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The Roosevelt geothermal field, located in southwestern Utah, has been the focus of 
a high level of activity by both private industry and the academic comnTunity. Phil
lips Petroleuin Company has drilled seven and Thermal Power Company two, of nine ex
ploration wells to depths ranging between 370 and 2300 meters into a late Tertiary 
granitic igneous complex which intruded Precambrian (?) metainorphic rocks. The reser
voir is confined to fractures within the granitic and metamorphic rocks. The nature 
of the reservoir is such that all wells drilled are wildcats. 

"The geothermal field lies along the west side of the central Mineral Range. Young 
rhyolite domes, with associated flows, pierce the late Tertiary granitic complex a few 
kilometers to the east and south of the producing wells. The heat at Roosevelt is 
probably supplied by the parent magma for the rhyolite domes. 

-Phillips' integrated exploration program combining geology, geochemistry and geo-• 
physics c"ulminated in the drilling of the discovery well in April of 1975' The re
source is .a water dominated geothermal system with a maximum temperature in excess of 
265°C. The water is a sodium chloride water with salinity less than 8000 mg/l. Recent 
activities include the formation of the Roosevelt Hot Springs Unit, applications to 
appropriate water from the state, the establishment of a groundwater monitoring systera 
in the valley, and preparation for additional reservoir testing. 
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The Rooseve l t geothennal f i e l d i s s i t u a t e d i n the western foo t 
h i l l s of t h e Mine ra l Piange i n e a s t e m Beaver County, Utah, near the 
e a s t e m edge of t h e Basin and Range phys iograph ic province (Fig. l ) ' 
The f i e l d named f o r a now d r y - h o t spVings i s about 12 miles noi-theast 
of t he c i t y of Mil ford and about 18 m i l e s nor thwest of Beaver, the 
county s e a t . Among prev ious i n v e s t i g a t i o n s are water s t ud i e s by Lee 
(1908), Mundorff (1970) and Mower and Cc.-dova (197U)- E a r l l (1957) 
g e o l o g i c a l l y mapped p o r t i o n s of t h e Mine ra l Range. Condie (19^0) i n 
v e s t i g a t e d t h e p e t r o g e n e s i s of t h e Mine ra l Range P lu ton . Recently, 
Pe te r sen ( 1 9 7 A ) focused a t t e n t i o n on t h e geology and geothermal po
t e n t i a l of t h e Roosevel t Hot Spr ings a r e a . In 1975 t h e Univers i ty of 
Utah r e s e a r c h e r s launched an in—depth program and have jTublished many 
r e p o r t s , "too numerous t o be mentioned h e r e . 

P h i l l i p s Pe t ro leum Company's e x p l o r a t i o n a c t i v i t i e s in Utah began 
i n l a t e 1972 and a c h r o n o l o g i c a l l i s t i n g of t h e a c t i v i t i e s a t Roosevelt are given in 
Table 1- As shown, many e x p l o r a t i o n surveys were completed i n t he 1-1/2 years p r e 
ceding the Roosevelt KGRA l e a s e s a l e . An e v a l u a t i o n of t h e s e surveys led t o the con
c lus ion t h a t the Roosevelt a r e a showed excep t i ona l p r o m i s e . The l e a s e s a l e in Ju ly 
197Ai "was t h e f i r s t KGRA pu t u p f o r bid i n t h e s t a t e . The o r i g i n a l e igh t s ec t ions i n 
t h e KGRA had grown t o 3^-5 s e c t i o n s as a r e s u l t of t h e compet i t ive i n t e r e s t shown i n 
t h e January 1974 noncompet i t ive acreage f i l i n g p e r i o d . Of twelve t r a c t s offered in 
t h e Jvily s a l e , P h i l l i p s acquixed n i n e t r a c t s t o t a l i n g 18,871 ac res a t a cost of ,. 
S798,860. The l o c a t i o n of t h e t r a c t s , t he s u c c e s s f u l b i d d e r , cos t of each t r a c t , and 
cos t per acre a re shown i n F i g . 2 . After t h e l e a s e s i s s u e d in October 1974; exp lo ra 
t i o n a c t i v i t y sh i f t ed t o d r i l l i n g t h e acquired a c r e a g e . During 1975 s ix explora tory 
we l l s and two s t r a t i g r a p h i c t e s t s were d r i l l e d - The d i scove ry wel l (3-1)* "̂ ^^ second 

. w e l l d r i l l e d , came in a t t h e end of A p r i l . rX)ring 1976, e f f o r t s focused toward fu i^ 
t h e r i n g the iDiowledge of t h e c e o t h e n n a l s^'Stcm t)irough rcsevoi j - t e s t s a.nd a v a r i e t y of 
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Fig. 2. The Roosevelt Hot Springs KGRA 
showing the location of 12 tracts offei^ 
ed at the J-uly 1974 lease sale. 

GBOLOGY 

The Roosevelt geothermal f i e l d i s located a t the junc t ion between Escalante Valley, 
1 north-south trending graben, and the Mineral Range, a ho r s t block para l le l ing the 
;ast s ide of the va l ley (Fig- 3)» The va l l ey i s flanked on the west by a horst form
ing a number of smaller mountain ranges. The graben i s f i l l e d with upwards of 5,000 
Teet of poorly consolidated sediments, vo lcanics and alluvium r e s t i n g on more dense 
consolidated rocks. The va l ley f i l l i s t h i c k e s t immediately nor theast of Milford. 

The Mineral Range i s about t h i r t y miles long and s ix t o t en miles wide. Topogra-
ahy i s rugged, with s teep slopes and high r e l i e f . The southem t h i r d of the range i s 
:omposed of folded and faul ted Paleozoic and Mesozoic sediments and Tertiary volcanic 
'ocks which have been intruded by srnall ac id ic igneous s tocks . The centra l Mineral 
lange has a g ran i t i c cen t r a l core which i s recognized as Utah ' s l a rges t pluton. The 
' r an i t e has intruded and metamorphosed Palezoic sedimentary rocks now cropping out 
Qong t h e southeast edge of the Range. To t h e west, g r an i t e intruded Precambrian 
ichis ts and gneisses (Fig. 4)- The granite-metamorphic rock contact i s gradational 
rith a zone about one-mile wide consis t ing of metamorphic inc lus ions within the gran-
.te forming the granite-metamorphic rock contac t ( E a r l l , 1957). North of Roosevelt 
iprings, grani te i s in gradat ional contact with a g ranodior i te inti-usive which in t u m 
ntruded a sequence of upper Precambrian and lower Paleozoic sedimentary rocks at the 
lorth end of the range (Liese , 1957)- Late Cenozoic ac id ic ash flow tuffs and lava 
lows p a r t l y f i l l older e ros iona l va l leys cut i n the g ran i t e and pa r t ly cap portions 
tf the grani te in the c e n t r a l Mineral Range. These volcanics appear to be younger 
ban the basin-range f au l t ing which exJiumed and permitted d i s sec t ion of the granite 
l u t o n . Age dates of 400,000 years t o 0.8 m.y. are reported by W. P. Nash (197^) for 
he volcanics . Bearskin Mountain has been i d e n t i f i e d as one of perhaps several volca-
oes supplying the tuf fs and lavas (Ear31, 1957)• OLhcr poss ib le sources are North 
nd South Twin Flat Mountain and a email s i l i c e o u s titock ' . .'">fction 31 , T26S, BBW. 
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Fa\jlt3>ic i s \>bifpiStou.i t)u'o\>ghout 
t))c UTca. Several faults within ih t 
Jloosevclt KGRA apparently have a ffigiii~ 
ficuiit influence on the h y d r o l o c . 
These arc the Dome Fault, ctrilcing NNE 
throu/:h the center of the KGRA, and th;-
cas t -wes t s t r i k i n g Negro Mag Wash faul t 

The P h i l l i p s exploration progra.-n has. 
been discussed elsewhere by Berge et> 
a l . (1976) and Lenzer e t . ad. (1976)-
and only the r e s u l t s of temperature grfe 
d i en t surveys wi l l be repeated here . 1 
add i t i on , the University of Utah inves
t i g a t i n g team led by Dr. Ward have pub
l i s h e d many reports on the Roosevelt 
a rea , which wi l l not be discussed. The 
temperature gradient map (Fig. 5) i s 
based on a t o t a l of t h i r ty -n ine holes 
and combines Ph iUips ' r e su l t s with dat 
from Petersen (1975; and Whelan (Univer 
s i t y of Utah, personal communication). 
Depths of gradient .holes vary frora 60 t 
610 m (200 t o 2,000 f t ) . Gradients i n 
f ive holes in the center of the thermal 
anomaly exceed 40°c/l00ra. The anomaly 
i s elongate north-south with a change 
in t rend t o the northwest in the north
e m t h i r d of the anomaly. The nor th-
south t r a c e of the Dome Fault centers 
on the anomaly, and the east^west Negrc 
Mag Wash faxilt i s coincident with the 
zone of the change in t rend. All ex

p lo ra t ion wells p resen t ly d r i l l ed f a l l i n areas having gradients exceeding 30°C/lOO n 
D r i l l i n g a c t i v i t y t o date t o t a l s nine geothennal wells and four s t ra t igraphic t e s t 
holes (Table 2 and Fig . 7)« Seven of t h e nine wel l s encountered geothermal resources 
Two wells (54-3 &• 72-16) are reported t o be capable of producing 1 x I06 pounds per 
hour or more t o t a l mass flow. One of the seven, (3—!)» cannot be produced due to 
safe ty considera t ions . 

The rocks encountered in d r i l l i n g beneath the t h i n -veneer of alluvium, are e i the r 
igneous int^^lsive rocks of the Ter t iary Mineral Range g ran i t i c complex or metamorphic 
rocks of the Precambrian Wildhorse Canyon s e r i e s (Fig. 6 ) . These rocks have almost 
no in te rgranular poros i ty or permeabi l i ty . The geothermal reservoir i s associated 
with interconnected f racture zones and f a u l t s lending l oca l high effective permeabil
i t y t o the c r y s t a l l i n e rocks. The resejrvoir i s confined beneath a cap varying tram 
300 t o several thousand feet in thickness—the cap apparently foniied by prec ip i ta ted 
s i l i c a seal ing the f r ac tu r e s . All the weUs d r i l l e d t o date are considered wildcats 
s ince the t a r g e t s sought are fracture systems whose a t t i t u d e s are poorly known and . 
a re not re la ted t o any pa r t i cu l a r l i t ho logy or formation. Using the c lass i f i ca t ion 
of White and Williams (1975) 1 the geothermal resource i s identii^ied as a high temper>-
a t u r e , low s a l i n i t y , l i qu id dominated t v p e . Geothennal reservoir water xs c lass i f iec 
^s sodium chloride water containing 6OOO t o 8000 mg/l T.D.S. (Table 3)* These water; 
contain anomalously high amounts of S i , Na, K, Gl, F, B, I i , NH3 and sa l i n i t y r e l a 
t i v e t o other bas in waters . The Na-K—Ca emperical geothermometer of Fournier and 
Truesdel l (l973) has been applied t o the r e s e r v o i r water from geothermal wells 54-3 
and 3-1-1 Roosevelt Hot Springs water, and present surface water discharging near the 
old hot springs (Table 3)« There i s c lose agreement (within 10^) between the calcu
l a t e d reservoi r temj>eratures and the r e s e r v o i r temperatures measured in the wells . 

IE"" 

Fig. 3. Geologic Map of Northem Escalante 
Valley- Modified after Petersen, 1974; 
Liese, 1957; Earll, 1957; Hintze, 1963. 
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purpoise of fonninfi o geothennal uni t is 
f o r t h e :iimc jiafpoticn as unitirwilion in 
o t l and gas explorat ion, nnd t)iat i s 
t h e e f f i c i e n t and economic development 
of t he resource . A un i t accomplishes 
t h i s by e l iminat ing lease l i n e s , allow
ing t h e f i e l d t o be developed in the 
most prudent manner; offset s i tua t ions 
a r e the reby avoided. , ^ , 

The Roosevelt Hot Springs Unit i s 
t h e f i r s t approved Federal geothennal 
u n i t i n t h e United S t a t e s . The tmi t 
a rea i s shown in Fig. 7- The forma
t i o n of any u n i t can be an extremely 
involved process , and the Roosevelt 
Un i t , be ing the f i r s t of i t s kind, took 
wel l over a year t o wri te and t o r e 
ceive f i n a l approval. The Federeil geo-
thei-mal u n i t agreement, which s t a t e s 
t h e r e g u l a t i o n s regarding un i t opera
t i o n , was derived from the basic Fed
e r a l o i l and gas un i t agreement. I f 
more t h a n one par ty holds land in the 
axea t o be un i t i zed , as i s the case at 
Roosevel t , a Unit Operating Agreement 
s e t t i n g fort.h the operating conditions 
must be agreed upon by the d i f ferent 
p a r t i e s . 

The f a c t t h a t the geothermal r e s e r 
v o i r a t Roosevelt i s contained in frac
t u r e s and the d i s t r i bu t ion of fractures 
can be h igh ly e r r a t i c led t o the adop
t i o n of a divided type un i t on a t r a c t 
b a s i s . Under t h i s system, costs and 
produc t ion are apportioned to each par

ty based on the amount of t h e i r acreage included wi th in a pa r t i c ipa t ing area, and en
t rance in to a p a r t i c i p a t i n g area i s gained by d r i l l i n g a production well . Each well 
d r i l l e d i s credi ted with a ce r t a in amount of acreage which, i f the well i s a producer, 
i s then included within the p a r t i c i p a t i n g area . Dry h o l e s do not count and acreage 
credi ted t o thera i s not included in a p a r t i c i p a t i n g aj~ea. 

ClOIIM.Mkl . WILLI 

.ODIf lCD l .OM C.ft. r t i f " S K I 

Fig. 4.. Geologic Map of the Roosevelt Hot 
Springs area. Modified after Petersen, 1974-

WATER APPROPRIATION PROCFJEDING 

Everyone desiring to develop geothermeil resources in Utah is faced with the same 
problem and that is the appropriation of water necessary to run the power plamt. This 
holds true even if the resource to be developed is on Federal lands, for in the state 
of Utah, all waters within the state are public property. The basis for granting a : 
water right in Utah is that the water shall be put to beneficial use. Phillips bas 
taken steps to appropriate the necessary water by submitting applications to theState 
Engineer. The notices of application were published, protests were filed, and a pub
lic hearing before the State Engineer was held in Beaver, Utah, in April 1976 to con
sider the applications. For the State Engineer to approve any application, the fol
lowing requirements must be met: (l) Tliere is unappropriate water in the proposed 
source. (2) The proposed use will not impare existing rights, or interfere with more 
beneficial use of the water. (3) The proposed plan is physically and economically 
feasible and would not prove detrimental to the public welfare. (4) The applicant has 
the financial ability to complete the proposed works and the application has been 
filed in good faith and not for purposes of speculation or monopoly. At the hearing 
specific testimony was present to meet each of tliese 5j)eciric rcciuircments. 

A«i a -result of the geothennal discovery and the concern of existing water users in 
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virion. At present, the !;yjitom ijjcDudcs 
uix utock wells I the lioô cvclt seep, 
four water observation wells specifical
ly drilled by Phillips for monitoring 
purposes, and one stratagraphic test 
hole modified to act us a water obscr^ 
vation well (Fig. 8). The Phillips' 
wells are located between the geother
mal wells and the existing water users 
points of diversion and penetrate the 
same reservoir utilized by the ranchers 
and farmers in the valley. The well 
sites were located far from existing ir
rigation wells to minimize or eliminate 
the effect that present pumping in the 
irrigation district might have on the 
water table at the monitoring sites. 

The system is an early warning sys
tera designed to detect any effect that 
testing or production would have on ex
isting water users source of supply. 
Additional monitoring points will be 
added"to the systera as necessary. 

EXPLORATION ACTIVITY 

Fig. 5* Temperature gradients in the Roose
velt Hot Springs area. Contour Interval is 
10°C/l00m (Includes data from Petersen, 1975 
and Whelan, 1976, personal coinnmnication). 

1 
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Most recently, exploration act ivi ty 
at Roosevelt has consisted of dr i l l ing 
several 2000 foot observation holes or 
deep temperature gradient holes. These 
have been cb^illed.to t e s t certain ideas 
concerning the Roosevelt geothermal sys
tem. This intermediate depth dr i l l ing 
step has proven extremely valuable in 
evaluating other prospects. 

The chief benefit of dr i l l ing a 2000 
foot observation hole i s the large quan
t i t y of infoi-mation obtained for a re l 
atively low cost . Our average dri l l ing 
cost i s less than 550,000, which i s l/lO 
that of d r i l l i ng an exploration well to 
6000 feet . Information generated by 
d r i l l i ng these holes includes the fol
lowing: temperature gradients, s t r a t i 
graphy, hydrology, al teration, dr i l l ing 

problems and structure. These holes are particvilarly useful in minimizing the risk in 
picking the proper spot t o d r i l l an exploration well. Such a hole might be-drilled if-
i t were suspected that the thennal anomaly might be caused by l a t e r a l movement of warm 
waters below depths reached by shallow temperature gradient holes. 

'J 

Fig. 6. Generalized Structvire section 
through Well No. 9-1. 

ENGINEERING 

The engineering program at Roosevelt is a multipurpose program designed (l) to gain 
experience, (2) to determine the production capabilities of each veil drilled, and (3) 
to characterize the reservoir. Testing has been limited to short term flow tests of 
about two days diu-ation on the production wells. The longest test was a 3-5day flow of 
Well 54-3* With tests of such short duration, we bave not reached all our objectives. 
.We have gained invaluable experience and confidence in operating equipment and in in
terpreting the results and we have been successful in detenmining each well's capabil
ities. Two systems have been used for testing. The initial testing at Well 5t-3^sed 
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for testing. The initial testing at 
Well 54-3 used a separator to separate 
liquid cind vapor phases so they could 
each be measured separately. The sep
arator has a capacity of 1 million 
pounds per hour of total mass flow ' ^ 
and it proved to be: inadequate to haiî " 
die the maximum well flow. At the 
other production wells, flow has been 
measured using Russell James (1966) 
method of steam-water measurement em
ploying an orifice plate and a lip 
critical pressure measuring device. 

The limiting factor on the dura
tion of the flow tests is the dispo
sal of the produced liquids. At pres
ent the reserve pits adjacent to the 
wells sure used to contain the test 
fluids. Daring the 3*5 day flow test 
of "Well 54-3» the liquids produced 
were discharged into the natural 
drainage "system. It was an experiment 
designed to measure the effect that 
reservoir fluids would have on the na
tive vegetation, and was allowed to 
proceed because the shallow groundwa
ter in the area is similar in quality 
to the reservoir fluids. The dis
charge pipe was •buried beneath rip
rap in the center of a large wash. 
After the test gullying was noted be
low the outlet pipe for several 100 
feet downstream, A 'second result was 
the death of trees immediately adja-
..<>«« 4 r. 4 V>«. r-Viannel. but not all 
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Pig. 8. Water Observation Well System in 
the area of the Roosevelt Hot Springs Unit . 

cijcck i n d i c a t e s t h a t (Jcad t rees arc 
jun ipe r t r e e s , bu t heal thy pine trees 
ore found next t o doad junipers . A 
de t a i l ed study of the effect which 
t h i s t e s t has had on the environment 
has not ye t been made, and vintil i t 
i s , i t i s u n l i k e l y t h a t any further 
surface d i sposa l w i l l be permitted. 

In order t o acqui re needed resci^ 
voix^datai t h e r e i s i n preparation B'7i 

' p lan i*Qr;a ibnĝ ^̂ ^ flow t e s t . The " 
proposal c a l l s f o r f low-test ing Weil 
54-3 ^or a sus ta ined period of up to 
s i x months t o determine reservoir size 
and production c h a r a c t e r i s t i c s . 

the f l u i d s produced a t Well 54-3 w i n 
be piped through a cent r i fugal steam/ 
water separa tor a t t he wel l s i t e where 
the steam por t ion w i l l be vented in 
the p i t through an ex i s t i ng muffler. 
I t w i l l be necessary t o construct ap
proximately 1.4 miles of 10" pipe to 
connect Well 54-3 t o Well 82-33 (Fig. 
7 ) . Well 82-33 w i l l function as an 
in j ec t i on well during the reservoir 
t e s t s . The l i q u i d por t ion from Well 
54-3 w i l l be piped t o Well 82-33 using 
the produced pressucre for injection 
i n t o the wel l . 

•::-:.;.̂ L ' l ' ~ J ACKl̂ OWÎ DSiENTS •.:^r^.n&s --.rir 
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