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INTERIM EVALUATION
OF :
EXPLORATION AND DEVELOPMENT STATUS,
GEOTHERMAL POTENTIAL
AND
ASSOCIATED ECONOMICS
OF
DIXIE VALLEY, NEVADA

I. SUMMARY

S S ey

Millican 0il Company has a dominant land position in Dixie Valley,

‘Nevada and presently holds or controls approximately 54,000 federal

acres over a highly prospective, but untested, geothermal reservoir.

During late 1977, Millican 0il Company j&iﬁed Sbuthland'Rofalty Com~- -
pany in a joint eﬁploration program involving multi-ievel aeromagnetic
surveys, magnetotelluric surveys, thermal-gradient drilling (tb 1,500

feet T.D.), and hot-spring geochemical monitoring.

The aeromagnetic surveys have outlined structural relationships that
differ radically from the normal basip—and-range structures. The.sur—
veys have ideﬁtified two areas with abnormal gradient, one on the
western boundary of Dixie Valley and one on the eastern boundary. A
follow-up magnetotelluric survey indicated three relatively shallow
heat sources (ranging from approxiﬁately 20,000 feet to 26,600 feet)
on the western»bound;ry‘and three overlying conductive (low resis-
tivity) anomalies that suggest high fluid temperatures. Two of the

thfee anomalies occur within Millican 0il holdings. Both were drilled

“to 1,500 feet T.D. to evaluéte the overlying thermal gradient and

stratigraphic relationships in the area. A maximum of 97°C was en-

countered in one of the holes at 1,500 feet, after penetrating young




KEPLINGER umld{,m;atu, inco—

valley-fill and lucustrine deposits, a magnetite-rich gabbroic-like
unit and a highly—fraétured metasedimentary unit to total depth. A
second hole was essentially isothermal (51°C maximum) to total depth

(1,500'). Hot spring geochemical monitoring indicatés, to date, that

long-term geochemical variations (7seasonal) do occur and that such

variations suggest ﬁixing of recharge water from the Stillwater Range
with heated deep reservoir ground water. Geothermetric calculations
will therefore be depressed and hence will not indicate actual deep

reservoir temperatures at the surface springs sampled.

Millican Oil.and Southland Royalty, in cooperation with University

of Nevada at Reno, havé-coopérated in a joint proposal to the U.S.
Department of Energy on a project involving exploration and reservoir
anaylsis of Dixie Valley. A favorable response has been recéived and
con;ract negotiations are to begin in the near future. Tbe project
is designed to evaluate the hydrogeologic, tectonic and geophysical
aspects of Dixie Valley as they rela;e to its geothermal potential.
Drilling up to three deep holes (8,000 feet) is an integral part of
the proposed project. The proposal was presented on a fixed-cost

basis with cost-sharing provisions.

Recent estimates indicate that Nevada will rank second only to Cali-
fornia in growth of instélled geothermal electric capacity by 1983.
Two areas that are undergoing ingensive exploration are Brady Hot
Springs, KGRA and Beowawe KGRA, both are within 50 miles of Dixie

Valley and exhibit geological characteristics that are also present
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in Dixie Valley. Using the former as economic guides, their commer-=
cial development will strongly influence the viability of Dixie
Valley, if the latter can produce comparable reservoir temperature

and flow rate.

The economic potenﬁial of Brady Hot Springs, Beowawe and Dixie

Valley in competition with coal depends to a large extent on cost
reductions expected over the next few years from research on develop-
ment and drilling techniques and materials, as well as from federal
tax incentives allowing a 22% depletiom allowance, expensing iqtan—
gible drilling costs and a significant investment tax credit designed

to assist the geothermal industry.

Based on resource data from nearby areas and on limited data from

"the recent exploration program, Dixie Valley appears to have a min-

mum‘potential production sufficient‘to support six 50 MWe power plants
over a 30~year period. In addition, an average initial well produc-
tion of 475,000 péunds/hr. (3.85 MWe/well) at a reservoir temperature
of 225°C appears possible at this time. A flash recovery system would
be appropriate at such temperature and flow rate. A more accurate
assessment of the potential of Dixie Valley, however, can be made only

after the proposed deep drilling program has been completed. .

I11. EXPLORATION PROGRAM

Introduction

During late 1977, Millican 0il Company joined Southland Royalty Com—

pany in a joint exploration program over a 300 square-mile area of
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Dixie Valley, Nevada. Southland Royalty Company served as operator
for the program. The exploration program, however, was develbped
joingly and costs were shared on a 50-50 basis. All data and subse-
quent interpretations have been shared. An égreement was made between
the two:compahies that any additional land acquisition prompted by
data from the joint exploration program would be acquired and owned
jointly. No other relationship exists at this time between Millican
0il Company and Southland Royalty Coﬁpany, with the excéption of

joint ownership in 19,200 acres of newly acquired federal land in

Dixie Valley.

The exploration program was developed aﬁd:supervised by Richard L.
Jodry, consultant to Southland Royalty Company, aﬁd Michéel D. Campbell,-
Keplinger and Associates, Inc., consultants to Millican 0il Companj. |
The program consisted of the following:
" Phase I
A, Muiti—Level Aeromagnetic Survey by Senturion Sciences, Inc.,
Tulsa. Completed October, 1977.
B. Scala; and Tensor Magnetotelluric Survey by Senturion Sci-
ences, Inc. Completed February, 1978.
C. Phase II Multi-LevelAAeromagnetic Survey by Senturion Sci-
ences, Inc. Completed June, 1978.
D{ Reconngissance Drilling and Temperature Logging frogram
(up to 1500'TD). Completed September, 1978.
E. Geothermetric Ground-Water Sampling and Regional Data
Collection - Periodic Sampling Contiﬁuing of Selected

Springs Within Dixie Valley Area.
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Five multi-level aeromagnetic profiles (approximately 50 miles) were
flown (at five altitudes) during the fall of 1977 over the western and
central parts of Dixie valley. This highly sensifive technique is used
to define faults, throw and dip (where possible) and areas of abnormal
gradients (suggesting heated ground water). Preliminary structural re-

lationships were developed by Senturion Sciences, Inc. (see Plate I).

In addition, a major intrusive feature (apparently cold) was identified
in T22N, R36E and an area of abnormal magnetic gradient was identified

in T24N, R36E.

Two major features of the intérpreted'structural relationships developed
by Senturion Sciences have been challenged. The first fgature is the

dip direction and relative movement of the '"0ld Stillwater Fault"; the
interpreted aeromagnetic data suggests that the fault, although high
angle, has a westward dip component under the Stillwater Range. In a
previous report by Keplinger and Associates, Inc. (September 16, 1977),
we reported that the peftinent literature and available data concerning
the structural setting of Dixie Valley, and our own field evaluations
along the range-front fault (referred to by Senturion as the "01d Still-
water Fault") suggest a typicél basin-and-range structural setting where
tensional stresskhas predominated as far back as early Tertiary and still
predoﬁinates the tectonic movements in the Dixié Valley area. We sug-
gested that such conditions require a near vertical and basinward dip

(normal) for the range-front fault.
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Tﬁe significance of the dip direction (and relafivé movement) of the fault
in question is of paramount importance in developing the structural rela-
tionships within Dixie Valley. The location and characteristics of éll
faults in the proépectivg area will guide future geothermal exploration.
Very little direct structural information is available in Dixie Valley
because the area is covered by coalluvium, alluvium and lucustrine
deposits, which obscure the strucfural picture. Thereforé, what liftle
information does exist (e.g. seismic refraction data, range geology,
earthquake epicenters, lineaments and other features identified by areal
photographic techniques) must be placed within é ggneral model that can
be used to extrapolate various known stfuctural featureglénd relationf
ships into areas withouf data but.with péssible site-specific geothermal
potential, If the Senturion interpretation is corfect,land ﬁhatris-pos—
sible, the structural model required would involve compressional énd
vertical tectonics, which differs significantly in general and in de-

tail from a structural model involving tensional tectonics of the so-

called "normal” basin-and-range structures.

The second major feature that has been challenged is the interpretation
involving the so-called "Stillwater Thrust", as well as the Mud Fault (or
part of it). The former featuré occurs in a highly prospective area of
Dixie Valley. As with the first feature mentioned gbove, all available
information suggests that such a feature is mechanically impossible within

a tectonié model involving tensional stress. ‘However, if a compressional
model were involved, such a thrust would not only be possible but also prob-

able in such a tectonic environment. Alternate interpretation of the aero-
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mégnetic data is nevertheless required at this time before the deep well-
site selection process is begun. Some of the alternate interpretations

are discussed in the following review of aeromagnetic data.

Interpretation of multi-level aeromagnetic data depend upon the migra-
tion of a particular magnetic characteristic, as indicated by multi—level
flight lines, to calculate the dip component of a fault. _However,'we
suggest that the magnetic characteristics used to define dip may or may
not represent faulting. Such.characteristics do, however, represent

~ zones of magnetic discontinuity. Such discontinuities could develop
above a relativel& shéllow heat source where excessive heat has alféred
the ferrimagnetic rdcks in such a mannef that a zone interpreted as a
fault may in fact be a boundary bétweén'ferrimagnetic and pafamagnetic
rocks. The fault zone, if known to be present, may not be apparent
under such conditions. The magnetic characteristics uged for fault»;
identification may have been affected by alteration. The shape of a
zone of magnetic discontinuity wpuld be in the form of an inverted
cone, aésuming the heat source is circular in horizontal dimension.

If the heat source is fault-controlled at depth, the zone would be in
the form of an irregu;ar, elongate prism with aniirregular apex upward,

which would be expected in the Dixie Valley area.

Interpretation of multi~level aeromagnetic data, especially those de-
rived frqm éurveyé with high-response capability, also depend upon
variations in gross rock magnetism to identify seéérate geologic units.
However, magnetic variatioms are created by a number of geothermal and

geologic features, some of which are:
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1, AHeating above Curie'poiﬁt of a geologic unit of presumed
uniform ferrimagnetic content, thereby allowing the inference
that where "significant" magnetic lows occur, heating and,
therefore, geothermal activity has occurred. Some lows that
appear witﬂin areas of higher magnefics are characterized as

having "abnormal" gradients.

2. A ferrimagnetic unit 'in contact with a paramagnetic unit
is a common relationship. This contact may be a high-angle
intrusive contact but (based on magnetic data) could be
interpreted as a fault in Dixie Valley; the former would
be expected (e.g. higtherriﬁagnetic gabbro in cqntact with

a low-ferrimagnetic volecanic or metésedimentary unit).

3. Detectable ferrimagnetic variations within the same unit, .
if of sufficient magnitude, may also appear to be faults,
_ but in magnetic data may show systematic variation, which

would not be uncommon.

4. Detectable ferrimagﬁetic variations between different units
at the same elevation may also appear as faults (similar
to 2) based on magnetic data. This condition would also be
expected in Dixie Valley as indicated by the complex mosaic
-outc;op pattern consisting of many different units exposed
in the Stillwater and Clan Alpine Rangés. Conditions should

not be different below the cover material in Dixie Valley.

It should be apparent that the applicability of all the multi-level
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' aeromagnetic interpretations has been challenged. However, where inde-

pendent data support the aeromagnetic interpretations, such integrated

interpretations can be accepted with reasonable confidence that they

are accurate within reasonable limits. For example, the following inter-

pretations do have independent support:

1.

The range-front fault (0ld Stillwater Fault) is shown to have
ma jor displacement, although the indicated strike and dip are

questioned.

The !EEEE.EEELE is accepted, supported ﬁy tensional model, by
tﬁe anomalous-ﬁestern boundary of Humbolt Salt Marsh, and by
the position 6f two microearthquake clusters along strike of
of the Marsh Fault. It may be offset faulted between flight

lines B and C. (see'Plate 1)

The Buck Brush Fault is accepted, supported by ‘tensional model

and by the anomalous occurrence of springs along the strike of

fault. Relative movement consistent.

The Bernice Creek Fault is accepted, supported by relative move-

ment and correlated with major fault trend in Stillwater Range,

which traverses Dixie Valley.

The "Gabbro'" Intrusive is accepted; such a unit must have a

striking magnetic character.

The Dyer Fault is accepted, supported by known fault scarplet
with same strike direction in area. Relative movement is con-

sistent.
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7. Area of abnormal gradient is accepted only because it was con-
firmed by the magnetotelluric survey, discussed later in this

report.

Multi-level aeromagnetic surveys do not generate unique solutions. If.
pertinent data can be marshalled; as 1is the case with many of thé Sen-
turion interpretations, to support some of the critical aeromagnetic
interpretations challenged herein, thevdevélopment of structural rela-
tionships within Dixie Valley would be well advanced at ;his time. How-

ever, the very basic academic question of which tectoqic model is ap-

.plicable to the Dixie Valley must be addressed and resolved in the near

" future. . The apprdach to resol#ing this.question ﬁill be discussed -later

in this report under "U.S. Department of Energy Program".

Scalar and Tensor Magnetotelluric Survey

Twenty-seven scalar magnetotelluric stations (SMT), and one tensor ﬁag—
netotelluric station (TMT) were occupied. SMT stations recorded one
component of the telluric field and the TMT station recorded three com-
ponénté of the telluric field. Audio-magnetotelluric data (AMT) supplied
to Senturion Sciences by Keplinger and Associates from earlier U.S. Geo-

logical Survey evaluations were integrated with the survey.

SMT and TMT, as well as AMT, are-widely used in geothermal exploration
with'exgeilent results to date. This survey located three unusually
shallow heat source areas (see Plate II) at a depth ranging from 19,600
to 26,000 feet (six to eight km) and three overlying conductive (low
résisti&ity) anomalies, which indicate high fluid temperatures (see Plate

II and Figure 1). The two northern areas ("Stillwater" and '"Mine"

_10_




b~ 118 ° 00"

l 36 b

-1

-.'['[._

2t

[~
pery

13

3

Millican

Fo=z0Am
AT T: 30 STLONDS
&S “HEAT SGURLE
v < GKILOWITERS

A, SouTs CIXE BASE
Y ¢

ATION .

NIVAODA 1

£3

SURVEY "

(4]

AREA

-2

FIGURE 1

T

SOUTH DIXIE

N

30

 SULTESRUNI SPVN

b e

Y3

e T FEATURES

[
w
m

0

]

o



KEPLINGER am[aluocialzﬁ, ine.—

anomalies) correlate well with areas along the multi-level aeromagnetic
profiles which exhibited abnormal gradients. It should be noted that
Millican 0il holdings are located, in part, over two of the three heat

sources and associated conductive anomalies reported in that survey.

Heat sources are defined as having anomalously low resistivity (1 to 5
ohmgters). Conductive anomalies were derived by pldtting and contouring
apparent resistivity at selected recorded frequencies. Anomalies'were
defined as having apparent resistivities of 20 ohmeters at the 30-second
period recording frequency. They change location with respect to the
frequency recorded. Such variations are a function of depth and suggest'
changes in fracture pattern, high fluid‘salinity and/or high fluid
temperature. The 10-second period depth representation may indicate
maximum drilling depth (see Figure 2). In general, the l-second
recording frequency suggests conditions at a depth of approximately
5;000 feet, the 10-second at 7,000 feet, the 30-second at 12~-14,000 |
feet and the 100~second at greater than 18,000 feet. (See Figures 4,

5, and 6).

The depth from surface to a resistive unit (defined by Senturion

Sciences as the gabbroic complex) has been calculated (see Figure 3).

Multi-Level Aeromagnetic Survey - Phase II

Follow up aeromagnetic profiles were flown to tie-in the data ob-
tained during the original survey in an attempt to reevaluate the
dip component of the "0l1d Stillwater Fault". 1In addition, exist-
ing profiles were extended easfward across Dixie Valley to the Clan

Alpine Ranges (see Plate I). The hade of the "0ld Stillwater Fault"

_12..
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" was reconfirmed as having a reverse relative movement and a dip toward

the west. In the eastern profiles a new area was identified as Having

a significant geothermal potential (see Plate I, Profile F). A four-
cycle magnetic high of exceptionally sharp~rglief was reportéd at the
intersection of Sections 19 and 36, T38N, R23E; Section 24 and 25,

T37N, R23E. The anomaly has a range of 558 gammas in three miles. An
unusually high'magnefié gradient falloff rate east of the magne;ic apex
(in Section 25, T37N, R23E) has been interpreted as an indication of an
abnormal loss of mégnetism due to an increase in temperature at relatively
shallow depth. However, a ferrimagnetic dike could also be interpreted
from the magnetic data, but the associated abnormal gradient still has

considerable geothermal potential.

Independent data guppOrting the eastern anomaly is indirect. A shallow
hole (500 feet?) was drilled a few years ago to the north of the anomaly
and reportedly had a 5-8° ¢ /100 feet thermal gradient. It should be
noted that this is an unconfirmed report. In addition, a resistivity
sufvey a few miles to the southeast also reported very low resistivity
(high temperatures) at relatively shallow depths. This also is uncon-

firmed. A follow—-up magnetotelluric survey is merited. -

Additional faults have been identified along the eastern border of Dixie
Valley. Senturion Sciences was requested to integrate all aeromagnetic
and magnetotelluric data and to generate their geological interpretations
via cross-sections of Dixie Valley (see Plate III and Figures 4, 5 and
6). The general structural configuration. expressed suggests that a com-

pressional model is applicable to this part of Dixie Valley. Figure 7
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s a photograph of the western boundary of Dixie Valley and the Still-

water Range. Drilling locations are shown (Millican #H-1 and #H-2).

Reconnaissance Drilling and Temperature Logging Program

KEPLINGER amlaluacia[u, ine—

Based on the.identification and confirmation of heat soufces and over-
lying conductive areas, an intermediate—depth thermal—grédient drillingv
program was begun in eafly summer of 1978. To date, drilling data

is available on four holes (see Plate II for locatioms), two on
Millican 011 Company land and two on land held by Southland Royalty
Company. A fifth hole is presently being drilled on Southland Royalty

land.

Millican No. H-1 site was selected to evaluate the thermal gradient and
stratigraphyAabove one of the'anomalies produced by the MT survey |
("Mine" anomaly). In addition; the site was also selected to evaluate
the dip of the range-front fault and/or associated faults. Scouting
informatioﬁ indicated that an intérmédiate depth hole had been drilled
in the immediate vicinity which encountered doﬁn—hole temperatures

greater than 125° C.

Millican No. H~1 encountered a recorded bottomhole temperature of 97.3°
C at 1,500 feet (T. D.). Although a full lithologic log has not been
completed to date, the supervising geologist (R. L. Jodry,-Consultant
for Sou;hlénd Royalty) indicated that a gabbroic-like unit with an
unusually high magnetite content was encountered_at approximately

1,145 feet} a metasedimentary ugit &as encountered at 1,470 feet to

total depth of well (1,500 feet).
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FIGURE 7:

PHOTOGRAPH LOOKING NORTHEAST TOWARD DRILLING
SITES H-1 AND H-2. (SEE PLATE IV FOR COVERAGE
OF PHOTOGRAPH) .
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Dﬁring the drilling, ten-foot samples were taken for later study and
evaluation. Down-hole temperature data are tabulated in Tables 1 and
2 (rerun). Fiéure 8 is a generalized temperature—depth plot with
associated relative thermal gradient per 100 feet. Note increase in

AT at top of grabbroic unit (between 1,100 and 1,200 feet depth).

Millican No. H-2 location was selected to evaluate the thermal gra-
dients aﬁd stratigraphy above the ma jor "Stillwatef" MT anomaly. ILow
temperatures and a low thermal gradient were encountered to 1,500
Nfeet T.D. Lithology consisted of alluvium, interbedded valley fill
and lucustrine.deposits. ‘A gabbroic unit was not encountered. ‘Table
3 shows recorded down-hole temperatures. ‘Figure 9 is the temperature-

gradient-depth plot.

Southland Royalty hole locations were also selected to evaluate either
anomalous areas or fault zones. Temperatures and gradients were re-

portedly lower than Millican No. H-1,

Geothermetric Spring Sampling and Regional Data Collection

' Two ma jor hot springs on the boundary of the Humbolt Lopolith in.Dixie
Valley ﬁave been sampléd over the past two years (see Figure 10). Short-
term variations in geochemical character havéybeen monitored. Short-
term variations were discussed in a previous report by Keplinger and
Associates,ﬁlnc. (September 16, 1977). ‘The indiéated Qariations were

small.

Additional samples, however, were obtained during 1978 which indicate

that substantial geochemical variations do occur over the long-term
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TABLE 1: MILLICAN HOLE H-1 TEMPERATURE GRADIENT
DATA.LOGGED MAY 16, 1978 (SECTION 16, -
T24N, R36E)

DEPTH c

0 22.65

Lo 38.70
80 47.50
120 52.80 -
160 57.00
200 58.70
240 59.7
280 , 60.4
320 61.6
360 62.5
Loo 63.6
Lho 64.9
480 66.3 -
520 67.6
560 68.8
600 63.8
gho - 70.8
680 71.6
720 73.6
760 741
800 74.8
840 75.5
880 .76.5
920 77.5
960 78.6
1000 79.5
1040 80.2

" 1080 80.9

1100 81.6
1120 8r.5
1140 81.9
1160 : 83.0
1180 - 83.7
1200 84.4
1220 - 84.8
1240 85.3
1260 85.9
1280 86.5
1300 87.2
1320 88.2
1340 88.8
1350 89.3
1360 89.6
1370 89.9
1380 90.1
1390 90.4
1400 90.8
1410 91.3
1420 1.9
1430, 92.3
1440 92.7
1450 93.1
1460 93,7
1470 gh.3
1480 95.0
1430 95.7

1500 9.4
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TABLE 2: MILLICAN HOLE H-1 TEMPERATURE GRADIENT
DATA LOGGED JUNE 7, 1978( (SECTION 16,

T24N, R36E)
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TABLE 3: MILLICAN HOLE H-2 TEMPERATURE GRADIENT
DATA,LOGGED JUNE 21, 1978 (SECTION 31,
T24N, R36E)

KEPLINGER and_[usociales, inc.—

DEPTH ° DEPTH
0 17.0 800
20 19.0 20
Lo 19.5 4o
60 20.3 60
80 21.0 80
100 21.2 900
20 21.6 20
4o 21.9 Lo
60 22.3 60
80 22.9 80
200 23.3 1000
20 24,2 20
Lo 24,8 4o
60 25.0 60
8o 25.4 80
300 25.8 1100
20 26.2 20
Lo 26.7 ko
60 27.1 60
80 27.5 80
400 27.9 1200
20 28.3 20
Lo 28.7 ko
60 23.0 60
80 29.4 ' 80
500 29.7 1300
20 30.2 20
- 40 30.6 ho
60 31.0 60
80 31.4 50
600 31.9 1400 -
20 32.3 20
ko 32.7 ko
60 33.1 60
80 33.6 80
700 34.0 1500
20 304
L0 34,9
60 35.3
8o 35.7

24~
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FIGURE 10: PHOTOGRAPH LOOKING EASTWARD ACROSS DIXIE VALLEY
FROM SPRING NUMBER 2 SITE. NOTE NUMEROUS FUMING

SPRING OUTLETS.
PHOTOGRAPH.

(SEE PLATE IV FOR COVERAGE OF
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(seasonal?); in this caée one year (see Table 4). Although data‘obtain—
ed to date do not permit 2 firm conclusion because of liﬁitedAbaselihe
informétion, it is apparent that the springs are in direct communication
with seasonal surfacevrecharge from the Stillwater Range, which supports
previous tentative'conclusions that mixing of meteoric ground water with
deép, heated reservoir ground water does occur. . This will act to depress
the calculated geothermetric temperature of the deep reservoir. If
spring geochemistry were found to be constant, however, mixing would not
be indicated and any calculated temperature would be indicative of sub-

surface conditions, within the limits imposed by the methods used.

To assess the general similarity of Dixié Valley spring geochemistry

with other areas of known geothermal significance, a comparison of

spring geochemistry of Dixie Valley, Beowawe and Brady Hot Spfing is
shown on Table 5. Beowawe KGRA is located approximatelylSS miles to
the nértheast of Dixie Valley, while Brady Hot Spring (Brady - Hazen
KGRA) 1is located approximately 40 miles to the southwest (see Figure
11). These areas are presently undergoing extensive exploration. Eco-
nomic consideration of these areas will be discussed later in this re-
port. Table 6 is a‘general summary of KGRA chéracteristics and recent

activity within a 125 mile radius of Dixie Valley.

It is apparent in Table 5 that Dixie Valley spring geochemistry is not
significaﬁtly different from that of other springs in areas under inten-
sive explorafion by industry. The extent to which mixing is involved

in the other springs is presently unknown.
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TABLE ‘4

VARIATIONS IN DIXIE VALLEY SPRING GEOCHEMISTRY

(PPM)
Sampling . .
Period #Samples**  Li Na ) S Mg Ca HCO, €1 so, si0, Temperature (OC) ***
1977% 8 n 0.64 194. 8.08 0.35 8.04 106.4  216. 57. 1642.3 67.6
St.Dev. 0.004 8 0.4 . 0.1 0.7 22, 67. 3. 1.8 0.6
1978% 4 m 0.40 = 237 6.1 0.01 - . 88.0 235.0 114. 117.0 57.5
St.Dev. 0.005 57 0.4 0.008 - 9.2 5.8 28. 0.8 2.9

"* Samples taken: *June 29 through July 7, 1977 and *April 28 and May 4, 1978
** Samples taken at Spring {2

*%* Ambient Temperature mean during 1977 sampling period: 26.4; 1978 period: 18.3
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TABLE 5

COMPARISOR OF HOT SPRING

GEOCHEMISTRY OF DIXIE VALLEY,

BEOWAWE AND BRADY HOT SPRING KGRAs. (See Fipurel)

) (PPM) azy. oo
Inc tion #Saz-les Li Na K Mg Ca KCOy ct EIvA B €0, S10y 31 1mp. (°C) Tas
] Taltey
rorier 81 8 = 0.88 478, 14,7 0.75 65.05 8. 704. (3R - - 6. B 87, suree -
Std.Dev. 0.01 2%. 0.2 0.06 0.4 7. 97. 6. - - 4, 0.0¢ €.09
Spring 82 12 0.56 208. 7.4 0.24 8.04% 100. 222. 76. 1,10+ 4. 0% 134, 5.33 65,740 762
Std.Dev. 0.12 . . 0.19 0.65 20. 54. 32, .0.64 1.97 13. 0.3 2.1
. ’
Beovave 9 = 1.38 236. 26,1 0.5 0.84 123.% 48. 95. 1.6 - 358. 9.3* %3 889
Std.Dev. 0.21 9. 5.9 0.58 0.36 5. 11. 15. 0.7 - 148. 9.3 3.9
Brady Eot Springs 3 @ 1.1 570 52.7 1. 40.0 144 644, 6, - 19z 7.3 “e.9 1,39
Std.Dev. 0.8 1. 18.8 1. 15.9 70. 521. . . - 73. %2 .7

T - Mean
* - B Semples

** = & Siuples

= - 1€ Tazples

T+>r - For corparfison purposes, cajor anloas

and <ations shown have been sumned.
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XGRA
Area

Beowawe

Brady Hot Srrings

Desert Peak
Rye Patch

Leach

Steam Boat Springs

Dixie Valley

*Mixing indicated.

- Surface
Temperature

98°

98°

96°

96°

82°

Subsurface
Temperature

240°

214°

170°

210°

»200°

TABLE 6
General Summary of KGRA
Characteristics and
Activity (See Figuref})

Estimated Area of
Geochemical Depth to Top Reservoir
8i02 NA-K-Ca of Reservoir (Acres)
226° 242° 3,300°' 5,200
179° - 1,600' 3,000
155° 176° . - -
207° 226° 1,000’ 1,500
32,000(1)

175°* 146°% 13,000'

-30-

Recent Activity

Maximum Maxjizum
Companies Drilling Depth Temperature
Magma Power 9,600’
(Chevron)
Stand. Calif, 700° 214°
Phillips
Magma Power . 4,500'
Earth Energy 5,000
Phillips Union 7,000'
Stand. Calif. 5,000' 214°
Phillips 7,000 250°
3,200’ 200°
Phillips 1,850 200°
Phillips
- 725" 185°
Magma Power - -
Southern Union - -
Millican, Southland 1,500' 97°

Royalty, Sunoco
Republic Geothermal
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It should be noted that local geolegy will have a dramatic effect

on reservoir gfoﬁnd water. If carbonate units are present iﬂ the
reservolr, the possibility exists that serioué calcium and alkalinity
levels could be present which could promote sealing within the res-
ervoir and scaling within production wélls and collection pipes.
Monitoring of springs should continue to evaluate geochemical vari-

ations in Dixie Valley.

IITI. LAND ACQUISITIONS

Over the past 4 years, leasing of federal lands on either a competitive
basis (lease bid) or noncompetitive basis has increased significantly
in Nevada. Table 7 is a summary of the competitive bidding held during
1976 on lands in Dixie Valley. In 1977, Millican Qillbid on prime land
in Dixie Valley (see Table 8). Non-competitive federal leases were pb-
tained in 1975, 1976 and 1978. Regional bidding activity is shown in
Table 9. Lease costs, of course, depend.upon the interest shown by in-
dustry. Lands-requiring competitive bid sales are within known Geo-
thermal Resource Areas (KRGA's), areas previously defined by the U. S.

Geological Survey as having significant geothermal potential. '

As of late 1977, Millican 0il held or controlled by agreement 33,920
federal acres in Dixie Valley. At présent Millican holds (or controls)
approximately 54,400 federal acres, of which 9,600 acres is 50% of land

held jointly with Scuthland Royalty (See Plate IV).

Southland Royalty has increased its land holdings from 14;080 (in
late 1977) to 27,520 federal acres, which also includes 9,600 acres

of the Millican 0il-Southland Royalty joint venture.

f
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TABLE 7

BIONIMG HISTORY OF Tus COUPETITIVE GEOTHERMAL
©LFASE SALES ON FROERAL LAND

&/20774 NFVaANA OITIE VALLEY %xGRA
OFFFREDS 34911.07 ACRES, 16 TWACTS,
RECEIVED RICSI 14793.59 ACRES, 7 TRACTS, 10 BINSs TYOTAL 8INS = $ 206B69,58s TOTAL KIGH BIDS ® § 160640,40
ACCEPTED AIODS! 14793.59 4CRESs 7 TRACTS: HIGH BINS » 5 160840,40

TRACT &+ 2560,00 4CPES, 0 AINS. NO RID 1
TRACT Se¢ 2319,.58 ACRFS, 0 AlNSe NO RID 4

TRACT 6¢ 251R.)6 ACRFSs 0 RINSe NO RID 4

TRACT 7¢ 1920,00 ACOES, 1 A155. LEASED 1 REPUBLIC GEOTHERMALe HIGH BID,
$ 1J8)6,.98 € 7,20/2CMEy  REFURLIC GEOTHERMAL

TRACT Rs  1320,00 ACARFS, 1 RINSe LEASED ¢ RFPURLIC GFOTHERMALs HIGM BID,
$ 12466.80 S  6.4974CRE.  REPUALIC GEOTHERMAL

TRACT 9¢  2242,%0 ACRES, 1 RIDSs LEASED & RFPULLIC GEOTHERYALW HIGH BIn,
$  Th6%5,86 $  3,33/ACREs  REPUALIC GEOTHMERMaAL

TRACT 10+ 1905,50 ACRFS, J RIDS, LEASED ¢ " SUNOCO FNERGY DEVELOPMENT CO,,
S 35994.,90 $ 1B.,A9/7aCREs  SUNOCO ENERGY DEVELOPMENT COMPANY
$ 13731,04 $ 7.21/ACREs  REPUBLIC GEOTHERMAL
$ 11662,44 s T.1778CR¢F, CHEVRON OJL COMPaNY

TRACT 11+ 230R.S% ACRESs 2 RINS. LEASED 1 SUNOCO ENERGY OFVELOPMENT €O,
$ 66695.17 § 2R R9/ACREs  SUNDCO ENERGY DEVELOPMFNT COMPANY
$ 16635.70 §  7.21/ACREs  REPURLIC GEOTHERMAL

TRACT 12+ 25¢2.92 ACRES. ¢ RINS, NO AID 4

LFAaSE N=12859

LEaSE N-12860

LEASE N=1284)

MIGH BYDs LEASE N~12862

HIGH BIDe LEASE N~12863

TRACT 13« 2560.00 ACPFSs 1 BINSe LEASED ¥, SUNOCO ENERGY DEVELOPHMENT CO,s WIGH BID» LEASE N-12866

$ 20198.00 £ 7.897ACRE SUNNCO ENERGY OEVELOPMFNT COMPANY

81nS. NO BID ¢

o

TRACT 14 2560.00 anzs.
TRACT 15 ‘12€J-23 ACRES 0 RINSs NO HID
TRACT 18" 1891.56 ACAESe  0-BIDS, NO BID 1,
TRACT 170 2492,64 ACKES, 0 RIDSe NO RID &

TRACT 18+ 1970400 ACHES, 0 RINS: NO BID 3

TRACT 194 1937,00 ACRFS 1 9InS. LEASED 8 AL=AQUITAING EXOLORAYION LIMITEDs WIGH RIDy LEASE N=1286S

$ “203,29 < ?e17/4CRE AL=AQUITAINE EXPI ORATION LIMITED
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BIDS AnD RESULTS OF GEOTHERIAL_LEASE SALE

TABLE 8

BLM Geothermal Lease Sale - il-16930 - July 19, 1977:

Leasing Unit No. 1:

JULY 19, 1977
STATE OF NEVADA

Total

Earth Pouwer Corp. $8,811.40
Leasing Unit No. 2:

Earth Power Corp. $7,385.60
Leasing Unit Ho. 3:

tarth Power Corp. $5,318.40
Leasing_Unit No. 4:

Republic Geothermal, Inc. $13,519.36
Leasing Unit No. 5:

Republic Geothermal, Inc. $16,951.52
Leasing Unit No. 6: o Bids

Leasing Unit ilo. 7:

Sunoco Energy Development Co. $48,358.40

Millican 0il1 Company
Amax Exploration, Inc.
_Repub]ic Geothermal, Inc.

Leasing Unit ilo. 8:

Millican 011 Companv

Sunoco tnergy Levelopment Co.

Amax Exploration, Inc.
Republic Geothermal, Inc.
Southland Royalty Company

Leasing Unit io. 9:

$32,099.20

'528,800.00

$104,128.25

$55,122.25
$35,321.16
$22,608.75
$49,214.36
$51,544.99

‘Millican 0il Company $18,099.20
Leasing Unit No. 10:

Millican 0i1 Company $3,878.12
Leasing Unit No. 11:

Millican 0i1 Company ° $5,807.09
‘Leasing,Unit lo. 12: No Bids

Leasing Unit No. 13: No Bids

-34-

Per Acre

$3.77
$5.77
$2.77
$5.281

$7.312

$18.89
$32.07
$1.25
$40.675

$22.07
$13.89
$11.25
$19.354
$20.27

$7.07

$3.07

$3.07




TABLE 9: COMPETITIVE BIDDING, DIXIE VALLEY AND OTHER AREAS,
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1976
At Unit Oate of Acre= Ho.
KGAA No. Le2se age of Range of Bldding High Blcder Lessee $/Acre
Sale Vids 3
San 15 12976 1,655 ©
aidie 6-15-76 Reoffered as trace 26
ZZ3eTE 6 1-02-76 1,612 ) 16,720.00 Cheveon 0il Company Chevron 011 Co. 10.37
17 1=20-76 1,920
6-15-726 Reoffered as traer 27
Sub- 1-20-75 5,231 1 Tecal of 5 16,720.00
total 6-15-76 3,510 G Acsapsed 3ids g -
Yilsoa 19 3-03-7% 1,29% 1 4,775.00 Chevron 0i} Company Chevron. CiV Co. . 3.69
rot Sorings .
Darrough 1 $-20-75° 1,833 O
=t 2 h-20-76 2,280 0
acinae 3 4-20-76_ 1,560 " 0
Sub= ) Total of
total 5,803 o Acceptad Bid3 59
Cixie & 4-20-76 2,560 O
falley 5 y4e20-76 2,320 o©
g 4-20-76 2,243 ) 7.466.86  Republic Geothermal Republic Geothersal 3.33
10 b-20-76 1,506 3 13,662.48 = § ° 35,994,590 Sunoco Energy Development Sunoco Energy Dev. 18.88
11 §-20-786 2,309 2 16,635.70 - 66,695.17  Sunoco Energy Developmant Sunoco Energy Dav. 25.88
12 4-20-76 2,543 0 i )
13 4-20-76 2,50 1 20,198.40 Sunoca Eaergy Developriont Sunoca Energy Oev. 7.89
1% 5-20-76 2,560 O :
15 h-20-75 1,283 0
16  h-20-76 1,892 o©
17 4-20-76 2,493 0
38 4-20-76 1,370 ©
19 4-20-76 1,937 0
Sub- ! Total of
total 34,911 10 Aceeptad Bids ¢  160,840.40
Silver .20 4L-20-76 2,547 ) ) $  13,471.35  Magma Péuef Company ' Hagma Powar Co, 5.29
fe3% 91 %e20-76 2,378 0
Sub= Total o’ .
total 5,924 1 Aczeptad 8ids §  13,471.35
Monte 1 B-18-76 1,046 o
Leva 2 8-18-76 1,959 0
3 8-18-76 1,360 0
4  8-18-75 2,282 0
Suy- Total of
tosal 7.547 0 Accestad 54da 8o
Colads 1 68-18-76 640 0 '
§__10-19-76 40 1 s §.107.20  Geety 0il Cempanv Gatty Q11 %o, 7.98
sube Totzl of '
total N 1,280 1 Aczasted 2¢da "¢ $.,107.20
Rudy 6 B8-18-726 2,113 &4 16,522.00 ~ § 244,933.22  Union Oi! Company Union 011 Conpany 101.00
Yolley 5 81876 60 o
Sub= fotal of
total 1,059 4 Acseosad 243§ 244,988.22 R
Rva 8§ 8-13-76 8ot 2 15,002.73 = §  3%,360.7h  uUnion 011 Ccmpany Union 0il Co. 46,40
Patch
Lsach 1 10~19-76 2,520 1 S 4,435.29 ' Aaln 001 UsSA, Inc. Amin 0il USA 1;76
P hes 2 10-19°76 2,82 4,369.06  Amin OF1 USA, Inc, Aain 11 USA 1.76
TTTTTTO3 10-19-76 0 2,607 1 4,501.8%  Anin 011 USA, Inc. Amfn 011 USA 1.76
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TABLE 9A: REGIONAL COMPETITIVE BIDDING, NEVADA, 1974-76
Y3 Unit Da:ie of ,\cre-- Ho.
XGAA No. Leass age of Range of Bldding High Bidder Lessoe $/Acre
Sale 8ids
3radv-=az2n
19 6-15-76 2,536 ¢
20 6-15-76 1,508 1 7,912.62  Union 0!1 Co. Unlon 0il Co. 5.26
Sub- ‘
tozal 42,497 6 $__67,529.15
Becwswe 1 12-18-74 1,943 2§ 2,002.00 - § 15,074.89 Chevron Ol Cempany Chevran 011 Ca, 7.75
2 12-18-74% 1,920 0
3 12-18-74 1,53 ©
4 32-18-74 2,079 3 13,112.00 - 505,088.77  Chovron 011 Company Chevron 0il Co. 203.0C
S 12-18-74 2,521 3 25,256.61 - 45,371,168 Getty 0il Company Getty 011 Co, 18.00
6 12-18-74  2,463. 3 37,017.45 ~ 75,490.92 Chevron 071 Company Chevron 011 Company 30.58
7 12-18-74 844 o
8 12-18-74 2,419 1 30,231.63 Getty 01}.Comoany Gatty 0il Cemoany 12.50
Sub= Total of ’
total 14,113 12 A4zceoted 3<ds $  671,257.37
Becwavia 21 6-15-76 1,920 ©
22 6-15-76 1,938 1 $ 25,015.46 So. Unlon Production Co. So. Unlon Prod..Co. 12,90
23 6-15-76 8Ll 0
Sub- Total of )
total 4,702 V  Accevtad 3ida §  25,015.46
Por 1 12-38-7% 6% 0
2Uci g j2-18-34 2,M1 2§ 12,846.36 = § 115,274.67  Chevron OI1 Company Chevron 011 Ca. 53.84
- 3 12-18-7b 2,580 2 23,040.00 - 125,619.30 _ Chevron 0il Consany, Chevron 0i] Co. 49.07
Sub-~ Total of :
total 5,341 4  Acoevted 3ida § 240,893.87
Hat 3 3-0t-75 640 TRANSFER TO Geo. Resources int},
$200238 5 53-75  Bho Reoffered as tract 25
N 3 2-01-76 £40 TRANSFER TO dfablo Exploration
3 3-01-76 sho TRANSFER TO Dlablo Exploration
2 6-15-76 640 O ' '
25 6-15-7% 640 0
Sub~- Totcl of
roal 1,280 0 Accevted 2¢d2 SO
. 1-20-76
2 4-08-75 2,037 O
1-20-26
3 L4-08-75 1,k67 2 3,007.47 - § . 7,702.07 Natomas Company Hatomas Company 5.25
7-01-75 ) Transfer Thermal Power Co.
& L4-08-75 2,161 ] 16,730.97 Sun 011 Company Sun 0il Company .77
§  4-08-75 2,578 1 8,455.84 Calvert Drllling Company Calvert Drilllng Co. 3.28
& 4-08-75 1,890 0 ’ Reofferod as tract 3 ’
1 4-08-75  2.¢hs 8,348 .88 Calvert Brilling Commany Calvert Oritling Co. 3,28
Sub- L-08-75 14,479 5 Total o7 §  41,297.76
total ?::g:;z é:;ig g Acceptad Jids o
Stilloater '
Scza Loxa | 6-26-75 2,560 © .
- 3-03-76 Reof fered as tract 2
2 6-26-75 2,608 0
3-03-76 Reoffared as tract 3
‘3 6-25-75 1,968 0 :
3-03-76 Reoffered as tract &
L 6-26-75 2,528 §  12,058.56  Phillips Petroleun Co. Phillips Pet. Co.  4.27
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_ Other‘holdings within Dixie Valley are shown on Plate IV..

IV. U.S. DEPARTMENT OF ENERGY PROGRAMS

A request for proposal was received from the U.S. Deéartment of Energy
regarding a DOE project involving a geothermal reservolr assessment
case study of the northern Basin and Range Province. A proposal

was submitted as a cooperative venture between Millican 0il Company,
Southland Royalty Company‘and the Minerals Research Institute of the

Mackay School of Mines, University of Nevada at Reno. Integration of

~ industrial and academic expertise is provided in the proposed venture.

The proposal is presented in a multi-phase format, with each phase
encompassing specific tasks. This format inherently includes major
decision-points, both within each phase and between phases, to allow
for redesign or modification of each of the following tasks or phases
based upon evaluation of previéus results. In addition, it provides
DOE with the option of selecting the proposal as an entire program
leading to reservoir assessment, or as a muiti-phase program in which

each phase can be sequentially selected and negotiated.

The cpntractural-posture which is proposed will have the Southland-
Millican cooperative venture as Prime Contractor, with the University
of Nevada group as a sub—contractor. All phases of task accomplish-
ment and.réporting will be achieved with the cooﬁerative assistance
of University personnel coordinated through the Priﬁe Contractor's

representatives.
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This proposal contains provisions for the sale of: 1) existing data

derived from surface and subsurface investigations, and 2) development'

of new data from subsurface investigations and from the drilling of a

minimum of three deep exploratory wells.

The industrial-academic effort will involve subprojects on 1) the
hydrogeologic framework to assess recharge and poteptial reservoir
characteristics, 2) the structural and tectonic setting in the
Stillwater Range~Dixie Valley-Clan Aipine area to evaluate all
aeromagnetic and other data for developing a structural model of
the basin, 3) the altefation effects within basin rocks to petro-
logically evaluate rock behavior in the.geothermal environment
(relative to sealing and faulting) and 4) the seismic framework
via'micréseismicity to support development.of a technically appro-

priate structural model of the Dixie Valley area.

The proposal is designed to have the first well under way by early

1979, with the first drilling site to be selected from eleven per-
mitted sites already approved by the U.S. Bureau of Land Management.
The final selection of ‘the first well location will be made follow-
ing review of tﬁe existing data by the industrial—-academic person-
nel involved in the venture. The second well site is to be based on

data developed from new surface investigations and the results of

the f;rst well. The third well site is to be selected based upon a

final model of the area which will be developed by integrating all

data from surface and subsurface investigations completed by the
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| time the rig is ready to move off the second well. It is ex-

pected that the entire program, including well testing and reservoir

analysis, will be completed by the end of FY 1980.

The proposal was presented on a fixed-cost basis with inflation ad-
justment for four phases of work. The proposal is flexible with re-
gard to method of cost-sharing, but has incorporated fixed price (with
inflation adjustment) in the proposal because of its relative ease of

administration.

- A highly significant aspeét,of this proposal is the large geograph-

ical area involved in the Millican-Southland acreage. A substantial
amount of existing data is available for immediate Aissemination |
which indicates the existence of a significant potential geothermal
reservoir. Further, the exploratory drilling program will result

in a near-term assessment of not only the Dixie Valley area, but of
the state-of-the art techniques utilized in evaluating geothermal

prospects.,

The Millican 0il-Southland Royalty cooperative venture was recently
advised by DOE that the proposal has been approved on the basis of
technical feasibility. Final contract negotiations are to begin in

the near future.

V. GEOTHERMAL DEVELOPMENT AND ECONOMICS

Geothermal exploration has increased in Nevada over the past few- years.
U.S. Department of Energy hgs recently estimated that Nevada will rank

second only to California in growth of installed geothérmal electric
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capacity by 1983 (see Figure 12). Two 50 MWe plants may be in operation

by 1983 (see Table 10). Brady Hot Springs and Beowawe are presently un-
der intensive evaluatioﬁ'(see Figure 11). DOE's development scenario for
Brady Hot Springs, Beowawe, Steamboat Springs (Nevada) and Leach KGRA's
are iqcluded in fhe Appendix. It is apparent that strong similarities
exist between Brady Hot Sprinés and Beowawe and Dixie Valley, the former
areas being at an advanced exploration stage relative to Dixie Valley at
this time. However, input derived from the proposed DOE research and
development (including drilling) will close the gap in defining reservoir
potential'(temperature and flow rate) within 2 years, while the other areas

continue to lead the way in field development and production techniques.

The power on-line schedule for the Nevada sites shown in Table 11 sug~-
gests the necessary well éonstruction schedule that allows for a suf-
ficient number of exploration, prdduction, reinjection and replacement
wélls to meet the specified power production goal. Although not as ad-
vanced in exploration as Brady Hot Springs or Beowawe, Dixie Valley i
has similar characteristics and pbtential. Conservaﬁive estimates of

a possible schedule can now be made to define the reservoir requirements

before deep drilling is begun. Temperature and flow-rate minimums can

. now be established (based on nearby areas) that will guide future

economic considerations of Dixie Valley. This is a fortunate situation
in many tespects becﬁuse the reliability of future economic consid-
eratidns,will be higher in Dixie Valley (1f similar temperatures and
flow-rates can be produced) than early economic studies conducted on

the Brady Hot Springs and Beowawe areas.

~40~




KEPLINGER and_fisociales, inc.—

_I f7_

WASHINGTON
- MONTANA
il -
! ‘-
% o §
OREGON i 08 8 3 o
- °!;§§ Plogd IDAHO
gw LT - N
fal E T i g
T B -
ole REGION I . / e
BEgy 3™
£t i, g
it
WYOMING UTAH
CALIFORNIA i o
wo, B % ! ’ g o §
i p REGION tv i ]
% oo ® 3 00 8
5 COLORADO H 82
3 ' K £ LOUISIANA
Y P
[ HawAll -
. g 4 g
i o - REGION 11 7 ga
[ PSS ® /\// .Le o
; = e LR
b e g < -~ REGION |
3 b 9 °
¥ (o8 GULF \
£8gg {} ! OFFSHORE \
: ARIZONA ———
j o NEW MEXICO /
NEVADA i w0
S o ;
o & £ o
i 8 o R i TEXAS ml
! 000 © i Lo §g g oo i wo . § .
2 3 RN ¥ B e v
L] a 2000
P8 i o
P1ge |

FIGURE 12: POSTULATED GROWTH OF INSTALLED GEOTHERMAL ELECTRIC CAPACITY . "No credit for methane included.




KEPLINGER aud_ssociales, inc.—

.-217_

TABLE 10
GEOTHERMAL DEVELOPMENT SCENARIOS
FORMULATED BY THE DIVISION OF GEOTHERMAL ENERGY!

PROSPECT GENERATING CAPACITY INSTALLED EACH YEAR (MW}
. Pre- : Post

: 1983 1983 1984 1985 1986 1987 1988 1989, 1990 1990 TOTAL

CALIFORNIA & HAWAIL .
Brawley, CA v - 50 - 50 - 100 100 100 100 500 . 1,000
Coso Hot Springs, CA - - C - 50 50 50 150 150 150 - 600
East Mesa, CA : - - - 50 - - 50 - - - 100
Geysers, CA (liquid- - - - 100 100 100 100 100 100 400 1,000

dominated) : .
Geysers, CA (steam) " 1678 160 220 110 - - - - - - 2,168
Glass Mt., CA . - - - - - - - — 50 - 50
Heber, CA - 50 - 50 - 100 - 100 - - 700 1,000
Lassen, CA - - - - - 50 - - 50 - 100
Mono-Long Valley, CA - - - 50 - 100 - - 100 - 250
Puna, H : - - - - - - - - 50 850 900
Salton Sea, CA - 50 - 100 75 75 100 100 100 1400 2,000
Surprise Valley, CA - - - - 50 - 50 100 100 1700 2,000

NORTHWEST .

. Alvord, OR - - - L - C - 50 - - 50 200 300
Baker Hot Springs, WA o - - - - - - - .= 50? - : -
Bruneau-Grandview, ID - ) - - - - - 50 - - 100 3000 3,150
Mount Hood, OR - - - - - - - - - SO2 - -
Raft River, 1D - - - - - - 50 - 50 - 100
Vale Hot Springs, OR - - - - - - 50 - 50 700 800
Weiser-Crane Creek, ID - - - - — - 50 - 100, 850 1,000
West Yellowstone, MT ) - - - - - — - - 50° - - i -

SOUTHWEST ‘ .
Brady Hot Springs, NV —~ 50 L — = 50 - 100 — 100 2100 1.000
Beowawe; NV — 50 — — 50 - 50 —_ 100 750 1,000
Chandler, AZ - - - - 50 — - - 100 80 230
Cove-t ort Sulphurdale, UT - S - - 50 - 50 - 50 50 1300 1,500

D Leach, NV — © - — — — 50 — — 50 1400 1,500
Roosevelt Hot Springs, UT - 50 - - 50 - 50 - 100 750 1,000
Safford, AZ - - - .- - 50 - - - 50 100

P Steamboat Springs, NV - — —~ 50 L - — 50 — 100 - 200
Thermo, UT - - - - - - 50 - - 450 500
Valles Caldera, NM - 50 - - 100 - 100 - 100 1150 1,500

GULF coasT! .
Acadia Parish, LA - - - - - 50 - - 50 250 350
Brazoria, TX - - - - 25 - 100 100 200 1800 - 2,225
Calcasieu Parish, LA : - - - - - 50 - - 1 250 . 350
Cameron Parish, LA - - - - - 50 - - 50 400 500
Corpus Christi, TX . - - - - - 50. - - 50 1550 1,650
Kenedy County, TX - - - - - - 50 - - 50 200 300
Matagorda County, TX - - - - - 50 - - 50 400 500
Cumulative Generating Capacity 1678 2188 2408 3068 3668 4793 6093 6793 9143 30923 30,923
il Eguivalent {10° bbl/day) 19 25 27 35 41 54 69 n 103 342
Assogiated Methane ' i
{10° SCF/day) - - - - 21 . 269 351 434 848 . ABSB

'Pilol.plants are not included in this table.

leTRE-assumed plant capacities for analysis. These capacities are not included in the cumulative generating capacity total.
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T
ANTICIPATED WELL Agg?L%%NilabNSTRUCTION SHCEDULE
FOR
50 MWe POWER PLANT OPERATION

1988

KGRA AREA 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1989 1990
BEOWAWE
On-Line Power (MWe) Plant #1 }_}50 Plant #2 =150 Plant #3 3150 #4 & #S .;}100 -2 5
Exploration Wells 5 S s ‘s 5 5 S -5
Production Wells 11 11 11 22 22 22
Re-Injection Wells 5 ) 5 10 10 10
Replacement Wells 1 1 1 2 2 3 3 S
BRADY
OnTLme Power (MWe) Plant #1 >l5° Plant {2 }'iSO Plant #3 & 04}_{100 5 & 16 %{100 __{___’ ‘
Exploration Wells 5 5 5 ’ 5 5 5 .5 5
Production Wells 15 15 30 30 30 30
Re~Injection Wells 7 7 14 14 14 14 .
Replacement Wells 2 2 2 4 4 7 7 10
STEAMBOAT .

. ' )
On-Line Power (MWe) Plant #1 =350 Plant #2 =150 073 & My %%100 .
Exploration Wells 5 ' 5 '
Production Wells 10 16 16 32
Re~Injection Wells 7 7 14
Replacement Wells 2 2 2 4 4 7
LEACH .
On-Line Power (MWe) Plant f1 =nf50 Plant /12 3150 7 o
ol > >

Exploration Wells 10 5 t's 5 5 5
Production Wells 24 24 48 48
Re~Injection Wells 10 10 20 20
Replacement Wells 2 2 2 4
DIXIE VALLEY*
On-Liner Pover (MWe) Plant #1 S~ 50 Plant #2 }iSO ) Plant #3 & 114 w1100 B S
Exploration Wells 2 3 3 3 3 ¢ 3 4 5 S 5 5
Production Wells 13 13 26 26 26
Re-Injection Wells 6 6 12 12 12
Replacement Wells 2 2 2 2 [ 6 6
*Preliminary estimate only. Based on limited data when compared to other KGRA's.
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Exploration Wells

The number of exploration wells drilled for developing the first 50
MWe plantvin Dixie Valley depends ﬁeavily on how effectively and

how soon the reservoir's structural aﬁd other geologic conditions
can be defined. Based on U.S. Department of Energy evaluations, ap-
proximately 5 to 10 reconnéissance wells may be required befo;g a
fieldsite can be established for development drilling of producﬁion
wells. Table 11 also includES’our estimates of the nécessary explo-

ration activity in Dixie Valley over the next 12 years.

Production and Reinjection Wells

The determination of the number of production and reinjection wells
necessary to support one 50 MWe plant is based upon the temperature
of the produced reservoir and the produced flow rate. The following

data are used herein:

Area Temperature (°C) MWe /Well No. of Wells
1. Brady Hot Springs 214 3.33 15
2. Beowawe ' 240 4.55 11
3. Dixie Valley 225 3.85 13

Replacement Wells

Geothermal production wells begin to decrease in power production al-
most as soon as they are brought online. Replacement wells must be

drilled and completed to provide constant heat input for the plant.

~44=




" Based on experience in The Geysers and other areas, approximately 10%

of the production wells in service will be replaced each year.

Drilling Costs
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Although drilling costs depend upon each site's unique géological char-
acteristics and associated inherent potential subsurface problems, costs
have been estimated by the U.S. Deparfment of Energy for nearby areas
(see Tables 12 aﬁd 13); we have revised our estimation of well costs

for Dixie Valley (see Table 13).

The effects of éost reductions of‘geothermal development derivgd from

1) research, development and drilling ad&ances ;nd, 2) Federal ta% incen-
tives within tﬁe next few yéars will play a major role in geothermal
development in the United States. The "busbar" costs of electricity
(producer plus utility costs to consumer) from competing resources

(coal andvnuclear) will also play a major role in regional géotherﬁal
‘development. Table 14 summarizes the'expected costs of such compe-

tition, against which geothermal development must be measured.

Figures 13 through 17 illustrate the relative éffects of research,
development and drilling advances (R, D & D) and of federal tax incen~
tives (22% depletion and expensing intangible drilling costs) on cost
of electricity from liquid-dominated geothermal prospects. Investment
.tax c;edii‘incentive is also under consideration for revision in geo-—
~thermal projects. 1t should be noted that the indicated cost of coal
and nuclear power are conservative while the cost of geothermal power
is estimated to be high because of uncertainties in development and

production technology. However, existing technology (without any cost.
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TABLE 12

- FOOTAGE COSTS FOR.GEOTHERMAL DRILLING

AS A

FUNCTION OF ROCK TYPE- AND WELL DEPTH

KEPLINGER amlaluocialu, inc—

ROCK COST/FOOT (1977 DOLLARS)
HARDNESS
<5000 FEET >5000 FEET"
Soft 80 160
Medium 100 120
Medium-Hard 125 - 250
Kard 200 400
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TABLE 13
GENERAL CHARACTERISTICS AND WELL COSTS
FOR SELECTED GEOTHERMAL PROSPECTS f,opapte cost Per

Exploration, Pro-

Reservoir Depth to duction and Re- Probable Cost
Temperature Depth to Average Reservoir Plus placement Well Per Reinjection
Notes Prospect _(*¢) Reservoir km Classification [20] 0.5 km ($x103) Well ($x103)

& Geysers (steam), CA ~260 2.0 Medium 2.5 1003 . 1003
3,4 Brazoria, TX 146 4.0 Soft 4.5 1962 1962
2 Salton Sea, CA 340 1.0 Sof: 1.5 400 400
Valles Caldera, NM 240 1.0 Hard 1.5 984 986

NV . 214 0.5 Hard 1.0 (31 636

2 Brawley, CA 263 1.5 Soft 2.0 400 400
Roosevelt, UT ) 230 0.8 Med{um-Hard 1.3 533 533
Beowawe, NV 240 1.0 ~JHard 1.3 984 985

Coso, CA 220 1.0 Med{um-Hard 1.5 615 615
Mono-Long Valley, CA 220 1.0 Medium-Hard 1.5 615 615

1 Cove Fort/Sulphurdale, UT 200 1.5 Med{um-Hard 2.0 1523 1015
1 Heber, CA . 190 1.0 Soft 1.5 600 400
4 Geysers (hydro), CA no data 2.0 Medium 2.5 1141 . 1141
1 East Mesa, CA 180 1.0 Soft 1.5 600 400
Steamboat, NV 210 0.3 Medium-Hard 0.8 328 - J28

1 Surprise Valley, CA 175 1.0 Medium-Hard 1.5 923 615
1,4 Chandler, AZ . 178 2.0 Med{um 2.5 1711 1140
1.4 Leach, NV 170 2.0 Med jum-Hard 2.5 2338 1426
3,4 ° Calcasieu Parrish, LA 156 4.0 Soft 4.5 R 1962 1962
1,4 Bruneau-Grandview, 1D 200 2.0 Medium~Hard . 2.5 2138 1426
Lassen, CA 240 1.0 Med fum-Hard 1.5 615 615

3,4 Kenedy County, TX 168 4.0 Soft 4.5 2590 - 2590
1 Alvord, OR 200 1.5 Hard 2.0 2437 1625
3.4 Matagorda, TX 146 4.0 Soft 4.5 1962 1962
3,4 Cameron, LA 140 4.0 Soft T 4.5 2662 : 2662
3.4 Acadia, LA 164 4.0 Softu 4.5 1962 1962
3.4 Corpus Christi, TX 169 4.0 Soft 4,5 2000 2000
1,4 Safford, AZ 200 2.0 Med {um-Hard 2.5 2138 1426
1 Welser/Crane Creek, ID 160 1.0 Med{ium-Hard 1.5 923 615
1 Vale, OR 160 1.0 Soft 1.5 591 394
1 Thermo, UT 200 1.5 Medium 2.0 1219 812
1 Raft River, ID 140 1.5 Soft 2.0 210 607
4 Glass Mountain, CA 210 2,0 Med{um-Hard 2.5 1426 1426
4 Puna, HI 275 2.0 Hard 2.5 2281 2281
Mt. Kood, OR 125 1.0 Medium 1.5 738 492

1.4 Baker Hot Springs, WA 165 2.0 Medium~Hard 2.5 2138 1426
4 W. Yellowstone, WY no data 2.0 Soft 2.5 912 912
2,4 Dixie Valley 225 1.3 Hard 1.8 1180 780

NOTES -~

- binary plant

- binary or flash plant
geopressurced

-~ depth to reservolr estimated

W N
'




TABLE 14

LEVELIZED BUSBAR COSTS OF ELECTRICITY FROM
COAL AND NUCLEAR SOURCES
(1977 mills/kWhr)

PLANT-ON-LINE DATE

CENSUS REGION/PLANT TYPE

KEPLINGER mgmdalu, inc—

AND PACIFIC‘ MOUNTAIN
SCENARIO COAL NUCLEAR COAL NUCLEAR
1985 National Energy P.laﬁ1 27.0 -—_ gg;g? -

- 1985 Recent Trends Scenario 21.5 - 16.7 -
1985 High Escalation1 - 24.5 - 23.2
1985 Low Escalation — 22.2 - 20.9
1990 National Energy Plan1 28.1 - 20.6 -
1990 Recent Trends Scenario 22.8 - 17.5 -
1990 High Escalation1 - 27.0 | - 25.7
1990 Low Escalation - 23.4 - 22.3

Denotes alternative chosen as a basis for comparing geothermal
costs.

Underlined values represent the sources which are expected to be

the main competitors to geothermal energy in the respective
regions. '
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reductions in the future) 1s capable of making geothermél generally
competitive during the 1980's if coal and nuclear power expetrience
any form of unforeseen price escalation. 1If costvreductions do oc-
cur, geothermal énergy will become a sigﬁificant source of energy for

the entire western United States.

VI. CONCLUSIONS

It is very apparent that Dixie Valley has significant geothermal po-

‘tential. Furthermore, although early indications were not as dramat-

iec as nearby areas (e.g. high spring and geothermetric temperatures),
Dixie Valley has a potential for future development very similar to

that of Brady Hot Springs and Beowawe KGRA's.

Timing is important in any resource development project. It is a
prime favorable factor in the development of Dixie Valléy. The area's
exéloration-and development can draw heavily from the experiences of
nearby areas, which will ﬁo doubt result in reduced costs relative to

those projects preceding it. Early'signs of Dixie Valley's economic

viability (or the lack of it) will be apparent. In addition, the

Federal Government may revise tax incentives to promote growth of
geothermal development. The timing of this revision, if one is made,

will certainly affect Dixie Valley and its future viability.

Based on the geologic evaluations of Dixie Valley to date, the following

conclusions can be drawn:
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Iy

2)

3)

e

Two shallow heat sources have been identified along the
western border of Dixie Valley within land held by Mil- '
lican 0il Company. A third heat source, also within
Millican holdings,;is possible on the eastern boundary

of the valley.

Thermal gradient drilling near one of the.heat soﬁrces
suggests subsurface temperatures gfeater than 200°C at
depths of 3,000 to 4,000 feet in the fractured metased-
imentary units below the gabbroic complex. A liquid-
dominated reservoir is expected. However, a rééervoir
at depths greater than 8,000 feet may be steam—dominated
because of ibe very high temperatures ind;cated; but
explorationiis not sufficiently advanced at this ﬁime

to suggest such a condition.

Faulting is widespread and complex within the basin which
allows for numerous avenues of upwelling heated ground-
water to reach intervals within economic drilling depths,

i.e. less than 9,000 feet, depending upon the temperature

-and flow rate encountered.

Ground~water geochemistry may be similar to Brady Hot

- Springs and Beowawe areas, and thus may present sealing

and scaling problems during the development of the

reservoir.
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5)

6)

7

8)

9)

10) -

Although remofe from population centers, the Dixie Valley
area is located approximately 30 miles north of a 230

KV power line.

Land position of Millican 0il Company is excellent. As-

suming a minimum of 7 sections (4,500 acres) of produc-

tion, approximately six 50 MWe plants could be sﬁpported

via substained total production of 300 MWe over a 30-year
period. Balanced land position allows a widespread

éoverage of the various structural plays in the area.

Per well initial production of 475,000 pounds/hr. (3.85
MWe/well) is necessary for economic viability and appears
possible at this time, although drilling must be undertaker

to substantiate such potential.

A production temperature of 225°C appears possible at thié
time, if temperature gradient of previously drilled well
(H-1) represents a somewhat less than linear relationship

with depth.

Flash production may be appropriate for any production

températures in excess of 200° C.

Future exploration and development in Dixie Valley will be
considerably enhanced by the industrial-academic project
presently being seriously considered by U. S. Department

of Energy.
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11) It should be noted that many of the quantitative conclu-
sions made hereinlare clearly based on limited and specula-
tive information at a stage of the project where such
probabilities must be considered'ip view of assessing
risk. We reserve the right to aiter our conclusions'as

additional data become available.
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VIII APPENDIX

DEVELOPMENT SCENARIOS
AND .
SITE-SPECIFIC ANALYSIS
OF '
SELECTED

PROSPECTIVE GEOTHERMAL AREAS

A)
B)
c)

D)

IN NEVADA:

BRADY HOT SPRING KGRA
BEOWAWE KGRA
STEAMBOAT SPRINGS KGRA

LEACH KGRA
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BRADY HOT SPRINGS, NEVADA

Postulated Development Scenario

KEPLINGER ana(oluocialu, iHe, —

PLANT INSTALLED CAPACITY PLANT

NUMBER (Mwe) ON-LINE DATE
1 ' 50 1983
2 50 1986
3 100 1988
4 100 - ' 1990
SUBSEQUENT 700 ©1991-1997
PLANTS
TOTAL 1000 to 1997

Estimate of Resource Characteristics

RESOURCE CHARACTERISTIC ESTIMATE
Subsurface Fluid ' Range: 200-230

Temperature (°C) Best Estimate: 214
Total Dissolved Solids (PPM) 2,450

Electric Energy Potential (MWe 30 years) 1,000

Overlying Rock - Hard: Basalt and alluvium
Depth to Top of Reservoir (Meters) 500
Land Status
"Total KGRA acres 98,508
Total Federal acres 59,358
Federal acres leased - . 26,0491
Total State and private acres - 39,150
State and private acres leased " No data

1All Federal land in the KGRA was offered in the.

Federal lease sale.
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BRADY HOT SPRINGS, continued.

Development Status and Activity
Several companies have been drilling in the area since 1959.

Magma Power Company drilled several shallow wells between 1959 .

"~ and 1961. Earth Energy, Inc. drilled a well to 1,519 meters (5,062

feet) in;1964. By August 1975, Phillips Petroleum Company and Union
0il Company had drilled deeper. than 2,100 meters (7,000 feet) and
Magma had drilled two wells, one to 1,050 meters (3,500 feet) and the
other to 1,350 meters (4,500 feet) near the old holes.

By February 1977, Southern Union Products company had suspended
operation and Standard Oil of California had drilled a producing
well, .

One 1,500 meter (4,900 foof) well had a temperature of 214°C
and a high flow rate.

Phillips has new high-flow-rate wells east of the old Brady
Magma wells.

. In 1977, ERDA (now part of DOE) approved - an applicationAfor
$3.46 million in loan guarantees by Geofood Products, Inc., to build
a plant to use heat from the Brady geothermal résource for dehydra-
tiﬁn of food products. Total project cost is $4;96 million. The

loan has been granted by the Nevada National Bank.
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- BRADY HOT SPRINGS, continued.

Major Development Problems

There do not appear to be any severe technological problems
at Brady Hot Springs. However, the following determinations must
be made before development can begin}

e Whether or not the brine at Brady may lead to severe
" calciting, as has been suggested may happen.

¢ What the noncondensible content is, as this may affect the
choice of conversion technology.

Also, injection feasibility must be demonstrated, and the maintenance
of production flow must be demonstated in formations having low
permeabilities.

Postulated Development Scenario:  Status and Implications

First Commercial~Scale Plant: 50 MWe in 1983

The postulated development schedule at Brady Hot Springs
calls for a 50-MWe plant to begin in operation in'1983. The aeveiop—
ment schedulg appearsvin Figure 22-1. As shown, the commitment to
develoﬁ the site must be made at the beginning of 1979 while plant-
désign must be completed in mid-1980 to achieve power on line
in 1983. The required timing for the availability of new technology
would thus be 1980. A éomplementary schedule in Figure 22-2 presents
the activities'of principal paricipants in the development of the
series of plants postulated for Brady Hot Springs. It is anticipated

that this plant will use flash cycle conversion technology because:
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FIGURE 22-1

DEVELOPMENT SCHEDULE FOR FIRST PLANT: BRADY HOT SPRINGS, NEVADA
{FEDERAL LAND)
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DEVELOPMENT SCHEDULE FOR ALL PLANTS: BRADY HOT SPRINGS, NEVADA
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BRADY HOT SPRINGS, continued.

e Reservoir temperature appears high enough to give flash
technology an economic advantage over binary; and

e Flash technology may appear to the developers to be
less risky than binary in this time frame.

However, éertain resource characteristics which are not known at-
present may affect the choice of technology. Possible high non-
condeﬁsible gas content (>3 percent) might necessitate a binary cycle,
because noncondensible gases in & flash system feqdire high pumping
power to remove the gases.from the condenser. Calciting teﬁdencies
in the brine might lead to problems of scaiiﬁg.

| In the context of a péssible binéry plant, the experience
gained at the Niland thermal loop will be relevant. The problems
associated with binary systems are described in detail under Salton
Sea, California. In the following, the use of a flash cycle plant
is assumed.

Development Problems. This plant would be one of the first

flash geothermal plants constructed in the United States and, in the
absence of experience with similar type plants, is likely to be‘
pérceivéd as a relatively high-risk venture. The schedule reqdires
that a utility company be identified in mi§-1977, commitment to
development'be.méde in early 1979, design be completed by mid-1980,
and construction started by mid-1981. While the attitude to develop-
ment in the area is relatively favorable, mild constraints and brief

delays may be anticipated.
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BRADY HOT SPRINGS, continued.

Reservoir conditions appear faitly good. High flow rates are
reported to have been_obtained from test wells, although no numerical
data are available. A low TDS of 2450 ppm has been reported.
It is believed that the major.problems associated with this and
other similar reservoirs in Nevada are higﬁ noncondensible gas
coﬁtent, possible calciting tendencies of the Brine, and maintenance
of production well flow frqm 1ovaermeabi1ity reservoir formationms.

Drilling in the hard rocks associated with this reservoir may
be difficult; but is-well within current capabilities. Well
completions at the estimated reservoir temperature'of 214°C should

present no problems. Wells have been successfully compleﬁed under

much more severe conditions (Salton Sea, Cerro Prieto, The Geysers).

Since some gdod well flows have been demonstrated, it is not -expected
that deep well pumps will be required, although control of nonconden-
sible gases and/or calciting might necessitate their use.

Since flash plant conversion. technology has béén demonstrated

elsewhere in the world, no severe technological problems are foreseen.

Before the development can proceed, it will be necessary to demonstrate

injection of spent brine in this fractured volcanic rock environment,
but this is expecﬁed to be feasible. Table 22-I shows a summary of
important site-related needs and RD&D impacts.

In sumﬁary, while it appears. that there are no initial technologi-

cal obstacles to development on the postulated schedule, additional
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TABLE 224

ECONOMIC ANALYSIS: BRADY HOT SPRINGS. NEVADA
FLASH SYSTE# , 50 &W ELECTRIC ELAKT
FIEST PLANT OF LINE DATE : 1983

TEMPERATUHME IN CENTIGEADE CEGFEES (BEST ESTINATE) : 214

WELL DEPTH IF MEIERS :

BRINE SALINITY : icw
OVERLYING ROCK TYEE : KARD
THE HELL FLOW RATE IS NOT S>PFCIFYEL

: THE DEFAULT FLOW RATE USED (KGH./HB.) =

1000

205886

THE COST PER PROLUCTION KErl Is NOT SFECIFIED : THE DEFAULT COST EER PRODUCTION WELL (3) = 656168.1

THT CCST FER INJECTION WELL IS NOT SPECIPIED

PRODUCER FINANCIAL DATA

DEBT FERACTICN :

ANNUAL IRTEREST RATE ON DEu? {(FRACTIQN)
BREQUIREC KATE QF EETURN ON EQUITY (FRACTION)
PROFERTY TAX RATE {FRACTION) :

REVENGE TAX BATE CR WOYALYY (FRACTION) :
EFFECTIVE TOTAL INCCME TAX ®ATE (FBACTION) :
EFFECTIVE INVESTMENT TAX CaEDIT (FRACTION)
ESCAIATICN FACTOF FCR C&M COS1S H
ESCALATION FACTOR FCR ENEKGY CCSTS ¢
ESCALATION FACTOR FEOK CAPILAL COSTS :
LIFE SPAN OF PRCLUCTION WELLS (YEARS)
LIFE SFAN OF INJECTIGN WELLS {YEARS)
LIFE SEAN OF PROLUCER PLANI (YEARS) ¢
START UF COST MULTIPLIER :

* NUSBER OF WELLS , CAFITAL COSTBASIS

CAFITAL COSTPRASEs (1977 M)

15 ERCLUCTION WELLS : 11.845

7 INJECTION WELLS 5.529
PRODUCER PLANT EXCLULING WELLS : 6.149
KEPLACEMENT FRODUCTION WELLS : 10.118
REPLACEMENT INJECTICN WELLS : 4.722
REPLACEMENT PLANT : 2.713 .
TOTAL FCR PRCOUCTICH FIELD : 4.
GENERATING PLANT : . 25.
TOTAL : 66.

¢ IHE TEFAULT COST PER IWJECTICR WELL (%) = 656168.1

UTILITY FINANCIAL DATA

AND OEM COSTS , AND REVENUE REQUIKREMENTS WITHCUT ANY RED INPACTS

OtM COSTS (1977 $M/YF.)

PRNDUCER
GENERAL :
WELL :
DEEP WELL PUNP :.
SPINT BRINE TREATHENT :
CHEMICAL & MECHANICAL CLEANING

079 _TOTAL :

g UTILITY

894 GENFRAL :
CHEMICAL & MECHANICAL CLEANING :
TOTAL :

** REVEINUE HECUIREHENTS %%

PFODUCER
UTILITY
* TOTAL

2 25.382 MILLS/KWHR
H 7.511 MILLS/KNHE
2 32.89) MILLS/KNHR =

0.30 DEBY FRACTION ;
Q.08 ANNUAL INTEREST RATE ON CEST (FRACTION) :
+ 0.20 REQUIRED RATE OF RETURN ON EQUITY (FBACIION) 3

0.01 PROPERTY TAX BATE (FRACTICN) :
0.10 REVENUE TAX RATE OR KOYALTY {FPRACTION)
0.50 EFFECTIVE TOIAL INCCEE TAX RATE (FRACTION) :
0. 04 ' EFFECTIVE INVESTSENT TAL CREDIT (FRACTION) 3
0.05 ESCALATION FACTCR FOK OEM COSTS :

0.05 ‘ ESCALATICN FACTOR FOR ENEFGY CCSIS :
0.05 ESCALATION FACTOR FOR CAEITAL COS1S :

10.00 LIFL 'SPAN OF UTLLITY PLANT (YTARS) = .

10.00 ULTINATE CAPACITY FACTOW :

20.00 START UP COST WULTIPLIER 3
1.081

¢.5¢
U.08
0.3v2
0.01
0.0
u.50
V.04
0.05
0.U5
0.05
30.09
U.8Y
1.038

0.545

0.753

AN CsHupadg 3oy Apead
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TABLE 22-1 (CONTINUED)

* RED IMPACTS FOR PLANT NO. 1 ~ ON LINE DATIE : 1983 =
RED COMNPONENT . . ANTICIPATED CHANGE
) . (%)
CAPITAL COST PER ERCDUCTICMN WELL ’ ~-5.00
CAFITAL COST PER INJECTION WELL -5.00

** REVENUE REQUIREBENIS WITH ALL THE RED INPACTS INCLUDEC.

PRODUCER : 22.622 BILLS/KWHB
. UTILITY : 7.511 NILLS/KWHR
- TOTAL 2 30.133 MILLS/KWHE *

e

* SENSITIVITY OF COST OF ELECTRICITY (PROM PLANT NO. Y , RGD IMPACTS INCLUDED) *

CHANGE 1IN REVENUE

REQUIREMENIS (HILLS/KHHR)k

-0.6792
~0.3170

MILLS/KWHR

RESOURCE & OPERATING PARAMETERS

HIGH RESOURCE TEMPERATURE LRSTIBATE (230 CEGREES CENTIGRADE) 26.023

LCW RESOURCE TEMPERATURE ESTINATE (200 DEGEEES CENTIGRADE) 44,324

HIGH CAPACITY FACTOR VALUE : (0.85 28.36C

LOW CAPACITY FACTOF VALUE : 0.60 . 40.177

EXPERSING OF INTANGIBLE DRILLING COSTS ( 70.0% OP WELL COSTS EXPENSED) 27.00¢

DEFLETICN ALLOWANCE ( 22.0a CF G50SS INCONF) 25.689

INVESTMENT TAX CREDIT ( 26.2% GROSS, 15.0% EPFECTIVE) 28.428

* RET IMPACTS POF PLANT NO. 2 ~ ON LINE DATE 1986 *
RED CONPOMNENT : ANTICIPATED CHANGE CHANGE 1IN REVENUE
. - (%) REQUIRENERTS (MILLS/KWHR)

NUMBER CP PRCDUCTION WELLS -3.00 0.0
CAPITAL COST PER PRODUCTION WELL ~-12.00 -1.6302
CAPITAL CCST PER INJECTICN WELL -12.00 -0.7608
CAFITAL COST OF GATHERING SYSTEN ~10.00 ~0.0777
CAPITAL COST OF DISTRIBUTION SYSTEM -10.00 -0.0348
CAPITAL COST OF TUREINE GENERATIOR -3.00 -0.0808
CAPITAL COST OF FROCESS MECHANICAL (UTILITY) ~10.00 -0.0279
LIFE SPAN OP PROCLUCTION WELLS 20.00 -0.9911
LIFE SPAN OF INJECTION WELLS 100.00 ~1.411%
START UP COST HMULTIELIERS (PRODUCER: ~4.16 , UTILITY: -2.12) -1.2158

** ReVENUE REQUIREMENTS WITH ALL THE RED IMPACTS INCLUDED.

PRODUCER : 19.900 MILLS/KWHF
UTILIITY : 7.266 BILLS/KWHKk
* TOTAL : 27.145 MILLS/KWHR *

s
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TABLE 221 (CONCLUDED)

* RED IMPACTS POR PLANT NO.

RED COMECNENT

SUNBER GP PRGDUCTIGN WELLS

CAPITAL COST PER ERCDUCTION WEIL

CAEITAL COST PER INJECTION WELL

CAPITAL CCST OF GATHERIFG SYSTEH

CAPITAL COST OF DISIRIBLTION SYISTES

CAPITAL COST OF TURBRIRE GEXEFMIGH

CAEITAL COST OF ERCCESS HECHANICAL (UTILITY)
LIFE SPAN OF PROLUCTION RELLS

LIFE SPAN OF INJECTICN WFLLS

START UP COST NULTIPLIERS

** REVENUE REQUIREMENTS

PRODUCER
UIILXTY
* TOTAL

R6ET CCHECNENT

NUNBER OF PRODBCTIION WELLS

CAELTAL COST PER FRCDUCTICH WELYL

CAFITAL COST PER INJECTION WELL

CAPITAL COST OF GATHERING SYSTEN

CAPITAL COST OF DISTRIBUTION SYSTEN

CAPITAL COST OF TURBIMNE GENERAICH

CAPITAL COST OF FROCESS NECHANICAL (UTILITY)
LIFE SPAN OP PROCUCTION WELLS

LIFE SPAN OF INJECTICH WFLLS

S1ART UP COS1 MULTIPLIERS

3 - O LINE DATE : 1988 »

ABTICIPATED CHANRGE CHANGE 1IN REVENUE
(X} RECUIREMENTS (NILLS/KNHE)
-3.00 0.0
-12.00 -1.6302
-12.00 -0.7608
~10.00 -0.0777
-10.00 -0.03u8
-3.00 ~-0.0608
-10.00 -0.0273
20.00 -1.0M118
100.00 ~1.4299
(PRODUCER: -4.16 , UTILITY: ~2.12) -1.2158
WITH ALL THE RED IHPACTS INCLUDED., %
: 19,867 MILLS/KWHE
H 7.206 NILLS/KWHR
T 27.112 4ILLS/KWHE =*
* RED INPACTS FOR PLANT NO. 4 - ON LINE DATE : 1990 =
ANTICIPATED CHANGE CHAHGE 1IN REVENUE
%) - EECUIREMENTS ({KILLS/KWHE)
-3.00 .
-20.00 ~2.7170
-20.00 -1.2679
-10.00 -0.07717
-130.00 ~0.0348
-3.00 -0.0608
-10.00 -0.0279
20.00 -1.0115
100.00 : ) -1.4299
(PRODUCER: -4.16 , UTILITY: -2.12) ~-1.2158

** REVENUE REQUIRENENTS

ERODUCER
UTILITY
* TOTAL

WITH ALL THE BRED IMPACTS INCLUDED. #»

18.526 MILLS/KWHR
7.246 MILLS/KWHR
25.772 AILLS/RWHR

*

AN ‘sHupadg qun Apray
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BRADY HOT SPRINGS, continued.
information about reservoir and fluid characteristics might alter
this perception.

Economic Analysis. The projected economics of electrical genera-

tion at the Brady Hot Sptipgs geothermal power prospect are presented

1

in Table 22-I. The levelized busbar cost of electricity” produced by

a flash conversion system at this site is estimated to be 32.9 mills/

kWh using currently available technology. Taking.into account antici-

pated cost reductions from the RD&D program, the first commercial-scale
plant at this site, postulated to come on iine in 1983,.is expected
to have a levelized busbar energy cost of 30.1 mills/kWh,

It is assumed that geothermal electric plants in this region
will be competihg primarily for base-load generating capacity addi-
tion'against coal-fired steam plants. The levelized busb#r cost of -
electricity from these sources is expected to be abouf 20.0 mills/kWh
for plants coming on-line in 1985, rising to 20.6 mills/kWh for
plants coming on-line in 1990 under assumptions of the National
Energy Plan scenario for escalation of cbal prices.

It can be seen that the cost of electriéity (with RD&D benefits)
at this prospect is not competitive without the.advanCages of further
incéntives. The sensitivity analysis for Plant 1 shows that expensing
intangibie~drilling costs would reduce the levelized busbar cosf by

about 3.1 mills/kWh, that a 22 percehf depletion allowance would

1See Chapter 2 for details of the computer print-out and aséumptions
and data used in this analysis.
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BRADY HOT SPRINGS, continued.
reduce costs by at most 4.4 mills/kWh, and that an increased invest-
ment tax credit to 15 percent effective would reduce costs by about
1.7 mills/kWh. ‘Thus, the use of further incentives (such as an
investment tax credit of approximately 25 percent plus depletion and
expensing intangibles) would be required to render this plant roughly
competitive on the basis of cost. Within limits, changes in the
levels of the depletion allowance_or.tax credit Qéuld producé propor-
tional cost changes to achieve a Aesired level of incentive.

Subsequent Plants

The second plant at Brady Hot Springs is scheduled to come on
iine in 1986, This means that the commitment to develop must be made
in 1982 for design to be'completed_in 1984 prior to start of construc- -
tion. if is clear that oﬁerating experience at Plant llwill not be
be acquireﬂ in time to have a major impact on the désign of Plant 2.
Moreover, on the basis of the postulated'developmént schedule, there
will be insufficient time for operating experience at any United States

commercial-scalé, liquid-dominated geothermal plant to influence

Plant 2 at Brady Hot Springs.

Based on the imﬁacts of RD&D shown in Table 22-I,IPlant 2 is
expected to have a levelized busbar cost of 27.1 mills/kWh. This
indicateg that the first two tax incentives (expensing intangible
drilling costs and applying a 22 percent &epletion allowance) would

bring electricity costs to about a competitive level.
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BRADY ﬁOT SPRINGS, concluded.

Plant 3 at Brady Hot Springs is postulated to come on line in

- 1988 at an estimated cost of electricity of 27.1 mills/kWh, This

plant should benefit from prior operating experience at Brady Hot
Springs, Beowawe, Roosevelt Hot Springs,and Valles Caldera.

Plant 4, on line in 1990, has an estimated cost of electricity

of 25,8 mills/kWh.
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BEOWAWE, NEVADA

Postulated Development Scenario

PLANT INSTALLED CAPACITY PLANT

NUMBER (MWe) ON-LINE DATE
1 : 50 ‘ 1983
2 | 50 ‘ 1986
3 50 1988
4 ' 100 - 1990
SUBSEQUENT 750 \ 1991-1998
PLANTS | ,
TOTAL 1000 to 1998

Estimates of Resource Characteristics

RESCURCE CHARACTERISTIC ESTIMATE
Subsurface Fluid Range: 165-280
Temperature (°C) Best estimate: 240
Total Dissolved Solids (PPM) 1,200
Electric Energy Potential 624
(MWe 30 Years)
" Overlying Rock v Hard: Tertiary basalt
- and Quaternary alluvium
Depth to Top of Reservoir (Meters) 1,000
Land Status
‘Total KGRA acres A , 33,225
Total Federal acres : - 16,530
Federal acres leased’ 13, 7661
Total State and private acres © 19,112

lNearly all the Federal land has been offered and leased in recent
Federal lease sales. '
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BEOWAWE, continued.

Development Status and Activity

As of August, 1975, the deepest well drilled was 2,915 meters
(9,563 feet). By Junme, 1976, more than 12 holes had been drilled,
with Magﬁa Power Company (Chevron) planningradditional holeg. ‘By'
February, 1977, one'well had>been drilled by Standard 0il Company of
Califérnia. Phillips Petroleum Company has also been involved in
development.

Majof Development Problems

This is an isolated site. If a purchaser/utility can be iden-
tified, then there should be no severe problems. Still it is recom-
mended that the following potential problem areas be inve#tigated:

e silica scaling

e return flow injectibility

e 1low sustained flow rates from production wells,

Postulated Development Scenario: Status and Implications

First‘Commercial-Scale Plant: 50 MWe in 1983

No clear-cut major leaseholder/developer of the Beowawe site
has been identified. However, companies such as Chevfén, Standard
0il, and Phillips Petroleum Company have leased Federal lands in the
area. Based on currentlinformation, a 50-MWe flash conversion power
plant appears possible at this site by 1983, However, the site is

remote from population centers (20 miles to a town.of 1800 people),
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BEOWAWS, continued.
and a utility may have maike;ing problems with a'plant at thig
isolated site. Also, the site is situated aBout 150 miles from a
primary distribution line (750 KV).

Figure 21-1 shows a possible development schedule for Plant 1

at the Beowawe site. For 1983 power-on-line, commitment to develop-

ment must take place at the beginning of 1979. Final design must

‘be completed in 1980, and the technological RD&D, to contribute to

this plant, must be available at about the same time. Since Plant 1
is to undergo development in parallel with othér early-phase flash
conversion powér plants (Valles Caldera, Brady Hot Springs, Brawiey;
Roosevelt Hot Springs, and possibly Salton Sea); some intérrelated

technology undergoing development can be shared, but no operational

‘experience with commercial-scale plahts will be available to support

the Beowawe plant development.

Figure 21-2, which complements the preceding figure, shﬁws the
scheduled activities of the principal participants in the develop-
ment of all the~p1ants'postulated for Beowawe.

Development Problems. Principal RD&D problems at this site

include possible scaling from a high silica content in the geothermal
fluid and the long-term injection of the spent brine into the.
fractured volcanic formation. Testiﬁg to date haé indicated low
resérvoir'permeabilities and resultant low volumetric flow rates from
production wells, Reservoir stimulaéion technology could therefore

be important at this prospect. Again,_Beow#we should be ;ble to share
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DFLRATING N
ENTITIES ACTIVITY RECIPIENTS §} 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
oLM Issue STC Drilling Permit Developer
Uscs Issuc Drilling Permic Developer
BLM/Ouner Lease Land : Developer ASSUMCD COMPLETED .
Bt Prucess EIAJELS CEQ
County issucLand Yse Permits Developer
Developer Explocatory Drilling &
Reservolr Evaluation .
BDeveloper Develop Ucllity Interest —
Devieloper & § Feasibility Study ——
Ucildiey )
Producer {De}Flnanctal Negotiations ——
veloper) &
Utflity
Producer Site Selection —
Producer & | Deaign
Uciliey
Producer & | Commitment to Development 0H
Utility
Produccer & Prepare Master Development | BLM, USGS T
Utitiey Plan i .
Urilicy Prepare Environmental Data ) BIM, FPC,. ———
Statement STATE,County;
BIM, FPC Certify Plant & Site, Producer &
State,USGS Issue Permits Uttlity
uses Process EIA/EIS (Drilling) | CEQ
¥re Process EIA/EIS (Plant) CEQ
FPC Process EIAJEIS (Trans- cEqQ
mission Line)
Producer Development Drilling
Uclliey Plant Constructlon
Utilicy Install Transmission Line
(40km)
FIGURE 211 : ’
DEVELOPMENT SCHEDULE FOR FIRST PLANT: BEOWAWE, NEVADA

(FEDERAL LAND/POSSIBLY SOME PRIVATE)
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DEVELOPMENT SCHEDULE FOR ALL PLANTS: BEOWAWE, NEVADA

OVRERATING
ENTITIES ACTIVITY 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
Owner Lecase Lond, lssue Prospecting Permit t— —— -—r e ~4 -]
County Pracess Eaqvironmental Report - Pre-lease R NS | 3 -
. Jssue Land Use Permit — -_— —_— 2 -—
Trocesa Fnvironmental Report - Drilling * ——] ———] ——
State Process Eavironmental Report, Lease Land —— 2——-——.__—_:———'
Teaue Proupecting/Exploration Permits ' .
Issue Drilling Permits —_— — — i —
Certify Plant and S{te - Issus Permits L —t —— —
Prucess Enviroumental Reports — Drilling, ' -
Plant Construction, Transmlssion Lines
Developer Exploration and Reservoir Fveluation 13 2 L
Commit to Development Al l} 4 N
Prepare Maater Development Plan | — R | .
Bievelopment Drilling -
Utilicy Conmit to Development o 4 4 3 4
Prepare Environmental Data Statement 1 ’ | .
and Master Development Plan . .
.Conatruct Plant, Inetell Transmission Lines .
Power on Line 50 Al
DO1/USGS Iasue Drilling Permit — T — =3 —
: : Process EIA/EIS ~ Drilling —r] E— —t
- 3 _ PR |
pol/pLM Procers FLA/E1S, Lease Land —— [ ———
’ Issue STC Drilling Permit ’
Certily Flant and Site, ILssue Peraits L — e —
DOL/USFS Proceso E1A/EIS, Leane Land
Issue STC Drilling Permit
FIGURE 21-2
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OIERATREG
ENTITIFES ! ACTIVITY 1968 1989 1990 1991 1992 1293 1994 1995 1996 1977 1998
Ovner Lease Land, Issue Prospecting Permit b —t— —f— .__L. —r— ¥
County l’roc-nss Environmental Report - Pre-lease 12
Issue Land Use Permli — — — —_— — 12_
Frocess Environmental Report — Drilling -l 12
State Frocess Envirommental Report, Leasc Land - l_—t——y —2
Issue Prospectinp/Exploratfon Permitn
Isnue Drilling Vermlts = — — —— — 12
Certify Plant and Site - Isove Permits - | L
Procéss Euviroumental Reports - Drilling, -2 ) VA
Plant Construction, Transmission Linecs
Neveloper Exploratfon and Reservoir Evaluation 4 ——‘ 1 - ,
Commlit Lo bDevelopment }5 4 4 Y \ N AL
Prepare Master Development Flan e —a— |—— —_— p— | — f— LZ___
' Puvelopment Dellling 2 12 _
g
Utility Comnit to Development | . Y FAN 4 P\ A 4L H-
I'vtepare Lnvironmental Data Statement 5 12
and Master Development Plen 5 12
Construct Plant, Install Transmisafon Lines f[-— = o
Fower on Line 50 A 50 A 1004 00_‘5 100A  [l00A Jiood  [iooh 100A 30 Al2
DOL/USCS ¥srue Drilling Permit . - B —— - - - _ L2
Process LIA/EIS - Prilling 5 — 12
DOl/BLN Process EIAJFIS, Lease Land — —'_T— |
. l1gsue STG Drslling Permit :
1Certify Tlant and Site, Issue Permits __2_.__ o e —i ]2
DO1/USFS Process E1A/EIS, lease Land
tssuc 816 Letlling Permit

FIGURE 21-2 (CONCLUDED)
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BEOWAWE, continued.
in the parallel experience at the Roosevelt Hot Springs and Brady
sites, which are all expected to encounter similar problems in these

technical areas of concern. No apparent environmental problems have:

been identified at this site nor'has_local opposition to development

been expressed.

Economic Analysis. The projected economics of electrical genera-

tion of the Beowawe geothermal power prospect are presented in Table
21-1. The levelized busbar cost of flash-system conversion electricity1
from this site is estimated to be 32.1 mills/kWh using currently

available technology. Taking into account anticipated cost reduc-

"tions from the RD&D program, the first commercial-scale plant at this

site, postulated to come on line in 1983, is exﬁected to have a
levelized busbar energy cost of 29.1 mills/kWh (see second pégg of
Table 21-1).

It is assumed that geothermal electric plants in this region
will be compeﬁing primarily against coal-fueléd steam ﬁlants for
additions to baseload gemerating capacity. Under the assumptions of
the National Energy Plan scenario for escalation of coal prices, the
levelized busbar cost of electricity from coal-fueled steam piancg is
expected to be about 20.0 mills/kWh for plants coming on;line in

1985, rising to 20.6 mills/kWh for plants coming on-line in 1990.

1
See Chapter 2 for details of the computer print-out and assumptlons
and data used in this analysis.
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TABLE 21-1
ECONOMIC ANALYSIS: BEOWAWE, NEVADA
FLASH SYSIEM , 50 MW ELECTRIC PLANT
PIRST ELANT ON LINE DATE : 1983

TEMPERATURE IN CENTIGRADE DEGREES (BEST ESTIMATE) : 240
WELL DEPTH IN METERS : 1500

. ERINE SALINITI : Low

OVERLYING ROCK TYEE : HARD

THE WELL FLO®W RATE 1S HOT SPECIFIED : THE DEPAULT FLCW RATE USED (KGH./HR.) = 194299

THE COST PER PRCTUCTION WELL IS NOT SPECIFIED : THE DEFAULT COST PER PRODUCTION WELL ($) = 984251.6
THE COST PER INJECTION WEL, IS NOT SPECIFIED : THE DEPAULT COST PER INJECTION WELL (%) = 984251.6

PRODUCER EFINANCIAL DAIA ’ UTILITY PINARCIAL DATA

DEBT FRACTION : 0.30 DEBT FRACTION : ) 0.50
ANKUAL INTEREST RATE ON DEBT (FEACTION) : 0.08 "ANNUAL INTEREST RATE ON DEBT (FRACTION) : 0.08
REQUIREL RKATE OF KETURN ON ECUITY (PRACTION) : 0.20 REQUIRED RATE OF RETURN CN ECUITY (FBACTION) : 0.12
PROPERTY TAX RATE (FRACTION) 3 - . 0.01 PROPERTY TAX RATE (FRACTICN) : . 0.01
REVENUE TAX RA®E OR RCYALTY (FEACTION) : 0.10 REVENUE TAX RATE OR ROYALIY (FRACTICN) @ 0.0
EFFECTIVE TOTAL INCCME TAX RATE (FEACTICEK) 0.50 EFFECTIVE TOTAL INCOME TAX BATE (FRACTION) 0.50
EFFECTIVE INVESTMENT TAX ChECIT (FRACTICH) : U.04 . EFFECTIVE INVESTHENT TAX CRECIT (FRACTION) : 0.04
ESCALATION FACTOR FOR OEM COSTS @ 0.05 ESCALATION FACTOR FOR G&M CCSTS : . 0.05
ESCALATION FACTOF FOR ENERGY CCSTS : 0.05 ESCALATION FACTOR FOk ENERGY COSTS 0.05
ESCALATICN FACTOF FOB CAPITAL COSTS : 0.05 ESCALATION FACTOR FOKk CAFITAL COSTS : 0.05
LIFE SEAN OF PRODUCTION WELLS {(YEARS) : 10.00 LIFE SPAN OF UTILITY PLANT (YEARS) : 3v.00
LIFE SPAN OF INJECTION WELLS (YEABS) : 10.00 . ULTIMATE CAPACITY FACTCR : 0.80
LIFE SPAN OF PRODUCER PLANI (YEARS) : 20.00 START UP COST MULTIPLIER : . 1.038

START UF COST MUITIFLIER : ) t.081

* NUMBER OF WELLS , CAPITAL CCSTBASIS AHD O8N COSTS , AND REVERUE BEéUIBEHBHTS WITHOUT ANY RED IMPACIS =

CAPITAL COSTBASIS (1977 $m) 0E8 COSTS (1977 SM/YA.)
11 PRODUCTICN WELLS : -~ 13.032 PRODUCER
S INJECTION WELLS @ 5.924 . GEWNERAL : 0.366
PRODUCER PLANT EXCLUDIRG WELLS :  4.026 . WELL : 0.157
BREPLACEMENT FRODUCTION WELLS : 11.130 . ‘ " DEEP WELL PUMP : 0.0
REPLACENENT INJECTION. WELLS : 5.059 SPENT BRINE TREATHENT 2 0.0
BEELACEMENT FLANT : 1.777 : CHERMICAL & MECHANICAL CLEANING : 0.0
TOTAL FCR PRODUCTIOR FIELD : ' 40.948 TOTAL : « 0.546
GERERATING PLANT : 23.201 UTILITY
TOTAL = . : 69.229 GENEEAL : v.679
CHEMICAL & MECHANICAL CLEANING : 0.0
TOTAL : . 0.679

. %=¢ REVERUE RECUIBEMENTIS =

PRODUCER : 25.309 BILLS/KWHR
UTILITY : 6.774 MILLS/KWHR
. TOTAL ¢ 32.083 HILLS/KWHE »

‘ameacod

AN
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TABLE 21-t (CONTINUED)

* RED INPACTS FOk PLANT RO. 1 - OX LINE DATE : 1983 =
‘' RED CONPONENT ANTICIPATED CHANGE
(%)
CAPITAL COST PER PRODUCTION WEBLL -5.00
CAPITAL COST PER INJECTION WELL ~5.00

** REVENCE REQUIRENENTS WITH ALL THE BSD INPACTS INCLUDED. *e

PRODUCER : 22.372 MILLS/KWHR
UTILITIY @ 6.774 MILLS/KWHR
hd TOTAL : 29.086 AILLS/KWBER =

¢ SENSITIVITY OF COST CP BLECYRICITY (PROM PLAKT HO. 1 ¢ RED IMPACTS INCLUDED) *

CHANGE 1IN KREVENUE
RECQUIREMENTS (MILLS/KWHR)
~0.7472
~0.3396

RESOURCE & OPERATING PAEAMETERS BILLS/KNHR
HIGH RESQURCE TESPERATURE ESTIBATE (280 DEGREES CERTIGBADE) 20.935
LOW RESOURCE TEMEESATURE ESTIMATE (165 DEGREES CENTIGRADE) 93.815
HIGH CAPACITY FACTCF VALUE : 0.85 27.375
LoV CAPACITY PACTOR VALUE : C.60 38.781
EXPENSING OF INRTANGIBLE CRALLLING COSTS ( 70.0% OF WELL COSTS EXPENSED) 25.672
DEPLETICN ALLOVARCE ( 22.0%8 OF GROSS INCONE) 26.7403
INVESTMENT TAX CBECIT ( 26.2% GROSS, 15.0% EFFECTIVE) 27.440
* BED IMPACYS FOE PLANT ¥O. 2 - ON LINE DATE : 1986 =
B6C CCHFONENT ' ’ ARTICIPATED CHANGE CHANGE IN REVENUVE
: ’ (%) BECUIREMENTS (BILLS/KWHR)
NUNBER OF PRODUCIION WELLS -3.00 .
CAPITAL COST PER EBCDUCTXON WELL -12.00 =1.7932
CAPITAL COST PER IBJECTION WELL ' =12.00 -0.8151
CAPITAL COST OF GATHERIRG SYSTEN . - - =10.00 -0.0541
CAPITAL COSI OF DISIRIBUTIOR SISIEA -10.00 -0.0220
CAPITAL COST OF TUREINE GEBERATOR ~3.00 -0.0689
CAEITAL COST OF PRCCESS MECHAWICAL (UTILITY) -10.00 -0.0266
LIFE SEAR OF PROLUCTION HELLS 20.00 ~1.0902
LIFE SPAN OF INJECTIOFR WELLS 100.00 . ~1.5120
START UF COST MULTIFLIERS (PBODUCER: -4.16 , UTILITY: -2.32) -1.1971

** BEVENUE REQUIRENENTS WITH ALL THE 85D INPACTS INCLUDED. *»

PRODUCER : 19.884 MILLS/KWHR
UTILITY :° 6.537 MILLS/KWHBR
- TOTAL = 26.021 MILLS/KWHE *»

AN ¢ danmooy
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TABLE 21-1 (CONCLUDED)

* RED IHPACTS FOR PLANT NO. 3 - ON LINE DATE : 1988 =

RED COBMEORENT

BUNBER OF PRODUCTION WELLS

CAPITAL COST
CAPIZAL COST
CAPITAL COST
CAPITAL COST
CAPITAL COST
CAEFITAL COST
LIFE SPAN OF
LIFE SPAN OF

PER FFCDUCTION WELL

PER IRJECTION WELL

OF GATHERING SYSTEN

OF DISTRIBUTIUN SYSIENM

OF TURBPINE GENEFATOR

OF FRCCESS NMECHANICAL (UTILITY)
PROLUCTIOR WELLS

INJECTION WELLS

START UP COST WULTIPLIERS

*+ REVENUE REQUIRENENTS

PRODUCER
UTILITY
- TOTAL

ANTICIPATED CHARGE

CHANGE 1IN REVENUE

(3) FPCUIRENENTS (NILLS/KVWEB)
~3.00 0.0
-12.00 ~1.7932
-12.00 -0.8151
-10.00 -0.0561
-10.00 -0.0220
-3.00 -0.06869
-10.00 ~-0.0266
20.00 -1.1127
100.00 ~-1.5321
(PRODUCER: ~4.16 , UTILITY: =-Z.12) -1.1971

WITH ALL THE RED INPACTS INCLUDED. *+*

e
2
.
.
.
H

19.448 MILLS/KWHR
6.537 MILLS/KWHR
25.985 MILLS/KWHR =

* RED INPACTIS FOB PLAHT ¥O. & - OW LIRE DATE : 1990 »

RED COMFONENRT

RUKBER OF PRODUCTIION WELLS

CAPITAL COST
CAPITAL COST
CAPITAL COST
CAPITAL COST
CAEFITAL COST
CAPITAL COCST
LIFE SPAN OF
LIFE SEAN OF

PER FECDUCTICH WELL

PER INJECTION WELL

OF GATHERING SYSTEA

CF DISTIRIBUTICN SYSTEM

OF TURBINE GENEFAICE

OF FROCESS HECHANICAL (DIILITY)
PROCUCTION WELLS

INJECTICN WELLS

START UP COST WULTIPLIERS

** REVENUE BREQUIREHENTS

PRODUCER
UTILITY
- TOTAL

ANTICIPATED CHANGE

CHANGE IN REVENUE

(%) EECUIRENENIS (MILLS/KWHR)
-3.00 0.0
T =20.00 ~2.9687
-20.00 ~1.3585
-10.00 -0.0561
-10.00 ~0.0220
-3.00 ~0.06489
-10.00 -0.0266
20.00 | -1. 1127
100.00 -1.532

(PRODUCER: -4.16 , UTILITY: -2.12) =1.1971

WITH ALL THE RED IBPACTS IFCLUDED. e+

17.985 MILLS/KWHR
6.537 BILLS/XWHE
Z4.522 MILLS/KWHR =

AN s amemOag
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BEOWAWE, - concluded.

The costs of electricity (with RD&D bengfits) at this prospect
are therefore not competitive without the advantage of further
incentives. The sensitivity analysis for Plant 1 shows that.expens-
iﬁg intangible drilling costs would reduce the levelizedvbusbaf cost
by about 3.4 mills/kWh, that a 22 pefcent depletion allowance would
reduce costs by at most 4.4 mills/kWh, and that an increasea invest=-
ment tax credit to 15 percent effective would'reduge costs by about
1.7 mills/kWh. Thus, the use of all three .of these incentives
woula be required to render this site roughly competitive on the
basis of cost. '

Subsequént Plants

Beowawe Plant 2, another 50-MWe plant, is postulated to go on
line in 1986. However, with the three-year lead time necessary to

incorporate design improvements, little prior operating experience

will be available from the 1983 plants to benefit Plant 2.

As shown in the concluding pages of Table 21-1I, COntinuing RD&D
impacfs, as designated, result in further decreases in‘cost of
electricity. Subsequent plants in 1986, 1988 and 1990 are expected
to have costs of 26.0, 26.0, and 24.5 mills/kWh, respectively., Even
in 1990, the‘siCe would require special tax incentivés ﬁo place it in

a competitive economic position.

XXI-11
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STEAMBOAT SPRINGS, NEVADA

Postulated Development Scenario

PLANT INSTALLED CAPACITY PLANT
NUMBER (MWe) ON-LINE DATE

1 50 1985

2 50 1988

3 100 1990
SUBSEQUENT PLANTS  -- -—
TOTAL 200 " to 1990

Estimates of Resource Characteristics

RESOURCE CHARACTERISTIC ' ESTIMATE

Subsurface Fluid Range: No data
Temperature (°C) Best Estimate 210
Total Dissolved Solids (PPM) 2,500
Electric Energy Potential (MWe 30 Years) 208
Overlying Rock ‘ Medium-Hard: Granite
and Metamorphic Type, Volcanic
Depth to Top of Reservoir (Meters) 300
Land Status '
Total KGRA acres ' 8,914
Total Federal acres 4,450
Federal acres leased 1,548.
Total State and private acres . 7,366

State and private acres leased

Development Status and Activity

Many shallow wells are tapping the Steamboat Springs resources

for space heating in the Reno suburbs. No deep wells have been
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STEAMBOAT SPRINGS, continued.

drilled. Companies involved at Steamboat Springs include Magma Power

. Company, Southern Union Production Company, Phillips Petroleum

Company, and Gulf 0il Company.

Major Development Problems

No severe technological RD&D problems have been identified.
Majof developmental hurdles at this site appear go be the proof |
of the existence of a viable power-producing réservoir and the
resolution of conflicts’regarding how the land'will be used. BLM,
for example, is considering the development of housing units on the
land,

Postulated Development Scenario: Status and Implications

First Commercial-Scale Plant: 50 MWe in 1985

Soﬁe commercial interest has been shown in this site. bevelop-
ment of a flashed Qteam plant is postulated_at Steamboat Springs by
1985, according to the schedule shown in Figure 28-1, Figure 28-2
shows the scheduled'activities of the princiﬁal participants in the
development of the three postulated plants at the Steamboat Springs
prospect. To obtain power on line in 1985, commitment to development
of the.site is required in 1980, ana final design must be completed

in 1981.

Development Problems. A likely attribute of this site is

its shallow reservoir depth, with a thin rock cover. Wells should

XXVIII-2
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[UHRIG Y IEH .
CUTITIES © ACTIVITY RECIPLENTS 1977 - 1978 1979 1980 1981 1982 1983} 1984 1985 19RhH 1987
BIM/Ownce Lease Land Developer
5Ly Process EIA CEQ "ASSUJED COMPLETED
Developer Preliminary Ceophysical
Exploration
BLM Issuve STC Drilling Permit Developer —
UsSGs Issue Drilling Permit Developer — R
County Issue Use Permit Developer -
Developer Exploratory Drilling &
Reservoir Evaluation
Developer Develop Utility Interest —]
Developer & |Feasibility Study .
Utilicy
Producer {DeiFinancial Negotiotions T
veloper) &
Ucllicy .
Producer Site Selection —
Producer & {Design
Utility i
Producer & |Commitment to Development iy
Ucilicy .
Producer & |Prepare Master Development | BLM, USGS —_—
Urilicy Plan )
Uciliey Prepare Environmental Data | BLM, FPC, —_—
Statement State,County,
BLM FPC, Certify Plant & Site, Producer &
State,USGS - Issue Permits Urilicy
USGS Process EIA (Drilling) CEQ —_—
FPC,State PUQProcess EIA (Plant) CEQ )
FI'C, State Process EIA (Trunsmissfion CEQ
ruc Line) i
Producer Development Drilling
Ucildiey Plant Construction .
Ucilicy Install Transmission Line
(16km)

FIGURE 28-1

- DEVELOPMENT SCHEDULE FOR FIRST PLANT: STEAMBOAT SPRINGS, NEVADA
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OPERATLNG
ENTUTLES ACTIVITY 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
LO\mm- Lease Lind, Issue Prospecting Permit —f iy
County Process Environmental Report —~ Pre-lease ——— F S
Issue Land Use Permit — -
Process Environmental Report - Drilling —— ]
State Process Envirommental Report, Lease Land - —_— i1
Issue Prospecting/Exploration Permits
Issue Drilling Permits -— .
Certify Plant and Site - Issue Permits 2 1. ]
Process Environmental Reports - Drilling, S 3
Plant Constructlon, Transmission Lines
Develaper Exploratfon and Rescrvoir Evaluatfion : 1
Commlt to Development Al \}
Prepare Haster Development Plan — e 3
Development Drilling l
Utiltey Commit to Development ol Y
R Prepare Environmental Data Statenment 1 | 3
and Master Development Plan
Congtruct Plant, Install Transmission Lines L
Power on Line Sl)Al
DOL/Uscs 1ssue Drilling Permic . —_ P_
Process EIAJEIS - Drilling f S — PR
DOL/BLM Process EIA/EIS, Lease Land: — p N -
Issue STC Drilling Peraft -
Certify Plant and Site, Issue Pernits ! —_— S M
DO1/USFS Process EIA/EIS, Lease Land-
Iasue STC Drilling Permit
FIGURE 28-2 ’

DEVELOPMENT SCHEDULE FOR ALL PLANTS: STEAMBOAT SPRINGS, NEVADA
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OVERATING ’
ENTUTLES ACTIVITY 1988 1989 1990 1991 1992 1993 | 1994 1995 l99§ 1997 1998
Owner Lease Land, Issue Prospecting Permit
County Process Environmentnl Repoigt ~ Pre-lease
1ssue Land Use Permit
Process Euvironmental Report - Drilling
State Process Environmental Report, Lease Land .
1ssue Prospecting/Exploration Permits
Issue Drilling Permits
Certify Plant and Site - Issue Permits .
Process Enviroamental Reports - Drilling,
Plant Construction, Traansmiszsioa Lines
Neveloper Exploration and Reservolr Evaluatfion
Commit to Development . N
Prepare Master Development Plan 3
Development Drilling "
-Utx.llty Commit to Development
Preopare Environmental Data Statement
and Master Development Plan 3
Construct Plant, Install Transmission Lines [——
Power on Line S0A hooA3
pOL/USCs Issue Drilling Permic b—
Process EIA/EIS - Drilling
S . -
DOL/BiNM frocess EIA/EIS, Lease Land
Iasue STG Drilling Permit
M Certify Plant and Site, Issue Permits —
noO1/USFS Process EIA/ELS, Lease Land
Lesue STC Drilling Permit ,
FIGURE 28-2 (CONCLUDED)
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STEAMBOAT SPRINGS, continued,
therefore be relatively inexpenmsive. The major current problem is
the uncertainty of the resource, i.e., whether or not there is a
reservoir adequate to support power production.

There are indications that excessive calcite deposition has
occurred in early production wells. .This is a geochemiéal condition
identified at other Nevada/Utah geothermal power prospects. Some
test wells have shown evidence of a moderate-tb-fapid'decline in
flow, related to a pressuré drop at the bottomvof the well plus
possible fouling of the well. Prior related operational experience,
especially with geochemistry, may be expected from the 1983 plants at
Heber, Brady, Roosevelt Hot Springs, Valles Caldera, and Beowawe.
However, these plants will not be in service early enough to influ-

ence the design of Steamboat Springs plant 1.

Economic Analysis. The projected economics of electrical
generation at the Steamboat Springs geotbefmal power prospect are
presented in Table 28-I. The levelizéd busbar cost. of elect.ricity1
from a flash conversioﬁ system.at this site is estimated to be 23.9
mills/kWh usihg'currently available technélogy. Taking into account
anticipated cost reductions from the RD&D program, the first commercial-~
scale plant at this site, postulated to come on line in 1985, is

expected to have a levelized busbar energy cost of 22.3 mills/kWh.

lgee Chapter 2 for a detailed description.of the computer print-out
and the assumptions and data used in this analysis.

XXVIII-6
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TABLE 281

ECONOMIC ANALYSIS: STEAMBOA:I' SPRINGS, NEVADA
PLASH SYsTem , 50 mw ZLECTRIC PLAKT
PIRST FLANT ON LISE DATE : 1985

TEPPERATURE IM CENTIGRADE UEGREES (BESI ESYINATE) : 210

VELL DEPTH IN METEBS :
ERINE SALINITY : Low
OVERLYING ROCK TYFE : BEDIUN BAELD

800

IHE MELL FPLOW RATE 1S NOT SPECIFIED : THE DEPAULT FLOW Rli! USED (KGE./HR.) = 212891

THE COST PER PROLUCTION WELL IS NOT SPECIFIED
THE COST PER INJECTION WELL IS5 NOT SPECIPIED

PRODUCER FIHANCIAL DATA

DEBT FRACTION :

ABRUAL- INTEREST BATE ON DEBT (FEACTION)
REQUIREL RATE OF RETURN ON EQULI1Y (FRACTION)
PBOPERTY TAX RATE (FRACTICN) :

REVENUE TAX RATE OR ROYALTY (FFACTION)
EFFECTIVE TOTAL INCOME TAY RATE (PRACTION) :
EPFECTIVE INVESTNENT TAX CHEDIT (FRACTICN) :
ESCALIATION FACTOR FCR OGN LOSTS :
ESCALIATION FACTOR FOR ENERGY CCSTS :
ESCAIATION FACTOR FOR CAEL1AL COSTS

LIFE SPAN OF PRODUCTION WELLS (YBaRmS) :

LIFE SPAN OF INJECTION NELLS (YEABS)

LIFE SPAN OF PROLUCER PLANZ (YERBS) :

START UF COST SULTIFLIER : .

* NURNBER OF WELLS , CAEITAL COSTBASIS

CAPITAL COSTBASIS (1977 $¥)

¢ TRE DEPAULT COST PER PRODUCTIOR WELL ($) = 328084.0
: TRE DEPAULT COST PER INJECTION WERLL (%) = 328084.0

) UTILITY FINANCIAL DATA
0.30 DEBT PRACTION :

0,08 ANNUAL INTEKEST BATE OR LEET (FRACTICH) 3
s 0.20 REQUIRED RATE OF RETUBN o8 ECuITY (FEACTION) :

g.01: PROPERTY TAX RATE {FRACTION)

Q.10 REVENUE TAX RATE QR BOYALTY (FRACTION) :

0.50 EPFECTIVE TOTAL XINCONME TAX RATE (FBACIICH)
0.0y EFFECTIVE INVESTRENT TAX CREDIT (FRACTION) :
0.05 - ESCALATICN FACTOR FOR OEM COSTS :

0.05 ESCALATION EACTOR FOR ENERGY COSTS :

0.05 BSCALATION FACIOR FCB CAFITAL COSTS

10.00 LIFE SPAR OF UTILITY PLART (YBARS) :

10.00 ULTINATE CAPACITY FACTOR H
20.00 START UP COST MULTIPLIER H

1.081¢

ASD O6R COSTS , AND BEVENUE REQUIRENENTS YITHOUT ANY BSﬁ,IﬂPLCTS .

OCE COSTS (1977 $n/¥u.)

16 ERCDUCTION RELLS : 6.319 PRODUCER

7 IRJECTION WELLS : 2.764 GENERAL : 0.271
PRODUCER PLANT EXCLUDING WSLLS : 6.600 WELL = _ 0.075
REPLACEMENT PRODUCTION WELLS s 5.396 DEEP WELL punmp = 0.0
REPLACEMENT INJECIION WEBLLS : 2.361 SPENT BRINE TREATHNENT 0.0
REPLACEMENT ELANT : 2.912 CHEMICAL & NECHANICAL CLEANING : 0.0
TOTAL FOR PRCDUCTICN PIELL : 26.352 TOTAL =
GENEGEATIHG PLANT : 26.331 . UTILITY
TOTAL ¢ : : 52.683 : GENERAL : 0.768

‘ H 0.0

CHENICAL & BECHANICAL CLEBANING
TOTAL : . .

#* REVENUE REQUIREHENTS *e

PRODUCER
UTILITY
b TOTAL

16.272 MILLS/KHKR
7.662 BILLS/KVHE
23.934 MILLS/KWHR =

v 2o o

0.549
0.08
0.12
0.C1
¢.Q
.50
0.04
0.05
0.05
0.05
30.00.
0.80
1.038

0.347

0.768

AN ‘xHujady Inoquearg
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TABLE 281 (CONTINUED)

* REL IMPACTS FOR PLANT NO. 1 - ON LINE DAIE : 1965 =

REC CONPONENT ANTICIPATED CHANGE . CHANGE 1IN EEVERUE
(%) REQUIREMENTS (MILLS/KWHR)
CAPITAL COST PER EFODUCTICN WELL ~5.00 =0.3623
CAPITAL COST PER INJECTION WELL ~5.00 -0. 1585

** BEVERUE REQUIRBAENTS WXTH ALL THE RED IMPACTS INCLUDED. *»
PRODUCER 14.680 BILLS/KRHR

UTILITY : 7.662 BILLS/KWHR
- TOTAL @ 22.342 NILLS/KNHR *

* SENSITIVITY OF COST OP ELECTRICITY (FROM PLANT NO. 1 « RED INPACTS INCLUDED) »

RESOURCE & OPERATIKG PARANMETERS HILLS/KWHR
HIGH RESOURCE TENPERATURE ESTINATE (250 DEGREES CENTIGRADE) 15.375
LC¥ RESOURCE TEMPERATURE ESTIMATE (180 DEGREES CENTIGRADE) 39.545
HIGH CAFACITY FACTOR VALUE : (.85 N 21.02¢
LOW CAEACITY FACIOR VAIUF : 0.60 : 29.789
EXFENSING OF INTANGIBLE DR4LLING CCST5 ( 70.0% OP WELL COSTS EXRENSED) 20.737
DEPLETICN ALLOWANCE ( 22.0% CF GFOSS INCONF) ’ 19.45¢€
 ANVESTHERT TAX CREDIT ( 26.2% GROSS, 15.0% EPEBCTIIVE) 21.083

* REL IMPACTS POR PLANT BO. 2 -.OF LINRE DATE : 1988 =

RED COBPONENT N ' ANTICIPATED CHANGE CHANGE XN REVENUE
) (%) REQUIBREMENTS (MILLS/KWRR)

NOMBER CP PRODUCTICN WELLS ' ~3.00 . 0.0

CAPITAL COST PER PRODUCTION WELL -12.00 ' -0.8694
CAPITAL COST PER INJECTION WELL ~12.00 ~0.3804
CAFITAL COST OF GATHERING SYSTEM -10.00 -0.0813
CAPITAL COST OF DISTRIRUTION SYSTEN ~10.00 -0.0383
CAPITAL COST OF TURDINE GENERATOR ~3.00 ~0.0833
CAPITAL COST OF PROCESS MELHANICAL (UTILIXY) =-10.00 ~0.0282
LIFE SFAN OF PROLUCTION WELLS 20.00 -0.5394
LIFE SPA¥ OF INJECTIOR WELLS . ' 100.00 -0.7150
START UF COST HULYIELIERS (PBODUCBR: -4.16 , UTILITY: -2.12) ~-0.8397

** ReVENUE REQUIRENENTS WITH ALL THE RSD INEACTS IRCLUDED. ==

FRODUCER : 13.224 MILLS/XWHR
UTILITY : 7.390 MILLS/KWHR
* TOTAL : 20.614 NILLS/KWHR *

AN ‘siuyadg Jeoquuoay
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TABLE 28-1 (CONCLUDED)

* B6T INPACTS POR PLAKT NO.

RED CONEOHNERT

NUBBER OF PRCDUCTICN WELLS

CAPITAL COST
CAPITAL COST
CAPITIAL COST
CAPITAL COST

CAPITAL COST

CAPITAL COST
LIFE SPAN OF
LIFE SPAN OF

PER FRODUCTION WELL

PER IRJECTICN WELL

OF GATHERILG SYSTEMN

OF DISTRIBUTIOQR SYSTEM

OF TUREINE GENEBATOR

OF PROCESS MECHARICAL (UTILITY)
PROCOCTIION WELLS

IRJECTION WELLS

START UP COST MUITIELIERS

¢+ REVENUE REQUIRENENIS

PRODUCER
UTILITI
b4 TOTAL

WITH ALL THE RED INEACTS IKCLUDED. **

.
s
H
.
H

3 - ON LINE DATE : 1990

ANTICIPATED CHANGE

CHANGE IN BEVENUE

{%) BREQUIRENENTIS (MILLS/KWHR)

~3.00 0.0
-20.00 -1.4490
-20.00 -0.6340
~10.00 -0.0813
-10.00 -0.0383

-3.00 ~0.0833

-10.00 ~0.0262

20.00 -0.5394

100.00 -0.7150

(PRODUCER: ~4.16 , UTILITY: -2.12) -0.8397

12.522 MILLS/KUHR
7.390 BILLS/KWHR
19.912 NILLS/KWHR

-

AN ‘s8utriadg Jvoqurasg
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STEAMBOAT SPRINGS, continued.

"It is assumed that geothermal electric plants in this region
will be competing primarily against coal-fired steam power plants
for baseload generating capacity additions. Under assumptions of the
National Energy Plan scenario for escalation of coal prices, the
levelized busbar cost of electricity from these sources is expected
to be about 20.0 mills/kWh for plants coming on-line in 1985, rising
to 20.6 mills/kWh for plants coming on-line iﬁ 1990.

The costs of electricity (with RD&D benefits) at this prospect
therefore appear marginally competitive without thé advantages of
further incentives. The sensitivity analysis for Plant 1 shows that
expensing intanéible drilling costs would reduce the levelized ﬁusbar
cost by about 1.6 mills/kWh, that a 22 percent depletion allowance
would reduce costs by at most 2.9 mills/kWh and that an increased
investment tax credit to 15 percent effective would reduce costs by
about 1.3 mills/kWh. Thus, the use of at least one. of these incen-
tives and certainly no more than tgo would appear to bring the costs
of this plant into a position competitive with coal.

Subsequent Plants

The SO-Mﬁe Steamboat Springs Plant 2 is projected to go on
line in 1988. The design gf this plant should benefit from opera-
ting expérienéé-at the 1983 flash conversion planfs at Brady Hot
Springs, Roosevelt Hot Springs, and perhaps from Valles Caldera and

Salton Sea and Brawley (should the latter two be flaéh—type plants).

XXVIII-10
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STEAMBOAT SPRINGS, concluded.

Incorporating advanced RD&D findings and their postulated impacts

into Plant 2 development (Table 28-1) produces an estimated cost of

electricit} of 20.6 mills)kWh. .
The third and final plant designated for development at Steam=~

boat Springs, 100-MWe capacity in 1990, is projected to produce.

electricity at a favorable busbar cost of 19.9 mills/kWh without

Federal subsidies.

XXVIII-1l
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LEACH, NEVADA

Postulated Development Scenario

PLANT INSTALLED CAPACITY PLANT

NUMBER o (MWe) ON-LINE DATE
1 50 1987
2 50 1990
SUBSEQUENT 1400 ' 1991-2002
PLANTS ~
TOTAL 1500 ' “to 2002

- Estimate of Resource Characteristics

" RESOURCE CHARACTERISTIC 4 ‘ ESTIMATE

Subsurface Fluid Range: 170-200

Temperature (°C) Best Estimate: 170
Total Dissolved Solids (PPM) ‘No data
Electric Energy Potential (MWe 30 Years) 1500
Overlying Rock No data

Depth to Top of Reservoir (Meters) No data

Land Status

Total KGRA acres 12,797
Total Federal acres ' ‘ 12,246
'~ Federal Acres leased . 12,246
Total State and private acres 551
State and private acres leased : ~ No data

Development Status and Activity

Considerable surface exploration was underway by June, 1976,
Industry involvement in site development may include Sun 0il

Company and Magma Power Company.
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LEACH, continued.

Major Development Problems

There are two significant problems at the Leach site: whether
or not a viable, developable reservoir exists and whether or not the

unfavorable economics can be improved.

Postulated Development Scenario: Status and Implications

First Commercial-Scale Plant: 50 MWe in 1987

A developer and/or‘plant operator has not yet been identified

for this prospect (Sun 0il and Magma Power are possibilitieé). As

" ghown in Figure 25-1, the first plant is expected to go on'liﬁe in

1987. This requires that the existence of a commercial reservoir
must be established by 1582. Figure 25-2 shows the scheduled activi-
ties of principal participants in the develobment of the'ﬁwo plants
postulated at the Leach prospect. A binary conversion system is

likely to be preferred at this site.

Development Problems. It is believed that no significant
technological proﬁlems will remain by the time the finai design for
the plant must be completed. A little priér opérating experience is
expected to be available to benefit the deﬁelopment at Leach: Heber
1 (along with Salton Sea 1 and Bréwley 1, if binéry), will just be
operationai;‘Cove Fort~Sulphurdale and East.Meéa will be in construc-
tion; and progress in pgrallel should be shared with Alvord 1,
Bruneau-Grandview 1, and Cove Fort-Sulphurdale 2. - The work in

development and testing of organic turbines may have been conducted

XXV=2
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TR S

OPERATING

ENTITIES ACTIVITY RECIPIENTS 1977 1978 1979 1980° 1981 1982 1983 1984 1985 1986 1987
BLM Process Environmental CEQ UL'E
Reports ASSUMED COMPLETED
BLM Lease Land: Developer
Issue Drilling Permits Developer
Developer Preliminary Ceophysical n——
Exploration .
Developer Exploratory Drilling and
Reservoir Evaluation
Developer Develop Utility Interest — ’
Developer Feasibility Study —
and Utflicy '
Producer Financial Negotiations f—ne
(Developer)
and Utilfeyl -
Producer Site Selection —
Producer Commitment to Development A
and Utility
Producer Design
and Utilicy
Producer Prepare Master Development |BLM, USGS P ——
and Utilicy| Plan
Veilicy Prepare Environmental Data |BLM, FPC, ——
Statement State,County
BLM, FPC, Certify Plant and Sfite, Praducer
State USGS Issue Permits and Utilicy
UsGs Process EIA/EIS (Drilling) |CEQ -1
FPC Process EIA/EIS (Plant) CEQ —_—t
FPC Process EIA/EILS CEQ -t
(Transmission Liane)
Producer Development Drilling
Ucdilicy Plant Construction
Uedliey

Install Transmission Line

" FIGURE 25-1

DEVELOPMENT SCHEDULE FOR FIRST PLANT: LEACH, NEVADA

{(FEDERAL LAND!
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OEVELOPMENT SCHEDULE FOR ALL PLANTS: LEACH, NEVADA

OPERATING i
ENTITLIES ACTIVITY 1977 . 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
Owner Leage Lond, Iasue Prmpcct!ng Permit - 5—1
CountyA Process anlronmental Report -~ Pre—lenee 2
Issue Land Use Permic . -_— — —
Process Eanvironmental Report - Drilling USRS
State Process Environmental Report, Lease Land ______—-——-—______2——-
Issue Prospecting/Exploration Permita ’
‘Issue Drilling Permits — — a——
Certify Plant and Site - Issue Permits !__T_- 1 e——
Process Environmental Reports - Drilling, 1 em—
Plant Construction, Transmission Lines 1.
Developer Exploration and Rescrvoir !valuatlon L '
Comnit to Development A A 4
Frepare Master Developrment Plan ) 1 —
Development Drilling
Uttliey Commit to Development fa% ﬁs 4
Prepare Envirenmental Data Statement 1 e -
and Haster Development Tlon
Construct Plant, Install Tranemfssion Linea L )
Fower on Line s0 &
PO1/USCS Issue Drilling Permit p —_— — — —-—
Process EIA/ELS - Drilling s —
— PR
pot/aLM Proceas EIA/ELS, Leage Land —te Tt .
’ Isaue STG Driliing Pernit N
Certify Plant and Site, Issue Permits e |
DO1/USFS Process EIA/EIS, Lease Land
Issue STC Drilllng Permit
FIGURE 25-2
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OrERATING .
ENTITIES ACTIVITY 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Owner Lease Land, Issue Prospecting Permit o e —t L. — - —t ~— b
County Process Enviroumental Report - Pre-lease 10 | .
1ssuc Land Use Permit ’ . — — - —_ JUR — — 12 J
Process Environmeatal Report - Drilling 2 — .. — — wu__ |
State i’rocess Environmental Report, Lease Land -"-—-—-—‘—_—'—'.__._-—————40_._,_ SIS -
Issue Prospccting/Exploration Permits . .
Isnuc Drilling Permits L3 -— - —_— —_— 10 -— —-— -
Certify Plant and Site - Issue Permits .t et SN - o L3 1 U}
Froceas Environmental Reports - Drilling, 2 10 | u_ .
Plant Construction, Transmissfon Lines
Developer Exploratfon and Reservoir Evaluation 'L_ 10 ) I G S——— 3
Commit to Development : N Y FaS \Y A N D AS‘O l} ﬁs 1&‘
Prepare Master Dcvclopment Plan | — E__ SR g e p— 10 _ e — (B
Nevelopment Drilling ] 410 i . -9
Utilfity Comnit to Development \ L 4 4 Fa Y & 10 4 L Q3
Prepare Environmental Dato Statement 5 10 : 13
-and Master Development Plan 0
Conatruct Plant, Install Transmission Lines 2 -——'—-J' e O . —
Power on Line 50 A wo A [|took 10045 |looA food f[io0A ftood o0 A0
DOI1/USCS Trstie Drilling Permit b = L=~ L I _ _ o 5
Process EIA/ELS - Drilling 3 [~ — -— uead
DOt/DLM Process E{A/ELS, lcase lLand — L —J10 —adm. | O
' Isaue STC Drilling Permit l_. -
Certify Plant and Site, Issue Pernits St ] L SN 19 — SR I
DO1/USFS Process FIA/EIS, lease Land
Issue STG Drilling Fermit

- FIGURE 25-2 {CONTINUED)
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FIGURE 25-2 (CONCLUDED)

OPERATING
FNTITIES - ACTIVITY 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Ouwner Lease Land, Issue Prospecting Permit
County Process Environmental Report - Pre-lease
Issue Land Use Permit
Process Environmental Report - Drilling
State Process Environmental Report, Lease Land
Iseue Prospecting/Exploration Permits
1asue Drilling Permits
| Certify Plant and Site - Igsue Permits |
Process Fnvironmental Reports - Drilling,
Plant Construction, Transmission Lines .
Developer Exploration and Repervoir Evsluation
Commit to Development .
Prepare Master Development Plan
Development Drilling L3
Uctlity Comumit to Development
: Prepare Environmental Data Statement
and Maaster Development Plan 13
Construct Plant, Install Transmission Lines
' Power on Line 1008 100 A 100413
nO1/USCS Issue Drilling Permit |—
Process EIA/EIS - Drilling
“DOL/BLY Process EIA/EIS, Lease Land
Issue STC Drilling Permit
Certify Plant and Site, Issue Pernits [— )
NOL/USFS Process EIA/ELIS, Lease Land
Issue STC Drilling Permit
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LEACH, continued.
in the 10-MWe pilot plant at Niland. One year prior to design freeze
on the Leach plant, deep-well pumps of improved reliability and
durability are expected to be available (l.5-year expected life
versus the current less-than-6-month life).

Economic Analysis. The projected economics of electrical genera-

tion at the Leach, Nevada, geothermal power prospect are presented in
PR | . :

Table 25-I. The levelized busbar cost of electricity by binary

conversion from this site is estimated to be 109 mills/kWh using

currently available (baseline) technology. Taking into account

‘anticipated cost reductions from the RD&D program, the first commercial-

scale plant at this site, postulated to come on line in 1987, is
expected to have a levelized busbar energy cost of 75 mills/kWh.

It i;\assumed that geothermal electric plénts in this region
will be competing primarily against coal-fueled steam piants'for
baseload generating capacity addition. Under assumptions of the
National Enérgy Plan scenario for escalation of coal prices, the
levelized busbar cost of electricity frbm these sources is expected
to be about 20.0 mills/kWh for plants coming on-iine in 1985, rising
to 20.6 mills/kWh for plants coming on~line in 1990.

The cost of electricity (with RD&D benefits) at this prospect is

therefore definitely not competitive without the advantage of further

1 . .. .
See Chapter 2 for a detailed description of the computer print-out
and the assumptions and data used in this analysis.

XXv-7



KEPLINGER « dluociafu, ine.—

8-AXX

TABLE 251 .
ECONOMIC ANALYSIS: LEACH, NEVADA
BINARY SYSTEM , 50 8W¥ ELECTRIC PLANT
PIRSY PLAKT ON LINE DATE : 1987

TEMPERATULE XIN CENTIGEADE DRGRERS (BEST ESTIBATE) : 170

WELL DEPTH I¥® BETEES : : 2500

ERINE SALINITY : Low

OVERLYING ROCK TYEE : MEDIUM BAFL -

THE WELL FLOW RATE IS NOI SPECIFIED : THE DEPAULT FLCW RATE USED (KGH./HR.) = 268208

THE COST PER PROCUCTION WELL IS NOT SPECIFIED : THE DEFAULT COST PER PRODUCTION WELL {8} =2138286.0
THE COST PER INJECTION WELL IS NOT SPECIFIED : THE DEFAULT COST EFER INJECTION WELL (8) =1425524.0

PRODUCER FIRANCIAL DATA ‘ UTILITY PINANCIAL DATa

DEBT FRACTION : . S 0.30 : * DEBT PRACTION : ) 0.50
ARNUAL INTEREST RATE ON CDEBT (ZRACTION) 0.08 : ANNUAL INTEREST RATE ON LEBT (FRACTION) : 0.08
BEQUIREL RATE OF FETURN ON EQUITY (FRACTION) :. 0.20 REQUIBED RATE OF RETURK CW EGUITY (PRACTION) : Q.12
PFOPERTY TAX RATE (FRACTICN) : 0.01 PROPERTY TAX RATE (FRACTICHN) : 0.01
REVENUE TAX RATE OB ROYALTY (FFACTIOR} : 0.1 REVERUE TAX RATE OR BOYALIY (FRACTION) 0.0
EFFECTIVE TOTAL INCOME TAX RAIE (FRACTION) : 0.50 EFFECTIVE TOTAL INCONE TAX RATE (ERACTION) : 0.50
"EFFECTIVE ISVESTMENT TAX CKEDIT (FRACTION) : 0.04 EFFECTIVE INVESTHENT TAX CREDIT (FRACIION) ¢ 0.04
ESCALATION FACTOR FOR OBM COSIS @ 0.05 ESCALATION FACTOR FOR O5B COSTS : . 0.05
ESCALATION FACTOF FOR ENERGY CCSTS ¢ 0.05 ESCALATION FACTOR FOR ENERGY COSTS 3 ) 0.05
ESCALATICN PACTOR FCR CAEITAL COSTS ¢ 0.05 ESCALATICN FACTOR FCR CAEITAL COSTS : 0.05
LIFE SPAH OF PROCUCTION WELLS (YEARS) ¢ 10.00 LIFE SEAN OF UTILITY PLANT (YEARS) : 30.00
LIFE SEAN OF INJECTION WELLS (YEARS) : 10.00 ULTIKATE CAPACITY FACTOR : . 0.60
LIFE SPAN OF PRODUCER PLAN1 (YEABRS) : 20.00 START UP COST MULTIPLIER : 1.016
START UP COST MWULTIELIER : 1.036 : :
* NUBBER OF WELLS , CAEITAL COSTBASIS AND C&M COSTS , ARD BEVENUE REQUIREMENTS WITHOUT ANY RED IMPACTS *
CAPITAL COSTBASIS (1977 sm) O&M COSTS (1977 $M/YR.)
24 ERODUCTION WELLS : 61.1774 PRODUCER
10 INJECTION WELLS @ 17. 159 ) GENERAL @ : 1.485
PRODUCER PLANT EXCLUDING WELLS : 9.501 WELL = 0.656
REPLACEMENT PRODUCTION WELLS : $2.756 . DEEP WELL PUND : 0.850
REPLACEMENT INJECTION WELLS : 14.655 SEENT BRINE TREATMENT : 0.0
- REPLACEHMENT PLANT : 4.192 : CHEMICAL & MECHANICAL CLBANING : 0.0
TOTAL FCR PRODUCTION FIELD : ) 160.038 TOTAL : : 2.991
GENERATING PLANT : ’ 36.670 . UTILITY
TOTAL : o 196.712 . GENERAL : 1.319
: CHEMICAL € MECHANICAL CLBANING ¢ 0.0

TOTAL : 1.319

#* REVENUE RECUIRENENTS so-

PRODUCER : 97.612 BILLS/KWHR"
UTILITY : 11.167 BILLS/KWHE
. TOTAL : 108.779 AILLS/KWHR o

AN ‘yoea



KEPLINGER amguotida, (nc.—

6-AXX

TABLE 25-1 (CONTINUED)

* BED INPACYS POR PLANT NO. 1 - ON LINE DATE : 1987 »

BET COBECHRNT ) ANTICIPATED CHANGE CHANGE IN REVENUE

. (%) BECUIRENENTS (MILLS/KWHA)
BUMBER OF PRODUCIION FELLS ~22.00° -14.1423
CAPITAL COST PER FRCDUCTION WELL ' <12.00 ~8.1859
CAPITAL COST PER IFJECTION WELL ) ~12.00 -2.2628
CAPITAL COST OF GATHERING SYSTEM ~10.00 -0.0949
CAPITAL COST OF DISTIRIBUTIOR SYSTER ~10.00 =0.0965
CAPITAL COST OF EBOCESS MECHARICAL (UTILITY) - ~50.00 ~0.6446
CAPITAL COST OF CORDENSER & HEAT BRJECTIOR EQUIPMENT ~20.00 ~0.6630
PRODUCER DEEF WELL PUBP O6# CCST PACTCR (EINARY SYSTEM + TEAP <260 C) ~67.00 -1.8711
LIFE SPAN OF PECLUCTION WELLS : 20.00 -5.0543
LIFE SPAN OF INJECTION WELLS . . 100.00 ~4,2531

*+ BEVENUE REQUIRENENTS WITH ALL THE R6D INPACTS INCLUDED. ==

PEODUCER : 65.432 MILLS/KWHER
OTILITY ¢ 9.859 MILLS/KWHR
. TOTAL : 75.291 MILLS/KWHR =

* SENSITIVITY OF COST C? ELECTRICITY (FROA PLANT NO. V1 , RED INPACTS INCLUDED) =

RESOURCE & OPERATING PARRNETERS BILLS/KWHR

HIGR RESOURCE TENPEFATURE ESTIBATE (200 DIGREES CERTIGRADER) ’ 46.426
LOW RESOURCE TEBPERATURE ESTINATE (140 DEGREES CENI1IGRADE) 151,333
HIGH CAPACITY FACTOE VALUEB : .85 70.862
LOW CAPACITY PACTOE VAIUE : 0.60 . . . 100.388
EXPENSING OP IRTARGIBLE DRILLIKG COSTIS ( 70.0% OF WELL COSTS EXPEMSED) 64.997
DEPLETICN ALLOWANCE ( 22.0% CF GFCSS INCONE) 62.438
INVESTHERT TAX CREDIT ( 26.2% GROSS, 15.0% EFPFECIIVE) 71.103

AN ‘yREM
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TABLE 251 (CONCLUDED)

* REC INPACTS FOR PLANT NO. 2 - ON LINE DATE : 1990 @

RED COMPONENT

NUMBER CF PROCUCTICH WELLS

CAPITAL COST PFR PRCDUCTION WELL
CAFITAL COST PER INJECTICN WELL
CAPITAL COST OF GATHERING SYSTEH
CAPITAL COST OF DISIRIBUTION SYSTEM
CAEITAL COST OF FBOCESS MECHANICAL (U

TILITY)

CAMPITAL COST.OF CONDENSER ¢ HEAT REJECTION EQUIPMENT
PEODUCER DEEP WELL FOUMP O&B CCST FACTCR (BINABY SYSTEM + TEHP <260 C)

LIFE SPAN OF PROLUCIION HELLS
LIFE SPAN OF IRJECTICN WELLS

*% REVENUE REQU

e

IRENENTS

PROCUCER
UTILITY
TOIAL

WITH ALL THE R6D IBPACTS INCLUDED. %=

60.285 MILLS/KWHR
9.859 MILLS/KWHE
70.144 MILLS/RWHR

ANTICIPATED CHANGE

(%)
-22.00
-20.00
~20.00
=10.00
-10.00
-50.00
-20.00
~67.00

20.00
100.00

CHANGE IN REVENUE
HEQUIRENENIS (MILLS/KWHK)
-4, 1423
-13.5766
-3.7713
-0.0949
~0.0965
~0.6446
~0.6€30
~1.8711
~5.0543
~4.2531

AN ‘qaeon
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LEACH, concluded.
incentives. The sensitivity analysis for Plant 1 éhows that‘expensing
intangible drilling costs would reduce the levelized busbar cost by -
about.10.3 mills/kWh, that a 22 percent depletion allowance would
reduce costs by at most 12.9 mills/kWh and that an increased invest-.
ment tax credit to 15 percent effective would reduce costs by about
4.2-mi11s/kWh. Thus, the use of all three plus further incentives
would be required to render this plant roughly'cémpetitive on the
basis of cost. Within limits, changes in the levels of the depletioﬁ
allowaﬁce or tax credit‘wéuld produce proportional cost changes and

such changes could be made to achieve a desired level of Federal

incentive. However, very large incentives would be required to make

this site cost-competitive,

Subsequent Plants

Plant 2 at the Leach site, an additional 50-MWe ;apacity, is
scheduled to come onvline in 1990. At that late d#te, RD&D-related
technological improvements availéble in 1987 should bring the economics
down!to 70 mills/kWh, still highly noncompetitive with power from

coal-fueled plants.

XXV-II



