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1.0 INTRODUCTION

Naturally'pccurring“hot water has been identified in a number

of water wells in the Hawthorne area; the town, therefore, is

- cowpidered a prime candidate for the utilization of this

‘alternative energy source. In order for the citizens of

Hawthorne to benefit from this resource, the Nevada
Department .of Energy (NDOE) contracted with Geothermal

Development Associates to prepare a plan for geothermal

-deveiopmént at the town site. To lay the groundwork for a

plan, the potential for development was first analyzed and a
set of required procedures identified. This report describes

the,results of the analyses as well as a plan for the

_ dé?%lopment of the geothermal resource.

In the second secfion of the report, site characteristies
pertinentptO'the~gepthermal development are describéq. ‘These
chg{écte;ispicsfipcldde physiography, demography, economy, and
gofis ana opjeétivés of the citizens as they would rplate to ‘
geothermal‘deveiopmenf;; The ﬁhird section ééscribes the geo-
thermal resourcg;:‘Tﬁe résefvoir is charapterized on the ba-
sis of available information. The probable drilling depth‘to
the reservoir, anticipated water production rates, water qualé

ity, and resourcé temperatures are indicated. -

Usés of the energy that seem appropriate to the situation
- , _
both now and in the near future at Hawthorne are described in
the fourth section of the report. The amounts and types of

energy currently consumed by end'userslarebestimated. Using

1-1
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thfé data base, cbnceptual enginéering designs and cost
estimates for three alternative district heating systems are
presented. ‘In addition, the results of a life cycle cost
ana}ysis fof these alternatives are discussed. The content
 9£3§he fourth section is based upon earlier analyses |
.performed by Chilton Engirieering (1981); The Spink
Corporation (1981); and the Oregon Institute of Technology,
.Geo-ﬂeat Utilization'Center (1981).

The fifth section_of thevreport discusses the essential in-
stitutional requirements for geothermal energy development,
vihéluding the financial; eﬁvironmental, and legal and
regulatory aspects. The sixth section describes the various
sggbs that are necessary to accomplishvtﬁe construction of
th;&geothermal districtihéating system ét Haﬁthorne. A time-

line.phart shows the tasks, the time estimated to be required

for éach, and the intefrelationships among the activities.

tew
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2.0 SITE

2.1

DESCRIPTION

Physiography

- 'Hawthorne 'is an unincorporated community in Mineral

County, Nevada. To the west of it lies the Wassuk
Mountain Range ahd.tq 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

Qu",.'

Basin and Range physiographic province, at an elevation

of 4,400 feet. Characteristic features are internal

drainage, ephémerai lakes, and high seismic activity.

Precipitatioh is light, averaging only four inches per

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

*in July, but daily variations of 50°F are not uncommon

(Murray - McCormick Environmental Group of NeVada,

1974). Heating-degree-day (hdd) recdrds are available

‘only for'Miﬁa,'35Am11es away. With a slightly more

‘ sévere'elimate7than»ﬂawthorné,,Mina experiences an

annual 5,082 hdd (Nafidnal Oceanic and}AtmOSpheric
Administration, 1978). |

Population

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.

2-1
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= Preliminary 1980 census data show a population of 3, 690
persons (Table 2.1).

TABLEV2.1, Hawthorne population (after R. Rigsby,
' Oral Communicatlon, 1980).

el 1980 Change % of County
Population 1970-1980 Population
Hawthorne 3,690 , + Ug - 60%

Mineral County projects a 20-year growth of 30 percent,

for the couhty as a whole (Table 2.2).

TABLE 2.2 Mineral County population (after
R. Rigsby, Oral Communication, 1980).

- 1980 1985 (est.) 1990 (est.) 2000 (est.)

Mineral ’ _ '
County 6,168 6,559 7,006 . 7,990

_“,, !'Q‘;l

Ir as‘expectedlﬂawthdrhe ‘experiences an'equiValent‘
growth rate, its year 2000 population would be 4 800 (R.

Rigsby, Oral Communication, 1980).

2.3 Infrastructure

Water resources are obtained primarily from two in-town

x wells, with supplementation ffom a half-million-gallon
storage reservoir (Fiéure 2.3). The latter, by itself,

has insufficient capacity to supply the town. The

2-4'.
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: wells, however, yield water of high salinity. Together,

a 2,400 gallon per minute (gpm) system of:marginal

- quality is achieved. The water table levels beneath the

town have been found to be receding at more than one

- foot per year (Murray - McCormick, Oral Communication,

1980), which apparently réflects recent drier than
average conditions in the region (W. Cuchine, Oral

Communication, 1980).
Land Use

As shown in Table 2.3 and Figure 2;4, commercial land
uses in Hawthofne.gre cohcentrated mostly on F Street,

K Street and P Street. The public bﬁildings are largely
in the northeast corner. Residences are the largest
user of land, but they are relatively widély separated
within the city limits.

TABLE 2.3 Hawthorne land use (after Murray - McCormick
Environmental Group of Nevada, 1974).

A ‘ Acreage
ReSidential e ® o o o e ° " 0 o o o . . o . 168
Public (parks, schools, etc D 80
Retail L] * * L] L ] . L] [ ] [ L] L] .' L] * L) L ] [ ] L ] L] 50
Industl“ial . . . . v e . . . . . » . . . . . : 25
Vacant L] L] * L] * * * [ ] L .' . . L] * . » . 125
Other (cemetary, trailer park, etc ) I T223
Total: = . | 1,391
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2.5

Of the 1,424 residential units, seventy-two peroent are
single family houses and another 16 percent are mobile
homes. Most are onner occupied, with only 17 percent

renter occupied (w. Cnchine, Oral Communication, 1980),

- Additional industry (Figure 2.5) is being encouraged for

several sites in and around Hawthorne (Adams'and Conger,
1977). Much of the iand surrounding the town is used
for military purposes, with ownership of these areas
having been transferred from the Navy to the Army in

1977.
Economy

The ammunition depot has long been the'primary'source of_
employment in Hawthorne. ‘This is changing, however, for

two reasons. First, the post-Vietnam reduction of

" ammﬁnition procurements has reduced the labor force at

| '.'..:’

i

the depot from 1,800 persons in 1969 to 647 persons in
1980. Second, a recent surge of mining act1v1ty in
Mlneral County has proved beneficial to Hawthorne, in
particular, as workers and. corporate branch_offlces have

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

Also fundamental to the economy are the tourism and
entertainment industries. The E1 Capitan Casino brings
in thousands of‘touristspeach year. Many more pass
through the town on U.S. 95, the major thoroughfare
connecting Las Veges and Reno (W. Cuchine, Oral

Communication, 1980).
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3.0 RESOURCE EVALUATION

3.1

3.2

g

b o7

Introduction

Thé Héwthqrne geothermal fesoufce area lies within the
_Whiskey Flat-Hawthorne segment of the Walker Lake Valley
hydrographic area. This is a structural depression 10
to 15fmi1és_in'kidth, trending in a southeasterly
direction betﬁééh the Cillis and Wassuk Ranges.' The
valley.terminates against the Garfield Hills io the
southeast (Plate I).

General Geology
3.2.1 Stratigraphy

The Cityhof Hawthorne is situated only three
miles from the Wassuk Range which is comprised
primarily of Mesozoic intrusive granodiorites and
quartz monzonites with severél vdlcanic'roof
pendants of the Triassic Excelsior formation.

The Gillis Range is similar in lithologies with
‘the addition of Mesozoic flows. The Garfield
Hills‘éhow the most recent volcanic activity, |
withlbﬁsaltic and andeéitic floﬁs dating 17 to 6

‘million years in age (Stewart and Carlson, 1976).

Several volcanic (or cinder) cones, dating less

than 6 million years in.age, including the Aurora

3-1
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3.2.2

Crater, are located to the south and west of the

study area.

The valley proper is alluvium-covered "valley

fill" of unconsolidated to poorly consolidated

.clay, Silt, sand, and gravel of Quaternary and

Tertiary ages. Beneath this clastic section are
Tertiary volcanies, The depth of the valley fill

is unknown, but is believed to be over 1,000 feet

-thick, taking into account the depth of existing

'iwater wells.

-Structure

Walker Lake Valley, together with the rest of
Nevada, has been the scene of extensive, high
~angle faulting which penetrates déep into the

earth's crust. These faults, many of which have

been active from Tertiary to Recent times,

frequently act as conduits for rising geothermal

waters.

.Northerly-trending faults of this age are
-particularly in eyidence along the western
 perimeter of Walker Lake and-beyond to the south

‘along'the eéstern flank of the Wassuk Range.

Segments of this fault set have displaced the

Quaternary alluvium between the mountains and

~ Hawthorne.

3-2
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3.3.1

A northeasterly-tfending fault set extends from

the bedrock into the valley where the faults

~displace Recent sediments.

. Hydrogeology

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

aquifefs;and‘the underlying bedrock aquifer. The

~a11uvia1“aquifers}1permeability is primarily

cbntrolléd'by its unconsolidatéd sediﬁentary

structure. -Due to compaction, the permeability

generally deéreases 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 reChérge for the gréund~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 of the precipitation enters’

‘fractures in the mountains and is transmitted to

the valley fill and the deep bedrock aquifer.
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Several welié near Hauthqrne report a-1o$s of head
with deﬁth,_indicating some downward flow of water
in the alluvium. Due to low permeability in the

allu?ium at depth, this source of recharge to the

bedrock is only significant on a broad regional

‘basis. Everett and Rush (1967) estimated the

average annual recharge for the Whiskey Flat
~Hawthorne subarea (Figure 3.1) to be 5,400 acre

~-feet,

4Meteoric water in the bedrock fractures is heated

by abnormally high crustal heat flow common in the

Basin and‘Rangé province. 1In feSponse to the

density-gfadient induced by the increased
temperature, the water circulates upward along the
range front faults into alluvial aquifers. Once
in the alluvium, the-thermal wéter flows outward
from the fault into the unconsolidated sand and
gravel, and mixes with the cooler water. The
thermal-wells in and afound the Hawthorne vicinity
intersect thé thermal water in the alluvial

aquifers.

-Figure 3.2 shows generalized ground-water levels

in the Hawthorne area. The direction of ground
~-water flow is toward Walker Léke{which is the
prime sink fdf thg ground-watef system in the
valley. Water levels range upward to 500 feet in

depth-hear the Waésuk Mountains, to Walker Lake
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which is a surface eipression of thé water table.
There has been a reversal of hydraulic gradients
in the vicinity of Hawthorne due to extensive

pumping of the ground water by the city.

Movement 6f.water.tﬁrough the grOUnd-water system
and the ability of the water to move to wells is
éontrolled principally by aqu;fer transmissivity.
Pump-testé made at Naval‘Ammunition,Depot (NAD)
supply wells 1, 6, 7, and 8 show widely varying
transmissivities (Table 3.1). The tests indicate
that the ground-water system penetrated by these

wells is highly transmissive at NAD wells 1 and 6,

. along the western side of the valley, but much

less transmissive at NAD well 7 in mid-valley.
Coarser~grained sediments (sand and. gravel)
deposited adjacent to the mountain front conduct

water more freely, while finer-graineéd sediments

' (silt and clay), transported further from the

soufce,area, are responsible for the lower
transmissivity value observed in the central

valley.
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3.3.2

TABLE 3.1 Reported transmissivity values of
NAD supply wells in the Hawthorne
area (after Van Denburgh and Rush,

1975).
'NAD SUPPLY WELL TRANSMISSIVITY
: i (sq.ft./day)
1 40,000
6 25, 000
7 270
8 1,300

Water Well Chemistry

Chemical analysis of water samples from wells in the
vicinity of Hawthorne are listed in Table 3.2.
Concentrations of chemical conStitUents show wide
variations Qith-time and space. The arsenic level
exceeds the U.S. Public Health Service drinking
water standards (0.05 ppm) in well NAD 15. High
levels of fluoride were also encountefed;‘and |
several wells reported bofon,'withrNAD well 2

reporting the'highest level at 2.1 ppm. Ground

-water samples contain comparatively high amounts of

sulfate if they originate in the alluvial valley
fill. Sulfate values range from less théndso ppm
for Squaw Springs and well Hawthorne Utilities}Weil
(HUW) 3 in Corey Canyon.outside the alluvium, to
more than 500 ppm in well HUW 1 within the alluvium.
The highest value of 854 ppm applies to the shallow
aquifer of well HUW 5 ét a depth of U450 feet. The
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TABLE 3.2 Chemistry of various wells near Hawthorne (after
Bohm and Jacobson, 1977).

SAMPLE ~ DATE  T°F Ca Na K ¢l . si0, KT°F S0, pH  TDS HCO, F
NAD 1 »}{ %4/77 | 124.7 | 61 14 | 6.4 | 63% | 31.8| 150.8 | 386 | 8.1 ™9+l 51 |1.75 ¢
NAD 1 | "4/76 - 58 196 8.0 | 66 - | 167 413 | - 792 | - -
NAD 2 8/75 | 81.5 | 82 187.5 |11.9 | 85.6 | 58.4 | 176 405 | 7.52 | 987 (134 |1.09-
NAD 2 4/76 | - | 78 219 15 97 - {1956 | - | - |1006 | - -
NAD 3 | 12/52 - 32 245 10 102 54 210.2 | 374 | - 950 |118 (6.8
NAD 3 | .2/66 |.100.4 | 33 - 101 - |- 372 | 7.9 - 100 -
NAD 4 5/73 - 105 110 6.6 | 84 125.6 | - - - - -
NAD 4 8/75 | 73.4 | 106 78 5.7 | 78 - | 113 321 |7.35 | 1110 |o0.21
NAD 6 8/75 | 75.2 | 77.5 | 126 5.9 | 68 23.8 | 132.8 | 340 | 7.5 752 | 96 [0.9
NAD 6 | 10/71 - | 78 |136 6.0 | 87 | - | 134.6 | 334 | - 816 | - -
NAD 7 8/75 - | 18.2 |135 | 4.4 | 60.4 [136° | 170.6 | 204 | 8.62 | 625 | 61 |3.35
NAD 8 8/75 | 78.8 | 74 137.5 | 7.4 | 52.9 | 43.9 | 147.2 | 193 | 7.42 | 780 |[259. |2.85
NAD 8 4/77 | 79.7 | 92.5 | 120 5.0 | 51 44.5 | 118.4 | 147 | 7.4 | 840 |297 |1.8
HUW 1 1/74 - | 150 66 7 63 - 1109.4 | 533 |7.75 | 1033 | 68 |0.23
HUW 1 4/71 - 138 - - 65 - - 447 | 7.86 | 903 | 93 |0.32
HUW 2 7775 - 69 168 6 87 - |141.8 | 383 | 7.99 | 790 | 88 |1.43
HUW 2 6/76 - 64 172 7.0 | 87 - | 154.4 | 366 | 7.95 | 808 |102 |1.59
HUW 3 7/75 - 63 31 4 17 . - 98.6 | 91 |7.35 | 319 |168 "|0.08
HUW 3 6/76 - 34 19 3 7 - 96.8 | 19 | 7.35 | 191 {146 |0.15
HUW 4 4/71 - 67 . - 11 - |- 75 | 7.64 | 341 |173 |0.11
HUW 6 4/71+| - 120 45 3 26 - 71.6 | 157 | 8.2 578 {307 |0.58
HUW 6 | 11/73 - 92 45 3 30 - 78.8 | 171 | 7.9 404 |212. |0.21
NAD 14 | 6/75 | 60.8 3.2 | 286 10.8 | 150 20.1 | 311 138 | 8.23 | 1000 [382 |3.57
NAD 16 | 6/75 | 62.6 1.4 | 92 1.98 | 10.6 | 19.2 | 248 61 | 7.95 | 360 |173 |0.35
NAD 158 | 6/75 | 66.2 | 17.6 |155 8.34 | 63 21.2 |300.2 | 114 | 8.05 | 631 |245 |0.95
EL CAP | 6/80 | 90 37.7 2.58 | 10.6 | 87.5 | 25.2 - 502 | 8.65 - 25.5| -

All data reported in ppm.

NAD - Naval Ammunition Depot We1ls,

Sources:

‘Boyle - Engineering Rept. (1975);

Report 40.

HUW - Hawthorne Utilities Wells

Lawrence Livermore Pilot Study; Data from well
owner; Desert Research Institute, Reno; Water Resources Reconnaissance Series,



recqrds'of HUW 5 indicate that sulfate probably

varies more in-the vertical direction than in the
horizbntal direction. Boﬁm and Jacobson (1977), -
using data available from HUW 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.

i As previously mentioned, the thermal waters are
A locatgd ét a relatively shallow depth and thus
are.abIé to mix with cooler subsurface water.

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

empirical method described by Fournier and

Truesdell (1973) for estimating the geothermal

reservoir temperature can be employed.

[ TR

A fre-
quency distribution of calculated temperatures

for various wells in the Hawthorne region is
-shown in Figure 3.3.

This graph indicates a wide
variation in estimated reservoir temperatures (up

to 320°F), though calcUlationS-indiéate a range

of 104° to 212°F as being most prominent.

Geothermometers were developed>in rapid flow,
high-temperature systems (i.e.,‘Yellowstone, WY;
The Ge&sefs, CA). The Hawthorne system is a com-

paratively slow circulating, iow-temperature sys-

tem, and therefore caution is advised in plécing
3-10
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too much emphasis on the calculations. The Na-K
-Ca geothermometer is at best a gross indication

of the source water temperature.

Geothermal System

Direct evidence of thermal activity in the Hawthorne
area are temperatures ranging from 71°F to 210°F (Table
3.3) in several wells. Presumably, deep circulating

thermal-watef flows upward along the range front faults,

“and mixes with cooler water flowing eastward and

‘northward from the WaSSUR Range and Whiskey Flat areas

in the shallower parts of the alluvium.

The El Capitan well encountered 210°F water at a depth
of 1,000 feet. The well was not deep enough‘to inter-
sect the main rangé front fault, but several Quaternary

age faults, ldcated between the well and the Wassuk

'Rangé, preSent the strong possibility of a fault passing

beneath the well at depth (Plate I). -

Well HUW 5 is of particular interest. It is 1,000 feet

in depth with the temperature log showing an increase of

temperature with depth from 64°F to shallow depths of

73°F at a depth of.859 feet. A pump test in 1972 caused
an increase in temperature from 81° to 91°F within four
hours at a pumping rate of 15 gpm. Béhm and Jacobson

(1977) interpreted this as implying the occurrence of an

“extensive reservoir of warm water at depth.

3-12.



 TABLE 3.3 Highest reported temperatures and well
depths in the Hawthorne area.

WELL Co TEMPERATURE °F ' DEPTH (ft)
« NAD 1 125°F 345
_a_NAD 2 80°F 423"
~T7 NAD 4 T3°F 610
NAD 5 114°F 312
NAD 6 TT°F 394
NAD 7 T9°F 5141
NAD 8 79°F ‘500"
NAD 9 68 °F 423!
NAD 11 T1°F SPRING
NAD 12 ThHeF SPRING
HUW 1 L - hga!
HUW 2 80°F 602"
HUW - 3 - -
HUW 4 52°F 250"
-HUW 5 ~ 91°F 1000"
HUW 6 , - 1013"
EL CAPITAN 210°F 1000

X
1

| A
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The depth to and thickness of the geothermal reservoir
is known only from wells drilled in the area. Data from
NAD wells 1 and 5, and the El1 Capitan well (Plate I)
allows a conservative characterizatioﬁ of the reservoir
as delineated by the 100°F isothermal contour line. A

minimum reservoir size may be assumed:

Diménsion Magnitude
length 4.5 miles
“width 1l mile
thickness 655 feet

The geothermal reservoir volume, calculated solely on

- the water well information, would be grossly misleading

s

e

3.5

"

because:
(1) The true dimensions and characteristics of the
reservoir are not known; and
(2) The Wassuk Range front fault zone, which goes

to great depth, can be assumed to be the
source of rising thermal waters. '

Conclusions

Thé'gédlogic,and hydrologic evidence préSented‘suggest
the area of highest probability for obtéining a viable
geothermal resource is locatedvadjaéent to the Wassuk
Range west.of the city of Hawthorne. Low sun angle
aerial photographs show'significant faulting in the
Quaternary ége'alluvium near the range front. The

faulting is in two major trends presenting a strong

3-14
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possibility that thé faults intersect. Fault inter-
sections are often favorable locations to establish
production in a geothermal resource. . The El Capitan

well (210°F) is located less than a mile west of a

probable fault intersection.

Hydrologic evidence indicates that the highly faulted

area near the Wassuk Range also has the highest trans-

‘missivity values, suggesting an area of more actively

circulating water. This evidence suggests the presence
of favorable‘conditions for the existence of a geother-
mai’fesource:fnamelyi 1) large quantltles of water for
a convective geothermal reservoir system, 2) more rapid.
transmission of deep thermal water to shallow aquifers;
3) during the drilling phese, the high transmissivities
would allow water to circulate at a greater distence
from the fault, thereby increasing the chances of en-
countering thermal water if a fault was not directly
intersected; u)ea well pumping.water in the aree would
access'a_largef‘quahtity of watef per unit head drop;
and 5) injection wells will be able to more efficiently

pump larger volumes of water back into the geothermal

system.

Recommended Geothermal Resource Assessment Program and
Estimated Costs :

The resource assessment program includes surveys de-

signed to locate optimum drilling locations for a pro-

' 3-15
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‘duction test well (and subsequent production and injec-

tion wells), and the drilling, logging, and testing of a
single production test well. The program is centered
around fhe'El‘Capitan well, since that well is the
strbngest evidence of an econoﬁically viable gedthermal
resource in the Hawthorﬁe area. Emphasis is placed on
the aréa 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 wifhin
théjJOO?F isothermal contour line (Plate I) west to the

Wassuk Range. -

Additionallstudies.are being conducted by the U.S. DOE
sponsored resdurqe assessment team at the University of

Nevada. A variety of techniques are being applied to

"define both theAnature'and extent of the'resource.

Included in the investigation are: geologic reconnais-
sance; two méteerepth temperaﬁure probe study, soilH
meféury étﬁdy;iIOW'sun-angle phqtogrgphy, 1/2§mile grid
gkévigy sdryéy; énd bulk chemical énd_Stable iight
isotopic analyées of thérmai and noﬁ-ﬁhermal fiuids.
Resultsibf the‘one year study'ére'expected to be

available in published form by late summer 1981, and are

anticipated to provide new data which will modify the -

recommended program outlined below.
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. 3.6.3

b

3.6.1

3.6.2

3.6.4

Geological Survey | $ 4,000

Photogeology, field mapping, and an additional
literature search to include a'25 square mile
area within the prescribed Hawthorne thermal

Z0one,

Shallow Hole Temperature Survey $10,000

Two-meter deep temperature gradient holes on a

quarter-mile to half-mile grid, two to eight

" square miles in area.

Seismic Survey $10,000 - $22,500

" Two to three seismic profiles (one and one-half

to three miles in length) to map the subsurface

location of the major faults.

Geothermal Production Test Well . $60,000

One production test well 1,000 to 2,000 feet in

‘depth;ﬁdifected_to,intersect‘at fault zone. Cost

includes an 8 1/2-inch diameter, 1,000-foot well;
6 5/8-inch slotted casing; well logs, surQéys,'

and services.

3-17
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3.6.5

Pump Test | . $14,000

Step.draw-down and continuous discharge test of
the geothermal production‘test‘wellzand 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
“progham‘to the point of development drilling is

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

sults'ahd the estimated thermal'energy demand for
the City of Hawthorne will determine the number
of production and injection wells necessary for

proper development.

3-18-



4.0

[ §

T

GEOTHERMAL RESOURCE APPLICATIONS

The greatest potential application of geothermal energy at

‘ Hawgborne is district heating. A district heating system

RO : ‘
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 tojthe residents of Hawthorne.

vOther.appiications, such as greenhousing and aquaculture were

considered butAexciuded because of inadequate local markets.
flectric pcwér»generaﬁion; although technically feasible with -
the resource iemperatures encountered thus far at Hawthérne,
is,é?t thought to be economical on a large scale as a utility
might consider. Therefore, district heating appears to be
the most-promising application and thus received all the

attention of this study.

Thié section presents a summary of the ﬁechnical and economic
feasibility of district héating systems forvHawthorne. Three
differentfalternaﬁives are“presented,'encompassing a range of
systems from one Whiéh'wddld supply only the public buildings
in Hawthorne along with the El Capitan. Lodge and Casino, to
an extensive system which woﬁld serve the entire town;
including all of the residential heating load. These
aIt}rnative systems, the preliminary engineering, and ‘the
economic analyses that -are presented, are all based upon more
detailed reports prepared by Chiltan Engineering (1981), The

Spink Corporation (1981), and the Geo-Heat Utilization Center

4-1
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\.(1951)J All data, tables, and schematics in this section are
attributable to those three entities, which are herein fully
credited for the. engineering and economic evaluations.

4,15 Community Enéfgy Consumption Data

Ra:

Table 4.1 presents the héating loads ﬁhat have been
derived fbr the several facilities in Hawthorne. The
peak heating loads and the annual heating loads have

. been detérmineq from inspection of existing heat supply
'sYstems}in thg'buildings, from calculations of the
heating;requirementﬁ‘based upon_thelarea's heating
charécféristicé)iéﬁd'from analyses of past enérgy'

consumptionvbilis;

The six groupings of facilities in Table 4.1 provide a
total annual heat load of 44,5 x 109 Btu. This

collection of facilities is designated Alternate I in

the engineering and economic evaluations presented

- ke

later. Alternate II isjthe same as Alternate I except
tha£ the Mt. Grant and Lakeview Trécts are not included;
therefdre, the tbtal'annual heat load is reduced to 26.8
X 109,Btu. Not shown in Table 4.1 is the increment of
energy utilized by the remainder of the town of'

- Hawthorne, including all other residential and

~commercia1 users. A precise calculation of energy
consumption f6f>the entire town has not been performed,

but a good estimate is 168.9 x 109 Btu (W. Cuchine,
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: TABLE 4.1 Summary of heating loads

- : ‘ " Peak Annual

R _ - Btu/h : Btu
Courthouse, Public Safety 2.44 X 106 2.45 X 10°
Hospital & Library
Schools A_ - 6.32 X 10° 8.34 X 10°

. Grant subd{vi;ion - anxae® 7.13 X 10°

Lakeview Tract . .6;11 x 10° ©10.60 X0

El p;ggtan Subdivision :]7 640 % 108 o '1i.11 X 10°

El.Capitan Lodge & Club 3.13 x 108 4.91 X 10°
) 'TOTAL.  i' O ammxi® aa.50 x 10°
2
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Oral Communication, 1981); this then is Alternate III

for a Hawthorné district heating system.

_ Engineering Design

4.2.1 Geothermal Well Field

Iy

o

The design and development of the geothermal well

field for the Hawthorné district heating system

is based upon the location and quality of an

existing‘hot water well that was drilled and

' conmpleted by the owners of the El Capitan Lodge.

‘The 1,000 foot well is located approximately 1.5

miles southwest of Hawthorne. It produces 700
gpm of 210°F water with the existing 150 hp

pumping equipment.

 The weil and pump are'adequate to supply the
_quantity of hot water needed for Alternate II

~whioh requires a peak flow of 780 gpm. A 250 hp

pump with a variable speéd}drive would be
substituted for the existing pump in order to
produce the 991 gpm peak flow required fér
Alterhate I; only the §ne existing wéll is still
required for Alternate I. Alternate III; however,
would require the drilling of four additional
wells each with approximately the same delivery
rate as the existing well, for a total peék flow

of 4025 gpm. For present purposes, it has been

*
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assumed that the four new wells would be located

~in a line to the northwest of the existing well at

approximately half-mile intervals. Work presently

-in progress under the State Coupléd Resource

Assessment Program, will further define the
resource location and will probably result in

othef locations for the proposed wells.

Hot Water Distribution Systems
Alternate I

Geothérmal water ap-210°F will be supplied by the
existing 1,000 foot well located on El Capitan
property 1.5 miles southwest of Hawthorne. The
existing 150 hp pump would be replaced by a 250
hp unit with a variable speed drive. This would
increase the ma*imum pumping réte from the

present 700 gpm to the required 991 gpm.

An insuiated 8" FRP pipeline would be ihstalled
to transbof£ the‘geothermél‘wéter to Hawthorne
(Figure 4.1). For design purpbseé a tempefature
of 200°F has been used. The 200°F water would
pass through plate-type heat exchangers at the
individual buildings and at the three sﬁbdivi4
siohs; A 10°F approach temperature was used,

with the individual heat exchangers removing 30°F

to 54°F from the geothermal water. Through

4-5
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FIGURE 4.1 Alternate I plot plan (from Geo-Heat Utilization
Center, 1981).
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cascaded use of a portion of the flow, the
overall temperature drop in the system would

approéch 59°F as shown in Figure 4.2,

The fIOW‘tthUghreach heat exchanger would be
regulaﬁed by temperature activated control valves
and would be meésured and recorded. The control
valves close as demand decreases. This increases
the pressure in the geothermal linés, which
causes the variable speed pump to decrease the

well“dutput.

The.$éﬁbolé are the last Qser on the line and are
at the lowest point in the system. It was
assumed that the cooled geothermal water could be
pumped’into a well to be located oﬁ the school

property.

When futﬁre development occurs at the plaﬁned
industriai'site on the north side of Ha&thofne,
ﬁhe-cbéléd’watér (1417?) can be used for heating
there and then injected.at a well located on
site. The 141°F water will not be hot enough for
most inddstriailapplications but could proQide

space heating for up to 300,000 square feet of

“buildings.

The FRP pipelines carrying thé water from the

upstream users to the school injection site will

be insuiated so that ?ery iittle heat wili’be
4-7 | |
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FIGURE 4.2 Alternate I flow diagram (from Geo Heat Ut1hzat1on

‘Center, 1981).
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lost. This heat will be available when the line

is eventually extended to the industrial site.
Alternate 11

All parts of the system are identical to those in
Alternate I except that the Mr. Grant and

Lakeview Tracts are not served. The peak flow is .

‘thgréby reduced from 991 gpm to 780vgpm and the

finalvtempefatUre of the geothermal water would
be 154°F as shown in the flow diagram in Figure
4,3.ifThi$.Alternate does not require replacement

of the existing well pump.
Alternate III

The entire town could be served using geothermal
water supplied by the éxisting well and four

additional wells; Geothermal water would be

- supplied to Hawthorne through 8", 10" and 14"
1hsulated pipelines as shown in Figure 4.4. The
’heét;exchahgers and circulating pumps would be

“centrally located, with the cooled watér (150°F)

piped to the industrial park for further use and

injection.

The distribution system, as shown in Figure 4.5,
consists of parallel supply and return lines, all
of which would be insulated. Two heat exchangers,

each with 50 million Btuh capacity and three 100

4-9
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droducti on Well

20Q0F 200°F |  |onoF
R : : . 31 GPM
332 GPM , 167 GPM , Schools
E1 Capitan Co. bldas
Subd.
155°F
. . ' ' i
1160°F 172°F
) ‘ : . '
a 499 GPM 348 GPM 499 GPM 780 GPH
164%F ¢ 154°F © 154%F
151 GPM & o
E1 Capitan

'FIGURE 4. 3 Alternate II flow d1agram (from Geo-Heat Ut111zat10n
Center, 1981)
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) . .
O INJECTION WELLS
. l"O O
2 !
z 1 ©
l14~
!
|
I,
1
r-J
PRODUCTION WELLS |
20 : "HAWTHORNE
\8" { HWY 95
" : p '
3b‘10 . 14 14 !
-— Randi B -T bl o TR -
' 10 (13 : :
46\\8" : § (0
¥ > ‘ |
| o |
3 . 1 6 EL CAPITAN WELL -

- FIGURE 4.4 Alternate III plot plan of gathering system (from Geo-Heat
Utilization Center, 1981).
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‘hp 01rcu1ating 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

The geothermal district heating System'cost estimates
for the three alternates are‘shown in Tables 4.2, 4.3,
and 4.4. They are each separated into two parts: the
well supply system and the distribution system. Each
system is. tteated separately in the economic analysis,

because of the poss1b111ty of different system ownershlp

. which w111 be defined in Section 4.4. Cost estimates

are based on present prices (1981) with no inflation

factors for eenstruction in later years.

The Alternate I distribution system cost is $1,866, 560

and the supply system cost is $154, OOO, a portion of

which»has already ‘been invested in the existing well.

Alternate II costs are the same for the supply system,
but are reduced to $1,418,640 for the distribution
system with the elimination ofithe‘distribution lines to

the Mt. Grant and Lakeview Tracts.

The costs for Alternate III, the entire town, are-

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

4-12
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TABLE 4.2 Alternate I capital and
operating costs

Supply System:

Existing weli and new pump

Operation & maintenance cost § 3,100
Electrical power - 18,700

$21,800

Distribution System:

Caﬁital Costs -

" <&njection well $ 60,000
Heat exchangers 3 21,000
Distribution pipelines 1,409,900
Circulating pumps 33,000
Buildings, controls, 3 .

and misc. ICL ' 99,200
- Subtotal . .
; - Contingency

Total capital cost

VOperating Costs - (1st yr)

Electrical power ‘ $ 3,200
~Maintenance 16,600
19,800

$__ 154,000

1,623,100

243,460

$1,866,560

L
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TABLE 4. 3 Alternate II capital and
operat1ng costs

Suﬁbﬁy'System:

Existing well & new pump | ‘ $ 154,000

Operation & ma1ntenance cost " §$ 3,100
E]ectr1ca1 power 18,700

Tota] annua] cost = . ' $21,800

Distribution System:

Capital Costs - ' '
[njection well $ 60,000

istribution system 1,082,500
Controls & misc. ICL o , 91,100
* Subtotal | 1,233,600

Eng]neer1ng & Cont1ngenc1es @ 15% 185,040

‘Total o A ~$1,418,640

[RURLK

Annual Operation & Maintehancg'Cost‘ $9,440

4-14



TABLE 4.4 Alternate III capital and
operating costs

" Supplf System:

4 Production wells - ‘ $ 320,000

4 Well pumps & variable speed drlves 184,000

Exlstlng well & pump 154,000
Subtotal | ‘ $ 658,000
Engineering'& Contingenéies 99,000
Total - $ 757,000

0perat1on & ma1ntenance cost $ 74,800

"Electrical power _ o 86,300

Tpfil annual cost . $101,100

Distribution System:

Distribution lines $6,619,000 -

Heat exchangers - 146,000

Cicculating pumps ' : 85,000

Buildings & controls 220,000

Misc. electric & mechanical : 160,000

Four injection wells . 240,000

© . Subtotal - ; , $7,470,000

Engineeringj&-Contingencies" 1,120,000

Total o $8,590,000
Operation & maintenance cost  $45,500
Electrical power : - .15,900
Total annual cost $61,400 ,
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: the supply system making the total investment
$9,347,000. ‘ |

4.4: Economic]EvaluatiOns
”é-4.4.1 Ownership of Geothermal Systems
The life cycle cost analysis of the geothermal
_disﬁrict heating system and the resultant prices
: df enérgy delivered to the various customers are
deterﬁined ngt‘on;y by the capital and.opefating
i costs'but'élso by-tﬁerwnership structure for thé
basic’compohents ofvthe system. For“the'
Héwthorne‘geothermal system, the most praétical
& . structhe appears to be for the well suppiy |
system to be privately 6wned and operated by the
El Capitan Lodge and for the distribution system
to be publicly owned and operated by Mineral
“County.

El'Capifah"ownsithe.geothermal water rights, the
éxisting well and the 1and upon which future

wells might be drilledu ,The'éounty is a legally
established governmental body with state-gkanted
authprity to own énd operate public utility

systems. The county would also be a major

-4

Ca . conspmer'of‘the geothermal energy for"its,county
buildings and the schools. As thévenergy

diStributor,‘the county could also sell energy to

4-16
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- the private sector of existing residences, future

subdivisiohs, retail/commercial establishments

and the entire El1 Capitan complex.

If El Capitan were the well developer and
producer, it could exercise tax deductions and
tax credits avoilable only to‘the'private sector
under Federal tax law. Further, El1 Capitan would
probably uot be subject tovregulationiuudér the

state publlc utilities commission, since it would

( -sell its commodity - energy - to a single
'customer, the county, under a negotiated .

,contract.

‘As the energy distributor and asvthe only
wholesale customer of therwell deyeloper,and
producer, the county would hold significant
négotiating strength in_estabiishing purchase
contracts with that geothermal supplier. In
addition, the county would be in a position to

"sell" the'energy to itself at favorable prices.

The county would also sell geothermal energy to
the private sector. It,could set a price for

prlvate sales different from sales to itself in‘

_order to assure that the private sector sales are

- ba51cally competitlve with other fuel forms over

time and that the revenues from the mix of sales

to the county and sales to.the private sector are

4-17
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adequate to service the county's debt as well as
operating and maintenance costs for the

distribution system.

Geothermal Energy Prices

Considerable effort was expended by the OIT Geo

-Heat Utilization Center in their economic

.analyses to determine reasonable first year

- (1981) yalues‘for the wholesale price, from the

supplier to the distributor, and for the‘retail
pfice, from the distributor to the private
customers, of the geothermal energy. uThe
wholesale price was found to be $0.90 per MMBtu

(106 Btu), and the retéil price was estimated to

"be $5.50 per MMBtu. The wholesale price of

$0.90/MMBtu provides the well developer/producer
with a nqminal 16.5 percent return on investment
gfter taxes. ‘The retail price of $5.50/MMBtu,
when coppled with the energy cost savings

realized by the county in replacing its-current

consumption of propane and fuel oil wiﬁh

geothermal energy, proVides the county with a
cash floﬁ (undiscounted) that would pay off its
originél,capital investment plus interest in nine
years for Altefnate II; and in sixteen years for
Alternate III. Alternate I, which is quite

similar to Alternate II, was not fully studied by

4-18
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OIT. Therefore, life cycle cost information for

Alternate I is not presented.

Economic Data and Assumptions

Table 4.5 provides a summary of data used by OIT
in their final series of economic analyses. The

energy consumption and cost data for the school

" buildings and the county buildings are taken,

with some modification by OIT, from the reports

of The'Spink Corporation and Chilton Engineering..

The total annual heatiiéad for the set of
buildings listed in Table 4.5 is 26.8 x 109 Btu,
which corresponds to Alternate II. It excludes
the Lakeview Tréct and the Mt. Grant Subdivision,
but includes the construction of 256 new
residences and condominiums for the El Capitan

Subdivision.

“Life cycle cost analyses were also performed. for

bAltérnate III, a geothermai district heating

system serving the enﬁire county and community.
The total annual heat load for this case is '168.9
X 109 Btu. The results. are presented following

the resulfs for Alternate II.

All capital and operating costs for theAanaiyses'

were in 1981 dollars, the assumed year of
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TABLE 4.5 Hawthorne summary sheet

*Indicates propane; 211 other data are for oil.

4-20

Current Fuel Geothermal .
Consumption Use
Annual Annual Annual Electric
Consumption Annual Lgad Cost @  Pumping Retrofit
Gals. Cost (107 Btu) $0.90/MMBtu Cost Cost
"Mineral County Schools
Administration 2,949  $ 3,006 0.28 $ 257 ¢ 38.50 $ 32,988
Primary 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 -377.00 347,002
and Music Bldg. 1,553 ° 1,305 0.11 103 |
Vocational Bldg. 7,718 6,483  0.57 510 °  38.50 53,924
Gymnas ium 17,547 18,424 1.70 1,526  103.00. 45,653
High School. 16,451 17,274 1.59 1,431 360.00 152,289
Total County Schools $91,186  8.34 $7,505  $1,118.00 $779,468
'Cohnty Bui]dings |
Court House and 6,620 $ 6,951 0.64 $ 576 $ 400.00 $ 35,603
Public Safety Bldg.
Mt. Grant Hpspital ~ 17,685 18,569 1.7 1,538 100.00 39,783
Library = 1,002 1,052 0.10 87 . 50.00 19,541
Total County Buildings $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
Private Sector @$5.50/MMBtu v
E1 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
Total  ° 66,912  $56,206 4.91 " $27,028 § 104.00 $ 80,000
E1 Capitan Sub- 11.11
division —
Grand Total 26.77
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‘construction. The first year (year 1) of

operation was assumed to be 1982.

The costs for the replacement 6f the existing
conventional fuel heating equipment at the end of
its normal economic life are tabulated in Table
4.,6. Several of the school building heating
systems have already surpassed their economic
life, as indicaﬁed by zero in the replacement

year column. The vocational building and

' gymnasium systems have six and nineteen years yet

until their economic lives expire. Therefore,

based upon economic life, $428,218 worth of’

replacement should be accomplished immediately.

OIT assumed a schedule of inflation rates for

- future years that was forecast in 1980 by the

Oregqn Department of Energy. The inflatioﬁ rates
forrheating oil and propane were as follows:_ 7.9
percent through 1984; 9.0 percent through-1989;
11.5 pefdent through 1994; anﬁ;}l.6 percent
through 2000. The economic in?lation.rate was'
forecast aﬁ T percent annually for the life of
the project. It was realized that these
inflation rates were very conservative and that,
more than likely, convehtional energy will
inflate much more rapidly. Any project that is

economically feasible with conservative inflation
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TABLE 4.6 Replacement times and costs
for existing heating systems

-

R ‘ Conventional System Replacement
School Building Retrofit Cost Year Cost
Administration $ 32,988 0 $ 18,407
Primary | 40,957 0 31,044
Laundry & Maint. : ,

Shop - 47,073 0 10,801
Elementary No. 2 : "~ 59,582 0 34,294
Elementary No. 1 . 347,002 0 222,554

and Music Bldg. . .
Vocational Bldg. . 53,924 ' 6 18,817
Gymnasifim 45,653 19, 91,125
High SchooT 152,289 0 121,919

[ZEL
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rates will be even more attractive with higher

inflation rates.

Life Cycle Cost Analyses

As previously mentioned, only the life cycle cost

- analyses for Alternate II and Alternate III were

reported by OIT. The results are summarized
here. Alternate II is presented in Tables 4.7,
4.8 and 4.9. Alternate III is presented in Table

4.10.

Tables Y4.7a and 4.7b present the costs and pash
flows for the county operating the district
heating system as owner and distfibutor of the
geothermal energy. Geothermal energy is

purchased at $0.90 per MMBtu and sold at $5.50

pér MMBtu, Explanation of the column headings

are as follows:

" Column 1 indicates the 20-year forecast for
conventional energy, starting at 10.91/MMBtu
in 1981.

Column 2 projects the 20-year cash flow for
the cost of geothermal at $0.90/MMBtu,
inflating at 7 percent per annum.

Column 3 projects the 20-year cost for
electricity for the circulation pumps for
the geothermal system.

Column 4 shows the 20-year cash flows
generated from the reduced costs of
geothermal versus conventional fuel.
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TABLE 4.7a Alternate II Mineral County total system

(1 (2) " (3) (4) " (5) (6) ¥ - (7) -
PROJECTED - ' SALES OF ' ’
20 YEAR PROJECTED GEOTHERMAL TO NET ANNUAL
COST OF PROJECTED ELECTRICAL VALUE OF NON-COUNTY NET CASH FLOW
: CONVENTIONAL GEOTHERMAL COST FOR ENERGY USERS AT ANNUAL DISCOUNTED
YEAR __FUEL - HEAT COST PUMPING SAVINGS $5.50/MMBTU CASH FLOW AT 10%
_ 0 $117,758. . -$24,120.-  $1,668. o $ 88,084.
& 1 127,061, - 25,808. 1,817. 99,436. - 94,251, 193,686. 176,079.
N 137,099. ' 27,615. 1,978. 107,505. 100,848. 208,353. : 172,193.
3 147,929. 29,548, 2,154, 116,227, 107,908. 224,135. : 168,396.
4 161,243. ' 31,616. 2,346. 127,281, 115,461. - 242,742, 165,796.
5 175,755. . 33,830. 2,555, 139,370. 123,543. 262,914, 163,249.
6 191,573. 36,198. 2,782. 152,593. 132,191. 284,784, 160,753.
7 208,815. 38,731. 3,030. 167,053. 141,445, 308,498. 158,308.
8 227,608. 41,443, 3,291. 182,875. 151,346, 334,220. 155,916.
9 253,783. 44,344, 3,574. 205,865, 161,940. 367,806.* 155,985.
10 282,968. 47,448, . 3,881. 231,639. 173,276. 404,915. 156,112.
11 315,509. 50,769. 4,215, 260,525. 185,405. 445,931, . 156,296.
12 351,793. 54,323. 4,577. 292,892. 198,384, 491,276. 156,536.
13 392,249. ' 58,125. 4,971. 329,152. 212,270, 541,423. 156,831.
14 437,750. . 62,194. 5,398. 370,157, 227,129. 597,286. 157,284,
15 488,529. 66,548. 5,863. . 416,118. 243,028. 659,147. 157,794 .*
16 545,198. -~ - 71,206. . 6,367. 467,625. 260,040, 727,665. 158,361.
17 608,441. 76,191, - 6,914, 525,336. 278,243. 803,579. 158,984,
18 679,020. 81,524. 7,509. 589,987. 297,720. 887,707. 159,662.
19 757,786, 87,231. 8,155, 662,401. 318,561. 980,962. 160,395,
20 845,690. 93,337. 8,856. 743,497, 340,860. 1,084,357, 161,183.
Totals S $6,187,534. $10,051,385. $3,216,113.

*Payback
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TABLE 4.7b Alternate II Mineral County total system
" (8) (9) ™ (10) Ao (1) (12) (1) - (14)
' SALES OF

DEBT VALUE OF ASSUME 50% ASSUMES 100% GEOTH. TO

SERVICE ENERGY SVGS. REPLACEMENT OF EQUIP. RE- NON-COUNTY
ON TOTAL INCLUDING CUMULATIVE EQUIP. WITH PLACEMENT IN USERS AT CUMULATIVE
YEAR SYS. COSTS "LOAN PMT.  CASH FLOW ZERO LIFE  APPROP. YEAR  $3.60/MMBTU CASH FLOW

0 $269,339. $ 57,655.
o 1 269,339, -75,653. -75,653. .. 138,456. 352,565. 61,691. 320,006.
ny 2 269,339. -60,986. -136,638. 77,471, 291,580. 66,010. 224,182.
o 3 269,339. -45,205. -181,843. 32,266. 246,375. 70,630. 141,700.
4 269,339. -26,597. -208,440. 5,669. 219,778. - 75,575. 75,216.
5 269,339. -6,425. -214,865. -756. 213,353. 80,865. 26,112,
6 269,339, 15,445, -199,420. 14,689. 247,615. 86,525. 14,709.
-7 269,339. - 39,159, -160,261. 53,848. 286,774. 92,582. 5,005.
8 269,339. 64,881, -95,380. 118,729. 351,655. 99,063. 17,603.
-9 269,339. 98,467. 3,086. 217,195, 450,121. 105,997. 60,126.
10 269,339, 135,576. 138,662. 352,771, 596,498. 113,417, 146,644,
17 269,339, 176,591. 315,254. 529,363. 773,090. 121,356. 259,187.
12 269,339, 221,937. 537,191, 751,300. . 995,027. 129,851. 412,591.
13 269,339. 272,084, 809,275. 1,023,384 1,267,111. 138,941. 611,345,
14 269,339. 327,947, 1,137,222. 1,351,331. 1,595,058, 148,667. 860,830.
15 269,339, 389,808. 1,527,030, 1,741,139, 1,984,866. 159,073. - 1,166,682.
16 269,339, 458,326. 1,985,356. 2,199,465, 2,443,192 170,208. 1,535,176,
17 269,339, 534,240.  2,519,596. 2,733,705, 2,977,432, 182,123. 1,973,296.
18 269,339, 618,368. 3,137,964. 3,352,073, 3,595,800. 194,871, 2,488,815,
19 269,339. 711,623. 3,849,587,  4,063,696. ‘4,398,548, 208,512. 3,181,515.
20 269,339, 815,018. 4,664,604, 4,878,713, 5,213,565, 223,108. 3,878,781,
Totals $4,664,604. $4,664,604. $4,878,713. $5,213,565. $3,878,781.
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TABLE 4.8 Alternate II well field developer, Hawthorne
COLUMN (1) (2) (3) (4) (5) (6) (7) (8) (9) - (10) (1)
. - AFTER TAX

- ' ' NET - : CASH FLOW DISCOUNTED

GEOTHERMAL -~ STRAIGHT INCOME FEDERAL ADD (INCLUDES 25% AFTER TAX

ENERGY PERCENTAGE LINE PUMPING MAINTENANCE BEFORE INCOME  NET INCOME  DEPRECIATION  INVESTMENT . CASH_FLOW

YEAR _SALES DEPLETION DEPRE. COST COST - -  TAXES ~ TAXES AFTER TAXES & DEPLETION TAX CREDIT) AT 16.5%

0 $ 24,120 $14,436. $ 3,100.

1 25,808 0 6,930 15,721 3,317 =160 =77 -83 6,930 45,347 38,924
2 27,615 8 6,930 17,120 3,549 .7 4 4 6,938 6,942 5,115
3 49,062 - 7,850 6,930 18,644 3,798 11,841 5,684 6,157 14,780 20,937 13,242
4 52,497 7,875 6,930 20,303 4,063 13,325 6,396 6,929 14,805 21,734 11,799
5 56,172 8,426 6,930 22,110 4,348 14,358 6,892 7,466 15,356 22,822 10,635
6 60,104 9,016 6,930 24,078 4,652 15,428 = 7,405 8,022 15,946 23,968 9,58%.
7 64,311 9,647 6,930 26,221 - 4,978 - 16,535 7,937 8,598 16,577 25,175 8,643
8 68,813 10,322 6,930 28,476 5,326 17,758 8,524 9,234 17,252 26,486 7,806
9 73,630 11,044 6,930 30,925 5,699 19,031 = 9,135 9,896 17,974 27,870 7,050
10 78,784 11,818 6,930 33,585 6,098 20,353 - 9,769 10,584 18,748 29,331 6,369
N 84,299 12,645 6,930 36,473 6,525 21,726 10,428 11,297 19,575 30,872 5,754
12 90,199 13,530 6,930 39,610 6,982 23,148 11,T1] 12,037 20,460 32,497 5,199
13 96,513 | 14,477 6,930 43,016 7,471 24,620 11,817 12,802 21,407 34,209 4,698
14 103,269 ~ ¢ 15,490 6,930 46,716 7,993 25,]40‘ 12,547 13,593 22,420 36,013 4,245
15 110,498 | 16,575 6,930 50,733 8,553 27,707 - 13,299 14,408 23,505 37,912 3,836
16 118,233 | 17,735 6,930 55,096 @ 9,152 29, 320 14,074 15,246 24,665 39,911 3,466
17 126,509 18,976 6,930 59,835 9,792 3&,976 14,868 16,108 25,906 42,014 3,132
18 135,365 - 20,305 6,930 64,980 . 10,478 32,672 15,683 16,989 . 27,235 44,224 2,830
19 144,841 | 21,726 6,930 70,569 11,211 34,405 16,514 17,890 . 28,656 46,546 2,557
20 154,979 23,247 6,930 76,638 11,996 36,169 17,361 18,808 30,177 48,985 2,310
TOTAL $157,197




Le~v

TABLE. 4.9 Alternate III well field developer, Hawthorne

COLUMN (1)} (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
L . N . AFTER TAX
: ‘ NET CASH FLOW  DISCOUNTED
 GEOTHERMAL STRAIGHT © INCOME  FEDERAL - ADD (INCLUDES 25% AFTER TAX
 ENERGY  PERCENTAGE  LINE  PUMPING MAINTENANCE BEFORE  INCOME  NET INCOME  DEPRECIATION  INVESTMENT  CASH FLOW
YEAR SALES  DEPLETION _ DEPRE. COST COST TAXES _ TAXES _AFTER TAXES & DEPLETION _ TAX CREDIT) AT 7.5%
0 152, o#o e | $ 86,300 § 14,800
] 162,651 9,385 34,065 93,981 = 15,836 9,385 4,505 - 4,880 43,450 237,579 - 221,004
2 174,03 10,341 34,065 102,345 16,945 10,341 4,965 5,377 42406 19783 21,004
3 186,219 11,285 34,065 111,454 18,131 11,285 5,317 5,868 45,350 peliss 43,157
4 199,254 12,208 34,065 121,373 19,400 12,208 5,860 6.308 . 45273 F 41,228
5 213,202 13,102 34,065 132,175 = 20,758  13,102. 6,289 6,813 47,167 53,980  37.600
6 228.1% 13,956 - 34,065 143,939 22,211 13,956 6,699 70257 487021 s .00
7 244, ogf 14,757 34,065 156,749 23,766 14,757 7,084 7,674 48,822 56,496 34,053
8 261,18 15,729 34,065 170,230 25,429 15,729 7,550 8,179 49,794 57,973 32,506
9 279,460 16,660 34,065 184,870 27,209 16,660 7,997 8,663 50,725 59,388 30,976
10 299,027 17,540 34,065 200,768 29,114 17,540  8.419 9.121 51608 20 728 30.976
M 319,9% 18,354 34,065 218,035 31,152 18,354 8,810 9,544 52,419 61,962 27,966
12 342,35} 19,086 34,065 236,785 33,332 19,086 9,161 9,925 53,151 63,076 27,966
13 ‘ 366,32 19,720 34,065 257,149 . 35,666 19,720  9.466 10,255 53,785 64,040 25,012
o 391,068 20,236 34,065 279,264 38,162 20,236 9,713 10,523 54,301 64,040 25,012
15 419,400 20,611 34,065 303,281 40,834 20,611 9,893 10,718 54,676 65303  22.101
16 448,758 20,819 34,065 329,363 43,692 20,819 9,993 10,826 54,884 65710 20°esg
17 480,172 20,834 34,065 357,688 . 46,750 20,834 10,000 10,834 54,899 65,733 - 19,224
18 513,78 20,623 34,065 388,449 50,023 20,623 9,899 10,724 54,688 65.412 17795
19 549,74t 20,152 34,065 421,856 53,525 20,152 9,673 10,479 54,217 64,695 16,372
20 588,231 19,380 34,065 458,135 57,271 19,380 9,302 10,077 53,445 63,522 14,954

TOTAL $759,324
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' " TABLE 4.10 Alternate III Mineral County.total system
COLUMN O (2) (3) (4) (5) (6) (7) (8) (9)
PROJECTED SALES OF
20 YEAR PROJECTED . GEOTHERMAL TO DEBT VALUE OF
.. COST OF . PROJECTED ELECTRICAL ~ VALUE OF NON-COUNTY NET SERVICE. ENERGY SVGS. .
, CONVENTIONAQ GEOTHERMAL COST FOR ENERGY USERS AT ANNUAL ‘ON TOTAL INCLUDING CUMULATIVE
YEAR ' FUEL | HEAT COST PUMPING SAVINGS $5.50/MMBTU CASH FLOW SYS. COSTS 'LOAN PMT. - CASH FLOW
0 $117,758 $151,920 $15,900 $. 869,605 $1,008,978

1 127,061 162,554 17,315 -52,809 930,477 877,669 1,008,978 -131,309 -131,309
2 137,099 ¢ 173,933 18,856 -55,691 995,611 939,920 1,008,978 -69,058 -200,368
3 147,929 186,109 20,534 -58,713 1,065,304 . 1,006,590 1,008,987 -2,388 -202,756
4 -.161,243 199,136 - - 22,362 -60,255 1,139,875 -1,079,620 1,008,987 70,642 -132,114
5 175,755 213,076 24,352 -61,673 1,219,666 1,157,993 1,008,987 149,015 16,901
6 - 191,573 227,991 26,519 -62,937 1,305,043 1,242,105 1,008,987 233,127 250,028
7 208,815 | 243,950 28,880 -64,015 1,396,396 1,332,380 1,008,987 323,402 573,430
8 227,608 261,027 31,363 -64,782 - 1,494,143 1,429,361 1,008,987 420,383 993,813
9 : 253,783 | 279,299 34,061 -59,577 1,598,733 1,539,157 1,008,987 530,179 1,523,992
10 282,968 | 298,850 36,990 = -52,872 - 1,710,645 1,657,773 1,008,987 648,795 2,172,786
11 315,509 319,769 40,171 -44,431 1,830,390 1,785,959 1,008,987 776,981 2,949,767
12 351,793 342,153 43,626 -33,986 1,958,517 1,924,531 1,008,987 915,553 . 3,865,320
13 392,249 366,104 47,377 -21,232 2,095,613 20,74,381 1,008,987 1,065,403 4,930,723
14 437,750 ¢ 391,731 51,452 -5,433 2,242,306 2,236,873 - 1,008,987 1,227,895 6,158,618
15 488,529 419,152 55,877 13,500 2,399,268 2,412767 1,008,987 1,403,789 7,562,407
16 545,198 ! 448,493 60,682 36,023 2,567,216 2,603,239 1,008,987 1,594,261 9,156,668
17 608,441 479,887 65,901 62,653 2,746,922 2,809,574 1,008,987 1,800,596 10,957,264
18 679,020 513,479 71,568 93,972 . 2,939,206 3,033,178 1,008,987 2,024,200 12,981,465
19 . 757,786 549,423 77,723 130,640 ‘3,144,950 3,275,591 1,008,987 2,266,613 15,248,077
20 845,690 587,882 84,407 173,400 3,365,097 3,538,497 1,008,987 2,529,519 17,777,596
TOTALS -$188,218 $17,777,59 $17,777,596

$37,957,159
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Column 5 includes sales of geothermal energy
to the El Capitan Lodge and Club plus new
residential developments designed for
geothermal heating at $5.50/MMBtu.

Column 6 provides net annual cash flow and
simple payback. .

Column 7 presents a 20-year discounted cash
flow with discounted payback all at 10
percent per year, '

Column 8, Table 4.7b, continues the total
county system and includes a loan payment
based on total system costs of $2,293,035
which includes retrofit of county buildings
and distribution system costs.

Columns G and 10 present the net cash flow
including the loan payment and the 20-year
cumulative cash flow, respectively.

- The table thus far is an effort to present the

worst case for the county assuming that no

~existing residences or business other than the El

Capitan would hook up. It is understood that
many county- buildings have heating systeﬁs that
have already sufpassed;their economic life. Of
course, conversion to geothermal provides all new
heating systems'to these buildings. Based on
economic life, $425,218'worth'of replacement

should be accomplished immediately.

If we assume that only 50 percent of this
- cost ocecurs in the next year, Column 11

indicates the 20-year cash flows would be

positive throughout the project life.

If existing equipment were replaced as its
economic life expires, Column 12 indicates
considerable savings of the geothermal
system over the conventional system.
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Column 13 shows that sales price could be
reduced from $5.50/MMBtu to $3.60/MMBtu and
the project would still pay for itself.

All of the above tables‘included no maintenance

costs for the geothérmal system. It was felt

that maintenance costs for the new system would

be less than that for the old systems and,

therefore, these costs were omitted.

Table'4.8 presents the life cycle costs over 20

- years for the well field developer.. It was

assumed that the developer would be a taxable
corporatioﬁ capable of claiming investment tax
credits and depletion allowances on the well. By
selling energy to the county distribution system
at the well head, the developer could-avoid'thé

dilemma of becoming a regulated utility.

The annual heat load assumed for Table 4.8 is

2.68 x 109 Btu, which includes all»county

‘bvildings, El Capitan Lodge and Club and the new

residential»subdivision proposed by the El

Capitan.

Column 1 is geothermal energy sales starting
at $0.90/MMBtu and inflating at 7 percent
per annum.

Column 2 is the percentage depletion
.allowance, which is 20 percent in 1981, 18
~percent in 1982, 16 percent in 1983 and 15

percent thereafter. Percentage depletion is
~limited to 50 percent of net income before

taxes.
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Column 3 presents straight line depreciation
on total investment assuming 20-year life
and 10 percent salvage value.

Column 4 is a 20-year forecast of electrical
. pumping costs.

Column 5 forecasts the maintenance costs
increasing at the economic inflation rate.

Columns 6 through 8 are self-explanatory;
the federal tax rate is assumed to be 48 -
percent. \

Column 9 adds back the depletion and
depreciation expenses since these are not
out-of-pocket cash flows and also a 25
percent investment tax credit in year one.

Column 10 shows the 20-year after-tax cash
flow.

Column 11 presents the discounted cash flow

at 16.5 percent which is the after-tax rate-

of-return on this project.
Table 4.9 presents the same data changing the
heat load to 168.9 x 109 Btu annually, which is
the total heating load of the area. This
representsvan_increase of 3.8 times in the heat
load, while the total capital investment’
increases nearly five times. As a result the

after-tax rate-of-return decreases to 7.5

~percent, and the developer would probably have to

more than double the price of geothermal energy

at the well head in order to make the project

feasible.

Table 4.10 presents life cycle costs for the
county distribution system assuming the total

avaiiablg heat load of 168.9 x 109 Btu. Data is

4-31



v}‘

Hys.

4

presented the same as in Tables U4.Ta and 4.7b.
The conclusion is that this project is highly
feasible for the county and probably indicates
that the county could affbrd to pay a higher

price for energy at the wellhead.
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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

| reéﬁlatbry systems must allow the development. This section

of the report describes the requirements for Hawthorne for

each of these institutional topics.

5.1 Financial Considerations

For many prdspgéﬁive’geothermal developments, the need
for subsﬁantial_front-end capital has been a deterrent
to development. ‘Even.where a very advantageous‘and
clear-cut saving over other fuels éan be realized over
the life of an energy sysﬁem, 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 géothermal well is already available and
the heating system is 6ne that is easily retrofitted at
low cost {e.g. a forced air system), then the total cost
- wWould not be high. If, at the other end of the
spectrum, geothermal development requires an extensive

exploration program, a test well, several production
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* wells and injection wells, and expensive retrofitting of
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‘buildings (e.g. radiant electric systems), then the
frontfend costs would be considerably greater. The
appropriate finaﬁcihg'form must, therefore, be
ascertained from the total capital required for
development; The primary financing options available
for geothermal development are deséribed in this
section. For public agencies, the financing options for
geothermal development generally take four forms. These
include: .

Budgét abpropriations

General obligation bonds
Revenue bonds

Assistance programs from another level of
government . '

5.1.1 - Budget Appropriations

- If a public agency has'sufficient'financial means
relative to the cost of a geothermal developmeni,
a budget appropriation is the easiest and most
expeditious meahs of providing the néceésary
funds. If the project cost is lqh or the budget
surplus is large, this method of'funding could

readily fit the requirement.

5.1.2 General Obligation Bonds

bGeneral obligation bonds are often used by local

governments to fund projects that must be paid
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for over a period of time. A disadvantage of

their use is that they encumber the general

‘resources of the local government for the life of

the bonds.

Revenue Bonds

Front-end capital can also be obtained by issuing
revenue bonds.. The bonds are repaid from
revehues received from the specific activity,
without ény encumbrance on ghe government's
general revenues. In cases where geothermal
develdpment'réquires large front-end capital
expenditures, the issuance of revenue bonds might
be the most desirable financing apprdach. The
project cost can be amortized over a sufficiently
long period of time so that annual costs for the
geothermal Systeﬁ would approximate or eveﬁ be

lower than the current operating costs for heat.

The 1981‘Névada Legislature impowered the State
Department of Commerce to issue Industrial |
Development Revenue Bonds for the pufbose of

financing new construction, improvement,

~rehabilitation, or development of qualified

industrial and commercial projects. Qualified
projects include manufécturing, industrial,
warehousing, commeréial, research énd

development, health care facilities, and
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additions to hotels, casinos, motels, apartment
buildings, and office buildings.

5.1.4 Assistance from Another Level of Government

2 R |

) Several Federal programs in the past have
 provided financial assistahce for alternative
energy development. Some of these might be
available again in the future for fiﬁancing the

conversion of local government buildings to

geothermal energy. When discussion of the

development begins, a thorough examination of all

the financing alternatives should be reviewed,

including their applicability, and as to whether

gl

a specific funding program still exists. Thpse

that are most applicable are listed below:

. Program Research and Development Announce-
‘ment (PRDA)

- This cost-sharing progfam is also made
available by DOE from time to time to

conduct economic and engineering
feasibility studies.

These awards are
based onvcompetitive proposals but ,
generally are directed toward geothermal
useé'thatvhave not'previously been
'studied. Cost sharing by the proposer is
“required.

Interested parties should
5-4°
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contact the DOE, Division of Geothermal
Energy, for information about upcoming

announcements.

DOE Geothermal Loan Guaranty Program

| Still another DOE program is the

Geothermal Loan Guaranty Program. The

. 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.

HUD-Block Grant Program

HUD allocates block grants to local

gbvernments to pay for community

‘development activities such as district

heating/cooling systems. Spending
prioritiéS'are determined at the local

level. Smaller cities, not automatically

.entitled to funds, may receive funds on a

competitive basis.
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. Farmers Home Administration Commhnity
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

| éééential'sérvice to rural residents, and
to pay neceésary costs connected wi;h such

- facilities.

There are a number of debt and equity sourées in
the private sector which may also be con51dered

(Anderson and Lund, 1979), includlng.

.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 companles
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5.2 Legal and Reguiatory Requirements

The lands within and‘adjacent to the most prospective

- geothermal area are part of the lands withdrawn for the -

Army Ammunition Depot, public lands administered by the

5.2.1

Bureau of Land Management, and private lands.:

Leasing Procedures
Privately Owned Lands

Developers generally enter into contracts with
the private owners to exploré a pfoperty and
develop the resources found there for an annual
rent or royalty. There are no regulatory
constraints as with Federal lands. Each lease
must be negotiated separately with the landowner.

Generally, these leases name the substances for

- Which theé lessee may explore and develop. Most

are for a term of 10 years, which is normally
time ehdugh for the developer to eiplore, test
and begin production. The lessee is generally
giQen the right to exténd ﬁhe lease beyond this
period if‘the well remains productive. Royalty
ratés for geothermal wélls average around 10

percent of the value of the energy produced.
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Publicly Owned Lands

Federal lands under the jurisdiction . of the
Bureau of Land Management are part of the
pfospective geothermal area. The Geothermal
Steam Act of 1970 and the Regulations on Leasing
Geothermal Leases allow private and public
entities to acquire rights\to develop geothermal
resources on public lands. A prospective lessee
may file a Geothermal Lease Application with BLM
for up to 20,480 acres in the State. Presently-
an applidant must file on all the available
Federal acreage in any one section with no ‘more
thén 2,560 acres in any‘one lease. Leases run

for a primary term of 10 years, with extensions

vwhich are dependent upon actively producing

geothermal energy from the lease. A ten percent
royalty on the value of the energy produced must
be paid to the Federal government. For non-
producing leases, there is an anhual rental of
$1.00 per acre per year through the fifth year.
From the sixth.year through the tenth year, or
until the lease becomes productive, tﬁe rental is
increased $1.00 per acfe per year. Costs of
cértain types of exploratory and development
activity by the lessee are acceptéd in lieu of

the escalating portion of the rentals.
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5.2.2

Table 5.1 summarizes the leasing procedures for
private lands. The Federal regulatory process
(pre-lease activities) for cohpetitive (not
applicable in this area) and non-competitive
1easing is il;uétrated in Figure 5.1. A flow
diagram showing requifed applications and |
regulatofy processesAfor development on Federal

geothermal.leases is shown in Figure 5.2.

State Procedures‘and Regulations for Acquisition
of Water Rights

Application to Appropriate Water.

An apblication must be filed with the State
Engineer, Division of Water Resources. The
application form should be accompanied by a
$100.00 filihg fee and a supporting map prépared

by a licenced State Water Rights Surveyor.

Notice of an application is published onée a week

for four weeks in a newspaper with general
cifculation in the county where the applicant
proposes to abpropriate waﬁer. Formal protests
against granting a permit may be filed during
this period and up to;thirty‘days after the last
date éf publicétion. If no pfotests have been
filed, and if approval will neither impair or

injure any‘prior appropriator, nor be detrimental
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TABLE 5.1 Procedures for leasing of private
and Nevada State lands

oy

PRIVATE LANDS

STATE LANDS

“Actions Requirgg

Negotiated between private individuals

Under aegis of State Land Registrar

-Contract between private party and

state officials negotiated via
Attorney General's Office - all is
negotiable :

*Public notice of contract

If challenged could lead to
public hearing

If no challenge

Time Frame
..—-—,——__

Depends on how fast 1nd1v1duals
can reach agreement

Simple press release for five (5)
weeks, Notice of Intent

Indeterminate time

Permit can be issued in 1-2 weeks

A total of nine (9) weeks to
several years for State leasing




{COMPILED FROM GEOTHERMAL STEAM ACT Cr¥ 1970, FEDERAL RULES ANO REGULATIONS

GEOTHERMAL REGULATORY ‘PROCESS

FIGURE 5.1

A3 CFR PART 3000 AND 30 CFR PARTS 270 8. 271, AND MEMORANDUM OF UNDERSTANDING

FOR THE GEOTHERMAL PROGRAM ~USGS, BLM, Fws)

PRE-LEASE ACTIVITIES
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to the public welfare, the permit will be

granted.

If a protest is filed, the Stafe.Engineer

~conducts a field investigatidn, and if justified,

will hold a hearing at which time a determination

is made on the application.

Specific dates;for the commencement and
completion of drilling are established, and proof

of beneficial use of water must be filed on a

‘date specified by the State Engineer. There are

also additional documents, such as Proof of

Completion ($10.00) and Proof of Beneficial Use

_($1O.OOSIWhich are required.

- When a water right certificate is granted,

perpetual right to the use of a specific amount

-of water, for a specific purpose, and at a

defined site, is guaranteed.

In undesiénated basins; such as Walker Lake,
property owners may drill prior to receiving a
permit‘to appfopriate water, but do so at the

risk that such a permit may not be obtained.
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5:2.3

State Well Drilling and Completion Regulations

Notice of Intention to Drill

‘ ThiS'ddcumént is required by the State Engineer's

Office prior to drilling, deepenihg, or repairing

a well.

Waiver of Well Drilling Regulations

A request to waive any well drilling regulations
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.

' 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 musﬁ'bé

‘cased.ahd'donstructed"so that no contamination

can occur because of surface conditions. In

addition, permits issued to appropriate'ground
water for irrigation, municipal and industrial_
purposeé, require the driller tb provide an |

§péning,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 drilling a water well, a'log is required for

the State Engineer's Office. The log includes:

1. Well location and ownership
2. Driller and drill rig type
3. Rock strata penetrated; thickness and
depth
4, . Water-bearing zones
| 5.-'Iest results |
6;'.Water level and temperature
7.  Well désign and completion descfiption
3

5.2.4 Other State Permits and Certificates

A water Pollution Control Permit will be
necessary for disposal of the geothermal water
by:

« Well injection,

. Infiltration trenches

. Evaporation ponds, or
.. Surface discharge

" The Water Polluﬁion Control Section of the Nevada
Division of Environmental Protection issues these
S " permits. The basic information requested by the
ageﬁcy pertains to the: supply.rates, water |
qual;ty, use of the water, and mode of disposal.
Ninety to 120 déys is'the'norﬁal time for
| 5-15



processing appiications. The cost is $100.00 for
.a single discharge (injection well) location. If
more than one well is used in .the immediate area,
$25.00 is chafged for each additional discharge

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 alternatiye; described in
this study are all closed-loop systems, which do
not deal with extraordinary or potentially
deleterious fiuids, gases, or temperatures. It
will nbt be necessary to obtain permits which
regﬁlate or control air quality, noise, or land

disturbance.

5.2.5 Public Utility Regulation

Under the jﬁrisdiction of the Public Service
Commission, geothermal resource developers will
be regulated as public utiiities’only if they
sell heat,‘water or power. There are two
exceptions:
1. Municipélities which'construct, lease,
operate, or maintain energy facilities

do not need the commission's approval,
but are under their general jurisdiction.
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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. Economically sound and feasible,

and include a Service Plan showing - a
financial survey; preliminary
engineering or architectural survey for
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 if a GID will be
established. Appeals may be made within
30 days of the County Comm1351oners
decision.
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After establishing a GID the County
Commissioners act as a temporary Board
of Trustees setting up:

d.

Accounting practices and proce-~
dures.

Auditing practices and procedures.
Budget .

Management standards.

The County Commissioners shall appoint
five members to the Board of Trustees to
oversee’ the GID.

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.

Environmental Considerations

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 development.

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

chemicalélin-the geothermal fluid in a district
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‘heating system can be accomplishéd by several

means:

- 1. Chemical treatment Ofithe fluid to
change the chemical composition.

2. Removal of selected elements.
3. Confinement of the'geothermal fluid
in a closed systemn.

After the heat has been extracted from the
_geothermal fluid, it may either be injected into
the geothermal reservoir by means of disposal
'welis,'or water qﬁélity permitting, it may be
disposed of at the surface. The manner of
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 propésed for Hawthorne would not alléw any
noxious gases which might be'preSent in the
geothermal fluid to be emitted. Hydrogen
sulphide is the most Hoticeablé gas genefally
associated with geothermal waters,‘but ié

normally in higher temperature systems.

Dust frdm,vehicular tréffié and construction
activity may alsb polluteAthé air temporarily.
Preventing this requires little more than
Sprinkling_water duringréuch activities; The

5-19
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5.3.3

State Air Quality Control Division is chérged

with assuring that air quality standards are met,
and with issuing permits for discharging
pollutants into the air.

Land

Land subsidence may occur with the long-term
removal of geothermal fluids from the geologic
formatiqns (the reservoir) at depth. This
phenomené ié 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

fldids could stimulate seismic (earthquake)
acﬁivity.‘ Considering the shallow depth of

injection, this does not seem likely to happen.

Soil_erosion from construction and vehicular
traffic would be no more detrimental to the
environment than a well and distribution system

for cold water,
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5.3.5

5. 30 6

Noise

Although noise has been a problem at The Geysers

power generation site in Califérnia,‘because of

steam being vented to the atmosphere.
periodically, hot water in a closéd-lqbb system
at Hawthorne would be essentially noise-free.
Ihe.most significant noise problem would be the
short-lived drilling of the production and

injéction wells.

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 whiech would

be disturbed in limited areas is largely low

<;growing sage and grasses.

The long-term impact on the indigenous wildlife

present at the_periphery of the community weuld
be essentially nil, since most of the'system

would be buried.

Water Availability

The availability of water is a key concern

.surrounding geothermal resource development in

éil Nevada basins. Removal of thermal waters
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5.3.7

would not be allowed if it constitutes a threat

to prior water appropriations. 1In the case of

.Hawthgrne, injection of fluids would constitute

; 4
non-consumptive use.

Socio-Economic Impacts

Because of Hawthorne's limited work force,

construction crews would probably be brought in

,»lfor most of the well drilling, pipeline

COnstruCtion, and facilities retrofit.. Since the’
town is somewhét’remote, the workers might prefer .
to live near the construction site, rather than
commuting. If so, é number of temborary housing
uni%s'(mobile homes and recreation vehicleé)

could be located in the area.
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6.0 DEVELOPMENT PLAN

To develop geothermél.energy requires a number of different
types of éctivities. One necessary activity is to arrange
funding'for the capital costs of development. The financing
procedure will be.diffefeht for the private well developer

than for the éounty. However, finahcing will generally be in

. the form of'a direct front-end allocation from existing

Savings or budget surplus, or it may be in the form of bonds

or loans to be repaid over a period of time.

Anothé} neceséakylactivity is the drilling of the geothermal
wells. One complgﬁed wellralready exists close toAHawthorne,~
however, additionai wellsvﬁiil be'requifed if Alternative III
is.;elected. If insufficient resource information is
available, then an exploration program should be conducted
prior to further well develbpment. An exploration program
may- .include a mix of geological, geophysical, geochemical,
and temperature grédient hole Surveys, followed by dfilling
and well testiné.f_Somé of these activities are already

underhay at HawthofneAby the State Resouree_AssesSment Team.

" Once the reservoir is evaluated, a déVelopment'plan‘would be

kdeveloped., Final engineering design will take into_ account

the émount of fluid.available, its quality and temperature.
Théjacbual hUmber of wells required to meet the energy demand
wifa depend upon these resource parameters, Thelmaterials
for the district hééting system will be compatible with the

chemistry and temperature of the fluid.
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After the engineering design is completed and final cost
estimates are made, then bid documents can be prepared, bids
solicited, and contractors selected. WOrk can then proceed
on the production and injection wells, thé distribution
sygtem, and the retrofit of the existing buildings in the

city.

" Prior to each step in . the resource deveiopment and
engineering proéess, the necessary legal Steps must be taken.
For:geothermal develépment, 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 charécteristics; Certain pefmits and licenses
aré'required, also as dictated by the site characteristies.
In order to determine these permit requirements and the
general acceptability of a project, an appfaisal of the
environmental conditions at a particular site is required.
Thé‘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,

appearé to provide a good avenue for the city to develop
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6.2

the resource to fufnish energy for space heating,

without utiiity regulation.

Before a geothermal district heating system project at

Hawthorne can begin, develbpers 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 éounty to obtain financing for the
distribution system. Although the bond issuance program
can very‘enormously, for the purposes of this study, 1£ 
is assumed to require six weeks for the actual isSuance

only, not including preparation time.

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 II is

recommended, and additional production wells for

Alternative III are neéessary. Systematic exploration
will provide the basis for optimal site selections. The
program is estimated to take a minimum of two to three

months.

Once the well sites have been selected, bid documents

can bé.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
the drilling to take much longer, a six month period is
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 boﬁh) are Federal,

geothermal leases must be obtained. The previous

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.

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 brobably also
be required from the‘Nevada Division of Environﬁental
Protection in order to reihject-the Spent geothermal

-~

fluids'into,reinjection wells.

‘After proper publication of the application to
appropriate water and the project filing period has

passed, the waﬁer rights certificate can be granted.
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6.4

Engineering Design

Design of the distribution piping must be carried out by

.a competent engineering firm in order‘to determine final

design details. Such details include the size and
location of all piping necessary to transport the
geothermal fluid, the pipé insulation thickness, number
and sizg of expansion loops, anchor and support
requirements, and other pertinent details. This work
must also address the supply and injection pumping
systems, and alsé issues relating to scaling or
corrosion of the pipe. The engineering musp also
include-an-eétimate of all construction costs, as well
as operation and mainténahce costs, for the final

design. This work can probably be éccomplished in 12

weeks.

' Tﬁe engineering firm selected for this project must also

prepére bid documentsvand specifications, so that

competitive bids can be obtained from qualified
éontfactdrs to complete the construction. The pfocess
of~reviewing‘the bids and'éeleqtihg the contractor
should include participation ffom the engineering firm

which does the design.

Construction

Construction of the Hawthorne geothermal district

heating system might consist of two separate major
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activities: the.weli supply system and the distribution‘
system. Because different ownership is likely to be
involved for the two portions of the .complete system,
the developer may choosébto conduct the dgsigq efforts,
.~ the bidding processes, and the construction as separate

activities and possibly at separate times.

For purposes of this development plan, however, it is
assumed that the developer and the distributor will
elect to integrate their design and construction
activities. The value of such integration and
coordination would be both time and cost effective in
the implementation of the entirevsystem. The
development plan, outlined in Tables 6.1, 6.2, and 6.3,
show that the three alternate geothermal development
plans for Hawthorne could be accomplished in two to four
years, assuming that éach of the tasks can be

- accomplished in a timély manner.
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TASK

1.

2.

3.

TABLE 6.1 Geothermal Development Plan for Alternate I, Hawthorne

Duration of Task -
(months)

‘Secure?funding for development of

resource (assume private funds)

Apply for and secure geothermal
resource rights; lease: private
federal

Exploration of the geothermal
resource

‘(a) Select contraétor(s)

{b) Conduct exploration surveys:
geological, geophysical,
temperature gradient holes

(c) Evaluate survey results:
select production and injection
well sites; well specifications

Drilling permits (temporary waiver)

7.

Obtain water appropriation
Development of the geothermal

resourcge: drill production well(s)
and injection well(s)

(a) Select dril;ing-contractor

(b) Drill, survey, pump test, and
evaluate wells; complete wells

District heating engineering design
(a) Select design contractor(s)
(b) Final design and cost estimates

(c) Bid document preparation
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0.5

Project Milestone

(month)

1st

2nd

2nd

3xd-
4th - 6th
7th

8th - 15th

15th - 17th



9.

10.

1.

Permits

+Air quality permit

.Land disturbance permit

+Registration certificate and
Operating permit

+Fluid discharge permit

-

Issue revenue bonds
District heating system construction
(a) Select contractors

(b) Construct wellhead and distr;bu-
tion system

(c) Retrofit buildings

Test the district heating system

W =

18th
18th
18th - 20th?
18th - 20th
(oxr 21st)
18th - 19th
20th
21st - 26th
21st - 28th
29th



TASK

2.

5.

6.

7.

TABLE 6.2 Geothérmai Development Plan for Alternate II, Hawthorne

Secure.funding for development of
resource (assume private funds)

Apply for and secure geothermal
resource rights; lease: private
federal

Exploration of the geothermal

resource

‘(a). Select contractor(s)

(b) Conduct exploration surveys:
geological, geophysical,
temperature gradient holes

{c) Evaluate survey resulﬁs:
select production and injection
well sites; well specifications

Drilling permits (temporary waiver)

Obtain water appropriation

Development of the geothermal

resourge: drill production well(s)

and injection well(s) '

(a) sSelect drilling contractor

(b) Drill, survey, pump test, and
evaluate wells; complete wells

bistrict'heating engineering design
(a) Select design contractor(s)
(b) - Final design and cost estimates

(c) Bid document preparation
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Duration of Task .
(months)

0.5

0.5

Project Milestone
(month)

1st

2nd

2nd

3rd

4th - 6th

7th

8th - 13th

13th - 14th



“10.

11.

Permits

«Air quality permit

.Land disturbance permit

Registration certificate and
Operating permit '

«Fluid discharge permit - .

Issue revenue bonds .

District heating system construction

‘(a) Select cohtractors

(b) Construct wellhead and distribu-
tion system

'(c) Retrofit buildings

Test the district heating system

4
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15th

15th -

15th ~ 17th?
15¢h - 17th

(or 18th)

15th - 16th
16th

17th - 22nd
17th - 22nd
23rd



TABLE 6.3 Geothermal Development Plan for Alternate IXII, Hawthorne

Secure: funding for development of
resource (assume private funds)

Apply for and secure geothermal
resource rights; lease: private
federal

Exploration of the geothermal
resource

"{a) Select contractor(s) -

(b). Conduct exploration surveys:
geological, geophysical, -
temperature gradient holes

(c) Evaluate survey results:
select production and injection
well sites; well specifications

Drilling permits (temporary waiver)

Obtain water appropriation

Development of the geothermal
resource: drill production well(s)
and injection well(s)

(a) Select drilling contractor

(b) Drill, survey, pump test, and
evaluate wells; complete wells

District heating engineering design
(a) Select design contractor(s)

{b) Final design and cost éstimétes

A{c) Bid document preparatién

g TASK
1.
y
2.
y 3.
v
>
4.
5.
H 6.
P
7.
y
»

L Y]
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Duration of Task - ,

{months)

1.5

1.5

12

Project Milestone

(month)
1st - 3rd
1st
1st - 12th
2nd - 3rd
4th - 6th
7th
8th )
8th - 10th

(or 12th)

8th - 9th
10th - 15th
16th
' 17th - 28th
28th - 31st



8.

9.

10.

11.

Permits

«Air quality permit

.Land disturbance permit

+Registration certificate and
Operating permit

«Fluid discharge permit

Issue revenue bonds
District heating system construction
(a) Select contractors

(b) Construct wellhead and distribu-
tion system : :

‘(c) . Retrofit buildings

Test the district heating system
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-—b

12

12

32nd
32nd

32nd
32nd
(or

32nd

33rd

34th
34th

46th

- 34th?
~ 34th
35th)

- 33rd

- 45th

- 45th

- 48th
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7.0 SUMMARY

Hawthorne, a community of 3,690, is the commercial hub of
Mineral County mining activity and the adjacent Army
Ammunition Depot. Also fundamental to the local economy are

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,vthe owners of the E1 Capitan Lodge
and Casino drilled a.1,000-foot well, one and one-quar;er
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 (114°F) wells, which lie in a northwesterly line

between Hawthorne and the Wassuk Range.

Additional resource evaluation, including geological,
geophysicai,’geochemical, and/or temperature gradient hole
surveys should be completed in order to propérly site any
additional production wells which may be ﬁecessary 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,
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a commercial lodge and club, and selected residential
subdivisions., A possibility also exists for use by
prospective fﬁture residential subdivisions. The present
total heat load of six groupings of facilities in the stbdy
is é8.6 x 108 Btu/h (peak), or 44.5 x 109 Btu annually.

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

L] . . . L) L]

This grouping is Alternative I in the engineering and
economics evaluations. Alternative II is the same gr0u§ing
with Mt. Graht'and Lakeview Tracts excluded. 'Therefore, the
total annual heat load is 26.8 x 108 Btu. Alternative III
would be Alternative I plus the remainder of the town of
Hawthorne, including all other residential and commercial
users.  An eétimate of the total energy consumption for the

entire town is 168.9 x 109 Btu.-

Assuming a resource temperature of 180°F, the'existing well
and pumping equipment aré adequate for Alternative II, 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 III would require the drilling of
fou; additional wells of approximately the same delivery rate
per well as the existing well, for a total peak deli?ery rate

of 4,025 gpm.
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Geothermal district'heating system costs estimates for the
three alternates are separated into two parts - the well

supply system and the distribution system:

Aiternate Well Supply System Distribution System
I $154,000 ' $1,866,560
II 154,000 1,418,640
I1I 757,000 8,590,000

The 1life cycle cost analysis of the geothermal district
heating system and fhe resultant prices of energy delivered
‘to the various customers are determined by the capital and
operafing costs as well_aé by the ownership structure for the
basic compqnents of theAsystem. The most practical structure
appears to be for the well supply system to be privately
ownéd and opefated by the El Capitan Lodge, and for the
distribution'system to be publicly owned and operated by
Mineral County. | |

A‘pbssible first year wholesale price from the supplier to
theAdistributor was féund to be $0.90 per MMBtu, while the
retail price was ascertained to be $5.50 per MMBtu. The |
wholesale price would provide the supplier with a nominal
56.5% return on investhent after taxes. The retail price
charged by the distributor, when coupled with energy savings
‘realized by the county, would provide a cash‘flow that would
pay off its ofiginal cash investment plus interest in nine
years, for Alternate II, and in sixteen years for Alternate

III.
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The financing optiohs appropriate for geothermal development
will, to a large extent, depend upon the tdtal capital
investment requi}ed. These options include budget
appropriations, géneral obligation bonds, revenue and
indgstrial-development bonds, and aséisﬁance programs from

another level of government.

Legal and régulatory requirements, well drilling regulations,
permits and licenses required duriﬁg exploration and
drilling, public utility regulation, and environmental
considerations are addressed as they may impact the

geothermal district heating system. .
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