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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 commnity. Phil-
lips Petroleum 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 (?) metamorphic 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
Jdlometers to the east and socuth 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 culminated 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 cstablishment of a groundwater monitoring system
in the valley, ana preparation for additional reservoir testing.

INTRODUCTION

> The Roosevelt geothermal field is situated in the western foot-

g jUIAH hills of the Mineral Range in eastern Beaver County, Utah, near the

] eastern edge of the Basin and Range physiographic province (Fig. 1)-

: The field named for a now dry-hot springs is about 12 miles northeast

-2 " { -| *of the city of-Milford and about 18 miles norihwest of Beaver, the

roosever proseect| - county seat. Among previous investigations are water studies by lee
B S (1908), Mundorff (1970) and Mower and Cc.-dova (1974). Earll (1957)

N geologically mapped portions of the Mineral Range. Condie (1960) in-
. vestigated the petrogenesis of the Mineral Range Pluton. Recently,
Fig. 1 Petersen (1974) focused attention on the geology and geothermal po-

Utah Index tential of the Roosevelt Hot Springs area. 1In 1975 the Uni\-.'ersity of
Utah researchers launched an in—depth program and have published many
reports, too rnamerous to be mentioned here.

Phillips Petroleum Company's exploration activities in Utah began
in late 1972 and a chronological listing of the activities at Roosevelt are given in
' Table 1.  As shown, many exploration surveys were completed in the 1—1/2 years pre—
ceding the Rdosevelt KGRA lease sale. An evaluation of these surveys led to the con-
clusion that the Roosevelt area showed exceptional promise. The lease sale in July
1974, was the first KGRA put up for bid in ithe state. The original eight sections in
the KGRA bad grown to 36.5 sections as a result of the competitive interest shown in
the Jamiary 1974 noncompetitive acrcage filing period. Of twelve tracts offered in
the July sale, Phillips acguired nine tracts iotaling 18,871 acres at.a cost of =
$798,860. The location of the tracts, the successful bidder, cost of each tract, and
cost per acre are shown in Fig. 2. After the lezses issued in Ociober 1974, explora-
tion activity shifted to drilling the acquired acreage. During 1975 six sxploratory
wells and two siraligraphic Lests were drilled. The discovery well (3"1)9 the second
.well drilled, came in at the end of April. During 1976, efforts focuse¢ toward fur-
"thering the }mowledge of Lhe pgeolhermal sysiem Lhroupgh resevoir tests end a variety of
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Fig. 2. The Roosevelt Hot Springs KGRA
showing the location of 12 tracts offer-
ed at the July 1974 lease sale.

GEOLOGY

‘The Roosevelt geothermal field is located at the junction between Escalante Valley,
1 north-south trending graben, and the Mineral Range, a horst block paralleling the
:ast side of the valley (Fig. 3). The valley is flanked on the west by a horst form—
ing a rumber of smaller mountain ranges. The graben is filled with upwards of 5,000
feet of poorly consolidated sediments, volcanics and alluvium resting on more dense
ronsolidated rocks. The valley fill is thickest immediately northeast of Milford.

The Mineral Range is about thirty miles long and six to ten miles wide. Topogra-
shy is rugged, with steep slopes and high relief. The southern third of the range is
:omposed of folded and faulted Paleozoic and Mesozoic sediments and Tertiary volcanic
-ocks which have been intruded by small acidic igneous stocks. The ceniral Mineral
lange has a granitic central core which is recognized as Utah's largest pluton. The
;ranite has intruded and metamorphosed Palezoic sedimentary rocks now cropping out
Uong the southeast edge of the Range. To the west, granite intruded Precambrian
ichists and gneisses (Fig. 4)- The granite-metamorphic rock contact is gradational
rith & zone about one-mile wide consisting of metamorphic inclusions within the gran-
te forming the granite-metamorphic rock contact (Earll, 1957). North of Roosevelt
springs, granite is in gradational contact with a granodiorite intrusive which in turn
ntruded 2 sequence of upper Precambrian and lower Paleozoic sedimentary rocks at the
iorth end of the range (Liese, 1957). . Lale Cenozoic acidic ash flow tuffs and lava
lows partly fill older erosional valleys cut in the granite and partly cap portions
f the granite in the central Mineral Range. These volcanics appear to be younger
han the basin-range faulting which exhumed and p2rmitted dissection of the granite
luton. -Age dates of 400,000 years to 0.8 m.y. are reported by W. P. Nash (1976) for
he volcanics. Bearskin Mountain has Leen identified as one of perhaps several volca-
oes supplying the tuffs and lavas (Earll, 1957). Other possible sources are North
nd South Twin Flat Mountain and a c=mall sjiliccous slock “.. Seclion 31, T26S, RSW.



© Famliing 45 ubigquitous throughout
Lhe arcs. Several foults within the
Noosevelt KGRA appurently have a cipni-
ficunt influcnce on the hydrolopy.
These are the Dome Fault, striking NWE
through the center of the XGRA, and the
east—-west striking Negro Mag Wash fault
The Phillips exploration progran hat
been discussed elsewhere by Berge et.
al. (1976) and lenzer et. al. (1976). .
and only the results of temperature gra
dient surveys will be repeated here. 1]
addition, the University of Utah inves~
tipating team led by Dr. Ward have pub-
lished many reports on the Roosevelt
area, which will not be discussed. The
temperature gradient map (Fig. 5) is
based on a total of thirty-nine holes .
" and combines Phillips' results with dal
from Petersen (1975) and Whelan (Univer
sity of Utah, pérsonal commnication).
Depths of gradient .holes vary from 60 t
610 m (200 to 2,000 ft). Gradients in
Tive holes in the center of the thermal
anomaly exceed LO°C/100m. The anomaly
is elongate north-south with a change
. i in trend to the northwest in the north-
- : ern third of the anomaly. The norih-
Fig. 3. Geologic Map of Northern Escalante  south trace of the Dome Fault centers
Valley. MHodified after Petersen, 197L; on the anomaly, and the east-west liegrc
Liese, 1957; Earll, 1957; Bintze, 1963. Mag Wash fault is coincident with the
: : zone of the change in trend. A)l ex-
ploration wells presently drilled fall in areas having gradients exceeding_BOOC/IOO n
Drilling activity to date totals nine geothermal wells and four stratigraphic fest
holes (Table 2 and Fig. 7). Seven of the nine wells encountered geothermal resources
Two wells (5L-3 & 72-16) are reported to be capable of producing 1 x 106 pounds per
hour or more total mass flow. One of the seven, (}—1),’ cannot be produced due to /
safety considerations. - : o o :

The rocks encountered in drilling beneath the thin veneer of alluvium, are either
igneous intrusive rocks of the Tertiary Mineral Range granitic complex or metamorphic
rocks of the Precambrian Wildhorse Canyon series (Fig. 6). These rocks have almost
no intergramilar porosity or permeability. The geothermal reservoir is associated
with interconnected fracture 2zones and faults lending local high effective permeabil-
ity to the crystalline rocks. The reservoir is confined beneath a cap varying from
300 to several thousand feet in thickness—the cap apparently formed by precipitated
silica sealing the fractures. A1l the wells drilled to date are considered wildcats
since the targets sought are fracture systems whose attitudes are poorly known and..
are not related to any particular lithology or formation. Using the classification
of White and Williams (1975), the geothermal resource is identified as 2 high temper-
ature, low salinity, liocuid dominated type.- Geotbhermal reservoir waler iIs classifiec
as sodium.chloride water containing 6000 to 8000 mg/l T.D.S. (Table _3). These water:s
contain anomalously high amounts of Si, Na, K, Cl, F, B, 1i, NHy and salinity rela-
tive to other basin waters. The Na-X-Ca emperical geothermometer of Fournier and
Truesdell (1973) has been applied to the reservoir water from geothermal wells 5,-3
and 3-1, Roosevelt Hot Springs water, and present surface water discharging near the
old hot springs (Table 3). There is close agreement (within 10%) between the calcu-
lated reservoir temperatures and the reservoir temperatures measured in the wells.
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ROOSEVELT HOT SPRINGS UNIT AGREEMENT

Teride da cinid 2an 4hin Mineannld Al Coaeinee secervoir have been sucecessfNil. The



“purpose of forming o geothermal undt ds
for the sume pusrpones 45 unitization in
.0il and gas exploration, and that is
the cfficicnt and cconomic development
of the resource. A unit accomplishes

. this by eliminating lcase lines, allow-
ing the field to be dcveloped in the
most. prudent manner; offset 51tuations
_are thereby avoided. . .

_ - The Roosevelt Hot Spr:mgs Unit is

- the first approved Federal geothermal

“Ye—
4

wlGRO sl waln

:" 1 . '":' unit in the United States. The unit
area 1s shown in Flg- 7- The forma-
tion of any unit can be an extremely

W involved process, and the Roosevelt
v w‘a e * ol Unit, being the first of its kind, took

well over a year to write and to re-

‘ceive final approval. The Federal geo-

12 ' thermal unit agreement, which states

' the regulations regarding unit opera-
tion, was derived from the basic Fed-
eral oil and gas unit agreement. If
more than one party holds land in the

~area to be unitized, as is the case at
Roosevelt, a Unit Operating Agreement
setting forth the operating conditions

- mast be agreed upon by the different
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n ot aprn dupeie BN"' o The fact that the geothermal reser-
) voir at Roosevelt is contained in frac-

EZ] volewuies SO D 1RON C.A. PLIEASEN tures and the distribution of fractures
: . LT - can be highly erratic led to the adop-
Fig. L. Geologic Map of the Roosevelt Hot tion of a divided type unit on a tract

Springs area. Modi_fied after Petersen, 197[,. basis. Under this system, costs and

production are apportioned to each par-
ty based on the amount of their acreage mcluded within a participating area, and en-
trance into a participating area is gained by drilling a production well. Each well
drilled is credited with a certain amount of acreage which, if the well is a producer,
is then included within the participating area. Dry holes do not count and acreage
credited to them is not included in a participating area.

WATER APPROPRIATION PROCEEDING

Everyone desiring to develop geothermal resources in Utah is faced with the same
problem and that is the appropriation of water necessary to run the power plant. This
nolds 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. ..
~ater rlght in Utah is that the water shall be put to beneficial use. Phillips has
taken steps to appropriate the necessary water by submitting applications to the State
Engineer. The notices of application were pub11shed, protests were filed, and a pub-
1lic 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: (1) There is unappropriate water in the proposed
source. ?‘2’) The proposed use will not impare e;ust).ng rights, or interfere with more
peneficial 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 3in good faith and not for purposes of spsculation or monopoly. A} the hearing
specific testimony was present to meel each of these specific reouirements. ’

A< a result of the geolhcrnal discovery and ihe concern of cxnsL:mg watler users in

L. T SV 1
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vision. AL present, the system includes
- 8ix stock wells, the Hovucvell secp,
four watcer observation wells specifical-
"1y drilled by Phillips for monitoring
purposes, and one stratigraphic test
hole modified to act u5 a watcr obser-
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-
tem 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 system as necessary.
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l__L__L. EXPLORATION ACTIVITY
Fig. 5. Temperature gradients in the Roose- Most recently, exploration activity
- velt Hot Springs area. Contour Interval is at Roosevelt has consisted of drilling
10°C¢/100m (Includes data from Petersen, 1975 - several 2000 foot observation holes or
and Whelan, 1976, personal commnication). deep temperature gradient holes. These
: have been drilled .to test certain ideas
- : "~ concerning-the Roosevelt geothermal sys-
f ' ‘tem. This intermediate depth drilling
step has proven extremely valuable in
evaluating other prospects.

The chief benefit of drilling a 2000
foot observation hole is the large quan-
tity of information obtained for a rel-
atively low cost. Our average drilling
cost is less than $50,000, which is1/10
that of drilling an exploration well to
6000 feet. Information generated by
drilling these holes includes the fol-
lowing: temperature gradients, strati-

: : graphy, hydrology, alteration, drilling
problems and structure. These holes are particularly useful in minimizing the risk in
picking the proper spot to drill an exploration well. Such a hole might be-drilledif- -
it were suspected that the thermal anomaly might be caused by lateral movement of warm
waters below depths reached by shallow temperature gradient holes.
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Fig. 6. Generalized Structure section
through Well No. 9-1.

ENGINEERING

The engineering program at Roosevelt is a multipurpose program designed (1) to gain
experience, (2) to determine the production capabilities of each well drilled, and (3)
to characterize the reservoir. Testing has been limited to short term flow tests of
about two days duration on the production wells. The longest test was a 3.5day fNow of
Well 54-3. With tests of such short duration, we have not reached all our objectives.

Ve have gained invaluable experience and confidence in operating eguipment and in in-
" terpreting the results and we have been successful in Setermining each well's capabil-
ities. Two sysiems have been used for testing. The initial Llesting at Well 5L-3used
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" isevelt Hot Springs Unit Arca.

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 are used -to contain the test

fluids.

During the 3.5 day flow test

of Well 54-3, the liquids produced

drainage “system.

" feet downsiream.

_ were discharged into the natural

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.
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
A’second result was
the death of treces immediately adja-
rant 44 4he channel. but not all

The dis-
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