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ABSTRACT A l oca l  geothermal exp lo ra t i on  company was 
h i r e d  f o r  the i n i t i a l  exp lo ra t i on  work tha t  was 
s t ructured t o  meet the f o l  lowing c r i t e r i a :  A scenar io k a  statement o f  what could pos- 

s i b l y  happen, based upon a knowledge o f  what 
cu r ren t l y  e x i s t s  and upon what may be reasonable 1. To determine i f  the geothermal resource 
assumed. ( i f  any) was adequate t o  support convert ing the 
i s  l i k e l y  t o  occur. bu i l d ings  o f  Saddle Creek f o r  long-term u t i l i z a t i o n  

o f  geothermal f l u i d s  f o r  space heat ing purposes. 
Port ions o f  t h i s  work were sponsored by the Los 
A1 arms Scient i f i c Laboratories . 

A scenario i s  not  a p r e d i c t i o n  o f  what 

2 .  To determine the costs and p r a c t i c a l i t y  o f  
remodeling the e x i s t i n g  heat ing systems using low 
temperature (8OOC) water. 

The year 1990 was rea l i zed  t o  have been the 
harbinger of scarce t r a d i t i o n a l  energy suppl ies.  
Twenty years e a r l i e r ,  energy economists and v i s ion -  
a ry  s c i e n t i s t s  had forecast t h a t  t he  1990's i n t o  the intended purpose. 
the year 2000 would be severe i n  terms o f  o i l  and 
gas shortages. True, coal had made an impact on 4!  To examine environmental questions. 
the energy scene, and i t s  use had helped t o  a1 l e v i -  
a t e  some o f  the unpleasant times over  the past 
years, such as the OPEC o i l  embargoes o f  1979 and 
1986, and the c los ing  o f  the Alaskan p ipe l i ne  i n  operat ion costs. (Schmitt e t  a l ,  1976). 
1891 due t o  a major s t ruc tu ra l  f law.  However, 
coal burning brought i t s  own problems, especia l ly  
i n  a i r  p o l l u t i o n .  A greater than ever amount o f  thermal consul t ing f i r m  was the  fo l lowing:  
sulphur, su lphur ic  ac id  and p a r t i c u l a t e s  hovered 
over many c i t i e s .  Because o f  the r e l a t i v e l y  l a rge  A.  Geological Studies 
coal reserve, many indust r ies and u t i  1 i t y  companies 
switched over e n t i r e l y  t o  coal ;  y e t  these indus- 
t r i e s  were now fac ing s t r i c t  new federal  l eg i s la -  
t i o n  1 i m i t i n g  coal burning i n  dangerous h igh l y  around Saddle Creek. 
po l l u ted  areas. It cameas a su rp r i se  t o  no one 
tha t  c i t i z e n s  were desperately u rg ing  t h e i r  con- 
gressmen t o  pass immediate "crash" programs t o  
develop a1 ternate energy sources such as so lar ,  
wind, and geothermal. I f  government had been re- 
sponsive t o  indust ry  by prov id ing,  f o r  example, 
geothermal exp lo ra t i on  w i t h  the same in tangib le  
d r i l l  ing expense tax break a1 l o t t e d  to  the o i  1 
industry,  much o f  the needed exp lo ra t i on  incent ive 
would have spurred development and production a t  an 
ea r l  i e r  time. 

3 .  To prepare a design model o f  the geother- 
I mal d i s t r i b u t i o n  system that  would be adequate fo r  

5 .  To b u i l d  and t e s t  the proposed geothermal 
system t o  accurately demonstrate const ruct ion and 

A b r i e f  breakdown o f  the resu l t s  o f  the geo- 

1. Remote sensing o f  the area helped i n  loca- 
t i n g  f a u l t s  and i n  the mapping o f  surface features 

2. Hand samples o f  rock enabled a de ta i l ed  
petrographic study of  the area so tha t  a p red ic t i on  
o f  the rock type a t  depth could be made. 

3 .  A de ta i l ed  study was made t o  determine the 
f rac tu re  o r ien ta t i ons  o f  the rock because the ana- 
lyzed basement rock i s  bel ieved t o  be c rys ta l1  ine 
and impermeable, therefore perhaps necess i ta t ing 
fu tu re  f r a c t u r i n g  f o r  water c i r c u l a t i o n .  

6. Geophys i ca 1 
The c i t y  of Saddle Creek i n  the  Rocky Mountains 

w i t h  a populat ion of 22,000 and about 6,000 houses 
i n i t i a t e d  a p lan i n  1977 t h a t  would make them energy 
independent by the tu rn  of the century.  The m o t i -  
vat ion f o r  the ac t i on  was p r e c i p i t a t e d  from the o i l  
embargo o f  1974 which l e f t  Saddle Creek w i t h  a three 
weeks' supply o f  fue l  o i l  and a bankrupt o i l  d i s -  2. Seismic re f rac t i on  and magnetometer surveys 
t r i b u t o r .  - These determined tha t  the basement rock was w i th -  
Geothermal Resource &ea) the c i t i z e n s  o f  Saddle i n  t w o  k i lometers o f  the surface and tha t  minor 
Creek voted f o r  a bond tha t  would he lp finance pre- i nd i ca t i ons  o f  a c t i v e  f a u l t  zones o r  dormant f a u l t s  
l iminary geologica l /geophysic l  exp lo ra t i on  o f  t h e i r  ex i s ted  i n  the t a r g e t  area. 
energy p o t e n t i a l .  

1. Heat f low stud ies - These revealed the ex- 
istence o f  a large regional  conductive heat flow, 
and i t  was suspected tha t  t h i s  was associated w i t h  
an a c t i v e  magma chamber. 

Located w i t h i n  a p o t e n t i a l  KGRA ( F w n  
- 
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3. Geoelectromagnetic s tud ies - These were 
h e l p f u l  i n  l oca t i ng  and determining subsurface heat 
f lows and useful  r e s i s t i v i t y  parameters. 

C. Exploratory D r i l l  i n g  

1. Four we1 Is were d r  i 1 l e d  t o  measure temper- 
a t u r e  gradients w i t h  depth, as we l l  as a sampling 
we1 1, which would have been used had any f l u i d  
been present t o  sample. 

2. The exploratory  w e l l s  revealed t h a t  a high 
temperature o f  16OoC was found a t  the bottom o f  an 
8,000 f o o t  we l l .  

These l i m i t e d  geological  and geophysical i n -  
vest igat ions o f  the Saddle Creek area po in ted  t o  
the evidence o f  a geothermal resource, and espe- 
c i a l l y  a hot d r y  rock resource, these c r i t e r i a  
being: 

1. An a t t r a c t i v e  temperature a t  an economic 
d r  i 11 i n g  depth, 

2. Impermeable basement rock, 

3 .  A lack o f  a c t i v e  f a u l t s ,  (Laughl in  and 

. 
West, 1976). 

Economic factors  a r e  a l s o  essen t ia l  in  the 
development o f  any e n t e r p r i s e  and the  C i t y  o f  
Saddle Creek decided t h a t  i t  should commission a 
study of  a proposed geothermal system amort ized 
ove r  a reasonable l eng th  o f  t ime (20-30 years) vs. 
t he  present cost  o f  f u e l  o i l  escalated through the 
same pe r iod  o f  time. F igure 1 presents g raph ica l l y  
t he  resu l t s  o f  t h i s  study. 

Motivated by the long term value o f  geothermal 
exp lo ra t i on  and space-heating product ion,  t h e  i m -  
po r tan t  considerat ion o f  degree days was invest iga-  
ted. Saddle Creek has less than 6000°F degree days 
p e r  year. I f  the proposed system was exc lus i ve l y  
geothermal, (based on a usable temperature o f  120'0 
then the system would have t o  be e f f i c i e n t  i n  the 
w i n t e r  low range o f  -12OF. However, i n  t h i s  range, 
the  system would operate a t  20%-22% e f f i c i e n c y ,  and 
i t  would be d i f f i c u l t  to j u s t i f y  such a cos t  inten- 
s i v e  p r o j e c t  f o r  such a r e l a t i v e l y  low u t i l i z a t i o n  
factor .  
design the  geothermal system i n  the 2OoF-3O0F range 
i n  order  t o  maximize u t i l i z a t i o n  du r ing  most o f  the 
heat ing season months. I f  temperatures ove r  a given 
month dropped below the e f f i c i e n c y  of  t he  geothennal 
system, a backup f o s s i l  f u e l  system would then be- 
come operable. The graphs i n  Figure 2 h e l p  t o  jus- 
t i f y  t h i s  ra t i ona l .  

The considerat ion was then proposed t o  

Comments t h a t  a r e  appl i cab le  t o  the graph are 
the  f o l  lowing: 

1. Designing the system f o r  tw ice  t h e  load i s  
made by ha lv ing  the normal temperature design. 

2. With f o s s i l  f u e l  peaking f o r  c o l d e r  days, 
fossil f ue l s  need t o  supply on l y  6% o f  t he  t o t a l  
energy requ i remen t s  .. 

3 .  Overal l  economics o f  geothermal heat ing 
i s  improved by about 35%. (Kunze e t  a l ;  1977). 

With geologic and economic ana lys i s  showing 
favorable signs f o r  hot dry rock geothermal devel- 
opment, an adequate source o f  water was needed. 
The nearby Menick River  w i t h  i t s  near d r i n k i n g  
q u a l i t y  water was chosen as a source. As the pro- 
posed system would be an elongated c i r c u l a t i o n  
loop, a volume o f  water equal t o  the  c a r r y i n g  ca- 
p a c i t y  o f  the p ipe network as we l l  as the  cross- 
sec t i ona l  area of  c i r c u l a t i o n  loop w i t h i n  the f r a c -  
t u red  rese rvo i r  would be needed. A rese rvo i r  was 
b u i l t  for t h i s  purpose by damming the  r i v e r  w i t h  
an added volume o f  water  t o  serve as a b u i l t - i n  
reserve t o  compensate for  water l o s s  due t o  sub- 
sur face loss and sur face evaporat ion.  

Other necessary f a c t o r s  were considered and 
the  town decided on the  fo l l ow ing  p lan  o f  ac t i on .  

1. A legal  adv isor  was h i r e d  t o  i n t e r p r e t  and 
recommend State and Federal laws t h a t  would guide 
the  resource development. 

2. An a p p l i c a t i o n  t o  the Department o f  Energy 
was made f o r  an approved guaranteed loan where up 
t o  75% o f  the costs toward geothermal energy de- 
velopment up t o  a va lue o f  f i f t y  m i  l l ion d o l l a r s  
wou 1 d be covered. 

3 .  The s o l i c i t a t i o n  o f  advice i n  the  explora- 
t i o n  and development o f  the hot  dry  rock resource 
was sought from the na t i ona l  s c i e n t i f i c  labora- 
tor  ies . 

4. The establ ishment o f  a watchdog committee 
to  oversee any p o t e n t i a l  insurmountable environ- 
mental problems such as micro-earthquakes caused by 
hydrof ractur ing,  subsidence, a i r  p o l l u t i o n ,  o r  
ground water p o l l u t i o n .  

Eventual l y  , Saddle Creek subcontracted many 
aspects o f  development and product ion t o  q u a l i f i e d  
f i  rms, and the c i  t y  was using geothermal energy t o  
meet a l l  o f  i t s  heat ing needs a t  a subs tan t i a l  re-  
duct ion ove r  t r a d i t i o n a l  f ue l  costs  by 1990. 
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