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ABSTRACT 

P rev ious  ho t ,  d r y  rock  (HDR) geothermal 
resource evaluat ion e f f o r t s  have i d e n t i f i e d  the  
Roosevel t Hot Springs KGRA as a prime HDR ta rge t .  
The s ize  of the HDR resource i s  estimated t o  be a t  
l e a s t  e i g h t  times la rge r  than the adjacent hydro- 
thermal resource. Further research a c t i v i  t es  t o  
evaluate t h i s  HDR resource have involved review o f  
data from the Acord ho t  dry we l l ,  the seismic 
s t ruc tu re  o f  the area, f l u i d  geochemistry, and 
hydrology o f  a shallow aqui fer .  These recent 
r e s u l t s  are summarized and the most l i k e l y  HDR 
prospect area i s  i den t i f i ed .  

INTRODUCTION 

The Roosevelt Hot Springs KGRA and per ipheral  
ho t  dry rock area occur on the western f l ank  o f  
the Mineral Mountains and the adjacent M i l f o r d  
Valley, west-central Utah (Fig.  1 ) .  Tec ton ica l l y ,  
the region i s  p a r t  o f  the Basin and Range province 
and displays high se ismic i ty  and h igh  regional  
heat f l ow  (Ward e t  al., 1978). Young igneous 
a c t i v i t y  and loca l  geology may explain the h igh  
thermal output i n  t h i s  region. A young igneous 
heat source i s  consistent w i th  0.01 Myr b a s a l t i c  
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area and exploratory we1 1 s . Location map o f  the Roosevelt Hot Springs 

f lows and cones i n  the area, and the  0.8-0.5 Myr 
r h y o l i t i c  domes, flows, and ash-flow t u f f s  along 
the c res t  o f  the  Mineral Mountains. However, the  
volume o f  the s i l i c i c  volcanics i s  small, t he  
geophysical evidence f o r  a shallow magma chamber 
i s i nconcl us i  ve and the known hydrothermal system 
i s  5 km o r  so west o f  the axis o f  the r h y o l i t i c  
volcanism. Also, a h igh  temperature o f  230°C was 
recorded a t  a depth o f  3.855 km i n  M i l f o r d  Val ley 
i n  wel l  Acord 1-26, a dry hole about 8 km west o f  
the known hydrothermal system (Fig.  1) .  Hence, 
some high subsurface temperatures may be due t o  
conductive e f f e c t s  o f  a h igh  regional  heat f l u x  
below t h i c k  accumula t ions  o f  l ow  c o n d u c t i v i t y  
T e r t i a r y  a l l u v i u m  i n  t h e  r e g i o n a l  sed imentary  
basins. 

The known hydrothermal system i s  l oca l  i zed  i n  
a f rac tu red  graben east o f  the Opal Mound (Dome) 
Fau l t .  The proposed HDR resource area i s  west of 
the Opal Mound Faul t .  Bottom-hole temperatures i n  
fou r  holes range from 200-300°C; and the  thermal 
gradients range from 55-6O0C/km (Fig.  1, Table 1 ) .  
The depths o f  these ho t  dry rock holes range from 
2 t o  4 km; they a l l  bottom i n  Precambrian gneiss 
and/or T e r t i a r y .  monzonite. S i m i  1 a r  c r y s t a l  1 i ne 
rocks occur i n  the core o f  the Mineral Mountains 
and below t h e  area hav ing  known hydro thermal  
resources. The massive monzonite i s  considered t o  
be a more favorable rese rvo i r  rock f o r  HDR than 
the banded gneiss because f rac tu re  con t ro l  i s  
l i k e l y  t o  be simpler i n  more near ly i s o t r o p i c  
rock. 

Using simple ca lcu la t ions  based on geologic 
and geophys ica l  c o n s t r a i n t s ,  G o f f  and Dec&er 
(1983) estimated t h a t  there i s  about 17 x 10 J 
o f  conductive heat i n  a 2.3 km deep, 27 km volume 
o f  rock beneath the Roosevel t Hot springs-Mil f o r d  

TABLE 1. DATA FROW SELECTED DEEP GEOTHERIUL YELLS IN ROOSEVELT HOT SPRINGS REGION. UTAH 
(SCC Fig. 1 for  lOCdtlOnS.1 

FOndtlOn 
NO. Nan@ Operator Depth. BHT. 'C a t  depth C m e n t  

I Yel l  82-33 Phl l l ips Pet. - -  -- Gneiss-Granite Dry; data proprierdry 

z Yell 9-1' Phil l ips Pet. 2049 227 Gneiss-Granite Dry 

J Utdh Slr te 52-21b Gcrty 011 2281 202 Gneiss-Granite Dry 

4 AcOrd lab WR Geothermal 3855 230 Gneiss-Granite Dry; heat flow 9 3.5 HFU 

Glenn et  e l .  119811 
East (1981) 
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Val ley area, if the average temperature o f  the  
mass i s  taken t o  be 265°C and i f  the  area o f  t he  
upper surface of t he  prism i s  10 km2. East (1981) 
conservat ively estimates, however, t h a t  the  pros- 
pec t i ve l y  valuable HDH rospect area i n  M i l f o r d  
Va l le  
10 ''J of stored heat could e x i s t  below t h i s  
region. East 's data also imply t h a t  the area w i t h  
HDR po ten t i a l  i s  about 8 times la rge r  than t h a t  
under1 a i n  by known hydrothermal resources. 

could be 160 km !. , therefore,  some 250 x 

The Rooseve l t  Hot Spr ings  area has many 
cha rac te r i s t i cs  t h a t  make near-term HDR develop- 
ment feasible.  The subsurface temperatures are 
adequate for  generation of e l e c t r i c i t y ,  and tech- 
nology e x i s t s  t o  d r i l l  and hydro-fracture the  
c r y s t a l l i n e  rese rvo i r  rocks. HDR-based e l e c t r i -  
c i t y  a lso  could be channeled i n t o  ex i s t i ng  power 
l i n e s  because a 20 MW(e) p lan t  i s  under construc- 
t i o n  and a small wellhead generator has been i n  
o p e r a t i o n  (Rasband, 1982). Environmental  and 
c i v i l  issues should be favorable as the area i s  a 
remote desert 

The regional  geol ogy and geophysics (horst  - 
graben structure,  young igneous rocks, h igh heat 
flow, etc.) of t h i s  prospect resemble those o f  
other l o c a l i t i e s  i n  the Basin and Range. A suc- 
cessful HDR system i n  the  Roosevelt area could 
there fore  serve as a prototype f o r  other i n s t a l l a -  
t i o n s  i n  s i m i l a r  par ts  of the Great Basin. 

DRILLING HISTORY OF ACORD 1-26 WELL 

The Acord 1-26 wel l  i s  dry and has a h igh  
bottom-hole temperature as wel l  as an extremely 
h igh  heat f l ow  (Table 1). This wel l  and the  
P h i l l i p s  9-1 we l l  t o  the east (Glenn e t  al., 1981) 
are s i g n i f i c a n t  because they v e r i f y  t ha t  a l a rge  
HDR resource e x i s t s  i n  the  area. 

The Acord we l l  was spudded on March 30, 1979 
and d r i l l i n g  proceeded la rge ly  wi thout inc ident  t o  
the t o t a l  depth of 3855 m (12,645 f t)  on June 5, 
1979. The r i g  consisted of a (39-800 EMSCO draw 
works, an IDECO F u l l  View 40.5 m (133 f t )  mast, 
powered by two D-379 C a t e r p i l l a r  engines. The 
present conf igura t ion  o f  the  wel l  i s  shown i n  Fig. 
8l 
L. 

The average p e n e t r a t i o n  r a t e  th rough  t h e  
predominately conglomerate and monzonite sequence 
i n  the lower sec t ion  o f  the  hole was 2.8 m/hr a t  a 
b i t  load o f  9 t o  11 t, a t  40 t o  60 rpm. The only 
problem occurred a t  2813 m (9230 ft), where the  
d r i l l  p ipe tw is ted  o f f  leav ing  17 d r i l l  c o l l a r s  i n  
the hole. These were re t r ieved,  however, on the 
f i r s t  f i s h i n g  attempt. I n  general, the d r i l l i n g  
p rogressed ve ry  smoothly,  t a k i n g  68 days and 
averaging 56.7 m (186 f t)  per day. 

The i n i t i a l  mud mixture, t o  a depth o f  2536 m 
(8320 ft), was bentoni te and water. I n  the  upper 
2195 m (7200 ft) of the  hole, mud losses were 
o f ten  1.6 t o  4.8 k l / h r ,  w i th  mica and nut p lug  
being added as l o s t - c i r c u l a t i o n  materials. Below 
2536 m (8320 ft), a Geo-Gel ( s e p i o l i t e )  mud was 
used. Throughout the d r i l l i n g ,  the mud weight was 
kept between 1080 and 1100 g/1, a t  a v i scos i t y  o f  
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Fig. 2. Section showing we l l  con f igura t ion  and 
1 i tho logy  o f  t he  Acord 1-26 we1 1 . Symbols s im i la r  
t o  Fig. 3. 

34 t o  38 poise. Casing data f o r  t h e  well  are 
summarized i n  Table 2. Both the  33.9 cm and 24.5 
cm casing s t r i n g s  were cemented f u l l  length, from 
the  casing shoe t o  the  ground surface. The cement 
s l u r r y  was composed o f  Class G cement, containing 
40% s i l i c a  f l o u r  and 1:l p e r l i t e .  

Four temperature logs t h a t  were run i n  the  
we l l  dur ing  A p r i l  and May, 1979, were used t o  
ca l cu la te  the  conductive heat f low o f  3.5 HFU 
(East, 1981). Both temperature and d i f f e r e n t i a l  
temperature logs show a constant and essen t ia l l y  
featureless gradient except f o r  a few minor per- 
tu rba t ions  i n  the  upper p a r t  o f  t he  monzonite 
sect ion between 3170 and 3489 m (10,400 and 11,450 
ft). The c a l i p e r  l og  ind ica tes  a f a i r l y  smooth 
boreho le ,  w i t h  a p o s s i b l e  s l  i g h t  en1 argement 
occurr ing from 3162 t o  3165 m (10,374 t o  10,384 
ft). The gamma ray/neutron l o g  i nd i ca tes  zones o f  
h igh  gamma ray i n t e n s i t y  a t  3216 m, 3277 m, 3414 
m, 3454 m, 3600 m, 3679 t o  3694 m, .and 3746 t o  
3847 m (10,551 ft, 10,751 ft, 11,201 ft, 11,332 

TABLE 2. CASING DATA FROM THE ACORO 1-26 WELL 

Casing Slze Yeight Length Set Depth 
cm ( I n . )  kg/m ( lbs / f t )  Type Thread m ( f t )  m ( f t )  

33.9 (13-3/8) 81  (54.5) K-55 Butfress 335 (1100) 335 (1100) 
24.5 ( 9-5/81 70 (47.01 N-80 397 113001 . .  

70 (43.5) N-80 1 465 (1526) 

60 (40.0) K-55 " 779 (2554) 2411 (7904) 
60 (40.0) L-80 770 (2524) 
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pro jec ted  pos i t i on  o f  the Acord we l l  (shown by 
arrow i n  Fig. 3 shows a l a rge  block o f  presumably 
i n t a c t  basement rock su i tab le  f o r  HDR use, b u t  a t  
a r e l a t i v e l y  great depth. Because depth t o  crys- 
t a l l i n e  rocks and distance t o  the l oca l i zed  heat 
source a t  Roosevelt Hot Springs decrease t o  the  
eas t ,  d r i l l i n g  c o s t s  and development problems 
might a lso  decrease i f  HDR systems were con- 
s t ruc ted  i n  shallower c rys ta l1  i n e  rocks between 
Roosevel t Hot Springs and the  Acord s i t e .  

ft, 11,942 ft, 12,070 t o  12,119 ft, and 12,290 t o  
12,621 f t ) ,  which may be caused by increased 
amounts o f  potassium a t  those depths when monzo- 
n i t i c  dikes o r  s i l l s  were i n jec ted  i n t o  the  Pre- 
cambrian country rock, o r  by the seal ing o f  o l d  
f rac tu res  w i t h  urani ferous mater ia ls.  However, 
the neutron l o g  shows t h a t  these zones have l i t t l e  
o r  no porosi ty.  The densi ty l o g  gives 3density 
values ranging from 2.55 t o  2.80 gm/cm , wi th  
zones o f  2.5 from 3383 t o  3414 m (11,099 t o  11,201 
f t ) ,  and 2.4 t o  2.5 from 3571 t o  3603 m (11,716 t o  
11,821 ft), which represent healed f rac tu res  o r  a 
change i n  1 i tho1 ogy . 

GEOPHYSICS OF ACORD 1-26 WELL 

The bottom hole temperature o f  the  Acord 1-26 
we l l  a t  3855m i s  230°C y i e l d i n g  an average temper- 
ature gradient of 6O0C/km. The calculated heat 
f low by Group Seven, Inc. i s  about 3.5 HFU using 
thermal conduct iv i t y  measurements on cutt ings.  

Three seismic l i n e s  were run i n  the general 
area t o  determine basement structure.  In te rpre ted  
l i t h o l o g i e s  were t i e d  i n t o  the s t ra t ig raphy  o f  the 
Acord we1 1. F i g  3, an E-W . p r o f i l e  about 2 km 
south o f  the Acord we l l  ind ica tes  a hors t  and 
graben type basement s t ruc tu re  o f  la rge  f a u l t  
blocks bounded by high-angle normal f au l t s ,  as 
expected f o r  the Basin and Range province. The 
projected pos i t i on  o f  the Acord we l l  (shown by 
arrow i n  Fig.  3 shows a l a rge  block o f  presumably 

W 

GEOCHEMISTRY AND HYDROLOGY OF SHALLOW AQUIFERS 

A 5OMW(e) power plant,  fed by heat ex t rac ted  
from HDR geothermal systems, i s  p resent ly  envis- 
ioned t o  requ i re  about 2000 lpm o f  c o l d  c i r cu -  
l a t i n g  water t o  make up operat ing losses (H. 
Murphy, Los Alamos N a t i o n a l  Labora to ry ,  o r a l  
commun., 1982). Although the Roosevelt area ic, 
essen t ia l l y  a desert, several stock we l l s  are 
d r i l l e d  i n t o  the Quaternary f i l l  around the  Acord 
area and many la rge  i r r i g a t i o n  we l l s  draw water 
f o r  ag r i cu l tu re  around the M i l f o r d  area t o  the 
south. 

A study o f  the chemistry o f  shal low aqu i fe rs  
i n  the Acord area (F. Vuatat and F. Goff,  Los 
Alamos National Laboratory, unpub. data, 1982) 
shows t h a t  some loca l  we l l s  (i.e., (C-26-10)26) 
are h igh l y  mineral ized, resembling i n  t h e i r  r a t i o s  
o f  Na, L i ,  and B t o  C1, the  chemistry o f  water 
from the deep hydrothermal system represented by 

I E 

-1 - - -  \ T.OC -1 I 

Generalized Stratigraphy 

hetrine dep0d.a end gypsitemum aandnone overlying 
clavatone, ahtone, sandstone, and conglomerate. 

Voleanidastic ailtatone, sandstone, and conglomerate. 

Amygdekidal basalt overlein by rhyolite, 

Volcaniclestlc congbmerate and sendstone, 
altered besslt and rare dobmhe. Scale 

1....I 
6 KUometera 

Tertiacy biotite monzonite intruded into Recambrii 
mica shm, gneigl, end minor quartzite. 

Fig. 3. Generalized s t ra t ig raphy  o f  an E-W sect ion through the  M i l f o r d  Valley-. The projected p o s i t i o n  
o f  the  Acord 1-26 we l l  i s  ind ica ted  by the  arrow. 
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the Roosevelt Seep (Table 3).  The chemistry o f  
these s tock  w e l l s  i s  s i g n i f i c a n t l y  more 
mineral ized than water i n  the M i l f o r d  area t o  the  
south, and because o f  t h e i r  h igh  B, i t  i s  u n l i k e l y  
t h a t  shallow aqui fers i n  the Acord area could be 
used f o r  comnercial i r r i g a t i o n .  On the  other 
hand, the mineral ized we l l  waters may be su i tab le  
f o r  HDR hea t  e x t r a c t i o n  wh ich  can t o l e r a t e  
minera l i za t ion  up t o  3000 TDS o r  more. Thus, 
these w e l l  waters  a r e  b e i n g  geochemica l l y  
evaluated t o  see how they w i l l  behave under h igh  
temperature condit ions. 

Another fac to r  t o  consider i s  the storage 
capaci ty o f  the shallow aqui fers and t h e i r  ab i  1 i ty 
t o  produce water. Two we l l s  loca ted  about 4.5 km 
n o r t h  o f  (C-26-9118 produce rough ly  4000 lpm 
sugges t ing  t h a t  a t  l e a s t  l o c a l l y  t h e  sha l l ow  
aqu i fe rs  are capable o f  s i g n i f i c a n t  production. 
During A p r i l  1983, Los Alamos conducted small 
scale pump tes ts  of the (C-26-9118 we1 1. A1 though 
hydrologic evaluat ion i s  no t  complete (F. Vuataz, 
Los Alamos N a t i o n a l  Labora to ry ,  unpub. data,  
19831, t h i s  8-in. wel l  i s  capable o f  over 800 lpm 
w i th  steady s ta te  condi t ions reached i n  only a few 
hours; draw down i s  r o u g h l y  8m i n  g r a n i t i c  
a l l u v i a l  fan gravels. It would seem t h a t  a l a rge  
we l l  could be designed t o  produce the 2000 lpm 
necessary f o r  a la rge  scale HDR power p lan t .  

CONCLUSIONS 

It can be i n f e r r e d  from seismic data t h a t  
there are la rge  fau l ted  blocks o f  c rys ta l  1 i n e  rock 
a t  depth which can be penetrated f o r  hot, dry rock 
reservo i  r devel opment . From d r i  1 1 i ng records and 
geophysical logs, the rock w i t h i n  these blocks 
appears t o  be espec ia l l y  t i g h t  and dry. The best 
l oca t i on  f o r  a new hot, dry rock we l l  would be 
east o f  Acord 1-26 and west o f  P h i l l i p s  9-1. I n  
t h i s  in te rven ing  area, the depth t o  c r y s t a l l i n e  
rock i s  shallow, bu t  the rocks are s t i l l  imper- 
meable and very  ho t .  It a l s o  appears t h a t  
abundant c i r c u l a t i n g  water  occurs  i n  sha l l ow  
a l luv ium above t h i s  preferred zone t h a t  i s  no t  
des i rab le  f o r  ag r i cu l tu ra l  use. A hydrofracture 
and pumping t e s t  i n  a l a rge  block o f  under ly ing 
basement woul d be ex t reme ly  Val uable.  The 
f rac tu re  gradient, instantaneous shut- in pressure 
( IS IP)  and f rac tu re  densi ty could be determined, 
and var ious too l s  and f r a c t u r i n g  techniques could 
be tes ted  i n  a d i f f e r e n t  HDR regime (as compared 
t o  the only Uni ted State HDR t e s t  s i t e  a t  Fenton 
H i l l ,  New Mexico). 

The Acord 1-26 we l l  has already been d r i l l e d  
and cased, and could fu rn i sh  valuable data (as 
discussed above) a t  re1 a t i  ve l y  small add i t iona l  
cost. Because of i t s  h igh  temperature gradient 
and extremely low permeabi l i ty ,  the Acord 1-26 

TABLE 3. PARTIAL CHEMICAL ANALVSES Ing/ l )  OF SELECTED GROUND YATERS OF THE RWSEVELT HOT SPRINGS 
GEOTHERMAL REGION, UTAH 

Roosevelt Seep 26 10400 6.17 1800 280 101 18.2 292 127 3160 28.1 I60 

Milford Yell  I1 23.3 418 8.24 60 2 IQ 0.04 160 53.5 18 0.05 30 

(C-26-9)M 18.6 6320 6.70 1 0  66 300 8.5 890 14.8 1600 14.4 7J 
(C-26-1O)ZS 16.3 7760 6.97 920 42 380 9.1 387 7.1 2330 19.9 81 

w e l l  i s  a p r ime cand ida te  f o r  near - te rm HDR 
experimental work. The BHST o f  the wel l  a t  23OoC, 
a g r a d i e n t  of  60"C/km, and t h e  c o n t a c t  w i t h  
c r y s t a l l i n e  rock a t  3170 m (10,400 f t)  i n d i c a t e  
t h a t  deepening the we l l  by another k i lometer  (3048 
f t )  should be considered f o r  HDR use. 
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