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1.0 I N T R O D U C T I O N  
irp' 

N a t u r a l l y  o c c u r r i n g  h o t  water h a s  been i d e n t i f i e d  i n  a number 

of w a t e r  wel ls  i n  t h e  Hawthorne a r e a ;  t h e  town ,  t h e r e f o r e ,  i s  

coli;$idered a p r ime  c a n d i d a t e  f o r  t h e  u t i l i z a t i o n  o f  t h i s  

, a l t e r n a t i v e  e n e r g y  s o u r c e .  I n  o rde r  f o r  t h e  c i t i z e n s  o f  

Hawthorne t o  b e n e f i t  f rom t h i s  r e s o u r c e ,  t h e  Nevada 

D e p a r t m e n t . o f  Energy  (NDOE) c o n t r a c t e d  w i t h  Geothermal 

Development A s s o c i a t e s  t o  p r e p a r e  a p l a n  f o r  g e o t h e r m a l  

deve lopmen t  a t  t h e  town s i t e .  To l a y  t h e  groundwork f o r  a 

p l a n ,  t h e  p o t e n t i a l  f o r  deve lopment  was f i r s t  a n a l y z e d  and a 

s e t  o f  r e q u i r e d  p r o c e d u r e s  i d e n t i f i e d .  T h i s  r e p o r t  d e s c r i b e s  

t h e - . r e s u l t s  of t h e  a n a l y s e s  a s  wel l  a s  a p l a n  f o r  t h e  

d&&lopment o f  t h e  g e o t h e r m a l  r e s o u r c e .  
W 

I n  t h e  s e c o n d  s e c t i o n  o f  t h e  r e p o r t ,  s i t e  c h a r a c t e r i s t i c s  

p e r t i n e n t  to t h e  g e o t h e r m a l  deve lopment  a r e  d e s c r i b e d .  These  

c h ? r a c t e r i s t i c s  inc1u.de p h y s i o g r a p h y ,  demography,  economy, a n d  

g o f i s  and o b j e c t i v e s  o f  t h e  c i t i z e n s  a s  t h e y  would r e l a t e  t o  

geothermal deve lopmen t .  The t h i r d  s e c t i o n  descr ibes  t h e  geo-  

. -. W 

5 t he rma l  r e s o u r c e .  The r e s e r v o i r  i s  c h a r a c t e r i z e d  on t h e  ba-, 

s is  o f  a v a i l a b l e ' i n f o r m a t i o n .  The p r o b a b l e  d r i l l i n g  d e p t h  t o  

t h e  r e s e r v o i r ,  a n t i c i p a t e d  w a t e r  p r o d u c t i o n  r a t e s ,  w a t e r  q u a l -  

* 
bd 

Y 

i t y ,  and r e s o u r c e  t e m p e r a t u r e s  a r e  i n d i c a t e d .  

Usgs of  t h e  e n e r g y  t h a t  seem a p p r o p r i a t e  t o  t h e  s i t u a t i o n  

b o t h  now and i n  t h e  n e a r  f u t u r e  a t  Hawthorne a r e  d e s c r i b e d  i n  
5 

t h e  f o u r t h  s e c t i o n  o f  t h e  r e p o r t .  The  amounts  and t y p e s  of * 

e n e r g y  c u r r e n t l y  consumed by e n d  users a r e  e s t i m a t e d .  Using 

1- 1 
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thii data base, conceptual engineering designs and cost 

estimates for three alternative district heating systems are u 
U presented. In addition, the results of a.life cycle c o s t '  

CI 

Y 

Y 

J 

W 

analysis for these alternatives are discussed. The content 

o f d h e  fourth section is based upon earlier analyses 

performed by Chilton Engineering (1981); The Spink 

- 

Corporation (1981); and the Oregon Institute of Technology, 

Geo-Heat Utilization Center (1981). 

The fifth section o f  the report discusses the essential in- 

stitutional requirements for geothermal energy development, 

including the financial, environmental, and legal and 

regulatory aspects. The sixth section describes the various 

ste-ps that are necessary to accomplish the construction of 

the geothermal district heating system at Hawthorne. A time- 

line chart shows the tasks, the time estimated to be required 

for each, and the interrelationships among the activities. 

-+& 

. .  

W 
1- 2 



.' 

2.0 SITE DESCRIPTION 

2.1 Physiography 

Y 

i' 

. '- *.$iy 'Hawthorne is an unincorporated community in Mineral 

County, Nevada. To the west of it lies the Wassuk 

Mountain Range and to the north Walker Lake. The ter- 

rain at the town site is flat (Figures 2.1 and 2.2). 

Hawthorne is situated in the Great Basin section of the 

Basin and Range physiographic province, at an elevation 

of 4,400 feet. Characteristic features are internal 

drainage, ephemeral lakes, and high seismic activity. 

- 
Y 

&11p- Precipitation is light, averaging only four inches per 

ci 

J 

s 

v 

61 

year. Average temperatures are 34°F in January and 75°F 

' i n  July, but daily variations of 50°F are not uncommon 

(Murray - McCormick Environmental Group of Nevada, 
z 
:. 1974). Heating-degree-day (hdd) records are available 

only for Mina, 5 miles away. With a slightly more 

severe climate than Hawthorne, Mina experiences an 

annual, 5,082 hdd (National Oceanic and Atmospheric 

Administration, 1978). 

- 
1 

.-  

- 
2.2 Population 

.- 
I -  

, 

% The area's ammunition depot was established by the U.S. 

Navy in 1930, and since has attracted a large number of 

residents to Hawthorne, particularly during wartime. 

W 2- 1 



a 

b, 
Y 

FIGURE 2.1 Si te  location ( a f t e r  Murray - McCormick 
Environmental Group o f  Nevada, 1974). 
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. .  
'i MINERAL COUNTY 

Y 

Y 

Y 

w/ L E G E N D  - 

4 Hcuntaln Paok 7 
,- 

7000 Elwatton ob& aao Isvml 
I 

FIGURE 2 . 2  Topography (after Murray - McCormick 
Envi ronmental Group o f  Nevada, 1974).  
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- 
wells ,  however ,  y i e l d  w a t e r  of h i g h  s a l i n i t y .  T o g e t h e r ,  

a 2 , 4 0 0  g a l l o n  p e r  minute  (gpm) s y s t e m  o f  m a r g i n a l  u 
cru q u a l i t y  i s  a c h i e v e d .  The wa te r  t a b l e  l e v e l s  b e n e a t h  t h e  

town  h a v e  been f o u n d  t o  be r e c e d i n g  a t  more t h a n  one 
-. 

, & f o o t  p e r  y e a r  (Murray - McCormick, O r a l  Commun-ication, 

3 1 9 8 0 ) ,  which a p p a r e n t l y  r e f l e c t s  r e c e n t . d r i e r  t h a n  

a v e r a g e  c o n d i t i o n s  i n  t h e  r e g i o n  (W. Cuch ine ,  O r a l  

Communication, 1980) .  

2 .4  Land Use 

. As shown i n  T a b l e  2 .3  a n d  F i g u r e  2 .4 ,  commerc ia l  l a n d  

uses i n  Hawthorne are c o n c e n t r a t e d  m o s t l y  on F S t r e e t ,  

K S t r e e t  and P S t r e e t .  The p u b l i c  b u i l d i n g s  a r e  l a r g e l y  
-i 

i n  t h e  n o r t h e a s t  c o r n e r .  R e s i d e n c e s  a r e  t h e  l a r g e s t  

user o f  l a n d ,  b u t  t h e y  a r e  r e l a t i v e l y  w i d e l y  s e p a r a t e d  

w i t h i n  t h e  c i t y  l i m i t s .  

* ; TABLE 2 .3  Hawthorne l a n d  use ( a f t e r  Murray - McCormick 
Envi ronmenta l  Group o f  Nevada, 1974). e 

Acreage 

R e s i d e n t i a l  . . . . . . . . 168 
P u b l i c  ( p a r k s ,  s c h o o l s ,  e t c . )  ' 80 . . . . . . . . . . . . . . . . . . .  50 R e t a i l  
I n d u s t r i a l  25 
Vacant  . . . . . . . . . . . . . . . . . . .  125 
O t h e r  ( c e m e t a r y ,  t r a i l e r  p a r k ,  e t c . )  - 223 

. . . . . . . .  
. . . . . . . . . . . . . . . . .  

. . . .  
. 

T o t a l :  1 ,391  

a 

2- 6 



Y 

Y 

Y 

3 

Y 

I IT 

43 

- 

zed 0 roo' 400' 

Q %Residence ks3=c!d 
-ole In tort w Retai l  trode 

- U.S. 95 

@% Molal 8 Casino 

&h Porkr 

F I G U R E  2 .4  Existing Hawthorne land use (after 
Murray - McCormick Environmental 
Group o f  Nevada, 1974).  

Community Services W 
Q Industry 

POrkinQ 
+, 2-7 



-e- 

Of the 1,424 residential units, seventy-two percent are 

single family houses and another 16 percent are mobile 

'y homes. Most are owner occupied, with only 17 percent 

i' renter occupied (W. Cuchine, Oral Communication, 1980). 

Y 

Y 

rp 

u 

8 

. '& Additional industry (Figure 2.5) is being encouraged for 

several sites in and around Hawthorne (Adam3 and Conger, 

1977). Much of the land surrounding the town is used 

* 

for military purposes, with ownership of these areas 

having been transferred from the Navy to the Army in 

1977. 

2.5 Economy 

. The ammunition depot has long been the primary source of 

employment in Hawthorne. This is changing, however, for 
-i 

. two reasons. First, the post-Vietnam reduction of 

ammunition procurements has reduced the labor force at 

-. -. the depot from 1,800 persons in 1969 to 647 persons in . -. 

1980. 

Mineral County has proved beneficial to Hawthorne, in 

particular, as workers and corporate branch offices have 

Second,. a recent surge of mining activity in 

located there (W. Cuchine, Oral Communication, 1980). 

Also fundamental to the economy are the tourism and 

entertainment industries. The El Capitan Casino brings 

in thousands o f  tourists each year. Many more pass 

through the town on U.S. 95, the major thoroughfare 

connecting Las Vegas and Reno (W. Cuchine, Oral 

Communication, 1980). 

-5 

1 

V 2- 8 



-%'IC 

Y 

6, 
FIGURE 2.5 Future land  use p l a n ,  Hawthorne & Babbitt (after 

Adam and Conger, 1977).  



W 3.0 RESOURCE EVALUATION 

3 .1  I n t r o d u c t i o n  

U 

w 

. 3- The Hawthorne g e o t h e r m a l  r e s o u r c e  a r e a  l i e s  w i t h i n  t h e  

Whiskey Fla t -Hawthorne  segment  o f  t h e  Walker Lake V a l l e y  

h y d r o g r a p h i c  a r e a .  T h i s  i s  a s t r u c t u r a l  d e p r e s s i o n  10 

t o  15 m i l e s . i n  w i d t h ,  t r e n d i n g  i n  a s o u t h e a s t e r l y  

d i r e c t i o n  between t h e  G i l l i s  and Wassuk Ranges.  The  

v a l l e y  te rmina tes  a g a i n s t  t h e  G a r f i e l d  Hills t o  t h e  

s o u t h e a s t  ( P l a t e  I ) .  
W 

v 

W 

6 

u 

W 

(v 

3.2 ~ General Geology 

-9ii 
3.2.1 S t r a t i g r a p h y  

The C i t y  o f  Hawthorne is s i t u a t e d  o n l y  t h r e e  - 
miles f rom t h e  Wassuk Range which i s  compr i sed  

:- . p r i m a r i l y  o f  Mesozoic  i n t r u s i v e  g r a n o d i o r i t e s  a n d  - 
rll 

q u a r t z  m o n z o n i t e s  w i t h  s e v e r a l  v o l c a n i c  r o o f  

p e n d a n t s  o f  t h e  T r i a s s i c  E x c e l s i o r  f o r m a t i o n .  

.- 

f 

The G i l l i s  Range i s  s i m i l a r  i n  l i t h o l o g i e s  w i t h  

t h e  a d d i t i o n  o f  Mesozoic  f l o w s .  The  G a r f i e l d  

Hills show t h e  most recent  v o l c a n i c  a c t i v i t y ,  

w i t h  b a s a l t i c  and a n d e s i t i c  flows d a t i n g  17 t o  6 

m i l l i o n  y e a r s  i n  a g e  ( S t e w a r t  and C a r l s o n ,  1976). 

S e v e r a l  v o l c a n i c  ( o r  c i n d e r )  c o n e s ,  d a t i n g  l e s s  

t h a n  6 m i l l i o n  y e a r s  i n  a g e ,  i n c l u d i n g  t h e  Aurora 

3- 1 
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C r a t e r ,  a r e  l o c a t e d  t o  t h e  s o u t h  and wes t  of t h e  

s t u d y  a r e a .  

The v a l l e y  p r o p e r  is a l luv ium-cove red  I f v a l l e y  

f i l l "  o f  u n c o n s o l i d a t e d  t o  p o o r l y  c o n s o l i d a t e d  

. c l a y ,  s i l t ,  s a n d ,  and g r a v e l  of Q u a t e r n a r y  and 

T e r t i a r y  a g e s .  Benea th  this c l a s t i c  s e c t i o n  a r e  

W 

W 

yr, 

T e r t i a r y  v o l c a n i c s .  The d e p t h  o f  t h e  v a l l e y  f i l l  

is unknown, b u t  is b e l i e v e d  t o  be o v e r  1 ,000 f e e t  

t h i c k ,  t a k i n g  i n t o  a c c o u n t  t h e  d e p t h  o f  e x i s t i n g  

w a t e r  wells.  

3.2.2 S t r u c t u r e  

Walker Lake V a l l e y ,  t o g e t h e r  w i t h  t h e  'rest of 

Nevada, h a s  been t h e  s c e n e  o f  e x t e n s i v e ,  h i g h  

- a n g l e  f a u l t i n g  which  p e n e t r a t e s  deep  i n t o  t h e  

e a r t h ' s  c r u s t .  These f a u l t s ,  many o f  which have  

been a c t i v e  from T e r t i a r y  t o  Recent  t i m e s ,  

f r e q u e n t l y  a c t  as c o n d u i t s  f o r  r i s i n g  g e o t h e r m a l  

w a t e r s .  

N o r t h e r l y - t r e n d i n g  f a u l t s  o f ' t h i s  age  a r e  

p a r t i c u l a r l y  i n  e v i d e n c e  a l o n g  t h e  w e s t e r n  
, 

p e r i m e t e r  o f  Walker Lake and'beyond t o  t h e  s o u t h  

a l o n g  t h e  e a s t e r n  f l a n k  o f  t h e  Wassuk Range. 

Segments  o f  t h i s  f a u l t  s e t  have  d i s p l a c e d  t h e  

Q u a t e r n a r y  a l l u v i u m  between t h e  moun ta ins  and 

Hawthorne.  

3- 2 
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A northeasterly-trending fault set extends from 

the bedrock into the valley where the faults 

displace Recent sediments. 

Hydrogeology 

I Ground-water Flow System 

Delineation of the hydrologic system is essential 

in understanding the geothermal potential in the 

Hawthorne area. Major divisions in the ground- 

water system include the near-surface alluvial 

nd the underlying bedrock aquifer. The 

quifers, permeability is primarily 

controlled by its unconsolidated sedimentary 

structure. Due to compaction, the permeability 

generally decreases with depth until fractures in 

the consolidated rock become chiefly responsible 

for the transmission of water. This is the case 

with the deep bedrock aquifers. 

The source of recharge for the ground-water system 

occurs in the mountains as meteoric water which, 

in part, collects in intermittent streams and 

infiltrates to the ground-water table through 

unconsolidated valley deposits and along range 

faults. Part o f  the precipitation enters 

'fractures in the mountains and is transmitted to 

the valley fill and the deep bedrock aquifer. 
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S e v e r a l  wel ls  n e a r  Hawthorne r e p o r t  a l o s s  of head 

. w i t h  d e p t h ,  i n d i c a t i n g  some downward f low of  water 

i n  t h e  a l l u v i u m .  Due t o  low p e r m e a b i l i t y  i n  t h e  

a l l u v i u m  a t  d e p t h ,  t h i s  s o u r c e  of recharge t o  t h e  

bedrock  is o n l y  s i g n i f i c a n t  on a broad r e g i o n a l  

b a s i s .  E v e r e t t  and Rush (1967)  e s t i m a t e d  t h e  

*- 

3. 

a v e r a g e  a n n u a l  r e c h a r g e  f o r  t h e  Whiskey F l a t  

-Hawthorne s u b a r e a . ( F i g u r e  3 . 1 )  t o  be  5 ,400 a c r e  

. ."6 

U 

- f e e t .  

Meteoric water i n  t h e  

by a b n o r m a l l y  h i g h  cri 

b e d r o c k  f r a c t u r e s  i s  h e a t e d  

s t a l  h e a t  f l o w  common i n  t h e  

B a s i n  and Range p r o v i n c e .  I n  r e s p o n s e  t o  t h e  

d e n s i t y  g r a d i e n t  i n d u c e d  by t h e  i n c r e a s e d  

t e m p e r a t u r e ,  t h e  water c i r c u l a t e s  upward a l o n g  t h e  

r a n g e  f r o n t  f a u l t s  i n t o  a l l u v i a l  a q u i f e r s .  Once 

i n  t h e  a l l u v i u m ,  t h e  t h e r m a l  water f lows ou tward  

from t h e  f a u l t  i n t o  t h e  u n c o n s o l i d a t e d  s a n d  and  

g r a v e l ,  and mixes w i t h  t h e  cooler  water .  The 

t h e r m a l  wells i n  and  a round  t h e  Hawthorne v i c i n i t y  

i n t e r s e c t  t h e  t h e r m a l  water i n  t h e  a l l u v i a l  

a q u i f e r s .  

't. 

- 

F i g u r e  3.2 shows  g e n e r a l i z e d  ground-w'ater l e v e l s  

i n  t h e  Hawthorne a r e a .  The d i r e c t i o n  of  ground 
0 

. r :  -water f low is toward Walker Lake which is  t h e  
t 

pr ime  s i n k  f o r  t h e  ground-water  s y s t e m  i n  t h e  

v a l l e y .  Water l e v e l s  r a n g e  upward t o  500 f e e t  i n  

d e p t h  n e a r  t h e  Wassuk Mounta ins ,  t o  Walker Lake 

3- 4 
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w 

Y 

which i s  a s u r f a c e  e x ' p r e s s i o n  of t h e  water t a b l e .  

T h e r e  h a s  been a r e v e r s a l  of h y d r a u l i c  g r a d i e n t s  

i n  t h e  v i c i n i t y  of Hawthorne d u e  t o  e x t e n s i v e  

pumping of t h e  ground water by  t h e  c i t y .  

Movement of water t h r o u g h  t h e  ground-water  s y s t e m  

î  

'+ 
. . 

and t h e . a b i l i t y  o f  t h e  wa te r  t o  move t o  we l l s  i s  

c o n t r o l l e d  p r i n c i p a l l y  by a q u i f e r  t r a n s m i s s i v i t y .  

Pump-tests  made a t  Naval Ammunition Depot ( N A D ) '  

s u p p l y  wel ls  1 ,  6 ,  7 ,  a n d  8 show w i d e l y  v a r y i n g  

t r a n s m i s s i v i t i e s  ( T a b l e  3 . 1 ) .  T h e  t e s t s  i n d i c a t e  

t h a t  t h e  ground-water  s y s t e m  p e n e t r a t e d  by these 

wells i s  h i g h l y  t r a n s m i s s i v e  a t  N A D  wells 1' and 6 ,  

a l o n g  t h e  w e s t e r n  s i d e  of t h e  v a l l e y ,  b u t  much 

l e s s  t r a n s m i s s i v e  a t  NAD wel l  7 i n  mid -va l l ey .  

C o a r s e r - g r a i n e d  s e d i m e n t s  ( s a n d  a n d . ' g r a v e l )  

d e p o s i t e d  a d j a c e n t  t o  t h e  mounta in  f r o n t  c o n d u c t  

- water  more f r e e l y ,  w h i l e  f i n e r - g r a i n e d  s e d i m e n t s  . 
- 

( s i l t  and c l a y ) ,  t r a n s p o r t e d  f u r t h e r  from t h e  

s o u r c e  a r e a ,  a r e  r e s p o n s i b l e  for t h e  lower 

t r a n s m i s s i v i t y  v a l u e  o b s e r v e d  i n  t h e  c e n t r a l  

v a l l e y .  

.rc 
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TABLE'3.1. Repor ted  t r a n s m i s s i v i t y  v a l u e s  of 
N A D  s u p p l y  wel ls  i n  t h e  Hawthorne 
a rea  ( a f t e r  Van Denburgh and Rush, 
1975) 

N A D  SUPPLY WELL TRANSMISSIVITY 
II ( s q . f t . / d a y )  

1 40,000 
6 25 , 000 
7 270 
a 1 i 300 

Water Well Chemis t ry  

Chemical  a n a l y s i s  o f  water s a m p l e s  from wel l s  i n  t h e  

v i c i n i t y  of Hawthorne a r e  l i s t e d  i n  Tab le  3.2. 

C o n c e n t r a t i o n s  of c h e m i c a l  c o n s t i t u e n t s  show wide  

v a r i a t i o n s  w i t h  t ime and space .  The a r s e n i c  l e v e l  

e x c e e d s  t h e  U.S. P u b l i c  H e a l t h  S e r v i c e  d r i n k i n g  

water s t a n d a r d s  (0 .05 ppm) i n  well NAD 15. High 

l e v e l s  of f l u o r i d e  were a l s o  e n c o u n t e r e d ;  and 

s e v e r a l  wel ls  r e p o r t e d  b o r o n ,  w i t h  N A D  well  2 

r e p o r t i n g  t h e  h i g h e s t  l e v e l  a t  2.1 ppm. Ground 

-water p l e s  c o n t a i n  c o m p a r a t i v e l y  h i g h  amounts of 

s u l f a t e  i f  t h e y  o r i g i n a t e  i n  t h e  a l l u v i a l  v a l l e y  

fill. S u l f a t e  v a l u e s  range from l e s s  t h a n d o  ppm 

f o r  Squaw S p r i n g s  and wel l  Hawthorne U t i l i t i e s  Well 

( H U W )  3 i n  Corey Canyon o u t s i d e  t h e  a l l u v i u m ,  t o  

more t h a n  500 ppm i n  well H U W  1 w i t h i n  t h e  a l l u v i u m .  

The h i g h e s t  v a l u e  of  854 pprn a p p l i e s  t o  t h e  s h a l l o w  

a q u i f e r  of well H U W  5 a t  a d e p t h  of 450 f e e t .  The 

3- 8 
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SAMPLE 

NAD 1 *( 

NAD 1 
NAD 2 
NAD 2 
NAD 3 
NAD 3 
NAD 4 
NAD 4 
NAD 6 
NAD 6 
NAD 7 
NAD 8 
NAD 8 

HUW 1 
HUW 1 
HUW 2 
HUW 2 
HUW 3 
HUW 3 
HUE 4 
HUW 6 
HUW 6 

w 
I 
ID 

NAD 14 
NAD 16 
NAD 15B 

EL CAP 

DATE 

'I 4/77 
-4/76 
8/75 
4/76 
12/52 
* 2/66 
5/73 
8/75 
8/75 
10/71 
8/75 
8/75 
4/77 

1/74 
4/7 1 
7/75 
6/76 
7/75 
6/76 
4/71 
4/71 1 

11/73 

6/75 
6/75 
6/75 

6/80 

L 

E c t c c c 

TABLE 3.2 Chemistry o f  various wells near Hawthorne ( a f t e r  

To F 

124.7 

81.5 
- 
- - 

100.4 

73.4 
75.2 

- 

- - 
78.8 
79.7 

I - - - - - - - - - 
60.8 
62.6 
66.2 

90 

Bohm and" Jacobson, 1977). 

Ca 

61 
58 
82 
78 
32 
33 
105 
106 
77.5 
78 
18.2 
74 
92.5 

150 
138 
69 
64 
63 
34 
67 
120 
92 

3.2 
1.4 
17.6 

37.7 

Na 

1P4 " ' 
196 
187.5 
219 
245 

110 
78 
126 
136 
135 
137.5 
120 

66 

168 
172 
31 
19 

45 
45 

286 
92 
155 

- 

- 

- 

2.58 

K 

6.4 
8.0 
11.9 
15 
10 - 
6.6 
5.7 
5.9 
6.0 
4.4 
7.4 
5.0 

7 

6 
7.0 
4 
3 .  

3 
3 

10.8 

- 

- 

1.98 
8.34 

10.6 

c1 

639. 
66 
85.6 
97 
102 
101 
84 
78 
68 
87 
60.4 
52.9 
51 

63 
65 
87 
87 
17 
7 

11 
26 
30 

150 
10.6 
63 

87.5 

S i  O2 

. 31.8 

58.4 

54 

- 
- 
- - - 

23.8 - 
136 
43.9 
44.5 

- - - - - - - - - 
20.1 
19.2 
21.2 

25.2 

Ca/Na 
K T"F 

150.8 
167 
17 6 
195.6 
210.2 

125.6 
113 
132.8 
134.6 
170.6 
147.2 
118.4 

109.4 

141.8 
154.4 
98.6 
96.8 

71.6 
78.8 

- 

- 

- 

311 
248 
300.2 

- 

s04 - 
386 
413 
405 

374 
372 

321 
340 
334 
204 
193 
147 

533 
447 
383 
366 
91 
19 
75 
157 
17 1 

138 
61 
114 

502 

- 
- 

PH 
8.1 

7.52 

7 :9 

7.35 
7.5 

8.62 
7.42 
7.4 

7.75 
7.86 
7.99 
7.95 
7.35 
7.35 
7.64 
8.2 
7.9 

8.23 
7.95 
8.05 

8.65 

- 
- 
- - 
- 

- 

TDS 

7.t9 I 

792 
987 
1006 
950 - - - 
7 52 
816 
625 
780 
840 

1033 
903 
790 
808 
319 
191 
34 1 
578 
404 

1000 
360 
63 1 

- 

HC03 

51 

134 

118 
100 

110 
96 

61 
259 
297 

68 
93 
88 
102 
168 . 
146 
173 
307 
212. 

382 
173 
24 5 

- 
- 

" 

- 

25.5 

A l l  data reported i n  ppm. - NAD - Naval Ammunition Depot Wells; HUW - Hawthorne U t i l j t i e s  Wells 
Sources: Boyle - Engineering Rept. (1975); Lawrence Livermore P i lo t  Study; Data from well 

owner; Desert Research Ins t i t u t e ,  Reno; Water Resources Reconnaissance Series 
Report 40. 

F 

1.75 to * 

1.09 * 

6: 8 

- 
- 
- - 

0.21 
0.9 

3.35 
2.85 
1.8 

0.23 
0.32 
1.43 
1.59 
3.08 
3.15 
3.11 
3.58 

- 

3.21 

3.57 
1.35 
3.95 

- - 



Y 

records of HUW 5 indicate that sulfate probably 

varies more in the vertical direction than in the 

horizontal direction. Bohm and Jacobson (19771, - 
A' ' using data availab.le from HUM 5, concluded that the 

ground water heated at depth apparently retains a 

comparatively good water quality. High amounts of  

dissolved solids are probably added from parts of 

. the alluvium. 

. .  As previously mentioned, the thermal waters are 

located at a relatively shallow depth and thus 

are able to mix with cooler subsurface water. 

w 

Using the molar Na, K, and Ca concentrations, an 

empirical method described by Fournier and 

Truesdell (1973)  for estimating the geothermal 

reservoir temperature can be employed. A fre- 

Y -. quency distribution of calculated temperatures 
' -- 

- 
e for various wells in the Hawthorne region is 

shown in Figure 3 . 3 .  This graph indicates a wide 

0 variation in estimated reservoir temperatures (up 

to 320°F), though calculations indicate a range 

of 1 0 4 O  to 212OF as being most prominent. 

Y -  

W 

u 

U 

Geothermometers were developed in rapid f low,  
- 

. -  high-temperature systems (i.e.? Yellowstone, WY; 
2 .  

The Geysers, C A ) ,  The Hawthorne system is a com- 

paratively slow circulating, low-temperature sys-  

tem, and therefore caution is advised in placing 

3- 10 
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% TEMPERATURE F 

FIGURE 3.3 Distribution of calculated temperatures using the Na-K-Ca 
geothermometer-for various wells in the Hawthorne region 
(after 8ohm and Jacobson, 1977). 
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- 
t o o  much emphas i s  on t h e  ' c a l c u l a t i o n s .  The Na-K 

-Ca geothermometer  i s  a t  b e s t  a g r o s s  i n d i c a t i o n  

of t h e  s o u r c e  w a t e r  temperature.  

, 3 . &  Geothe rma l  System 

Direct e v i d e n c e  of thermal a c t i v i t y  i n  t h e  Hawthorne 

a rea  a r e  t e m p e r a t u r e s  r a n g i n g  f rom 71°F t o  210°F ( T a b l e  

3-31 i n  s e v e r a l  wel ls .  Presumably ,  deep  c i r c u l a t i n g  

t h e r m a l  w a t e r  f l o w s  upward a l o n g  t h e  r a n g e  f r o n t  f a u l t s ,  

and mixes w i t h  c o o l e r  w a t e r  f l o w i n g  e a s t w a r d  and 

n o r t h w a r d  f rom t h e  Wassuk Range and Whiskey  F l a t  a r e a s  

i n  t h e  s h a l l o w e r  p a r t s  o f  t h e  a l l u v i u m .  

T h e  E l  C a p i t a n  well e n c o u n t e r e d  210°F water a t  a d e p t h  

o f  1 , 0 0 0  f e e t ,  The well was n o t  d e e p  enough t o  i n t e r -  

s e c t  t h e  main r a n g e  f r o n t  f a u l t ,  b u t  s eve ra l  Q u a t e r n a r y  

age f a u l t s ,  l o c a t e d  between t h e  well a n d  t h e  Wassuk 

. 

-. -- 
I Range, p r e s e n t  t h e  s t r o n g  p o s s i b i l i t y  o f  a f a u l t  p a s s i n g  
Y 

beneath t h e  well a t  d e p t h  ( P l a t e  I ) .  

Well H U W  5 i s  o f  p a r t i c u l a r  i n t e r e s t .  It  I s  1,000 f e e t  

i n  d e p t h  w i t h  t h e  t e m p e r a t u r e  l o g  showing an i n c r e a s e  of 

- t e m p e r a t u r e  w i t h  d e p t h  f rom 64°F t o  s h a l l o w  d e p t h s  o f  

73°F a t  a d e p t h  of  859 f e e t .  A pump t e s t  i n  1972 caused 

an i n c r e a s e  i n  t e m p e r a t u r e  from 81" t o  91°F w i t h i n  f o u r  

. 3 h o u r s  a t  a pumping r a t e  o f  15 gpm. Bohm and Jacobson  

( 1 9 7 7 )  i n t e r p r e t e d  t h i s  a s  i m p l y i n g  t h e  o c c u r r e n c e  of  an 

e x t e n s i v e  r e s e r v o i r  of warm w a t e r  a d e p t h .  

3- 12 
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TABLE 3 . 3  Highest  reported temperatures and wel l  

depths  i n  t h e  Hawthorne a r e a .  

WELL 

9' N A D  1 
N A D  2 

- *4 N A D  4 
N A D  5 
N A D  6 
N A D  7 
N A D  8 
N A D  9 
NAD 1 1  
N A D  12 
H U W  1 
HUW 2 
H U W .  3 
HUW 4 

H U W  6 
EL C A P I T A N  

. H U W  5 

TEMPERATURE O F  DEPTH ( f t )  

125 O F  

80 O F  

73  "F 
1 l4OF 

77 O F  

79  O F  

79 O F  

68  O F  

71 OF 
74 O F  

80 O F  

52 O F  

91 O F  

210°F 

- 
- 

- 

345 ' 
423 
610'  
312' 
394 ' 
5141 
*500' 
423 

SPRING 
SPRING 

482'  
602 1 

250 
1000 ' 
1013' 
1000' 

- 

e 

Y 

e 

w 
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The d e p t h  t o  a n d  t h i c k n e s s  o f  t h e  g e o t h e r m a l  r e s e r v o i r  

is known o n l y  f rom wel ls  d r i l l e d  i n  t h e  a r e a .  Data  from L J  

W 

N A D  wel l s  1 and 5, and t h e  E l  C a p i t a n  wel l  ( P l a t e  I )  

_. a l l o w s  a c o n s e r v a t i v e  c h a r a c t e r i z a t i o n  o f  t h e  r e s e r v o i r  

-' & a s  d e l i n e a t e d  by t h e  100OF i s o t h e r m a l  c o n t o u r  l i n e .  A 

minimum r e s e r v o i r  s i z e  may be assumed: 

Dimension Magni tude  

l e n g t h  4.5 miles 
w i d t h  1 mile 
t h i c k n e s s  655 f e e t  

The g e o t h e r m a l  r e s e r v o i r  volume,  c a l c u l a t e d  s o l e l y  on 

- -  t h e  w a t e r  well i n f o r m a t i o n ,  would be g r o s s l y  m i s l e a d i n g  

'"# b e c a u s e  : 

( 1 )  The t r u e  d i m e n s i o n s  and c h a r a c t e r i s t i c s  o f  t h e  
r e s e r v o i r  a r e  n o t  known; and 

' ( 2 )  The Wassuk Range f r o n t  f a u l t  zone,  w h i c h  goes 
-_ t o  g r e a t  d e p t h ,  c a n  be assumed t o  be t h e  
- s o u r c e  of r i s i n g  t h e r m a l  waters. 
e 

3.5 C o n c l u s i o n s  

The g e o l o g i c  and h y d r o l o g i c  evidence presented s u g g e s t  

t h e  a r e a  of  h i g h e s t  p r o b a b i l i t y  for  o b t a i n i n g  a v i a b l e  

g e o t h e r m a l  r e s o u r c e  is l o c a t e d  a d j a c e n t  t o  t h e  Wassuk 

- Range west of  t h e  c i t y ,  o f  Hawthome.  Low s u n  a n g l e  

a e r i a l  p h o t o g r a p h s  show s i g n i f i c a n t  f a u l t i n g  i n  t h e  

Q u a t e r n a r y  age a J l u v i u m  n e a r  t h e  r a n g e  f r o n t .  The 

f a u l t i n g  i s  i n  two major  t r e n d s  p r e s e n t i n g  a s t r o n g  

Y 3- 14 
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- 
. -  w 

- 
dltction test well (and subsequent production and injec- 

tion wells), and the drilling, logging, and testing of a LJ 
w single production test well. The program is centered 

around the El Capitan well, since that well is the 
i 

*. 'is. strongest evidence of an economically viable geothermal 

Y 

Y 

Y 

W 

Y 

c) 

resource in the Hawthorne area. Emphasis is placed on 

the area northwest of the El Capitan well where prelim- 

inary air photo interpretation infers a major fault in- 

tersection coincident with an extension of the thermal 

anomaly. The survey will also include the area within 

the ~lOO°F isothermal contour line (Plate I) west to the 

Wassuk Range. 

- 
Additional studies.are being conducted by the U.S. DOE 

sponsored resource assessment team at the University of 
-$ 

Nevada. A variety of techniques are being applied to 

define both the nature and extent of the resource. 

- Included in the investigation are: geologic reconnais- 

r, sance, two meter-depth temperature probe study, soil 
- 

mercury study low sun-angle photography, 1/2-mile grid 

gravity survey, and bulk chemical and stable light 

isotopic analyses of thermal and non-thermal fluids. . 

Results o f  the one year study 'are expected to be 

available in published form by late summer 1981, and are . - 

anticipated to provide new data which will mo'dify the - 
3 recommended program outlined below. 

W 

. .  
3- 16 
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3.'6.1 G e o l o g i c a l  Survey $ 4 ,000  

Pho togeo logy ,  f i e l d  mapping, and an a d d i t i o n a l  bid 
Y 

w 

W 

Y 

Y 

W 

w 

w 

l i t e r a t u r e  s e a r c h  t o  i n c l u d e  a 25 s q u a r e  mile 

a r e a  w i t h i n  t h e  p r e s c r i b e d  Hawthorne t h e r m a l  

zone . 
4 

:-. :*. 

3 .6 .2  S h a l l o w  Hole Temperature  S u r v e y  $10,000 
1 

Two-meter deep  t e m p e r a t u r e  g r a d i e n t  h o l e s  on a 

q u a r t e r - m i l e  t o  h a l f - m i l e  g r i d ,  two t o  e i g h t  

s q u a r e  miles i n  a r e a .  

. 3 .6 .3  S e i s m i c  Survey  $10,000 - $22,500 

-.P 
Two t o  t h r e e  seismic p r o f i l e s  ( o n e  and o n e - h a l f  

t o  t h ree  miles i n  l e n g t h )  t o  map t h e  s u b s u r f a c e  

l o c a t i o n  o f  t h e  major  f a u l t s .  

- 
- 

rc 3.6.4 Geothermal  P roduc t ion  Test Well $60 ,000  

One p r o d u c t i o n  t e s t  w e l l  1,000 t o  2,000 f e e t  i n  

d e p t h ,  d i r ec t ed  t o  i n t e r s e c t  a t  f a u l t  zone ,  Cos t  

i n c l u d e s  an 8 1/2- inch d i a m e t e r ,  1 , 0 0 0 - f o o t  wel l ;  

6 5 /8 - inch  s l o t t e d  c a s i n g ;  w e l l  l o g s ,  s u r v e y s ,  - 
and s e r v i c e s .  

- . -  

f 
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V 
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W 

W 

Pump Test $1,4,000 

Step draw-down and continuous discharge test of 

the geothermal production test well and water 

analysis to determine optimum flow rate, reser- 

voir temperature, and water chemistry for engi- 

neering design. 

The total minimum cost of a resource assessment 

program to the point of development drilling is 

$98,000 to $101,500. Production test well re- 

sults and the estimated thermal energy demand for 

the City of Hawthorne will determine the number 

of production and injection wells necessary for 

proper development. 

a 
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4.0 GEOTHERMAL RESOURCE APPLICATIONS u -. . 
Y 

The greatest potential application of geo 

Y 

W 

w 

w 

W 

W 

u 

herma, energy a- 

Hawihorne is district heating. A district heating system 
- &- 
designed to supply space heating and domestic hot water 

heating for the county buildings, the public school 

buildings, commercial buildings, and residential subdivisions 

offers the greatest benefit to the residents of Hawthorne. 

Other applications, such as greenhousing and aquaculture were 

considered but excluded because of inadequate local markets. 

Electric power generation, although technically feasible with. 

the resource temperatures encountered thus far at Hawthorne, 

is not thought to be economical on a large scale as a utility 

might consider. Therefore, district heating appears to be 
P 

the most promising application and thus received all the 

attention of this study. 
- 

Thii section presents a summary of the technical and economic 

feasibility of district heating systems for Hawthorne. Three 

different alternatives are presented, encompassing a range of 

systems from one which’would supply only the public buildings 

in Hawthorne along with the El Capitan.Lodge and Casino, to 

an extensive system which would serve the entire town, 

including all of the residential heating load. These 

altkrnative systems, the preliminary engineering, and the 

economic analyses that,are presented, are all based upon more 

- 
t 

detailed reports prepared by Chilton Engineering ( 1 9 8 1 ) ,  The 

Spink Corporation ( 1 9 8 1 1 ,  and the Ceo-Heat Utilization Center 

4- 1 
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W 
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.. - 
( 1 & 1 ) . '  A l l  d a t a ,  t a b l e s ,  and s c h e m a t i c s ' i n  t h i s  s ec t ion  a r e  

a t t r i b u t a b l e  t o  t h o s e  t h r e e  e n t i t i e s ,  w h i c h  a r e  h e r e i n  f u l l y  

c r e d i t e d  f o r  t h e  e n g i n e e r i n g  a n d  economic e v a l u a t i o n s .  

- . .  
4 . Q .  Community Energy Consumption Data  

T a b l e  4 . 1  presen t s  t h e  h e a t i n g  l o a d s  t h a t  h a v e  been 

d e r i v e d  f o r  t h e  s e v e r a l  f a c i l i t i e s  i n  Hawthorne.  The 

W 

W 

V 

u 
v 

peak h e a t i n g  l o a d s  and t h e  a n n u a l  h e a t i n g  l o a d s  h a v e  

been d e t e r m i n e d  from i n s p e c t i o n  of e x i s t i n g  h e a t  s u p p l y  

systems i n  t h e  b u i l d i n g s ,  f rom c a l c u l a t i o n s  of t h e  

h e a t i n g  r e q u i r e m e n t s  based upon t h e  a r e a ' s  h e a t i n g  

cha rac t e r i . s t i c s ,  a n d  from a n a l y s e s  o f  p a s t  e n e r g y  

consumpt ion  b i l l s .  
- ""i . .: 

The s i x  g r o u p i n g s  o f  f a c i l i t i e s  i n  T a b l e  4 . 1  p r o v i d e  a 

t o t a l  a n n u a l  h e a t  l o a d  o f  4 4 . 5  x l o 9  B t u .  T h i s  

c o l l e c t i o n  of f a c i l i t i e s  i s  d e s i g n a t e d  A l t e r n a t e  I i n  
. -  

I t h e  e n g i n e e r i n g  and  economic e v a l u a t i o n s  presented 
r, 

l a t e r .  A l t e r n a t e  I1 is t h e  same a s  A l t e r n a t e  I e x c e p t  

t h a t  t h e  M t .  Grant  and Lakeview T r a c t s  a r e  n o t  i n c l u d e d ;  

t he re fo re ,  t h e  t o t a l  a n n u a l  heat  l o a d  i s  r e d u c e d  t o  26.8 

x l o 9  Btu.  Not shown i n  T a b l e  4 . 1  i s  t h e  increment of 

e n e r g y  u t i l i z e d  by t h e  r e m a i n d e r  o f  t h e  town of 

Hawthorne ,  i n c l u d i n g  a l l  o t h e r  r e s i d e n t i a l  and 
- 

- 
. -  commerc ia l  users. A prec i se  c a l c u l a t i o n  o f  e n e r g y  

't 

consumpt ion  for  t h e  e n t i r e  town h a s  n o t  been p e r f o r m e d ,  

b u t  a good es t imate  is 1 6 8 . 9  x l o 9  B t u  ( W .  C u c h i n e ,  

4- 2 



. TABLE 4.1  Summary o f  heating loads W 
W 

.; . .+' 

W 

U 

Y 

W 

W 

Courthouse, Pub1 i c Safety 
Hospital & Library 

Schools , 

M t  . Grant Subdi v i  si on 

Lakevi ew Tract 

El Japi tan Subdi vi si on 

El Capitan Lodge & Club 

- &  

. TOTAL -- 

Peak Annual 
- Btu/h B t u  

2.44 x lo6 2.45 x lo9 

6.32 X lo6 8.34 x lo9 

4.11 X lo6 7.13 x lo9 

6.11 X lo6 10.60 X*109 

6.40 X lo6 11.11 x . 1 0 ~  

3.13 X lo6 . 4.91 * x l o 9 .  

28.51 X lo6 44.54 x lo9 

.. 

w 

Y 
4- 3 
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- Oral Communicat ion,  1 9 8 1 ) ;  t h i s  t h e n  is Al t e rna te  I11 

f o r  a Hawthorne d i s t r i c t  h e a t i n g  s y s t e m .  LJ 
W 

v 

4.2 E n g i n e e r i n g  Des ign  
i 

' t- 
-.. 

' . -,-*'* 
4.2.1 Geothermal  Well F i e l d  

W 

The d e s i g n  and development  o f  t h e  g e o t h e r m a l  we l l  

f i e l d  f o r  t h e  Hawthorne d i s t r i c t  h e a t i n g  s y s t e m  

is  based  upon t h e  l o c a t i o n  and q u a l i t y  of an 

e x i s t i n g  h o t  w a t e r  well t h a t ' w a s  d r i l l e d  and 

comple t ed  by t h e  owners  o f  t h e  E l  C a p i t a n  Lodge. 

The 1 ,000  f o o t  wel l  i s  l o c a t e d  a p p r o x i m a t e l y  1 .5  

miles s o u t h w e s t  o f  Hawthorne.  I t  p r o d u c e s  700 

P gpm of 210'F water w i t h  t h e  e x i s t i n g  150 hp  
W pumping equ ipmen t .  

' T h e  w e l l  and pump a r e  a d e q u a t e  t o  ' supp ly  t h e  

v 

u 

Y 

q u a n t i t y ' o f  h o t  w a t e r  needed f o r  A l t e r n a t e  I1 
- - . w h i o h  r e q u i r e s  a peak f l o w  o f  780 gpm. A 250 h p  

pump w i t h  a v a r i a b l e  s p e e d  d r i v e  would b e  

s u b s t i t u t e d  f o r  t h e  e x i s t i n g  pump i n  o r d e r  t o  

p r o d u c e  t h e  991 gpm peak flow r e q u i r e d  f o r  

Al te rna te  I ;  o n l y  t h e  one  e x i s t i n g  wel l  is s t i l l  

r e q u i r e d  f o r  A l t e r n a t e -  I .  A l t e r n a t e  111, however ,  

would r e q u i r e  t h e  d r i l l i n g  o f  f o u r  a d d i t i o n a l  - 
'1 wel l s  e a c h  w i t h  a p p r o x i m a t e l y  t h e  same d e l i v e r y  

r a t e  a s  t h e  e x i s t i n g  w e l l ,  f o r  a t o t a l  peak  f l o w  

o f  4025 gpm. For  p r e s e n t  p u r p o s e s ,  i t  h a s  been  

# 
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assumed t h a t  t h e  four  new wel l s  would be l o c a t e d  

i n  a l i n e  t o  t h e  n o r t h w e s t  of t h e  e x i s t i n g  well  a t  u 
W a p p r o x i m a t e l y  h a l f - m i l e  i n t e r v a l s .  Work p r e s e n t l y  

i n  p r o g r e s s  unde r  t h e  S t a t e  Coupled Resource 

Assessment  Program, w i l l  f u r t h e r  d e f i n e  t h e  

resource l o c a t i o n  a n d  w i l l  p r o b a b l y  r e s u l t  i n  

o t h e r  l o c a t i o n s  f o r  t h e  proposed  wel l s .  

4.2.2 Hot Water D i s t r i b u t i o n  Sys tems 

Alternate  I 

Geothermal  water a t  210°F w i l l  b e  s u p p l i e d  by  t h e  
w 

e x i s t i n g '  1 ,000  f o o t  well  l o c a t e d  on E l  C a p i t a n ,  

p r o p e r t y  1 .5  miles s o u t h w e s t  o f  Hawthorne.  The 

e x i s t i n g  150  h p  pump would be r e p l a c e d  by a 250 
w 

h p  u n i t  w i t h  a v a r i a b l e  s p e e d  d r i v e .  T h i s  would 

i n c r e a s e  t h e  maximum pumping r a t e  from t h e  

p re sen t  T O O  gpm t o  t h e  r e q u i r e d  991 gpm. 

An i n s u l a t e d  8" FRP p i p e l i n e  would  be i n s t a l l e d  

t o  t r a n s p o r t  t h e  g e o t h e r m a l  water t o  Hawthorne 

( F i g u r e  4.1). F o r  d e s i g n  p u r p o s e s  a t e m p e r a t u r e  

of 200 "F h a s  been u s e d  The 200°F water would 

p a s s  t h r o u g h  p l a t e - t y p e  h e a t  e x c h a n g e r s  a t  t h e  

- i n d i v i d u a l  b u i l d i n g s  and a t  t h e  t h r e e  s u b d i v i -  

t s i o n s .  A 10°F approach  t e m p e r a t u r e  was u s e d ,  
* 

w i t h  t h e  i n d i v i d u a l  h e a t  e x c h a n g e r s  removing 30°F 

w 

Y 

u t o  54 OF. from t h e  geo the rma l  w a t e r .  Through 
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FIGURE 4..1 A l t e r n a t e  I p l o t  p lan  (from Geo-Heat Utilization 
Center, 1981). 
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v 

U 

cascaded use o f  a po r t ion  of t h e  f low, t h e  

o v e r a l l  t empera ture  drop i n  t h e  system would 

approach 59°F a s  shown i n  Figure 4.2. 

The flow through each hea t  exchanger w o u l d  be 

r egu la t ed  by  temperature  a c t i v a t e d  c o n t r o l  va lves  

and would be measured and recorded. The c o n t r o l  

va lves  c l o s e  a s  demand decreases .  T h i s  i n c r e a s e s  

t h e  p r e s s u r e  i n  t h e  geothermal l i n e s ,  which 

causes  t h e  v a r i a b l e  speed pump t o  decrease  t h e  

wel l  o u t p u t .  

The s choo l s  a r e  t h e  l a s t  user on t h e  l i n e  and a r e  

a t  t h e  lowest  p o i n t  i n  t h e  system. It was 

assumed t h a t  t h e  cooled geothermal water could be 

pumped i n t o  a well  t o  be loca t ed  on t h e  school  

proper ty .  

u 

c3 

gr 

When f u t u r e  development occurs  a t  t h e  planned 

i n d u s t r i a l  s i t e  on t h e  nor th  s i d e  o f  Hawthorne, 

t h e  coo led  water (141'F) can be used for  h e a t i n g  

t h e r e  and t h e n  i n j e c t e d  a t  a well l oca t ed  on 

s i t e .  The 141°F water w i l l  not  be hot  enough f o r  

most i n d u s t r i a l  a p p l i c a t i o n s  b u t  could p r o v i d e  

space h e a t i n g  f o r  up t o  300,000 square  f e e t  of 

b u i l d i n g s .  

The FRP p i p e l i n e s  ca r ry ing  the water from t h e  

upstream users t o  t h e  school i n j e c t i o n  s i t e  w i l l  

be i n s u l a t e d  s o  t h a t  v e r y  l i t t l e  hea t  w i l l  be 

Y 4- 7 
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FIGURE 4 .2  Al ternate  I f low diagram (from Geo-Heat U t i l i z a t i o n  
Center, 1981). 
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l o s t .  T h i s  h e a t  w i i l  be a v a i l a b l e  when t h e  l i n e  

is e v e n t u a l l y  e x t e n d e d  t o  t h e  i n d u s t r i a l  s i t e .  

A l t e r n a t e  11. 

A l l  p a r t s  of t h e  s y s t e m  a r e  i d e n t i c a l  t o  t h o s e  i n  

A l t e r n a t e  I e x c e p t  t h a t  t h e  Mr. Gran t  and  

Lakeview Tracts  a r e  n o t  s e r v e d .  The peak f low i s .  

t h e r e b y  r educed  from 991 gpm t o  780 gpm and t h e  

f i n a l  t e m p e r a t u r e  o f  t h e  g e o t h e r m a l  water would 

b e  154°F  a s  shown i n  t h e  flow d iag ram i n  F i g u r e  

4.3. 

o f  t h e  e x i s t i n g  wel l  pump. 

T h i s  . A l t e r n a t e  does n o t  r e q u i r e  r e p l a c e m e n t  

A l t e r n a t e  I11 

The e n t i r e  town c o u l d  be s e r v e d  u s i n g  geothermal  

water s u p p l i e d  by t h e  e x i s t i n g  well and f o u r  

a d d i t i o n a l  wel ls .  Geothermal water would be  

s u p p l i e d  t o  Hawthorne t h r o u g h  8It ,  1011 and 14" 

i n s u l a t e d  p i p e l i n e s  a s  shown i n  F i g u r e  4.4.  The 

h e a t  e x c h a n g e r s  and c i r c u l a t i n g  pumps would be 

c e n t r a l l y  l o c a t e d ,  w i t h  t h e  cooled water ( 1 5 O O F )  

p i p e d  t o  t h e  i n d u s t r i a l  p a r k  for  f u r t h e r  u s e  and 

i n j e c t i o n .  

The d i s t r i b u t i o n  s y s t e m ,  a s  shown i n  F i g u r e  4.5, 

c o n s i s t s  o f  p a r a l l e l  s u p p l y  and r e t u r n  l i n e s ,  a l l  

o f  which  would be i n s u l a t e d .  Two h e a t  e x c h a n g e r s ,  

Y 

each w i t h  50 m i l l i o n  Btuh c a p a c i t y  a n d  t h r e e  100 

4- 9 
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FIGURE 4.3 Alternate I1 flow diagram (from Geo-Heat Utilization 
Center, 1981). 

FIGURE 4.4 Alternate I11 p l o t  plan of ga ther ing  system (from Geo-Heat 
Utilization Center, 1981). 
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F I G U R E  4 . 5  Alternate I 1 1  p l o t  plan of distribution system (from 
Geo-Hea t Uti 1 i zation Center, 1981). 
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W 
v 

4.3 

hp circulating pumps, would be located at the 

central heat exchanger building. The third pump 

would be a standby unit and the use of two heat 

exchangers allows for service and cleaning of one 

unit during periods of lower heat demands. 

Capital Equipment Costs and Operating Expenses 

for the three alternates are shown in Tables 4.2, 4.3, 

and 4.4. They are each separated into two parts: the 

V 

Y 

Y 

Y 

w 

The geothermal district heating system cost estimates 

Y 

i 
Y 

well supply system and the distribution system. Each 

system is treated separately in the economic analysis, 

because of the possibility of different system ownership 

which will b fined in Section 4.4. Cost estimates 

are based on present prices (1981) with no inflation 

factors for construction in later years. 

The Alternate I distribution system cost is $1,866,560 
and the supply system cost is $154,000, a portion of 

which has already been invested in the existing well. 

Alternate' I1 costs are the same for the supply system, 

but are reduced to $1,418,640 for the distribution 

system with the elimination of the distribution lines to 

the Mt. Grant and Lakeview Tracts. 

The c o s t s  for Alternate 111, the entire town, are 

$8,590,000 for the distribution system and $757,000 for 

w 4- 12 



w 

TABLE 4.2 Alternate I capi ta l  and , 

operating costs  

w 
w 

- 

w 
3 

Supply Sys tern: 

E x i s t i n g  well and new pump 

Operation & maintenance cost  $ 3,100 
Elec t r ica l  power ' 18,700 

$21,800 

Dis t r ibu t ion  System: 

U 

Capital Costs - 
d n jec t i  on we1 1 
Heat exchangers 
Dis t r ibu t ion  pipelines 
C i  rcul a t i n g  pumps 
B u i l d i n g s ,  controls, 

and misc. ICL 

- .  Subtotal . 
- 
c Contingency 

Total capi ta l  cost  
I .  

Operating Costs - (1s t  y r )  
Electri cal  power $ 3,200 
Maintenance 16,600 

19,800 

$ 154,000 

$ 60,000 
21,000 

1,409,900 
33,000 

99,200 

1,623,100 

243,460 

$1,866,560 

W 

w 

ri 
4-13 



w 
L 

c-, 
W TABLE 4.3 Alternate I1 capi ta l  and 

opera ti ng costs 

v 

* 
1 . 5 , -  

Supply Sys tem: 

E x i s t i n g  well & new pump 

Operation & maintenance cost  $ 3,100 
E l  ectri cal  power 18,700 

Total annual cost $21,800 

W 

Distribution System: 

Capital Costs - 
j ec t ion  we1 1 $ 60,000 

is t r ibut ion system 1,082,500 
91,100 

iP 
Controls & m i x .  ICL 

Sub t o t  a1 

Engineering & Contingencies Ih 15% 

To t a l  

Annual Operation & Maintenance Cost $9,440 

$ 154,000 

1,233,600 

185,040 

$1,418,640 

4-14 
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TABLE 4.4 A1 ternate  111 capital  and 
operating costs 

.. 

suppl$ System: 

4 Production wells $ 320,000 
4 Well pumps & variable speed dr ives  184,000 
Exis t ing  well & pump 154,000 

Subto ta l  $ 658,000 

Engineering & Contingencies 

To t a l  

Operation & maintenance cos t  $ 74,800 
E l  e c t r i  cal power 86 , 300 

~ 0 f . 1  annual cos t  $101,100 

99,000 

$ 757,000 ~ 

. *  
Distribution System: 

* \ .  

Distribution lines $6,619,000 . 
Heit exchangers 146,000 
C i  r c u l  a t i n g  pumps 85,000 
Bui 1 d i  ngs & controls 220,000 
Misc. electric & mechanical 160,000 
Four injection wells 240,000 

Subtotal $7,470,000 

Engineering & Contingencies . 1,120,000 

Total - $8,590,000 

Operation & maintenance cost $45,500 
Electrical  power 15,900 

Total  annual cost $61,400 
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63 

u3 

Y 

a 
the supply system making the total investment 

$9,3479000. 

4.4 Economic Evaluations .. 

* 
1 

4.4.1 Ownership of Geothermal Systems 

The life cycle cost analysis of the geothermal 

district heating system and the resultant prices 

of energy delivered to the various customers are 

determined not only by the capital and operating 

costs but also by the ownership structure for the . 

basic components of the system. For the 

t 

Hawthorne, geothermal system, the most practical 

structure appears to be for the well supply 

system to be privately owned and operated by the 

El Capitan Lodge and for the distribution system 

to be publicly owned and operated by Mineral 

County. 

El Capitan owns.the geothermal water rights, the 

existing well and the land upon which future 

wells might be drilled. The county is a legally 

established governmental body with state-granted 

authority to own and operate public utility 

systems. The county would also be a major 

consumer o f  the geothermal energy for' 'its county 

buildings and the schools. As the energy 

distributor, the county could also sell energy to 

4- 16 
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u 
W 

3 .  the private sector of existing residences, future 

subdivisions, retail/commercial establishments 

and the entire El Capitan complex. 

w 

If El Capitan were the well developer and 

producer, it could exercise tax deductions and 

tax credits available only to the private sector 

under Federal tax law. Further, El Capitan would 

probably not be subject to regulation under the 

e 

W 

U 

state public utilities commission, since it would 

commodity - energy - to a single 
the county, under a negotiated 

contract . 

W 

. .& As the energy distributor and as the only 

wholesale customer of the well developer and 

producer, the county would hold significant 

negotiating strength in establishing purchase 

- contracts with that geothermal supplier. In 
ri 

addition, the county would be in a position to 

"sell" the energy to itself at favorable prices. 

The county would also sell geothe'rmal energy to 

the private sector. 1t.could set a price for 

private sales different from sales to itself in w 
the private sector sales are 

3 e with other fuel forms over' 

- 
'I. 

time and that the revenues from the mix of sales 

to the county and sales,to the private sector are 
. .  W 

b9 

V 
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I 

a d e q u a t e  t o  s e r v i c e  t h e  c o u n t y ' s  d e b t  a s  w e l l  a s  

o p e r a t i n g  and ma in tenance  c o s t s  f o r  t h e  

= .  

d i s t r i b u t i o n  system. 

4 4 .4 .2  Geothermal  Energy P r i c e s  
Y 

C o n s i d e r a b l e  e f f o r t  was expended by t h e  O I T  Geo 

w 

W 

-Heat U t i l i z a t i o n  C e n t e r  i n  t h e i r  economic 

a n a l y s e s  t o  d e t e r m i n e  r e a s o n a b l e  f i r s t  y e a r  

(1981)  v a l u e s  f o r  t h e  w h o l e s a l e  p r i c e ,  f rom t h e  

s u p p l i e r  t o  t h e  d i s t r i b u t o r ,  and f o r  t h e  r e t a i l  

p r i c e ,  f rom t h e  d i s t r i b u t o r  t o  t h e  p r i v a t e  

.& 

U 

Y 

U 

cil 

c u s t o m e r s ,  o f  t h e  g e o t h e r m a l  e n e r g y .  The 

w h o l e s a l e  p r i c e  was found t o  b e  $0.90 p e r  MMBtu 

( 1 0 6  B t u ) ,  and t h e  r e t a i l  p r i c e  was e s t i m a t e d  t o  

be $5 .50  p e r  MMBtu. The w h o l e s a l e  p r i c e  o f  

$O.gO/MMBtu p r o v i d e s  t h e  w e l l  d e v e l o p e r / p r o d u c e r  

w i t h  a nomina l  16 .5  p e r c e n t  r e t u r n  on i n v e s t m e n t  
- 
L a f t e r  t a x e s .  The r e t a i l  p r i c e  o f  $5.50/MMBtu, 

when c o u p l e d  w i t h  t h e  e n e r g y  c o s t  s a v i n g s  

r e a l i z e d  by t h e  c o u n t y  i n  , r e p l a c i n g  i t s s c u r r e n t  

consumpt ion  o f  p ropane  and f u e l  o i l  w i t h  

g e o t h e r m a l  e n e r g y ,  p r o v i d e s  t h e  c o u n t y  w i t h  a 

c a s h  f l o w  ( u n d i s c o u n t e d )  t h a t  would pay o f f  i t s  

- o r i g i n a l  c a p i t a l  i n v e s t m e n t  p l u s  i n t e r e s t  i n  n i n e  

'? y e a r s  f o r  A l t e r n a t e  11, and i n  s ix t een  y e a r s  f o r  
.* 

A l t e r n a t e  111. A l t e r n a t e  I ,  w h i c h  i s  q u i t e  

s i m i l a r  t o  A l t e r n a t e  11, was n o t  f u l l y  s t u d i e d  b y  
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cr, s 

OIT. T h e r e f o r e ,  l i f e  c y c l e  c o s t  i n f o r m a t i o n  f o r  

A l t e r n a t e  I i s  n o t  p r e s e n t e d .  

= .  

hi 
W 

V 

v 

.. 4 . 4 . 3  Economic Data and Assumpt ions  

-D 

-3 
T a b l e  4.5 p r o v i d e s  a summary of d a t a  u s e d  by  OIT 

i n  t h e i r  f i n a l  s e r i e s  o f  economic a n a l y s e s .  The 

e n e r g y  consumpt ion  and c o s t  d a t a  f o r  t h e  s c h o o l  

b u i l d i n g s  and t h e  c o u n t y  b u i l d i n g s  a r e  t a k e n ,  

w i t h  some m o d i f i c a t i o n  by OIT, from t h e  r e p o r t s  

V 

Y 

0 

49 

o f  The S p i n k  C o r p o r a t i o n  and C h i l t o n  E n g i n e e r i n g .  

T h e ' t o t a l  a n n u a l  h e a t  l o a d  f o r  t h e  s e t  of 

b u i l d i n g s  l i s t e d  i n  T a b l e  4.5 i s  26.8 x lo9 B t u ,  

which c o r r e s p o n d s  t o  A l t e r n a t e  11. It  e x c l u d e s  

t h e  Lakeview T r a c t  and t h e  M t .  G r a n t  S u b d i v i s i o n ,  
4- 

b u t  i n c l u d e s  t h e  c o n s t r u c t i o n  o f  256 new 

r e s i d e n c e s  and condominiums f o r  t h e  E l  C a p i t a n  

S u b d i v i s i o n .  
- - 

L i f e  c y c l e  c o s t  a n a l y s e s  were a l s o  pe r fo rmed  f o r  

A l t e r n a t e  111, a g e o t h e r m a l  d i s t r i c t  h e a t i n g  

s y s t e m  s e r v i n g  t h e  e n t i r e  c o u n t y  and community. 

The t o t a l  a n n u a l  h e a t  load  f o r  t h i s  case  is  168.9 

x l o 9  B t u .  

t h e  r e s u l t s  f o r  A l t e r n a t e  11. 

The resul ts  a r e  p r e s e n t e d  f o l l o w i n g  

- 
1- 

3 A l l  c a p i t a l  and o p e r a t i n g  c o s t s  f o r  t h e  a n a l y s e s  

Y 

cps 
were i n ' 1 9 8 1  d o l l a r s ,  t h e  assumed y e a r  of 

Y 
4- 19 
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TABLE 4.5 Hawthorne summary sheet . 

1 

Current Fuel Geothermal . 
Consumpti on Us e 

Annual Annual Annual Electr ic  
Consumption Annual L ad Cost @ Pumping Ret rof i t  

cos t  Gals . Cost (10 9 B t u )  $0.90/MMBtu Cost 

Mineral County School s 

Adrni nis t r a d o n  2,949 $ 3,096 0.28 $ 257 $ 38.50 $ 32,988 

P ri ma ry 5,276 5,540 0.51 459 103.00 40,957 

Laundry & Maint. Shop 3,836* 4,318 0.38 345 34.00 47,073 

Elementary No. 2 ' 5,439 5,711 0.53 473 64.00 59,582 

Elementary No. 1 27,652 29,035 2.67 2,403 377 .OO 347,002 
and Music Bldg. 1,553* 1,305 0.11 103 

Vocational Bldg. 7,718* 6,483 0.57 51 0 38.50 53,924 

Gymnas i urn 17,547 18,424 1.70 1,526 103.00 45,653 

H i  gh School _- 16,451 17,274 1 .59 .  1,431 360.00 152,289 

Total Cou&y Schools $91,186 8.34 $7,505 $1,118.00 $779,468 

County Bu i ld ings  

Court House and 6,620 $ 6,951 0.64 $ 576 $ 400.00 $ 35,603 

M t .  Grant Hpspital 17,685 18,569 1.71 1,538 100.00 39,783 

Public Safety Bldg. 

- - 
Library 1,002 1,052 0.10 87 50.00 19,541 

Total County Bui  1 di ngs $26,572 2.45 $2,201 $ 550.00 $ 94,927 

Total County $117,758 10.79 $9,706 $1,668.00 $874,395 

Annual Cost 
Pr iva te  Sec tor  8$5. SO/MMBtu 

E l  Capitan Club 44,131 37,070 3.24 $17,826 $ 70.00 $ 60,000 
Lodge 22,781 19,136 1.67 9,202 34.00 20,000 

, 66,912 $56,206 4.91 $27,028 $ 104.00 $ 80,000 
- .- 
- Total 

E l  Capitan Sub- 
d i  v i  s i on 

11 . l l  - 
Grand Total 26.77 

0 nlndlcates  propane; o ther  data are  f o r  o i l .  
4-20 



., 
c o n s t r u c t i o n .  The f i r s t  y e a r  ( y e a r  1 )  o f  

o p e r a t i o n  was assumed t o  be 1982. 

The c o s t s  f o r  t h e  r e p l a c e m e n t  o f  t h e  e x i s t i n g  

= .  

W " 

Y 

w 

w 

W 

Y 

W 

kd 

c o n v e n t i o n a l  f u e l  h e a t i n g  equipment  a t  t h e  e n d  of  

i t s  normal  economic l i f e  a r e  t a b u l a t e d  i n  Tab le  3 

4.6.  S e v e r a l  of t h e  s c h o o l  b u i l d i n g  h e a t i n g  

systems have a l r e a d y  s u r p a s s e d  t h e i r  economic 

. l i f e ,  a s  i n d i c a t e d  by  z e r o  i n  t h e  r e p l a c e m e n t  

y e a r  column. The v o c a t i o n a l  b u i l d i n g  and 

gymnasium s y s t e m s  have s i x  and n i n e t e e n  y e a r s  y e t  

u n t i l  t h e i r  economic l i v e s  e x p i r e .  Therefore,  

based  upon economic l i f e ,  $428 ,218  wor th  o f '  

r e p l a c e m e n t  s h o u l d  be  a c c o m p l i s h e d  immedia t e ly .  
B 

. O I T  assumed a s c h e d u l e  o f  i n f l a t i o n  r a t e s  f o r  

f u t u r e  y e a r s  t h a t  was f o r e c a s t  i n  1980 by t h e  

Oregon Department  of  Energy.  The i n f l a t i o n  r a t e s  

f o r  h e a t i n g  o i l  and p ropane  were a s  f o l l o w s :  7 .9  

percent  t h r o u g h  1984; 9.0 pe rcen t  t h r o u g h . 1 9 8 9 ;  
- - 

11.5 p e r c e n t  t h r o u g h  1994;  and 1 1 . 6  p e r c e n t  

t h r o u g h  2000. The economic i n f l a t i o n  r a t e  was 

f o r e c a s t  a t  7 p e r c e n t  a n n u a l l y  f o r  t h e  l i f e  o f  

t h e  p r o j e c t .  I t  was r e a l i z e d  t h a t  t h e s e  

i n f l a t i o n  r a t e s  were v e r y  c o n s e r v a t i v e  and t h a t ,  
- 

- 
3 more t h a n  l i k e l y ,  c o n v e n t i o n a l  e n e r g y  w i l l  
.. 

i n f l a t e  much more r a p i d l y .  

e c o n o m i c a l l y  f e a s i b l e  w i t h  c o n s e r v a t i v e  i n f l a t i o n  

Any p r o j e c t  t h a t  i s  

Y 
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TABLE 4.6 Replacement times and costs 
for existing heating systems 

4 
School Bui  1 ding Retrof i t  Cost 

Conventional System Rep1 acement 
Year cost - 

Admi n i  s t r a t i  on 8 32,988 0 $ 18,407 

Primary 40,957 0 31,044 

Laundry & Maint. 
Shop 47,073 

Elementary No. 2 

Elementary No. 1 
and Music Bldg. 

59,582 

347,002 

0 10,801 . 

0 34,294 

0 222,554 

Vocational Bldg. 53,924 6 18,817 

Gymnas i4m 45,653 '19 91,125 

High School 152,289 0 121,919 

W 
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r a t e s  w i l l  be even more a t t r a c t i v e  w i t h  h i g h e r  

i n f l a t i o n  r a t e s .  

Life Cycle Cost Analyses  

A s  p r e v i o u s l y  men t ioned ,  o n l y  t h e  l i f e  cyc le  c o s t  

a n a l y s e s  f o r  A l t e r n a t e  I1 and A l t e r n a t e  I11 were 

r e p o r t e d  by O I T .  The r e s u l t s  a r e  summarized 

here.  A l t e r n a t e  I1 is  p r e s e n t e d  i n  T a b l e s  4 .7 ,  

4.8 and 4.9. A l t e r n a t e  I11 is p r e s e n t e d  i n  T a b l e  

4.10. 

T a b l e s  4.7a and 4.7b p r e s e n t  t h e  c o s t s  and c a s h  

f l o w s  f o r  t h e  c o u n t y  o p e r a t i n g  t h e  d i s t r i c t  

h e a t i n g  sys t em a s  owner a n d  d i s t r i b u t o r  o f  t h e  

g e o t h e r m a l  e n e r g y .  Geothermal  ene rgy  i s  

p u r c h a s e d  a t  $0.90 p e r  MMBtu and s o l d  a t  $5.50 

p e r  MMBtu. E x p l a n a t i o n  o f  t h e  column h e a d i n g s  

a r e  a s  f o l l o w s :  

Column 1 i n d i c a t e s  t h e  20-year f o r e c a s t  fo r  
c o n v e n t i o n a l  e n e r g y ,  s t a r t i n g  a t  lO.gl/MMBtu 
. I n .  1981. 

Column 2 p r o j e c t s  t h e  20-year  c a s h  f l o w  f o r  
t h e  c o s t  o f  geo the rma l  a t  $O.gO/MMBtu, 
i n f l a t i n g  a t  7 p e r c e n t  per annum. 

Column 3 p r o j e c t s  t h e  20-year c o s t  f o r  
e l e c t r i c i t y  f o r  t h e  c i r c u l a t i o n  pumps f o r  
t h e  g e o t h e r m a l  system. 

Column 4 shows t h e  20-year  c a s h  f l o w s  
g e n e r a t e d  from t h e  reduced  c o s t s  o f  
g e o t h e r m a l  v e r s u s  c o n v e n t i o n a l  f u e l .  

. 4-23 
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TABLE 4.7a Alternate TI Mineral County total system - 

YEAR - 

0 

- 1  

3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

To tal s 

A 2  
P 

' (1) 
PROJECTED ~ 

20 YEAR 
COST OF 

CONVENT1 ONAL 
FUEL 

$117,758. 

127,061 . 
137,099. 
147,929. 
161,243. 
175,755. 
191,573. 
208,815. 
227,608. 
253,783. 
282,968. 
31 5,509. 
351,793. 
392,249. 
437,750. 
488,529. 
545,198. 
608,441. 
679,020. 
757,786. 
845,690. 

P ROJ E CTE D 
PROJECTED ELECTRICAL 
GEOTHERMAL COST FOR 
HEAT COST PUMP I NG 

$24,120. $1,668. 

33 1830. 
36,198. 
38,731. 
41,443. 
44,344. 
47,448. 
50,769 . 
54,323. 
58,125. 
62,194. 
66,548. 
71,206. 
76.191. 

25,808. 1,817. 
27,615. 1,978. 
29,548. 2,154. 
31,616. 2,346. 

2,555. 
2,782. 
3,030. 
3,291. 
3,574. 
3,881. 
4,215. 
4,577. 
4,971. 
5,398. 
5,863. 
6,367. 
6,914. 
7,509. 
8,155. 
8,856. 

81 ;524. 
87.231. 
93;337 

c?w '* 

VALUE OF 
ENERGY 

SAVINGS 

99,436. 
107,505. 
116,227. 
127,281 . 
139,370. 
152,593. 
167,053. 
1 82,875. 
205,865. 
231,639. 
260,525. 
292,892. 
329 ,152. 
370,157. 
41 6 ,118. 
467,625. 
525,336. 
589,987. 
662,401 
743,497. 

$6,187,534. 

(5) 

SALES OF 
GEOTHERMAL TO 

USERS AT 
$5.50/MMBTU 

NON-COUNTY 

$ 88,084. 

94,251 . 
100,848. 
107,908. 
115,461. 
123,543. 
132;191. 
141,445. 
151 1346. 
161,940. 
1 73,276. 
1 85,405. 
198,384. 
21 2,270. 
227,129. 
243,028. 
260,040. 
278,243. 
297,720. 
318,561. 
340 , 860. 

NET . 
ANNUAL 

CASH FLOW 

193,686. 
208,353. 
224,135. 
242,742. 
262,914. 
284,784. 
308,498. 
334,220. 
367,806. * 
404,915. 
445,931 . 
491,276. 
541,423. 
597,286. 
659,147. 
727,665. 
803,579. 
887,707 
980,962. 

1,084,357. 

$1 0,051,385. 

(7) d r  .1 

NET ANNUAL 
CASH FLOW 
DISCOUNTED 

AT 10% 

176,079. 
172,193. 
168,396. 
165,796. 
163,249. 
160,753. 
1 58,308. 
155,916. 
155,985. 
156,112. 
156,296. 
156,536. 
156,831 . 
157,284. 
157,794.* 
158,361. 
1 58,984. 
159,662. 
160,395. 
161,183. 

$3,216,113. 

I 

*Pay b a c k 
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TABLE 4.7b Alternate I1 Mineral County to ta l  system 

YEAR - 

0 

2 - 1  
A 2  
c " 3  

4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 

Totals 

DEBT VALUE OF 
SERVICE ENERGY SVGS. 
ON TOTAL . INCLUDING 

SYS. COSTS LOAN PMT. 

$269,339. 

269,339. 
269,339, 
269,339. 
269,339. 
269,339. 
269,339. 
269,339. 
269 ,339 , 
269,339. 
269,339. 
269,339. 
269,339. 
269,339. 
269,339. 
269,339. 
269,339. 
269,339. 
269,339, 
269,339. 
269,339. 

I 

-75,653. 

-45,205. 
-26,597. 
-6,425. 

-60,986. 

15,445 
39,159. 
64,881 . 
98,467. 

135,576. 
176,591 . 
221,937. 
272,084. 
327,947. 
389,808. 
458,326. 
534,240. 
61 8,368. 
71 1,623. 
815,018. 

$4,664,604. 

CUMULATIVE 
CASH FLOW 

-75,653. 
-1 36,638. 
-181,843. 
-208,440. 
-214,865. 
-199,420. 

.-160,261. 
-95,380. 

3,086. 
138,662. 
31 5,254. 
537,191. 
809,275. 

1,137,222. 
1,527,030. 
1,985,356. 
2,519,596. 
3,137,964. 
3,849,587. 
4,664,604. 

$4,664,604. 

138,456. 
77,471 
32,266. 
5,669. 

14,689. 
53,848. 

1 18,729. 
217,195. 
352,771. 
529,363. 
751,300. 

1,023,384 
1,351,331. 
1,741,139. 
2,199,465. 
2,733,705 
3,352,073. 
4,063,696. 
4,878,713. 

$4,878,713. 

-756. 

ASSUME 50% ASSUMES 100% 

EQUIP. WITH PLACEMENT I N  
ZERO L I F E  APPROP. YEAR 

REPLACEMENT OF EQUIP, RE- 

352,565. 
291,580, 
246,375. 
21 9,778. 
21 3,353. 
247,615. 
286 , 774. 
351,655. 
450,125. 
596,498. 
773,090. 
995,027. 

1,267,111. 
1,595,058. 
1,984,866. 

2,977,432. 
3,595,800. 

* 4,398,548. 
5,213,565. 

2,443 9 1  92 

$5,213,565. . 

(19) ' 

.SALES OF 
GEOTH. TO 

USERS AT 
$3.60/MMBTU 

NON-COUNTY 

$ 57,655. 

61,691. 
66,010. 
70,630. 
75,575. 
80,865. 
86,525. 
92,582. 
99,063. 

105,997. 
11 3,417. 
121,356. 
129,851. 
138,941 . 
148,667. 
159,073. 
170,208. 
182,123. 
194,871 . 
208,512. 
223,108. 

CUMULATIVE 
CASH FLOW 

320,006. 
224,182. 
141,700. 
75,216. 
26,112. 
14,709. 
5,005. 

17,603. 
60,126. 

146,644. 
259,187. 
412,591. 
61 1,345. 
860,830. 

1,166,682. 
1,535,176. 
1,973,296. 
2,488,815. 
3,181,515. 
3,878,781 . 

$3,878,781 . 
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TABLE 4.8 Alternate I 1  well f i e l d  developer, Hawthorne 

t c: 
c 

COLUMN (1 1 ( 2 )  (3 )  (4)  (5  1 (6) -  (7 )  (8)  ( 9 )  (10) (11 1 
AFTER TAX 

NET ' *  CASH FLOW , DlSCOUNTED . 
GEOTHERMAL STRA I GHT INCOME FEDERAL ADD (INCLUDES 25% AFTER TAX 

YEAR SALES EPLETION DEPRE. COST COST . . TAXES ' TAXES AFTER TAXES & DEPLETION TAX CREDIT) AT 1605% 
ENERGY ERCENTAGE L I N E  PUMPING MAINTENANCE BEFORE INCOME NET INCOME DEPRECIATION INVESTMENT CASH FLOW . 

I 
0 

1 
2 
3 

P 4 
5 
6 

I 
N cn 

7 
8 
9 

10 
11 
12  
13 
14  
15 
16 
17 
18 
19 
20 

0 6,930 
8 6 , 930 

' 7,850 6,930 
7,875 6,930 

' 8,426 6,930 
9,016 6,930 
9,647 6,930 

10,322 6,930 
' 11,044 6,930 

11,818 6,930 
12,645 6,930 

~ 13,530 6,930 
14,477 6,930 
15,490 6,930 
16,575 6,930 
17,735 6 , 930 
18,976 6,930 
20,305 6,930 
21,726 6,930 
23,247 6,930 

$1 4,436. 

15,721 
17,120 
18,644 
20,303 
22,110 
24,078 
26,221 
28,476 
30,925 
33,585 
36,473 
39,610 
43,016 
46,716 
50 , 733 
55,096 
59,835 
64,980 . 
70,569 
76,638 

$ 3,100. 

3,317 
3,549 
3,798 
4,063 
4,348 
4,652 
4,978 
5,326 
5,699 
6,098 
6,525 
6,982 
7,471 

.7  , 993 

9,152 
9,792 

10,478 
11,211 
11,996 

a, 553 

.' . -160 -77 
7 4 

11,841 5,684 
13,325 6,396 
14,358 6,892 
15,428 7,405 

77.,758 8,524 
19,031 9,135 

21 v726 10,428 

16,535 7,937 

20,353 9,769 

23,148 11 , 11 1 
24,620' 11,817 
26:,1'4@ 12,547 
27,707 13,299 
29,320 14,074 
3&9.76 14,868 
32,672 15,683 
34,405 16,514 
36,169 17,361 

-83 
4 

6,157 
6,929 
7,466 
8,022 
8,598 
9,234 
9,896 

10,584 
11.297 
12 io37 
12,802 
13,593 
14,408 
15,246 
16,108 
16,989 
17,890 
18,808 

6,930 
6,938 

14,780 
14,805 
15,356 
15,946 
16,577 
17,252 
17,974 
18,748 
19,575 
20,460 
21,407 
22,420 
23,505 
24,665 
25,906 
27,235 
28,656 
30,177 

45,347 
6,942 

20,937 
21,734 
22,822 
23,968 
25,175 
26,486 
27 , 870 
29,331 
30,872 
32,497 
34,209 
36,013 
37,912 
39,911 
42,014 
44,224 
46,546 
48,985 

38,924 
5,115 

13,242 
11,799 
10,635 
9,58Z. 
8,643 
7,806 
7,050 
6,369 
5,754 
5,199 

4,245 

3,466 
3,132 
2,830 
2,557 
2,310 

4,698 

. 3,836 

TOTAL $1 57,197 
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TABLE. 4.9 A1 te rna te  I I I we1 1 f i e l d  developer , Hawthorne 

I 

I 

(101 (11 1 
n AFTER TAX 

GEOTHERMAL STRAIGHT INCOME FEDERAL ADD (INCLUDES 25% AFTER =TAX 

COLUMN (11; (2)  (3)  (4)  (5 1 (6 1 (7) (8) (9)  
*. - 4 .  

NET CASH FLOW DISCOUNTED 

ENERGY PERCENTAGE L I N E  PUMPING MAINTENANCE BEFORE INCOME NET INCOME DEPRECIATION INVESTMENT’ CASH FLOW 
AT 7.5% YEAR SALES DEPLETION DEPRE. COST COST TAXES TAXES AFTER TAXES & DEPLETION TAX CREDIT) 

h 
t 
N 
-.I 

0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

174,036 
186,219 
199,2% 
213,2& 
228,lZk 
244,091 
261.18 
279,46h 
299,02! 

342 35 
366 ; 321 
391,96 
41 9,400 
448,75b 
480,172 
5 1 3 ,781 
549,74 
588,231 

$; 86,300 $ 14,800 

9,385 34,065 93;981 , 15,836 
10,341 34,065 102,345 16,945 
11,285 34,065 11 1,454 18,131 
12,208 34,065 121,373 19,400 
13,102 34,065 132,175 20,758 

14,757 34,065 156,749 23,766 
15,729 34,065 1 70,230 25,429 
16,660 34,065 184,870 27,209 
17,540 34,065 200,768 29,114 
18,354 34,065 218,035 31,152 
19,086 34 io65 236,785 33,332’ 
19,720 34,065 257,149 35,666 
20,236 34 ,.065 279,264 38,162 
20,611 34,065 303,281 40,834 
20,819 34,065 329,363 43,692 

20,623 34,065 388,449 50,023 
20,152 34,065 421,856 53,525 
19,380 34,065 458,135 57,271 

13,956 - 34,065 143,939 22,21 1 

20,834 34,065 357,688 4 46,750 

9,385 
10,341 
11,285 
12,208 
13,102 
13,956 
14,757 
15,729 
16,660 
17,540 
18,354 
19,086 
19,720 
20,236 
20,611 
20,819 
20,834 
20,623 
20,152 
19,380 

4,505 
4,965 
5,417 
5,860 
6,289 
6,699 
7,084 
7,550 
7,997 
8,419 
8,810 
9,161 
9,466 
9,713 
9,893 
9,993 

10,000 
9,899 
9,673 
9,302 

4,880 
5,377 
5,868 
6,348 
6,813 
7,257 
7,674 
8,179 
8,663 
9,121 
9,544 
9,925 

10,255 
10,523 
10,718 
10,826 
10,834 
10,724 
10,479 
10,077 

43,450 
44,406 
45,350 
46,273 
47,167 
48,021 
48,822 
49,794 
50,725 
51,605 
52,419 
53,151 
53,785 
54,301 
54,676 
54,884 
54,899 
54,688 
54,217 
53,445 

237,579 
49,783 
51,218 
52,621 
53,980 
55,278 
56,496 
57,973 
59,388 
60,725 
61,962 
63,076 
64,040 
64,824 
65,393 
65,710 
65,733 
65,412 
64,695 
63,522 

221,004 
43,157 
41,228 
39,403 
37,600 
35,818 
34,053 
32,506 
30,976 
29,463 
27,966 
26,483 
25,012 
23,551 
22,101 

. 20,658 19,224 

17,795 
16,372 
14,954 

TOTAL $759,324 

I 

- 
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TABLE 4.10 A1 ternate I 1  I M i n e r a l  County. total system 

(I 

coturn (1 1 I (2) (3) (4) (5) (6) (7 1 (8) (9) 

PROJECTED SALES OF 
20 YEAR PROJECTED GEOTHERMAL TO DEBT , VALUE OF 
COST OF PROJECTED ELECTRICAL VALUE O F  NON-COUNTY . NET SERVICE ENERGY SVGS. 

CONVEN'TIONA~ GEOTHERMAL COST FOR ENERGY USERS AT ANNUAL ON TOTAL INCLUDING CUMULATIVE 
YEAR FUEL ( HEAT COST PUMP I NG SAVINGS $5.50/MMBTU CASH FLOW SYS. COSTS LOAN PMT. CASH FLOW 

0 $1 17,758 

1 127,061 
137,099 
147,929 

2 
3 

& 4  161,243 
5 175,755 
6 191 ,573 
7 208,815 
8 227,608 
9 253,703 
10 282,968 
.11 315,509 
12 351,793 
13 392,249 
14 437,750 '1 

15 488,529 
16 545,198 I 
17 608,441 
18 679,020 
19 757,786 
20 845,690 

TOTALS 

$151,920 $15,900 

162,554 17,315 
173,933 18,856 
186,109 20,534 
199,136 22,362 
213,076 24,352 
227,991 26,519 
243,950 28,880 
267,027 31,363 
279,299 34,061 
298,850 36,990 
319,769 40,171 
342,153 43,626 
366,104 47,377 
391,731 51,452 
41 9,152 55,877 
448,493 60,682 
479,887 65,901 
51 3,479 71,568 
549,423 77,723 
587,882 84,407 

$ . 869,605 $1,008,978 

-52,809 . 930,477 877,669 1,008,978 
-55,691 . 995,611 939,920 1,008,978 
-58,713 1,065,304 . 1,006,590 1,008,987 
-60,255 1,139,875 1,079,620 1,008,987 
-61,673 1,219,666 1,157,993 1,008,987 
-62,937 1 ,305,043 1,242,105 1,008,987 
-64,015 1,396,396 1,332,380 1,008,987 
-64,782 3 1,494,143 1,429,361 1,008,987 

1,539,157 1,008,987 -59 J577 7,598,733 
-52,872 1,710,645 1,657,773 1,008,987 
-44,431 1,830,390 1,785,959 1,008,987 
-33,986 1,958,517 
-21,232 2,095,613 
-5,433 2,242,306 
13,500 2,399,268 
36,023 2,567,216 
62,653 2,746,922 
93,972 . 2,939,206 
130,640 3,144,950 
173,400 3,365,097 

1 ;924,531 
20,74,381 
2, $36 1873 
2,412767 
2,603,239 
2,809,574 
3,033,178 
3,275,591 
3,538,497 

1 io08 ;987 
1,008,987 
1,008,987 
1,008,987 
1,008,987 
1,008,987 
1,008,987 
1,008,987 
1,008,987 

-131,309 
-69,058 
-2,388 
70,642 
149,015 
233,127 
323,402 
420,383 
530,179 
648,795 
776,981 
915,553 

1 ,065,403 
1,227,895 
1,403,789 
1,594,261 
1,800,596 
2,024,200 
2,266,613 
2,529,519 

-1 31,309 
-200,368 
-202,756 
-132 ,I 14 
16,901 
250,028 
573,430 
993,813 

1,523,992 
2,172,786 
2,949,767 
3,865,320 
4,930,'723 
6,158,618 
7,562,407 
9,156,668 
10,957,264 
12,981,465 
15,248,077 
17,777,596 

-81 88 , 21 8 $.37,957 ,.159 $1 7,777,596 $1 7,777,596 
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- Column 5 i n c l u d e s  s a l e s  of g e o t h e r m a l  e n e r g y  
t o  t h e  E l  C a p i t a n  Lodge a n d  Club p l u s  new 
r e s i d e n t i a l  d e v e l o p m e n t s  d e s i g n e d  f o r  

Column 6 p r o v i d e s  n e t  a n n u a l  c a s h  f l o w  and 
s i m p l e  payback.  

b, g e o t h e r m a l  h e a t i n g  a t  $5.50/MMBtu. 
v 

v 

U 

. rc 

v 

V 

9 

w 

v 

u 

U 

Column 7 p r e s e n t s  a 20-year  d i s c o u n t e d  c a s h  
f l o w  w i t h  d i s c o u n t e d  payback  a l l  a t  10 
p e r c e n t  p e r  y e a r .  

Column 8, Tab le  4 . 7 b ,  c o n t i n u e s  t h e  t o t a l  
c o u n t y  system and i n c l u d e s  a l o a n  payment 
based  on t o t a l  system c o s t s  o f  $ 2 , 2 9 3 , 0 3 5  
which i n c l u d e s  r e t r o f i t  o f  c o u n t y  b u i l d i n g s  
and d i s t r i b u t i o n  s y s t e m  c o s t s .  

Columns 9 and 10 p r e s e n t  t h e  n e t  c a s h  f l o w  
i n c l u d i n g  t h e  l o a n  payment a n d  t h e  20-year 
c u m u l a t i v e  c a s h  f l o w ,  r e s p e c t i v e l y .  

The t a b l e  t h u s  f a r  is  an e f f o r t  t o  p r e s e n t  t h e  

worst c a s e  f o r  t h e  c o u n t y  a s suming  t h a t  no  

e x i s t i n g  r e s i d e n c e s  o r  b u s i n e s s  o t h e r  t h a n  t h e  E l  

C a p i t a n  would hook up.  It  i s  u n d e r s t o o d  t h a t  

many coun ty .  b u i l d i n g s  h a v e  h e a t i n g  s y s t e m s  t h a t  

- h a v e  a l r e a d y  s u r p a s s e d  t h e i r  economic  l i f e .  O f  

i course,  c o n v e r s i o n  t o  g e o t h e r m a l  p r o v i d e s  a l l  new 
- 

h e a t i n g  s y s t e m s  t o  t h e s e  b u i l d i n g s .  Based on 

economic l i f e ,  $425,218 w o r t h  o f  r e p l a c e m e n t  

s h o u l d  b e  accompl i shed  i m m e d i a t e l y .  

I f  we assume t h a t  o n l y  50 p e r c e n t  o f  t h i s  , 

c o s t  o c c u r s  i n  t h e  n e x t  y e a r ,  Column 1 1  
i n d i c a t e s  t h e  20-year  c a s h  f l o w s  would be 
p o s i t i v e  t h r o u g h o u t  t h e  p r o j e c t  l i f e .  

economic l i f e  e x p i r e s ,  Column 1 2  i n d i c a t e s  
c o n s i d e r a b l e  s a v i n g s  o f  t h e  g e o t h e r m a l  
system o v e r  t h e  c o n v e n t i o n a l  sys t em.  

2 
- If e x i s t i n g  equ ipmen t  were r e p l a c e d  a s  i t s  
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kd 
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- - Column 13 shows t h a t  s a l e s  p r i c e  c o u l d  be 
r e d u c e d  from $5.50/MMBtu t o  $3.60/MMBtu and 
t h e  p r o j e c t  would s t i l l  pay f o r  i t s e l f .  

A l l  of  t h e  above t a b l e s  i n c l u d e d  no maintenanc'e 

c o s t s  f o r  t h e  g e o t h e r m a l  s y s t e m .  It was f e l t  

t h a t  m a i n t e n a n c e ' c o s t s  f o r  t h e  new s y s t e m  would . +  
W 

be l e s s  t h a n  t h a t  f o r  t h e  o l d  s y s t e m s  and ,  

t h e r e f o r e ,  t h e s e  c o s t s  were o m i t t e d .  

Y 

v 

W 

3 

T a b l e  4 . 8  p r e s e n t s  t h e  l i f e  c y c l e  c o s t s  over 20 

y e a r s  f o r  t h e  y e l l  f i e l d  d e v e l o p e r .  I t  was 

assumed t h a t  t h e  d e v e l o p e r  would be a t a x a b l e  

c o r p o r a t i o n  c a p a b l e  o f  c l a i m i n g  i n v e s t m e n t  t a x  

c r e d i t s  and d e p l e t i o n  a l l o w a n c e s  on t h e  w e l l .  By - 

c s e l l i n g  e n e r g y  t o  t h e  c o u n t y  d i s t r i b u t i o n  s y s t e m  

a t  t h e  well head ,  t h e  d e v e l o p e r  c o u l d  a v o i d  t h e  

dilemma o f  becoming a r e g u l a t e d  u t i l i t y .  

Y 

v 

U 

U 

The a n n u a l  h e a t  l o a d  assumed f o r  T a b l e  4.8 i s  

2 .68  x l o 9  B t u ,  w h i c h  i n c l u d e s  a l l  c o u n t y  

b u i l d i n g s ,  E l  C a p i t a n  Lodge and C l u b  and t h e  new 

r e s i d e n t i a l  s u b d i v i s i o n  p roposed  by t h e  E l  

C a p i t a n .  

Column 1 i s  g e o t h e r m a l  e n e r g y  s a l e s  s t a r t i n g  
a t  $O.gO/MMBtu and i n f l a t i n g  a t  7 p e r c e n t  
p e r  annum. 

Column 2 i s  t h e  p e r c e n t a g e  d e p l e t i o n  
a l l o w a n c e ,  w h i c h  i s  20 p e r c e n t  i n  1981, 18 
p e r c e n t  i n  1982, 16 p e r c e n t  i n  1983 and 15 
p e r c e n t  t h e r e a f t e r .  P e r c e n t a g e  d e p l e t i o n  i s  
l i m i t e d  t o  50 p e r c e n t  of  ne t  income b e f o r e  
t a x e s .  
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Column 3 p r e s e n t s  s t r a i g h t  l i n e  d e p r e c i a t i o n  
on t o t a l  i n v e s t m e n t  assuming 20-year l i f e  
and 10 p e r c e n t  s a l v a g e  v a l u e .  

Column 4 i s  a 20-year  f o r e c a s t  of e l e c t r i c a l  
pumping c o s t s .  

Column 5 f o r e c a s t s  t h e  ma in tenance  c o s t s  
i n c r e a s i n g  a t  t h e  economic i n f l a t i o n  r a t e .  

Columns 6 t h r o u g h  8 a r e  s e l f - e x p l a n a t o r y ;  
t h e  f e d e r a l  t a x  r a t e  i s  assumed t o  b e  4 8 .  
p e r c e n t .  

Column 9 a d d s  back t h e  d e p l e t i o n  and 
d e p r e c i a t i o n  e x p e n s e s  s i n c e  t h e s e  a r e  n o t  
o u t - o f - p o c k e t  c a s h  f l o w s  and a l s o  a 25 
p e r c e n t  i n v e s t m e n t  t a x  c r e d i t  i n  y e a r  one.  

Column 10 shows t h e  20-year  a f t e r - t a x  c a s h  
f low.  

Column 1 1  p r e s e n t s  t h e  d i s c o u n t e d  c a s h  f l o w  
a t  16.5 p e r c e n t  which i s  t h e  a f t e r - t a x  r a t e -  
o f - r e t u r n  on t h i s  p r o j e c t .  

T a b l e  4 .9  p r e s e n t s  t h e  same d a t a  chang ing  t h e  

h e a t  l o a d  t o  168.9 x lo9  B t u  a n n u a l l y ,  which is  

t h e  t o t a l  h e a t i n g  l o a d  of  t h e  a r e a .  T h i s  

r e p r e s e n t s  an i n c r e a s e  of 3.8 t i m e s  i n  t h e  h e a t  

l o a d ,  w h i l e  t h e  t o t a l  c a p i t a l  i n v e s t m e n t  

i n c r e a s e s  n e a r l y  f i v e  times. As a r e su l t  t h e  

a f t e r - t a x  r a t e - o f - r e t u r n  d e c r e a s e s  t o  7.5 

p e r c e n t ,  and t h e  d e v e l o p e r  would p r o b a b l y  have  t o  

more t h a n  d o u b l e  t h e  p r i c e  o f  g e o t h e r m a l  e n e r g y  

a t  t h e  w e l l  head i n  o r d e r  t o  make t h e  p r o j e c t  

f e a s i b l e .  

T a b l e  4.10 p r e s e n t s  l i f e  c y c l e  c o s t s  f o r  t h e  

c o u n t y  d i s t r i b u t i o n  s y s t e m  assuming t h e  t o t a l  

a v a i l a b l e  h e a t  l o a d  o f  168.9 x l o 9  B t u .  

- 
% - 

W 

W 
Data is  
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q .  p r e s e n t e d  t h e  same a s  i n  T a b l e s  4 . 7 a  and 4 . 7 b .  

U 
Y 

W 

W 

. 

The c o n c l u s i o n  is  t h a t  t h i s  p r o j e c t  i s  h i g h l y  

f e a s i b l e  for  t h e  c o u n t y  and p r o b a b l y  i n d i c a t e s  

t h a t  t h e  c o u n t y  could  a f f o r d  t o  pay a h i g h e r  

p r i c e  f o r  e n e r g y  a t  t h e  w e l l h e a d .  

* 

3 

U 

Y 
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5.0 INSTITUTIONAL REQUIREMENTS FOR GEOTHERMAL DEVELOPMENT 

Equally important to the development of geothermal energy as 

the engineering and economic feasibility is "institutional" 

feasibility. The financial, environmental, and legal and 

reculatory systems must allow the development. 

of the report describes the requirements f o r  Hawthorne f o r  

each of these institutional topics. 

. 
This section 

5.1 Financial Considerations 

For many prospective geothermal developments, the need 

for substantial front-end capital has been a deterrent 

to development. Even where a very advantageous and 

*- clear-cut saving over other fuels can be realized over 
I 

the life of an energy system, a new system may not be 

possible because the funds.for initial construction are 

simply unavailable; or they may be available at too high 

a price in the form of interest payments or in other 
- 
- 

priority investment opportunities that would be lost. 

The financing options appropriate for geothermal . 

development 'depend largely upon the total amount of the 

project. If a geothermal well is already available and 

the heating system is one that is easily retrofitted at 

low cost (e.g. a forced air system), then the total cost 
.* 

- would not be high. If, at the other end of the 

spectrum, geothermal development requires an extensive 

exploration program, a test well, several production V I 
5- 1 
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3 

Y 

w e l l s  and i n j e c t i o n  wel ls ,  and e x p e n s i v e  r e t r o f i t t i n g  of  

b u i l d i n g s  (e .g .  r a d i a n t  e l e c t r i c  s y s t e m s ) ,  t h e n  t h e  

f r o n t - e n d  c o s t s  would be  c o n s i d e r a b l y  g r e a t e r .  The 

a p p r o p r i a t e  f i n a n c i n g  form m u s t ,  t h e r e f o r e ,  be 

- a s c e r t a i n e d  from t h e  t o t a l  c a p i t a l  required f o r  
1 

deve lopmen t .  The p r i m a r y  f i n a n c i n g  o p t i o n s  a v a i l a b l e  

f o r  g e o t h e r m a l  development  a r e  d e s c r i b e d  i n  t h i s  

s e c t i o n .  For p u b l i c  a g e n c i e s ,  t h e  f i n a n c i n g  o p t i o n s  f o r  

g e o t h e r m a l  development  g e n e r a l l y  t a k e  f o u r  fo rms .  These 

i n c l u d e :  

. B u d g e t  a p p r o p r i a t i o n s  
G e n e r a l  o b l i g a t i o n  b o n d s  . Revenue bonds . A s s i s t a n c e  programs from a n o t h e r  l eve l  of 
government .  

* -  

5.1.1 . Budget A p p r o p r i a t i o n s  

Y 

c) 

v 

b, 

If a p u b l i c  agency h a s  s u f f i c i e n t  f i n a n c i a l  means 

r e l a t i v e  t o  t h e  c o s t  o f  a g e o t h e r m a l  deve lopmen t ,  

a b u d g e t  appropriation is the easiest and most 

e x p e d i t i o u s  means of p r o v i d i n g  t h e  n e c e s s a r y  

f u n d s .  

s u r p l u s  is l a r g e ,  t h i s  method o f  f u n d i n g  c o u l d  

r e a d i l y  f i t  t h e  r e q u i r e m e n t .  

- 
z 

. If t h e  p r o j e c t  c o s t  i s  low o r  t h e  budge t  
. .  

- 

: 5.1.2 Genera l  O b l i g a t i o n  Bonds - 
G e n e r a l  o b l i g a t i o n  b o n d s  a r e  o f t e n  u s e d  by l o c a l  

governments  t o  f u n d  p r o j e c t s  t h a t  m u s t  be p a i d  

W 5- 2 
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for over a period of time. A disadvantage of 

their use is that they encumber the general 

Y resources of the local government for the life of 

the bonds. 

* 
f 

W 

5.1.3 Revenue Bonds 

Front-end capital can also be obtained by issuing 

revenue bonds. The bonds are repaid from 

revenues received from the specific activity, 

without any encumbrance on the government's 

general revenues. In cases where geothermal 

development requires large front-end capital 

expenditures, the issuance of revenue bonds might 

be the most desirable financing approach. The 

project cost can be amortized over a sufficiently 

long period of time so that annual costs for the 

* 

- geothermal system would approximate or even be 
5 

- lower than the current operating costs for heat. 

The 1981 Nevada Legislature, impowered the State 

Department of Commerce to issue Industrial 

Development Revenue Bonds for the purpose of 

financing new construction, improvement, 

rehabilitation, or development of qualified 
- * 

- industrial and commercial projects. Qualified 

projects include manufacturing, industrial, 
f 

Y 

td warehousing, commercial, research and 

development, health care facilities, and 
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c additions to hotels, casinos, motels, apartment 

buildings, and office buildings. 

5.1.4 Assistance from Another Level of Government 

Several Federal programs in the past have 4 
.. 

,provided financial assistance for alternati 

energy development. Some of these might be 

available again in the future for financing 

e 

the 

conversion of local government buildings to 

1 .  geothermal energy. GIhen discussion of the 

development begins, a thorough examination of all 

the financing alternatives should be reviewed, 

including their applicability, and as to whether 
-r a specific funding program still exists. Those 

that are most applicable are listed below: 

- 
f 

Program Research and Development Announce- 
ment (PRDA) 

T h i s  cost-sharing program is also made 

available by DOE from time to time to 

conduct economic and engineering 

feasibility studies. These awards are 

- based on competitive proposals but 
Y 

generally are directed toward geothermal 
I 

- uses that have not previously been 

Y 

u 

w 

studied. Cost sharing by t h e  proposer is 

required. Interested parties should 
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contact the DOE, Division of Geothermal 

h.’ 
U 

Energy, for information about upcoming 

announcements. 

DOE Geothermal Loan Guaranty Program 

Still another DOE program is the 

Geothermal Loan Guaranty Program. The 

Y 

Y 

Y 

Q 

r3 

program will guarantee 100 percent of a 

loan for up to 75 percent of the project 

cost for a period of time, up to 30 years. 

‘The borrower must contribute at least 25 

percent of the project cost. A loan 

guarantee application, is submitted to the 

DOE San Francisco Operations Office. 
4 

. HUD-Block Grant Program 
HUD allocates block grants to local 

governments to pay for community 

development activities such as district 

heating/cooling systems. Spending 

priorities are determined at the local 

level. Smaller cities, not automatically - 
ry 

entitled to funds, may receive funds on a 

competitive basis. 
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. .  . Farmers Home Administration Community 
Facility Loans 

The FmHA program is authorized to make 

loans to develop community facilities for 

public use in rural areas and towns not to 

exceed 10,000 people. Loans are available 

for public entities such as 

municipalities, counties, and special 

purpose districts. Funds may be used to 

construct, enlarge, extend or improve 

community facilities that provide 

W 
cr 

W 

W 

CI 

w 

t 

-? 

essential service to rural residents, and 

. to pay necessary costs connected with such 

4 . facilities. 

There are a number of debt and equity sources in 

the private sector which may also be considered 

(Anderson and Lund, 19791, including: 
- 
5 

.Commercial banks 

.Savings banks 

.Savings and loan associations 

.Insurance companies 

.Trusts and pension funds 

.Commercial finance companies 

.Personal finance companies 

.Mortgage bankers 

.Investment banks 

.Equity investors 

.Small business investment companies 

.Leasing companies 

5- 6 
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5.2 L e g a l  and R e g u l a t o r y  Requi rements  

LJ The l a n d s  w i t h i n  a n d  a d j a c e n t  t o  t h e  most  p r o s p e c t i v e  

g e o t h e r m a l  a rea  a r e  p a r t  of t h e  l a n d s  wi thdrawn fo r  t h e  
d 

. Army Ammuni t ion’Depot ,  p u b l i c  l a n d s  a d m i n i s t e r e d  by t h e  

a Bureau o f  Land Management, and p r i v a t e  l a n d s .  
Y 

13 

Y 

6 

w 

Y 

3 

e, 

5.2 .1  Leasing P r o c e d u r e s  

. P r i v a t e l y  Owned Lands 

D e v e l o p e r s  g e n e r a l l y  en te r  i n t o  c o n t r a c t s  w i t h  

t h e  p r i v a t e  owners t o  e x p l o r e  a p r o p e r t y  and  

d e v e l o p  t h e  r e s o u r c e s  found t h e r e  f o r  an a n n u a l  

r e n t  o r  r o y a l t y .  There  a r e  no r e g u l a t o r y  

c o n s t r a i n t s  a s  w i t h  F e d e r a l  l a n d s .  Each l e a s e  

must  be n e g o t i a t e d  s e p a r a t e l y  w i t h  t h e  l andowner .  

G e n e r a l l y ,  these  l e a s e s  name t h e  s u b s t a n c e s  f o r  

- which  t h e  l e s see  may exp lo re  and d e v e l o p .  Most 

c- a r e  fo r  a term o f  10 y e a r s ,  which is  n o r m a l l y  . 

time enough f o r  t h e  d e v e l o p e r  t o  e x p l o r e ,  t e s t  

and b e g i n  p r o d u c t i o n .  The lessee is  g e n e r a l l y  

g i v e n  t h e  r i g h t  t o  e x t e n d  t h e  l e a s e  beyond t h i s  ‘ 

. * .  . I  

p e r i o d  if t h e  well r e m a i n s  p r o d u c t i v e .  R o y a l t y  

r a t e s  f o r  g e o t h e r m a l  w e l l s  a v e r a g e  a r o u n d  10 

p e r c e n t  o f  t h e  v a l u e  o f  t h e  energy p roduced .  

(14 

L, 
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. P u b l i c l y  Owned Lands 

F e d e r a l  l a n d s  u n d e r  t h e  j u r i s d i c t i o n  of t h e  

Bureau of Land Management a r e  p a r t  o f  t h e  

p r o s p e c t i v e  g e o t h e r m a l  a r e a .  The  Geothermal  

Steam Act o f  1970 and t h e  R e g u l a t i o n s  on L e a s i n g  

Geothermal  L e a s e s  a l l o w  p r i v a t e  and p u b l i c  

e n t i t i e s  t o  a c q u i r e  r i g h t s  t o  d e v e l o p  g e o t h e r m a l  

r e s o u r c e s  on p u b l i c  l a n d s .  A p r o s p e c t i v e  lessee 

may f i l e  a Geothermal  Lease A p p l i c a t i o n  w i t h  BLM 

Y 

Y 

Y 

Y 

U 

ccs 

f o r  u p  t o  20,480 a c r e s  i n  t h e  S t a t e .  P r e s e n t l y  

an a p p l i c a n t  must  f i l e  on a l l  t h e  a v a i l a b l e  

F e d e r a l  a c r e a g e  i n  any o n e  s e c t i o n  w i t h  n o ' m o r e  

t h a n  2,560 a c r e s  i n  a n y  o n e  lease .  Leases r u n  

f o r  a p r i m a r y  term o f  10 y e a r s ,  w i t h  e x t e n s i o n s  

w h i c h  a r e  d e p e n d e n t  upon a c t i v e l y  p r o d u c i n g  

g e o t h e r m a l  e n e r g y  from t h e  lease .  A t e n  p e r c e n t  

- r o y a l t y  on t h e  v a l u e  o f  t h e  e n e r g y  p roduced  must  

/ f *  be p a i d  t o  t h e  F e d e r a l  government .  For  non- 

p r o d u c i n g  l e a s e s ,  t h e r e  i s  an  a n n u a l  r e n t a l  o f  

$1.00 p e r  acre  p e r  y e a r  t h r o u g h  t h e  f i f t h  y e a r .  

' From t h e  s i x t h  y e a r  t h r o u g h  t h e  t e n t h  y e a r ,  o r  

u n t i l  t h e  l e a s e  becomes p r o d u c t i v e ,  t h e  r e n t a l  is 

- i n c r e a s e d  $1.00 per a c r e  p e r  y e a r .  C o s t s  o f  

ce r t a in  t y p e s  of e x p l o r a t o r y  and  development  - 
F a c t i v i t y  by t h e  l e s see  a r e  a c c e p t e d  i n  l i e u  of 

t h e  e s c a l a t i n g  p o r t i o n  of t h e  r e n t a l s .  
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Table 5 .1  summarizes the leasing procedures for 

private lands. The Federal regulatory process 

(pre-lease activities) for competitive (not 

c,st 
3 

U 

Y 

applicable in this area) and non-competitive 

leasing is illustrated in Figure 5 .1 .  A flow 

diagram showing required applications and 

regulatory processes for development on Federal 

geothermal leases is shown in Figure 5.2. 

5.2.2 State Procedures and Regulations for Acquisition 
of Water Rights 

. Application to Appropriate Water. 
t 

Y 
An application must be filed with the State 

W 

Y 

W 

hd 

Engineer, Division of Water Resources. The 

application form should be accompanied by a 

$100.00 filing fee and a supporting map prepared 

by a licenced State Water Rights Surveyor. 
- 
- 

Notice of an application is published once a week 

for four weeks in a newspaper with general 

circulation in the county where the applicant 

proposes to appropriate water. Formal protests 

against granting a permit may be filed during 

this period and up to thirty days after the last 

date of publication. If no protests have been 

filed, and if approval will neither impair or 

injure any prior appropriator, nor be detrimental 

Y 5-9 
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TABLE 5.1 Procedures for  leasing of private 
and Nevada S ta t e  lands 

I * .i Actions Required w Tim9 P Frame 

PRIVATE LANDS 

STATE LANDS 

Negotiated be tween p r i  va t e  i nd i v i  dua 1 s 

Under aegis of S t a t e  Land Registrar 

-Contract between private party and 
s t a t e  o f f i c i a l s  negotiated via  
Attorney General’s Office - a l l  i s  
negotiable 

Depends on how f a s t  individuals 
can reach agreement 

*Public notice of contract Simple press release for f ive  ( 5 )  
weeks, Notice of  Intent 

If challenged could lead t o  
pub1 i c  hearing 

If no challenge 

Indeterminate time 

Permit can be issued i n  1-2 weeks 

A to ta l  o f  nine (9) weeks t o  
several years for  State  leasing 

. . . ’  
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t o  t h e  p u b l i c  w e l f a r e ,  t h e  p e r m i t  w i l l  b e  

g r a n t e d  . 
If a p r o t e s t  is f i l e d ,  t h e  S t a t e  E n g i n e e r  

c o n d u c t s  a f i e l d  i n v e s t i g a t i o n ,  and i f  j u s t i f i e d ,  

w i l l  h o l d  a h e a r i n g  a t  which time a d e t e r m i n a t i o n  
L 

is  made on t h e  

S p e c i f i c  d a t e s  

a p p l i c a t i o n .  

f o r  t h e  commencement and 

c o m p l e t i o n  o f  G r i l l i n g  a r e  e s t a b l i s h e d ,  and  p r o o f  

o f  b e n e f i c i a l  use o f  w a t e r  m u s t  be f i l e d  on a 

d a t e  s p e c i f i e d  by t h e  S t a t e  E n g i n e e r .  T h e r e  a r e  

a l s o  a d d i t i o n a l  documents ,  s u c h  a s  Proof o f .  

Comple t ion  ($10.00) and Proof  o f  Bene f i c i a l  Use 

6- ($10.00) which a r e  r e q u i r e d .  

When a w a t e r  r i g h t  c e r t i f i c a t e  is  g r a n t e d ,  

p e r p e t u a l  r i g h t  t o  t h e  use o f  a s p e c i f i c  amount 

.. o f  water,  f o r  a s p e c i f i c  p u r p o s e ,  and a t  a 

- d e f i n e d  s i t e ,  is g u a r a n t e e d .  

I n  u n d e s i g n a t e d  b a s i n s ,  s u c h  a s  Walker  Lake ,  

p r o p e r t y  owners  may d r i l l  p r i o r  t o  r e c e i v i n g  a 

p e r m i t  t o  a p p r o p r i a t e  w a t e r ,  b u t  do so  a t  t h e  

r i s k  t h a t  s u c h  a p e r m i t  may not be o b t a i n e d .  
W 

W 

w 

Y 
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5 i 2 . 3  State Well Drilling and Completion Regulations 

u 
Y 

U 

Notice of Intention to Drill 

This document is required by the' State Engineer's 

Office prior to drilling, deepeni'ng, or repairing 

a well. 

Waiver of Well Drilling Regulations 
Y 

A request to waive any well drilling regulations 

w 

CLS 

W 

W 

v 

may be made in writing to the State Engineer's 

Office and will be considered if good cause is 

shown. Approval or denial of the request is made . 

in writing to the well owner. 
t 

.' General Construction Regulations 

Regulations have been determined by the State 

Engineer for casing, sealing, and other materials 

to be used in drilling a well. All wells must be 

'cased and constructed's0 that no contamination ' 

- 
- 

L 

can occur because of surface conditions. In . 

addition, permits issued to appropriate ground 

water for irrigation, municipal and industrial- 

purposes, require the driller to provide an 

opening near the top of the casing at least two 

inches in diameter so a measuring device can be 

inserted to measure the distance to the water 

surface. 
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. Well Log 

When d r i l l i n g  a w a t e r  

w 

U 

U 

W 

i e l l ,  a 1 is  r q u i r  

W 

W 

d f  

t h e  S t a t e  E n g i n e e r ' s  Office,  The l o g  i n c l u d e s :  

1. Well l o c a t i o n  and o w n e r s h i p  

, 2. D r i l l e r  and d r i l l  r i g  t y p e  

3. Rock s t r a t a  p e n e t r a t e d ;  t h i c k n e s s  a n d  
d e p t h  

4.  Water -bear ing  z o n e s  

5. Test r e su l t s  

6. Water l e v e l  and t e m p e r a t u r e  

. .  

W 

7. Well d e s i g n  and c o m p l e t i o n  d e s c r i p t i o n  

J 
5.2.4 O t h e r  S t a t e  Permits and C e r t i f i c a t e s  

A w a t e r  P o l l u t i o n  C o n t r o l  P e r m i t  w i l l  be 

n e c e s s a r y  f o r  d i s p o s a l  of t h e  g e o t h e r m a l  

by:  

0 

- 
- 

. Well i n j e c t i o n ,  
, I n f i l t r a t i o n  t renches  . E v a p o r a t i o n  ponds ,  o r  . . S u r f a c e  d i s c h a r g e  

a t e r  

' The Water P o l l u t i o n  C o n t r o l  S e c t i o n  o f  t h e  Nevada 

D i v i s i o n  of Env i ronmen ta l  P r o t e c t i o n  i s s u e s  t h e s e  

- 

- p e r m i t s .  The b a s i c  i n f o r m a t i o n  requested by t h e  
3 

agency  p e r t a i n s  t o  the :  s u p p l y  r a t e s ,  w a t e r  

q u a l i t y ,  u se  of t h e  w a t e r ,  and mode o f  d i s p o s a l .  

N i n e t y  t o  120 d a y s  is t h e  normal  t i m e  f o r  
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processing applications. The cost is $100.00 for  

W 

V 

U 

w 

m 

cy 

a single discharge (injection well) location. If 

more than one well is used in.the immediate area, 

$25.00 is charged for each additional discharge 

t.l 

a 

point. 

Injection of the geothermal water must be made 

into geologic formations which have water of 

similar quality to the injected water. 

The district heating alternatives described in 

this study are all closed-loop systems, which do 

not deal with extraordinary or potentially 

deleterious fluids, gases, or temperatures. It 

will not be necessary to obtain permits which 

regulate o r  control air quality, noise, or land 

disturbance. 

.. 
- 5.2.5 Public Utility Regulation 

Under the jurisdiction of the Public Service 

. Commission, geothermal resource developers will 

be regulated as public utilities only if they 

sell heat, water or power. There are two 

exceptions : 

- 1. Municipalities which construct, lease, 
* operate, or maintain energy facilities 

do not need the commission's approval, 
but are under their general jurisdiction. Y 

w 

v 
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2. Geothermal General Improvement Districts 
were established by the 1979 Nevada 
State Legislature. GID's may develop 
geothermal resources and provide heat 
without utility regulation. 

A General Improvement District (as 
outlined in NRS 318) can be established 
to develop natural resources to furnish 
space heating. 

The forming of a GID is initiated by 
either a resolution by the County 
Commissioners or a petition by any 
property owner in the proposed GID. 

A statement requesting the ordinance 
creating a GID will show that the 
district is: 

a. A Public convenience and neces- 
sity, 

b e  Economically sound and feasible, 

and include a Service Plan showing - a 
financial survey; preliminary 
en,gineering or architectural survey f o r  
services to be provided and financed; 
map of proposed GID showing boundaries, 
population and assessed value; describe 
facilities to be provided and an 
estimate of costs. The Service Plan 
processing fee is $200. The fee is 
waived if the request for the GID is 
made by the County Commissioners. 

A hearing will be scheduled on the 
creation of the GID. The County Clerk 
will mail written notice to all property . 
owners within the GID. Any property 
owner within the district may protest 
against the establishment of the GID. 
If a majority of property owners file a 
signed written protest, the district is 
automatically not established. If a 
majority of property owners do not file 
a protest, the County Commissioners will 
decide at the hearing i f  a GID will be 
established. Appeals may be made within 
30 days of the County Commissioners 
decision. 

- 

5- 17 
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After establishing a GID the County 
Commissioners act as a temporary Board 
of Trustees setting up: 

a. Accounting practices and proce- 
dures. 

b. Auditing practices and procedures. 

c. Budget. 

d. Management standards. 

The County Commissioners shall appoint 
five members to the Board of Trustees to 
oversee’ the G I D .  

The GID can be paid for by a general tax 
on property in the district, bonds, 
borrowing from the State of Federal 

. Government, or special assessments. 

5.3 Environmental Considerations 

3 
Geothermal resources are a relatively benign source of 

energy. Available information was reviewed to identify 

any significant environmental problems that would be 

~ likely to occur at Hawthorne as a result of geothermal 

- development . 

5.3.1 Water 

Water quality is the primary environmental 

- consideration in hydrothermal energy deve,lopment. 

The mineral content tends to be higher than 

ordinary ground water, and certain elements may 

be present that are harmful to humans, animals, 

and/or plant life. Prevention of pollution by 

chemicals in the geothermal fluid in a district 
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heating system can be accomplished by several 

means : 

1. Chemical treatment of the fluid to 

2. Removal of selected elements. 

3. Confinement o f  the geothermal fluid 

change the chemical composition. 

in a closed system. 

After the heat has been extracted from the 

geothermal fluid, it may either be injected into 

the geothermal reservoir by means of disposal 

-wells, or water quality permitting, it may be 

disposed of at the surface. The manner o f  

disposal must be approved by the Nevada Division 

of Environmental Control. 

5.3.2 Air 

A closed-loop district heating system such as the 

one proposed for Hawthorne would not allow any 

noxious gases which might be present in the 

geothermal fluid to be emitted. Hydrogen 

sulphide is the most noticeable gas generally 

associated with geothermal waters, but is 

normally in higher temperature systems. 

Dust from vehicular traffic and construction 

activity may also pollute the air temporarily. 

Preventing this requires little ‘more than 

sprinkling water during such activities. The 
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State Air Quality Control Division is charged 

with assuring that air huality standards are met, 

Y 

Y 

Y 

5.3.3 Land 

Y 

x c 

Y 

crr 

Y;, 

U 

and with issuing permits for discharging 

pollutants into the air. 

Land subsidence may occur with the long-term 

removal of geothermal fluids from the geologic 

formations (the reservoir) at depth. This 

phenomena is dependent upon the character of the 

formations, and the quantity, and rate of fluid 

removal. The likelihood of subsidence can be 

anticipated to a large extent, from previous 

experience in the area, where water wells have 

been producing. A usual preventive measure is to 

inject the fluid back into the same reservoir. 

It is possible that injection of geothermal 

fluids could stimulate seismic (earthquake) 

act.ivity. Considering the shallow depth of 

injection, this does not seem likely to h.appen. 

Soil ,erosion from construction and vehicular 

traffic would be no more detrimental to the 

environment than a well and distribution system 

for cold water . 
cri 

Y 
5-20 



5.'3.4 Noise 

Although noise has been a problem at The Geysers 

power generation site in California, because of 

steam being vented to the atmosphere, 

L d  
cd 

L 

Y 

Y 

W 

L) 

Y 

w 
W 

0 

periodically, hot water in a closed-loop system 

at Hawthorne would be essentially noise-free. 

The most significant noise problem would be the 

short-lived drilling of the production and 

injection wells . 

5.3.5 Ecological Relationships 

The area likely to be affected by the well sites 

-- and the distribution system, outside of the 

immediate townsite, has little cultivated 

vegetation. The natural vegetation which would 

be disturbed in limited areas is largely low 

-growing sage and grasses. 
. 

The long-term impact on the indigenous wildlife 

periph.ery of the community would present at the 

be essentially 

would be buriec 
- 

nil, since most of the system 

. 

5.3.6 Water Availability 

The availability of water is a key concern 

surrounding geothermal resource development in 

all Nevada basins. Removal of thermal waters 
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would not be allowed if it constitutes a threat 

LJ 
Y 

to prior water appropriations. In the case of 

Hawthorne, injection of fluids would constitute 

non-cdnsumptive use. 
, 

U 

U 

5.3.7 Socio-Economic Impacts 

Because of Hawthorne's limited work force, 

construction crews would probably be brought in 

t-- 

. for most of the well drilling, pipeline 

construction, and facilities retrofit. Since the 

town is somewhat remote, the workers might prefer 

to live near the construction site, rather 'than 

commuting. If so ,  a number of temporary housing 

units (mobile homes and recreation vehicles) 
. 

could be located in the area. 

5-22 



6.0 DEVELOPMENT PLAN u 
To d e v e l o p  g e o t h e r m a l  e n e r g y  r e q u i r e s  a number o f  d i f f e r e n t  w 

t y p e s  of a c t i v i t i e s .  One n e c e s s a r y  a c t i v i t y  i s  t o  a r r a n g e  

f u n d i n g  for  t h e  c a p i t a l  c o s t s  o f  deve lopmen t .  The f i n a n c i n g  
U 

crr 

p r o c e d u r e  w i l l  be  d i f f e r e n t  f o r  t h e  p r i v a t e  well d e v e l o p e r  

t h a n  f o r  t h e  c o u n t y .  However, f i n a n c i n g  w i l l  g e n e r a l l y  b e  i n  

. t h e  form of a d i i e c t  f r o n t - e n d  a l l o c a t i o n  from e x i s t i n g  

. s a v i n g s  o r  b u d g e t  s u r p l u s ,  or  it may be i n  t h e  form of bonds 

or  l o a n s  t o  be r e p a i d  o v e r  a p e r i o d  o f  time. 

Ano the r  n e c e s s a r y  a c t i v i t y  is t h e  d r i l l i n g  of t h e  g e o t h e r m a l  

wel ls .  One comple t ed  well a l r e a d y  e x i s t s  c lose t o  Hawthorne,  

however ,  a d d i t i o n a l  wells w i l l  be r e q u i r e d  i f  A l t e r n a t i v e  I11 

is  s e l e c t e d .  I f  i n s u f f i c i e n t  r e s o u r c e  i n f o r m a t i o n  i s  

a v a i l a b l e ,  t h e n  an e x p l o r a t i o n  program s h o u l d  be c o n d u c t e d  

.It 

p r i o r  t o  f u r t h e r  wel l  deve lopment .  An e x p l o r a t i o n  program 

may- i n c l u d e  a m i x  o f  g e o l o g i c a l ,  g e o p h y s i c a l ,  g e o c h e m i c a l ,  

a n d  t e m p e r a t u r e  g r a d i e n t  h o l e  s u r v e y s ,  f o l l o w e d  by d r i l l i n g  

and  w e l l  t e s t i n g .  Some of these  a c t i v i t i e s  a r e  a l r e a d y  

0 underway a t  Hawthorne by t h e  S t a t e  Resource  Assessment  Team. 

Once t h e  r e s e r v o i r  is e v a l u a t e d ,  a deve lopmen t  p l a n  would be  

Y 
d e v e l o p e d .  F i n a l  e n g i n e e r i n g  d e s i g n  w i l l  t a k e  i n t o - a c c o u n t  

t h e  amoun,t of f l u i d  a v a i l a b l e ,  i t s  q u a l i t y  and t e m p e r a t u r e .  

T h e  a c t u a l  number of wells r e q u i r e d  t o  meet t h e  e n e r g y  demand 

w i l l  depend upon t h e s e  r e s o u r c e  p a r a m e t e r s .  The ma te r i a l s  

f o r  t h e  d i s t r i c t  h e a t i n g  s y s t e m  w i l l  be c o m p a t i b l e  w i t h  t h e  

9 

w 
ts 

c h e m i s t r y  and t e m p e r a t u r e  of t h e  f l u i d .  
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After the engineering design 

estimates are made, then bid 

solicited, and contractors s 

is completed and final cost 

documents can be prepared, bids 

lected. Work can then proceed 

on the production and injection wells, the distribution 

in the 
- 

system, and the retrofit of the existing buildings 

city. 

Prior to each step in the resource development and 

engineering process, the necessary legal steps mus, be tanen. 

For.geotherma1 development, either outright ownership or 

geothermal leases are needed, both for the surface to be used 

and for the mineral and/or water rights as dictated by the 

site ownership characteristics. Certain permits and licenses 

arei required, also as dictated by the site characteristics. 

In order to determine these permit requirements and the 

general acceptability of a project, an appraisal of the 

environmental conditions at a particular site is required. 

The following pages describe each of the primary development 

activities that might apply to Hawthorne. A time-line chart 

shows all of the various activities required, the approximate 

time required for each, and the relationship of these 

activities to each other. 

6.1 Financing . 

* Formation of a geothermal General Improvement District, 

described above in 5.2.6 Public Utility Regulation, 

appears to provide a good avenue for the city to develop 
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th'e resource t o  furnish energy for space heating, 

id  without utility regulation. 
3 

Y 

v 

U 

Y 

Q 

Y 

Y 

Before a geothermal district heating system project at 

Hawthorne can begin, developers need to be assured that 

they can afford to pay for it. After a second 

production well is drilled and the engineering design 

and cost estimates are completed, revenue bonds could be 

issued by the county to obtain financing for the 

- 

distribution system. Although the bond issuance program 

can very enormously, for the purposes of this study, it 

is assumed to require six weeks for the actual issuance 

only, not including preparation time. 

4 

6.2 Resource Exploration and Production 

Appropriate drill site locations must be selected prior 

to the drilling of additional production wells. A 

standby production well for Alternative I and I1 is 
recommended, and additional production wells for 

Alternative I11 are necessary. 

will provide the basis for optimal site selections. The 

Systematic exploration 

program is estimated to take a minimum o f  two to three 

months . - 

Once the well sites have been selected, bid documents 

can be issued, bids accepted, and a contractor selected. 

Then the drilling can begin. Although difficulties in 

the contracting.process (such as a shortage of available 
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drilling rigs), or in the drilling itself could cause 

t*, the drilling to take much longer, a six month period is 
3 estimated for the time required for issuing requests for 

bids, contracting and drilling the new wells. 

Prior to drilling for production purposes, where either 

the surface or mineral rights (or both) are Federal, 

4 

V 

geothermal leases must be obtained. The previous 

W 

Q 

section describes how leases are obtained. 

Several permits are also needed prior to drilling. A 

water appropriation application should be filed with the 

Nevada State Engineer, along with a Notice of Intent to 

Drill. If there is sufficient water available to be 

- tapped, water rights may be appropriated. 
Y 

u 

ry 

An air quality permit must also be obtained from the Air 

Quality Control Division of the Nevada Division of 

&= Environmental Protection prior to beginning construction 

of a well. A fluid discharge permit will probably also 

be required from the Nevada Division of Environmental 

Protection in order to reinject the spent geothermal 

fluids into reinjection wells. 
/ 

After proper publication of the application to 

appropriate water and the project filing period has 

passed, the water rights certificate can be granted. 
. I  

Y 
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6.3 En'gineering Design 

0.id 
3 

Y 

U 

cv 

V 

Y 

4w 

Y 

Y 

W 

Design o f  the distribution piping must be carried out by 

. a  competent engineering firm in order t o  cletermine final 

design details. Such details include the size and 

location of all piping necessary to transport the 
3 

geothermal fluid, the pipe insulation thickness, number 

and size o f  expansion loops, anchor and support 

requirements, and other pertinent details. This work 

must also address the supply and injection pumping 

systems, and also issues relating to scaling or 

corrosion o f  the pipe. The engineering must also 

include an estimate of all construction costs, as well 

as operation and maintenance costs, for the final 

accomplished in 12 design . This work can probably be 

weeks . 
The engi eering firm selected for "his project must also 

prepare bid documents and specifications, so that 
a 

competitive bids can be obtained from qualified 

contractors t o  complete the construction. The process 

of reviewing the bids and selecting the contractor 

should include participation from the engineering firm 

- which does the design. 

6.4 Construction 

Construction of the Hawthorne geothermal district 

heating system might consist of two separate major 

0 '  
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a c t i v i t i e s :  t h e  well s u p p l y  s y s t e m  and  t h e  d i s t r i b u t i o n  

s y s t e m .  Because  d i f f e r e n t  o w n e r s h i p  is l i k e l y  t o  be 

i n v o l v e d  fo r  t h e  two p o r t i o n s  of t h e . c o m p l e t e  s y s t e m ,  

t h e  d e v e l o p e r  may choose t o  c o n d u c t  t h e  d e s i g n  e f f o r t s ,  

.- t h e  b i d d i n g  p r o c e s s e s ,  and t h e  c o n s t r u c t i o n  as s e p a r a t e  

a c t i v i t i e s  and  p o s s i b l y  a t  s e p a r a t e  t imes.  

For p u r p o s e s  of t h i s  deve lopment  p l a n ,  however ,  it is 

assumed t h a t  t h e  d e v e l o p e r  a n d  t h e  d i s t r i b u t o r  w i l l  

e l ec t  t o  i n t e g r a t e  t h e i r  d e s i g n  and c o n s t r u c t i o n  

a c t i v i t i e s .  The v a l u e  of s u c h  i n t e g r a t i o n  and  

c o o r d i n a t i o n  would be b o t h  t ime and c o s t  e f f e c t i v e  i n  

t h e  i m p l e m e n t a t i o n  of t h e  e n t i r e  s y s t e m .  The 

deve lopmen t  p l a n ,  o u t l i n e d  i n  T a b l e s  6.1,  6.2, and 6.3, 

show t h a t  t h e  t h ree  a l t e r n a t e  g e o t h e r m a l  deve lopmen t  
._ 

p l a n s  fo r  Hawthorne could  b e  a c c o m p l i s h e d  i n  two t o  f o u r  

y e a r s ,  a s suming  t h a t  e a c h  of  t h e  t a s k s  c a n  be 

v - a c c o m p l i s h e d  i n  a t i m e l y  manner.  
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TABLE 6.1 Geothermal Development Plan for Alternate I, Hawthorne 
id 

w TASK Duration o f  Task Project Milestone 

W 

1. Secureefunding for development of 
resource (assume private funds) 

2. Apply for and secure geothermal 
resource rights; lease: private 

federal 

3. Exploration of the geothermal 
resource W 

(a) Select contractor(s) 

(b) Conduct exploration surveys: 
geological, geophysical, 
temperature gradient holes Y 

(c) Evaluate survey results: 
select production and injection 
well sites; well specifications 

4. Drilling permits (temporary waiver) 

5. Obtain water appropriation 

w 

U 

6. Development of the geothermal 
resourge: drill production well(s) 
and injection well(s) 

(a) Select dri l l ing  contractor 

(b) Drill, survey, pump test, and 
evaluate wells; complete wells 

7. District heating engineering design 

(a) Select design contractor(s) 

(b) 

(c) Bid document preparation 

- 
Final design and cost estimates 

(months) 

0 

0 
0 

0.5 

0 

1 

0.5 

0 

1 

(month) 

1 st 

2nd 

2nd 

3rd 

1 - 3  4 t h -  6th 

1 7th 

8 

3 

8th - 15th 
15th - 17th 

Y 
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w 

a. Permits ' 

. A i r  q u a l i t y  pernit 

.Land disturbance permit W 
U .Registration c e r t i f i c a t e  and 

Operating permit 
.Fluid discharge permit 

W 

U 

9. I ssue  revenue bonds 

1 
0.5 

1 - 3  
3 - 4  

1.5 

10. District hea t ing  system cons t ruc t ion  

(a) Selec t  con t r ac to r s  1 

(b)  Construct wellhead and d i s t r ibu -  
t i o n  system 6 

(c )  RetFofit bu i ld ings  8 

11. Test  t h e  district hea t ing  system 1 

W 

t 

,6-8 

18th 
18th 

18th - 20th? 
18th - 20th 

( o r  21s t )  

18th - 19th 

20th 

21s t  - 26th 

~ 1 s t  - 28th 

29th 



TABLE 6.2 Geothermal Development Plan for Alternate 11, Hawthorne 

ctrd 
rrt TASK Duration of Task . Project Milestone 

(months) (month ) 

1. Secure,funding for development of 
resource (assume private funds) 0 

0 
0 

0.5 

w 
2. Apply for and secure geothermal 

resource rights; lease: private 
federal ' 

Y 
3. Exploration of the geothermal 

resource 

'(a) Select contractor(s) 

(b) Conduct exploration surveys: 
geological, geophysical, 
temperature gradient holes 

1st 

Y 
0 

(c) Evaluate survey results: 
select production and injection 
well sites; well specifications 1 

0.5 

2nd 

2nd 
Y 

4. Drilling permits (temporary waiver) 

5. Obtain water appropriation 0 

60 Development of the geothermal 
resourge: drill production well(s) 
and injection well(s) 

Y 

1 ,3rd (a) Select eilling contractor 

(b) Drill, survey, pump test, and 
evaluate wells; complete wells u 1 - 3  4 t h -  6th 

7. District heating engineering design 

(a) Select design contractor(s) 1 7 t h  

(b) 

(c) Bid document preparation 

Final design and cost estimates V ' 6  8th - 13th 
2 13th - 14th  

6-9 
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8 .  Permits 

LJ 
Y 

9. 

10. 

W 

v 

11. 
W 

.Air quality permit 

.Land disturbance permit 

.Registration certificate and 

.Fluid discharge permit. . 
Operating permit 

Issue revenue bonds . 

District heating system construction 

(a) Select contractors 

(b) Construct wellhead and distribu- 
tion system 

’ (c 1 Retrofit buildings 

Test the district heating system 

Y 

W 

1 
0.5 

1 - 3  
3 - 4  

1.5 

.1 

15th 
15th 

15th - 17th7 
15th - 17th 
(or 18th) 

15th - 16th 

16th 

17th - 22nd 
17th - 22nd 
23rd 

d 
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TABLE 6.3 Geothermal Development Plan for Alternate 111, Hawthorne 

TASK Duration of Task. Project Milestone 
(months ) (month) 

1. Secure-funding for development of 
resource (assume private funds) 

2. Apply for and secure geothermal 
resource rights; lease: private 

federal 

3 

1 
12 

1st - 3rd 

1st 
1st - 12th 

3. Exploration of the geothermal 
resource 

(a) Select contractor(s) 1.5 2nd - 3rd 

(b). Conduct exploration surveys: 
geological, geophysical, 
temperature gradient holes 3 . 4th - 6th 

(c) Evaluate survey results: 
select production and injection 
well sites; well specifications 1 7th 

W 
4. Drilling permits (temporary waiver) 0.5 8th 

3 

v 

5. Obtain water appropriation 2 - 4  

6. Development of the geothermal 
resource: drill production well(s) 
and injection well(s) 

8th - 10th 
(or 12th) 

(a) Select drilling contractor 1.5 . 8th - 9th 

(b) Drill, Survey, PUmP test, and 
evaluate wells; complete wells 3 - 6  10th - 15th 

7. District heating engineering design 

(a) Select design contractor(s) 1 16-th 

(b) Final design and cost estimates 12 17th - 28th 

Y 

U 

w 

(c) Bid document preparation 4 28th - 31st 
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8 .  Permits 

. A i r  q u a l i t y  permit 

.Land disturbance permit 

.Regis t ra t ion  certificate and 
Operating permit 

.Fluid discharge permit 

bi 
U 

W 

V 

L. 

9 .  I ssue  revenue bonds 

10. D i s t r i c t  hea t ing  system cons t ruc t ion  

( a )  Se lec t  con t r ac to r s  

( b l  Construct wellhead and distribu- 
t i o n  system 

' ( e ) .  R e t r o f i t  bu i ld ings  

11. T e s t  the district hea t ing  system 

1 
0.5 

1 - 3  
3 - 4  

1.5 

2 

12 

12 

3 

32nd 
32nd 

32nd - 34th? 
32nd - 34th 

(or 35th)  

32nd - 33rd 

33rd 

34th - 45th 

34th - 45th 

46th - 48th 

W 

i 

W 
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7.0 SUMMARY u 
G Hawthorne, a community of 3,690, is the commercial hub of 

Mineral County mining activity and the adjacent Army 

Amminition Depot. Also fundamental to the local economy are 

Y 

W 

the tourism and entertainment industries. 

Over a period of years, a dozen wells drilled for water on 

the military reservation by the Navy, and near the townsite 

by the Hawthorne water utility, have found thermal waters of 

71" to 125'F. In 1980, the owners of the El Capitan Lodge 

and Casino drilled a 1,000-foot well, one and one-quarter 

mile southwest of town, which produced 700 gpm of 210°F 

water. Although a thermal area of no less than 30 square 

miles encompasses the town, the most prospective geothermal 

zone appears to include the El Capitan, NAD 1 (125"F), and 

NAD 5 (114OF) wells, which lie in a northwesterly line 

betheen Hawthorne and the Wassuk Range . 
Additional resource evaluation, including geological, 

geophysical, geochemical, and/or temperature gradient hole 

surveys should be completed in order to properly site any 

additional production wells which may be necessary for a 

district heating system. 

Potential applications of geothermal energy for existing 

facilities in Hawthorne are significant. The principal 
- 

applications are for space heating and for domestic hot water 

heating of the county buildings, the public school buildings, 

* 
W 
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w 
a commercial lodge and club, and selected residential 

subdivisions. A possibility also exists for use by 

prospective future residential subdivisions. The present 

total heat load of six groupings of facilities in the study 

k, 
v 

is 28.6 L x l o 6  Btu/h (peak), or 44.5 x l o9  Btu annually. 
* 

W 

Y 

W 

Y 

w 

Y 

v 
gi 

W 

The six groupings of facilities includes: 

. Courthouse, public safety, hospital and library . Schools . Mt. Grant subdivision . Lakeview tract . El Capitan subdivision . El Capitan Lodge & Club 

This grouping is Alternative I in the engineering and 

economics evaluations. Alternative I1 is the same grouping 

with Mt. Grant and Lakeview Tracts excluded. Therefore, the 

total annual heat load is 26.8 x lo8 Btu. Alternative I11 

would be Alternative I plus the remainder of the town of 

Hawthorne, including all other residential and commercial 

users. An estimate of the total energy consumption for the 

entire town is 168.9 x l o 9  Btu. 

Assuming a resource temperature of 180°F, the existing well 

and pumping equipment are adequate for Alternative 11, which 

requires a peak flow of 780 gpm. Substitution of a larger 

pump would produce the 991 gpm peak flow required for 

Alternative I. Alternative I11 would require the drilling of 
T 

four additional wells of approximately the same delivery rate 

per well as the existing well, for a total peak delivery rate 

of 4,025 gpm. 
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Geothermal d i s t r i c t  h e a t i n g  s y s t e m  cos t s  e s t i m a t e s  f o r  t h e  

t h r e e  a l t e r n a t e s  a r e  s e p a r a t e d  i n t o  two p a r t s  - t h e  well 

s u p p l y  s y s t e m  and t h e  d i s t r i b u t i o n  sys t em:  

A 1  t e r n a  t e Well Supp ly  System D i s t r i b u t i o n  Sys tem 

I 
I1 

I11 

$1 54 ,000  
154,000 
757 , 000 

$1,866,560 
1 , 4 1 8 , 6 4 0  
8 , 5 9 0 , 0 0 0  

The l i f e  c y c l e  c o s t  a n a l y s i s  of t h e  g e o t h e r m a l  d i s t r i c t  

h e a t i n g  s y s t e m  and t h e  r e s u l t a n t  p r i c e s  of  e n e r g y  d e l i v e r e d  

t o  t h e  v a r i o u s  c u s t o m e r s  a r e  d e t e r m i n e d  by t h e  c a p i t a l  and 

o p e r a t i n g  costs  a s  well a s  by t h e  o w n e r s h i p  s t ruc tu re  f o r  t h e  

b a s i c  components  of t h e  sys t em.  The most p r a c t i c a l  s t r u c t u r e  

a p p e a r s  t o  be for  t h e  well  s u p p l y  s y s t e m  t o  be p r i v a t e l y  

owned and o p e r a t e d  by t h e  E l  C a p i t a n  Lodge, and f o r  t h e  

d i s t r i b u t i o n  s y s t e m  t o  be p u b l i c l y  owned and o p e r a t e d  by 

M i n e r a l  County.  

A poss ib l e  f i r s t  y e a r  w h o l e s a l e  p r i c e  from t h e  s u p p l i e r  t o  

t h e  d i s t r i b u t o r  was found to be $0.90 per MMBtu, w h i l e  t h e  

r e t a i l  p r i c e  was a s c e r t a i n e d  t o  be $5.50 p e r  MMBtu. The 

Y w h o l e s a l e  p r i c e  would p r o v i d e  t h e  s u p p l i e r  w i t h  a nomina l  

16.5% r e t u r n  on i n v e s t m e n t  a f t e r  t axes .  The r e t a i l  p r i ce  

Y 

c h a r g e d  by t h e  d i s t r i b u t o r ,  when c o u p l e d  w i t h  e n e r g y  s a v i n g s  

r e a l i z e d  by t h e  c o u n t y ,  would p r o v i d e  a c a s h  flow t h a t  would 

pay o f f  i t s  o r i g i n a l  c a s h  i n v e s t m e n t  p l u s  i n t e r e s t  i n  n i n e  

y e a r s ,  f o r  A l t e r n a t e  11, and i n  s ix t een  y e a r s  f o r  A l t e r n a t e  

- 

111. 

7- 3 



The financing options appropriate for geothermal development 

will, to a large extent, depend upon the total capital ki 
3 investment required. These options include budget 

appropriations, general obligation bonds, revenue and 

industrial development bonds, and assistance programs from 

W 

Y 

another level of government. 

Legal and regulatory requirements, well drilling regulations, 

permits and licenses required during exploration and 

drilling, public utility regulation, and environmental 

considerations are addressed as they may impact the 

geothermal district heating system. 

W 

0 
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