIGINAL 726 
USEO BY NGSOC 

UT . 36 56.0 
UT 33 55.5 

112 55.0 COVE FORT-SULPHURDALE 
112 55.5 COVE FORT-SULPHU 

u. . 

si 

S I 

ORIGINAL 726 
USEO BY NGSDC 

.UT 
UT 

33 
58 

11.0 
11.0 

115 
115 

12.2 
12.2 

. 

THERMO H.S. 
THERMO H.S. 

ORIGINAL 726 
USEO BY NGSOC 

ORIGINAL 726 
USEO BY NGSDC 

WA 
WA 

WA 
WA 

43 
48 

48 
43 

45.9 
45, 9_ 

10.0 
10 . 0 

121 
121 

121 
121 

40.2 

2.0 
2.0 

BAKER H.S. 1 
BAKER H.S. 1 

i 

GAMMA H.S. 1 
GAMMA H.S. 1 

ORIGINAL 726 WA 43 . 7.0 121 11.7 
USFD RY NGSOC WA 48 7.0 121 11.7 

KENNEDY H.S. 
KENNEDY H.S. 

O R I G I N A L 726 WA 46 4 5 . 1 1 2 1 
IIS.EQ BY NCS-D-Q HA 4f i 4 5 , 1 1 2 1 

48.7 LONGMIRE 
L'QNCfllRL. 

H.S. 

ORIGINAL 726 WA 46 42.2 121 29.0 
USED BY NGSDC WA 46 42.2 121 29.Q 

SUMMIT CREEK (SODAl 
SUMMIT CREEK (SO 

-J 
ORIGINAL 726 
USEO BY NGSDC 

WY 44 36.0 lie 30.0 YELLOWSTONE NATL PK 
WY 44 35. 0 110 30.0 YELLOWSTONE NATL 

ORIGINAL 726 
U-SE.O—B.Y._W.G5.D.C 

AZ 34 21.5 
,AZ dJi. 

42.5 VERDE H.S. 

ORIGINAL 726 AZ 
U-SE0_.3Y NGSOC AZ 

35 59.1 112 21.6 CASTLE H.S, 
33 59.1 112 21.6 CASTLE H.S. 

ORIGINAL 726 AZ 
U.SE.O—B-Y__N-G.S.O_C AZ_ 

55 
_5-5_ 

4.7 
-it-._7_ 

109 
_l-0-.9_ 

13.2 
-iiLt-2_ 

NORTH 
NORTH 

OF 
OF 

CLIFTON 
CLIFTON 

ORIGINAL 726 AZ 35 5.2 109 17.8 CLIFTON H.S. 
rITFTnM u.c 



n ORIGINAL 

1 
7 2 b 

USEO_a.Y—N-GSO C 
AZ 

-AZ-
35 2 . 8 

-2,-3-
1 0 9 

XC-9-
2 8 . 6 EAGLE CREEK SPRING 
•2 6 . 4 EAGLE CREEK SPRI 

ORIGINAL 726 AZ 52 5 3 . 5 109 2 1 . 0 
USED BY N.GSaC AZ .32 5 f l . 5 109 21 . 0 

GILLARO H . S . 
• G i l I ftRO H...S.-

ORIGINAL 726 AZ 
USFn aY-N.CSQC A2_ -3.Z. 

• 5 1 . 4 
51 . 4 . 

109 
109 

4 4 . 9 
4 t . 9 

MT. 
-MT. 

GRAHAM 
JG5JU1AM-

i 
SI 

ORIGINAL 726 CA 4 1 2 7 . 5 120 5 0 . 0 
US&0-a5(L-liGSOC CA 41^-3JL.-5 i-2a..-50.0. 

KELLEY_ H.S, 
-KEL4^Y H.S.-

ORIGINAL 726 CA^ 41 2.1 122 55,1 HUNT H.S. 
USEO BY -MGSDC CA 4J 2-»-l 121 55.1 HUNT H;S. 

ORIGINAL 726 CA 41 1.5 12'2 55.1 BIG BENO H.S. 
LGSaC CA 41 1.3 121 55.1 RIG RFNO K^S-*-

ORIGINAL 726 CA 
USEO-B-Y—N-GSO C — C A 

122 5 8.7 
-12.Z_3.i 

SALT SPRINGS (1> 
;.AL-I—SRRXNG S—Li 1 

ORIGINAL 
llSEO_aY_ 

40 18.0 120 11.0 WENOEL-AMEOEE AREA 
-4-0 1 o . 0 IZC . 11 .a W.EN.QELj:JLM£aE£-A.R 

ORIGINAL 726 CA ^0 14*5 122 8.4 
USED aY—N-GSOC--CA 4.0 14.'3 1Z2 6.6 

TUSCAN (LICK) S, 
TUSCAN (LTCK) S,-

ORIGINAL 726 CA 
USED—aY. N G S D C - CA. 

59 24.8 122 53,6 SOOA SPRING 
-39-.2.4...A~_.l;2.2-~5.8...6—̂ SX!D.A-Se:R.I-NC-

ORIGINAL 726 CA 39 25.8 122 32.3 
US ED—aY-N-GSDC CA 39 ,25.8 122_32.»S: 

SALT SPRING (2) 
-SALT SPRING (2)-

ORIGINAL 726 CA 39 17.4 122 49.3 CRABTREE H.S. 
US£J)_.aX_N.&S.DC.„CA 33—1I..-4 122—4J31...3 uCRAaiilEE_H..-S-.^ 

ORIGINAL 726 GA 39 21.0 122 40.1 
USEO_ay—N.CSDC-.. -CA 39 21..-J—:i2.2—4-(i-_l. 

FOUTS (REDEYE) S. 
-EaU-IS_.(itEO£XE)—S_ 

ORIGINAL 726 
USED-B-Y—N.G.SCC. 

CA 
-CA-

59 '2C.5 
..3:9 211 ..-5- -lZ2_5-9..-t*_ 

FOUTS (CHAMPAGNE) S. 
-E-QUJ-S—LCHAMEAGiNE 

ORIGINAL 726 
USFO RY N.GSD.C-

CA 
XA-

59 15.6 
-̂ 59 15.ja-

123 21.9 
123 21.q 

ORRS H.S, 
jLLRR.S_tLt.S-.-

ORIGINAL 726 CA 39 9.9 123 9.4 
USEO BY NGSDC .CA . .39 . -9 . 9. . 123. . .q. 4 

VICHY SPRINGS 
.VICHY, SPRINGS 

http://jLLRR.S_tLt.S


n ORIGINAL 726 
, USED-.BJL_N.GSai 

CA 
CA-

39 
-33-

15 
X5L 

2 122 
122 

31.4 
J.1 . 4 

COOKS 

-caoics.. 
SPRINGS 
SERIWCS-

ORIGINAL 726 CA 39 10.5 122 58.7 
iî FO RY NGsnn CA 3q in. 5 122 5Ji..X 

SARATOGA SPRINCJS 
SAPflTOGfl SPRINGS 

ORIGINAL 
.LLSE-Q 

726 
S-SO-C-

CA 
CA 

39 
AAl. 

VIZ 
122 

2 5 . 2 
2 5 . 2 -

WILBUR 
JbLLLmJ.R-

H.S. AREA 
li..S..—MEA. 

ORIGINAL 726 
USED 3Y NGSnn 

CA 
CÂ  

59 
3̂ 9 

5.1 
c;.i 

122 27.4 
12? 27.4 

/ 
1 

DEADSHOT SPRING ! 
TiFflnsHnT. SPRING : 

ORIGINAL 726 CA 53 52.-6 125 50.6 POINT 
LJSFO RY NGSnC CA 38 52.6 123 3Q.6 POINT 

ARENA H . S , 
ARENA Ht-SuL-

ORIGINAL 726 CA 33 5 4 . 7 123 1 8 . 4 ORNBAUN SPRINGS 
USEO RY NGSDC CA 3 8 . 5 4 . 7 123 1 6 . 4 QRNRAUN SPRINGS 

ORIGINAL 726 CA 33 5 2 . 5 
U.S£.D_B.Y—N.GS.O.C CA 3,3_5Z*3-

122 
_L2.2-

4 1 . 5 
iiJ..,-3. 

SEIGLER 
.S.£lCL£a. 

SPRINGS 
.SP.R1N.CS. 

ORIGINAL 726 CA 38 5 3 . 6 
U-SE-Q_8JL_NJiS.D-C ZA ^3.a_5-i.-6_ 

122 3 1 . 9 BAKER SOOA SPRING 
± Z A A > . 1 J . 3 BA1<LE5_SJ1DJL-S-£E.LN— 

ORIGINAL 726 CA 38 5 3 . 0 122 2 1 . 4 ONE-SHOT 
USEO BY NGSDC CA 38 5 0 . 0 122 2 1 . 4 ONE-SHOT 

MINING CO. 
MINING 

ORIGINAL 726 CA 
USE a_-B.\—N G.S OC ^CA. 

33 39.5 122 28.7 - AETNA 
..3J_5.9-.3—1.22_2..3-. 7„.„A_EIM. 

SPRINGS 
SiRIJlG_S_ 

ORIGINAL 726 CA 33 39.2 122 21.4 WALTER SPRINGS 
U3.ED—aX_N_G-SD_C CA 3,8 59^2 122 21.4 WALTER SPRINGS 

ORIGINAL 726 CA 
US ED_fl-Y-_-W.GS D.C Ĉ A-

58 
_3.a_ 

5 2 . 9 
-52-.-9_ 

122 
-1^2_ 

4 5 . 2 
it.3.,.2. 

MARK 
J1A&1<L 

WEST 
i l E S l . 

SPRINGS 
-SJB.RU^C_ 

ORIGINAL 726 
U.S.ED_fl,Y—N-&S.D.C 

CA 53 5 1 . 1 122 
-CA 3J_3JL,_3 1 

1 5 . 6 NAPA SODA S. ROCK(PRIE 
•SQD.A-S-._JS.aC 

ORIGINAL 726 CA 
U.S.E 0—B.Y_N.G.S O.C ^CA. 

53 2'5.7 122 55.0 LOS GUILICOS W.S. 
_5.3_2-3-,.7 lZ2-3-3-,_a—_LJlS-GU_LL-I_CjD-S_-.Wj_S-

ORIGINAL 726 CA 33 25.4 122 16.7 
ULŜ ED BY NGSOC CA 53 25.4 122 16.7 

(JACKSONS) NAPA SOOA S 
(JACKSONS) NAPA 

ORIGINAL 726 CA 59 13.5 120 
USEO BY. NGSDC .CA 59. 13.5 120 

4 BROCKWAY (CORNELIAN) H 
4 BROCKWAY (CORNEL 

http://USED-.BJL_N.GSai
http://�SQD.A-S-._JS.aC


.8. 

n ORI(i lNA:L 7 2 6 CA 'SS 4 1 , 9 119 5 1 . 6 GROVERS H . S . 
USED—aY-.-..N&SOC-.-^CA ^.8—4^1.*-a,-:-.4,lA-^WcK,.-&R4VE^S.~H->S,-

ORIGINAL 726 , CA 58 2 0 . 0 1 1 9 2 4,:Q FALES H.S, . 
n<;Fn .RV Ki.f:<;nr: na,. ?ia ?^i.. n il-c) ?4^.at) - Ffl i FS -fcUS-.^ 

ORIGINAL 726 CA 33 1 4 , 3 119 1 9 . 6 BUCKEYE H.S, 
USFn BY^jsii^an CA ^3^ ^14.3 . 11 q i-q.-h gupKfY !^ -H .S* -

ORIGINAL ;72i5 CA ;37 * 8 . 0 . 
USE.0 BY .̂ t-GSQC—.CA. 37 48.1) 

113 3 l i 8 BENTDtiJ . ^ r S . 
•41.3—3l.>-8- •.-a.£.bî T.Qil.-a*S.* -̂

ORIGINAL '726 CA .3:8.14.3 119 12., 1 
.i 1 sFo-aY—aasiic^-XA - ?̂ fs 14 . a.- • 11 q i 2 .1 

T RA V ; E R T I # E , H . S. 
TRAVFRTTNF H.S^ 

s;.r 
ORIGINAL 726 CA 33 2.; 4 119 5 . iJ 
USFn RY Wr^TiC. :CA ••'38 ? . 4 t i g ,:'5-MX-

NEA'R BLACK PT, 
J1EA.R ,R1-ACK P T . , 

3. ' 
5 '>. ORIGINAL 726 

USEO-r-a-Y—N.CSD 
CA 37 5 9 , 8 l i s 1 , 2 PAQ.HA ISLAND 
,Cft.„„5^Z-.,-5a >,8, - ll^g:..,,. i,...2.^—EA0iH:A-.J£SL.ANJ3-

ORIGINAL 7 2 6 CA 
-CA. 

37 19,5 
-3i_ia*S-

119 
J . i l 3 _ 

l . Q MONO H.S. 
MONO H.S.. 

ORIGINAL 726 CA ' 37 1 4 , 1 d O 55^0 
USFD- BY HmQ£ .CA ^3-Z-^1-4.1 I I 8. 5;^.X 

BLAYNEY • MEAt)0;WS H ^S , 
..Rl ATNr,v NFAnniJ'; „ _ 

ORIGINAL ?2'&. .CA 3'6 
u&icua*--NG;sec—.iCA—3-© 

42 . 2 ^ 12 0̂  51..6 MERCEY H.S, 
A*^b—.alERCEiJ.=H*-S*. 

'ORIGINAL 72.6 CA 55 23.0 117 3 2 .2 
,USE 0 BY _ MCSaa—CA 35 25 . 0 1:1 7 . 3 2 . 2 

RANDSBU'RG AREA 
..aAMnSaURG—AR£A_ 

;0 RIG I NAL 72.6 CA 34 8 .6 117 1 5 . 2 ARROWHEAD N.S. AREA 
USED -FIY N:GS:DC„_CA i i ^ ^ 1 . 1 117 1 i^.? • Appn:L.jHri^n M--^- a 

ORIGI;NAL 726 CA 33 2S;,'0 11?5 4 1 . 1 PI'LG'ER ESTATES "H.S, 
:u-sea_a^~wGS;De—EA—33^a&.'a 115 4SL..4 axi.Gxa.JES TAT ES..^H 

ORIGINAL 726 'CA M 17,.0 116 3 8 . 4 WARNER H.S, 
U-SEO—8Jt_NXiSCC £ A S3-a7 .-0 "1 Vfi K.ft.4 H AR^ER- H . S ._ 

;0 RIG I NAL 726 CA 52 5'8,0 115 1 1 , Q GLAMIS ( E . BRAWLEY) 
usFn Rjf_jiG.sji: r.A 22 5^.o 115 11 .*.h G L A M I S ( E . BRAWL 

>> :0RI6INAL 726 LCA 33' 5S.0 115 4 ,0 GLAMIS (EAST) 
, .. . ,USED BY . NGSDC . CA , .33 ,0 .0 . 115 , 2 . J ' .GLAMIS.. (EAS.T.). 

http://axi.Gxa.JES


n ORIGINAL 72b CA 52 49.0 115 1,0 DUNES 
, USED RY-.N.G.S.aC. CA 32 4.aL...6 115 ^Z DIMES. 

- ' '• "•- -'A-^it-^-^ ^ - M ' - . : ' . •:f^-yxr.^<-'i 

ORIGINAL 726 CO 40 5 5 . 6 106 5 1 . 0 
USFO RY NGSDC CQ 40 33.P> 1 P.F. 5 1 . i l 

ROUTT H . S . 
-RIIUTT H . S . 

i 

2 

ORIGINAL 726 
USFO RY NGSnC 

CO 
CO 

40 
40 

29.1 
2q.i 

106 
106 

50.5 
50.5 

STEAMBOAT SPRINGS 
<;TFAMRnAT SPRTNG 

. 
ORIGINAL 726 
ll̂ IFn RY NGSDC 

CO 
cn 

59 
3q 

44.2 
44.2 

105 
105 

50.2 
3 0.2 

IDAHO SPRINGS 
TnAHH SPRTNJGS 

ORIGINAL 726 
USFO RY NGSDC 

CO 
CO 

59 
39 

55.0 
55.0 

107 
lil7 

19.5 
iq.3 

GLENWOOD SPRINGS 
GLFNWOOn SPRINGS 

ORIGINAL 726 
USED.BY NGSOC 

CO 
CO 

39 
59 

15.9 
15,9 

107 
.AU.. 

15.5 
15.5 

AVALANCHE SPRINGS 
AVALANCHE SPRING 

ORIGINAL 726 
uLSi:D_ax-.aps.D.c. 

CO 53 48.7 106 13.5 
_C0._3.a_4.fiL..Z__ljI6_1.3.,3_ 

COTTONWOOD SPRINGS 
-.GJlIXD.fcliiGDiL_SPE.LŴ  

ORIGINAL 726 
U-S-EO—BJ—N-Q.SO.C_ 

CO 
jc;.o_ 

38 4 3 . 9 
38 4 5 . 9 

106 1 0 . 2 
JJI£—l.(L..2_ 

MT. PRINCETON 
PRINCETON 

S . 

ORIGINAL 726 GO 58 2 9 . 9 106 4 . 5 
3J(L_N-G.S.D.C nn 3ft ? q . q l i I 6 k-.3_ 

PONCHA. H , S . 
-EXLUChLA H . S . 

ORIGINAL 726 CO 
U.SEO—a.Y„.N-G.Si3.C ĈQ_ 

53 10,1 10 5 5 5,0 
.5-8__10-,..l l.Q:£—5.5-,_0, 

MINERAL H,S. 
,mESAL^j±*:sL,-

ORIGINAL 726 
U-S-£.O_0-Y_N.GS.Oj:_ 

CO 
_C_0_ 

38 31.0 10 6 2 9.1 
136 30.4 

WAUNITA H.S. 
WAUNITA H.S, 

ORIGINAL 726 CO 
USED BY NGSDC CO 

38 16.5 
33 16.5 

107 
107 

5.9 
5.9 

CEBOLLA H.S, 
CEBOLLA H.S. 

ORIGINAL 726 CO 53 
U-SE.O_aX_N.G.S DC CO 53 

8.0 107 44.0 
JL»J1 U)i-4Jt.iLiL 

ORVIS H.S. 
ORVIS H.S. 

ORIGINAL 726 
U.S£.0_B-Y.._N6SD.C_ 

CO 
_C-0_ 

57 45.0 
_32—b3_,_0_ 

10 6 4 9.2 
JL0_6_it.9..-2-

WAGON WHEEL GAP 
WAGON WHEEL GAP 

ORIGINAL 725 CO 
U-SED_B.Y_N.GS DC CO 

57 15.5 107 .5 PAGOSA H.S. 
-3.?—i.5_.-5 1-0_Z .5 PAGOSA H.S. 

ORIGINAL 726 ID 45 47.5 115 8,8 
USEO BY NGSDC - .10. . 45.. 47.. 2 . 115.11.9 

RED RIVER H.S, 
RED. RIVER .H.S 



n 
t 
ORIGINAL 726 ID 45 24,7 
USEa—8*_N.GSDC Ip.̂ -.4.5 24.9 

10 

116 
-1X6-

28.5 RIGGINS 
RIGGINS-

H.S. 
•H.S. 

ORIGINAL 726 ID 45 16.7 115 55.2 
USFO BY N.GS.DC LO 45 16.wZ 1.15 5 5.2 

BURGDORF H.S. 
_auRG.aa.aE_H-.s..-

ORIGINAL 726 ID 45 2.6 
USFn BY NGSDC LD kS 2.. 6 

116 17.0 ZIMS (YOGHANN) H.S. 
116.17.0 7TMS (YOGHARN) H 

ORIGINAL 726 
USED BY HGSaC-

ID 44 5 3 . 1 116 1 1 . 4 
-IO 44 5 8 . 1 116 1 1 . 4 -

KRIGBAUM H . S , 
-iCRIGBfllJM H , S , 

ol 

yv 

ORIGINAL 72t 
USED BY. m^SDC-

10 44 51,2 
10 4i» 51,2. 

116 25,3 
116. 25.3 

STARKEY H.S. 
-STARKEY H.S»-

£ ORIGINAL 726 
iC USED RY. NGSaC-

10 4t 40.9 116 13.8 
rn UU 4n.q iin 13.8 

WHITE LICKS H.S. 
WHTTF LTCKS H.S.-

sv ORIGINAL 726 

usEa--ay—HGsoc 
ID 44 5 5 . 0 

. l a — 4 - 4 - 3 5 . Q 
116 5 7 . 7 

- l i a - ^ Z ^ J L 
NEAR COVE SCHOOL 

.jvlEAR-COJyLE—SCHllOL-

ORIGINAL 726 
USED RY NGSnC-

10 44 5 2 . 4 116 4 5 . 0 
-ID 44 32.-4 n t s 4 5 . 0 -

NEAR .DEER CREEK 
-UEJJR nFFR CJIEEJC 

ORIGINAL 7 2 6 . 
USFO aYL-N-C 

ID 44 2 3 . 5 116 4 5 . 9 NEAR MIOVALE 
-ID 4-4 2 8 , 3 116 4 3 , 9 NEAR MTnVALE_ 

ORIGINAL 726 
USE-O-^-Y—N.GSDC-

10 44 28,2 

.10—uu—ZrJ-^-a-
116 45,9 NEAR MIOVALE AIRPRT, 
„14.̂ _4;=.̂ 9 N.EA.R-44.LO.WAL.E—A-tR-

ORIGINAL 726 10 44 3 3 . 5 116 2 . 7 
USED BY N£SDC LO 4J* 3 8 . 5 116 2 . 7 

HOT CREEK SPRINGS 
-HOT CREEK SPRING 

ORIGINAL 726 ID 44 3 8 . 3 115 4 1 , 6 
USED BY N.GSaC :LD 4.4 3 6 . 3 ll3—4Jl».6_ 

MOLLYS H . S , 
JIDLI YS H.S..^ 

ORIGINAL 726 ID 
i-Y_HXiSDC 1.0-

u't 54.1 115 41.5 VULCAN H.S. 
_4.4—3i*-,-J 11S_4.1^S VULCAN H,S, 

ORIGINAL 726 1:0 
US ED_aiL_N.GSDC I0_ 

4'+ 25,0 
.25..iL 

116 
-LLC-

1,7 
_L.._Z_ 

CABARTON 
J C A B A R L D N -

H,S, 
1±^., 

ORIGINAL 726 ID 44 21.9 115 51.4 BOILING SPRINGS 
USED RY N-GSnC LD^—4,4 21.3 115 51 .4 ROTLTNG SPRINGS 

ORIGINAL 726 10 44 5.1 116 3.0 NEAR PAYETTE 
USEO 8Y NGSOC . TO Uu 5.1 116 3.G NEAR. PAY ET.TE 

RIVER 
.RIV . . 



n ORIGINAL 726 ID 44 2 . 8 115 5 1 . 1 NEAR GRIMES PASS 
, .US Ea,3Y—N.G S DC JLQ t.u ? . a i i c; >i 1 . i NJFAP r;RTHF-s PA<;<; 

..-*-i.ri:.; ,:•;•:•: •:ie.-.i:-.:iv.-:.;:..:ri.;--yt.. : • .y 

ORIGINAL 726 I D 44 4 . 5 115 5 2 . 6 K I R K H A M . H . S , 
iJ5;Fn RY MG5;nn TO U 4 4 . 3 115 3 ? . 6 KJLRKHAM H . S ^ 

ORIGINAL 726 ID 44 9 . 5 115 1 3 . 4 BONNEVILLE H . S . 
( USFO RY NGSnc TO 44 9 . 5 115 1 3 . 4 BCNN.rVTLLF H .S . -

- ( • 

" • • ( 

ORIGINAL 726 ID 44 15.5 114 55.6 
USFO RY NGSDC TH 44 13.5 IU, 55.6 

STANLEY H.S, 
STANLEY H.S.-

ORIGINAL 726 ID 44 16.1 114 44.9 
USFD RY NGSDC ID 44 16.1 U 4 44 .,9-

SUN3EAM H.S, 
SUNBEAM H.S.-

= ( 
ORIGINAL 726 10 44 13,1 114 57.5 SLATE CREEK H.S, 
USED BY NGSOC ID 44 10.1 114 57.5 SLATE CREEK H,S, 

I'- ORIGINAL 726 ID 45 57.2 
U.SEO._B.Y._.N.G.S.Dj: ID UZ-3JU 

116 16.0 ROYSTONE H.S. 
Al-xZ fJlLSJ.OĴ )£ -H.S..-

ORIGINAL 726 ID 45 56.1 
UL$,E.D-_3JL-N.G,SAC—_L0 43_-3_6„tJL 

116 9.9 N.E, BOISE THERMAL ARE 
J-l-6_^,3 N,.-F_.__g_oiS£ THERM 

ORIGINAL 726 ID 45 45.5 115 54.7 
USED BY NGSDC ID 45 45.5 115 54.7 

NEINMEYER H.S. 
NEINMEYER H.S. 

ORIGINAL 726 
US.£,D_.a.Y.„N.GSO.C_ 

ID 
.1.0-

45 '47.7 
--4-5_k7_._Z-

115 25.5 OUTCH FRANK SPRINGS 
_i.i:5—25_.3- D-UI.Cd_ERAfcil<L.S.£RI_ 

ORIGINAL 726 ID 
U.S-E.Q-_aX_N-GJJLC_—LQ-

43 33.2 115 16.5 PARADISE H.S. 
43 33.2 115 16.3 PARAOISE H.S. 

ORIGINAL 726 
U,SEO—BX_N-GSO.C-

10 
J.D_ 

43 35.5 
.4.3_J3.,_5_ 

114 47,2 
-114 4L.-2. 

WORSWICK H,S, 
JtOJLSitI-CK-J±.S-.u 

ORIGINAL 726 ID 45 40.5 .114 24.6 
.USEO_BX-_N.GS.D.C I.D_4-5_JL3_..5___li_4_a4_..&. 

GUYER H.S. 
_GJJLIER_tL,-â  

ORIGINAL 726 10 45 35.6 114 24.9 
U.SE.0„6.Y_.NGSCiC ID 45 55.6 114 24.9 

CLARENDON H.S. 
CLARENDON H.S. 

ORIGINAL 726 ID 43 50.5 114 ZZ,Z 
USED BY NGSDC ID ^5 50.5 114 22.2 

HAILEY H.S. 
HAILEY H.S. 

ORIGINAL 726 ID 45 52.4 115 50.1 
USED.BY NGSDC . ID. .43. 32.4 113 30.1 

NEAR BROCKIE AIRPT 
NEAR BROCKIE ..AIR . . I 



n ORIGINAL 726 
.USED~.aY-N.GSDC... 

12 

114 5 7 . 6 
,4—5.7—6-

ELK 
-EL!C 

CREEK 
-CREEiC 

H.S. 
•H.S, 

ORIGINAL 726 ID 
usEo^aY—N-Gsac—la . 

NEAR PUNKIN CORNER 
-ilEAR-RUNXXH-COaN 

ORIGINAL 726 ID 45 1 5 . 1 114 5 4 . 4 
, US.ED_a.Y—N.GSDC LD 43 17.5 ll-4„54.4 

BARRONS H.S. 
.aARRDI^S H..S..-

OR.IGINAL 726 
U.SEXU.iaY-N^GSOa. 

10 45 13.7 114 25i2 NEAR MAGLC RESERVOIR 
-LO-—43-,4A*j: L1J*—ZM~^ NEAR MAGIC RESER 

:-r 
GRIG I NAL 726 TC 45 :6 .9 115 2 7 . 9 
USiEO BY N-GSaC L0^-^4J 6 . 9 115 2 a . A : 

NEAR. BENNETT GREEK 
NEAR! R F N K E T T GPVE. 

i ORIGINAL 726 ID 45 7 , 0 115 1 8 . 5 
i^ u.s£a^aY-_i!iGSjia_^i£j 4.3 7,.n 115 ;i.3..-3-

LATTY H . S , 
-LAUY H . S . 

'ORIGINAL'726 10 
USEa..aY-N.GS DC—. JD-

43 ' 5 . 8 115 2 4 . 6 NEAR RYEGRASS CREEK 
-4.5 ,5-.-a~-ll-5_2j4^.6 N.EAR~RXEGRASS.^CR 

ORIGINAL 726 ID 45 2 . 2 115 2 7 . 5 
-NSSaC LO k J Z . 2 115 2 7 . 5 

NEAR RADIO TOWERS 
JstEAR RA010 T0WER— 

ORIGINAL 725 LD '43 2 . 9 114 . 5 7 . 2 WHITE 
USED BY NGSDC—:iO 4 3 — 2 . 9 114 T)VL>2 WHITE 

ARROW H . S . 
AH.ROW H . S . 

ORIGINAL 726 IQ 
US&O-B'Y- NG s a c .-~JIB-

45 
-.43-

2 . 9 
- 2 , . ^ . 

114 5 5 . 0 NEAR CHALK MINE 
.;l-l.i._;Si5....C—;N£Ai?~CHA..LK—M-I-JJE-

ORIGLNAL 726 ID 45 1 . 4 
USEO-BY N.GSaC L0__4-5 1..J*-

115 
11 5 

. 6 NEAR CLOVER CREEK 
-.-6 N.EAR C L O V F R G P F F 

ORIGINAL 726 ID 
USEO-LaY—M'GSDC IB . 

42 54.5 
.-4;2_E:a.A. 

115 29.5 
-ll:5-23-.2_ 

NEAR GRAVEL PITS 
JiEAS_G.RA.V.El PITS 

ORIGLNAL 726 ID 42 5-6 .:0 

usEa_aY~^.N.Gsac—,i o—42—5a*.-o. 
:l.i:5 55..0 BRUNEAU-GRAMOVIEW 
•.115-5.6.̂ 0—4iRUNEAU=.aRA44a.V.LEJ-

0 R I G I N A L 726 XD 
usEo_a.y_. N,&sac ID ., 

42 4J . .4 . 1.14 5'fl.-0 NEAR BANBURY 
MZ-^S.^ 4;1.4^-3vO-.^ NEA.R-aAW.aURY. 

ORIGINAL 7 2 6 I B 42 2 4 . 9 1 1 4 1 8 , 
USE.D-B.Y—N.GS.D.C LO. 4.2 24...3- 1 1 4 1.8 . 

1 NEAR CEDAR HILL 
JL- N E A R . C E . 0 A R H I L L -

ORIGINAL 726 ID 42 28.7 115 57.5 
USEO BY NGSDC TO u2 28.7 113 30.5 

NEAR BRIDGER SPRINGS 
NEAR RRlhGFR SPR 

http://USED~.aY-N.GSDC
http://NEA.R-aAW.aURY
http://NEAR.CE.0AR


K 

n ORIGilNAL 72.6 ID 42 1 0 . 4 113 5 1 . 7 OAKLEY WARM SPRINGS I 
USEO-.BX-MGS.D,C-.ULn •..,42 . l.iL.J-* 11-3^5LL.-Z QAKLEJUL-lelARM .SERI : 

k - • -

ORIGINAL 726 10 42 6Tl 113 22.8 RAFT RIVER THERMAL ARE ' 
USFO RY NGSDC TD 4? n.1 113 ??.H RAFT RTVER THERM . I j 

ORIGINAL 726 ID 42 13.2 111 42.2 MAPLE GROVE H.S. 
USFO RY NGSaC TO 4? 18.2 111 42.2 MAPI.E GROVF H.S, —. 

ORIGLNAL 72i IB 42 3T9 111 50.4 NEAR RIVERDALE 
ii<;Fn RY MGsnr i n . 4? g.g 111 qt i .4 NFAP RTVFRDALF 

s 

B R I G I N A L 72c ID 42 8 . 2 1 1 1 5 6 . 9 . WAYLAND H . S . 
U.S£a_B.Y_JiGjS.D-C LD 4? 3 . 1 111 5 5 . 3 WAYI AND H . S . 

ORIGINAL 726 I D 45 5 5 . 2 1 1 1 5 5 . 4 NEAR NEWDALE 
i^ USED RY NGSBC ID 4'3 ' 3 3 . 2 1 1 1 3 '5.4 'NEAR N£WBA.L£ 

ORIGINAL 726 ID 44 5 . 7 1 1 1 2 7 . 5 ASHTON WARM SPRINGS 
U.SEQ-B.iL_tiGSBC LD. 44 5 . 7 111 2 7 . 5 ASHTON. WARM SPRI 

ORIGINAL 726 MT 46 5 6 , 5 112 5 . 0 HELENA (BROADWATER) HS 
USFD BY NGSDC MT 46 3 6 . 5 112 5 . 0 HELENA (BRO-AHkiM 

ORIGINAL 7 2 6 MT 46 3'2,. 3 110 " 5 4 . 2 WHITE SULPHUR SPRINGS 
USFO RY NGSDC MT 46 3 2 . 3 I I Q 5 ^ . 2 WHITE SULPHUR SP 

^ ORIGINAL 726 MT 46 2 7 . 0 1 1 1 5 9 . 0 ALHAMBRA H . S . 
US:£JD_;a.\l_N;G.5B.C MT UA ?7...n i l l 5 q . n Al HAMRI^A H . S . 

ORIGINAL 726 MT 46 1 2 . 0 112 5 . 6 BOULDER H . S . 
USED-Bl—bLGS-O-O—UT 46 12.-Q UL2 5 t-6 fl£imJl£E H.SJL . 

ORIGINAL 726 MT 46 2.-6 112 4 8 . 4 GREGSON (FAIRMONT) H.S 
USED BY NGSDC MT 46 2 . 6 112 4 6 . 4 GREGSON CFAIRMON 

ORIGINAL 726 MT 4.3 5 3 . 8 l l 2 1 3 . 9 PIPESTONE H . S . 
USED BY NGSDC MT 45 •53 .3 11-2 1 3 . q PIPESTONE H . S , 

ORIGINAL 726 MT u'5 4 1 . 5 112 1 7 . 2 BARKELS (S ILVER STAR) 
U S E 0—a.Y—NG'S.'DC :MI__43—,4:i-.5 LJ:-2_.12_,2 aAAKELS ( SXL-V,E5 

ORIGINAL 726 MT 45 3 4 . 6 1 1 1 -+1.0 NORRIS IHAPGOOO) H . S . 
aSED_.8Y_-N-Gsac a.T _H.5._3jt-.-6 111 4 1 . 0 NORRIS (HAPGOOD) 

ORIGINAL 726 MT 45 2 1 . 3 115 2 4 . 7 JARDINE (B IG HOLE OR J 
USED. RY NGSDC - MT 45 2 1 . 8 113.2** . ' . ' ' JARDINE (RIG HOL 
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' . n ORIGINAL 

.< 

7Zb NV 41 5 5 . 5 118 4 8 . 1 BOG H . S . 
US£a-3-Y_N-GSDC NV 41 ...55... 5 iXo—4-o^J, B O G - t U S -

.DRIGINAL 726 
USED BY -N.GS.DC-

NV 41 ^ 5 . 5 118 5 0 . 5 HOWARD H . S . 
.NV.. 41 43V.3 118 3 i l . 3 aOWARD H . S . . 

ORIGINAL 726 NV 4 1 3 4 . 0 118 5 5 . 7 DYKE H . S , 
tlSFO RY NGSDC N.V 41 3 4 . i1 1 13 . 33,-Z DXKF H , S . 

..o( 

ORIGLNAL 726 NV 
usE-0—aY—w-Gsae—w.i 

41 2 1 . 5 119 1 3 . 2 
l-Z.'L^^.—1-4-9—1 

NEAR SOLDIER MEADOW 
ULER-tlEA-

ORIGINAL 72-6 NV 41 3 . 0 . 1 1 9 2 . 8 
USER ^BY RGSaC lOV 4 1 — ' 3 . 0 119 2 . 8 

DOUBLE H.S. 
DOUBLE H.S. 

ORIGLNAL 726 
USf n -BY N.GSDI 

NV 
N.VL 

40 57.0 
_4.Q_5:z..-.a-

118 58,0 
119 ..-2-

NEAR BLACK ROCK 
-REAR 3̂1 ACK RUCIK-

•̂ ^ ORIGINAL' 726 NV 
USE.,0-BY.-NaS0C—.N.V.-

'40 32.0 119 20.3 FLY RANCH H.S.. 
.44J_i52..,G—.:-Ll_9-:-24i-.-3 F LY R A N C H - ^ H ^ . ^ 

ORIGINAL -726 NV 43 46.0 119 7.0 
USE:a-BY N.GSDC m 4iL-4.6.0 1 1 9 Z-.-fl-

BUTTE SPRS. 
-aU-t.IE_SE.RS.*-

ORIGLNAL 726 NV 
usEa_aY-_NasDC N.V-. 

41 4 7.3 
-.4J_-4 7.3 

114 43.3 
114 4 3.3 

MINERAL H.S. 
MINERAI H-.S-*-

ORIGINAL 726 NV 40 49.1 115 46.5 
U5E-D~^Y~^NG3a"G^-NV--^.40-^43...-i—lli5.-4,a,-5-. 

HOT HOLE (ELKO) 
.HOT-,HOL.E—(-EL^a )-

ORIGINAL 726 NV 
USEO BY NGSDC NV-

40 4 2 , 0 116 8 . 0 NEAR CARLIN 
-40 4 2 . 0 1X6 8—0 NEJIR-CARLIN-

ORIGINAL 726 NV 
U.SEn BY RGSDX: NV-

41 3 . 4 114 3 9 . 1 HOT SULPHUR SPRS. 
_.*i.l :3.J* 11-4—5-a.J, HOT SUI PHUR SPRS 

ORIGINAL 726 NV 4 0 ' : 2 4 . 2 116 
USE^J_aY-RGSDC—.N.V 4 . 4 — 2 ^ H M 2 — i l S -

31.0 
-5-1^-0-

HBT SPRINGS POINT 
Jiai_SBRLN.GS_Ra.LN_ 

ORIGINAL 726 NV 39 3^.1 116 33.2 WALTI H.S. 
US E D_B.Y_N.GSaC— N V 33-.'5_4̂ 1 l.l.&_33-..2 WA.LX:I--J±.S-.-

ORIGINAL 72 6 NV 
US.EIL_BJlL_Na3ajC NV_ 

59 19.0 
-53 19.-0L. 

116 31.0 
116 51 . n 

SPENCER H.S, 
SPEN.G£^_J1..S.-

ORIGINAL 726 NV 43 55.3 117 6.3 HOT POT 
USEO BY NGSOC NV 40 55.3 117 6.5 HOT POT 

http://-aU-t.IE_SE.RS.*
http://Jiai_SBRLN.GS_Ra.LN_
http://D_B.Y_N.GSaC


n ORIGINAL 726 NV 40 2 2 . 1 117 
USED^-RY RGSaC , NV k-H 2 2 . 1 L U L 

t 
1 9 . 5 
19.,5 

.''fir^t^XA'*; v; -u - j<- . - • • •> . ' * • * •. 

BUFFALO 
.aULFJEALa. 

VALLEY H . S . 
J/LALLEX-H 

ORIGINAL 726 NV 4 1 2 5 . 4 117 2 3 . 0 
USED RY .RGSaC N.V 4 1 25.Jt 117 2 3 . 0 

HOT SPRINGS 
HOT SFRTNGS-

• ( 

•tt f 
. 0 -

w V. 

ORIGINAL 72 6 
USFD RY NGSDC 

NV. 
NV 

40 
40 

57.7 
57.7 

117 
117 

29.5 
2 9.6 

GOLCONDA H.S. 
Gni CnNDA H.S. ! 

ORIGINAL 72-0 
USFO RY NGsnn 

NV 
NV 

40 
40 

5.4 
5.4 

117 
1 1 7 

45.5 
43.5 
/ 

SOU (GILBERTS) H.S. 
^n\\ (GTI RFRTS) H 

ORIGINAL 726 NV 59 4 7 . 9 118 4 . 0 OLXIE H . S . 
USED RY NGSOC NV 59 4 7 . q l l f i 4 .Q DTXTF H . S . 

ORIGINAL 726 NV 40 8 . 8 119 4 0 . 5 
aS£n BY tlGS.aC NV 4Q 8 . 8 n g 4 n . 5 

THE NEEDLES 
THF NFFOLFS 

ORIGINAL 726 NV '53 58.9 119 43.9 
.USEQ. BY NJ3.S.DI: M 5A-5.8-.3 , 119 4 9.̂ 9-

WALLEYS H.S. 
• WAI I F Y S H . S . 

ORIGINAL 726 NV 58 54.0 
U_S EO-BJL-N-GS-QLC—JIV .5_3_5Jt_._0_ 

119 24,7 
.11.9-2Ji-._L 

NEVAOA H,S, 
NEVADA H.-Sjt. 

ORIGLNAL 726 NV 53 49,5 117 10,8 
USFn.RY NGSnC NV 33 49.3 117 IH.ft 

DARROUGH H.S, 
OARROUGH H.S. 

ORIGINAL 726 
.U.SEO_^B-Y_N:GS.DC. 

NV 3.8 11.5 lie 22,5 WARM SPRINGS 
Ml 3:3 11 ..3 lJLcL_22..3.__WJ?tR£L:SESJ.IiGS_ 

ORIGINAL 726 NV 39 24,3 
USED BY tlG-S,D.C NV—33—2io-.3_ 

116 2C,8 
-116 2.0-..-8.. 

BARTHOLOMAE H.S, 
BARTHOLOMAE H.S.., 

ORIGINAL 726 NM 35 4 7 . 0 
U.SE.O—B_Y—N.GS:D.C m 5.5_iL6.,.l. 

105 4 1 . 0 JEMEZ 
. i sLbA iA»3 JJ 

CALIt 
_CALJ_ 

N T E S ) 

ORIGINAL 726 NM 3 2 3D. 0 
U.SED_3.Y_N.GSD.C NM 5.2„3ji.,.'. 

106 
-1.D.6-

.55,5 
_5.5_..5_ 

RADIUM 
.-RAaLUJi. 

H.S. 
.H,-S..-

ORIGINAL 72'6 NM 
USED—B.Y—N.GSaC NM. 

53 15.0 108 47/0 LOWER FRISCO 
-53-l4-._Z 1.0-e__5:2-.J—_U3JiEfi_£g:IS-C-0_ 

ORIGINAL 726 NM 55 12.0 103 12.0 GILA H.S, 
USED BY NGSDC NM 5 5 12,0 108 12,0 GILA H.S, 

ORIGINAL 726 OR 45 22.5 121 42.5 MT. HOOD 
-USED. BY. NaiDC . .OR .45.22.5 121 42.5. HT. HOOD 
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n ORIGINAL 726 OR 45 1 . 2 122 . 6 CAREY (AUSTIN) H . S . 
^ USED—aX_RGSOC JiR 4-5 1.2- 122 .-6 CAREY ( AUSTLia—H 

ORIGINAL 726 OR 44 5 1 . 9 121 1 2 . 9 
USEO_:aY—N.GS.DC: JDR -4-4—51.9 . 1 2 1 1 2.>3-

KAHNEEFAH H.S. 
J<.AHi!iEELA.HJl*S,»-

• ORIGINAL 726 OR 44 46.9 121 58.5 
( U S E D B.Y-„N.G.S;aC O i ^ — 4 A , 46-.J9 12JL_5.3.^-a_ 

BREITENBUSH H.S, 
.3.REI T EN 3 U Si±-H-.S-. 

ORIGINAL 723 OR 44 i l . 6 122 3 . 2 
USEO aY-RGSaC OR-.—4J*-ll.-6 122—-3*2-

BELKNAP H . S . 
-BELKNaP 'H.S . 

K 

ORIGINAL 7Z^ GR 
USFn RY -RGSaC OR... 

42 1 5 . 0 
. J t? 1 4 . G 

1 2 1 
121 

4 5 . 0 
J 4 6 . I 1 

KLAMATH 
Ja-A±lALii. 

FALLS 
£Ai. l S 

i ( 
ORIGINAL 726 OR 
qSF Q RY RGS.aC—QR-

120 33.7 
Lu_3-a..-Z_ 

SUMMER LAKE H.S. 
-SMilMER LAKE H.S-.^ 

ORIGINAL 726 OR 
asEa_a.Y_^N GSD c — O R . 

44 55.3 
..4u4̂ 55..a. 

117 
•iXZ-

56.4 
•3b... .Jy-

RAOIUM H.S. 
.-RADIUM HA :̂*-. 

ORIGINAL 726 OR 
USEa._-BX_N.GSDC. OR-

45 14.6 
-.t+.5_JJi.^a. 

117 57.6 
3 7.6-

HOT LAKE (2) 
-H.OT LAKE 12X 

ORIGINAL 72.6 GR 
USEO a<-Ĵ lGS.O.C—-OR-

•45 1 . 1 
-.4.5 1 . 1 

1 1 7 5 7 . 5 MEDICAL H . S . 
117 3 7.a—MEDIC A I. H^-S.-

(. 

K 

ORIGINAL 726 BR 44 55.7 119 8.6 
USED.aY-..NGSDC- .BR . 4.4.-53...7—1-13—8..;6-

RITTER H.S. 
..R'.LT-TER—n-.»-S .-•. 

ORIGINAL 726 OR 
USED BY NGSDC OR-

42 17.9 
-42 17.9 

119 
119 

46.5 
-4.6.5 

FISHER 
FTSHFR 

H . S . 
H . S . 

ORIGINAL 726 OR 
*'• USEQ-'BY—NG.S.OC OR. 

44 2 1 . 3 118 5 4 . 4 BLUE MOUNTAIN H .S . 
au P-: . 3 11 H 3 4 . 4 B.LUF MOIIRIALN H.—. 

ORiaiNAL 726 
USEa-BY—RGSOC-

NEAR LITTLE VALLEY 
.REAR I TTTI E VAN. 

ORIGINAL 726 :0R 
USEB-B-Y—RGSSC .OR 

4 3 56.7 
-43—3fc....-7-

1 1 8 
-11-8-

3.2 
-a.,.2-

BEULAH H.S. 
..aEU.lAH_h-.-S.-

ORIGINAL 726 OR 43 28.0 
USED_B.Y—RGSD.C OR 4-3—2.a...i).. 

118 11.3 NEAR RIVERSIDE 
.N EAe_RL.V.ERSXO:E-

ORIGINAL 726 OR 43 26.4 118 33.4 
.USED.BY NGSDC. . BR . 43.26,4, 118,33.<* 

CRANE H.S. 
CRANE.H.S. 

http://j46.i1
http://USEa._-BX_N.GSDC
http://aEU.lAH_h-.-S
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C l ORIGINAL 726 OR 43 1 0 . 9 119 6 .2 NEAR HARNEY LAKE 
USE a... B,Y.. M.GSD C__QR -43 _1 C. .9 113 -3.. 2 tlEAR-H A RN EX„L AKE. 

ORIGINAL 726 OR 42 1 1 . 3 
u..sED_-ay_jti.Gsac oi?—.j»2. i i . . i t 

118 9 . 2 NEAR TROUT CREEK 
.:eL_23...i3 REAiL-JELaU-I_QRE£K_ 

ORIGINAL 726 OR 42 4 . 1 117 3 0 . 0 NEAR MCDERMITT 
U.S-£D:_3.YJtLG-S.Q-C. .aR_A2 ^...7 Xl.Z_Jt.5_...6 NcA-R-jJ.CaX-RM.LIJL 

1-, 

:•( 

ORIGINAL 726 
UiEa_a.l_N.G-SIlC-

UT 41 6.3 112 11.3 HOOPER H-.S. 
UT 41 8.3 .11? tu.l HOOPER H.S. 

ORIGINAL 726 
USED BY NGSDC 

UT 4D 29.0 111 54.3 CRYSTAL H.S. 
UT 40.29.0 111 54.0 CRYSTAL H.S. 

= ( 
ORIGINAL 726 UT 39 3c.8 112 43,9 
USED BY NGSOC UT .39 36,8 112 43.9 

BAKER (ABRAHAM, CRATER 
RAKER (ABRAHAM. 

| ( ORIGINAL 726 
USEO BY N-GSHC-

UT 53 5 1 . 8 112 3 0 .0 
JJX._JLa_5.L...4_-112._iiL._ 

MEAOOW H.S. 
LkQW.H.-Su^ 

ORIGINAL 726 UT 53 
USED BY NGSOC UJ._. 5.3. 

5 6 . 2 
5 8 . 2 

112 
112 

6 . 4 
-6_tit. 

MONROE 
MONROE 

(COOPER) 
(COOPER) 

H.S 

ORIGINAL 726 UT 33 36.7 112 11.2 JOSEPH H.S, 
'- LL^P 3Y NilS-aC__UJL_.-.3-JL-3-6..-2L—lXa_ 11.2 JOSEPH. H.S-JL. 

ORIGINA.L 726 WA 
USEO RY NGSaC WA. 

47 33.1 125 52.1 
.;47_5.3.,.l 1 2 3 ,52..JL. 

SOL aUC H.S. 
sni nur. HI^S^ 

ORIGINAL 726 WA 
U-SEO RY RG.S.QC WA.. 

47 53.9 123 41.2 OLYMPIC H.S. 
_4./L_5.&... 3 JL23—4-1.-2. OLYMPIC-tl^-S.,^ 

ORIGINAL 726 WA 
USE 0-.._aY—liGSO C -. W A. 

U3 13.3 121 10.3 SULPHUR CREEK H.S, 
.43-_15..3..__..12,l_l.g .3 SULPHUR CREEK H. 

ORIGINAL 726 WA 
USEa_BY-NGSDC. WA. 

47 20.5 121 55.4 GARLAND (SAN JUAN) 
4 7_53..3 121-.:2.Q.. 5 G:&&LAilO__C.SAN_J.UA 

ORIGINAL 726 WA 
USED-_B.Y_NGSOC WA 

46 HT.2 121 55.6 OHANAPECOSH H.S. 
. 46._tt_4-. 2 _„.121„3-3-..6 Ĉl.ilAM£E.C_0-SiJ _H..S ... 

ORIGINAL 726 WY 
USEO..BY„NGSOC _WY 

44 7.0 lie 41.0 HUCKLEBERRY H.S. 
4-+....._.7.0 110 41.0 HUCKLEBERRY H.S. 

ORIGINAL 726 WY 42 49.5 111 0.3 AUBURN H^S, 
ii«;pn RV nc^nr. WY L? UI.5 ill n.n AUBURN H.S-

http://NcA-R-jJ.CaX-RM.LIJL
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. ..' • Presentation made to the Geothermal Resources' Council, Rocky Mountain Chapter 
^' • Denver, Colorado - January 26, 1978 

PROGRAM PLAN FOR IMPLEMENTATION OF 

GEOTHERMAL RESOURCE DEVELOPMENT IN THE SOUTHWEST 

B. B. Barnes, DOE/DGE 

Before describing to you the Federal program plan for implementation 

of geothermal resource development in the Southwest, I would like to refer­

ence an article published in the November 28 issue of TIME MAGAZINE. The 

article refers to the Administration's energy program and where it now stands 

as a legislative proposal before the Congress. A criticism and a recommenda­

tion are presented in the article which comprise the substance of ny comments. 

What the article advises is directly related to an approach being taken by the 

Division of Geothermal Energy through a recently Initiated effort to produce 

collective planning using state and regional planning teams. The bottom line 

of the article is a criticism that the energy plan's greatest weakness is it's 

lack of a strong program for developing alternative energy sources — a crl-

• ticism shared" by many. Neither the Senate nor the House has succeeded in 

correcting the imbalance, although proponents for geothermal energy can take 

some satisfaction from several proposals- that are included regarding tax in­

centives. Undoubtedly, these w-ill go a long way towards helping to further 

.development Investment and thus stimulate activity, if enacted. The author 

y ' ' ^ - ' . r A : / . ] , ' ' . - ;.> • A.:'*.-̂:..̂''•'••••;'̂-' • ••̂;-''. '̂  V'-'-'i."'-̂ ' ;' : y ' ••:-':—•.:•-•''•>••.•'!•;-' U^.••'' .• ,-^ ••••.-
notes that an Impottant first step has been made In producing ia'National 

Energy Plan, but advises the Administration to make a serious effort to in­

volve the public in it's preparation of future energy legllation. This 

recommendation has significance as we examine our own efforts to formulate 

a National Geothermal Program. You should be aware that a first step in 

this direction Is already underway which will bring together Federal, state 

and local governments, with the piiblic and private sectors in a collective 

• planning unit. In the Southwest Region, comprised of the states of Colorado,. 

/' 

333^-^-^H•^•Y---:''^^y<---3'-^?'.'3^y'F'Sy-A-^.3'Ayyyi'A'A^i^^-'---yAA -v:-3^-^A--•:• ••• i-r. 
• • • J - ' ' ' , ' . • ^ ' • ' " ' • ' . . ' • i ' . ' •.'•'.-" ̂ "-^ *•••• %;"•. •.' ':••-•""•• ~ - ' i C . ' : . • ; • " f;"--" f T " ; ' . • • ; » . ' • • * - ».'.;• •.••'."^".- • * • , • • • ; , ' ' • r . ' - O ' " ' • • > . • • - - • • - . -> ••.•.-•,• - ^ ••••-': 
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New Mexico, Arizona, Nevada and Utah, we have such a planning group. A 

grass roots approach is what is involved which we think will provide the 

kind of Involvement the author of the TIME article felt was lacking in 

the energy plan for the Nation. 

Moving now to the subject of my presentation, I would first like to 

outline for you the present program and then relate this to the strategy 

for implementation of geothermal resource development. The major subpro­

gram elements (SLIDE 1) which relate to the Division of Geothermal Energy's 

research, development and demonstration activities are defined in six (6) 

budget categories and form the basis from whicJi the Division funds contracts 

to carry out it's program responsibilities. The subprograms are identified 

as: (1) Engineering R & D ; (2) Resource Exploration and Assessment; (3) Hydro-

thermal Technology Applications; (A) Advanced Technology Applications; (5) Util­

ization Experiments; and, (6) Environmental Control and Institutional Studies. 

A Geothermal Loan Guaranty Program, now administered by the Assistant Secre­

tary for Resource Applications in the Department of Energy, also forms the 

basis of the Federal- geothermal program. The spedlfic programmatic substance 

contained in each of the subprogram elements are outlined in detail In the 

•-,-• :• ; -. haiid.out I. ha.ve prepared for. you.. Time will not permit me to describe them 

completely, however I will elaborate on some specific projects that are signi­

ficant to the region later. 

. . The current program budget for Fiscal Year 1978 totals $103.7 million 

.and represents a sizable increase over previous years (SLIDE 2) and if (k>ngress 

• is so inclined, we can expect an additional Increase of about 20 percent for 

next year. At this point. It might be helpful if I described the organizational 

structure and respective functions for implementing the Federal Program. As 

you will see,.the organizational structure is mission-oriented as opposed to 

: • ' ' ' 

:..-y:-:.'%:-.̂=-•:.•>/,:.:;••.>:•.;•••'•̂-:-.-r<.\v-'̂.:.̂.*,̂-:- • :A :^ : . - ' ^~ - .A- r .A i . - : A A : " \ A y •••: ;- :x. :^AA:-: . : - 'A. '^-- . - : -A 
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research-or iented and i t comprises many more pa r t i c i pan t s than Just the 

Division of Geothermal Energy (SLIDE 3 ) . There i s a ce r t a in uniqueness in 

t h i s organiza t ional s t r uc tu r e — not so much because of the mission-oriented 

approach and matrix management, but because of the t i e the program has to 

the Interagency Geothermal Coordinating Council (IGCC) and the non-Federal 

e n t i t y , the Advisory Committee on Geothermal Energy (ACGE). The uniqueness 

comes from the fact that the IGCC i s a s t a tu to ry body provided for or ig ina l ly 

in the Geothermal Research, Development and Demonstration Act of 197A (P.L. 

93-AlO). Interagency coordination i s mandated and not a perfunctory duty. 

The Division of (Geothermal Energy (DGE), through the IGCC, has the responsi­

b i l i t y of coordinating the planning of the Federal Geothermal R, D & D pro­

gram and to coordinate a c t i v i t i e s of the several agencies involved in achiev­

ing the National program goal and ob jec t ives . The objectives of the Federal 

program are to provide the Nation with viable opt ions, which i f exercised, 

should lead to an environmentally acceptable, time-phased, (Commercial develop­

ment of the resource^ and encourage ac t ive ly the exercise of these options 

to achieve National energy goals . 

To f a c i l i t a t e the Implementation of the program for geothermal develop­

ment, the Division has ddopted what I have referred to as a raission-^oriented 

" " approach'to a s s i s t the pr iva te sector in the commercialization of the resource. 

Under th i s approach, the goal i s to accelera te actual commercial u t i l i z a t i o n 

in an environmentally acceptable manner. The object ive i s "power-on-line",(SLIDE ' 

whether i t be e l e c t r i c generation or d i rec t thermal (non-e lec t r ic ) u t i l i z a ­

t ion . Implementation is by way of Federal i n i t i a t i v e s tha t are intended to 

produce r e s u l t s in a planned and r a t i ona l time-phased manner. The planned time 

•sequence for br inging about geothermal production in commercial quan t i t i e s 

cons t i tu tes the miss ion and i s described in the form.of development scenarios • 

• " • • • • - - • - ^ ^ . 
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associated with s i t e - s p e c i f i c deveiopment. The i n i t i a t i v e s may be e i t h e r 

technica l or non-technical or bo th . Perhaps now you understand my e a r l i e r 

comments about e f f o r t s cur ren t ly In progiress by our regional operat ions re ­

search study team. This team, comprised of representa t ives from each of the 

• s t a t e s in the region, i s preparing s i t e - s p e c i f i c development scenarios that 

postula te our object ive In terms of schedules for ppwer-on-llne by when and 

how much. Our succeiss in achieving the. mission w i l l depend on the i n i t i a t i v e s 

we employ and the s t ra tegy used to bring i t about. The r e spons ib i l i t y for 

success I s shared by the many pa r t i c i pan t s I have l i s t e d ; the Federal, s ta te 

and l oca l governments; the p r iva t e sec tor ; and, the public i n t e r e s t groups.. 

I t i s the in ten t of the Federal program, which I have- out l ined for you, to 

promote such techn ica l , f inancia l and i n s t i t u t i o n a l support, leadership and 

ass is tance as neGess.ary to accoB5)llsh the power-on-line ta rge ts a r t i c u l a t e d 

In the development scenar ios . 

Thus fa r , I have made much reference to a regional s t ruc tu re — please 

l e t me explain. The Division^ in i t ' s e f fo r t s to achieve mission-oriented 

pjrpgram planning, has subdivided the United States into re'glons (SLIDE A-B) 

and assigned each region a Mission Team Leader; I represent the Team' Leader 

for Region IV, the Southwest Region. .Team, member ship Is comprised of repre-

{. -s en t-a tives'. - firom the , Diylslon.-^s researGh ' cq'mpQneriL.ts"; • -'the.'other .d'r-gaiilzations . "• -•" 

• lii the Energy Department; the other Federal, agencies and the public and p r i ­

vate sec to rs , as required. In a sense then, yoU represent par t of the mission 

team as your representa t ive i s now engaged In designing the development scen­

ar ios and pos tu la t ing s i t e - s p e c i f i c and regional power-on-line t a r g e t s . 

• Ea r l i e r , I made reference to wanting to elaborate on some of the Division 's 

- R&D projects current ly underway and which hopefully w i l l impact on develop­

ment of geothermal energy In the Southwest Region.. T think we would a l l agree 

j - ; .^\-=' ' ;^v- ' ' , . ;^,^{0;^ 
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tha t a l i s t of our most press ing technolojjy concerns would have to 

include those technica l vagar ies associated with our Inadequate knowledge 

of the follbwing: 1) resour.ce a v a i l a b i l i t y ; 2) reservoir , r e l i a b i l i t y ; and, 

3) the environmental impact of development and how i t can be cont ro l led . 

We can a l so enumerate our non-technological concerns associated with our 

InaTallity to deal with ce r t a in l e g a l , i n s t i t u t l o n a i and regulatory impedi­

ments t ha t act as b a r r i e r s to geothermal development. T would l i ke to take 

a moment to describe to 'you, b r i e f l y , some of the Divis ion 's planned and 

on-going e f for t s to reduce these concerns and bu i ld confidence in the future 

for geothermal resource development .-

Several .- p ro jec t s are in the process of implementation to deal with 

the technical concerns I enumerated. Three of these p ro jec t s I w i l l describe 

embody a s t ra tegy aimed at s t imula t ing Industry through Federal R & D sub­

s idy , in the area of resource explorat ion and assessment (SLIDE 5 ) . The f i r s t 

of these, p ro jec t s i s described as an Indus try-coupled case study program 

which cons i s t s of Federal cos t -shar ing with Industry for explpratlon and 

stiep-out wells in return fq-r data on t h e ' r e s e r v o i r . This program i s designed 

t o ' a cce l e r a t e confirmation d r i l l i n g and provide bas ic information on the 

nature oi geothermal•hydrothennal r ese rvo i r s of apparent commercial production 

po ten t i a l . ' T h e ' i n i t i a l request for proposals ' (RFP), published l a s t August, 

resulted i n the awarding of s ix (6) contracts to d r i l l and/or provide data 

from ex i s t i ng wells a t s i t e s in Southern Utah. Operations are currently 

.underway, "as I am sure, many of you are already aware. .We plan by August of 

th i s -year , to award addi t lona l contracts under t h i s projec t for d r i l l i n g or . 

data in the Northern Basin and Range Province, which includes the northern 

par t of Nevada,- sauthem Idaho, southwestern par t of Oregon and part of the 

eastern edge of California to the nor th . The HIT re la ted to th i s second In-

•̂%. :r;.=•'••--:'.-',3^^333:^'y!ry3'-y33yYY3:Ar-333!^ 33-r^\A'33Y'i• A-̂ - '<̂ •-:•̂ '̂70 
'\:'-:.''^AlA"';>/v. A""A.- A:'^'^'A-'iA'-"'''^'A'^*. A'^'f'zJ'^i' slAAK.:'^.:^'-\:A''• i/^::?^V-'AA?--''^. 
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duGtry-coupled case study w i l l be published within 30 days. 

The second p ro jec t , which inc identa l ly may be par t of the ef for t some 

of you here today aire engaged i n , i s the State Cooperative Project in resource 

assessment of low to moderate temperature geothermal hydrothermal resources. 

I t i s a p ro jec t tha t dove - t a i l s with the regional operat ions research study 

•which I mentioned e a r l i e r . The State Cooperative Pro jec t i s a cooperative 

e f fo r t with the ind iv idua l s t a t e s , the Division and the USGS to evaluate low . 

• t o moderate temperature r e se rvo i r s for possible d i r ec t thermal app l ica t ions . 

. I t i s . a two-phase p ro i ee t involving f i r s t an inyentory of avai lable resource 

data , and second, ac tua l explorat ion and. assessment by d r i l l i n g . The Pagosa 

Springs, Colorado s i t e I s current ly be d r i l l e d as par t of t h i s p ro jec t . 

A th i rd project cons'ists df a cooperative e f fo r t with the USGS to con­

firm the existence of geothermal reservoirs,- the po ten t i a l of which i s too 

speculat ive to a t t r a c t Indus t ry . This p ro jec t , dubbed the Pre-commercial 

Project , if successful , w i l l subs tan t i a l ly contr ibute to the number of new 

prospects required to reach mld/and far-term object ives of the development 

scen^ar-los and ta rge ts s e t for power-on-line. I t w i l l also provide the basic 
*. 

• resource charac te r iza t ion heces'sary to guide the development o f the Hot Dry Rock 

Program, current ly underway a t the Los Alairos Sc ien t i f i c Laboratory. 

•'• ;•,-: ..:"..-••' ,.. •.•'•;. As.-we- examine, our-^concer.ns related.'tp.,.the. en vironinent,- we •iieed.--to ;recognlze.'''' 

' t h a t geothermal energy, l i k e most energy technologies , has ce r ta in undesirable 

environmental c h a r a c t e r i s t i c s tha t affect . i t s se lec t ion for use, whether for 

e l e c t r i c power generatiori or for d i rec t thermal u t i l i z a t i o n . In cont ras t to 

•" - conventional systems in which resource ex t rac t ion , processing s torage , and 

power co.nversion are geographically dispersed, the e n t i r e power cycle for geo­

thermal' systetos takes place whe're the resource, i s located . Consequently^ the-

environmental impact i s l a rge ly con fined to the region surrounding the resour^ce 
- ' ' • ' ' • - ' ' ' . ' ' ' 
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extraction site. Concerns are being expressed regarding: 1) noise pollution 

during field development; 2) possible thermal release due to low efficiency 

of the power conversion system; 3) particulate and gaseous effluents, such as 

hydrogen sulphide; and, 4) possible land subsidence and induced seismic acti­

vity arising from withdrawal and reinjection of the fluids. 

The approach the Division is taking towards alleviating concerns about 

the consequent environmental Inpact of the aforementioned items is to demonstrate 

. that environmental control technology is well enough advanced to place 

geothennal development in the category of being environmentally neutral 

if compared to alternate energy sources, such as coal or nuclear energy. 

This can be accomplished by performing site-specific environmental 

analyses that compare alternative energy production with geothermal. 

using the best available technology for pollution abatement and Federal 

and State environmental standards as guidelines. The identification of 

• geothermal energy as a "small-scale", "intermediate" or appropriate 

technology and a viable alternative to larger, centralized, electric, 

coal and nuclear-based technologies that are currently forecast to 

become an important part of the energy delivery system, can be .an. . 

.. iiaportant part of the, strategy to convince the ..pub lie .and industry that .... 

geothermal merits consideration over less environmentally secure .alternatives. 

Indeed, the utillzatinn of geothermal energy might, in certain alternative 

energy developments, actually assist in the mitigation of environmental 

restraints. One such application the Division is currently studying is in 

combining geothermal with fossil fuel in a geothermal/fossil fuel hybrid 

power plant concept. Geothermal energy, in addition to being used to in-' 

crease overall energy productivity and economic efficiency, could be used 

3s3^s:^3y(y 3y-'\Y yv̂ 33ŝ A 3'̂ 3-̂ '̂'y'--̂ 'y'AS^y' 
y 3X7^^3397333:3 sy:-yA3s73y3Fy:3:yY'̂ ^^^^^ 
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in the coal preparat ion process to remove sulphur and thua enable coal- f i red 

p lants to meet environmental standards for sulphur dioxide emissions, 

I would l i k e to now sh i f t the focus to several non-technical i n i t i a t i v e s 

t h a t are underway t o he lp to reduce the l e g a l , i n s t i t u t i o n a l and regulatory 

impediments I mentioned e a r l i e r . The Division has devoted considerable effort 

towards developing pol icy and measures to reduce the Investment r i sk leve l so 

tha t geothermal development i s compatible with normal pr ivate sec tor Investment 

piract lces . These I n i t i a t i v e s , many of which are now incorporated in the Pres i ­

den t ' s ' National Energy Plan and the Administrat ion 's l e g i s l a t i v e proposal now 

before the Congress, include reconaaendatlons to introduce new l e g i s l a t i o n , amend 

or rev i se exis t ing l e g i s l a t i o n and/or regulat ions a f f e c t i n g : ' ! ) tax policy; 

2) leas ing of public lands and land management policy; 3) stream3.ining the 

environmental review procedures:; and 4) coprdinatlng u t i l i t y regulatory policy 

regarding transmission access and treatment of 'geotheinnal investm'Gnts in the 

irate base . How successful these i n i t i a t i v e s w i l l bei' in terms of the i r - Impact 

on geothermal"development, remains to be seen as they are enacted. How well 

they are received,by the decision-makers-who w i l l see to I t Ihey are enacted 

depends on the support and cooperation of many including, the Administration; 

-the Congress; Federal , s t a t e and loca l gpverriment agencies; muriicipal and p r i ­

vately-owned' u t i l i t i e s ; environmental'and other 'public i n t e r e s t groups; and, ' • 

the Industry i t s e l f . Coupled with i n i t l a t i y e s - to foster development through 

pol icy change. Is an ef for t toward gaining public acceptance of geothennal 

resource development through the- dlssemlnatipn of Information and education. 

In the very near future you wi l l be hearing much more of t h i s ef for t which I 

re fe r to as the "Outreach Pro jee t " . 

A number of o ther non-technical i n i t i a t i v e s are underway or in planning, 

whlGh, if implemented, could have significant}Impact on the r a t e of developmenti 

• • . • ' • . • - / t 

'A3^3^33y:A3:3yy7^y:39y33Yyyy/3A:SA.iA33 :̂7:> 
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A subs t an t i a l e f fo r t i s being made to develop the following i n i t i a t i v e s : 

— reviewing the l ega l and i n s t i t u t i o n a l complications associated 

with providing Federal rese rvo i r indemnity Insurance to assure 

users of geothermal energy of the r e l i a b i l i t y and longevity of 

hydrothermal resource u t i l i z a t i o n 

- - amending and/or revis ion of the l e g i s l a t i o n and regula t ions associ­

ated with the Geothermal Loan Guaranty Program 

— es tab l i sh ing t a sk force groups made up of loca l , s t a t e and Federal 

pa r t i c ipan t s to ef fec t ive ly deal with non-conformity in the various 

laws, de f in i t i ons and policy regarding geothermal resources and i t s 

development 

— analyzing the economic and po ten t i a l marketabi l i ty of geothermal 

energy for both e l e c t r i c a l and d i r e c t thermal appl icat ions at specific 

s i t e s and for spec i f ic ta rge ts of opportunity (SLIDE 6) 

— i n i t i a t i n g f e a s i b i l i t y s tudies for u t i l i z a t i o n of geothermal energy 

in Government Buildings• 

Before concluding t h i s presentation^ I want to mention a 'po l lcy which 
y . ' 

we in the Washington Headquarters are current ly in the process of Implementing. 

Tt has to do with energy programs under the Assistant Secretary for Energy 

Technology and i s re fer red to as "decent ra l iza t ion" . Although the Geothermal 

Division has been decentral ized to a large extent , there wi l l be an even greater 

effort in t h i s regard. Essen t ia l ly , the purpose is to move program management 

-.and project oversight to the f ie ld where i t i s f e l t t he i r implementation can 

be most e f f ec t ive . In t h i s regard, I'am now preparing a Program Plan for the 

Southwest Region which includes management of the program in the f i e ld , par t in 

cularly those program pro jec t s that are s i t e - s p e c i f i c and regional in nature . 

I envisage an organizat ion comprised of Sta te Implementation Teams, using ex-

:••:•••< \ A . - 'A:- . A - 1 . . 3 ^ A A ' : A = " - ' ' ^ - - 3 3 •'•-• •••' -'<'•'- T'^ '-'̂  ••••/•• '• A - : >''^^•i• - - ' ' . • . • ' ^ ^ • A : - - ' A . - : ^ ^ - - - - / 
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Isting state teams now functioning as part of the Regional Operations Research 

Planning Study. The responsibility therefore, would not only encompass the 

planning of development scenarios that specify time-phased development activi­

ties associated with postulated electric and direct thermal power-on-line 

target dates, but also encompass taking the necessary action to bring about 

the realization of development. In a sense, the State Team Leader would wear 

two hats — that of the government planner, and that of the Implementer who 

must "think like a businessman". To help the Implem.entatlnn team I hope to 

be able'to augment them with consultants from the private sector who can bring 

with them the businessman's viewpoint (SLIDE 7A). 

Finally, I cannot resist imposing on you an amateur's approach to evalu­

ating energy supply and demand projections, with particular reference to the 

Southwest Region. This, incidentally, comes under the heading of "Impact of 

Regional Characteristics on Implementation Strategy" in the Program Plan for 

the region which I am now preparing. The history of energy consumption was 

obtained from sources in the Department of Energy and the projections are ny 

own doing. Before presenting them, it i§ Important to bear in mind the Impact 

of changing demographic patterns, namely, population. One needs only to look 

at the population density of the United States to realize the regional posture 

(SLIDE 7B). Sparse as it "inay'appear,' however," statistics on the rates of'popu-' 

lation growth reflect a somewhat different pattern (SLIDE 8). Couple this now 

with statistics on the amount of lands controlled by the Federal Government 

in the region upon which about 40 percent of the Nation's known geothermal 

• hydrothermal resour.ce base exists and you have some conception of the future 

impact on supply and demand of resources in the region. . I compiled data on 

consumption for the years 1960 through 1975 and plotted it to obtain trends 

(SLIDES 9 through 11). From this exercise, one quickly realizes how critical 

y'7937L 73}AA33[ 7y3î yy 3yyyi9^3337y '3 339333 •'̂  3377 
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energy resource development i s to providing the supply to meet future demand. 

When I f i r s t took on t h i s job I was sure the region would be a net energy ex­

por te r — I am convinced now tha t an ever increasing market ex i s t s within i t s 

boundaries . Forgive me for not discussing more the economics and work we are 

doing to r e l a t e market penetra t ion of geothermal energy, especia l ly as th i s 

resource r e l a t e s to the comparative economics of a l t e r n a t i v e sources of energy. 

This i s an area of concern to us and one which ul t imate ly w i l l determine the 

v i a b i l i t y of geothertial resource development in the marketplace. We are in 

competition with other sources and economic v i a b i l i t y i s e s sen t i a l to compete. 

Perhaps at another meeting we can discuss th i s i tem. 

I hope in the shor t time I have had tha t I have conveyed to you the broader 

perspect ive of where the Divis ion ' s geothermal program i s headed — indeed the 

National Program for geothermal development. 

I f there are quest ions I w i l l be happy to respond. 

3 • 
^o A / / c: / I C? 
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GEOTHERMAL PROGRAM_^ FY 1978 

DGE RD&D SUBPROGRAM ELEMENTS BUDGET AUTHORITY ($MILLION) 

Engineer ing R&D, , . . , . • . . . . . . . . . . . .• ' .i .*. 
- D r i l l i n g Technology (Improved b i t s , downhule motor b e a r i n g s ) 
- U t i l i z a t i o n Technology ( h i g h - t e m p e r a t u r e e lements for we l l 

complet ion; m a t e r i a l s r e s e a r c h ; improved e l a s ton ie r s f o r s e a l s , 
p a c k e r s , c a b l e s , blow-out preventers - ; f l u i d chemis t ry , p r o c e s s 
R&D, waste d i s p o s a l ; f l u i d i z e d bed an,d d i r e c t c o n t a c t h e a t e x ­
changer s ; h e l i c a l screw expander t u r b i n e g e n e r a t o r ; advanced 
downhole pump; we l l -head g e n e r a t o r ) . i 

Resource E x p l o r a t i o n & Assessment ^ 
- -Explo-ra t ion Technology (downhole I n s t rumen'tation f o r h i g h -
. . temperature env i ronment s ; tn: and A^n: t e c h n i q u e s development) 
- Rese rvo i r Assessment & Confirmat ion ( Indus t ry -Coup led Case S 
• S t u d i e s Program; Low-temperature Resource Assessment) 

15 .5 

1 7 . 6 

3 . Hydrothermal Technology A p p l i c a t i o n s . 28 .0 
. . - ' . .Engineering & Economic S tud ie s - D i r e c t Thermal A p p l i c a t i o n s 

4 . Advanced Technology A p p l i c a t i o n s . . . . . . , , . . . . . . . . ; . . . . . ' 22 .5 
. - Geopressured I t epos i t s - Gulf Coast* . *,;•• ". .'.- •. .-

- 'Hot Dry Rock Program. - LASL 
I •• , . , 

5 . U t i l i z a t i o n Exper iments . . . . . . . . . . .' '..••, . . . . ' . 12 .0 
- Demonstrat ion P l a n t s (50 MWe. power, p l a n t ; D i r e c t Thermal f i e l d 

u t i l i z a t i o n experir.iefits) - I 
- P i l o t P l a n t s (GLEF, GCTF, Raft River ' Ihermal Loop) i 

Enyironmentai Con t ro l & . I n s t i t u t i o n a l S t u d i e s . . . , , . , : . . . . . . ; . 
- Environmental S t u d i e s ( c o n t r o l t echno logy , d i s p o s a l , e t c ) ' 
- Economic, P o l i c y ' & P l a n n i n g Ana lys i s (Regiona l Opera t ions R e ­

s e a r c h S t u d i e s ; systems a i i a l y s i s ; p o l i c y s t u d i e s ; economic & 
Legal s t u d i e s f o r p l a n n i n g and p o l i c y e v a l u a t i o n ) 

- Technology U t i l i z a t i o n &- In fo tma t ion Di s semina t ion ( "ou t r each 
Programs") 

8 . 1 

TOTAL FY 78 BUDGET $103.7M 

SLIDE 1 • 
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TARGETS OF OPPORTUNITY 

— ELECTRIC POWER GENERATION (.FOR GRID DISTRIBUTION) 

— GEOTHERM.«L/FOSSIL FUEL HYBRID POME PLANT 

•— COAL PREPARATION 

— ORE BENEFICIATION & PROCESS APPLIGATIONS 

," DISTRICT HEATING & COOLING 

~ INDUSTRIAL PROCESSING 

— WASTE, WATER UTILIZATION FOR SECONDARY CONSUMPTION' 

— MINERAL PFCOVERY 

— ELECTRIC P'OWER GENERATION (CAPTIVE UTILIZATION) 

-- AGRIBUSINESS 

— FOOD PROCESSING 
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.Prograa Title: CEOtHERMAL ENERGY DEVtLOPlIEWT 
Budget and Reporting 

I. ProKrao .Elenencs: ' , Classlftctatlon 

Geothermal Energy MiD Subprogracna • . 

Engineering Research & De.velopment ' ' . ..AE 01 " - • 
Resource Esq), lor a tion and Assessnent 'AE 02 , . ' - -
Hydrothermal Technology Application AE 03 ' • • " ."'•' 
Advanced Techriology Application AE 04 ' 
IJtlliiation Experinents AE 05 
Envlronnental Control i In'sticiitional Studies . AZ 06 T ' 

'2- Responsible Organization: Di'vlslon- of Gectherrtai Energy -•- ;' . • 

Responsible Individual: Dr. James C. Bresee, Director 

3- ProRraa Plan; 

3-1 Frofiram Goal; -

The objective of the iFederal Ceotheraal Prograia is to stloulate the develop­
ment of geothermal resources as economic, reliable, operationally safe, and 

. envtrorurentally acceptable energy sources. There are three principal types 
of geothermal energy resources of inEerast for the period through the year 
200.0. In increasing order o£ estinated magnitude of reserves, they are 
convective hydrothermal (vapor-dominated "dry steam," or liquid-dominated 
"super heated water"), geopressured hydrothermal (including contained nacural 
gas), and hot dry rock resources. In addition, low-temperature resources iz 
the Eastern 0.S. (radiogenic reservoirs) may be developed in the taid-term. -

The Division of Ceotherrial Energy (DGE) has shifted Its enphasls-Eo a mission-
oriented ap'proach to develop the nation's geothernal- energy resources wherein 
the goal is to accelerate the actual comc^rtial utilization of ge.othermal 
energy; that i s , - the production of electrical "power-on-line" and non-electric 
(thermal) power la cpomercial quantities. ESE goals are being developed ia 
terms of bringing geothermal power (electric and non-electric) on line, in a 
planned and rational time-phased nanner. The planned tioe sequence for bringing 

. . . power oo line is expressed in the form of resource deyelopmeht scenarios for 
. . geothepsal. prospects. The DGE nission is to impleoent Federal initiatives to . 

achieve the goals whlie eophasizing proper time phasing "with initiatives of 
ooor^Pederal entities which are implied by the goals-

The- Intended Federal Program impact is to increase the annual race of con̂ .er-
cial utilisation of geothertnal energy from the present 0.04 quads (500 IWe), 
to 0.3-0,5 quads in the near-terra (approximately 1985), 4.0-9,0 quads in the 
mld-terta (1985-2000), and 16i0-28.0 quads in ttie long-term (by about 2020) 
as shown In Table 1. 

SA'>A- ' ' . ^'A\:ASY''^^'7••'.^^•^•^-T-^y:''''^:A'/!'-rA'^'." 
^'A^iA^'T~:.-^'A-^A-' 'A:.:A^' ...•.•• A . ^ ^ i ^ ' •'•'S^'rA^'>-:y. 
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TABLE 1 

INTENDED COtDERCIAL GEOTHERMAL 
trriLizATioN POTENTIAL- GIVEN 

SUCGESSrUL FEDERAL PROGEIAM IHPLEtlEMT.ATIQN 

- 19S5 2000 2020 
—̂ .,, 

Electric CsRactty (MM) 3,000-4,000 20,000-40,000 70,000-140,000 

Electric Aop11cations 0.2-0.3 1.5-3.0 5.0-10.0 
Equivalent Fossil Fuel ' • -.. . 
Energy (quads/yr) 

No n-c lee trie Applications 0.1-0.2 0.5-2-.0' 6.0-̂ 8.0 
(quads/yr) 

..Geopressured Methane, 0-0-0.005 2.0-4.0 5.0-10.0 
(quads/yr) 

Total Energy (quads/yr) 0.3-0.5 ' 4.0-9^0 ' 16iO-28.0 

. The major program object.lvcs for FY 78 are to (1) complete the first phase of 
geothermal development scenarios for regions 1. through 5; (2) begin initial 
design, site evaluation, reservoir verification, and environmental studies for 
the first 50 ilWe geothermai demonstration plant; (3) begin constructioa of 

.•first 40 If.st unit (5 KW equivalent electric) of the Raft River thermal loo? 
• facility,; (4) begin- design of the High lemperature. High Scaling Te'st Facility 
In the Imperial Valley, Califdrnia; (5) s'tart first phase of field experimsnts 
of direct applications of gaot'nerEial heat; (6) complete a preliminary naticn-
vide inventory o£ low-tenperature reservoirs suitable for direct heat uses:; 
(7) Iraplemenc reservoir engineering studies at Cerro Frito as part of a 
bilateral cooperative project with Mexico; (8) initiate geopressured reservoir 
assessment efforts using two new'wells designed specifically for geopressured 

•• water production; and (9) continue test and evaluation of drilling equipment and 
. utllizatiori systems designed to reduce,the cost of producing-gebthermal pover. 

3.2 Prograni Strategy: - - . •• ' , 

The jgeptherr-̂ 1 developaent strategy involves (1) reduction of uncertainty in 
assessments of the available resource base, on both regional and site-specific 
scaleis, (2) stimulation of the comnercial development of hydrothermal resources 
through an RDfiD program to reduce technological and environmental risks, (3) a 
loan guaranty program, to reduce len'ders' risks, and (4) development of policy 

.^.. r * * - . 

•M'.- .•.̂ •-:;;-.••. ."T-v. -;..,. i. 
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measures t o reduce I n s t i t u t i o n a l u n c e r t a i n t i e s to a r i s k l e v e l compat ible with 
normal p r i v a t e s e c t o r investment p r a c t i c e s . For the longer term. Federa l RD&D 
prograos a t e aimed a t p rov id ing the advanced technology or o the r i n c e n t i v e s 
r e q u i r e d t o make the l a r g e geopressured hydrothermal and h o t . d r y rock resources 
coomerc i a l ly v i a b l e ; A s i g n i f i c a n t s tep in f a c i l i t a t i n g achievement of the. 
o p e r a t i o n a l l y safe and e n v i r o o n e n t a l l y accep tab le conponents of the program 
o 'b jee t Ives i s the p r e p a r a t i o n of an environmental development p lan (see 
e e c t i o n 3 i 3 i 6 ) . 

. ' " • * • • 

Iti suppor t of the comnerc i a l t z a t i on component of the s t r a t e g y , the Fede ra l 
Government t s working c l o s e l y wi th S ta te ' a t id l o c a l governments , i n d u s t r y , 
a u n i c i p a l a u t h o r i t i e s , , and env i ronnenca l and o ther pub l i c i n t e r e s t gro'ups in 
I d e n t i f y i n g a p p r o p r i a t e Fede ra l I n i t i a t i v e s tha t would most e f f e c t i v e l y 
encourage inves tnen t in .geothernal energy and promoce p u b l i c accep tance of i t s 
development . In order to p lan an e f f e c t i v e nat ion-al . Federa l and DOE geo­
thermal energy program, DGE has i n s t i t u t e d a system of n a t i o n a l and r eg iona l 
o p e r a t i o n s res.earch and system ana lyses c o n t r a c t s . These r e g i o n a l c o n t r a c t o r s , 
in coope ra t i on wi th l o c a l e n t i t i e s ( S t a t e / l b c'al government, Indus cry,, and 
s p e c i a l i n t e r e s t groups) w i l l formulate r e a l i s t i c geothermal energy develop­
ment s c e n a r i o s for the ass igned r e g i o n s , and w i l l i d e n t i f y the publ ic and 
p r i v a t e i n i t i a t i v e s requi red in order for x'nese s cena r io s to m a t e r i a l i z e . 
The forraula t ion or the .geothermal development s c e n a r i o s w i l l p rcv ide the tLata 
bases fo r d e c i s i o n - s a k i n g as to r equ i red governiaent r e s o u r c e s , t 'neir a l l o c a ­
t i o n , and p r i o r i t i e s , among v a r i o u s program e lements . Table 2 i n d i c a t e s 
the Current a s s lgnpen t of DGE miss ions to f ive reg ions based in p a r t oh t'r.e 
p r i n c i p a l hydro t h e m a l resource t ype a v a i l a b l e for u t i l i s a t i o n In each reg ion , . 
and In p a r t on i n s t i t u t i o n a l c o n s i d e r a t i o n s . • . . , 

TABLE .2 

DGE t i i s s t o n s 

Mission Resource T-yoe 
General Area 
Assignment 

Saline.Eydrothernal. High-Temperature 
High'-Saiinlty 

Central Pacific 
Coast" of U.S. 

High-Tenperature 
Hydrothernal 

High-Temperature, 
Low-to-Moderate Sallriity 

Southwestern U.S. 

Moderate-^Temperature 
Hydrothernal 

Moderate-Temperature, 
Low-Sa Unity 

Northwestern U.S. 

Geopressured Hy d ro the r'mal Mode rate-Temperature, 
low-to-Hoderate Salinity, 
Dissolved Methane 

Gulf Coast of U.S. 

Low-Temp era t u r e 
Resource . 

Low-Temperature 
Low-Sa l in i t y , Radiogenic 

Midwestern and 
Eas te rn U.S-. 
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DOE mission In International cooperation is to conduct mutually beneficial 
programs that vlll not only enhance DOE's ability to develop and demonstrate 
a wide range of energy options for the future, but will also contribute to 
the development of markets for U.S. geothermal technology. International coope­
ration is achieved either through bilateral agreements with individual couctries 
or multilaterally under the aegis of an international organization such as 
the International Energy Agency (lEA) or the NATO Committee on the Challenges 
to Modern Society (CCMS). 

Through the efforts of. the Office of International Affairs, technical coopera­
tive agreements in geochermal energy have been arranged with Italy, New 
Zealand, Japan, Mexico, Iceland, and the Republic of Germany as part of an 
overall technology exchange program. DCE is participating in multilateral 
cooperative activity through its membership on four recently formed panels of 
the lEA Geothermal Energy RSD Working Party. DGE is also participating in 
multilateral cooperative agreements under the aegis of the N.ATO CCMS. In 
particular, the U.S. has been designed the "pilot" or "lead" country for 
geothermal energy (with Italy and Turkey as co-leaders). 

3.3 Proitram Content; 

The program for implementing the strategy is comprised of the following six 
RD&D subprograms: 

(1) Engineering Research and Development; (2) Resource Exploration and 
Assessment; (3). Hydrothermal Technology Applications; (4) Advanced Tech­
nology Applications; (5) Utilization Experinents; and (6) Environmental 
Control and Institutional Studies. 

Responsibility for the Geothemal Loan Guaranty Program was transferred 
from DGE to the Office of the Assistant Secretary for Resource Applications 
at the time of formation of the Department of Energy. The Geothermal 
development strategy assumes continuing benefits fron the implementation 
of this loan guaranty program. 

3.3.1 Engineering Research and Development (FY-78 B.A. $15.5 million) 

Engineering R&D efforts underway are aimed at reducing the cost of producing 
geothermal power. Some projects address problems that must be solved if 
exploitation of geothermal energy is ever to support a. significant industry. 
Other projects seek to improve existing technology. Near-term projects are 
expected to have payoff in the next two to five years. Longer term projects 
may' contribute to the near-term work, but are expected to produce major payoffs 
after 1982. The Engineering Research and Development Subprogram is composed 'of 
two major elements: Geothermal Drilling Technology and Utilization Technology. 

a. Geothermal Drilling Technology: The Drilling Technology element has. two 
main components. The first concentrates on improving existing methods and 
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equipment to reduce costs and envlronnental hazards in severe downhole environ­
ments coamonly found in geothermal reservoirs : high pressures, hl'gh tentpera-
Cures, corrosive br ines , aiid hard crys ta l l ine rocks. This work covers 
development of laproved ro ta ry d r i l l b i t s , down-hole d r i l l motors and dr i l l ing 
f lu ids , "ftie second component Involves the developaent of high-temperature 
d r i l l i n g fluids and new d r i l l i n g concepts which will be required to reduce 
costs for exploitat ion of a l l geothermal resources over the long-term. The 
most Important efforts associated with reducin'g d r i l l ing costs in the near-cer^ 
are: ; . , v 

o Roller c'one b i t s ; Improved r o l l e r cone bi ts are lindergoing final la'boratory 
t e s t ing . Field cestin.g wi l l begin in January 1978 leading to. commercial 

•avai labi l i ty by May 1973. 

o Compact diamond b i t : The compact diamond b i t is currently undergoing 
laboratory t e s t s . F i r s t f ield t r i a l s wil l begin in February 1978 and be 
completed by .May 1978, 

o Test and evaluation of a prototype continuous chain b i t were, completed 
in June 1977. Ful l -scale f ie ld tes t ing of this d r i l l b i t wil l be conducied 

' In l a t e FT 78. 

o Down-hole motors; The development of improved bearings and seals for 
downhole motors for geotherciBl ap'pl lea tion has been underway since FY 76. 
Field test ing of the f i r s t improved seal/bearing assembly wil l begin in 
September 1978. 

hi Dtt l lzat ion Technology: This subprogram element includes projects 
associated with geochemical engineering, advanced heat exchanger development, 
advanced energy conversion systeop, extraction techno.logy, and well stimuia-

' t ion . The solution of geochesii.cal engineering pt obi ens and the development of 
stiimilatlOn technology wi l l bring about a significant reductipn in the cost of 
power. Projects designed to gain increase in the efficency of conversion 
equipaerit and prime movers offer less oppor.tunity to reduce i n i t i a l capi ta l 
investment, bu't they should'prolong reservoir l i f e . . • . . . 

Geochenlcal engineering projects cover two-areas of in teres t ; fluid chemistry 
and mater ia ls . Water u t i l i z a t i o n , f luid-control j fluid checdstry and process 
R'&D associated with geothermal f luid management and disposal are expected to 
provide near-terra benefits ' . Materials research i s expected to provide near-
term benefits through the developnent of new high temperature elenents for 
geothermal well completion, less expensive materials of construction for 
geothernal power p lan ts , and improved elastomers for sea ls , packers, logging •• 
cables and tjlow-put preventers. Results attainable in FY 78 under the geo-
checilcal engineering projects wi l l provide essential corrosion and scaling 
Inforiaation for large R&D tes t f a c H i t l e s , such as those at Niland, Ca.; Raft 
River, ID.; and East Mesa, Ca.; as well as the hydrothermal y t i l i z a t i o n 
experiment to be in i t i a t ed In FY 78. 

:vi-"•,*•";̂ -'*•':•;v;- :L"? : A A T - - ^ ^ ^ A ^ A - A _:; .^^A"^- A:.A;;- •>; >; -y -A 
• . f 
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Advanced heat exchanger projects Include work on direct contact heat 
exchangers, fluidized bed heat exchangers, organic working fluids^ and 
heat rejection techniques. The development of advanced energy conversion 
systems includes work on conversion machinery such as the helical screw 
expander and the geothermal rotary separator as well as wellhead generator 
systems. Extraction technology projects address the problems of increased 
production from geothermal veils by the use of down-hole pumps and -Jell 
stimulation techniques. T--enty projects are underway in the follo-Jing 
areas: heat exchangers, energy conversion systems (turbine-generator)^ 
and down-hole pumps. - • 

Heat Exchangers: 

o Field tests of the fluidized bed and direct contact heat exchangers, 

at the East Mesa t e s t facility will be coapleted in August 1977. Results 
of follow-on tests will lead to the establishment of commercial design 

, criteria by September 1978. 

o The fluted tube condenser component test which will begin in late FY 77 at 
the East Mesa test facili'ty, will be expanded in June 1978 to a full field 
test of a fluted tube and shell condenser unit. 

Energy Conversion Systems: ' • 

o The total flow (mixed phase) impuls'e turbine being is currently undergoing 
preliminary lab tests. A go - no go decision whether to continue this sffort 

will be made in November 1977 following completion of system lab tests and 
related engineering and economic analyses. 

o The helical screw expander has been under development since FY 76. Field 
testing of the screw expander will be completed in June 1978. 

o The design contract award for development of an improved binary turbine 
(central power plant) will be made in December 1977. 

o Design contracts for two wellhead generator systems (flash steam turbine 
generator; binary thermal pump) will be awarded in early FY 78. 

Down-Hole Pumps: 

o Four projects are being conducted in the area of advanced down-hole puro 
- technology. These efforts are'directed at providing improved pumps for 
Industry and DOE use by December 1977. ', 

The Engineering Research and Development Subprogram activity schedules and 
milestone charts are presented in attachments 1-1 and 2.1 respectively. 

'•.;'•/.••••'•"---- i f - . • . • ' . \: • • • . - . — . ' • - . 1 . • " • ' I - . . ••'• < . • • • . • • : . • : • y : ' : . ' ' 

y y < 3:79777 '3y3yYyy797yy7s37AY7777)773737'y7y7 '.••'. '7s 9' :• 
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3.3.2 Resource Exploration and Assessment (FY 78 BA $17.6 million) 

The objective of the Resource Exploration and Assessment Subprogram is to 
assist industrial developaent of geothermal resources by reducing the technical 
and environmental risks of exploration and improving the technology for 
reservoir assessment needed to accelerate development of confidence in 
predictions concerning geothermal reservoirs with respect to temperatures, 
flow rates and longevity sufficient for long-term commercial operation. 
Reservoir confirmation now requires up to 2 or 3 years of flow testing. T=5 
rationale for the subprograa is the need to stimulate at least a facC'jr--of 1 
or 3 increase in industry activity in the discovery and ccnfirrzation of hig:; 
grade resources (particularly 'nydrothermal), in order to meet :ha 1935 .goal 
for geothermal electric powar-on-lir.e. This subprogram consists of two maiz 

- activities—exploration technology and resajrvoir assessment and confir^aticn.-

a. Exploration Technology: The exploration technology efforts are orientei 
toward the development of new and improved surface and subsurface techniques 
for the detection and delineation of geothermal reservoirs with the aim of 
reducing the risk and cost for industry during the exploration and reservoir 
confirmation phases of geothermal development. 

o Subsurface Technology Development: Improved down-hole instrumentation 
v/ith a temperature capability to 320 C is being developed. Newly 
developed well logging equipment will be field tested in FY 78. Upon ccn-
pletlon of field tests in June 1978, a decision will be made by DGE 
whether to initiate a very high temperature systems development effort. 

o Surface Technology: Field testing of magnetotelluric (MT) and audio-
magnetotelluric techniques will be completed in May 1973. This will 
be followed by I-IT system technology transfer, to industry to provide rapid, 
inexpensive, and reliable reconnaissance tools. Optimum mix of exploration 
tools and associated data interpretation methods will be specified for 
basin-and-range geology in March 1978. Investigations intended to determine 
optimum exploration strategies for a new geologic setting will be completed 
in September 1978, at which time DGE will evaluate the need for additional 
studies. 

b. Reservoir Assessment and Confirmation: The reservoir assessment and 
confirmation projects are directed toward the development of improved 
reservoir engineering techniques to facilitate the accurate prediction of 
the long-term production behavior of a reservoir. 

Selected reservoir assessment projects associated with large, high-temperature, 
hydrothermal resources will be carried out in cooperation with Industry 
(Industry-Coupled Case Studies). DGE will also carry out a small amount of 
direct assessment of geothermal systems with large potential which, for a 
variety of institutional and technical reasons, are not being investigated by 
industry (precoomercial case studies). A low-to-moderate temperature reser-'oir 
assessment effort has been initiated that will stloulate the developaent of 

. ' . . »• • 
•',*••_'..> 
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individual reservoirs that have a marked potential for non-electric utilization. 
A total of forty projects are being pursued under this subprogram element in 
n 78. ••; 

o Industry-Coupled Case Studies: Case studies covering a second geothermal 
field will be Initiated in October 1977. Case studies of the first and 
second geothermal fields will be completed in April 1979 and September 1979 
respectively. 

o Precomnerclal Case Studies: Reservoir studies ac Coso Kct S-rints ---ill 
continue through T< 73 to define reservoir characteristics ar.i evaluat; :he 
commercial potential. .\ :jicilar eval-jation will be performed at a site in 
the Snake River Plain during Tf 78. 

O Non-electric Reservoir Ccnfiroation: Four assessment projects were ini-iiited 
in FY 77 in cooperation with state authorities and the USGS. Ten secocd-
generation assessment projects will be started in late FY 78. Shallow 
drilling as part of the first generation assessment projects i r i lX be 

• Initiated in March 1978. In addition, four studies are' underway to define 
low temperature resources in the Eastern U.S. (radiogenic reservoirs). A 
DGE decision will be made in De-cember 1978, based on the results of these 
studies, whether to proceed with deep drilling at a site to be selected in" 
this geographical region. 

o Reservoir Engineering: Reservoir performance model development will be 
continued in FY 78 with an emphasis on t-JO-phase (steam/-.-ater) reservoirs-
Verification of the Raft River reservoir model with field test data will be 
completed in September 1978. Initial regional base level surveys and veil 
testing at the Cerro Prieto reservoir will be completed in September 1973, 
as part of a bilateral cooperative project with Mexico. 

The Reservoir Exploration and Assessment Subprogram activity schedules and 
milestone charts are presented in attachments 1.2 and 2.2 respectively. 

3.3.3 Hydrothermal Technology Aoplications (FY 78 BA S28.0 million) 

The objective of the Hydrothermal Technology Applications subprogram, is 
to improve subsystems and systems engineering for the utilization of liquid-, 
dominated geothermal resources, for electric power generation and for non­
electric uses. Development effort will progress systematically from the 
testing of subsystems and processes in field test facilities to scaled test­
ing of integrated energy conversion or utilization systems in pilot plants. 
Improvement of the engineering design for such plants is intended to reduce 
the technical and environmental risks to a level that is reasonably acceptable' 
and attractive to industry. Verification of commercial, economic viability 
and environmental acceptability of full-scale systems In demonstration 
plants would normally follow. The projects concerned with test facilities 
and pilot plants will provide technical and environmental operating data 
under actual field test conditions in order to verify the ability of developed 
systems to meet performance, reliability and environmental criteria. 
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a. Electric Applications: The use of vapor-dominated hydrothermal resources 
for production of electric power is a fully proven application, with years of 
profitable operation at The Geysers in California. However, achievement of 
the near-tera goals for geothermal power-on-line will depend primarily on 
utilization of the more abundant liquid-dominated resources, particularly 
those yielding higher temperature fluids that offer higher overall thermo-
dynanic efficiency and thus lower unit cost of electric power. The major 
efforts are: 

* • 

o Niland, California: A jointly fund.id industry/DOE Geothermal Loop 
Experinental Facility (CLEF) using a flashed-to-binary energy conversion 
cycle vith the hypersaline brines cf the reser-.'oir .-.ear N'iiand was placed . 
In service in June 1976. Comprehensive thermal loop tests, currently 
underway, are scheduled for completion in December 1978- A decision will 
be made in November 1977 whether to add a turbine-generator to the GLEF. 
Design of the High Temperature, High Scaling Test Facility will be 

. started in May 1978. 

o East Mesa, California: A high-temperature, moderate-salinity test facility 
for prototype components and subsystems testing has been constructed in 
cooperation with the Bureau of Reciaaation at East Mesa, California. Tie 
Installation of four test pads in this DOE Geothernal Component Test 
Facility was completed in February 1977. Operation of the test facility 
will be continued through FY 78 and beyond to accommodate increased require­
ments for components and subsystem testing. 

o Malta, Idaho (Raft River Project): The Raft River thermal loop facility 
Is designed to test integrated energy conversion systems specific to the 
opper range of moderete-cemperature, low-salinity resources. In order to 
provide a phased program wherein technologies are employed as they become 
•available, two 40 MW thermal units (equivalent to 5 MW electric each) will 
be installed sequentially. Construction of the first unit, using currently 
available technology, will begin in March 1978. Effort relating to 
the second 40 MWt unit which will provide for testing advanced heat 
exchangers and related advanced technology, is planned to begin in FY 79. 

o Hawaii: Additional drilling,'resource assessment and reservoir engineering 
activities will be pursued at DOE's test site in Hawaii, leading to the 
Installation and testing of a well-head generator .beginning in February 1978-

b. Non-electric Applications: There is a large potential market for non­
electric uses of geothernal heat contained in low-to aoderate-temperature 
(50 CO 150 degrees C) hydrothermal resources. DOE/DGE Is fostering diverse 
applications in the direct use of geothermal heat in order to encourage wider 
utilization of these resources. A number of engineering and economic studies 
of non-electric applications were initiated in FY 77. The non-electric pro­
gram will be expanded further in FY 78 and FY 79 by additional site-specific 

V •••.:.-:i:V:V>^•^r•:v••t^•;;'•^•'.--^-f.: :.••:?• v- = - ^ A ^ . ' - - y - - ' y - - ^ A A ' - '••• V: :-̂-:' l-'-;."-r: •:^'v i •••<:• 'i;. '••'- --;:.:•.•. -
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application studies directed toward broadening the scope of involvement of 
various non-electric industry sectors. Selected non-electric applications 
experiments covering residential/commercial space heating and cooling, indus­
trial processing, and agricultural uses will also be initiated in FY 78 to 
obtain data on site-specific and applications-specific economics under actual 
field conditions, with a view toward expediting industrial coonitment to 
various sites and to provide early momentun to growth in the utilization of 
the low-to-moderate-temperature resources. 

The Hydrothermal Technology Applications Subprogram activity schedules •.f.r.i 
milestone charts are presented in attachments 1.3 and 2.3 respectively.' 

3.3.4 Advanced Technology Apolications (FY 78 SA S22.5 million^ 

Longer-range expectations for extensive utilization of geothermal resources 
are embodied in the Advanced Technology Applications subprogram. Specifically, 
the major targets are the huge resources represented by the geopressured 
systems along the Gulf Coast which are believed to include large quantities of 
methane, the hot dry rock systems expected to be found over large areas of the 
Western states, and ultimately the widely distributed conductive heat of the 
earth's crust (normal gradient resources). 

The objective of the Advanced Technology Applications Subprogram is to establish 
the feasibility of using geothermal resources that require technologies beyond 

• those presently available. Development effort will progress systematically 
from characterization of the resources (see section 3.3.2), identification of 
environmental issues, and evaluation of new concepts for energy recovery, to 
the testing of components, subsystems and processes in field test facilities, 
and to the testing of systems in pilot-scale electric plants. By this means, 
technical and engineering feasibility, and environmental acceptability will 
be demonstrated and technical and environmental risks will thereby be reduced 
to a level that is considered reasonable and acceptable by industry. The 
need for demonstration on a commercial scale will be evaluated as the 
technologies mature. 

a. Geopressured Utilization: Efficient utilization of geopressured resources 
vlll require the recovery of thermal energy, conversion of hydraulic energy, 
and the separation of contained methane gas. Due to the high cost of drilling 
and well completion under typical conditions at the depths and pressures 
involved, there are two major reservoir uncertainties that need to be resolved 
before comoitment to expensive technology development projects. The uncertain­
ties are (1) the number, producibility, and size of individual geopressured 
aquifers, and hence their ability to sustain large flows of water over long 
Intervals of time, and (2) the amount of recoverable methane, a key factor in -
Che economics of the utilization of geopressured resources. To this end an . 
assessment of all known onshore geopressured formations in Texas and Louisiana 
is now underway. Six projects are directed toward defining the geopressured 
resource properties. In FY 78, production tests will be continued in Texas and 
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Louisiana using existing petroleum wells. A new well designed specifically for 
geopressured water production will be drilled in Texas beginning tn November 
1977. Results from well tests planned for FY 78 and FY 79 will permit accumu-
latloa c£ sufficient data to support an FY 79 decision to proceed with develop­
ment of the technology for utilizing energy from geopressured reservoirs. The 

- anticipated economics of exploiting such reservoirs also needs to be refined, 
and actions taken to reduce first costs and operating costs to an attractive 
level through technology development and reduction of institutional barriers. 
However, progress ia this area will be enhanced by Che fact that some of the 
technology d.= veicpei for hydrot'normal enargy conversion and utilization-vwili be 
transferable. 

b. Hot Dry Sack: One form of hot dry rock extraction cechnolcgy is currently 
being tested at the -Tenton Hill site in the Jemez Mountains in New Mexico- Ln 
particular two closely spaced holes have 'ceen drilled in granitic rock to a 
depth of 9,600 feet, where the bottom-hole temperature is 197 C. The two 
drilled holes have been interconnected by a hydraulically stimulated fracture 
system. The current program emphasis is to develop a controllable and effec­
tive fracturing-circulation technology with the highest possible heat-
extraction capability and efficiency. .The hot dry rock subprogram element 
Includes instrumentation and equipment development, drilling and hydraulic 
fracturing, borehole and fracture mapping methods, and extraction experiments. 
The effort to determine the operational characteristics of the system and tc 
establish and operate the 10 MW thermal loop experiment at Fenton Hill will 
continue through FY 78. Studies of the economic potential of the present 
approach, and of alternative approaches to heat extraction, -will be performed. 

.The Advanced Technology Applications Subprogram activity schedules and mile­
stone charts are presented in attachments 1.4 and 2.4 respectively. 

3.3.5 Utilization Experiments (FY 78 BA $12.0 million) 

The objective of the Utilization Experiments Subprogram is to de.monstrate 
• the technical reliability, economic potential, and environmental acceptability 
of a ccmnercial-scale geot'nermal power plant utilizing liquid-dominated hydro-
thermal resources. In order to stimulate industrial development of this 
alternative energy source, it is critically important to be able to offer 
convincing evidence of the technical and environnental reliability of inte­
grated geothermal systems at acceptable operating costs to electric power • -
utilities, financial institutions, regulatory agencies, and local government. 
Utilization experiments involve the'construction, operation, and maintenance 
of £lrsc-of-a-kind, large scale, electric power plants specifically designed 
to (1) decrtsnstrate that near-term technologies are now ready for comnercial-
alze plants to produce electric power from hydrothermal resources; (2) obtain-' 
realistic cost data from which production costs can be extrapolated with 
confidence; (3) provide adequate instrumentation to obtain operating data; 
aDd(4) demonstrate, reservoir deliverability and longevity. 
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A Program Opportunity Notice (PON) was issued in September, 1977 for the first 
utilization experiment (50 MWe Geothermal Demonstration Plant) involving joint 
Industry and government funding. This initial demonstration plant;, ts expected 
to confirm the technical reliability and economic feasibility of an electric 
power plant using a high-temperature, low-to-moderate salinity resource with a 
binary or flashed steam power conversion cycle. With initiation of the project 
activities in FY 78, this demonstration plant could be made operational by 
Ft 82. 

In FY 78, efforts associated with the first experiment will involve initial 
site evaluations, design studies, reser-zoir verification, and T:.-.vironri2r'/:al 
studies. Twelve million dollars (3.\) are authoriz.ad for imrlemcnting the first 
50 MW geothermal plant. Tne current TEC for the governments' £.-.are under 
a 50/50 government/private sector arrarigerja-.-it for construction of this plant 
would be in the range between $50-60 million. 

The activity schedules and milestone charts for the Utilization Experiment are 
presented in attachments 1.5 and 2.5 respectively. 

3-3.6 Environmental Control and Institutional Studies (FY 78 3A $8.1 pillion) 

The objectives of this subprogram are to determine envircncental implications 
of large-scale geothermal energy utilization and the means by which undesir­
able effects may be kept within acceptable limits; to provide the technical 
capability to meet environmental standards at reasonable costs; to analyze 
economic and institutional impediments to the aspired timeline for development 
of a geothermal industry infrastructure, and to evaluate alternative options 
for removing or circumventing the impediments; and to encourage the utilization 
of geothermal technology through the organization and dissemination of informa­
tion to potential users in industry, commerce, laboratories, governments, and 
the public-sector. 

The subprogram is divided into three areas: 

a. Environmental Studies: Eight projects covering improvements in environ­
mental control techniques, principally the reduction of hydrogen sulfide and 
other atmospheric pollutants to acceptable levels and the disposal of geo­
thermal fluids, are to be pursued in FY 78. Construction of a pilot subsystem 
facility at Niland, California for hydrogen sulfide steam scrubbing will begin 

• In February 1978. Field tests of the oxidation process for "hydrogen sulfide 
removal will start in June 1978. 

To assure program consistency and compliance with environmental, health, and 
safety (EH&S) have, regulations, and policies, DGE has prepared, jointly with 
representatives of the Assistant Secretary for Environment, aa environmental -
developaent plan (EDP), entitled Geothermal Energy Svstems, September 1977, 
which will be updated yearly, and is incorporated in this MRCD by reference-

-: • ' r < \ 
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The EDP provides a guide for planning and managing EH&S activities required 
by the program, including identification of EH&S issues, plans for solutions, 
and key milestones for environmental Impact assessments and statements. 

b. Economic, Policy and Planning Analysis: Work in this area provides for 
analysis of the econoaic, institutional, legal and technological framework for 
geothermal energy exploration, development and utilization; and the identifi­
cation and assessment of policy options and technical programs to encourage 
and expedite its development according to the aspired schedule. 

o The major cc-ponent of the planning effort is.a series of continuing"'rssional 
operations research and systems analysis studies, carried out in cocpera:i.;r. 
vith appropriate s.;.2te authorities. Tae first regional planning study, 
vhich was initiated in California in mid FY 76, is scheduled to pro-.'ide 
first phase geotherr.ii deveiopr.ent scenarios in t'ne last quarter of FY 77. 
Tnree additional rctMonal studies were initiated in FY 77, with first p.-.sse 
development scenarios scheduled for completion by mid-FY 73. One additional 
regional operations research study will be initiated in the first quarter cf 
FY 78. 

o Federal policy studies, carried out in part through the Institutional 
Barrier Panel of the Interagency Geothermal Coordinating Council and in 
part through university contracts, have concentrated initially on land 
leasing policies, taxation policies, utility regulation policies, and 
state legal and regulatory systems. 

o The economic and legal studies serve principally as essential components 
of the overall planning and policy studies. 

'Work under this subprogram element in FY 78 Includes a significant accelera­
tion of effort in regional planning and market assessment studies, policy 
research, socio-economic analyses.and cost benefit analyses of alternative 
Federal policies and programs.- Proposed measures for sharing the risk of 
premature reservoir failures will be submitted for consideration late ia FY 78. 

c. Technology Utilization and Information Dissemination: The major objective 
of this subprogram element is the distribution of current geothernal informa­
tion to interested participants in electric and non-electric applications, 
consumer groups and local officials. Six ongoing efforts will be continued 
in FY 78 with emphasis placed on the establishment of the National Geothermal 
Information Resource (for collection, evaluation, and dissemination .of 
geothermal data) by September 1978. 

The.activity schedules and milestone charts for the" Environmental Control 
and Institutional Studies Subprogram are presented in attachments 1.6 and 2.6. 
respectively. 
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GEOTHERMAL POWER IN THE WEST 

You know there are advantages and disadvantages in being in the middle 

or near the end of a program. The advantages are that you learn things from 

prior speakers, and you find that the things that you were going to say were 

either correct or incorrect, and you have time to correct your incorrections, 

and you have time to add to your remarks those things that you have learned. 

But, there is also a great disadvantage and that is many of the things you had 

planned on saying have already been said. 

So, I decided, after hearing the very complete remarks by Al Bruce and 

Carel Otte and the introductory remarks by Mr. Cole, to omit further reference 

to The Oeysers that I had intended to discuss and to omit use of my slides, 

because I feel that we have seen enough steam wells blowing to the atmosphere. 

I have made some notes which I will try to follow and have taken one or two 

subjects that have come to mind during this conference, which I think will be 

of greater interest and probably be more constructive than the remarks that 

I had originally prepared. 

So I hope you will forgive me if I stumble a little. My handwriting is 

very poor and my eyesight is inadequate, and when I combine the handwriting 

and the eyesight and my reluctance to use reading glasses, I, at times, run 

into some difficulty, but I am sure that you will forgive me. 

Since my talk is titled "(Jeothermal Power in the West," I do want to make 

some remarks on the areas which we have explored in the West. That is, not 

only Magma Power Company, but other companies that have been involved in the 

last few years in exploring the western region. A number of companies have 
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been involved in the geothermal steam field for some years. Among them, 

and I am not trying to list all of them, are Union Oil Company; Thermal 

Power Company, the Magma Power Company partner at The Geysers; Signal Oil 

and Gas Company, that has drilled a number of outpost wells at The Geysers; 

Geothermal Resources International, that also drilled at The Geysers; Sun 

Oil Company, that drilled in conjunction with D. D. Feldman at Wilbur Hot 

Springs, California; and the Western (Jeothermal Energy Company, that drilled, 

I believe, a well in Lassen County and also one or more wells in Imperial; 

and then, of course, in Imperial Valley there were a number of wells drilled 

by Morton Salt International through a subsidiary, Imperial Thermal Products, 

and some Texas oil men who were early in the business, O'Neill and Ashmun. 

Shell Oil Company took a hand at drilling a few wells in the Imperial Valley, 

so there have been a number of people involved one way or another in this 

industry. 

Magma Energy is a two-thirds owned subsidiary of Magma Power Company, 

and it succeeded to a number of the areas that were originally owned by Magma 

Power Company and also succeeded to the development of the Magmamax Process 

which had been started by Magma Power Company. The principal areas, aside 

from The (Jeysers, in which Magma and the various partners of Magma have drilled 

wells, represent quite a list. 

In California, wells were drilled in Clear Lake in Lake County, One of 

the gentlemen attending this conference is Jim Bradley, on whose land we 

drilled a couple of wells in Clear Lake. We had certain problems there in 

utilizing the hot fluid, although I think now we have reached the point with 

the development of new technology where we might be able to utilize what appears 

to be a very, very great source of energy. 
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We also drilled in the Casa Diablo area in Mono County. I am sure it 

got the name Casa Diablo from the natural steam vents that are found in the 

area of Casa Diablo. We drilled in Surprise Valley in Modoc County. That 

is very close to Oregon, and in Calistoga in Napa County, in Fales Hot Springs 

and Bridgeport in Mono County, in Tecopa in Inyo County, and in Randsburg in 

San Bernardino County. In all these areas we did find hot water, geothermal 

resources of varying degrees, but none of them has been developed to this 

point. 

In Nevada we drilled in an area called Beowawe, Beowawe is an Indian 

name. It is located in Eureka and Lander Counties, an area of very intense 

geothermal activity with steam vents, some fumaroles and leached land. Adja­

cent to Beowawe, we drilled in Crescent Valley in Eureka County. 

We also drilled in Steamboat Springs near Reno, an area which has been 

described as having enough heat in it to last for, I believe, a million years. 

Unfortunately, we found the area not too permeable, and we found problems of 

plugging of wells that we could not overcome at that time. We might be able 

to overcome them at some future time. 

We also drilled in Brady Hot Springs where we feel there is a very 

promising area for immediate development, in Wabuska in Lyon County, Fernley 

in Churchill County and Darroughs Hot Springs in Nye County. 

In Oregon we drilled in Crump Valley. As a matter of fact, we created 

a little geyser there that became a tourist attraction. I understand from 

Mr. Bowen that vandals have plugged the geyser and just a trickle of water 

comes out of it now. 

We also drilled in Lakeview, Oregon, I heard the other day that one of 

the wells we left there for one of the owners is being utilized by a very 



adventurous and aggressive farmer in growing tomatoes in a hot house and 

that he is very successful and his yield is great. He is using the hydro-

ponic method, using the hot water for warming. He has talked to us about 

using the hot water for growing in the ground, organically growing, using 

hot water for warmth in hot house growth. 

There is a great possibility for growing flowers and things of that sort 

as well as vegetables. I hope those of you from Oregon will forgive me for 

mentioning that, because in Lakeview there is probably not quite enough sun­

shine, not as much as there is in California. That is, we may be able to 

utilize that hot water a little better in California. 

In Hawaii we drilled a number of wells right at Kilauea volcano, right 

along the rim where you could not even walk because the ground was so hot 

it burned your feet. But we got nothing. Apparently there just is not any 

reservoir. Apparently the subterranean tubes that have been created by vol­

canic action or lava flows over the years have let the natural steam flow 

into the ocean. Maybe that is what created the Gulf Stream—I have had that 

feeling. At any rate, we had no success in Hawaii. 

Others have drilled in Imperial Valley, Plumas County, and Wilbur Hot 

Springs, in an effort to see if there is any steam, in Humboldt County, and, 

of course. The (Jeysers, in California. Recently there was a well completed 

in Sandoval County, New Mexico, and apparently it is a very good well and 

indicates the possibility of a rather substantial commercial geothermal 

deposit in that area. 

In most of the areas the wells have been rather shallow. There have 

been a few deeper wells. Outside of Imperial Valley and The Geysers, the 

wells have been quite shallow, and I feel, and I am sure others in the industry 
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and certainly in Magma Power Company feel, that we have not completely tested 

many of the areas where we drilled. But we were pioneers and in a sense we 

did pretty much as the early oil developers did. They just dug into the hill 

and let the oil flow into a little sump. Then they dug it up with a shovel 

if it was heavy oil or siphoned it up if it was lighter oil. That is the way 

we prospected for steam in the early days. 

But we did develop the potential of many areas and discovered that these 

areas had great possibilities. The major problem in the early days was that 

we were oriented toward the type of generation which takes place at The (Jeysers, 

that is, using the dry, hot steam or the flashing process; in other words, 

allowing the hot water to flash into' steam, utilizing that steam and wasting 

the rest. So far, I am informed, the only two areas where pure dry steam has 

actually been discovered are at The (Jeysers and in northern Italy at Larderello, 

It may be that some of the areas that we have prospected at depth may 

produce pure dry steam. But after hearing Mr. Bruce answer the question today 

about the utilization of the heat energy of dry steam, I feel more enthusiastic 

than ever that the Magmamax process which I will now describe, offers a great 

deal more in terms of development of this resource than we really had expected. 

It will make possible the utilization of more of the energy which is found in 

heated water. 

If the steam, which flashes from the superheated hot water, is utilized 

to drive the generating turbine, more heat energy is lost than used. Of course, 
! 

at a time when we want to conserve energy, conserve our resources, this repre­

sents a tremendous loss, a tremendous waste which we must overcome if we possi­

bly can. We knew that there was more energy in superheated hot water and, if 

we somehow apply that heat to vaporize a low-boiling point fluid, that vapor 
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would operate a turbine. 

In the Magmamax process the geothermal fluid hot water is kept under 

pressure in the well and it passes through the heat exchanger. This prevents 

the hot water from flashing into steam. Keeping this water, as it travels 

from the well through the heat exchanger, under pressure not only avoids the 

loss of heat through flashing, it also reduces deposition of dissolved miner­

als in the hot water. As you know, minerals will deposit at different" stages 

with the loss bf pressure or the loss of temperature, or the loss of both, 

and, if you keep the water as close to its natural state as you find it in 

the well, you will have less deposition. 

After the water has had its heat energy extracted in the system, it is 

re-injected into the rock formation. This later procedure requires testing, 

engineering and experience to determine the most suitable formation to re­

inject the water, the extent to which it affects the heat of the producing 

formation, and so on. But these are matters that are within our present 

know-how. 

It is obvious that this.process, which our president whimsically named 

"Magmamax"—Magma because we like the name "magma" and max because I presume 

he figured that means maximum utilization of heat energy. And since we live 

in a world where everything has to be consolidated, for example, KGRA, which 

means known geothennal resources area, or Magmamax, which means maximum utili­

zation of heat energy, we called it Magmamax (by the way, it is one word, not 

two)—will enable the extraction of more of the heat energy contained in the 

fluid and thereby conserve the energy for useful purposes. 

In the Magmamax process, the pipes transporting the fluid to the plant 

need not be as large or as unsightly as those now required at The (Jeysers for 
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the transportation of the dry steam. You saw pictures of these lines which 

were transporting the steam, and I have always felt that if we could somehow 

solve that environmental problem, the esthetic aspect would be very much 

improved. Additionally, these pipes can lie on the ground or be buried, and 

the water can be transported for distances of a half to three-quarters of a 

mile. This depends upon the pressure, the heat and how much contained heat 

you are willing to lose. 

Another important factor in the use of the Magmamax process for electric 

generation is that the testing of the wells is less of a problem. In the 

testing of a dry steam well, for example, the well has to be blown into the 

atmosphere for a period of time, and that creates a very substantial noise 

problem. And, when many wells are blown into the air at one time, as they 

had to do at The (Jeysers to determine whether or not there was a pressure 

drop, there is a very substantial noise problem. That is another important 

factor in terms of the environment. But with Magmamax that is not necessary. 

The testing of a hot water well does not require the blowing of steam into 

the air and does not generate that kind of noise. 

For these reasons we do feel that the Magmamax process, or a process of 

that kind, offers great possibilities for the development of many of geothermal 

resources in recreation areas and areas that we want to preserve for public 

pleasure. It, also, offers the possibility of utilizing resources which could 

not otherwise be economically developed. 

Magma feels very strongly that the original estimates of geothermal energy 

resources and their ability to meet our future power needs may be exceeded 

dramatically if developers of geothermal power utilize the Magmamax type of 

generation, or a similar process. If this is the case, then we are concerned 
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with something more than a toy or an insignificant resource. I think 

we are concerned with a resource of tremendous magnitude. Certainly 

other areas of the world are very concerned about geothermal energy, 

and they are moving rapidly to develop these resources; I would say, 

faster than-we are. 

I would like to touch upon another matter which has to do with 

the development of geothermal resources in the Western United States. 

After that, -I want to make some specific proposals to utilize the tremen­

dous impetus which this wonderful conference has generated. The thing 

I would like to touch on now is a matter of law which relates to the 

ownership of the geothermal resources. That is, the question of whether 

or not mineral reseirvations by the federal government or by any state 

contained in any grant or sale or to homesteaders reserve to the federal 

government, or in the case of a state, reserve to the state, all minerals, 

included within that reservation of geothermal resources. In other 

words, if the State of Washington sold land in which it owned the full 

title of minerals and the land and reserved the mineral resources, the 

owner of that land did not get those resources and those resources are 

available for development. Many property owners will be surprised if 

that turns out to be the case, especially if they have built homes, if 

they have developed, and if they have built structures, and spent money 

developing these lands. They may find that someboc'y can go in and drill 

a well and utilize that well for steam purposes. 

I had requested that Congress quitclaim those rights by legislation, 

but they did not agree. They preferred to write into the new Federal 

(Jeothermal Bill a directive to the Attorney (Jeneral to litigate the point. 

I am sure that the matter will be determined very rapidly. 
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It is estimated that approximately 35 million acres of land have 

been granted over the years by the federal government to homestead 

claimants, states, railroads and others, reserving to the federal govern­

ment all mineral rights. Many of the lands granted to the states contain 

mineral reservations to the federal government. Many of those lands are 

either o\med by the state or have been conveyed by the state to others. 

I know that is the case in California, and I am sure it is true in 

Oregon, Washington and other western states. 

The question of whether or not geothermal resources are embraced 

within this reservation is, therefore, critical with respect to millions 

of acres of land, and that important point will have to be resolved. 

If the mineral reservation did not include geothermal resources, geo­

thermal steam and perhaps the minerals which may be contained in geothermal 

steam, they belong to the owners of fee title. If they were embraced in 

the reservation, then we are going to have some very serious problems 

untangling an awful lot of titles in determining who has the right to 

develop that resource. 

We, at The (Jeysers, deliberately, and with the knowledge of the 

Department of the Interior, drilled a well on one such property, and that 

well is going to be hooked up to one of the next power plants which is 

scheduled to go on line within the next few months. That will project the 

lawsuit which will determine whether the federal government retained the 

ownership to the steam or the person who owns the land, the surface and 

other emoluments of land ownership owns the geothermal steam. 
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If it is determined that the government retained the ownership 

of the steam, then the next question is what happens to the right of 

those of us who have filed mining claims on thousands of acres of govern­

ment land for the development of geothermal steam. If the government 

owned it as a reserved mineral, obviously it is a mineral subject to 

location, since it was not a mineral embraced within any of the mineral 

leasing acts; and if the mineral is not subject to leasing, it is sub­

ject to location. So that \n.W have to be resolved. 

The Department of the Interior is fully aware of the problem, and 

it was for that reason that in the early part of 1967 it withdrew from 

entry, for any purpose, all lands throughout the western United States 

which had the slightest potential for development of geothermal resources. 

In order to develop geothermal energy economically and in an order 

that confoirms to the public interest, we must concern ourselves with 

several key factors. One, the source of energy, either pure dry steam 

or superheated hot water, cannot now be economically utilized because 

much of the heat energy present in the water is lost. Two, the generation 

of power and the facilities utilized must conform to natural environmental 

requirements. Three, the enterprise must return a reasonable profit 

within a reasonable time to interest persons in entering the field. Four, 

financial funding for developing this valuable resource must be provided. 

Five, we must have the support of the public and agencies, federal, state 

and local. And very importantly, most importantly, there must be free, 

open and ready communication between the public, industry and public 

agencies to discuss all matters of mutual concern. 
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As a matter of fact, almost everything involved in the develop­

ment of geothermal power is of mutual concern and public concern. 

Public agencies must overcome an unfortunately all too prevalent 

attitude that private industry has no concern for the public interest 

and that somehow discussing problems of mutual concern on an open 

and honest basis is not possible and that to recognize and act upon 

a legitimate business concern is a betrayal cf the public trust. 

Those of us who have had to deal with public agencies have all 

too often run into that attitude which makes the proper and intelligent 

resolution of a problem almost impossible. I would say that it has 

been my experience that this charge which I have just made is definitely 

not applicable to the Department of Natural Resources of this State 

of Washington, the Resources Agency of the State of California, particu­

larly the Division of Oil and Gas of California, whose representative, 

David Anderson, is attending here and who has been very helpful to 

industry and very understanding, and incidentially, very much in the 

pliblic interest, or to the Oregon Department of Geology and Mineral 

Industries. It certainly is not applicable to the coordinator for 

geothermal energy for the Department of the Interior, Reid Stone, who 

just preceded me. He has been most cooperative and most understanding 

and his industrial background has helped a great deal. 

We must bear in mind that it is in this country that geothermal 

energy has been developed by private industry using private capital. 

We have demonstrated that geothermal power can be inexpensive, depen­

dable and available for development in extensive areas of the western 

United States without government subsidy. There is no longer any doubt 
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that the interest in developing geothermal energy is widespread. The 

attendance at this conference attests to that and points up the need 

for continuing dialogue and cooperation and better utilization of capa­

bilities and technology already developed. 

Mr. Coie and his able staff are to be commended for providing 

this opportunity for such dialogue, and I would like to propose at this 

time that we are ready to take the next step, and that step is to estab­

lish a Western Geothermal Energy Council—a council composed of repre­

sentatives of the industry, of technical organizations related to the 

industry, public agencies directly involved, and representatives of 

public groups concerned with preservation and improvement of the environ­

ment. The Council should have representatives of all of these groups 

and should meet periodically to discuss matters of mutual concern. It 

might even be that we might prevail upon Mr. Cole to take on the task 

of calling the first such meeting soon. 

I would like to suggest also that it might be possible for a number 

of public and private power agencies in the Northwest to combine to 

select a promising site and to undertake the drilling of one or more wells 

sufficient to supply a 9 to 10 megawatt (that is, a 9,000 to 10,000 kilo­

watt) power plant of the Magmamax type. I am not boosting Magmamax here, 

because I am prepared to offer it without compensation for that test. 

Magma will contribute the hundreds of thousands of dollars of engineering 

that have been expended to date to prove that we are willing to utilize 

our technology at least as fast as those in the foreign countries want 

to utilize it. 
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The Republic of Turkey has asked permission to utilize Magmamax, 

and we have given them permission; and in El Salvador and eleswhere 

they are seriously considering it. We should have it here. It seems 

to me that the Northwest is as good a place to start as any. This 

plan would make possible the immediate development of geothermal energy 

in the Northwest and spread the costs so that it would require a small, 

readily manageable amount from each participant. This plan has the 

additional advantage of reducing the risk of failure. If dry super­

heated steam is found in the drilling, proven generating facilities of 

The Geysers type can be used if they so choose; in other words, you will 

be able to generate power. If, as is very likely the case, superheated 

water is found, or wet steam, which is not manageable as the steam at 

The (Jeysers, then a system such as the Magmamax process can be utilized. 

All component parts for proceeding rapidly with the development 

of geothermal energy in the Northwest are at hand. What is required 

is cooperation, organization, application of technology and the avail­

ability of funds; and if the requirements for funds is spread widely and 

nobody tries to be the hero or hog the show, it can be done and it can 

be done rapidly, and it can be done properly. 

The geothermal resources of the United States are in the West, and 

if an abundance of power is developed here, we can help alleviate the 

power problem of the East. This is not a new role for the West. We 

have been supplying many of the vital materials needed in the eastern 

part of our country for many years; for example, the superb aircraft 

manufactured by the great Boeing facilities, the wood products of the 

Weyerhaeuser enterprises and other well known members of the forest 
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products industry. Someday soon the geothermal resources of the West 

will help light homes of the middle and eastern United States, as well 

as the West; and who knows, the mineral resources of geothermal waters 

may someday furnish a substantial portion of the minerals and metals 

required by our growing and vital country. 
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