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ABSTRACT 

A conceptual geologic model o f  the Roosevelt 
Hot Springs hydrothermal system was developed 
by a review o f  the avai lable l i t e ra tu re .  The 
hydrothermal system consists o f  a meteoric 
recharge area i n  the Mineral Mountains, f l u i d  
c i r cu la t i on  paths t o  depth, a heat source, and 
an outf low plume. A conceptual model based on 
the avai lable data can be simulated i n  the  
na t ive  s ta te  using parameters tha t  f a l l  w i t h i n  
observed ranges. The model temperatures, 
recharge rates, and f l u i d  t rave l  times are 
sens i t i ve  t o  the permeabil i ty i n  the Mineral 
Mountains. The simulat ion resu l t s  suggests the  
presence o f  a magma chamber a t  depth as the 
l i k e l y  heat source. A two-dimensional study o f  
the hydrothermal system can be used t o  
es tab l i sh  boundary condit ions f o r  f u r the r  study 
o f  the geothermal reservoir .  

I HTRODUCT ION 

The Roosevel t Hot Springs (RHS) hydrothermal 
system was the s i t e  o f  an act ive explorat ion 
program s t a r t i n g  i n  1974. A 500'F l i q u i d -  
dominated reservo i r  was discovered through 
explorat ion d r i l l i n g  i n  1975. The Roosevelt 
Hot Springs Un i t  (RHSU) was formed i n  A p r i l  
1976 and was the f i r s t  geothermal u n i t  approved 
by the United States Department o f  I n te r i o r .  

-A 25 MU, geothermal power p lan t  s ta r ted  
operations i n  1984. The loca t ion  o f  the study 
area I s  shown i n  Figure 1. 

The Roosevelt Hot Springs area has been used as 
a natural  laboratory. f o r  the development and 
tes t i ng  o f  geothermal explorat ion and 
evaluation methods, involv ing geol ogic, 
geophysical, geochemical and reservo i r  
test ing.  A l i t e r a t u r e  review f o r  the RHS 
system reveals over 180 geoscience t i t l e s .  
These many sources were used t o  develop a 
conceptual geologic model o f  the hydrothermal 
sys tern . 

A two-dimension$ reservoir  model o f  the 
hydrothermal sys- .is. uqed ,to investigate the 
conceptual model and the physical constraints 
o f  the system. The nat ive state simulation 
study tes ts  the conceptual geologic model and 
establ ishes reservoir  boundary conditions. As 
the simulat ion study progresses, the conceptual 
geologic model provides a reference f o r  
adjusting reservoir  parameters. 

GEOLOGY 

The RHS geothermal system i s  located on the 
eastern edge. o f  the Basin and Range 
physiographic province and a t  the t rans i t i on  
between the Colorado Plateau and the Basin and 
Range. The geothermal system l i e s  t o  the west 
o f  the ba tho l i th  o f  the Mineral Mountains, the 
f i r s t  range west o f  the Wasatch Front. The 
Mineral Mountains are a north-south trending 
horst  bounded by Basin and Range normal faul ts.  
A geologic map o f  the area i s  given i n  Figure 
2. 

Eruptive H is to ry  
The Mineral Mountains in t rus ive  complex has a 
h i s to ry  o f  magmatic a c t i v i t y  since the 
Oligocene time (Neilson e t  al., 1986). The 
oldest phase began about 25 Ma w i th  intrusives 
i n t o  Precambrian rocks. This pluton was then 
intruded by the main in t rus ive  complex about 22 
Ma. About 9.0 t o  9.6 Ma an igneous sequence 
was emplaced. The ea r l i es t  volcanic a c t i v i t y  
occurred 7.9 Ma along the west side o f  the 
range. The f ina l  volcanic episode started i n  
the Twin Peaks volcanic complex about 2.7 Ma 
with the eruption o f  rhyo l i t e  domes and 
widespread basalt flows. The l a s t  r h y o l i t i c  
volcanism occurred between .8 and .5 Ma and 
resu l ted  i n  twelve domes i n  the central Mineral 
Mountains and the Bailey Ridge rhyo l i t e  f low 
j u s t  east o f  the reservoir. Chemical 
s i m i l a r i t y  o f  a l l  the domes suggests they were 
derived form the same magma source (Ward e t  
al., 1978). 

Structure 
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(1989). The commercial geothermal reservoir i s  
c losely associated with the Negro Mag and Opal 
Dome Faults. Structural features are important 
i n  control1 ing the reservoir characteristics 
and boundaries. 

The Negro Mag Fault i s  an east-striking, high 
angle, oblique s l i p  wi th  s ign i f icant  r i g h t  
l a t e r a l  shear faul t .  This range cut t ing f a u l t  
i s  the major dr iv ing f a u l t  def in lng local  
act ive structures and i s  act ive i n t o  the deep 
basement. The Negro Mag Fault i s  located along 
the axis o f  a complex graben structure 4 miles 
across. This graben forms a low i n  the crest  
o f  the Mineral Mountains, separating a 
Pleistocene rhyo l i t e  dome complex t o  the south 
from lower and more dissected ground containing 
no r h y o l i t e  domes t o  the north. The Bailey 
Ridge rhyo l i t e  appears t o  have erupted from 
faul ts associated wi th  t h i s  graben, suggesting 
the structure has been present since a t  least  
the ear ly Pleistocene. 

The highly conspicuous Opal Mound Fault i s  a 
north-south normal f a u l t  marked by a l l u v i a l  
scarps, surface alterations, p d  opaline 
deposits which at test  t o  geologically recent 
a c t i v i t y  and extensive leakage o f  the reservoir  
along t h i s  feature. The Opal Dome Faul t  
separates a graben t o  the east from a narrow 
horst  t o  the west. 

low- t o  moderate-angle denudation fau l ts  occurs 
throughout the Mineral Mountains, but are most 
common i n  the geothermal area. The fau l ts  d ip  
between 5' and 35' t o  the west wi th an 
estimated maximum depth o f  formation o f  16,000 
feet (Bruhn e t  al., 1982). These low-angle 
faul ts developed a f t e r  the emplacement and 
consolidation o f  the Ter t iary  pluton complex 
and pre-date rhyo l i t e  domes and flows dated a t  
0.5 Ma. 

The older, low-angle fau l t s  consist o f  up t o  
650 feet  zone o f  cataclasis separating rocks o f  
the Mineral Mountains in t rus ive complex from 
overlying sedimentary rocks. The Cave Canyon 
Faul t  represents t h i s  s ty le  o f  faul t ing.  

A second series o f  l i s t r i c  normal f au l t s  occurs 
cu t t i ng  p r inc ipa l l y  rocks o f  the Mineral 
Mountains in t rus ive complex. The Wildhorse 
Canyon and Sal t  Cove Faul t o  are representative 
o f  t h i s  s ty le  o f  faulting. The Wildhorse 
Canyon Fault i s  a continuous feature on the 
west side o f  the Mineral Mountains. This 
feature contains a number o f  NW, high angle 
cataclasi te zones up t o  12 feet  th ick i n  h i l l s  
south o f  Big Cedar Cove. The Sal t  Cove Faul t  
i s  a similar, pa ra l l e l  structure, east o 
V i  ldhorse Canyon Fault. 

The j o i n t  system through the central Mineral 
Mountains i s  re la t i ve l y  homogenous and 
consists o f  three major j o i n t  sets. Two sets 
o f  steeply dipping, sub-orthogonal extension 
j o i n t s  trend northward and eastward, occurring 
roughly para1 le1 and perpendicular t o  the 

< 

s t r i ke  o f  the contacts between igneous and 
country rocks. The j o i n t  spacing varies f rom 
3 t o  95 f e e t  t o  less than two inches i n  areas 
o f  intense faulting. A t h i r d  j o i n t  set 
consists o f  gently t o  moderately westward 
dipping j o i n t s  generally having smooth planar 
surfaces with a j o i n t  spacing varying from 
greater than 3 f e e t  t o  4 inches i n  highly 
faul ted areas. The j o i n t  system in  the 
Precambrian rocks i s  s imi lar  t o  the pluton. 

Geophysics 
The surface heat f l o w  map o f  the area c lear ly  
shows the location o f  the shallow geothermal 
reservoir, (Figure 3) .  Surface heat flow above 
the known reservoir i s  greater than 1000 
mW/m' , with a large plume extending t o  the 
northwest, (Wilson and Chapman, 1980). 
Continuation with depth o f  the heat f l o w  data 
shows an eastward extension along the Negro Mag 
fau l t .  The large plume northwest o f  the 
intersect ion o f  the Negro Mag and Opal Dome 
Faults i s  associated wi th  outflow f rom the 
geothermal reservoir. The regional heat f low 
i s  92 mW/m'2, while heat flow measured ft depth 
from the Acord 1-26 w e l l  was 146 mW/m' (East, 
1981). 

The t o t a l  aeromagnetic in tens i ty  residual map 
o f  the R I 6  area shows the dominance o f  east- 
west features that cut the Mineral Mountains 
and extend east i n t o  the Beaver Valley, 
re f l ec t i ng  the structure a t  depth. 

Gravity modeling and f i l t e r i n g  by Becker (1985) 
indicates an anomalous grav i ty  low centered 
13,000 - 20,000 feet below the reservoir wi th  
a density contrast o f  approximately -.IS g/cc. 
This resu l t  closely corresponds t o  work by 
Robinson and Iyer's (1981) investigation o f  P- 
wave structure o f  the crust and uppermost 
mantle. Their work showed a clear pattern o f  
r e l a t i v e l y  low veloci ty (5 t o  7 per cent less 
than the surrounding rock) material extending 
up from the upper mantle t o  a depth o f  about 
16,000 feet under the west side o f  the Mineral 
Mountains. This plume i s  centered near the 
geothermal area, but extends t o  the north and 
south a t  depth. The degree o f  veloci ty change 
modeled would indicate a temperature increase 
o f  about 1080' t o  1,530'F. indicating f o r  
typ ica l  crustal  rocks some degree o f  melting. 

Pre-production microseismic monitoring detected 
several episodic east-west swarms south o f  the 
Negro Mag Fault, (G. Zandt and 0. Nfelson, 
w r i t t en  communication). Focal depths were 
clustered a t  two d i s t i n c t  depths o f  10,000 feet 
and 26,000 feet. The in terva l  in-between was 
aseismic. The microseismicity demonstrates the 
Negro Mag graben system i s  s t i l l  active, see 
Figure 2. 



Geochemistry 
The thermal waters were by characterized 
Capuano and Cole’(1982) as a dilute sodium 
chloride brlne, with approximately 7000 mg/l 
total dissolved solids. The Na-K-Ca and Si0 
geothermometers indicate deep geothermaf 
temperatures of 466’ and 550’F for the 

- Roosevelt seep and deep well fluid samples, 
respectively. Analysis of fluid samples from 

they are derived from a common reservoir 
source, with variations due largely to mixing 
with shallow groundwater. The least mixing of 
thermal fluids with the shallow groundwater 
occurs for wells in close proximity with the 
Negro Mag Fault (Vuataz and Gaff, 1987). 

The stable isotopic composition of the thermal 
fluids indicates they are of meteoric origin 
with the water derived primarily from the 
Mineral Mountains with perhaps some 
contribution from the Tushar Mountains to the 
east, (Bowman and Rohrs, 1981). The thermal 
fluids have a i3D value of -116 and a i3”O value 
of -13.7. Stable isotopic studies of the age 
of Great Basin thermal waters by Flynn (1990) 
suggest the RHS waters may be 10,000 to 15,000 
years old, (Flynn, personal communication). 
Tritium content of the thermal fluids are very 
low, s 1 TU, (Vuataz and Gaff, 1987). 

Several attempts have been made to date the age 
o f  the hydrothermal system. Palea-magnetic 
dating of opal from the Opal Dome suggest a 
minimum age of 12,000 years and a length of 
activity from 35,000 to 70,000 years. There 
were correlative problems and the maximum age 
could be as old as 350,000 years, (Brown, 
1977). Hydration dating of obsidian in the 
alluvium yielded ages of 220,000, 257,000, and 
330,000 years, (Bryant et al., 1977). These 
dates are maximum times for obsidian hydration 
in alluvium based on a hydration rate at 40.F. 
(Parry et al., 1978). The range of all these 
dates are poorly constrained. 

Hydro1 ogy 
The shallow alluvial aquifer west of the RHS 
area has a potentiometric surface dipping 
northwest toward the Milford Valley (Mower and 
Cordova, 1974,). Flow in the aquifer is 
stratigraphically controlled by flow in 
horizontal, permeable Quaternary alluvial 
deposits of sands and gravels. Concentrations 
of boron and chloride in the aquifer clearly 
show - a  large outflow plume from the high 
temperature thermal system trending northwest 
down the hydrologic gradient (Vuataz and Gaff, 
1987). The outflow plume is leaking over the 
Opal Dome horst, with the plume centered at the 
intersection of the Opal Dome and Negro Mag 
faults. The Opal Dome horst acts as a 
hydrologic barrier to the geothermal reservoir. 

! 

4 wells and springs in the RHS area suggests that 

A aquifer test was made in well 26-9-18. The 
test results indicate a permeability of 1560 
mD, assuming an aquifer thickness of 320 feet 
(Vuataz and Gaff, 1987). The thickness of the 
principal aquifer west of Negro Mag Wash varies 
from greater than 500 feet west of the 
reservoir to 100 to 300 feet in the center of 
Mi 1 ford Val ley (Mower and Cordova, 1974). 

The central Mineral Mountains receive an 
average annual precipitation of 16 to 25 
inches, at elevations of 6400 to 8600 feet 
(Mower and Cordova, 1974). Vautaz and Gaff 
concluded the shallow aquifer was recharged by 
precipitation in the Mineral Mountains with a 
minimum residence time of 70 years. The total 
recharge in the Mineral Mountains was estimated 
by Smith (1980) at 7650 acre-ft/year. An 
estimated 650 acre-ft of this total is 
available for the RHS area. The elevation 
difference of more than 980 feet between Beaver 
Valley and Milford Valley may allow some 
component of i nter-basi n flow. 

RESERVOIR ENG INEERIN6 

The primary reservoir has a reported fluid 
volume of 19 billion barrels from two long-term 
flow tests (three months and nine months) of a 
single well, RHSU 54-3 (Kerna and Allen, 1984). 
Assuming a primary reservoir dimension of 
10,000 by 23,000 feet (from heat flow data) and 
10,000 feet deep (2500 feet below the deepest 
well), an average total porosity of 4.7% Is 
calculated. Well test information indicates 
the wells are able to flow from 300 Klbm/hr to 
over 1,000 Klbm/hr (Butz and Plooster, 1979) or 
receive injectate at rates of up to 1,850 
Klbm/hr (Rosser et al., 1984), indicative of a 
highly fractured reservoir . 
Applying the concept of a permeability window 
(Forster and Smith, 1989) and assuming a bulk 
permeability of 1.01 mD representative of 
granite, maximum temperatures will from a 
fracture permeability of -1000 mD. This 
estimate is in agreement with the qualitative 
assessments of reservoir permeability above. 

The pre-exploi tation reservoir ressure in RHSU 
(Butz and Plooster, 1979). This pressure is 
assumed to be representative of the geothermal 
reservoir. 

Temperature data was compiled from several 
sources, (Wilson and Chapman, 1980, Shannon et 
al., 1983). A comparison of several wells in 
the RHS area show three types of profiles, two 
conductive and one convective, (Figure 4). The 
Acord 1-26 well measured a bottomhole 
temperature of 446’F at 12,645 feet, and a 
gradient at depth of 2.95*F/lOO feet. The 
Acord 1-26 profile was extrapolated from these 
measurements. This profile closely matches 
the RHSU 24-36 profile to about 3000 feet, with 
RHSU 24-36 showing hotter temperatures and a 
slightly higher gradient below this depth, 

14-2 Is 1365 psia at 2950 ft be P ow the surface, 
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suggesting a c loser proximity t o  a heat source. 
RHSU 24-36 i s  located north-east o f  the known 
geothermal reservo i r  and a t  a higher elevation. 
The RHSU 9-1 and RHSU 52-21 p r o f i l e s  are 
intermediate i n  temperatures, wi th  a s im i la r  
gradient as the Acord, but hotter. These two 
wel ls are located i n  close proximity t o  the 
geothermal reservo i r  but are non-productive. 
The RHSU 14-2 and RHSU 72-16 p r o f i l e s  show a 
convective system a t  500'F. Extrapolation o f  
the RHSU 24-36 and RHSU 14-2 p r o f i l e s  indicates 
an in tersect ion a t  approximately 12,000 feet. 
This depth i s  s im i la r  t o  the shallow depth o f  
micro-sei smici ty  . 

the b r i t t l e - d u c t i l e  boundary. Thus, open 
fractures could be supported t o  t h i s  depth and 
provide permeable pathways f o r  convecting 
water. Cooling o f  the magma chamber wi th  time 
could r e s u l t  i n  the development o f  deeper 
fractures. 

The outflow o f  thermal water occurs over the 
Opal Dome horst and i s  centered a t  the 
in tersect ion o f  the Opal Dome and Negro Mag 
faul ts.  A plume o f  hot water then mixes and 
d i l u tes  wi th  cooler water i n  the shallow 
aqui fer  as i t  flows down the hydrologic 
gradient t o  M i l f o rd  Valley. 

CONCEPTUAL WODEL A schematic o f  the conceptual model i s  
presented i n  Figure 5. The locat ion o f  select  

A conceptual model of a hydrothermal system wel ls i s  projected on the f igure.  Key features 
needs t o  address four  components of a dynamic o f  the conceptual model are ident i f ied.  
f low system: f l u i d  recharge, f l u i d  c i r c u l a t i o n  
paths, a heat source, and an outflow plume. The deep structure o f  the Roosevelt 
The geothermal reservo i r  a t  Roosevelt Hot hydrothermal system i s  a matter o f  conjecture, 
Springs can be modeled as a dynamic flow system w i th  the p o s s i b i l i t y  t ha t  a hotter, deeper 
i n t o  and out o f  a in tens ive ly  fractured graben. system may ex i s t  below the known reservoir. 

The microseismic gap between 10,000 and 26,400 
Meteoric recharge i s  pr imar i ly  from feet  suggests the presence o f  an intermediate 
p rec ip i t a t i on  on the crest  and west flank of impermeable seal, allowing a second, deeper, 
the centra l  Mineral Mountains. A small ho t te r  system t o  develop wi th  leakage between 
contr ibut ion from inter-basin transfer from the two systems occurring through the deep- 
Beaver Valley t o  the east t o  Mi l ford Valley seated normal faul ts.  A hot ter  system i s  also 
through the Negro Mag graben structure i s  suggested by extrapolation o f  the temperature 

p r o f i l e  data wi th  an intersect ion a t  about 
12,000 feet. A continuation o f  the RHSU 24-36 

u la t i on  o f  recharge waters occur p r o f i l e  suggests a deeper system could ex i s t  
i n  the Mineral Mountains east of the geothermal w i th  some leakage i n t o  the shallow system, wi th  
reservoir .  The extensive j o i n t  and fracture i n s u f f i c i e n t  residence t i m e  be detected by 
system coupled w i th  the complex east-west geochemistry. The presence o f  deeper, ho t te r  
graben associated w i th  the Negro Mag fau l t  systems below geothermal reservoirs has been 
allows meteoric waters t o  c i r cu la te  t o  depths documented f o r  The Geysers (Walters, 1988) and 
contro l led by the presence o f  open fractures. suggested f o r  Valles Caldera (Hulen e t  al., 
Microseismicity suggests open fractures may 1989) and Dix ie  Valley (Doughty e t  a1 ., 1990). 
e x i s t  a t  depths o f  10,000 and 26,000 feet. The 
waters heat up a t  depth and flow hydrological ly NATIVE STATE SIHUUTION OF THE HYDROTHERHAL 
down gradient u n t i l  they encounter deep-seated SYSTM 
normal f a u l t s  such as the Opal Dome and/or 
Negro Mag Faults. Upwelling occurs along these A two-dimensional, east-west ve r t i ca l  cross- 
high permeabil ity features, w i th  l a t e r a l  f low section was used t o  simulate the conceptual 
i n t o  the Opal Dome graben. The in tersect ion of geologic model. The model length is 41,250 
the Opal Dome and Negro Mag grabens and the low fee t  covering the crest  o f  the Mineral 
angle f a u l t s  provides an intensively f ractured Mountains t o  the center of Mi l ford Valley, a 
geothermal reservo i r  f o r  the thermal fluids. distance w i th  a surface r e l i e f  o f  3,200 feet. 
Ct rcu lat ion i n  the reservo i r  takes place i n  the A numerical g r i d  of 20 by 8 blocks was used i n  
complex, w e l l  - developed, three-dimensional these simulations. The' ground surface defines 
permeabi l i ty  structure. the top o f  the model w i th  a depth o f  19,800 

fee t  below the ground surface. The simulation 
Two sources o f  heat f o r  the hydrothermal system studies were performed using T m A f l 9  a f u l l y  
need t o  be considered: deep c i r cu la t i on  i n  an imp1 i c f t ,  f i n i t e  difference geothermal 
area w i th  high regional heat flow, o r  a shallow simulator, (Vinsome, 1990) The simulator has 
magma chamber. Both p o s s i b i l i t i e s  can be been validated against a number of geothermal 
invest igated through simulation studies. The problems and y ie lds  resul ts  comparable t o  those 
preferred heat source a t  RHS i s  the plume o f  published elsewhere (Stanford Special Panel on 
p a r t i a l  melt mater ia l  under the western, Geothermal Mode1 IntercomParison Study, 1980) - 
central  Mineral Mountains. As modeled by 
Robinson and I ye r  (1981), and Becker (1986), A basal heat f l u x  o f  150 mW/m* was assumed. 
t h i s  plume extends from a depth o f  about 16,000 The i n i t i a l  temperature d i s t r i b u t i o n  was based 
fee t  t o  a t  l eas t  as f a r  as the upper mantle. on the Acord 1-26 temperature p ro f i l e .  The 
The 16,000 feet depth has been inferred by Mineral Mountains side was modeled as a no-flow 
Nielsen e t  a1 . (1986) t o  be a t  approximately boundary a t  depth. A constant pressure 
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boundary on the Milford Valley side, with a massif. A uniform basal temperature of 639' F, 
pressure gradient assigned according to the based on the Acord 1-26 profile was used. A 
temperature profile of the Acord 1-26 well was tracer component with the same properties of 
used. The high water table configuration of water was used to track recharge flow paths and 
Smith (1980) was used. This configuration travel times. 
closely matched the elevations of springs in 
the Mineral Mountains noted by Vuataz and Goff A model run using a permeability of 0.5 mD in 
(1987). Meteoric recharge at a temperature of the mountain massif clearly shows the cooling 
40'F was approximated using steady state of the mountain massif, the upwelling in the 
aquifers at the water table to the east of the high permeability fault zone, and the shallow 
geothermal reservoir. The actual recharge rate outflow plume. Thus the essential features of 
is unknown, but a range of 1% to 5% of the a hydrothermal system were present. The model 
annual precipitation in the Mineral Mountains temperatures and pressures reached steady-state 
is considered to be realistic. conditions after about 30,000 years. The 

temperatures in the shallow geothermal 
The permeability of the Mineral Mountains reservoir range from 169' to 254'F (Figure 8) 
massif was estimated from the joint system and had a fluid travel time of about 800 years. 
distribution of the Central Mineral Mountains. The steady state recharge rate was 35 Klbm/hr. 
The fracture width is unknown so a width of 100 This implies an annual meteoric .recharge of 
pm was used. A fracture width of 100 pm and a 1.11 inches (113 acre-ft) for a model width of 
joint spacing 3 to 100 feet, results in 3,000 feet. 
fracture permeability range from Reiss (1980) 
of 167 mD to 5.6 mD, respectively. A matrix A second simulation used a reduced permeability 
permeability of 0.01 mD was assumed and in the mountain massif of 0.05 mD. The model 
calculating the system average permeability by temperatures reached steady-state conditions 
the method of Aguilera (1980) results in an after 50,000 years. The temperatures in the 
average permeability of 0.027 mD to 0.010 mD. shallow reservoir range from 204' to 353'F 
Values of 0.5 mD and 0.05 mD were used for the (Figure 9) and had a fluid travel time of about 
mountain massif. These values are higher than 8,000 years. The steady state recharge rate 
calculated above, but were used to establish an was 12 Klbm/hr, implying an annual meteoric 
upper limit. The massif is located east of the recharge rate of .38 inches. 
reservoir and extends to a depth of about 
15,000 feet. The average permeability in the The 0.05 mD case generally results in simulated 
Mineral Mountains influences the fluid travel temperatures within 30'F measured in outlying 
time from meteoric recharge to the geothermal wells Acord 1-26, RHSU 24-36, and RHSU 9-1. 
reservoir. A porosity of 1% was used. However, the temperature in the geothermal 

reservoir is several hundred degrees cooler 
The structural complexity of the geothermal than measured. It appears that the high 
reservoir was reduced by assuming the Opal Dome temperatures observed in the geothermal 
Fault is a high permeability zone extending to reservoir are unlikely to be due solely to a 
about 17,000 feet. This simplification ignored high regional heat flow and suggests the 
the role of the Negro Hag Fault as the major presence of a magma chamber. 
driving fault defining local active structures. 
This deep seated high permeability zone is a The simulated recharge rate implies a recharge 
synthesis of the Opal Dome and Negro Mag faults of about 2% of the annual precipitation in the 
features. A permeability of 500 mD, reducing central Mineral Mountains. This is a 
with depth to 10 mD, was used for this feature. reasonable value for the arid climate in the 
The Opal Dome horst was assigned a permeability study area. 
of 0.001 mD. 

CONCLUSIONJ 
The shallow aquifers west of the geothermal 
reservoir was given a permeability of 1000 mD A conceptual model based on available data can 
and 500 mD, decreasing with depth to 0.01 mD. be simulated using values of parameters that 
The horizontal and vertical permeability fall within observed ranges. 
structure used in the study is presented in 
Figures 6 and 7. Model temperatures, recharge rates and fluid ' 

travel times are sensitive to the permeability 
A straight line relative permeability in the Mineral Mountains. 
relationship was used with a residual water 
saturation of 25% and a residual gas saturation The boundary conditions for further simulation 
of 1%. of the geothermal reservoir can be established 

by two-dimensional native state simul at i on. 
Results 
Simulation runs were made to adjust the model, ACKNOWLEDGEnMS 
calibrate the location of the water table, and 
investigate model sensitivity to the Special thanks to Mr. Jim Moore, California 
permeabil i ty structure. The model is extremely Energy Company, Inc. for permission to present 
sensitive to the permeability in the mountain temperature profile data from well RHSU 24-36. 

# 

(., 



f 
Flynn, T. and P. K. Buchanan, Geothermal f l u i d  

REFEREWCES genesis i n  the Great Basin, Div is ion o f  
Earth Sciences, Univ. o f  Nevada, Las 

Aguilera, R., Natura l lv  fractured reservoirs, Vegas, DoE/ID/12784-1, 165 p., 1990. 
PennWell Publ ish ing Company, Tulsa, p. 
258, 1980. Geothermex, Geothermal reservo i r  assessment o f  

Roosevelt Hot Springs, Geothermal Power 
Becker, D. J., Modelling o f  the hydrothermal Company, Novato, CA, DOE/ET/28406-1, 81 

system, Mineral Mountains v i c i n i t y ,  Utah, p., 1982. 
Masters Thesis, Southern Methodist 
University, 136 p . ,  1985. Gaff, F., F. D. Vuataz, and C. 0. Grigsby, The 

hydrothermal outflow plume o f  Valles 
Bowman, J. R. and D. T. Rohrs, L ight  stable Caldera, New Mexico and a comparison with 

isotope studies o f  spring and thermal other outflow plumes, Journal o f  
waters from the Roosevelt Hot Springs and Geophysical Research, 93(B6), p. 6041- 
Cove Fort/Sul phurdal e areas and o f  c lay  6058, 1988. 
minerals from the Roosevelt Hot Springs 
area, Dept. o f  Geology and Geophysics, Hulen, J. B., Gardner, J , .  N., F. Gaff, D. L. 
Univ. o f  Utah, DOE/ID 12079-44, 36 p., Nielson, J. N. Moore, J. A. Musgrave, M. 
1981. M. Lemieux, K. Meeker, and M. 6. Snow, 

The Sulphur Springs hydrothermal system, 
Brown, F. H., Attempt a t  paleomagnetic dating past and present: i n i t i a l  resu l ts  from 

o f  opal, Roosevelt Hot Springs KGRA, cant i nental scient i f i c d r i  1 1 i ng program 
Univ. o f  Utah, IDO-1601-T5, 15 p., 1977. corehole VC-28, Valles Caldera, New 

Mexico, Geothermal Resources Council, 
Bryant, N.L., W. T. Parry, Hydrothermal Transactions, Val. 13, p. 149-156, 1989. 

a1 te ra t ion  a t  Roosevel t Hot Springs KGRA - DOH 1976-1, Dept. of Geology and Kerna, M. J. and T. S. Allen, Roosevelt Hot 
Geophysics, Univ. o f  Utah, DOE/ID/O1601- Springs development, a case history, 
T9, 96 p., 1977. Geothermal  Resources C o u n c i l ,  

Bruhn, R. L., M. R. Yusas, and F. Huertas, 
Mechanic of low-angle fault ing: an Mower, R. W. and R. M. Cordova, Water resources 
example from Roosevel t Hot Springs o f  the Mi l fo rd  area, Utah w i th  emphasis 
geothermal area, Utah, Tectonphysfcs, 86, on ground water, State o f  Utah Department 
p. 343-361, 1982. o f  Natural Resource Technical Publ i ca t ion  

No. 43, 106 p., 1974. 
Butz, J. and H. Plooster, Subsurface 

invest igat ion a t  the Roosevelt KGRA, Hower, R. W., Hydrology o f  the Beaver Valley 
Utah, Denver Research Inst., CO, area, Beaver County, Utah w i th  emphasis 
WE/ET/28389-1, 81 p., 1979. on ground water, State o f  Utah Department 

o f  Natural Resource Technical Publ i ca t ion  
Capuano, R. M. and 0. R. Cole, Fluid-mineral No. 63, 90 p., 1978, 

e q u i l i b r i a  i n  a hydrothermal system, 
Roosevelt Hot Springs, Utah, Geochimica Nielson, 0-L-  9 Stress i n  geothermal systems, 
e t  Cosmochimica Acta, 46, 1353-1364, G e o t h e r m a l  R e s o u r c e s  
1982. Council ,Transactions, Val. 13, p. 271- 

Doughty, C., 6. S. Bodvarsson, and W. R. 
Benoit, Reservolr model studies of the Nielson, 0. Lo, S. H. Evans, and B. S. Sibbett, 
D ix ie  Valley geothermal f i e l d ,  Lawrence Magmatic, structural,  and hydrothermal 
Berkeley Laboratory, LBL-29126, 14 p., evolut ion of the Mineral Mountains 
1990. 1 n t r u s  i ve compl ex, Ut ah, Geo logica 7 

Society o f  America Bul le t in ,  97, p. 765- 
East, J., Hot d ry  rock geothermal potent ia l  o f  777, 1986. 

Roosevelt Hot Springs area: review of 
data and recommendations, Los Alamos Nielson, 0. L., 8. S. Sibbett, D. E. McKinney, 
National Lab, LA-8751-HOR. 46 p., 1981. J. B. Hulen, J. N. Moore, S. M. Samburg, 

Geology of Roosevelt Hot Springs KGRA, 
Forster, C. and L. Smith, The inf luence o f  Beaver County, Utah, Univ. o f  Utah 

groundwater f low on thermal regimes In  Research Ins t i tu te ,  IW/78-1701.b.l.l.3, 
mountainous ter ra in :  a model study, 120 p., 1978. 
Journal Geophysical Research, 94(87), p. 

Transactions, Val. 8, p. 75-77, 1984. 

276, 1989. 

9439-9451, 1989. 



( 

. ... 

Parry, W: T., N. 1. Bryant, R. E. Dedolph, J. 
M. Ballantyne, 6. H. Ballantyne, D. T. 
Rohrs, and J. L. Mason, Hydrothermal 
a l t e ra t i on  a t  the Roosevelt Hot Springs 
thermal area, Utah, Dept. o f  Geology and 
Geophysics, Univ. o f  Utah, DOE/ET/28392- 
17, 38 p., 1978. 

Reiss, L. H., Jhe reserv o i r  enqineerinu asoectf 
Qf fractu red form ationg, Gulf Publishing 
Company, Houston, p. 71-77, 1980. 

Robinson, R. and H. M. Iyer, Declination o f  a 
low-veloci ty  body under the Roosevel t Hot 
Springs geothermal area, Utah, using 
teleseismic P-wave data, Geophysfcs, 

Ross, H. P., 0. L. Nielson, and J. N. Moore, 
Roosevel t Hot Springs geothermal system, 
Utah-case study, Amerfcan Associatfon of 
Petroleum Geologist Bul let fn,  66(7), p. 

Rosser, J. R., M. A. Payne, and T. S. Allen, An 
update on the r o l e  o f  step-rate 
i n j e c t i v i t y  t es t i ng  i n  l i q u i d  dominated, 
h igh ly  f ractured geothermal reservoirs, 
Geothermal Resources C o u n c i l ,  
Transactions, Vol. 8, p. 343-348, 1984. 

Shannon, S. S., Jr., R. P e t t i t t ,  J. Rowley, F. 
Goff, M. Mathews, and J. J. Jacobson, 
Acord 1-26 Hot, dry w e l l ,  Roosevelt Hot 
Springs hot dry rock prospect, Utah, 10s 
Alamos National laboratory, LA-9857-HDR. 
15 p., 1983. 

Smith, L., Model study o f  the regional 
hydrogeological regime, Roosevel t Hot 
Springs, Utah, Universi ty o f  Utah, 
DOE/ET/29392-44, 39 p., 1980. 

Vinsome, P. K. W., TETRAD user manual, DYAD 
Engineering, Calgary, Alberta, 190 p. 
1990. 

46(10), p. 1456-1466, 1981. 

879-902, 1982. 

Vuataz, F. D, and F. Bof f ,  Uater geochemistry 
and hydrogeology o f  the shallow aqui fer  
a t  Roosevelt Hot Springs, Southern Utah, 
Los Alamos National Laboratory, LA-11160- 
HDR, 63 p., 1987. 

Waiters, . M. A., J. N. Sternfield, J.  R. 
Haiz l ip,  A. F. Drenick, and J. Combs, A 
vapor-dominated reservo i r  exceeding 600'F 
a t  The Geysers, Sonoma County, 
Cal i fornia,  Proceedings Thir teenth 
Workshop on Geothermal Reservoir 
Engineering, Stanford Univ., Stanford, 
CA, SGP-113, p. 73-81, 1988. 

Ward, S. H., W. T. Parry, W. P. Nash, W. R. 
S i l l ,  K. L. Cook, R. B. Smith, D. S. 
Chapman, F. H. Brown, J. A. Whelan, and 
J. R. Bowman, A summary o f  the geology, 
geochemistry, and geophysics o f  the 
Roosevelt Hot Springs thermal area, Utah, 
Geophysfcs, 43(7), p. 1515-1542, 1978. 

Wilson, W. R. and D. S. Chapman, Three top ica l  
reports: 1. Thermal studies a t  Roosevelt 
Hot Springs, Utah, 11. Heat f l o w  above an 
a r b i t r a r i l y  dipping plane o f  heat 
sources, 111. A datum correction f o r  heat 
f low measurements made above on an 
a rb i t ra ry  surface, Dept. o f  Geology and 
Geophysics, Univ. o f  Utah, DOE/ID/12079- 
19, 144 p., 1980. 

DISCLAIMER 

This ~prt was prepand as an account of work sponsored by an agency of the Unitcd Statcs 
Govcmmtat. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, exprcss or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness. or usefulness of any information, apparatus, product, or 
praccss disclosed. or represents that its usc would not infringe privately owned rights. Refer- 
ence herein to any commercia! product, proctss, or service by trade name, trademark, 
manufacturer, or otherwise docs not ntccssarily constitute or imply its endorsement, m m -  
mendation. or favoring by the Unitcd States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or ccflcct those of the 
United States Government or any agency thereof. 



Figure 1 

ACOA 1-26 
0 

~ Study Area 

Location o f  Roosevel t Hot Springs hydrothermal system. 

26-9-18 
0 



0 

2,000 

f 
[I 
UI 

6,000 

8,000 

10,000 
0 

Figure 3 

Surface conductive heat flow for Roosevelt Hot Springs from Wilson 
and Chapman (1900). 

Acord 
RHSU 
RHSU 
RHSU 
RHSU 72-1 6 -“-‘.I 
RHSU 14-2 \ 
\I””” 

Figure 4 

100 200 300 400 500 600 
TEMPERATURE O F  

Temperature profiles of select wells. 

r, 

. 

. .  



Figure 5 Conceptual geologic model of the Roosevelt Hot Spring hydrothermal 
sys tern. Mineral M A  
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Figure 6 Horizontal permeability (mD) used in the simulation, note 0 .5  mD i n  

mountains massif. 
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Figure 7 Vertical permeability (a) used in the simulation study, note 0.5 mD 
in mountain massif. 
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Figure 8 Model temperatures (OF) after 30,000 years for 0.5 mD in mountain 
mass i f . 
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Figure 9 Model temperatures (OF) after 50,000 years for 0.05 mD in mountain 
' massif. 
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