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The discovery of the new geothermic steam well on March 2, 19b8 several 

miles North of V~lford, Utah was one of the most significant developments that 

has taken place in this new field of scientific enterprise in the Rocky Mountain 

Hecion during the past year. Since the sensational results of drilling for this 

new energy source in the Salton Sea area of Southern California were so widely 

publicized during 1957 a broad new interest has come to this new earth science 

development. Many of the western states have made geologic studies and appraisaJ.!s 

of the geothermal potentials within their borders, printed pamphlets and maps on: 
' 

the locations of prospective areas for exploration and revamped their regulations' 

for giving drilling permits and exploitation concessions on their lands. 

The Federal Government, through the Department of the Interior began to 

distribute circulars and maps to enlighten the public regarding these new 

important potential values in large segments ,of our public lands domain, The U.S.I 
' 

Geological Survey made an inventory of all the lands of the 13 western states 

and designated 1,051,000 acres of Federal lands in the five states of California, 

Nevada, Montana, Idaho and New Xexico as having "current potential values for 

ceothermnl resources" and on the basis of this report all of this land has been 

withdrawn from entry or sale, pending legislation by Congress for the develop-

ment of geothermal energy. The U.S.G.s. inventory also noted that another 86.3 

million acres in Arizona, Arkansas, California, Colorado, Idaho, Montana, New 

Nexico, Oregon, South Dakota, Washington and Utah should be classified as 

11 prospccti vely vo.lunblc" for geothermal energy. 



As of March 29, 1967 these 11 prospectively valuable 11 areas vrere not :placed 

on a withdrawn status but they were said to be subject to continuing review by 

the U.S.G.S. specialists and some of these might be reclassified nnd be subject 

to wi thdrawnl for sale or entry by order of the Bureau of Land il'..anagement. In 

J·anuury 1967 President Johnson requested. Con~ress for legislation on this matter. 

'i'rte Congress had already passed a bill on it during 1966 but the President had 

vetoed it on the groundG "i-'v did. Cot cor .. tain adequate safeguards." 

Tl1e new legislation requested by the President contains the following 

provisions: 

1) Delete the clause which would have favored holders of existing oil or 

tjas leases, mining clairn.s or permits for future leasing. 

3) Royalty on stean1 "reasona-oly susceptible for sale or use" by lessee 
''"':'I 

~~. :. ~ ,, ; ' j ~ rather than on steam actually sold or utilized. 

4) Provide specific authority for Secretary of Interior to renegotiate 

or readjust terms of lease at intervals prescribed by regulations. 
' 

5) A 60 year lease rather than a perpetual term. 

b') If steam produced in corr~ercial quantities, developer must begin 

produc·cion within 10 yeurs rather than 15 or 20 years. 

7) All leases would be offered on a corr,peti ti ve basis. 

G) Lands administered by trte Department of Interior or Department of 

Agriculture would be limited to only 2560 acres and be subject to 

special regulations. 

9) All royalties would be not less than 10% of value of steam plus not 

less than 5% of all by-product values. 

Co
1
Jies of the State of Utah and Federai Government maps of Potential Geother-

1 

mic Steam Areas are included herewith. 



From i...hu u.bovc indicated ~;l.ate and i'ede·L"ul government. proposals with respect 

to land acquisition, it will be seen that the amount of presently owned acreage 

is one of the critical aspects of any projected development in this field. So 

far as we know the only acreage· t~Jo.t this project can regard as secure is the 

State lease on School Section 16, T27S-R 9 ';I which is located one mile east of 

Sljate Eighway IJ(-257 aOout ~cwo miles North of ?.Ulford in Beaver County, Utah.· 

He are advised by Mr. Aust.in Srnith of Sy.lt Wke City that the application 

for this State lease in the r.arr.es of Austin Sr,1ith, louis Cooper and Dr. Eugene 

Davie has been approved subject to the presentation of a survey showing the 

location of a number of wells that are to be drilled. on this tract.. Wl1en we 
I 

last visited tDe area Dr. Davie had a surveyor out there ma~ing these locations.: 

' 

Dr. Davie l''eport.s that 8 or 10 mining claim denouncements have been made on 

:.':edc1·al lands located to the Nort:r. and South of Section 16 but as will be noted 

froH·I the above new federal lo.nd proposals, -'~hcse will not be acceptable for 

t;eothermic steam rig:nts. Althoueh the lands having "prospective values'' for 

s-uc11 righos apparently have no"t yet been withdrawn from entry for this use, it i 

doubtful that under the present circumstances one. could hope to make much progress 
I 

in socm·ing such federal claims until the Congress has passed some legislation 

setting forth the guidelines and specifications for such claims. 

Apart from the probability that concessions cannot now be obtained on such 

federal lands, the proposed terms on w'hich such concessions would be granted are 

most unrealistic and would put the prospective investor in such a project in a 

very unattractive situation to protect himself against competitors who might obtain 

claims on the adjoining lands to a new discovery. 

~n spite of all of these ur1favoraole factors, it is thought that the recent. 

discovery near Milford is a very vaho.able asset because it is located along the 



eas'cern edge of the Western Desert A:rea descrioed in Special Studies 14 of the 

Utuh Geologicol & iftineralo[;iC&.l S'J.rvey of January 1966. 

The broad Y~lfoTd valley along wfiich tDe Union Pacific Railroad runs West 

of the high snort-capped Tusha:c ?·~o-u.ntain Range and the Pavant Range that extend 

up through the center of _,0he State of Utah to Provo, Salt La,ke and Ogden, is 

characterized by a ntunber of areas where tflere nre or have been significant 

hot springs occurrences. Tne Hestern Desert Area extending from Tnermo through 

M:Lnersville up the West flank of tt.e l'f.ineral Mountain East of' Milf'ord on up to 

-~he area of extinct volcanoes between Kanosh and Black Rock, appears to be one 

of "Che more important of these thermal zones since in most cases the stea1n 

coming from these is of' volcanic or magmatic origin rather than tectonic, and 

;t;oy therefore be expec~ccd to -oe rr,o:ce dry and f:cee from excessive salt content. 

7hc sprinGG ncur the Blue~;;: Hock Xountain have precipitated a considerable 

amount of sulphur and siliceous material but ';:,hey are not characterize<i by 

"Crc.vertine deposits or other salts. The some is true of the Bailey Springs nca~ 

the eC:ge of the Mineral Mountain about 8 miles North of Milford. While it was 

not possible at this locality to find t'he exact outcrop of the springs in 

relation to the granite or porphyry of the mountain, it appeared probable that 

the hot spr~DGG had issued f~·om the contact of the igneous rock of the mountain 

with some sedimentary rocks in the valley under the overburden or had come up 

t:1rough a fault along the rr,ountain' s ecige ::.q the igneous rock itself. The whole 

area at anci around these sprirlgs for several hundreds of feet was covered by a 

reddish small pebble conglomerate that was composed mainly of disintegra~ed 

gra;1:l tc, prophyry and even some pieces of obsidian, or volcanic glass, that had · 

been washed down from the higher places in the mountain. The North end of this: 

valley between Bailey Springs and Black Rock Mountain has many lava flows right 



up against the West flank of the mountain. 

The soil all over the discovery well area is an eroded surface of the same 

reddish pebble conglomerate as described o.bove and over near the East side of 

Section 16 large boulders of monzonite prophyry were found. Along the East 

line of this sectiop we found the quarter-corner and 150 1 North of here a 

tonc;ue of igneous rock prophyry and gneiss extended about l/4 mile West into 

l .... ,... s~l 
Uu .~.:.~ 4 • 

From the close proximity of the edge of the mountains and the exten-

sian of igneous rock into Section 16 it is apparent that its East half will not 

have very much valley fill o~her tho.n the de"'vri tal material from the disintegratj 

ed propJ.1yry, granite and gneiss. Tnis reddis~'1 conglomerate rr,aterial is cemented I 

by a siliceous matrix such as that described above in the Bailey Spring loculi ty;. 

In the first well drilled on -che top of the opali te ridge decorr.posed green-

ish granite cuttings were frou•~d from 86 1 to' ll6 1 depth and this well is Oelieved 

fourth well ! to have drilled 4• into the solid prophyry before it was lost. Tne 
I 

drilled, the discovery well, had chlori tic decomposed green granite cutting froml 
' 

BO' to 90' and other decomposen granite with hard opalitic beds in between down 

to 230'. While it is diffic".llt to disting-uis:~ the cuttings of the conglomeratic 

granite netrital material from the solid granite it does seem likely that any 

well drilled between the opali te ridge and the mountain will find the solid 

granite or prophyry within several hundred feet depth and it may therefore be 

hard to get a well down here to 1000'. The shallow depths at which steam will 

be found in this area may preclude ohe higher temperatures and rock-pressures 

that mic;ht be found at Gl"Cater depths. On the other hand when it is considered 1 

0 
t:~at the discovery well was )53 F at 240' depth whereas the normal pressure 

gradient is only 1.2° F per 100', this indicates unusually high heat. In the 

.. I. 



ncx-G 2~' depth at 265' (T.D.) tto temperature moved up from ';150° to ').78° at the 

well head.. 

In view of the fact that insufficient preparations had been made to handle 

the steam found in this well, a considerable ill~ount of steam started seeping out 

at th8 surface about 70 fee"o South of the well when it was shut in. In order to 

protect the field from such sterun seepage in the shallow beds, it was deemed 

nec8ssary to have Halliburton come in and do a complete cement job on the well 

plugging all the formations from top to bottom. The picture included in this 

report is the only evidence remaining of this exciting and unexpected discovery.· 

It. is believed that the next well that is drilled should have a rig that is; 

capable of drillinG; several thousand feet and be prepared for high pressure. It 

is this writer's opinion that. t:1.e r.~.ext well should be located within a few huridr€d 

feet and East of the opalite ridge and that an effort be made to drill 1000' 

straigDt down and t.hen attempt to whipstock the hole westward in an effort to 

c;et under the long lateral vent through which the great masses 'of opalite had 

exuded to form this ridge. 

It is thought that this long outcrop of vertically standing opalite beds 

that formed in this vent is an unusual situation and a striking picture of. i J~ 

i.s included in this report. If indeed the steo.in that brought up this almost 

pure silicification phenorr,enon ;~as plugged itself off beneati:l this ridge there 

could be a sizeable cavity down there holding a considerable reserve volume of 

superheated magmatic fluid or gaseous material that might flash into high 

pressure and high temperature steam when its pressure has been tapped and releas~ 
i 

ed. For this, reason it is thought that the deeper we might get the new well 

before we get over under the opalite ridge, the better chance there would be of 

getting a big well. 



Naturally the cost of drilling a C:ecp \{ell that -would :provide proper protec

cion for the production that -would be hoped for, -would be expensive. We might 

concci vably duplicate the shallow well like the /flf -well to 260' and provide i t 1 

with better surface protection for $10,000 or less, but to drill a -well that 

could go to two or three thousand feet with full protection for a big well with 

C.igh temperature and pressure might cost $150,000. 

The only example of an actually operatine; steam power generating project in: 

U.S. A. is at; the Geysers, located in Sonoma County, California about 100 miles 

North of San Francisco. Between 1955 and 1960 eleven wells were completed here 

producing over 1,000,000 lbs. of dry steam per hour at a pressure of 60 psi 

and temperature of 350° F. Pacific Gas and Electric opened its first power 

generating plant tC.ere in 1960, put in their' second unit in 1963 for a combined 

output of 26,000 kwh, and were expected to have their third and fourth units on 

s·cream this yc::n· for a total of 131,000 kwh. 

It is calculated that it tal<:es about 20 lbs. per hour of dry steam to 

produce 1 kwh and the wells at Geyser will average about 5,000 lbs./hr. The 

cost of developing steam at Geyser ranges from $60 to $90 per foot of completed 

steam well including drilling, geology, roads, testing, well-head equipment, 

casing and administration, although the drilling itself could be contracted for 

up there for $10 to $llf per foot. Their cos-o of steam delivered to the po-wer 

plant is 2.5 mills/kwh of electric energy delivered to the transmission line, 

but the overall cost including power generation ha~> not been published. 

It is reported that the cost of installing the generating plant at Lardarello, 

Italy was $113 per k-wh and that the first plant (rebuilt) at Geysers cost $152 

pel" k-wh but, had a new generator been installed, it would have cost $192 per 

kwh. From a perusal of a considerable amount of data on the subject o~ costs 



of plants and cost of kwh ger.~cra.ted from them, the following figures seel{l to be 

indicated for the various types of generating plants: 

Types of Plant Cost of Plant per ~~ Cost of nm1er mills/Kwh 

Geothermal Energy 

Thermoelectric 

Nuclear Energy 

Hydroelectric 

$1lO - $125 

2-3 

4.6- 7-74 

5.42 - ll.56 

5 - 11.36 

In view of the very unfaVorable land factors in this situation at this 

time ana. taking into conside~"ation the extreme difficulty that will be encounter:-

ed in drilling tDrough the opalite beds at the surface as well as tte porphyry 
I 

or cneiss that may ·oe found at shallow depth, it is apparent that whoever under-! 

taj<es to drill the exploratory vell here mus'.; be well provided with a subs tan-

t".io.l amount of risk capi~0al, some wall exper:i.cnced operating personnel and 

pro·oably some capable administrative talent to be able to make the most of the 

governrr.ent leasing arrangement that will be made available. 

It does appear to this writer that the geologic relations here are quite 

different, much more challenging ~0o deal with but perhaps excitingly more 

a·ctractive than the localities that have been drilled in many other places vhere 

the indications were limited to hot-springs or mud-pots. The evidence here of 

some kind of a vent a half mile long that had exuded highly siliceous gases or 

solutions during a long time before it closed itself off with its own opalitic 

residue suggest the possibility, if no'c the probability of a really tremendous 

heat source beneath the surface in this particular area. It is most certainly 

a prospect that warrants drilling ar.d if the right people, tools and financing 

can be assembled to do it it should be a most attractive speculative venture. 
'i . 0' (/ 

/lf/t't:.,~'< c...:!!" t.A:.:.;;:: 
_.k
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Willi~ G. ii~e 
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Johnson Warm Spring issues alon!:! the Sevier fault 
::,~~1U! two miles south of Monroe llot SpnnJ,!s. 

F;-.:/;).ardSLlll ( 1907, p. 5X) reported a llow of 1 XU gpm 
':'riitf a temperature of r;o() F. In April 1967. U.S. 
Ccoln),!ical Survey pl'rSlHHlCI reported a Jlow of J U 
gpm and a temperature of 77° F. 

Ruth Monroe ond Red Hill Hot Sprinp have 
dissolved-solids contents rang.ing from about 2.600 to 
:2.900 ppm and are of the sodium sulfate chloride 
type. Johnson Warm Spring has a much lower dis
solved-solids content and is of the calcium sulfate 
type. One of the smal! springs in the Monroe Hot 
Sprin~s showed a high manganese content 
(346 ,ug/1 ). Johnson Warm Spring had one of the 
highest molybdenum contents (18 Jlg/1) of all ther~ 

mal springs in Utah. 

Joseph Hot Sprin~.-s issue from tufa deposited by 
the sprinp:s over thl' J)r~' Wash fault. Extensive area~ 
of volcallJc rocks rror out imrncdtatcly east of the 
fault. Water temperatures of 145° and 148° F were 
measured in 1966 and 196 7. Dischorge of the springs 
probably averages 30 gpm. Dissolved·solids content of 
Joseph Hot Springs ranges between about 5,000 and 
5,200 ppm-nearly double that of Monroe and Red 
Hill Hot Springs. The water is of the sodium chloride 
type. The concentration of calcium is about the same 
for Monroe, Red Hill, and Joseph Hot Springs: sulfate 

.>~· ..... ~omewhat greater in Joseph Hot Springs than in 
~.roe and Red Hill Hot Springs. In Joseph Hot 

Springs. chlonde (in eqUivalents per milllon) is nearly 
double that of sulfate: but in Monroe and Red Hill 
Hot Springs, chloride and sulfate are about equal (in 
equivalents per million). 

The presence of volcanic rocks of late Terttary 
age along the faults from which Monroe, Red Hill and 
Joseph Hot Sprin~s issue indicates that these rocks 
probablv conttibute to the heatin!! of the water. They 
may be J direct source of heat for some of the water. 
and the volcanic activity that resulted in these rocks 
may have resulted in an abnormally high ~eothermal 
gradi~nt. The depth of circulation and the amount of 
dilution by cool shallow p_round water are not known. 
The major faults certainly furnish the avenues of 
e:->cape for the water that enters the earth's surface at 
altitudes much h..if!!ler than those of the springs, but 
the depth of circulation in the fault zone i.s unknown. 

Roosevelt (McKeans) Hot Springs 

Roosevelt fMcKcans) Hot Springs, 
(C.26-9)34dcb-S l. ore in Beaver County, about 12 
miles northeast of Milford and about 20 miles northM 

42 

west of Be•ver. Lee (190B, p. 20) reported that the 
lar[!est ul the Sprm~s in Roosevelt Hot Springs had a 
dtsch:.Jrt:!e of ahout 10 v:pm. and that the temperature 
at the pipe leadinp. hom the spring was 190° F. He 
also stared that much of the si\i<.:a contained in solu· 
t1on as the boiling water i~:;ucd from the rocks was 
deposited as the water cooled. U. S. Geologica] 
Survey personnel reported a discharge of 1 gpm and a 
temperature of 185° F in November 1950 and 
reponed a temperature of 131° F in September 
1957. In May 1966 the spring was dry and appeared 
not to have discharged for several years. 

Intrusive rocks of Tertiary age crop out immeM 
diateiy east of the former springs, and volcanic rocks 
of hte T crtiary ;q!e crop out less than t\VO miles 
southeast of the springs (figure 18). The springs 
issued from a fault zone along the west side of the 
Mineral Mountains. The heating of the water, prob
ably of meteoric ongm, may have been caused by 
contact with vulcanH .. - rocks or by an abnormally high 
geothermal gradient in the area where both intrusive 
and extrusive rocks of Tertiary age are common. 

Lee (1908, p. 20 and 50) reported a dissolved~ 
solids content of only 645 ppm and a discharge of 10 
gpm. In 1950 the dissolved-solids content was 7,040 
ppm at a measured drschargc of I gpm. In I957 the 
dissolvedMsolids content was 7,800 ppm. Lee's data 
show that the water was uf the sodium sulfate 
chloride type: silica concentration (101 ppm) 
exceeded that of any single ion. In I950 and 1957, 
the highly mineralized water was sodium chloride in 
type: silica content was very high (405 and 313 ppm). 
The an<Jlysis of a sample obtained in 1957 shows 
fairly l11~h conccntr3lions of boron and fluoride. The 
source Of the dissolved solids is not known. If Lee's 
data are reliable, the spring discharge showed about a 
tenfold decrease in discharge during a 50-year period. 
Lee ( 1908, p. 20) states that '·the water contains a 
large amount of mineral in solution, as shown by the 
analysis in table 9": but the data in table 9 of Lee's 
report do not show an especially "large amount of 
mineral in solution." 

The very high silica concentrations indicate a 
possibility of marked increase in temperature with 
depth. The lack of sprin~ !low during the past 10 
years and the lack of informatiOn on the possible 
pre~ence of a reservoir rock indicate that the geo· 
thermal potential of the area can be evaluated only 
by intensiVe subsurface exploration. 



APPENDIX A. 

® 
general area of the sprin~s. Water from a well ahout 
five miles northeast of the sprint:s has a dissolved
solids content of <J,970 ppm. walcr from two wells 
about three miics soutll\vcsl of the springs has dis
solved-solids contents of 4.430 ;.llld 4,490 ppm, and 
water from a well about three miles south of the 
sprin~s has a dtssolveJ-solids content of 8,050 ppm. 
The depths of these wells r;mgc from I 00 to 527 feet. 
ll ground water similar to that found in the described 
wells were in contact with the volcanic tlows Clf were 
in contact '\Vith till' vulcanic lluws or Wt'fl' circulated 
to :1 derth of 3,0UO feet, water havin~ the chcmicd 
and thermal char<Jctenst!CS of the hot sprinf!S would 
result. 

Despite the proximity of volcanic rocks of late 
Teririary and Quaternary age, the immediate area of 
the springs appears to be of questionable r:.eothennal 
potential. The relatively low temperature of the 
spring water. the low silica content, and the similarity 
in chemical quality uf the spring water and the 
ground water in a fairly Lnge surrounding area are not 
favorabie indicators of a large increase in temperature 
at f:mly shallow depth. 

Richfield Warm Springs 

Richfidd Warm Sprin~.!S. (C-23-3)2(Jaca-S I. arc 
about half a mik west of Richfield in Sev1cr County. 
These springs issue at a fault contact between allu
vium and sandstones of Tertiary age in the l:Jsinore 
fault zone along the west side of the Sevier River 
valley (figure 17). Numerous faults occur in the east
ern part of the Pavat Ran,?e, which is immediately 
west of the sprin~s. Volcanic rocks of late Tertiary 
age crop out about two miles southwestward along 
the west side of the Sevier River valley; similar out
crops ar~ common along the east side of the valley. 

Richardcon (1907, p. 58) reported that spring 
dischar~e wets 1 .440 gpm and th::tt w:.~ter temperature 
was 74° F. Di::snlved-solids content of the springs is 
low-abour 300 ppm: the water is of the magnesium 
calcium bicarbonate type. 

The presence of numerous faults in the mountains 
one to five miles west of the springs. the large dis
charge of the springs and the low dissolved-solids con
tent indicate that the spring discharge is meteoric 
water that descends not more than 2.000-3.000 feet 
and is heated sh~htly by the geothermal gradient. The 
altitude in some areas of possible infiltration is more 
than ~.000 feet hi~er th:m that of the springs. The 

~ .~eothermal gradient within the mountains is suf-
~-cient to raise the temperature of the water 15°-20° 
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F. The sprin~s probably issue where water moving. out 
of the mount<:~in mass is intercepted by the Elsinore 
bult zone. The spnngs are a m;.~in source ofmunicipa] 
water supply for the city of Richfield. 

Central Sevier Valley Group 

The central Sevier Valley group of springs issue 
along the east side of the Sevier River valley, about 
10 miles south of Richfield in Sevier County. Monroe 
(Cooper) l!ot Spr111p, (C~25-3)10dda-Sl and 
IC-25~3)15a-S: Red Hill llot Spring, (C-25·3) 
J lcac-Sl: Johnson Warm Spring, (C-25-3)27a-S; and 
Joseph Hot Spnng~ (C-25-4 )23-S, arc included in the 
central Sevier Valley group in this report. Monroe and 
Red Hill Hot Sprinp:s and Johnson Hot Springs issue 
from the Dry Wash fault about five miles west of the 
Sevier fault (figure 17). Volcanic rocks of late Ter
tiary age occur within one mile of all except Johnson 
Warm Spring. 

Monroe Hot Springs issue from a single tufa 
mound that extends for about half a mile along the 
mountain front: the width of the mound is about 600 
feet from the mountain front to the base, and the 
height is 75-100 feet. The springs issue from seepage 
zones and from fissures and cracks that have been 
l'nlarped by lncal residents to increase the spring 
y1rld. Discharge js at twtl major points--one near the 
center of the mound and the other at the base. The 
lar!!est spring on the mound discharges about 50 gpm; 
water temperature was 148° F on February 13,1967. 
1 he otf1er large spring discharges about 40 gpm from 
the base of the mound; water temperature was 1060 
F. Several small springs discharge from the surface of 
the mound. The total discharge of Monroe Hot 
Sprrngs was about 150-200 gpm on February 13, 
1967. ln additiOn to the visible discharge from the 
springs. some water evaporates directly from the 
mound surface: saturated area high on the mound 
above the spring areas and extending to the mountain 
front indicate that artesian pressure is forcing water 
to the surface of the mound. 

Red Hill Hot Spring issues from a tufa mound 
about 600 feet long. 200-300 feet wide. and abo\Jt 50 
feet high. The only spring that issues from the mount 
discharges as much as 150 gpm from a crevice in the 
north-central part of the mound. The water temper· 
ature was 167° F on February 13, 1967~ a temper
nture of 169° F was reported for "Monroe Hot 
Sprrngs" (C•rpenter and Young, 1963. p. 17), but 
this temperature actually was for Red Hill Hot 
Spring. 
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