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DISCLAIMER 

NEITHER THE NEVADA DEPARTMENT OF ENERGY NOR THE UNITED STATES 

DEPARTMENT OF ENERGY, NOR ANY OF THEIR EMPLOYEES OR CONTRACTORS, 

MAKE ANY WARRANTY, EXPRESSED OR IMPLIED, OR ASSUME ANY LEGAL LIA­

BILITY OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR USE­

FULNESS OF ANY INFORMATION PRESENTED IN THIS DOCUMENT. 

i 



L 

'-

'-

TABLE OF CONTENTS 

Page 
Disclaimer ...... . . i 

Table 

List 
List 

of 

of 

of 

Contents • • • II II • . ... 
Tables. ........................... ._ ......... . . . . . " .... " ...... . 

i i 

i i i 
Figures . • • • • • • • • • • • a,: ••••••• ···••»••······••11•••1o••·· iv 

Summary .......................................... . • • • ~ • • ■ • • • • • • • • • • • • • • • • • • • V 

I. Int rod uct ion ......................... ~ .. ~ .............. l 

I I. 

I I I. 

I V. 

V . 

VI. 

VI I. 

VI I I. 

The Area ................................................. 2 
A. Physical Char act eris tics ........................... 2 

1. Location and Relief ............•.............. 2 
2 . Climatic Conditions ............................ 2 
3. Geologic Setting .............................. 8 
4. Hydrology ...................................... 9 

B. Land Ownership and Land Use .......................... 11 
C. Popu 1 at ion •.••.•........ " .•.....••..•...••....•.... 14 
D. Transportation Facilities ................... " .. ·11 II ••• 16 
E . Economic Activities ....... " ....... II ••••••••• II •••• II II 18 
F. Design Information ... " ........... II ........ II ••••• -." ••• 21 
G. Energy Information ... )Ii ••••••••••••••••••••••••••••• 22 

The Resource ........................................... 28 
A. General Information. ■: 11 ■ •••••••••••••••••••• II ••••••• 28 
B • Caliente Area ............................. ■: •••••••• 30 
C. Other Geothermal Resources in Lincoln County ....... 33 

l. Panaca Warm Springs ......... ....... ...... ....... 3 3 
2 . Delmue 1 s Springs .. , ........................... 34 
3. Flatnose Ranch Spring - ............. ■: •••••••••• 34 
4. Hiko Springs ............... II •••••••••••••••••• 34 
5. Crystal Springs ................. II •••••••• ~ •••• 35 
6. Ash Springs ...... .................... - ........ 35 
7. Geyser Ranch Springs .... 11 ....................... 36 
8. Hammond Ranch ....... II ••••••••••••••••••••••••• 36 
9. Sand Springs ................................... 37 

l O. Bennett's Spring ................................ 3 7 

The Us es ...... II ......................................... 38 
A. General Information .................................. 38 
B. Caliente Area .... 1i ••••••••••••••••••• • " ..... "' ••••••• 38 
C • Other Geothermal Resources in Lincoln 

County ............................................ 41 

Conclusion .... .43 

For Additional Information .................. 1i ........ ~ .. ••••• .45 

Bibliography. ■ ■ Ii ■ • • • .. • ■ ■ ■ ■ ■ • 'f ■ 1' ■ ■' ■ ■ ■ 'I ■ ■ ■ • • II I II • ■ 1i II ■ • • • • .46 

Appendix ... 
l. Water Chemistry 

••• 11 ••••• 
Analyses 

i i 

.... 4 8 

.•.. 4 8 



'--

.... 

Table 
Table 
Table 

Table 

Table 

Table 

LIST OF TABLES 

Page 
1--------Climatological Summary------Pioche ..... .... . 6 
2--------Cl _imatological Summary------Cal iente ........ 7 
3--------Designated Groundwater Basins in 

Lincoln County .................................. 10 

4--------Land Ownership Pattern in Lincoln 
County ............ , ............................... 11 

5--------Population Trend in Lincoln County .......... 15 
6--------Population Projections for the Major 

Communities of Lincoln County to the 
Year 2 020 . ....................... ~ .......... 16 

Table 7--------1978 Employment Patterns -- Lincoln County .. 2O 
Table 8--------New Mexico Energy Institute - Geothermal 

Energy Projections - Lincoln County --
Combined Industrial and Residential --
Municipal Developer ......................... 25 

Table 9--------New Mexico Energy Institute Geothermal 
Energy Projections -- Lincoln County -­
Combined Industrial and Residential --
Private Developer ...................... . .... 26 

i i i 



'-

'-

<.. 

(.. 

<.. 

'-

(.. 

'-

<.. 

<... 

L 

LIST OF FIGURES 

Page 
Figure 1-------Location of Geothermal Resource Area 10 ..... 3 
Figure 2-------Topographical and Physical Features 

of Lincoln County ....... ., ..................... ., ... 4 

Figure 3-------Land Ownership in Lincoln County . . .......... 13 
Figure 4-------Major Transportation Facilities in 

Lincoln County .................................. 17 

Figure 5-------Location of the Geothermal Resource 
in Lincoln County ..................... . ..... 29 

Figure 6-------Location of Measured Wells ... . .... . ... .. . . .. 32 
Figure 7-------Geothermal Use Temperatures ................. 39 

iv 



"" 

~ 

..... 

'-

L. 

SUMMARY 

Geothermal Resource Area 10 includes all of the land in 

Lincoln County, Nevada. Within this area are 10 known geothermal 

anomalies: Caliente Hot Springs, Panaca Warm Springs, Delume's 

Springs, Flatnose Ranch Spring, Hiko Springs, Crystal Springs, Ash 

Springs, Geyser Ranch Springs, Hammond Ranch Springs, Sand 

Springs, and Bennett's Springs. 

The geothermal resource in Lincoln County, though somewhat 

limited, has some potential for development. All of the known 

geothermal areas have measured temperatures of less than 160° F. 

Most have temperatures of less than 100° F. Because of the low 

temperature of the resource and, for the most part, the distance 

of the resource from any population base, the potential applica­

tion types are somewhat restricted. 

Two of the 10 sites have significant potential in relation to 

local energy and economic requirements. Caliente has already par­

t i al l y de v el oped the resource l o c ate d under the co mm u n i t y. It i s 

now supplying some hot water and space heating needs for a trailer 

court, several homes, and a hospital. The energy already on-line 

in Caliente is making a significant impact on the economic base of 

the community and decreasing the demand for conventional energy 

resources. Recent studies have indicated the technical and eco­

nomic feasibi 1 ity of installing a district space heating system. 

If such a system were developed, it could only increase the eco­

nomic benefits received from this alternative energy resource. 

Ash Springs has already been developed into a recreational 

area. Because of the high flow rate and the adequate water tem­

perature of the resource, prawn or fish farming may have good 

potential at this site. 

The development of the geothermal resources in Lincoln 

County could contribute to a significant savings of fossil fuel 

energy and potentially broaden the economic base of the county. 

V 
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I. INTRODUCTION 

Geothermal Resource Area 10 encompasses all the land areas of 
Lincoln County. There are 10 known geothermal anomalies in this 
area which are addressed in this plan: Caliente Hot Springs, 
Panaca Warm Springs, Flatnose Ranch Springs, Hiko Springs, Crystal 

Springs, Ash Springs, Geyser Ranch Springs, Hammond Ranch Springs, 
Sand Springs, and Bennett's Springs. 

The purpose of this document is to provide public and private 
decision makers with information that will facilitate the develop­
ment of the various geothermal resources found in Lincoln County 
(Figure 4). To further this goal, this Area Development Plan was 
prepared to provide information about the geothermal resource, the 
physical and socio-economic setting of Lincoln County, and the 
potential for developing various uses of these under-utilized 
resources. 

This report has been divided into three major sections to en­
able the reader to more easily interpret the information present­
ed. The first section describes Lincoln County in terms of its 
physical and socio-economic characteristics. The second section 
describes the resource itself based upon the best currently avail­
able information. The third section describes the potential uses 
for the resources based on a study of the geothermal resource 
characteristics, land use, and various other factors. 

1 
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II. THE AREA 

A. Physical Characteristics 

l . Location and Relief 

Lincoln County is located in southeastern Nevada and has a 
total land area of 10,649 square miles. It is the third largest 
county in the state containing about ten percent of the total land 
are a. 

The county is bordered on the north by White Pine County; on 
the east by the State of Utah; on the south by Clark County; and 
on the east by Nye County (Figure 2). 

Lincoln County is characterized by alternating, linear moun­
tains and valleys. The largest of the mountain ranges include the 
Worthington Range, Wilson Creek Range, Delmar Range, Clover Range, 

the Groom Range, Creek Range, and the Mormon Mountains. The lar­
gest of the valleys include Cave Valley, Lake Valley, Dry Lake 
Valley, Tule Desert, Kane Springs Valley, Pahranagat Valley, and 
Tikaboo Valley. The range of elevation in Lincoln County varies 
from a high of 8,850 feet at Worthington Peak in the Worthington 

Range to a low of about 1,900 feet is found east of the Mormon 
Mountains in the Tule Wash area. 

2. Climatic Conditions 

The climatic conditions in Lincoln County are quite variable 
due to the large physical size and the relief of the area. De­
tailed climatological information is available for Lincoln County 

only at two meteorological recording stations: Pioche, elevation 
6,120 feet; and Caliente, elevation 4,404 feet. Tables l and 2 
give a detailed climatological summary for each of these sites. 

The climate of Lincoln County is essentially arid with hot 
summers and cool winters. The continental type of climate is af­
fected by the distant Sierra Nevada Range to the west and the 

2 
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Rocky Mountains to the east, Pacific storms moving west to east 

must pass over the Sierras before reaching Lincoln County. As 

moist air rises it cools and loses much of its moisture, As the 

air mass descends into the Great Basin it warms up and becomes re­

latively dry. Consequently, heavy precipitation in this area is 

infrequent. 

The Rocky Mountains to the east al so play an important role 

in determining the climate of Lincoln County, These mountains de­

flect the cold arctic air from Canada so that it moves east onto 

the Great Plains, This results in a mild winter climate over much 

of the area. 

Summer thunderstorms occur approximately 15 to 20 days per 

year. Warm, moist air from over the Gulf of Mexico flows north­

ward for several months in the summer. Thunderstorms are common 

in these months. Hail averages three days per year and occurs in 

association with these storms. Rainfall from the thunderstorms 

can be quite heavy. 

from a single storm. 

As much as three inches of rain has fallen 

Temperatures in Lincoln County range from mild to hot. Sum-

mer minimums are in the 40 1 s ( F • ) while summer maximums are in the 

90 1 s ( F I ) I Winter minimums are in the teens and maximums in the 

40 1 s ( FI ) I The hottest recorded temperature is 109 ° FI and the 

coldest recorded temperature is -31° F. The growing season aver­

ages about 148 days per year. Temperature characteristics at 

other locations in Lincoln County may be inferred by applying the 

environmental lapse rate of 3-1/2° F. per 1,000 vertical feet low­

er or higher than the recording station. Care must be taken, how­

ever, when using temperatures derived from using the envirnomental 

lapse rate as local conditions may influence exact temperature 

readings. 

5 



'-

..... 

UTTTUDI 3?" 56' 
LON'QmIDI 114° 27 1 

IUV, ICilAOUND) 6120 f eet 

Temperature ("Fl 

M.....,• Extrsmea 

s a :, :, ... .,, -
,!l >. .§ ... . § :g ~ ; ] i 
C :~ ~ ~ .9 

A ~:; 5 !il ~ 0 0 
X Q a 0 a X ..: ... >- ..: ..2 

(a) JO JO JO 30 )0 

Jon 1•1.lt 20. 9 31.2 61, 1961 -11 
Feb l,5.2 23 . 7 34 . 5 70 1963 - 5 
Ha r 50 . 6 26.9 38. ? 79 1968 . 4 
Apr Go . 4 34 .5 47. 5 81 1946 12 
Mny 70,6 1,2 .8 56.7 91 1951 22 
Jun 80 .G ;0.7 65. 6 102 1954 30 
Ju l 88.9 58.1 73,5 101 1966+. 1,6 
Aug 86.o 56.8 71.5 99 1958 38 
Sep 78.8 50 .0 61, .4 96 1950 25 
Oct 66. 4 39,7 53.0 85 1961, 19 
Nov 51.9 28,9 110.11 71, 19119 1, 
Dec 4J,2 22.8 33 .0 65 19112 - 4 

YtM, r 63,7 37 .9 50.8 102 195'1 -11 

~ • >-

1963 
1949 
1966 
1963 
1961, 
1954+ 
1956+ 
1968, 
1948 
1961 
1952 
1948 

1963 

TABLE 1 
CLIMATOLOGICAL SUMMARY 

MU.KS AHO UTl\t\4lS 1011. PU.100 lC)li)-11)70 

: Precipitation Totals (Inches) 

~ • Sao• , lee Pellets .,, ... z 1 
~ "" a .,, m :, ... ~ • a - • 
~ ~ .; A 

·= 1 • ... 
~ f 5 • ~ !! ~ ~ . . 

X X C!) >- l: l: a >- C!).,, 

30 )0 JO 30 30 30 
1047 l.'l'/ 2.26 lr)69 11.2 LO,IJ 19~9 12.0 

851, 1.24 1.50 1969 7.3 37 .0 19G9 )2.0 
815 1.37 1.33 lS•;-8 8.8 ;1:i .3 1952 ll.O 
525 1.29 l.00 1C)5<) !1 .2 16.8 }C_)I;} 7.5 
257 0.73 1.1,5 1947 o.~. :,.2 19G1 3.5 

90 o.,o 1.11 1.9,,e a. I 2 .0 1,50 2.0 
0 l, lit 1,91• ]f.'•70 '),C, T 19;-3 T 
0 1.;?5 l.lC 1:•i'Q ".() 'j' 1955~ ·r 
0 o.C• ;,,68 J0:,,(16 o.c 1.0 1965 1.0 

383 O.CJ!i 1.27 l'.l(A 1.) 'J,0 1951 '/.0 
738 1.10 J.5G 1~,/1I. 11, i 19, 5 l~.57 10 . 0 
992 l.?fJ 3.0:' 1r.,;.\ 'l.'· 37,7 19117 18.5 

r\•t' 
5701 1~5-37 3,r: 1,::U. !• '/ , , 

1
,,c,_r, ]q.!19 l 2,.5 

,r~noN PIOCHE , tlEVAIYI 

Mean number of day11 

.,, T emperalure11 
u Mu. Min. .9 
8 
~ ! 

.,, .,, .,, 
~ ~ ~ , lj ~ ]] ·- 0 

~ ~ ~ g~ ('2 .9 • ..2 
N 0 . . >- !lo 0 "'~ "' ..0 0 ..0 

:-0 30 30 30 30 

19511-t 3 0 5 29 l 
1969 3 0 2 25 l 
1552 3 0 l 24 0 
19!1~j 3 0 0 13 0 
l~tl ?. 0 0 3 0 
1950 l 4 0 0 0 
1953 3 15 0 0 0 
19Zi+. 3 0 0 0 0 
]•)ii5 l 2 0 0 0 
19~1 2 0 0 8 0 
1957 3 0 l 18 0 
191,7 3 0 5 28 0 

101•7 y:, }J ll, 11,g 2 

(a) Avera,;ie 10119th 01 record, year,, I 
+ Also on c Rrlior ~at~s , m0Dtl1a , or years, 

T Traco, an &mount too small to measure . ' Leu Lhan one hall. 

•• Baae s5•1 

-6-

-E 
C 
0 
l: 

Ja.ot 
r'c-b 
!fo.r 
Apr 
P.ay 
Jun 
,Jul 
Aug 
Sep 
Oct 
Nov 
l)!C 

Year 



'-

-

... 

'-

'-

'-

L4T IT Ur( N]7 ]1 

LONGITUDE •11• 31 

TABLE 2 

CLIMATOLOGICAL SUMMARY 
HHNS ANO fXTREHfl FOR Pf Rroo 19'1 •I9TJ 

CALIENTE, NV 

Hf VAT ro, ••02 

TEMPERATURE ( 'f) PllECll' ITAl ION TOTALS (INCJIES) 

MF.ANS EXTREMES MEAN NUMUER SNOW , SLEET MEAN NUMBER 
OF DAYS OF DAYS 

MAX. MIN. w w 
.., 

MONTII t;;:- s I- "' ::i: ::i: > ::i:> V, "' "' 0 :, .J ct;; 01- o.., fh ~:< 
:.,.J :,.J "' 0 0 ::i: 

>::E >:, :,: 
"'"' "'"' z> 0:< z I-:,: 1-,- ~~ f-:,: ::i: .. 

6 :x .J ! f- 8" "' O"' "' <O <0 zo <I- a: < .J a: z a: .::it " 0 <~ z < > u:< :i >- <o ~~ ~~ < .J ,:i ... z < W- < >- < )( z < < >- 0 
8 ~~ 0 w!:? .., < WO < ... .... o:O ... "'< "" < 

.., :so ... a:w .., < 0 0 
o::i: ::i: "'= >- 0 "'.J >- 0 &< -"' ~., om ::i: ":,: >- u~ > c:, ::c .. ::i: > uo > 0 -: ~ -' 

JAN • 1 . ' 17, 4 )2, 7 u 7 I 31 -lo• b3 13 • 2 H 2 , 71 2 , ,o 09 , 90 u 18 2.4 10 . 0 H e.o H H z 0 0 

FEH , •• z 23,2 U,7 7• 6! b •l ,o 17 0 I 2, 0 , 68 2,BJ o• ,s, 09 25 , 9 8, 8 '9 '. 0 5 l Z1 2 0 0 

MAR &O, 4 H,5 ,n,, 90 7\ JO 2 58 • • 0 26 0 .1• ] , 08 7J I.OT 52 lb . 7 8 .o 51 ••• ,z I 6 z 0 0 

APH 61, 8 Jl .• 'l I l BA+ ,. 11 a 06 20 n 0 14 0 • 74 l,o, 65 1,15 6] Zb .o z 0 0 

MAY 78, 7 41, 7 60,Z •• SJ H z, b7 I J 0 ] 0 ••• 11 9 l ,, , BO 58 11 . 0 z 0 0 

JUN fl e. ~ _,I .. u.z 10• '• lZ 3)• 71 I 1, 0 0 0 .32 ,99 ,. ••• H JO .o I 0 0 

JULY ., . ' 56 .• n,.J 10,. 60 I 7 40 ,a 1• z• 0 0 0 , 91 z. 7.J 68 1,oo H Jo .o ] 0 0 

,we 93, 3 '6,0 H,. 10! ♦ •o 7 31 57 JI ZJ • • 0 0 ·" 3,3' 71 I, 04 73 ' .o 3 0 0 

SEl'T Pb,) 15,5 ., . ' \01 ♦ " 6 27• ., zo 10 0 I 0 .H z,sz 67 I ,56 b6 19 ,\ 2.0 7 L I 0 0 

OCT 74.6 ),.0 , ... •• ., I l•• 71 30 I 0 11 0 . n J. zt. 72 2 ,1 0 72 10 .o 1 0 0 

HOV '9,) 1, .• 4Z, '- en 62 2 0 ,6 20 0 0 H n ·" l,08 60 1,10 60 6 .1 ,., 57 ••• 57 3 2 I 0 

DEC .,.o I & • 8 J3,9 6- ♦ 5& '•13 67 21 0 l 19 I .66 1.89 0 ,89 66 7 z. 3 9,8 70 6,0 67 ZI z 0 0 

71, I \ ,, . , I JUN 0EC , I ,ue DC T JiN JAN 
I I Vt:AR n • • J Io• 111 IH \· 1 3 in 121 I et I I \16) I 1.H I ),3)1711 z.10112 po I 7. l I 10.0 IHI A,oj67 /21i HI 0 

t ALSO ON EARLIER DATES 

-7-



"--

~ 

.... 

3. Geologic Setting(l8, 19, 20) 

Lincoln County is located in the Basin and Range Geomorphic 

Province. The area has a geologic character more or less typical 
of the province with elongate mountains separated by long alluvial 
filled valleys. 

About one-third of Lincoln County is covered by Cenezoic sed­
imentary rocks; another third by Cenezoic volcanic rocks; and the 

remainder by igneous, metamorphic, and sedimentary rocks that 
range in age from Precambrian to Triassic. Paleozoic rocks cover 
much of the area. They are composed primarily of limestone, dolo-
mite, shale, and quartzite. Lower Mesozoic rocks are exposed in 
several areas and consist primarily of elastic sedimentary rocks. 
No middle to upper Mesozoic sedimentary rocks are found in the 

area. Cenezoic rocks consist primarily of various volcanics and 

continental sedimentary rock units. The youngest Quaternary and 

Recent rocks consist of alluvial and lacustrine sediments filling 
most of the valley basins. 

The Basin and Range topography, which characterizes most of 
Lincoln County, has been developed over all of these rock types . 
This topography has developed because of the characteristic fault 
block structure of the Basin and Range which is caused by normal 

faulting and is expressed as long north-south trending mountains 
and valleys. Most of the Basin and Range Province in Lincoln 

County is an area of internal drainage with many large ephemeral 
lakes. Part of the county is, however, located in the Colorado 
River Basin which drains into the Pacific Ocean. 

The geothermal resource in Lincoln County is associated with 
the long north-south trending normal faults characteristic of the 
Basin and Range Province. Water, originating as rainfall, sinks 
deep into the earth where it is heated by contact with a geother­
mal heat source. This heat source may be either a cooling magma­
tic body or just rock heated by the earth's geothermal gradient. 
The heated water then rises to the surface along the deep faults 

8 



\,,.. 

... 

which offer permeable conduits for fluid movement. If these 
faults cut the earth's surface, hot springs and other surface 
man if est at ions of g e other ma l energy may appear . It sh o u l d be 
noted that g e other ma l resources may be present without such s u r -
face indications. One of the goals of modern exploration geology 

is to locate these "hidden" resources . 

4 . Hydrology(8, 9) 

Lincoln County contains portions of four hydrographic regions 
found in Nevada. These regions include the: Central Region; Col­
orado River Basin; Great Salt Lake Basin; and Escalante Desert. 

The Colorado River Basin covers the largest portion of Lin­
coln County. All runoff waters falling in the medium to low ele­
vation valleys flow through a series of tributary streams into the 

Colorado River, which eventually flows into the Pacific Ocean. 
The Central Region covers much of the western portion of the 

study area. This area is characterized by long, narrow valleys 
with small, intermittent streams emptying into the valley bottoms 
where the flows evaporate. The perennial streams are usually only 
a few miles long. There are no large standing bodies of water 
even though the area is characterized by internal drainage. 

A very small portion of the Great Salt Lake Basin occurs in 
the north-eastern Lincoln County. This part, the Hamlin Valley, 
supplies runoff water to the Great Salt Lake to the east. 

The fourth hydrographic region in the study area is the Esca­
lante Desert. This region, located in the east-central portion of 

the county, is only a very small part of the entire region, most 
of which occurs in Utah. The region is characterized by low val­

leys with internal drainage. 
The hydrology of the area is typical of that occurring in a 

desert environment. Precipitation is markedly seasonal, occurring 
primarily in the winter as rain or snow and in the summer as sud­

den thunderstorms. Streamflows are equally seasonal with peak 

flows occurring in the winter. With uncontrolled conditions, 

9 
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runoff reaches a peak flow in late spring and an annual low flow 

in late summer or early fall. Exceptions are the exceedingly 

1 arge flows due to severe thunderstorms which can occur any time 

during the summer. These flash floods are highly unpredictable 

and last only a few hours. The seasonal variation in flow ranges 

from about 45 percent of the total from November to March, to 17 

percent during June and July. These wide ranges in flow create 

multiple problems. Seasonal high flows often result in flood 

damage with serious erosion and sedimentation occurring. Low 

flows limit agricultural production and tend to cause high water 

temperatures. Both sedimentation and high water temperatures 

impact adversely on fish life and general water quality. 

The Nevada State Engineer has defined five designated ground­

water basins out of the 28 found in Lincoln County. These basins 

are those i n w h i ch the amount of water al l o c ate d i s be 1 i eve d to 

exceed the annual recharge into the basin. The Division of Water 

Resources has several regulations and permitting procedures which 

are required before water from these designated basins can be 

used. Table 3 shows these designated groundwater basins and the 

associated order number so designating those basins. 

Table 3 

DESIGNATED GROUNDWATER BASINS IN LINCOLN COUNTY 

Designated Basin Basin Number Order Number DATE 

Penoyer (Sand Springs) 

Valley 170 712 5-03-78 

Lake Valley 183 726 6-11-79 

Indian Springs Valley 161 728 8-01-79 

Panaca Valley 203 734 1-17-80 

Virgin River Valley 222 753 8-18-80 

10 



Because Lincoln County's geothermal resources are the water 

dominated type, any use of those resources may affect local ground 

water conditions. This may impact historical use of groundwater 

in those areas and raise questions concerning water rights and 

water allocation. However, geothermal energy development is con­

sidered to be a preferred use of the groundwater. Any developer 

of geothermal energy resources in these basins must contact the 

State Water Engineer early in any project's planning phase to in­

sure that all water related questions are answered. 

B. Land Ownership and Land Use 

Lincoln County totals nearly 10,649 square miles in size or 

approximately ten percent of the total land area of the State of 

Nevada. Table 4 shows the land ownership of the county.(13) 

Table 4 

LAND OWNERSHIP PATTERN IN LINCOLN COUNTY 

Public Land 

Federal 

St ate 

County 

Total Public 

Private Land 

Indian 

Tax Roll 

Total Private 

Acres 

6,587,946 

6,682 

2,000 

6,596,628 

0 

219,372 

219,372 

11 

Percent 

96.69 

0.09 

0.02 

96.8 

0 

3.2 

3.2 
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Existing land use patterns in Lincoln County are based prima­

rily on proximity to the major centers of Caliente, Pioche, and 

the other smaller communities. Away from these centers the land 

has historically been used for agriculture, ranching, m1n1ng, 

wildlife management, and open space (Figure 3). The Bureau of 

Land Management has classified most of the 5,667,994 acres of the 

public land it manages as being for multiple use. This classifi­

cation includes all types of uses from recreation, wildlife 

management, watershed management, and livestock, grazing, to tim­

ber production on the more heavily forested portions of the land. 

The only lands not managed according to this concept are those 

that are being studied as potential wilderness areas. Other 

federal agencies holding title to land in Lincoln County, such as 

the U.S. Forest Service and the Bureau of Reclamation, at this 

time are also managing their lands according to the multiple use 

concept where possible. Remaining federal land located within the 

Nevada Test Site and Gunnery Range is closed to all public uses. 

There are eight BLM Wilderness Study Areas in Lincoln County: 

Table Mountain, White Rock Range, Worthington Mountains, Weepah 

Springs, South Pahrocs/Hiko, East Pahranagat, Medsger Pass, and 

Lower Pahranagat Lake. ( 16) These study areas are those which 

BLM believes meets the following criteria: 

1. Size--must have at least 5,000 or more acres of contigu­

ous public land or be of a size to make practical its 

preservation and use in an unimpaired condition; 

2 . Naturalness--must be substantially natural or generally 

appear to have been affected primarily by the forces of 

nature with the imprint of man's work substantially un­

noticeable. 

3. Outstanding solitude or recreation--must have either 

outstanding opportunities for solitude or a primitive 

and unconfined type of recreation; 

12 
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4. Supplemental values--must have supplemental values, 

which include ecological, geological, or other natural 

features of scientific, educational, scenic, or histori­

cal value. 

These eight Wilderness Study Areas will continue to be managed 

under special guidelines directed by Congress to preserve the wil­

derness values until a final determination of wilderness suitabil­

ity or unsuitability is made. 

There are no known geothermal resources within the boundaries 

of any of the potential wilderness areas. Should any be located 

in the future, the development of those resources will be subject 

to BLM Wilderness Area Management Policy. 

Larger urban communities develop various zoning classifica­

tions to segregate various land uses within the community to those 

which are deemed compatable. Such uses include residential, com­

mercial, governmental/institutional, various types of industrial, 

and agricultural use. Geothermal development must be compatible 

with existing development in these zoned areas. 

C. Population(4) 

The population of Lincoln County increased approximately 22 
percent during the 56-year period between 1920 and 1976. This 

growth rate has not been consistent. There were several periods 

of population decline as wel 1 as those periods of population 

increase. Table 5 illustrates the past and projected population 

figures for Lincoln County. 

The existing population of Lincoln County is not evenly dis­

tributed around the entire county. It is, instead, localized into 

distinct population centers with only scattered persons in the 

rural area. The four largest communities found in Lincoln County 

are Caliente, Panaca, Pioche, and Alamo. 

The State Planning Coordinator's Office anticipates that all 

the communities in Lincoln County will grow somewhat by the year 

2020. Because of the small size of the existing communities and 

14 
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the moderately low rate of growth, the total number of persons ad­
ded to Lincoln County will be small. Table 6 illustrates the 
State Planning Coordinator's projections for the four largest com­
munities. These, and the county population projections are based 
on historical population growth data. Should any new, unantici-
pated development activities occur, these estimates could be 
invalidated. 

Year 

1920 

1930 
1940 
1950 

1960 
1961 

1962 
1963 
1964 
1965 
1966 

1967 

1968 
1969 

1970 

1971 

1972 

Table 5 

POPULATION TREND IN LINCOLN COUNTY(4) 

Population 

2,287 

3,601 
4,130 
3,837 

2,431 
2,164 

2,140 
2, 11 3 
2,038 
2,162 
2,398 

2,316 

2,334 
2,454 

2,557 
2,300 

2,200 

15 

Year 

1973 

1974 
1975 
1976 

1977 
19 78 

1979 
1980 
1981 
1982 
1983 
1984 

1985 
1990 

1995 
2000 

Population 

2,338 

2,500 
2,700 
2,803 

2,734 
2,853 

2,972 
3,091 
3,163 
3,235 
3,307 
3,379 

3,451 
3,728 

4,717 
5,039 
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Caliente 

Pan ac a 

Pioche 

Alamo 

D. 

Table 6 

POPULATION PROJECTIONS FOR THE MAJOR COMMUNITIES 
OF LINCOLN COUNTY TO THE YEAR 2020 

1980 1990 2000 2010 

900 1,000 l , 2 00 l , 400 

550 650 800 950 

650 850 1,100 l , 3 50 

890 1,030 1,400 l , 600 

Transportation Facilities(5, 6, 7) 

Only one major highway passes through Lincoln County. 

2020 

l , 5 50 

1,000 

l , 500 

l , 700 

U.S. 

93 is a major north-south route connected to 1-80 in the north and 

I-15 in the south. It runs down the entire east side of the state 

connecting the towns of Wells, Ely, Pioche, Caliente, and Las 

Vegas. Lincoln County has a total of about 3,429 miles of road-

way. There are about 384 miles on the federal aid system, 29 

miles on the state aid system, 3,009 miles on the county system, 

and eight miles on city or local systems. The area has a total of 

about 3,099 miles of unpaved road and 331 miles of roadway paved 

to various standards. 

Transportation services are rather limited in Lincoln County. 

Three interstate trucking lines do service the area but terminal 

facilities are not available. The nearest facilities are located 

approximately 175 miles south of Pioche in Las Vegas . Limited air 

service is available into various portions of the county. There 

is one commercial airport and five landing strips. No commercial 

airlines have scheduled service, though charter service is avail­

able. The nearest airport in the region is McCarran International 

Airport located in Las Vegas. The Union Pacific Railroad has a 

main east-west line running through Caliente and one freight-only 

16 
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spur into the central part of the county. Limited facilities are 
one interstate bus line serves passenger transportation needs. 

E. Economic Activities 

1. Background(l3) 

Lincoln County was created by the State Legislature in 1867 
, as the result of the personal efforts of Governor Bl asdel. At 
that time the county was separated from Nye County. The bounda­
ries were changed again in 1909. 

Rich ore deposits began to attract miners to the county in 
the early 1860 1 s. Several towns such as Hiko, Pioche, and Eldo­
rado developed as result of this migration. Panaca was establish­
ed by the Mormons as a way station for travelers and mail carriers 
moving between southern California and Salt Lake City. In 1871, 
the area now known as Caliente was settled by two brothers, 
Charles and William Culverwell. Much of the Caliente area was 
purchased for a railroad in 1901. 

Since the early 1900 1 s, mining and railroad construction have 
had a profound impact on the county's economy. The Union Pacific 
Railroad moved its railroad repair shop from Las Vegas to Caliente 
in 1931. The repair shop remained prosperous until the introduc­
tion of the diesel engine. Pioche, whose economy was solely de­
pendent on mining, started to falter in 1957 when the U.S. Gov­
ernment began allowing a large inflow of low-priced foreign met­
als. Recently, with the increase in the price of precious metals, 
there has been a resurgence in mining activity through the entire 
county. Today there are 14 companies mining such ores as gold, 
silver, tungsten, lime, perlite, and sand and gravel. 

18 
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2 . Em p l o ym en t and I n come ( l l , l 3 ) 

Government is Lincoln County's largest employer, represent-

ing 37 percent of the total employment in 1979 (Table 7). It is 

expected to be the largest employer through the 1990 1 s. Mining 

and trade are the second and third largest employers, accounting 

for 25 percent and 17 percent of the total labor force. 

L i n c o 1 n Co u n t y I s u n em p 1 o ym en t r at e s h av e be e n u n s t ab 1 e s i n c e 
1976. For example, in 1972 unemployment was estimated at 12.1 

percent and was the highest in the state. Unemployment was esti­

mated to be 2.6 percent in 1978, increasing to 3.9 percent in 

1979. 

Per capita income was the state's second lowest at $5,337 in 

1977. 

19 
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Table 7 

1979 EMPLOYMENT PATTERNS -- LINCOLN COUNTY 

Industrx. 

Mining 

Construction 

Manufacturing 

Trans., Comm., and Util 

Wholesale & Retail Trade 

Fin., Ins., and Real Estate 

Service Industries* 

Government 

Number 
of Firms 

l l 

3 

2 

4 

40 

4 

13 

25 

Number of 
EmJ)lo,y_ees 

265 

17 

11 

36 

175 

13 

144 

379 

Percent of Total 
Employees Wa.9.es 

25 5,075,203 

2 419,139 

l 95,285 

3 , 466,156 

17 1,053,763 

127,132 

14 2,414,529 

37 3,974,434 

Percent 
of 

Wa.9.es 

37 

3 

l 

3 

8 

18 

29 

TOTAL 102 l , 040 100 13,626,641 100 

*Includes Agricultural Services and Firms not Elsewhere Classified 

20 



F. Design Information (1) 

No specific design information is available for any community 
in Lincoln County. Such information is available for the nearby 
communities of Ely to the north and Las Vegas to the south. The 
engineering design characteristics for these communities are as 

follows: 

Latitude 

Longitude 

Elevation 

Winter Design Dry-Bulb 
Temperature 

99% 
97.5% 

Summer Design Dry-Bulb 
and Mean Coincident Wet­
Bulb Temperature 

1% 

2.5% 
5% 

Mean Daily Temperature 
Range 

Design Wet Bulb 
Temperature 

1% 

2.5% 

Degree-Heating Days 

Degree-Cooling Days 

Ely 
39°17 1 

114°51 1 

5t075 

-l0°F. 
-4°F. 

89°/57°F. 

87°/57°F. 
85°/55°F. 

39°F. 

60°F. 
59°F. 

7t333 

182 

21 

Las Vegas 
36°05 1 

115°10 1 

2 t 162 

25°F. 
28°F. 

l08°/66°F. 

l06°/65°F. 
l04°/65°F. 

30°F. 

71 ° F. 
70°F. 

2t709 

2t942 
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Additional degree-heating and degree-cooling day information 

is available at the following recording stations in Lincoln 

County: 

Elevation Degree-Heating Days Degree-Cooling Days 

Caliente 4,402 4,402 860 

Pioche 6,165 5,638 673 

G. Energy Information 

The energy situation in Geothermal Resource Area 10 is typi­

cal of that occurring in eastern Nevada. Electricity and natural 

gas are the prime sources of energy used in the urban areas with 

electricity, propane, and distillate fuels being the primary 

sources of energy in the rural areas. These fuels are supplement­

ed with coal, wind, hydroelectric, and other alternative energy 

resources. 

Electrical energy in Lincoln County is supplied primarily by 

the Lincoln County Power District. Smaller electrical suppliers 

such as the North Panaca Irrigation Association, Panaca Power and 

Light Company, and the South Panaca Power Group purchased their 

power for resale from the Lincoln County Power Company. Where 

electric service is not available developments must use diesel­

fueled generating systems. 

The source for much of the electrical energy used in the 

Lincoln County area is the generating facilities at Hoover Dam and 

Powerplant. Because the power districts were treated as preferred 

customers when this facility went on line, the Lincoln County area 

was able to obtain electricity at very reasonable rates. There 

are two primary reasons for this inexpensive electricity: when 

Hoover Dam and Powerplant were constructed, labor and construction 

costs were low: and today, hydroelectric power is less expensive 
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to produce because there are no costs for high priced fossil 

fuels. 

Continued growth in the Lincoln County area may cause prob­

lems in electrical supplies and costs in the future. The power 

district is already receiving its allocation of electricity from 

the Hoover Dam and Powerplant. As the demand for electricity in 

the county increases, the power district will be forced to pur­

chase more expensive fuels-generated electricity from other sour­

ces. 

Natural gas is not available in the study area. Consumers 

must rely on electricity, liquified petroleum gas (LPG), or other 

petroleum products to satisfy their energy demands. In remote, 

areas, the cost of importing these fuels has increased. Energy 

costs for petroleum products have more than doubled in the last 

few years. 

Coal is another energy source that has seen some limited use 

in the study area. The amount in relation to other energy sources 

is believed very small and consists mostly of residential applica­

tions. 

Potential alternative energy resources that have some devel­

opment possibilities in the near future include solar, geothermal, 

and wind systems. The Nevada Department of Energy is actively en­

couraging the development of all of these alternative energy sour­

ces. 

Given the existing mix of energy resources that are presently 

used it is obvious that the potential for developing geothermal 

energy is very good. In order to assess the extent of the role 

that geothermal energy is supplying energy requirements in the 

study area, the NOOE has been working with the New Mexico Energy 

Institute (NMEI) to evaluate the potential of geothermal energy 

development through the year 2000. Using a computer model devel­

oped by NMEI, projections have been made of the amount of geother­

mal energy that can be economically developed through the next 40 

year period. Two primary cl asses of development are evaluated: 

residential and industrial applications by municipal developers 

and residential and industrial applications by private developers. 

Tables 8 and 9 show the projections that were developed. For 
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comparison, the amount of geothermal energy which could be devel­

oped is shown in BTU's and in the equivalent amount of oil and 

electricity. 

Based on these projections it is estimated that by the year 

1990, 6.71 x 1010 BTU's of energy could economically be devel­

oped by either municipal or private developers. By the year 2000 

this increases to 7.56 x 1010 BTU's and by 2019 it increases 

to 9.49 x 1010 BTU's. It should be noted that these projec­

tions represent an idealized situation where all the resources are 

developed to their maximum potential. Due to the location and 

physical characteristics of the resources in the study area this 

probably will not happen. 

It has been estimated, using data from the publication Energy 

in Nevada, the total anticipated energy consumption for nontrans­

portation needs in 1990 would be 7.06 x 1011 BTU's. In 2000 

it would be about 9.25 x 1011 BTU's. These figures indicate 

that under ideal conditions approximately ten percent of the ener­

gy demand in the study area could be met by geothermal energy in 

the year 1990 and about eight percent could be met by 2000. 

Because of the location of the population base in relation to the 

geothermal 

pated that 

resources found in the study area, 

the resources will be developed 

it 

to 

is not antici­

their greatest 

potential in this time period. However, if only a portion of the 

resources were developed, there could be a significant impact on 

the consumption of fossil fuels, new industry development, and new 

jobs for the people living in the study area. 

Energy costs for fossil fuels such as natural gas and oil 

will continue to rise in the foreseeable future. This is primari­

ly due to two factors: First, the source of much of this energy 

is outside of the United States and hence beyond the physical con­

trol of the country. Second, domestic sources of energy wi 11 be 

deregulated in cost by 1985. Both of these factors make coal and 

geothermal energy attractive alternatives to existing energy sour­

ces. Coal, one of the major non-renewable energy resources found 

in abundance in the United States, can be processed into synthetic 
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fuels. The cost of this coal, whether for reproduction of syn-

thetic fuels or for combustion in an electrical powerplant, is 

also high. Additionally, strip mining of coal and the air pollu­

tion created when it is burned pose serious environmental ques­

tions. 

Geothermal energy, on the other hand, is relatively clean, 

less expensive to use, and attractive to many types of developers. 

Geothermal technology is becoming more available to manage geo­

thermal reservoirs, to obtain maximum production over the longest 

period of time, and to make use of very difficult fluid types. 

Thus, the development of the geothermal resources in Lincoln 

County should be encouraged wherever and whenever possible. This 

development would benefit both Nevada's citizens and industries, 

and would contribute to the advancement of energy independence in 

this country. 

25 



Table 8 

NEW MEXICO ENERGY INSTITUTE--GEOTHERMAL DIRECT USE ENERGY PROJECTIONS-­
COMBINED INDUSTRIAL AND RESIDENTIAL APPLICATION WITH MUNICIPAL DEVELOPER 

Year 

1980 
1981 
1982 
1983 
1984 

- 1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

,_ 1 9 9 7 
1998 
1999 
2000 
2001 
2002 

~ 2003 
2004 
2005 
2006 
2007 
2008 

, _ 2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 

Projected geothermal 
energy on line (BTUs) 

-0-
-0-
-0-

6.18 X 1010 
6.25 X 1010 
6.33 x ,olO 
6.40 X 1010 
6.48 X 1010 
6.56 X 1010 
6.63 x ,olO 
6.71 X lQlO 
6.79 X lQlO 
6.88 x 1010 
6.96 x ,olO 
7.04 x 1010 
7.13 X 1010 
7 . 21 X 1010 
7.30 X 1010 
7.39 X 1010 
7.48 X 1010 
7.56 x 1010 
7.66 x 1010 
7.75 x ,olO 
7.84 X 1Ql0 
7.93 X 1010 
8.03 X 1010 
8 . 13 X 1010 
8 . 22 X 1010 
8.32 x ,olO 
8.42 X 1010 
8.52 x ,olO 
8.63 X lQlO 
8.73 x lQlO 
8.83 X 1010 
8.94 X 1010 
9.05 X 1010 
9. 16 X 1010 
9.27 X 1010 
9.38 X 1010 
9.49 x 1010 

26 

Gallons of oil 
replaced 

-0-
-0-
-0-

447,826 
452,899 
458,696 
463,768 
469,565 
475,362 
480,435 
476,232 
492,029 
498,551 
504,348 
510,145 
516,667 
522,464 
528,986 
535,507 
542,029 
547,826 
555,072 
561,594 
568,116 
574,638 
581,884 
589,130 
595,632 
602,899 
610,145 
617,391 
625,362 
632,609 
639,855 
647,826 
655,797 
663,768 
671,739 
679,710 
687,981 

Kilowatt hours of 
electricity reRlaced 

-0-
-0-
-0-

1 • 8 X lQ7 
1.8 X 10 7 
1.9 X 107 
1.9 X 107 
l. 9 X 10 7 
1.9 X 107 
1.9 X 107 
2.0 X lQ7 
2.0 X lQ7 
2.0 X 107 
2.0 X 107 
2.1 X 107 
2.1 X 107 
2.1 X 10 7 
2.1 X 107 
2.2 X 107 
2.2 X 107 
2.2 X ,o7 
2.2 X ,o7 
2.3 X ,o7 
2.3 X 107 
2.3 X 107 
2.4 x ,al 
2.4 X ,o7 
2.4 X 107 
2.4 X 107 
2.5 X 107 
2.5 X 107 
2.5 X 107 
2.6 X 107 
2.6 X ,o7 
2.6 X 107 
2.7 X 107 
2.7 X 107 
2.7 X lQl 
2.7 X 107 
2.8 X 107 



Table 9 

NEW MEXICO ENERGY INSTITUTE--GEOTHERMAL DIRECT USE ENERGY PROJECTIONS-­
COMBINED INDUSTRIAL AND RESIDENTIAL APPLICATION WITH PRIVATE DEVELOPER 

Year 

1980 
1981 
1982 
1983 

'-- l 9 8 4 
1985 
1986 
1987 
1988 
1989 

,_, 1990 
1991 
1992 
1993 
1994 
1995 

'-~ 1996 
1997 
1998 
1999 
2000 
2001 

'~ 2002 
2003 
2004 
2005 
2006 
2007 

'--- 2008 
2009 
2010 
2011 
2012 
2013 

' ___ 2014 
2015 
2016 
2017 
2018 
2019 

Projected geothermal 
eneriy on line (BTUs) 

-0-
-0-
-0-

6.18 X 1010 
6.25 X lQlO 
6.33 X lQlO 
6.40 X 1010 
6.48 X lQlO 
6.56 X lQlO 
6.63 X 1Ql0 
6.71 X 1010 
6.79 X lQlO 
6.88 X 1Ql0 
6.96 X lQlO 
7.04 X 1Ql0 
7.13 X 1010 
7.21 X lQlO 
7.30 X 1Ql0 
7.39 X 1010 
7.48 X 1Ql0 
7.56 x ,olO 
7.66 X 7010 
7.75 X 1010 
7.84 X 1010 
7.93 X 1010 
8.03 X lQlO 
8.13 X 1Ql0 
8.22 X 1010 
8.32 X lQlO 
8.42 X lQ10 
8.52 X 1Ql0 
8.63 x ,olO 
8.73 X 1Ql0 
8.83 X 1Ql0 
8.94 X 1010 
9.05 X 1010 
9.16 x ,olO 
9.27 X 1010 
9.38 X 1010 
9.49 X 1010 

27 

Gallons of oil 
rep_laced 

-0-
-0-
-0-

447,826 
452,899 
458,696 
463,768 
469,565 
475,362 
480,435 
476,232 
492,029 
498,551 
504,348 
510,145 
516,667 
522,464 
528,986 
535,507 
542,029 
547,826 
555,072 
561,594 
568,116 
574,638 
581,884 
589,130 
595,632 
602,899 
610,145 
617,391 
625,362 
632,609 
639,855 
647,826 
655,797 
663,768 
671,739 
679,710 
687,981 

Kilowatt hours of 
electricity r~~laced 

-0-
-0-
-0-

1 •8 X 107 
1 .. 8 X 107 
1.9 X 107 
1.9 X 107 
1.9 X 107 
1.9 X 107 
1.9 X 107 
2.0 X 707 
2.0 X 107 
2.0 X 10 7 
2.0 X 107 
2.1 X 107 
2.1 X 107 
2.lxl07 
2.1 X 107 
2.2 X 10 7 
2.2 X 107 
2.2 X 107 
2.2 X 107 
2.3 X 107 
2.3 X 107 
2.3 X 107 
2.4 X 107 
2.4 X 107 
2.4 X 107 
2.4 X 107 
2.5 X 107 
2.5 X 10 7 
2.5 X 107 
2.6 X 107 
2.6 X 107 
2.6 X 107 
2.7 X 107 
2.7 X 107 
2.7 X 107 
2.7 X 107 
2.8 X 10 7 
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III. THE RESOURCE 

A. General Information 

There are several geothermal areas in Lincoln County with the 
potential for commercial development. The primary ones are in the 
Caliente area and Ash Springs. In addition to these, there are 
several other sites where thermal water has been encountered 
(Figure 6). The following portion of this report includes a dis­
cussion of the known geothermal areas in Lincoln County with a 
brief description of the known characteristics of the resources. 

Evaluation of the geothermal reservoir associated with each 

of these resources is difficult because of the limited information 
currently available. The size of the reservoirs is taken from the 
USDOE publication Geothermal Direct Heat Use Market Potential. 
The heat energy stored in the reservoir was determined according 
to methodology presented in U.S.G.S. Circular 790. Using this 
methodology, the potential heat energy found in a geothermal 
reservoir is calculated using such known factors as the surface 
area of the reservoir, the depth of the reservoir, the temperature 
of the reservoir, and the specific heat of rock. The formula used 
for this calculation is: (27) 

qr= pc x ax d (t - tref) 
where: 

qr= reservoir thermal energy in BTU's 
pc= volumetric specific heat of rock plus water 40.284 BTU/ft3/°F 
a= reservoir are a 
d = reservoir thickness 
t = reservoir temperature 

tref = reference temperature (59° F . ) 

Existing technology is not capable of extracting all of the 
energy from the geothermal reservoir. To give a more realistic 
value to the energy obtainable, an assumption of 25 percent of to­
tal reservoir capacity is used. This value should be considered 

an estimate and may or may not be representative of the actual 
reservoir conditions. 
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It should be emphasized that the information presented about 

each geothermal reservoir is based on the best information cur­

rently available. The conditions in the reservoir may be consid­

erably different from those indicated. Any party investigating 

the development of any of these resources is urged to contact the 

Nevada Bureau of Mines and Geology or the Earth Science Laboratory 

of the University of Nevada, Las Vegas for additional resource 

information and to engage the services of a reputable consulting 

firm in assessing geothermal reservoirs and planning for their 

development. 

B. Caliente Area 

1. Description (12, 21) 

The community of Caliente lies in an area of known geothermal 

resources. Historically, there have been flowing hot springs with 

recorded temperatures ranging from 100° F. to 118° F. Because of 

the current water demand in the area these springs are not flowing 

today. There is, however, some indication that there is under­

ground flow into Caliente Creek. 

Hot water has been found in many wells around Caliente. The 

warmest temperatures recorded in the area was from the Aqua Cali­

ente Trailer Park well. The 160° F. water from this well is cur­

rently being used to heat about 20 mobile homes, a laundry facil­

ity, and a bath house. As the geothermal fluids mix with the 

groundwater they apparently become cooler and migrate southward 

following the direction of the groundwater flow in Meadow Valley 

Wash. At the Lincoln County medical facility, the maximum recor­

ded temperature is 120° F. As the geothermal fluids move south, 

temperatures of only 43° F. are recorded in shallow wells (Figure 

6 ) . 

2. The Reservoir 

During the summer of 1979, the Nevada Bureau of Mines and 

Geology conducted an assessment of the geothermal reservoir in the 

Caliente area. The following information is based on that assess­
ment.(21) 
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Temperature(21) 

Measured wells 

C . 0 

ane Spring---------------------------54 
Aqua Caliente Trailer Park - - - ----- - --153° 
Lincoln County Medical Facility 

Reinjection well---- ------------ -84° 
Abandoned well - ------ ----------- 118° 

Hot Sp r i n g Mote. l We l l - - - - - - - - - - - - - - - - l l 3 ° 
L. Van Kirk Well---------------------109° 
L. Van Kirk Well---------------------109° 
R.S. Van Kirk Well-------------------109° 
K. Phillips Well---------------- -- - - -107° 
Church of the Latter Day Saints Well--75° 

Miller Well--------------------------104° 
Citr Well at park---------------------59° 

F. 

F. 

F. 

F . 

F. 
F . 
FI 

F I 
F. 
F . 
F. 
F. 

Map 
Location 

Number 

l 
2 

3 
3 
4 
5 
6 

7 
8 
9 

10 
11 

Figure 6 shows the location of the wells listed above. 

Volume 

The limits to the Caliente geothermal reservoir are very dif­
ficult to define. The highest temperatures in the reservoir ap­
pear to be near the northern part of the community with a gradual 
decrease towards the south as the geothermal fluids are mixed with 
local groundwater. Because of this gradual transition between 
geothermal water and groundwater, exact limits on the size of the 
reservoir cannot be specifically defined. However, the area in 
which thermal water has been found covers an area of somewhat less 
than one square mile. Depth of the reservoir is unknown, but the 
highest water temperatures recorded were from a well only 88 feet 

deep. For calculation purposes the volume of the Caliente geo­
thermal reservoir has been determined to be 0.35 cubic mile.(25) 
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Water Chemistr_y 

Table 8 shows the water chemistry analyses for 12 wells in 
the study area. These analyses indicate that the water meets al 1 
standards for safe drinking water although a few samples violate 
the iron standard. 

Energy Content(27) 

Potential heat energy found in the reservoir-------2. l x 1014 BTUs 
Heat energy extractable with existing technology---5.2 x 1013 BTUs 

B. Other Geothermal Resources in Lincoln County 

l. Panaca Warm Springs(l2) 

Panaca Warm Springs are located immediately north of the town 
of Panaca. The springs range in temperature from 85° to 88° F. 

The flow ranges between 1,800 and 6,277 gallons per minute. Cur­
rently, water from this area is being used for Panaca's municipal 
water supply. Nearby wells have water ranging in temperatures 70° 
to 78° F. Typical water chemistry analys_es are listed in Appendix 
l. These analyses indicate that water from Panaca Warm Springs 
meets al 1 standards for safe drinking water. The volume of the 
Panaca Warm springs geothermal reservoir is estimated at 0.24 
cubic mile.(24) 

Energy Content(27) 
Potential heat energy found in the reservoir-------4.l x 1013 BTUs 
Heat energy extractable with existing technology---1.0 x 1013 BTUs 

Special Note 
Panaca Warm Springs are located in a designated ground water 

basin and are subject to special regulation by the State Water En-

gineer's Office. 
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2. Oelmue's Springs(l2) 

The two Delmue's Springs are located about six miles north­

east of Panaca Warm Springs. The temperature of the springs are 

70° F. with a 200-gal lon per minute flow rate. The water is used 

for irrigation. No water chemistry information is available. The 

volume of this reservoir is estimated at 0.24 cubic mile.(25) 

Energy Content(27) 

Potential heat energy found in the reservoir-------1.6 x 1013 BTUs 

Heat energy extractable with existing technology---3.9 x 1012 BTUs 

3. Flatnose Ranch Springs(l2) 

The Fl atnose Ranch Springs are about 12 miles northeast of 

Panaca Warm Springs. Temperatures up to 77° F. have been record­

ed. Flow rates are up to 400 gallons per minute. The water is 

used for irrigation. One typical water chemistry analysis for the 

Flatnose Ranch Springs is given in Appendix l. Water from this 

geothermal reservoir meets al 1 standards for safe 

The volume of this reservoir is estimated 

mile.(24) 

Energy Content(26) 

drinking water. 

at 0.24 cubic 

Potential heat energy found in the reservoir-------2.6 x 1013 BTUs 

Heat energy extractable with existing technology---6.4 x 1012 BTUs 

4. Hiko Springs(l2) 

Hiko Springs 

Pahranagat Valley. 

are located in the northeastern portion of 

Temperatures range between 80° and 90° F. and 

flow rates between 538 and 2,499 gallons per minute. The water is 

currently used for irrigation and for domestic purposes. Typical 

water chemistry · analyses are listed in Appendix l. Water from 
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Hiko Springs meets all standards for safe drinking water. The vol­

ume of this geothermal reservoir is estimated to be 0.24 cubic 

mile.(25) 

Energy Content(27) 

Potential heat energy found in the reservoir-------4. l x 1013 BTUs 

Heat energy extractable with existing technology---1.l x 1013 BTUs 

5. Crystal Springs(l2) 

Crystal Springs is located about five miles south of Hiko 

Springs. Temperatures range from 81 ° to 90° F. and flow rates 

from 2,680 to 9,000 gallons per minute. There are at least two 

springs. 

purposes. 

pendix 1. 

The water has been used for irrigation and for domestic 

Three typical water chemistry analyses are given in Ap­

Water from Crystal Springs meets all standards for safe 

drinking water. The volume of this reservoir is estimated to be 

0.24 cubic mile.(24) 

Energy Content(27) 

Potential heat energy found in the reservoir-------4.4 x 1013 BTUs 

Heat energy extractable with existing technology---1. l x 1013 BTUs 

6. Ash Springs(l2) 

Ash Springs are located about seven miles south of Crystal 

Springs. There are six main springs ranging in temperature be-

tween 88° and 97° F. Flow rates range between 7,630 and 10,300 

gallons per minute. The water is used for irrigation, recreation 

and domestic purposes. Typical water chemistry analyses are re-

produced in Appendix l. Water from Ash Springs meets all stand-

ards for safe drinking water. The Ash Springs geothermal reser-

voir is estimated to have a volume of 0.24 cubic mile.(25) 
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Energy Content(27) 

Potential heat energy found in the reservoir-------5.4 x 1013 BTUs 

Heat energy extractable with existing technology---1.4 x 1013 BTUs 

7. Geyser Ranch Springs(12) 

A series of warm springs are located in the Geyser Ranch at 

the north end of Lake Valley. Reported temperatures range between 

65° and 75° F. and flow between 50 and 1,400 gallons per minute. 

The water is used for irrigation purposes. A typical water chem­

istry analysis is given in Appendix 1. Water from Geyser Ranch 

Springs meets all standards for safe drinking water. This reser­

voir is estimated to have a size of at 0.24 cubic mile.(25) 

Energy Content(26) 

Potential heat energy found in the reservoir-------2.3 x 1013 BTUs 

Heat energy extractable with existing technology---5.7 x 1012 BTUs 

Special Note 

Geyser Ranch springs is located in a designated groundwater 

basin and is subject to special regulation by the State Water En­

gineer's Office. 

8. Hammond Ranch(12) 

A large warm spring is located at the head of Camp Valley on 

the Hammond Ranch . The water has a temperature of 84° F. and is 

used for irrigation. No water chemistry information or flow rate 

is currently available on this warm spring. The volume is esti­

mated to be 0.24 cubic mile.(25) 

Energy Content(27) 

Potential heat energy found in the reservoir-------3.6 x 1Ql3 BTUs 

Heat energy extractable with existing technology---8.9 x 1012 BTUs 
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9. Sand Springs{l2) 

Sand Springs is the only reported thermal area in north­
western Lincoln County. It has a temperature of 96° F. and a flow 
rate of 0.2 gallons per minute. Several wells in the vicinity 
have temperatures ranging from "just warm" up to 83° F. One typi­
cal water chemistry analysis is given in Appendix l. This analy­
sis indicates that water from the Sand Springs area meet all 
standards for safe drinking water. The Sand Springs area geother­
mal reservoir is estimated to be 0.24 cubic mile in size.(25) 

Energy Content(27} 

Potential heat energy found in the reservoir-------3.4 1013 BTUs 
Heat energy extractable with existing technology---8.5 xlol2 BTUs 

Special Note 

Sand Springs is located in a designated groundwate~ basin and 
is subject to special regulation by the State Water Engineer's 
Office . 

10. Bennett's Springs 

Bennett's Springs are located about 12 miles west of Panaca 
Warm Springs. They have a temperature of 70° F., a flow of 10 
gallons per minute, and are used to water cattle. 
istry analyses are available. The volume of this 
servoir is estimated to be 0.24 cubic mile.(25) 

Energy Content(27} 

No water chem­
geothermal re-

Potential heat energy found in the reservoir-------1.6 x 1013 BTUs 
Heat energy extractable with existing technology---3.9 x 1012 BTUs 
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IV. THE USES 

A. General Information 

Uses for geothermal energy fall into two broad categories; 
electrical generation and direct use of the hot water. Electrical 
generation on a practial commercial scale requires both a high 
temperature resource and a large geothermal reservoir. It appears 
that none of the geothermal areas in Lincoln County meet these 
criteria. 

Direct uses of geothermal energy are more varied and can 
economically use both lower temperature and less extensive re­
sources. Figure 7 illustrates the various types of uses for geo­
thermal energy and the temperature requirements for each use. 
Several of these uses may be developed in Lincoln County. 

B. Caliente Area 

The geothermal resource found in the Caliente area has been 
put to use to the advantage of several of the citizens of the com­
munity. In 1978, the United States Department of Energy awarded a 
$30,000 Appropriate Technology Grant to the Aqua Trailer Park to 
install the necessary facilities to supply the heating demands of 
about 50 trailer sites, a laundry building, and a bath and shower 

house. 
In 1979, another Appropriate Technology Grant was issued to 

the William C. Dils Medical Center in Caliente for the purpose of 
drilling two wells and retrofitting the hospital's heating system 

to use geothermal heat. 
is 100° F. at 80 feet. 

Two wells have been drilled. The warmest 
It is estimated that geothermal energy is 

supplying about 75 percent of the heating needs at the hospital . 
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EVAPORATION OF HIGHLY CONC . SOLUTIONS 
REFRIGERATION BY AMMONIA ABSORPTION 

DIGESTION IN PAPER PULP, KRAFT 

HEAVY WATER VIA HYDROG. SULFIDE PROC. 

DRYING OF DIATOMACEOUS EARTH 

DRYING OF FISH MEAL 
DRYING OF TIMBER 

ALUMINA VIA BAYERS PROCESS 

ALCOHOL DISTILLATION 

DRYING FARM PRODUCTS AT HIGH RATES 

CANNING OF FOOD 

EVAPORATION IN SUGAR REFINING 

TEMPERATURE RANGE OF 
CONVENTIONAL ELECTRICAL 

POWER PRODUCTION 

EXTRACllON OF SAL TS BY EVAPORATION AND CRYSTALIZATION 

FRESH WATER BY DISTILLATION 
MOST MUL TiPLE EFFECT EVAPORATIONS, CONCENTR. OF SALINE SOLUTION 

REFRIGERATION BY MEDIUM TEMPERATURES 
DRYING AND CURING OF LIGHT AGGREGRATE CEMENT SLABS 

DRYING OF ORGANIC MATERIALS, SEAWEED, GRASS, VEGETABLES, ETC . 

WASHING AND DRYING OF WOOL 

DRYING OF STOCK FISH 

INTENSIVE DE-ICING OPERATIONS 

DISTRICT SPACE HEATING 

GREENHOUSES BY SPACE HEATING 

CALIENTE HOT SPRINGS 
REFRIGERATION BY LOW TEMPERATURE 

ANIMAL HUSBANDRY 
GREENHOUSE BY COMBINED SPACE AND HOTBED HEATING 

RESIDENTIAL SPACE HEATING 
MUSHROOM GROWING 

BALNEOLOGICAL BATHS 
---+- PANACA WARM SPRINGS, HIKO SPRING·, CRYSTAL SPRINGS, ASH 

104 SOIL WARMING SPRINGS, HAMMOND RANCH, SAND SPRINGS VALLEY 

FLATNOSE RANCH 
SWIMMING POOLS, BIODEGRADATION, FERMENTATION 
WARM WATER FOR YEAR AROUND MINING IN COLD CLIMATES, DE-ICING 

- I DELMUE'S SPRING, GEYSER RANCH, BENNETTS SPRINGS 
HATCHING OF FISH, FISH FARMING 

FIGURE 7. GEOTHERMAL USE TEMPERATURES. 
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Continued interest by the people o.f Caliente prompted the 

Nevada Department of Energy (NOOE), the Nevada Bureau of Mines and 

Geology (NBMG), and the Oregon Institute of Technology (OIT) to do 

a geologic study of the geothermal system and an engineering and 

economic feasibility study of installing a district heating system 

for the community . 

The geological study by the NBMG(21) included such tasks 

as: co 'llection of existing geologic and hydrologic data; aerial­

photo interpretation to define structural controls; reconnaissance 

geologic investigations; temperature measurements of existing 

water wells; collection and analyses of water samples from exist­

ing wells, surface waters, and springs; a two-meter temperature 

probe survey; and collection of soil samples for mercury analysis. 

Fol lowing the execution of all of these tasks and the receipt of 

all laboratory results, geologists from the NBMG made the siting 

recommendation for two production wells. 

Concurrently with the geological study, the NOOE and OIT con­

ducted a joint engineering and economic feasibliity study for the 

district space heating system.(17) The results of this study 

indicated that such a geothermal heating system is economically 

feasible assuming that a 160° . F. source capable of delivering a 

peak load of 850 gallons per minute from a relatively shallow 

depth can be located within or near the city boundaries. The com­

munity, with the assistance of the NOOE is currently exploring 

methods of financing such a development. 

There are several other types of applications that could make 

use of water in the temperature range found in Caliente. These 

include the aquacultural raising of fish and prawns, greenhousing, 

various animal husbandary practices, recreation, and low tempera­

ture industrial processing. Several of these activities could be 

combined in a cascading sequence where the water is passed from 

one user to another as the temperature decreases • 
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B. Other Geothermal Resources in Lincoln County 

The potential uses for the other ten geothermal resources in 

Lincoln County somewhat are limited by both their low temperatures 

a.nd remote locations. All of the remaining thermal 

Lincoln County have temperatures of less than 100° F. 

springs in 

With the 

exception of Ash Springs, all are some distance from any nearby 

population centers. 

Typical uses for geothermal water with temperatures charac­

teristic of these springs include recreational developments, fish 

farming, prawn farming and heating, or cooling using heat pumps. 

Ash Springs, near the small community of Alamo, has already under­

gone development into a recreational facility for local residents 

and an occasional tourist. The other springs are too close to Ash 

Spring, or too far from any population base for significant recre­

ational development. 

The staff of the University of Nevada, Reno is investigating 

the development potential of various springs in Lincoln County for 

the prawnfarming industry. The results of this investigation sug­

gests that the only spring with the temperature and flow suffic­

ient for economically feasible development is Ash Springs. It is 

conceptually possible to divert water from the channel leaving the 

recreational development into large prawn ponds. This water could 

then be disposed of by diverting it into the existing drainage 

channels. The water leaving the prawn ponds would have picked up 

nutrients from the ponds making it advantageous for ranchers to 

use for irrigation. There are two potential problems with this 

type of development: obtaining the necessary land on which to 

build the prawn ponds, and obtaining rights to use the water. 

Even though most of the water will be only temporarily diverted, 

some will evaporate. If water is in extreme demand in the area, 

such a loss in the diversion may adversely affect end users. The 

Nevada State Water Engineer's Office is being contacted by Univer­

sity staff to evaluate the existing water rights and the potential 

of such a problem. 
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Ranching is an important factor to the economy of the area. 

The use of several warm springs for various types of animal hus­
bandary activities could only improve the economic situation of 

the agricultural community . 
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V. CONCLUSION 

The potential for geothermal development in Lincoln County is 

somewhat limited. In spite of this, there has already been sub­
stantial development in the Caliente area. A trailer park, sev­
eral private residents, and a hospital are using geothermal energy 
to meet some of their space heating and hot water needs. 

Recent studies completed by NBMG, NOOE, and OIT indicate that 
it is technically and economically feasible to develop a geother-
mal district space heating system in Caliente. In this study, 
NBMG located two potential well locations.(21) OIT's study 
indicated that, based on an eight percent bond financing of a cap­
ital investment for equipment of $2,500,000, a present worth of 
about $5,400,000 would be generated over the project life,(17) 

thus making it economically feasible to develop a district heating 
system in the community.(17) 

The total energy saved by the installation of such a district 

heating system would be 63 million KWH of electricity and 7.5 mil­
lion therms of fossil fuel over the life of the system. 

Such a saving in electrical energy could reduce the impact of 
the growth of the county on future electrical energy demands. By 

reducing this demand, the need to import expensive electrical en­
ergy from new suppliers would be diminished. 

Ash Springs, near the community of Alamo, also has some po­
tential for the development of an aquacultural industry in addi­
tion to the current, use of the site as a recreational area. If 

such a development did indeed occur, the benefits derived from 
having a new industry in the area to broaden the economic base of 
the community would be noticeable. 

The other warm springs in Lincoln County appear at this time 
to have somewhat restricted development potential. The temperat-
ures in these springs, their distance from any population base, 

and flow rate characteristics would make the development of these 
resources somewhat less than optimal. However, if existing con­
ditions changed and became conducive to the development of these 
resources, that development could add much to the economic base of 

the county . 
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Summarizing, there are many different types of benefits to be 
derived from the development of the geothermal resources in 
Lincoln County. These include, but are not limited to: 

l . Creating new industry. 
2. Expanding existing industry. 
3. Creating new jobs. 
4. Creating additional spendable income in the region. 
5. Broadening both the economic and tax base of both the 

county and the state. 
6. Displacing the use of expensive, diminishing fossil fuel 

for either direct use of for electrical generation. 
The development of the geothermal resources located in 

Lincoln county is thusly considered to be beneficial to ~he coun­
ty, the state, and to the nation. For these reasons, such devel­
opment should be encouraged wherever possible. 
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VI. ADDITIONAL INFORMATION 

Additional information on the occurrence, character, or de­
velopment of Nevada's geothermal resources may be obtained by 
writing, calling, or visiting any of the following: 

Nevada Department of Energy 
400 West King, Suite 106 

Carson City, Nevada 89710 
{702) 885-5157 

Nevada Department of Conservation 
and Natural Resources 
201 South Fall Street 

Carson City, Nevada 89710 
{702) 885-4380 

Nevada Bureau of Mines and Geology 
University of Nevada-Reno 

Reno, Nevada 89557 
{702) 784-6691 

U.S. Bureau of Land Management 
Room 3008, Federal Building 

300 Booth Street 
Reno, Nevada 89509 

(702) 784-5748 

U.S. Geological Survey 
District Geothermal Office 

4600 Kietzke Lane 
Reno, Nevada 89502 

{702) 784-5676 

University of Nevada, Las Vegas 
Environmental Research Center 

Division of Earth Science 
255 Bell 

Reno, Nevada 89503 
{702) 784-6151 
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V I I I . Appendix 

l. Water Chemistry Analyses 

Identification pH Si02 Fe Ca Mg Na K HC03 C03 S04 Cl F N02 B TDS 
Panaca Warm Springs 

Spring 8. l 46 0.3 40 23 2 . l 178 0 27 18 - 0 - 283 

C. Kenneth Lee 
South Well 51 0 31 9.8 38 6.8 189 - 29 15 l. 6 2.6 O. l 271 

Flatnose Ranch Springs 

Spring - 20 - 30 10 42 162 0 44 20 0 - - 247 
Hiko Springs 

Spring 8.0 33 - 44 23 29 7. 2 26 0 0 36 l l . 0 5 . 05 12 494 

Spring - - - 45 27 17 - 268 - 24 8.9 

Spring - - - 48 23.2 29.9 - 281 0 . 35.5 l O . 5 
Crystal Springs 

::,, 

0 Spring 7.2 31 - 46.2 22.2 23.9 5.5 242 0 47 9.9 2.9 0.6 0.4 -

Spring - 55 23 37 - 264 - l 3 7.0 

Spring 8.4 28 0 45 23 23 5.2 272 - 27 8.0 0.5 l. l 0.2 295 
Ash Springs 

Little Ash 
Spring 7.6 29 .Ol 56 14 31 5.6 266 0 34. l 21 - 0.7 - 332 

Spring - - 46 18. l 20.9 - 256 0 43.8 10.5 - - .37 

Spring 6.4 53.6 10.0 47.2 - 264 - 40.7 13.6 
Geyser Ranch Springs 

Geyser Springs 8.0 13 - 30 3.4 3. 0 l. 0 l 03 - 5.0 3.0 0 0.6 115 181 
Sand Springs 

Spring 8.0 - - 36 22 - 67 357 0 25 5 
Nevada Safe 
Drinking Water 

.03 125 250 250 500 
Standards 
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