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1.0

 INTRODUCTION

‘Hydrothermal energy or natural hot water has long been used

in the town of Gabbs, Nevada, but not for its heat content.
Rather, it has been and is the source of the town's domestic
water supply. Because Gabbs was known to have this hydro-
thermal resource underlying-it,,it was considered to be a
prime oandidate.for development of thisbalternate,energy. As

part of its program to assess the geothermal potential the

‘LNevada Department of Energy contracted with Geothermal

Development Associates to prepare a plan for geothermal

utilization for the City of Gabbs. To lay the groundwork'for"

la plan, the potential for development is first analyzed, and

- a set of required procedures identified. This report de~

. scribes‘thegresults of the analyses as well as a plan for

igeothermal development. It identifies the major findings and'

specifio barriers to development that ‘would have to be

R addressed.

‘_In Section 2.0 of ‘the report, eharacteristics of the site

significant to the prospect for geothermal development are

'»‘described."Thesercharacteristics include_physiography,

?demographv,"economy,_and the goals and objectives of the

¥citiiens as theypwould relate to geothermal development.

.Section 3.0 describes the geothermal resource evaluation.

Based on available 1nformation, the reservoir is generally

-described, defining the depth to the reservoir, production




rates of the existing water-wells, water quality,"and the

resource temperature.

Uses of the energyithat‘seem appropriate to thehsituation
'both now and in the.foreseeable future at Gabbs are described
 in Section 4.0 of the report. The amounts and types of
energy currently consumed by end-user, are estimated. From
‘this information, a conceptual. engineering design and cost
estimates are presented. Finally in this section, the

| results of a life cycle analysis of the economic feasibility
':are discussed. A time-line ‘chart shows the tasks, the time

- estimated to be required for_each'and the interrelationships -

among the activities.

Section 5 0 of the report discusses the essential
ginstitutional requirements for geothermal energy development._

'These include the financial, environmental, legal and .

“regulatory requirements.

The last section of~the report summarizes the main resource;
~engineering, and institutional considerations involved in a

-geothermal district heating system for Gabbs.




2.0 SITE DESCRIPTION

2.1

Physiography

The City ovaabbs‘is located in Nye County in'central
Nevada. It lies between Gabbs Valley to the West and

7the Paradise Range just to the east. Gentle slopes of

15 percent or less characterize most of the city (Figure

2.1), but the ‘land rises sharply at the eastern

municipal boundary, where 30 percent slopes are common..

: Elevations vary from y, 560 to 4, 760 feet 1n the
populated regions, and from 4, 530 to 5 600 feet overall

(Nevada State Land Use Planning Agency, 1980) Three
canyons provide drainage for the city. Each is :

considered a potential flood hazard but none directly

endangers the inhabited areas (Figure 2.2).

Climatic data have never been officially recorded for_r‘

Gabbs. The'nearest'recording station is 40 miles away

in Mina'.’ There, 5, 082'-h'eating-degree—days are

experienced, under slightly milder conditions. January

,is Gabb's coldest month with an average high of 46. 6°F

and an average.low of_20.0°F (National_Oceanic»and

- Atmosbheric“Administration, 1978). Precipitation in

AGabbs is estimated to- be 5 to 6 inches per year (Nevada

State Land Use Planning Agency, 1980)

.Mineral.reSOurces’in‘the region are'abundant,‘with_

‘silver, lead, tungsten, fluorspar, iron ore, magnesite

~and brucite having been commercially mined.

2-1
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- 2.2 Population

Gabbs was initially settled during the World War II era

when emergency mining and milling operaticns,were

-undertaken by'the Federal government to extract

‘magnesium. - Basie, Inc. took over the facilities in 1948

and the growing settlement incorporated soon thereafter.

Preliminary 1980 census data shows a population of 809

| (U.S. Bureau of the Census,,1980). ‘The median age of
athe residents is 26.3, and 97 percent are under the age

- of 65.‘_F1ftyffeuf percent are,maie.‘ Since about‘80

| percent.of the'workforce is employed by Basic, Inec.,

':future population growth will depend largely upon the

- strength of the company's mining activities. _Basic‘

| anticipates minor,employment increases in the near
future‘duevto“expahded cperations. The proposed MX

missile system would bring immigration to the eastern

o portion'of the state, but wouid not be expected to

2.3

' affect Gabbs directly (Nevada State Land Use Planning
Agency, 1980).

Water System. -

- The city's ﬁater System is oWned and operated by a

sub51diary of Basic, Inc. Users are provided water

service at no charge. Six wells are used (Figure 2.3),

which’have,a total capacity of 1,200 gallons.per minute

24
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FIGURE 2.3 Existing Water Facilities (after
: W.F. Pﬂ]sburg, Inc., 1979) '
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(spm){ ‘Basic is ‘the primary user of the system, its |

peak use is 700 gpm compared to 300 gpm by the community
(Pillsbury, 1979) City water use is broken down by
month in Table 2.1. | '

",eThe fluoride content of the city water is considered to

be dangerously high.- Nevada's standard is 1.8
milligrams per: liter (mg/l), ‘but typical concentrations

"-have been 9 to 10 mg/l (Pillsbury, 1979)

- High water temperatures have also proven troublesome to_ '

(;hthe residents. Well temperature readings vary from 118°

2.4

F to 155°F. . Two natural draft cooling towers are used.

~to reduce the temperature to a comfortable level. The

. North Gabbs tower, with 750 £pm capacity has proven
_effective, but the 200 gpm South Gabbs. tower has not.
‘Tap water temperatures of 110°F are not uncommon in

_south Gabbs during the summer (Pillsbury,;1979)

Land USe.h

'ftAgriculture is non-existent in and around Gabbs largely

'rdue to poor soil conditions. ‘Industry consists

primarily of the Basic mine and mill near the northeast

- ¢orner of the city. The commercial-d1strict is almost

entirely within North Gabbs (Figure 2. 4). The'road 2

'connecting North and South Gabbs is also zoned for

"business purposes (Figure 2. 5) A land ‘use surveyv

e conduoted in 1979 is shown in Table 2.2, About‘oneéhalf-

| 246




TABLE 2.1 Commun1ty Month]y Water -

Consumption for 1978(a)
- (after w Pillisbury, Inc. 1979)

Consumption for Month in Gallons

| TOTAL

‘ - North Gabbs South Gabbs ¥/ . Total
“'January, 1978 1,008,000 = 1,670,000 2,678,000
February, 1978 1,023,000 1,714,000 2,737,000
_March, 1978 1,484,000 2,010,000 3,494,000
. April, 1978 1,394,000 2,219,000 3,613,000
May, 1978 1,864,000 4,080,000 5,944,000 .
June, 1978 2,279,000 16,101,000 8,380,000
July, 1978 2,993,000 6,822,000 9,815,000
‘Rugust, 1978 3,409,000 7,625,000 11,034,000
‘September, 1978 “"2,373;000 3,746,000 6,119,000
~ October, 1878 2,455,000 4,094,000 6,549,000
November, 1978 2,319,000 2,892,000 5,211,000
' December, 1978  _1, 965,000 4,695,000 6,660,000
| 24,566, 000 47,668,000 72,234,000

(a’ All fzgures based on records kept by Basic.

(b) Flgures for South Gabbs are corrected to exclude 12%
ot diversion to Basic and 13% evaporation loss.
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TABLE 2. 2 “Land Use Survey
o (after Nevada State Land
~ Use Planning Agency, 1980).

;Upe of Use . HRE South Gabbs ’ North Gabbs ' Total
- Residential units 187 104 291
Churches 2. 2 4
Grocery - 1 1
Service Station - 1 1
.- Motel - 1 1
- Cafe - - 1 .1
Bar ‘ _ - 1 1
- Bottled water sales - - 1 1
. Post Office - 1 1
City Hall - 1 -1
-County Offices - - 1 1
Playground N - 1 1
Elementary School - -1 - 1
High School 1 - 1
. Doctor's office 1 - 1
" Fire Station 1 - 1
Library 1 - 1
- VFw- : : 1 - 1
Community building 1 - 1
1 - 1

Community park

NOTE: - -The br:eliminary' results of the 1980 Census show 303 residential 'u'nits
o (U.»S. Bureau of the Census, 1980). _ \

2-10
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" of the residential unlts_afe'mobile homes (Nevada State

Land Use'Planning Agency, 1980).

~ South Gabbs is almost entirely owned by Basic, Inc.,

.’where it develops the ‘land as needed for its employees

(Nevada State Land¢Use Planning Agency, 1980).

._Residencesyin:North Gabbs are mostly,privately owned.

Eccnomy

The economy of Gabbs is essentially one-industry based,-

as 1ndicated by the employment in the City.

Number of Workers- -Pencent

‘Basic, Ine: = 300 83

Retail Sales and Service . 20=25 6
Government Employment ‘

(city, county, Post _ - '

Office, schools) o 30 8

Other , - 5=10 2

355 | 100

Source: Nevada State Land Use Planning Agency,
‘ (1980)

.Basic,'Inc. will soon‘be»increasing employmentgby about
- 5 percent (Nevada State Land Use Planning Agency, 1980).

As additional_workers are employed at Basic and as the

mining activity in surronnding areas increases, still
more structufes, especially residences,;will be built.
The town could.increase in populaticn by an additional
4§00 persons without unduelstrain on its land and J

infrastructure'(Nevada State Land Use Planning Agency,




1980). The timfng of popuiation grthh is not known,

although it could occur in the next five years.

Incomes in the community are relatively high, with only
‘two percent of the residents classified as below the |

poverty level (W. Cuchine, 1980).

The city has ﬁé'bank, pharmac&, or hardware stofe;’so’
residents must travel at least 60 miles to obtain these

}services. ‘This is a loss of the tax base as well as an
inconvenience to the community; hdwevér, the residents
, afe generallyisatisfied with.the‘present way of 1ifé in
' Gabbs and afe*ééeking no major changes (Ne#ada'State‘

Land Use Planning Agency, 1980).

Several construétiopvprojects are planned.  An addition
' 6f approximately 6,000 square feet is planned for the

, Fire'Hqusé,"and'adrbss the street, a‘Nye County .complex
of abou£ 6,0bb.square.féét. It will éccommédate |
facilities such as thé_édmin;strative offices of both
‘the city and county, thé Sheriff's‘office;.the'police
station and jail (P. Butler, 1980).

2-12
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3.0 RESOURCE EVALUATION

3.1

“Introduction

The Gabbs geothermal area lies on the eastern edge of

v the Gabbs Valley hydrographic area. water wells drilled

over the: past 40 years for the Gabbs municipal water

- supply have encountered thermal waters of up. to 155°F in

the immediate vicinity of the town site. Five miles due

'l-'north of the Gabbs wells is another well producing 129°

3.2

gwater from alluvium at 243 feet.

General Geology

Gabbs lies onfthe eastern edge of Gabbs Valley where-it

_abuts the Paradise‘Range, which is host_to a complex .

aSsortment of“mineralzdeposits, the most important being

'=magnesite.j Both North and South Gabbs, and the

municipal wells;‘are situated within the low sage

"‘.-covered Quaternary alluvium within one-half mile of the

3 range front. -

3.2.1 Stratigraphy

i._The core of the Paradise Range’(Plate I) consists
of Permian, Tria551c, and Jurassic sedimentary
and volcanic units, including carbonates,
'greenstone, quart21te, a wide range of SiIIOIOUu
‘clastics,ﬁand andesitic flows and tuffs. - To the
irsouth:and east these rock units are covered with

3-1°
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‘~Tertiaryxlava=f1ows_and‘pyroclastic rocks’of

,fdacitic~to'rhy011tic compOsition.'w

Intrusive igneous rocks which range from granites B

--to gabbros, were emplaced largely in the older -

7rocks, from Mesozoic to Tertiary t1me. The most

'f, youthful igneous rocks 1n ‘the region are

andesitic and intermediate composition flows and

breccias which are dated as 34 to 7 million years

‘in age (Stewart and Carlson, 1976) A probable

->ca1dera of similar age is located in Gabbs Valley

'with the center of the caldera approximately ten

| miles west of the town of Gabbs.‘

,lBeyond the older bedrook of the range to. the

o east Quaternary alluvium covers Gabbs Valley.

The valley fill ovaevada's 1ntermontane bas1ns
hconsists largely of poorly consolidated finely

'-1nterbedded clays, silts, sands, and gravels of

'ﬁylate Tertiary through Quaternary age. In some o

' 3-2,02

areas these continental sedimentary strata may

:'include significant volcanic interbeds.

'
Y

'Structure'

Although the configuration of Gabbs Valley is not_

'linear in the north-south direction typical of
‘the Nevada Ba51n and Range, its present form is-

;certainly due to’ the faulting of this orogenic"

3-2




epiSode.ﬂ Vitaliano and Callaghan (1963) mapped a
major fault along the western margin of the
Paradise Range, 1,000 feet east ‘of the city’
limits. -Additional parallel faults probaoly lie '
hidden beneath the alluvium of the valley floor

in the town site area.

'3;3 Hydrogeology

3.3.1

Ground-water Flow System

Delineation~of'the hydrologic system is essential

" in understanding the'geothermal,potential in the

Gabbs’area.y'The ground-water system can-be'

vseparated into the near-surface alluvial aquifers

and the deep underlying bedrock aquifer. - The

alluvial aquifer's permeability is primarily

controlled by its sedimentary structure. Due to

compaction, the permeability generally decreases

with depth until fractures become chiefly

Aresponsible for the transmission of the water.

Secondary fracture permeability is 1ndicated in

. the consolidated bedrock.

The source of recharge for the ground-water.

’ system oceurs in the mountains as meteroic water

which, invpart, collects in 1ntermittent streams

" and infiltrates to the ground-water table through

“unconsolidated valley deposits and along range

33




~ front faults. Part of the precipitation enters
vfractures in the mountains and is transmitted to
the valley~fill and the deep bedrock aquifer.

: Eakin'(1962)_estimated an average annual recharge

to the Gabbs Valley of 5,200 acre feet.

'_Meteoric water deep in the‘bedrock fractures is

heated by the abnormally high crustal heat flow

'»vcommon in the ‘Basin and Range province. 'In"

1_;response to the density gradient induced by the

~ increased temperature, ‘the water circulateS'
upward along the range front faults into alluvial'
,}aquifers. Once in the alluvium, the thermal

water flows‘outward fromAthe faults into the
gunconsolidated sands and gravels,'and mires with
cooler water. Wells in the Gabbs vicinity are

located in the alluvial aquifer.

- Natural ground-water discharge occurs where the

| water table intersects the land surface.; In
. Gabbs Valley there are two such areas.n The
principal region is the topographically low area

’of Alkali Flats located in the western part of ‘

| the valley. The . second area, near Gabbs (Plate'
,I, area of evapotranspiration from ground water),‘
,is where the water table ordinarily would be

| expected to be fairly deep. “The shallow water

table apparently results from the combination of

" a nearby source of*recharge, the Paradise Range,
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and a dam effect caused by the reduction‘of
transmissibility of the valley fill westward from
‘the mountains. The reduction of transmxssibility
may be due either to a decrease in the
"permeability of the valley fill away from the
;mountain front or to a partial barrier resulting
from a'constrlction or faulting and tilting of
the Tertlary valley rocks (Eakin, 1962) -AThe
mechanism responsible for this unusual area of
discharge has an effect.on the geothermal regime
'sincelthe main body of thermal mellsdis also

' located in'this4region (Plate I).

3.3.2 Ground-water Chemistry

The chemical quality of the thermal water wells
reported is relatively uniform with total
dissolved solids (TDS) around 700 to 850 ppm
_.(Table”3.1).‘-Allqu:thevwells,produce water mith‘
| ajhigh'fluoride'concentration substantially above
,Nerada Division of Health standards. Only a
ltracefof7arsenlc was found in Well'No.,io. In
'thé hot‘springs located'16 miles west of Gabbs, a
‘boron content of 1. 6 ppm was reported. Kellys |
"Wells, south of’ Gabbs (Plate I), also reported a

boron- content of 0.8 ppm.

The thermal waters are located at a relatively

shallow_depth and therefore are able to mix with
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_TABLE-3.1 Wafer Quality Data

Concentration, by Wells (b + d)

Consf.itueni (a) |~ 3 4 5 6 7 18 (c) 10 2881(?1)c)11y
s [ 74| 70z| 83| 755 770 T et
Hardness (n | 58| 53| 70| 63| 58 65| 80
Calcium | 23| 2| 28| 25| 23| 19| 32
Magnesium : ol 0 ol of of 4 0}
Sodium - | 212| 199| 233| 208| 213| 417 225
| Potassium 6| s| s 6 | | s
 |suifate - | ao0| 375 | as2| aos| aos| 3s2 442
| citoride 34| 29| 40| 20| 20| 27| 35
| Nitrate 1 0.2{ 00| 07] 0.5 0.0] 0.03] 0.0
Alkalinity (f) [ 38| 30| 28] 32 30|
Bicarbonate 12| 22| 1| 5| 28 )
| carbonate 0| w0| 8l 8 6 4
|Fiworide -~ [s.65]9.65 |0.25 10.0{10.2 | 7.45| 9.45|
|Arsenic- | o|. o]|. of o o 0 |0.005
Iron 0.05 | 0.02 {0.04 | 0.01 | 0.04 | 0.44 | 0.07
Manganese ~ -|0.01/0.01| o o 0]0.0024| 0.00
. Co]or.:Units~ S I A 3 3 3 N 3|
| Turbidity, Units | 0.7 0.1 0.1 0.1 0.1 0.1
pH, Units -~ |8.438.39 [8.42 [8.40 |8:42 | 8.45| 8.33| |
a | Temperature, °F | 118 | 135 | 145 155 | 140 70-| 154 {129 | coLD
| We11 Depth (ft.) | 169 | 341 | 250 | 295 | 575 | 285 | 198|296

ia - all values mg/1 unless otherwise noted
b)- based on samples collected 3-27-79
- (c) based on samples collected 5-14-75
(d) . water quality data obtained from Pillsbury (1979)
-~ (e) water temperature data obta1ned from Eakin (1962)
(f) cacog
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'.cooler‘Suosurface'water. USing the(molar Na, K,

.. and Ca concentrations,‘an empirical method of‘
estimating the. last temperature of water-rock
linteractions ‘can be employed (Table 3. 2) The _
:results show a relatively uniform source o

v temperature of between 176°F and 185°F.

Chemical geothermometers-were‘developed in rapid
-flow, nigh- tO'mOderate4temperature systems
‘(i €.,y Yellowstone, Geysers, Ca). The‘Gabbs
' system is a relatively slow circulating low-
temperature system,vtherefore, caution is advised
tinmplacing‘too much emphasis on‘tne calculated
reservoir temperatures. The Na-K-Ca: | |
geothermometer is at best a gross indication of

the source water temperature.

-3.4' Geothermal System

The Gabbs thermal area, as presently delineated
;consists of seven municipal water wells, Nos. 3, H, 5,
6, 7, 8,}and 10.' Ihey lie in ajline from the south end
'Af South Gabbs to a mile and one-quarter northeast of
_North Gabbs (Plate I). The overall areal dimensions of
" the zone are two and one-third mile long parallel to the'
eParadise.Range, and up to 700 feet wide in the area of
lwells 3, U, and 5. The size of the reservoir is

probably'many times what is presently known.




TABLE 3.2 Source Temperature of Thermal Waters
Using the Empirical Na-K-Ca Geothermometer
Method- (After Fournier and Truesdell, 1972).

_We]]-- : Relat1cn Ion Composit1on(a) ‘Measured Na-K—Ca(c)

No. - Ca]c1um(b) Sodium(b) Pqta551um(b) - Temp. Geothermometer
3 0.000575 | 0.0092 | ~ 0.00015 | 118°F |  1g5°F
.4 0.000525 | '0.0086 | ~ 0.00013 135°F 176°F
5 0.00070 0.0097 | © 0.00015 | 145°F ~ 176°F
6. | 0.000625 | o0.0090 |  0.00005 | 155°F | - 180°F
7 | 0.000575 | 0.0093 |  0.00015 | 140°F |  178°F
10 | o.00080 | 0.0007 ©0.00015 | 154°F 170°F

<

jjfga | data from P111sbury (1979) ‘
all ionic composition expressed in Mola] so]ut1ons:

o (e)

temperatures can vary upward to + 15°F
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" Five miles to the north and equally distant from the
.main_ParadiSe'Range fault, Well 28B1, drilled to 296

feet, has waters-of_129°F and,stands alone. Only
geothermal exploratory temperature‘gradient'holes have

been drilled between ‘the two hydrothermal areas. ~The

"data from these recently drilled holes is proprietary to

"'Microgeophysics' client company as to whether the two

areas are actually.one.

~AThe'depth’to and thickness of the Gabbs reservoir‘is
‘known only from wells drilled for municipal water.. The

;}shallowest well is No. 3 (TD 169 feet) and the deepest

is No. 7 (TD 575 feet). The minimum apparent reservoir
thickness, based on these wells which are 0 8 miles
apart is 506 feet. Table 3.3 lists the specifications
of all the thermal wells and the Holly Well.

| - The limited‘delineation of the’reServoir by drilling
‘allows only the most conservative characterization of

" the reservoir‘volume. The known dimensions are:

length» 12 000 feet width 700 feet, and thickness, MOO-

feet. The calculated reservoir volume, energy content, '

and extractable energy would be grossly mislead1ng at

this stage of reservoir confirmatlon. “There is little

B doubt that the resource can support existing and planned

-thermal energy demand for ~space heating and similar uses

over a 1ong term.




0T-¢

. (j' o e f“t, . :g; ) €
TABLE 3.3 .WeII:Charactériétics
WELL 3(a) |4(a) | 5(a) [ 6(a)]| 7 () | 8(a) |10 (a) | 2881 (b) [ Well (b)

Characteristics = .| | | ) '
‘Depth (ft.) . 169 341 "-,250 f 205 | 575 | 285 198 - 296 189 | |
Casing Size (in.y | ~ 8 | ~ 8| 8 [ ..8]| 10| 12 16 10.75 6 |
Ground Elevation o N : : ~ ' , o

(ft.) | 4587 | 4628 | 4598 4592 | 4579 | . 4620 | . 4620 4660
Depth to Standing | . N : o o - o , -
© Water (ft.) = - 67 | 93 | 58 49 44 | 107 |- 51 143 140
Yield, gpm/ft. SR I B - 8.4 36 3.7 - -
Present Pumping | _ o , R .

Rate gpm 140 | 150 | 130 225 | 250 - 300 - -

| (a) information obﬁained from Pillsbury (1979)

(b) information obtained from Eakin (1962)




The present Gabbs wells which produce thermal water ‘

fwere drilled for non-thermal uses. It is unlikely that
each of the present wells was drilled in an optimal
tlocation within the shallow geothermal reservoir to_.

produce the highest temperatures possible_at a

reasonable depth. The recommended resource assessment

'-program is designed to locate the range front fault zone
‘which acts as a conduit for the hottest rising waters,

which eventually supply the shallow reservoir currently

"»tapped by the Gabbs wells.

3.5

pThe'ultimate oﬁjective of the program is to provide

drilling locationsifor production wells of high

performance -'meaning, suStained,high'temperatures and

high flow (pumping) rates. Ideally;'the’drill'sites

will permit the intersection of the reserv01r at a

shallow:depth,.where it is fed'by normal faults.

'SuccesSful wells would, in turn, prove to be cost

effective in the purchase and installation of the entire

district heating system.

Recommended Geothermal Resource Assessment Program and
Estimated Costs : .

The resource assessment program 1nc1udes surveys

designed to locate optimum dr1lling locations for a

fproduction test well (and subsequent production and

injection wells), and the drilling, logging and testing
of a single production test well. o

an




analysis to determine optimum'flow rate, -
reservoir temperature, and water chemistry for

. engineering design.

The total minimum cost for a resource assessment
program to the point of development drilling is.
'$50;000 to $75,000. Production test well results’_m
‘and the estimated thermal energy demand for the
City of Gabbs will determine the number of |
production and injection wells necessarygfor

r : proper'development.

3.6 State and Federal Funding.Programst

- Both the.Federal Government and the Nevada State
Legislature are concerned with encouraging the
development of geothermal resources. Relevant Federal

”,and State funding mechanisms which are currently

‘ applicable, are outlined below. The availability of the
following listed programs should be verified when the

question of;funding is addressed.

3.6.1 Geothermal Loan.Guaranty Program (GLGP)

”The GLGP was created by the Federal government to’
encourage geothermal energy production by | | t
vminimizing a lender's financial risk. Guaranteed
'loans may be used during any project phase from

'resource assessment through construction and-
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| foperation.. Recent legislation has raised the ‘
*'guaranty from 75 to 90 percent of a project's

. costs. A loan of this type is limited to $100

_ million per project or $200 million per borrower.._:

3.6.2 Small ﬁusinesstdministration (SBA)ALoans

SBA loans are available to start, continue or

,expand businesses in developing, manufacturing,

A selling, 1nsta111ng or servicing geothermal

energy,resources. Loans up to $350, 000 are made A"

'.directly;‘gowpercent of a loan obtained from a
{iprivate lender, up to $500 000 is guaranteed by
‘L:SBA. The direct loans generally carry interest
rates lower than those in private financial
'markets but are'available only to applicants who
iare unable to secure private financing or a SBA-

'guaranteed loan.

'3,6s3ifFarmers Home_AdministratiOn (FmHA),Loans 1

ilWhile the U S. FmHA administers several energy
'.research and development 1oan programs, the.
vi'Community Facility Loan is of particular. |
uiinterest. This loan may be used to acquire or
'udevelop any essential community facility. A'
'fgeothermal district heating system would be a‘ .
‘;novel application for this type of loan. |

Resource assessment production drilling and
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 facility constructién‘may ali be included.
'VIngérestfrates are especially'favorable at five

- percent.,
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u;o” chrHsRnAL RESOUhCE\APPLICATIONS°

This section presents existing applications of the geothermal

tjresource at Gabbs, and proposes some p0551ble future

,vapplications. The technical and economic feasibility of the

prime’ future application, d1str1ct heating, is discussed, and

estimates of the delivered cost of energyvare given,

K

ExistingvApplications

,The-geothermai resource:at Gabbs'is used primarily to
‘'supply municipal and industrial water needs rather than
"energy needs. The geothermal water is pumped from six

‘wells owned by Basic,‘Inc., to.supply industrialrprocess

requirements, and also to supply>residentia1 and -

e_commercialhwater requirements. Since the water is,too
hot to be used directly, it is first pumped through
:cooling‘towerS‘before being distributed throughout the
,city,- Thus, a considerable amount of . thermal energy is
hwasted in the present mode of operation. Rather than

using this energy for space heating in homes and

businesses,vpropane and_heating oil are-the primary'

'fuels'used. Of course, when the City of Gabbs‘Was‘

founded these fuels were cheap and in plentiful supply.

"Today however, this ‘is not the case and consideration

must be - given to the use of locally available

alternative energy resources - particularly geothermal.
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'IThere is an existing industrial application of

geothermal energy at the Basic mill. Flotation cells

used for concentration of ores have been found to work

- more efficiently at warm temperatures (125 130°F)

‘f,Geothermal water is used 1n the flotation process. to

maintain these temperatures. All other process heat

requirements at the Basic mill call for very high

ﬁtemperatures. After the flotation cells, the next

- lowest proCess temperature'reQuirement is over 1,600°F.V

Another application of the geothermal resource which was

Aonce tried but abandoned is that of swimming pool,'
- heating. The'municipal-pool‘was once heated by‘means of

a heat‘exchangervwhich had_thehhot city water on the

't‘primary side end the pool water on the secondary side.

-‘The'State eliminated this application, however, by

' vruling that failure of the heat exchanger Walls would

“allow pool water to flow into the city water lines,

thereby contaminating the city water. The pool remains

>unheated to this day‘and is, therefore, used only in the

' summer.

Potential Applications

'1Thekpotential'application”which offers the greatest

benefit in terms of. fossil fuel conservationiand reduced

energy costs 1s that of a district heating system for

>the City of Gabbs. There is no question that the

geothermal resource could meet the space heating and

2-2




Ab)

.;domestic wateriheating'loads of:the etire city. These
~loads are‘summarized'in Table 4.1. 7As shown in the
Vtable, the peak heating load for the entire community is

“‘approximatly 263 8 therms/hr, or 26. 38 million Btuh. |
:This quantzty of heat could be supplied by a total flow

“of approximately 1, 320 gpm, assuming an average

temperature drop of‘uo F throughout the district. The

. diversity of load patterns typically found:in a group of

_several hundred customers would result in a much smaller

peak flow requirement in actual operation.-

It is obvious that district heating in Gabbs has

"tremendous potential. District heating is the only

| application of the Gabbs resource that offers potential
'benefit to the entire_community. Other’ applications are
vof course possible, but none appear to be as good‘as"

"jdistrict heating; For instance, another application of

this low temperature resource is space heating for
greenhouses.' This does not appear to be a good .

application, however, due to the small local market and

t«the distance involved in transporting the products to
learger markets. This same limitation makes any
'agricultural application unfavorable, including

"aquaculture.' Recreational uses are also very limited

because of the small population and remote- location.

o}The local swimming pool is the only recreational use

'that can be,recommended. Low temperature electric power

| v generation-would be possible, butipresently only high ‘
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TABLE 4.1V City of Gabbs Space Heating and Domestic

- Water Heating Peak Loads

~Therms/Hour-
Description South Gabbs North Gabbs . ' Total
S.H. D.W.H. _ S.H. D.W.H.  S.H. D.W.H.
- Houses 52.0 11.7 37.6 8.5 89.6 20.2
Mobil Homes & : o
Trailers 43.5 9.5 25.9 - 5.6 69.4 15.1
Attached Houses 17.6 3.8 . - - 17.6 ‘3.8
Churches o 1.0 0.1 - 3.0 0.4 4.0 0.5
Schools 19.9 = 1.6 - - 19.9 1.6
Library 1.0 0.1 - - 1.0 0.1
‘Recreation Center 2.0 - 0.2 - - 2.0 0.2
Fire Department 1.0 0.1 - - 1.0 0.1
Doctor's Office 1.0 0.1 - - 1.0 0.1
Restaurant - - 2,5 0.4 2.5 0.4
Motel (5 units) - - 3.3 0.6 3.3 0.6
.Gas Station - - 1.0 0.1 1.0 0.1
Market - - 1.0 0.1 1.0 0.1
Bar - - - 0.5 0.1 0.5 0.1
City Offices : ‘ - :
(includes Police) - - 1.0 0.1 1.0 0.1
Swimming Pool - - 5.5 0.4 5.5 0.4
TOTALS: S 0139.0  27.2 '81.3  16.3 220.3  43.5
166.2 , 97.6 263.8
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:temperature resources are being con51dered for this

7'application. Thus, power production is not likely to be

a practical application of the Gabbs geothermal resource

in the near future..7

i''E':'ngine‘er'_ing'-:I_)esjign_v

"The engineering design for a geothermal district heating

’system for Gabbs, Nevada, is necessarily based on

several assumptions about the geothermal resource and

o

b))

. c)‘

its capacity.‘ These include the following.

The quality of the geothermal water supply will
be high enough that a heat exchanger at the-

. supply wells will ‘not be required.

Three new production wells capable of delivering”
500 gallons per minute (gpm) each at approxi-

. mately 150 F supply water temperature will be

drilled in the vicinity of existing Well No. 6,

- west of Gabbs. These new wells will be about

500 feet deep with a pumping depth of approxi-

' mately 200 feet..

Three injection wells will be drilled to a
depth of 500 feet and a maximum of 500 gpm will
be injected into each. One of these wells

will be located near existing Well No. 6 and

i, the remaining two will be located near. existing T

Well No. 10 (south of South Gabbs).

. In the engineering design, as shown on Figure 4.1, the

cheating supply system consists of a well pump at each of

'fittings.

the three production wells with two circulation pumps
connected in parallel, a pump at each of the three

injection wells, and miscellaneous piping, valves and

Hot water coils are specified for
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retrofitting the forced air heating systems in
'residential and commercial buildings, and baseboard

| radiators are specified for retrofittlng electrical
heating svstemsvin commercial‘buildings} Domestic hot
‘water tanks with built-in heat eichangers and back-up
‘electrical heatingAelements.are-used for retrofitting

all domestic hot water_systems."

| The retrofit design for the'forced air heating systems
1n both the residential and commercial buildings assumes
1 Space would be available ‘for the retrofitting.}"The.
’vretrofitting of the forced air systems would»be' _
""accomplisheavbv modifving the supply ductwork near the
vfurnaoe to accept a hot water coil(s) »The'geothermal
'fluid would flow continuously through the coil.v-The |
furnace. fan would be shut off. When there was a
»requirement for space heating, ‘the thermostat would
’fcycle the furnace fan "on", blowing returnvair over the
hotvuater colls. ,lhevalr would bevheated ano‘circulated
\ throughjthe ductwork to the‘space.» After thevspace was
1heated,tthe thermoStatvcycles the fan "off". | |

: The‘retrofitting:for electric;heating syStems requireS‘.
’ the installation of'a baseboard'convection heating
.'system. The hot'geothermal water would flow through the
: _baseboard convectors when a valve, controlled by the.
thermostat, would open to allow flow. The control valve

would close whenvthe heating requ1rements were
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E satisfied. The electric heating system would be

"reserved for back-up heating.'
A new domestic hot uater heater with a built-in heat
”-exchanger uould replace the existing hot water heaters{

i'The heat exchanger would accept the hot geothermal fluid

K and transfer heat to the water in the tank. The .

| 'geothermal water would flow continuously through the

,heat exchanger in the tank.

When the'heating ioad reduirements for'space heating‘are
; zero, the district heating system would be turned off. |
It would not be economically feasible to run the heating
}7system pumps just to meet_the domestic hot water -
requirements'as‘they contain'an'electric heating

element.

The retrofits, as designed for the_space heating
i systems, would allow the:existing equipment to be used

for back-up purposes.

‘tThe district'heating:system>was designed to supply the
‘v‘current peak heating load of 263 8 therms/hour (space
‘,heat and hot water) and the additional future loads'
. generated by the new fire department building and the :

new county building.‘ Each of these new bu11dings was

}‘u'estimated to be approximately 6, 000 square feet in size

‘with a peak heating load of 60 Btuh/square foot
resulting in an additional peak heating load of 3 6
therms/hourvper,building. This results in a prOJected,
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. peak heating load of 271 therms/hour, which yields a
:requirement of~1 355 gpm. for the total system. This is
‘ based on a temperature drop of UO°F across the hot water

coils.

The well pump requirements were estimated to be 500 gpm
and 212 feet of head each. This is approximately 47

horsepower per pump. The circulating pump.requirements
"were estimated‘to be 750 gpm and 240 feetvof head eacht

Two circulating pumps would be used in parallel, rather

- than using one pump, to provide some back-up in the

"event that one of the pumps should fail. The .
circulating‘pumps”are approximately 75 horsepower each.
_The‘injection pump requirements uere estimatedtto‘be 500
‘gpm each at 212 feet of head each, or 47 horsepower

each. -

- The design criterion'for residencesvfor‘retrofittingﬂwas
1.0-therms/hour:peak heating, including-space heating |
and domestic hot’water’requirements.‘ The design
criterion for commercial buildings was the average
(mean) peak heating 1oad of 21 therms/hour required for
. both spacerheating and domestic hotvwater. The needs ofg
individuai commercial buildings would deviate from this.

value depending on size and individual requirements."

The design criterion for retrofitting electric heating

' *systems‘for‘commercial buildings was 1.1 therms/hour
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peak heating load,”based on the iibrary's aotual
‘requirement. o 4

To determine”the fuei conSumption perfyear (assuming'100
'peroent propane and no. fuel 0il), the modified'degree

~’day energy estimating caloulatlon was used (ASHRAE 1980
' Systems Handbook Chapter u3) The basic equation is:

(HL)(D.D;)(zu)(cb)

HATY(n) (V)
where:
E ='fuel consumption per year (gallons/year propane)

HL .= design peak thermal load (Btuh). For Gabbs, H =
S 27.1 x 105 Btuh (includes new fire department and
‘new community center)

24

D.D. = number of base 65°F degree days per year. For
Gabbs, 6 000.D.D./year : ’
= unit is hour/day, converts out degree days i
AT s design temperature differance = 70?F
‘n“ ='heating system effioiency. For older propane
o - equipment this approximates 0.70 at best
v = heating value of fuel. For propane:this averages

"0 91,500 Btu/gallon

. CD v éicorreotion factor for heating effect versus de-v'
,gree‘days. For. 6 000 DD/year - the mean CD = 0.62"

For Gabhs,:caloulation'of E = 539,643 gallons/year |

',propanet AThis formula iS'typicaliy used as a simple

means of estimating annual energy consumption when the

, design peak thermal load is known. It is most accurate

- for residential buildings w1th the margin of error
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) increa51ng with the complex1ty of the building type.vu‘

Since the’ nonresidential buildings in Gabbs are

'relatively simple municipal/commercial type buildings,

h»this method was deemed to be acceptably accurate.

Tu

R

Economic Evaluations

EquipmenthomponentS'and Cost'EstimateS'

The_capital improvement'cost estimates associated

. with the engineering'design described in Section'

'~u’3 are presented here.‘ Table 4. 2'provides a
psummary of all of the major equipment and expense ‘
'items for the design and construction of a
_ geothermal district heating for Gabbs. The total.

'gcapital cost,is estimated at $4,149,324, which_

o proVides for}the geothermal well engineeringnand

| vconstruction, the'centraludistribution piping

' system, and the retrofit of all residential,

jcommercial and community buildings including the

»,two 6 000 squarevfoot buildings that are

'*n“currently planned by the city and county.:vThis'

vtanks.

cost also assumes that everything is constructed f

" new and solely for the geothermal district - 'v'

‘heating system. -new wells, new piping, and new

retrofits including new domestic hot water heater
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TABLE 4. 2 Cost Summary for Geothermal Central
. Distribution System and Building Retrofits

Quantity Cost Each .~ Total -
Well Englneering & Construction
Geologist (exploration) 6 wells 8 552 $ 3,312
Geophysical 6 wells 2,217 13,302
-DPrilling - 6 wells _ 12,500 = - 75,000
Geologist (logging) 6 wells 3,370 20,220
" Test pumping-production. 3 wells - 7,000 . 21,000
Test pumping-reinjection 3 wells 7,000 - 21,000
- Water quality analysis _ 3 ,wells : 350 ~ 1,050
Coordination, meetings, reports _ 6 wells 1,600 - - 9,600
Well heat assembly S ' .3 wells 10,000 - . 30,000
$ 194,484
_Distribution Components
Pipiﬁg,’supply1and return B . See itemrzation ;, ' ,$1,845;440
¢ . Valves and fittings _ 10% of piping costs 184,544
Circulating pump. w/controls -2 each $ 7,500 15,000
- Well pumps , 3 each A 18,000 ; 54,000
'Reinjection pumps oo ‘ 3 each o 6,000 - 18,000
Reinjection well pipe L , 600" ' 29 17,400
B $2,134,384
Retrofit Requirements
 Residence retrofit . 287 residences $ 3,375  § 968,625
' Commercial retrofit (from - _ _ _ : - :
gas forced air) - : '~ 20 buildings 6,175 123,500
Commercial retrofit (from S . : ' i
v electric heat) o ‘ - ; 1 building 8,201 - 8,201
$1,100,326
Subtotal- | L | S $3,429,194
Contingency (10%)‘ 'u'{. f N _ ' - R .-342,919
S o o $3,772,113
Engineering design and ‘ v ( . '
. construction management (10%) : : 377,211
~ GRAND TOTAL: I S $4,149,324
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Tablev4.3 provides an itemizedvliSting df the

B distribution pibdhg requirements'and ceata; :
Tables 4 4 to 4.6 show itemizations of the
,retrofit costs for three basic types of buildlngs
in Gabbs: resldential, commerclallcommunity w1th.
-forceddair systeds, and the'eleetricallyéheated

library.i

The engineeringidesign has taken a‘very
_conservatlve approach, almost a "worst case" in

‘ order to avoid presentlng a misleadlng or overly

optimistic case. Several changes in the resource‘

or design parameters could 51gnificantly reduce
the project costs. Some of these possibilitles
- include the following:." | -

a) If the existing geothermal wells were
used as either production or injection
wells, there would be a savings on well
costs.-

b) If sufflcient flow were: generated by one
" or two new production wells, a third
produetion well would not be required.

c¢) If return water were used for the pro-
© posed municipal water system, the quan-.
tity of water that would have to be in-
jected would be minimized and fewer in-
: ~Jjection wells would be required. Also
- the water would be precooled for the
‘municipal system.. . .

‘d)J,If the requirement for 1nJection were -
eliminated, there would be no need for
the injection}wells and pumps. :

‘e) If injection is necessary, it may be
" possible to eliminate the need for pres-

surized injection, thus eliminatlng the
need for inJection pumps. : o
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. TABLE 4.3 Central Distribution 8ystem
.Piping sPec1fications and Costs

TOTAL#
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: “Lineal Footage Required Unit Total

. Piping Size Supply Line Return Line Total Cost Cost
8" single . 4725° 175° 4900°' - $73 $ 357,700
6" Single 440" 440" 880" 59 51,920
5" Single 4100' 5500° 9600° 57 547,200
4" Double 2190° 2190 2190! - 83 181,770
3" Double - 2515* 2515! 2515° 68 . 171,020

~ 2%" Double 4410 4410° " 4410° 56 '246,960

~ 2" Double - 4290 4290° 4290°' 46 197,340
. 1%" Double 2015' 2015° 2015° 38 76,570

‘1%" Double 440" 440" . 440" 34 14,960
TOTAL: $1,845,440
TABLE 4.4 Residential Retrofit Specifications and

Costs per Residence (for all existing
residences; 100,000 Btu/hr heat load)
- o : Unit -Tpﬁal
Component SPecification , Quantity Cost ‘>Cost
Pipe - 1" double w/single ;

: ' -+ conduit . 50°' $30 . $1,500
Valves & fittings 100
Hot water coil 800 CFM/sq.ft., 2

o row, aluminum fin 6 sq.ft. 460
Ductwork modification Laborxr - 250
Hot water tank w/heat_,v 82 gal., electric

_exchanger heating element 965

g fank,installatioﬁ' Labor - . 100
. $3,375




TABLE 4.5 ' Commercial Building Retrofit Specifications
: and Costs Per Building (for buildings with
electric heat systems; 100,000 Btu/hr heat load)

Unit - Total

TOTAL: -
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COmponentl' Specification Quantity Cost Cost
Baseboard radiator 900 Btu/hr/L.F. 123*  $32  $3,936
Pipe 1" double w/single

conduit 100*' - .30 $3,000

valves & fittings 200

Hot water tank w/heat 82 gal., electric

exchanger heating element 965
Tank installation " Labor 100
' TOTAL: ' $8,201

TABLE 4.6 Commercial Building Retrofit Specifications
' ' and Costs per Building (for buildings with
forced air systems; 210,000 Btu/hr heat load)
. ‘ Unit Total

. Component SPecification' " Quantity Cost - Cost
Pipe ]&"(double’w/single ‘ . :

: . conduit 100 “$34 . $3,400
.Valves & fittings : 300
'Hot water coil 800 CFM/sq.ft. 13 sq.ft. 70 910
Ductwork modification Labor 500
Hot.ﬁater tank w/heat .82 Qall, electric :

exchanger -~ . heating element 965

) Tank installation Labor "~ 100
$6,175




. £). If the geothermal district heating sys~-
-~ tem were installed at the same time a
- new municipal water system were install-
ed, a cost savings could be realized by
~‘utilizing the same trenching for both
.systems. ; :

g)’YIf the existing domestic hot water heat—
- .ers were used, in contrast to replacing
. them with domestic hot water heaters
.with built-in heat exchangers, signifi-
- ..cant savings 'in building. retrofit costs
v.,wculd be realized. ;

oh.y.2 AnnuaI'Operating.and'Maintenance-Expenses
. Annual operating and maintenance expenses have
_been estimated both for the prospective
‘geothermal district heating system, exclusive of

i'the in-building electrical costs for motors and

fans, and for the total existing space and hot

water heating fuel costs of all the res1dentia1,
commercial and community bu1ldings, based upon
1981 electricity and propane costs. Table»4 7

summarizes the various costs., The first year

,'(1981) operating and maintenance costs for the

geothermal system are figured at $151 072. The‘

current‘total_fuel and electrical heating costs

for the community, all expressed in terms of

7rpropane‘at,$8i10/MMBtu, are estimated at

$399,956.

4-16




TABLE 4. 7 Summary of Estimated Annual 0perating
and Maintenance Costs

Total Cost

Ftanchise fee (0.75%)

"Totalvuonthiy:

| Total Annual-*

.*,assumes 6 months of’ continuous operation per year
for a monthly electrical consumption of 223,526 KWH.

_** asgumes Gabbs already pays initial $3, 500/month
e demand charge.

: ***vassumes Gabbs already pays cost ofjfiret 450,000 KWH
'3used per month., o : : : ' :

fMaintenance COStS‘

Wells - . avof § 194,484

 pipeline . .~ 1% of $1,862,840
Equipment ST 2% of § 271,544

Subtotalz

‘Administrative Costszl, S Personnel, insurance

and collections

' GRAND TOTAL:
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' Cost Element ‘ ; R Specifications
Geothermal District Heating System
Electricai Costs: _
~ Well pumps 3  47HP = 105.0 KW
Circulating pumps: 2.  75HP = 111.8 KW
Reinjection pumps 3 40HP = 89.4 XW
306.2 KW*
Demand,charce ‘ : ' $3.00/KW/mo** $' 919/mo
Energy charge S $0.04014/KWH*** 8,972/mo
Deferred energy o R :
accounting adjustment : © $0.0069863/KWH 1,562/mo
Subtotal:’ $ 11,453/mo

86/mo
$‘11,53§/mo‘

$ 69,234

$ 7,779
18,628
5,431

$ 31,838

'$ 50,000

$151,072




TABLE 4.7 Summary of Estimated Annual Operating

and Maintenance Costs (Cont'd)

'Cost.Elegent S : _'specifications; F.TOtal Cost
N S : Current Fuel and Electriqélvﬂeating Systenms

Propane Equivalent: ' 539,643 gal/yr

e ' 91,500 Btu/gal
Residential - 80% of energy $0.745/gal - $321,627
Commercial ~ 20% of energy.  $0.725/gal 78,248

Totals ‘ | $399,875% %2+

*%%% fuel price equivaleht is’$8}J0/MM3tu.

TABLE 4.é Baseline Sét of Assumed Economic and Financial
Factors -(applicable for the 30-year period of

1981 to 2010)

_'Econbmic/Financial Factor

Annual Escalation Rate'

Labor and maintenance

-Natural gas, prqpane and fuel oil
Electricity

Long term commercial interest rates
Municipal bond interest rates

. General inflation rate '

4-18

8% .
14%
10%

12%
10%
8%




~1u.4.3 Economic and Financial Assumptions

Certain economic andnfinancial assumptions have
been made in the economic evaluations for Gabbs.
;Assumptions have to be made because the future
cannot be projected with absolute accuracy.
'Specific values have to be assumed for the
escalation rates of fuel electricity prices,
escalation rates of labor and maintenance
expenses costs of capital for construction,
revenue bond interest.rates, and the general
inflation rates. The baseline set‘of eoonomicv
and financial factors assumed this study, is
listed in Table 4.8. Values other than.those'
assumed for the baseline‘set:of economic and |
'Vfinancial‘factorS‘are also equally valid,tSince
it is difficult to project the future'in today's
7 energy and economic environment. Sensitivity
v'studies'canbbe;performed by varying the‘assumed
~value of each parameter. -This has'not been done

_' in this study.

.}Additional'assumptions made for this evalaation‘-
include 100 percent financing of the district
heating systems through the issuance of revenue
bonds by Gabbs, a thirty-year amortization and‘

A operation period,‘and‘equal annualiprincipal and

interest payments on the municipal dept.
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The=1QO peréenﬁ financing iﬁéludes the costs of
retrofit for each'and>évery building in the ecity.
It is assumed tﬁét the city would bear the )
initial'costs of fétrofit for the consumers, but
the consumers would acquire dwnership 6f‘their
individual retrofit installations through their
bonthly utilityvsérviée payments. vathe,city

were to transfer legal ownership to the building

~owners at the time of retrofit, it is likely that

the owners would be eligible for the various

‘alternative energy device federal tax credits.

The consequence of these tax credits would be

immediate first year:énergy savings to the owner

‘occupants.

Lifevacle_Cost Analysis

The procedure chosen for the economic evaluation

"of,the Gabbs geothermal district heating system

~ was to caiculétg actual year’to»yeaf costs of the

gedthefmal energy andAcompare them to tbé costs

of propane;"Table 4.2 itemizes the component::

costs forlthe geothermal'system.' Thé”year to

yéar escalation factors are incorpdrated,:wifh

maintenancé at 8 percent, electrical at 10~'

~percent,'and administrative at 8 percént;.the
first year costs are those identified in Table

4.9. :The'principal and interest payments on the
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ECONOMIC EVALUATION FOR GABBS DISTRICT HEATING SYSTEM
. (ESCALATION RATES INDICATED IN PARENTHESES)

PRINCIPAL  MAIN- -~ ELEC= -~ ADMIN- . TOTAL  ° GEOTHERMAL = PROPANE ToTAL . | .
o . AND - TENANCE - TRICAL . ISTRATION "GEOTHERMA, oo t0E) o (18%) PROPANE . . COST  CUMULATIVE
. YEAR INTERESwa« . (8%) 7 (10%) - (8%) . COST . .($/MMBTU) ($/MMBTU) COST - SAVINGS SAVINGS®
1 440160.  -31838. 69234 50000, . 591232. 11.97 8.10 399956.  -191276.  =177107.

2 440160. - 34385. 76157. 54000.  604702. 12.25 9.23 455947, -148755. -127534.
3 440160. - 37136. 83773. 58320. - 619389, 12.54 10.53 519780. ~  =99609.. . =79073.
- 440160. 40107. 92150. 62986. - 635403, 12.87 12.00 . .5925149, -42854,  -31499,

5 440160. 43315. 101366. 68024, ' 652865, 13.22 13.68 - _675506. 22641. ' 15409.

6 440160. 46780. - 111502, 73466 671909 13.61. 15.60 770077. 98168. 61862.

7 440160.  50523. 122652,  T9344. 692679. - 14.03 17.78 877887. 185208. . 108067.

8 440160. - 54565. 134918, ~ 85691.  T15334, - . 14.49 -  20.27 . .1000792. -  285458. - - 154224,

9 440160.  58930.  148409. 92547, .~ THOOU6. - 14,99 .23.11 - 1140903.  400857. 200528.
10 4430160. " 63644, .- 163250, - - 99950.. . T6T005. 15.53 26.34 - 1300629. 533624. 247171,
11 u440160. 68736. - '179575. - 107946.  'T9641T. 16.13 30.03 . 1482717.  686299. 294342, "

12 . 440160. 74235. - 197533. 116582, 828510. 16.78 34.23 . 169029T7. 861788. 342228,
13 u40160. - B8017A. 217286.  125909.  863528. 17.49 ~ ~39.03 =~ 1926939. . 1063411.° ~ 391014.

14 - 440160. . . 86587, 239015. - 135981... 901743. 118.26 By.49 - 2196710.  1294967. = - 140886.

15 440160. 93514, - 262916,  146860. . 9u43450. - 19.11 50,72 - 2504249.  1560799. 492029.

16 440160.  100996.  289208.°  158609. - = 988972. - 20.03 57.82 2854844, - - 1865872.  544630.

17 - 440160. -  109075. ~ 318128. ~ 171297.  1038661. 21.0}4 65.91 3254522,  2215861. .  598878.

18 440160, 117801. 349941,  185001. 1092904, 22.13 75.14 3710155. 2617252, = 654964,

19 440160. 127225. - 384935.  199801. . 1152122, 23.33 85.66 - 1229577, 3077455. . 713083.
20 - 440160.  137403. 423429, = 215785. . 1216778. 2l .61 97.65 4821718. 3604941, T73433.
21 440160. - 148396. -  4657T2. 233048, 1287376, 26.07 = 111.32 5496759. 1209383. 836218.
22 440160. 160267. 512349, 251692. 1364468, 27.63 - 126.91 - 6266305. 4901836, 901646.

23 440160. . 173089. 563584, _ 271827. 1448660, 29.34 144,67  7143587. © 5694927. 969932.
2 440160, ~ 186936. 619942.  293573. 1540612, 31.20  164.93 - 8143689..  6603077. 1041300.
25 440160. 201891.  681937. 317059.  1641047. 33.24 188,02 . 9283805. T642758. 1115979.
26 . 440160. 218042.  750130. 342424,  1750757. - 35.46 . 214,34 10583538. 8832782. 1194207.
27 440160. 235485, . 825143, - 369818.  1870607. - - 37.88 244,35  12065233.  10194626. 1276232.
28 440160. 254324,  907658.  399403. ~2001546. 40.54. - 278.56 13754365. 11752820 1362312.
29 - 440160. =  274670. 998424, 431356, . 2144610. 43.43 - 317.56 . 15679976. ‘ 1452716.
30 440160. 296644, 1098266,  465864. 2300934, 46.60  362.01 17875174, 1547725,
‘ 17315802.
_______________________ e e e e e i e e

. * CUMULATIVE SAVINGS IS THE PRESENT VALUE OF THE ANNUAL COST SAVINGS, DISCOUNTED AT THE ANNUAL RATE OF 8%.
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'municipal debt for retirement of the revenue

bonds are fixed at $440 160 per year. The cost

fof geothermal energy delivered to the consumer is
'simply the total of all yearly costs divided by
ldthe total annual consumption, which is 539 643

gallons of propane or 49 377 X 106 Btu.

,The first'year cost of geothermal energy is‘

$11.97/MMBtu. It must be compared with only

;$8.10/MMBtu for propane. Therefore, in the'first

year, the’geothermal'system does not appear to be

'".economically_competitive.:

It is necessary,‘homever, to examine the relative'
costshof geothermalfenergy and propane over
future years and out through the thirty-year
prescribed’life of the district heating system. |
Figurec4.2 shows the comparison veryv " -
dramatioally. Between the fourth and fifth
years, the escalated price of propane _” o

$13 68/MMBtu in year 5) overtakes the escalated
costs of the geothermal system ($13.22/MMBtu in

year 5)-and considerable‘savings start to accrue'

to thelconsumers. Between years T and 8, the

early-year excess. expenditures for'geothermal

energy are fully recovered and 51gnif1cant annual

14

'savings accrue thereafter. By year 12, the cost
of geothermal ($16 78/MMBtu) is about one-half of
the projected price of propane ($34. 23/MMBtu)
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4.4.5

At year 30 the projected price of propane is
: $362 O1/MMBtu compared to geothermal energy at

$46. 60/MMBtu.

'~Another significant perspective on the economic

vadvantage of the geothermal distriot heating .

system is the comparison of the total dollar

savings over 30 years to the consumers. If the o

‘cost differential per year is summed over the 30.

years, a total dollar savings of $109,147,880 is
realized. The present value (1981 value) of

those savings is $17,325, 760, which is roughly

'four tlmes the required current capital

investment to construct the geothermal system

complete_with buiiding'retrofits.-,

Taxpayer‘Tax Credits

Currentifederalllawb(lnternal Revenue'Code,

4Section44§C, as amended by the Windfall Profits
,vTax‘Act;'Section 202) provides for a non-
‘refundable tax credit,for'certain7expenditures.

. for equipmenttand structural components of ‘a

building'thatyuses1geotherma1 (renewable) energy.

,Theicredit,is uolpercent of the renewable energy.

resoUrce expenditure up to $10,000, To qualify,

" the equipment must (a) ‘be new and meet
. performance standards, (b) be reasonably expected'

~to‘remain in produetion for at least five"years,'

428




- and fc) be located in the’taxpayer‘svprincipal
reSidence; - The credit may be‘Carried over to
'future years for equipment purchase prior to

December 31, 1985.,
The valuevof this tax credit toveach residential
- taxpayer can be_calculated from‘the'estimated

’ retrofit cost per residence of §3, 375. Forty

" percent of . $3 375 is $1,350, which is an

Aimmediate first year tax sav1ngs to the

indiv1dual taxpayer. '

If the”$1 350 were'applied‘to the taxpayer's
.geothermal energy costs in the first year, the
effective geothermal energy cost in that year
would be substantiallyrreduced and would be less-
than'theicOSt of an equivalent amount of propane..
The average residential building, in this study,

. is assumed to have a peak heat load of 1.0

. therms/hr° this is’ equivalent to an average
':;annual energy consumption of 182 2. MMBtu. At
:'$11 97/MMBtu for geothermal energy and
.$8 10/MMBtu for propane, the annual energy costs
are $2, 181 and $1 476, respectively. Application-
[ of the $1 350 tax credit reduces the geothermal
"energy cost to $831, ‘a savings of $6u5 over.

'_ propane for the first year.
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" The reai consequence of the tax credit is that
_the initial period of time over which the
geothermal district heating system provides‘
heating energy to the people of Gabbs at a higher
price than propane is reduced from four years to
less thanctwo years. Further, in the third year
the net additional cost to the taxpayer is}only
$271, and in the fourth year only $159 |
Thereafter, the taxpayer realizes direct savings
- of increasing amounts each year.v In the tenth
year, the annual'savings are $1,970; and in the
thirtieth year,‘thejsavings are $57,468 per
taxpayer, an almost unbelievable number because

of escalation factors!
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5.0 INSTITUTIONAL REQUIREMENTS FOR GEOTHERMAL DEVELOPMENT

Equally important td:the developmént of géotherhal;ehergy as
iphe engineefingvand eeoﬁomic feasibility iS'"iAStitutionalﬂ
‘feasibility., Thé financial; environmehtéi,'iégai and‘

: régulatory systems,must aliow the development. ‘This sectioh
of the repbrt.describés’the fequirements for Gabbs’for eaéh

~of these.institutiOQal categories.

5.1 Financial Considerétibns

For maﬁy prOSpéétivé geothermal'developments; the need
for substanﬁia1 front-énd capital has been a deterrent
“to devélopment; Eth‘where a very advahtageéus and
clear-cut'saving'ovef bthef'fuels can be ihcu}réd over
the 1ife of an energy system, a new Syétem may not be
poSsible becéuse ﬁhé,funds for initial construction are
_simpiy unavailéble;'or they may be available afvtoo high
a penalty in the fofm'qf 1nteres£ paymenﬁs.or in other

- priority investment opportunities that would be 163;.»

“The types[df.fihahcing options appfopriate for'_;l
geothérmalvdeVelopmeﬁt depend iafgely upoﬁ the‘total -
dollar ahounﬁ Of‘thefprOJecf, If a geothermal well isAA
aiready available and‘the'heating System is'one that‘iéb,

- easily retrofitted at iow cost (e.g. a férced air

| system),lthéﬁ the cost would not be high. If, at the‘
other end of tﬁe spectrum, geothermal develbpment

requires an extensive exploration program, a test'well,_ '
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séveral prodUCtion wells'and'injection wells, and

:buildings are expensive to retrofit (e.g. radiant

| electric systems), then the front-end costs will be much

’~more.

The appropriate financing must, therefore, be

-based upon the total capital required for development.

The. primary financing options available for geothermal )

./development are- described in this section.

.y

'-:For'publicxagencies; the financing options for

,hgeothermal development generally take four forms.

These

n“}include.

5.1

Budget appropriation

General obligation bonds

Revenue bonds '

Assistance programs from another level of govern-

-ment.

.BudgetjAppropriations

,If'a public agency has'sufficient financial'means
__,relative to the cost of a ‘geothermal development,
- a budget appropriation is the easiest and most
'nexpeditious means of providing the necessary

funds.v If a project cost is low or the budget

- surplus large, this funding form could fit the

’ .So 102

situation. =
General_Obligation Bonds

~To fund;a project that must be paid for over'a

- period of time, general obligation bonds'are»'
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often used by local governments. A disadvantage-

to their use in this case is that they encumber

the general revenues of the local government.

" Revenue Bonds

, Byvissuing.revenue bonds, front-end capital can

be obtained. The bonds are then repaid from

lrevenues:received from the specific activity,

‘without any encumbrance on the government's

general,revenues. In cases where geothermal

 development is relatively expensive in terms of

frontéend‘capital'expenditures for the reasons
mentioned'previously, the issuance of revenue
bonds might he'the‘most desirable financing
approach.‘iIf desired, the project cost could be

amortized over a long enough period of time so

| that‘annual costs for the geothermal system would

',approximate or even be lower than the current

2 ‘operating’costs for heat.

' The 1981 Nevada Legislature impowered the State

o Department'of Commerce to issue Industrial

' Development Revenue Bonds for the purpose of

financing new construction, improvement,

.rehabilitation, or development of qualified
nindustrial and commerc1a1 progects.' Qualified
jproJects include manufacturing, 1ndustr1a1,

warehousing, commercial, research and
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development health care facilities, and

-additions to hotels, casinos, motels, apartment

buildings, and office buildings.

Assistance from Another Level of Government

FSeveral Federal‘programstprOVide financial
assiStance for alternative energy development,
Some of these might be appropriate for financing
activ1ties required for converting State-owned

bu1ld1ngs to geothermal energy. Those that are -

" most applicable are listed below.

Program Research and Development
Announcement (PRDA)

- .This cost-sharing program is also made
available by DOE from time to time to con-

duct economic and engineering feasibility
studies. These awards are based on competi-

. tive proposals but generally are directed
toward geothermal uses that have not pre-
viously been studied. Cost sharing by the
proposer is required. Interested parties
should contact the Department of Energy, :
Division of Geothermal Energy, for informa-
tion 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 con-

tribute at least 25 percent of the project

cost. A loan guarantee application is sub-

mitted to the DOE San Francisco Operations
‘Office.
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. HUD-Block Grant Program

 HUD éllocates block grants to local govérn-

ments to pay for community development acti-
vities such as district heating/cooling sys-

“tems. Spending priorities are determined at

the local level. Smaller cities, not auto-

- matically entitled to funds, may receive

funds on a competitive basis.

Farmers Home Admlnistration Commun1ty

sFacility 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, ex-
tend or improve community facilities that
provide essential service to rural residents,

‘and to pay necessary costs connected with

such facilities.

There afe;a number of debt and equity sources in

‘the private sector which may also be considered

(Anderson and Lund, 1979), including:

. % e ® e ® e.® @ ® & = @

Commerciél banks
Savings banks '
Savings and loan associations

.Insurance companies
‘Trusts and pension funds
" Commercial finance companles

Personal finance companies

Mortgage bankers

Investment banks

Equity investors :
Small business investment companies '

Leasing companies
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5.1.5 Recommended Fihancing Option for_Gabbs'u

Of thé possiblevfunding sourcés,idnebseéms'most
-'applicabie tSVGabbs.i Revenue bonds éouidlbe‘used
to fihance the weilsvand the conStruction;”,The.w '
‘resourcé is reésohably hell-defihéd so that:. n
'driiling bears liitie riSk..»Becauée thé
‘community does not fit into the catégory of
_'"depféssed",'which is uSed'to éeleqﬁ'cdmmunities
for many Federally-funded assistance pfograms;
suéh pfograms are of limited value ﬁo Cébbs.
Revenue bonds could be‘repaid'with monies thét.

;othefgise'would be used to pay propane bilis.

5.2 “Legal and.Regulatory Requiréments

LandS within and adjaCehtlto the most proépectiye
geothermal area are pétented mining élaims and ﬁill .
sités, énd'péfcels_OWned by Basic, Inc} and othérs.
Considérabie puB1ic'acﬁeége is administeréd‘by_the

" Bureau of Land Management and the Fdrésthervice.' 

5.2.1 Leasing Procedures
. Privately Owned Lands
1Developef$Agenerally enter into contracts with
the private owners to explore a properﬁy and

‘ develop‘the resources found there for an annual

rent or royalty. There are no regulatory
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h'cthtféints as with Fédéral lahds; Eacﬁ ieasé
Li:mUSt bé‘hegotiated~separateiY”witﬁi£he'landoknér;;‘
}'fGéheréily, fhesegléaseé némé the substancés:fof
’:whiéh”thelléssee may‘éxplore and develop. Most
afé‘er akierm.of 10 ygérs, which is horhélly |
time ehough for the developer to expiore,'test,
and bégin production. The lessee is'generallj
given the right to extend the lease béyoﬁd thié
iﬁeriod'ifrthe‘well remainé productive; RoYalty
rates for'geothgrmal weils;avérage around 10

percent of the value of the energy produced.

Publicly Owned Lands

Federélulénds underitﬁe jurisdictioh of the
Bureaﬁ]df Land Managemgntvare bart,of the’
pfoSpgctiVé”geothér@ai area. ' The Geothermal'k

. Stéém Act of 1970 and the Réghlations bn'ieasing
GeotherﬁalrLeases_allbw‘pfivate\and pﬁblic
,‘entitiés'tq acqhife rights tdrdevélop‘géothermalf
-frésources on bublié‘landé; A pfospéct1ve-1es$ée'
may file aLGeoihérmai‘tease Applicaﬁion w;th BLM .
fdr up to 20,480 acres in the State.A'PreSehtly

| anvappiicant must file 6n,a11:thé available_. N
Federal acreage.in ény'one sectioh with no @ore"
“than 2,560'acfes in any.one lease.‘:Leésés.fun
for‘avpriméry term of 10 years,jwith extensidns

" which are dependent upon actively producing
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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 annual rental of

y.:'$1.00 per acre per year through the:fifth year.‘

: From the sixth year through the tenth year, ‘or

,until the lease becomes productive, the rental is

increased $1 00 per acre per year. Costs of '

certain types of exploratory and development

;activity by the lessee are accepted in lieu of

V'the escalating portion of the rentals.

lTable 5 1 summarizes the leasing procedures for .
.private lands. The Federal regulatory processes
.(pre-lease activities) for competitive (not

',applicable in this area) and non-competitive o

"bleasing is-illustrated in Figure 5 1. A flow

.:5;2;2f
G - of Water nghts S

wdiagram showing required applications and

»regulatory processes for development on Federal

geothermal leases is shown.in Figure 5.2.

State Procedures and Regulations for Acquisition

,Application‘to:Appropriate Water.

An applicatlon must be filed with the State

v@Engineer, Division of Water Resources. The .

5.8
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TABLE 5.1 Procedures for 1eas1ng of private
L and Nevada State 1ands '

, Actlons Requ1red ; o Time Frame
~ PRIVATE LANDS ”,i ' Negot1ated between private individua]s . Depends on how fast individuals

_ _ ~can reach agreement
STATE LANDS = 'Under aegis of State Land'Registrar-
| | | Contract between private party and

state officials negot1ated via
Attorney General's Office - a11 is

negot1ab1e ' _ o
-Public not1ce of contract | , . ‘ Simple press release for f1ve (5)'
A = ’ ~ weeks Notice of Intent »

If cha11enged could Tead to N Indeterminate time
public hearing - :

If no challenge S ' .:‘Permit can be issued in 1-2 weeks -

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

P
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GBOTHERMAL LEASE ISSUED

k—.——

Exploration phase to determine resource
presence and locate sitas for

FIGURE 5.2

FLOW DIAGRAM

test Arilling

CASUAL UsE
¥o permit required.
Notify AGS in advance
for DEE credit.

Conduct
Exploration

ok

1

and test resource
for commercial

Decision
to Arill for

potential

Submit
Geothermal
Drilling

N

Exploration phase to drill for and test rasource for commercial potential

SHOWING REQUIRED APPLICATIONS AND REGULATORY PROCESS FOR

DEVELOPMENT ON FEDERAL GEOTHERMAL LEASES

Submit
Sundry Notice
for wall testing
{no additional major
surface disturbance)

2 weeks

Permit
application

Operations

\4

EXPLORATION OPERATIONS
Sudbmit
Geothermal Exploration Permit application.
Cultural clearance from SMA required.
AGS approval within 30 days of submittal.

xzY

E: Applications requiring submittal

C:] Government regqulatory activities

O Lessee/operator activities

Minor surface disturbingjactivities - No Plan required

it

Major surface disturbing|activities - Plan required

N

AGS approves l
Sundry Notice
Lfor wall testinq'

Conduct
test
drilling

Submi t
Sundry Notice and
Plan for well testing
(additional major
surface disturbance)

——— r— .-
W A
——_1 ——— ——— AGS and SM;j ' GS i
Submit On-site AGS begins Usual process Final EA 2 weeks ] approves
3 weeks 1 approve Geoth 1
PLAN OF ———* public EA — 3 N approved I ﬁ Plan of r) | 11;1“"
FXPLORPATTON inspection reparation veeks by AGS or ng
XTI spectiony | preperant by hes | Zotorssion | et J
New or unusual
circumstances
[ Srare 3 ) o
13 weeks } qubmivtea | & Yeoks | Final EA 2 weeks
——-——; . [———ﬁ approved ‘——
or GEAF by c-a-uscs_l
o Joviev | | R
ABBREVIATIONS NOTES
AGS - Area Geothermal Supervisor 1. Procesaing times shown are representative and are based on submittal
BLM - Bureau of Land Management of a complete application and where no unusual problems develop.
CM~-USGS - Conservation Manager-U.S. Geological Survey
DEE - Diligent Exploration Expenditures 2. GEAP reviews an EA for first operations in an area, or if an unusual
ZA - Environmental Assessment environmental problem may result from an operation.
GEAP - Geothermal Environmental Advisory Panel
SMA - Surface Managing Agency

l Plan processing similar to 1

that for Plan of Exploration.

—ﬂ AGS and SMA approval '
within 3 months mawxisum

of submittal. 1

>k

Submit 45 days
PLAN OPF BASELINE DATA COLLECTION "—H

7Y

Submit
PLAN OF DEVELOPMENT

Submit
PLAN OF INJECTION
OR DISPOSAL

Resource proves
commercial.
Decision
to develop.

orl Research and Demn-tratim_J_

Collect
environmental

s ———-‘
baseline data for a

GS approves
Plan of Baseline

Development phase (drilling and construction) to allow commercial utilization

period of at
least one

Data
Collection ]

Submit
Geothermal Drilling Permit
application during Plan
processing period

1 f AGS approves

Geothermal
H Drilling Permit

' Plan processing similar to
that for Plan of ¥Exploration.
AGS and SMA approval within
4 months of submittal. ]

Commercial
(S50 MW or greater)
Requires BLM surface
use license and state l

agency approval. AGS
I cooperation. l

-

f Process Plan and '

Util. Permit
application - 18 months
AGS and SMA approve

|—le of Utilization

I Commarcial Process Plan and _l‘
or (20 - 49 Mw) Util. Permit
-% Requires BLM surface application - 12 months '——)
use license. AGS AGS and SMA approve
l cooperation. _’ Plan of Utilization
—— e c— ——— ——

Process Plan and _]
Util. Permit

application - 9 months

AGS and SMA approve
Plan of Utilization
S—

(less than 20 Mw)
s AGS lead for processing

—
Process Plan and
°fi Indiv. Prod. Well ruciuty‘ Util. Permit

Submit
Geothermal Utilization Permit
application
(or Sundry Notice for
phased construction)

>

(10 MW or less) application - 3 months-
] AGS lead for processing ] AGS and SMA approve
Plan of Utilization ’

45 days

Submit
PLAN FOR PRODUCTION

| AGS and SMA 1

Requires Baseline
Data Report.

approve Plan i

Development
drilling and
attendant facilitieg

]
for Production
—

construction

AN
AN
N
AN
S
\000
N
%,

A

N

H AGS first step IR | \

approval of Geothermal

Utilization Permit

N\
N

[(to construct and test)f \

y AGS approval of l

Sundry Wotices for
various construction

L._ phases

veil.
facility
construction
and pre-startup
testing

%..

-

2 weeks

—

AGS second

tep |

approval of Geothermal
Utilization Permie

| (to operate) 1

Submit facility
testing results
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application form should be accompanied by a
$100.00 filing fee and a supporting map prepared
by a licenced State Water Rights Surveyor.

- Notice of an. application is published once a week

for four weeks in a newspaper with general

circulation_in ‘the county where the applicant

' proposes to appropriate‘water. Formal protests

against granting a permit may be filed during
this period and up to‘thirty daysrafter the last
date of publication. If no protests have been |

filed, and if approval will neither impair or

',inJure any prior appropriator, nor be detrimental

to the public welfare, the permit will be

granted.

If a prOtest is filed, the State Engineer
conducts a field‘investigation,vand if justified,
will hold a hearing at wWhich time a determination

is made on the application.

Specific dates for the commencement and

7comp1etion 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

($10 00) which ‘are required.
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5.2.3

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 unde51gnated ba31ns, such as Gabbs Valley,
:‘property owners may drill prior to receiving a

‘permit to appropriate water, but do so at the

risk that such a permit may not be obtained.

State Well Drilling and Completion Regulations

‘Notice of Intention to Drill

This document is reduired by the State Engineer's

Office‘prior‘to'drilling, deepening, or'repairingv'

a uell._

Waiverlof Weli 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 1if good cause is

‘shown. 'Approval or denial of the request is made

in writing to the well owner.

General ConstructioneRegulations

Regulations have been determined by the State

Engineer for casing,'Sealing, and other materials
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5.2.4

to be used in drilling a well. All wells must be
~ cased and'construoted so that no contamination

| can occur. because of surface conditions. In
addition;!permits'iSSUed to'appropriate‘ground
water for'irrigation, municipal and industrial
purposes, require the driller to prov1de an
opening near the top of the ca51ng at least two
inches-in diameter so a.measuring device}can be -
inserted,to‘measurevthe distancepto the.water

surface.
Well Log

" When drilling a water Well, a log is_reouired for
the State Engineer's Office. The log includes:

‘Well location and ownership

" Rock strata penetrated thickness and

_nWater-bearing zones

:1Test results

Driller'andvdrill rig type'

depth

Water level and temperature

Well design and completion descriptionf

Other-State Permitsvand Certificates

A water Pollution Control Permit will be

necessary for disposal of. the geothermal water

by:

- 5-14
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e Well injection, :
. Infiltration trenches
. Evaporation ponds, or.
~« 'Surface discharge ‘

The Water Pollution Control Section of the Nevada o
‘b‘Division of Environmental Protection 1ssues these_ﬂ
| permits. The basic 1nformation requested by the

» agency pertains to: the. supply rates, water

quality, use of the water, and mode of disposal.'

',Ninety to 120 days is the normal time for

processing applications.~ 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 charged for each add1tiona1 discharge

‘ point.

rInjection of the geothermal water must be made
into geologic formations which have water of

:similar quality to the 1njected water.=

The district heating a1ternatives desoribed in
this study are’ all closed loop systems, which do
not deal with extraordinary or potentially

' deleterious f1u1ds, gases, or temperatures. “It

will not be necessary to obtain permits which D
regulate or control air quality, noise, or land

disturbance.
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5.2.5

City Permits

A building permit is required for any structures

5.2.6

constructed and for mobile home installation.
Buildings must conform to uniform'construction,
wiring,land plumbing codes. Applioations for_al,
huilding'permitbmay be obtained from the Gabbs
City Clerk. The permits are normally‘isSued

within one or two days.

Public Utility Regulation'

‘Under the jurisdiction of the Publie Service

Commission, geothermal resource developers will

- be regulated as'public utilities only if_they

sell heat,'water‘or.power. There are two

‘exoeptions:‘

. 1. Municipalities which construct, lease,
. operate, or maintain energy facilities
'do not need the commission's approval,

- but are under their general jurisdiction.

- 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 1n1t1ated by
'~ either a resolution by the County
~ Commissioners or a petition by any
: property owner in the proposed GID.
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A statement requesting the ordinance
creating a GID will show that the
district is:

: a.v A Public convenience and neces-
sity, e

b. Economically sound and‘feasible,

and- 1nc1ude 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 Commissioners
-decision.; -

'After establishing a GID the County
.Commissioners act as a temporary Board
'%of Trustees setting up:

o a. 'Accounting practices and proce- '
dures.-

fib, vAuditing practicesvand procedures.i;
Ac;v‘Budéet,“ _ |
d.: Management standards.

The County'Comnissioners shall appoint

five members to the Board of Trustees to
‘oversee the GID.
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5.3

‘The GID can be paid for by a general tax
on praperty in the district, bonds,
borrowing from the State of Federal

- Government, or special assessments.

Environmental Considerations

o

Geothermal resources are a relatively benign source'of

energy. Available information was reviewed to identify

any significant env1ronmental problems that would be

v_’ likely to occur at Gabbs as_a result of geothermal

_deVelopment,.

5.3.1 Water

>, ,water qualityuis 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."‘Preventionnof pollntion“by_
_,chemicals‘in the geothermal fluid in.a district
heating:syStem can’be'accomplished by seyeral
‘meansév | | |
1. Chemical treatment of the fluid to
© ... change the chemical composition.
fé.“‘Removal of selected elenents.W"

3.  Confinement of the geothermal f1u1d
~in a closed system.
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5.3.2

‘normally in higher temperature systems.

After the heat has been extracted from the
geothermal fluid, it may either be injected into

the‘geothermal reservoir by means of disposal

 wells, or water quality permitting, it'may be
vdisposed of at the surface. The manner\of' ‘
_disposal must be approved by the‘NeVada'Division5

of Enyironmental Control.

Air

A closed loop district heating system such as the

‘one proposed for Gabbs would not allow any

, ,
noxious-gases, which might-be present in the

geothermal fluid, to be emitted. Hydrogen
sulphide is the most noticeable gas generally

associated with geothermal waters, but is

’

" Dust from vehicular traffic and construction

activity may also pollute the air temporarily. -
'Preventing this requires little more. than o
,sprinkling water during such activities. The

State Air Quality Control Div1sion is-charged

with a5suring that air quality standards are met

and w1th issuing permits for dlscharging

;pollutants into the air.
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.:.5!3.3 Land;:fl‘f i ; . “‘  J . ‘_ li EJ

Land'subsidence~may oceur with the'lengftefm‘“"
removal of geothermal fluids from the geologic

formations (the resefyoir) at depth. This

‘"bhenomena is dependent‘upon the character of the
»formations, and the quantlty, and rate of fluid
,removal. The 11ke11hood of sub31dence can be .
~anticipated to a large extent from previous :

experlence in the area, where water wells have

v_.been_producing. A usual preventive_measure‘is to

5.3.4

injeetfthe;fluid back'intovthevsame4reservoirai

It is bossiblelthat injection ofigeothermal_,'

B fluids‘could stimulate seismic (earthquake) -

activity. Considering the shallow depth of
injection, this does not seem likely to‘happen.

'Soil erosion from conStructien'and vehicular

tfaffic would be no more detrimental to’the

"environment than a.well and distribution system

.'for cold water.

Noise '

‘_AlthQQgh‘noise*has been a problem at»The.Geysers'

pewenfgeneration site'in California,. because of

steam beiﬁs vented to the atmosphere

- penipdically, hot water 1in a‘closed—loop system
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5.3.5

' short lived drilling of the productio

_Ecological Relationships S *’

ﬂat'Gabbsvwould be essentially noise-free. The

most significant noise problem would je the
and

1njection wells.:

\

' ,The area likely to ‘be affected by the well sites

5306

_and the distribution system, outside of the
-immediate,townsite, has little cultivated,

: vegetation. The natural vegetation.which‘would
?.be disturbed in limited areas is 1arge1y low- |

'growing sage and grasses.

=.The'long-term impact on the indigenous wildlife .

present on the periphery of the community would

. be essentially nil, since most of the system

‘would be buried.,

WaterdAvailability *

'7,The availability of water is key concern

surrounding geothermal resource development in .

;5a11 Nevada basins. Removal of thermal waters

;:would not be allowed if it constitutes a: threat

to prior water appropriations. In the case of

"”Gabbs, injection of fluids would constitute non-

nconsumptive use.
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5.3.7

chio-Economic Impacts

'Because of Gabbs' limited work force,

construction crews would probably .be brought in
for most of the well drllling, pipeline
cpnstruction, and facilitles retrofit. Since-the
toﬁn is somewhat remote, the workers might prefer
tovlive néaf the construction site,‘rather than
commuting( 1r so, a number of temporarj houéing
bﬁits'(mbbile.homes and'recréétion’veﬁiqles)

could be located in the area.
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" to be- compatible with the particular minerals in the fluid.

6.0 DEVELOPMENT PLAN

: To develop geothermai energy requires a number of different

types of activities. One necessary activity is to arrange

funding for the capital costs of development. This may ‘be in

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

: savings or budget surplus, or it may be in the form of a

grant or a loan to‘be‘repaid over time.

"Another necessary activity is the drilling of the geothermal
:wells. If insufficient resource and reserv01r 1nformation is
'available, then an exploration program must be conducted
.prior to well development. An exploration program can

_.include geologice, - geophy51cal, and temperature gradient hole

surveys, leading to a production test well.

‘ Once the resource is proven, techniques for using it must be

chosen. Final engineering designs will take into account the"
amount of fluid available, its quality and temperature. AThe '
number of wells required to fit the energy demand w1ll depend
upon these resource parameters. Pumps will be required
unless the resouroe is artesian - that is, flowing underlits

own pressure. The materials for the system will be selected'

%After the engineering design isrcompleted and cost'eStimates

are made, then bid documents can be prepared, bids solicited

and a. contractor selected. Then, the buildings can be.

,retrofitted, pumps, heat exchangers or other such equipment-

installed and pipelines constructed.
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‘Prior to each stepuin the_reSource development and.;

engineering process, the'necessary legal steps must be‘taken.

For geothermal development, either outright ownership or
ﬁgeothermal leases are needed both for the surface to be
. used, ‘and for the mineral and/or water rights, as dictated by

‘ the site ownership characteristics. Certain permits and

licenses are required, also as dictated by the site

Hvoharacteristics. In order to determine these permit
f requirements and the general acceptability of a project, an

) appraisal of the environmental conditions at a particular

site is required. The following pages describe~each of the

‘primary development activities specific to Gabbs.v A timeline
“chart shows all of the'various activities required the
’approximate time required for each, and the relationship of

‘these activities to each other.

’6.l"Financing'

' Formation of a geothermal General Improvement District,
’-described above in 5 2.6 Public Utility Regulation, |
“,appears to provide a good avenue for the city to develop
the resource to furnish energy for space heating, L
.without utility regulation,_'> .
:‘Before‘any’project such as'a'geothermal‘district héating;
gsystem proJect at Gabbs can begin, developers need to be
assured that they can pay for 1t. After the first well

1is drilled and thevengineering ‘design and,cost:estimatese
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- are completed, revenue‘bonds could be issued to complete

j, the projectii Although the bond issuance program can‘

6.2

. vary enormously, for the purposes of this study, it is

‘assumed to require six weeks.

Resource'ExplorationrandbProddction

<

Before drilling geothermal production wells at Gabbs,

f appropriate sites must be selected. A geological

investigation and geophysical surveys constitute an
exploration program that will add to the available i

information to allow the 51te to be selected. Such.an

',exploration program would require,about three months to

‘ complete. B

Once the well sites have beenvselected bid documentsr

can be issued bids accepted and a contractor selected.

fThen the drilling can begin. Although difficulties‘in

‘the contracting process (such as a shortagelof[available

drilling’rfgS):or in the drilling'itself.'copld cause
the'drillingtto'take mUch longer, a six month»period'is’
estimated for- the time requ1red for issuing requests for

bids, contracting, and drilling the wells.‘ '

) Prior to drilling for geothermal energy where either the
"surface or mineral rights or both are federal, : ]
jgeothermal leases ‘would be needed. W1thin ‘the city

: limits there are Federal lands administered by the u.S.

Forest. SerVice, patented mining clalms, and other fee
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l_land;; Depending upon the specific drilling site, either

'Federal leases or negotiation with the owners of the

- mining claims (e g. Basic; Inc ) for geothermal rights

: .might be necessary.

1‘”Severa1 permits are also needed prior to drilling.‘ A

' '»water appropriation application should be f11ed with the

:iNevada State Engineer,’along with a Notice of Intent to -

I,Drill. The existing wells and accompanying water rights

'iin Gabbs are owned by Basic, Inc. Any subsequent wells

p”gwould not be allowed to affect the prior rights of

rBasic.: However, if there is sufficient water available
fto be’ tapped, water rights could be appropriated. ;A
fluid discharge permit will also be required from the

E:Nevada Division of Environmental Protection in order to

ifinject the spent geothermal flulds 1nto injection wells;

I_Following the well drilling, after proper publication of

'“1,the application to appropriate water and the protestq

J*filing period has passed the water rights certificate

= can be granted.

6.3

ZEngineering Design’

':Final engineering design would be needed to 1nclude the

‘ actual geothermal resource characteristics discovered 1n“
'vthe well drilling process and to develop component |

';specifications.; A similar process to that for selection'

| qlof a drilllng contractor would be required in order to‘
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6.4

select an engineering firm to do this work. Then, the

‘engineering design would be prepared, along with cost

estimates.» To select the design contractor, complete

the final‘design and prepare bid documents is;estimated

to take’nine‘months.

A contractor would'then be selected. BefOre‘the'

 construction work can begin, a buildlng permit is

necessary for retrofitting the building heating systems;
Construction
A system would be constructed according to the final

design. Basically, this system would have pumps

1installedVat‘eachrof»the three production wells and at
each of the three injection wells at the locaéions shown

' on the‘map; Figure 4.1. Apdistribution pipeline would

 be installed along existing streets.

‘Hot water coils would'be installed in the'existingil”

forced air furnaces in residences and commercial ;
buildings. Baseboard systems would be installed in the
remaining structures. New hot water tanks with heat

exchangerS'Would be installed. :Construction, including

’-the bid process is estimated to require seven months.

. At the end of this phase, the system would be tested and

put into operation.v"

‘v)“The development plan,'outlined in Table 6.1,<showspthat

the entire geothermal'development at Gabbs could be
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accomplished in two and one-half years, assuming‘ﬁhét

each of the tasks can bé'completed in a timely manner.
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"TASK-

. TABLE 6.1 Geothermal Development Plan for Gabbs

Secure funding for‘develqpmeht of
resource (assume private funds)

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

Exploration of the gebthetmali
resource

(a) select'contractor(s)

~ (b) Conduct exploration surveys:

4.

5.

6.

geological, geophysical,
temperature gradient holes

(c) 1Eva1uate survey results.v.‘
' select production and injection

‘well sites; well specifications

Drilling perﬁits (temporary waiver)

Obtain water appropfiation

Development of the geothermal -

. resource: - drill production well(s)

and injection well(s)

. (a) Select drilling contractor

' (b) Drill, survey, pump test, and

7.

(b) ‘Final design and cost estimates~

evaluate wells; complete wells

District heating englneerxng design'

(a) Se}ect design cOntrector(s)

(¢) Bid document preparaticn

Duration of Task
(months)

1.5

0.5

1.5

. 6-7

Project Milestone
(month)

st - 3ra

1st
1st.

12th

-2nd - 3rd

7th
8th

‘8th - 10th
(or 12th)

10th - 13th

14th

' 15th - 20th

20th - 21st




9.

. 100 :

Permits

‘oAlr ‘quality permit ,
+Land disturbance permit’
. «Registration certificate and
. Operating permit

«Fluid discharge permit

Issue revenue bonds

District heating system construction

(a) Selecg'contractorsv

M.

(b) Construct wellhead and distribu~

tion system

(c). Retrofit buildihgs'

Test,the district heatihg;system

w

22nd
122nd

22nd - 24th?

22nd - 24th
(or 25th)

22nd

23rd

24th - 29th

24th - 29th

30th -




7.0 SUMMARY
~ e y'Gabbs'is a mining community of approximatelyIBOO people,
| located in the northwestern corner of Nye County, Nevada.

",Basic, Inc.,'a magnesite and brucite mining and processing'

vy ‘.‘_q_company, accounts for 83 percent of the town's employment.f

7 tA subsidiary of Basic supplies water to the city as well as
ﬁ,"ff; : ' to the parent company, which is the primary user of the
o vsystem. There are seven municipal water wells of up to 575 ,
'feet in depth which partially delineate the geothermal |
® °y:7 :reservior over a distance of 12 000 feet in length and a
| width of up to 700 feet.' Recorded well temperatures are 704
b to 155°F in the near-surface environment where mixing with
v .i ‘cooler meteoric water occurs. The source temperature of
-these thermal waters is calculated to be 170° to 185°F usingA
the empirical Na-K-Ca geothermometer method. A definitive
¢ S geothermal resource assessment program is recommended to
delineate optimum locations for production and inJection

wells for a district’ space heating system.

: The‘geothermal'resource is currently'used to supply municipal

and 1ndustria1 water needs rather than energy needs. c;he,'
water is first passed througn cooling towers prior to y |
"‘distribution ‘to. the users. The only existing thermal
(': application ‘of - the water (125 -130°F) is in the flotation

”"cells for conoentration of the magnesite ores.

s“J s ;The potent1a1 application which offers the greatest benefit
in fossil fuel conservation and reduced energy costs is that'
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of a district heating system for the city. The‘resource
“would easily meet space heating and domestic water heating
| loads of the town which are approximately 263.8 therms/hour
5 gr‘26.38 million Btuh peak. This demand could be met by a
total flow7of approximately.1,320 gpm, assuming an ayerage

temperature drop of 40°F throughout the district.

'Engineering design for the geothermal district heatingvsyStem-
asloutlined assumes‘that'the watervchemistry will not |

Z'necessitate heat exchangers?'and that there will be three
production wells each delivering 500 ‘gpm of 150°F supply

water and three injection wells.

'~: Retrofit of forced air and electric heating systems and

domestic hot water heaters 1s designed to supply the current

'?‘peak heating load of 263 8 therms/hour, as well as the future
.floads of the fire department and county buildings. The:,

T capital improvement cost estimates associated with

engineering design is estimated at $4 1#9 320 for well
vengineering and construction, the central distribution piping

_ Vsystem,'and retrofit of all residential, commercial and f

‘ community buildings including two 6 000 square foot buildingsg:'
'currently planned by ‘the city and county.;_ ' '

.Annual operating and maintenance ‘costs for the geothermal

‘ifdistrict heating system are estimated to be $152, 246 during

'ithe first year (1981), versus $399 956 for fuel and

- .welectrical heating costs for the current system. Economic

| 3pand financial assumptions for ‘the. llfe cycle analysis of the
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'1district system provide for annual escalation rates for labor

and maintenance at 8 percent, natural gas, propane, and fuel |

.7oil,\14 percent; electricity, 10 percent; long'term'

commerciallinterest rates,'12 percent;vmunicipallbond

interest}rates, 10 percent° and.general inflation rate, 8

| peroent. Financing would be 100 percent through issuance of v
revenue bonds by Gabbs, with a 30 year amortization and

operation period. Payments for retirement of the revenue

. bonds are fixed at $440, 160 per year. The cost of geothermal

_energy delivered to the consumer is 51mp1y the total of all
yearly costs divided by the total annual consumption, which

is 539 643 gallons of propane or 49,377 x 106 Btu. -

'Between.the fourth‘and fifth years, the escalated price of
propane ($13.68)MMBtu in year five) overtakes the escalated
costs of the geothermal system ($13.26/MMBtu in year five)

and considerable‘savings start to accrue to the consumers.

. By year 12, the cost of geothermal is fully one-half of the

proJected price of propane. . If the cost differentia1~per
‘year is summed over the 30 years, a total dollar savings of

$108 218 102vis realized. " The present value (1981 value) of

: dthose sav1ngs is $17 275 410 which is four times the

required capital investment to construct the geothermal

system complete with building retrofits.

.Tak credits of,uo percent of the renewable energy_resource
expenditure up to'$10 000 will provide an estimated tax
‘sav1ngs of $1,350 during ‘the first year to the 1nd1vidua1

, homeowner . The real consequence of the tax credit is that
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the initial period of time over which the geothermal district

heating system provides heating energy at a higher price than

Apropane.is‘reduced from four years to one and one-half years.

The financial, environmental, legal and regulatory systemS"

Cwill allow for this development to proceed w1th no difficult
~,'1mped1ments. Revenue bonds appear to be the most de51rable
Vmethod‘of financing because of high front-end costs. Several

Eederal and State assistance programs are available for

support’of’such a project.‘

‘The primary development activities specific to Gabbs are
lfinancing, resource exploration and production, engineering

i;design, and construction. Considering the necessary legal -

steps and environmental conditions which must be addressed

hbthroughout the project, the estimated overall time for

completion would be somewhat over two years.
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