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INTERIM EVALUATION
OF
EXPLORATION AND DEVELOPMENT STATUS,

GEOTHERMAL POTENTIAL
AND

ASSOCIATED ECONOMICS
OF

DIXIE VALLEY, NEVADA

I. SUMMARY

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 jéiﬁed Southland"R;yalty Com-
pany in a joint exploration program involving multi-leveliaeromagnetic
surveys, magnetotelluric surveys, thermal-gradient drilling (to 1,500

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

The aeromagnetic surveys have outlined structural relationghips that
differ radically from the normal basin-and-range structures. The sur-
veys have identified 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 approximately 20,000 feet to 26;000 feet)
on the western boundary and three overlying conductive (lo; resis-
tivity) anomalies that suggest high fluid temperatures. Twé of the
three anomalies occur within Millican 0il holdings. Both were drilled
to 1,500 feet T.D. to evaluate 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 penetraéing young
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valley-fill and lucustrine deposits, a magnetite-rich gaﬁbroic-like
unit and a highly-fractured metasedimentary unit to totai depth. A
second hole was essentially isothermal (51°C maximum) to total depth
(1,500'). Hot spring geochemical monitoring indicates, to date, that
long-term geochemical variations (?seasonal) do occur and that such
variations suggest mixing of recharge water from the Stiilwater Range
with heated deep reservoir ground water. Geothermetric éalculations
will therefore be depressed and hence will not indicate Actual deep

reservoir temperatures at the surface springs sampled.

Millican 0il and Southland Royalty, in cooperation with University

of Nevada at Reno, have cooperated 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 received and
contract negotiations are to begin in the near future. The 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 installed geothermal electric capacit& by 1983.
Two areas that are undergoing intensive exploration are Bfady Hot
Springs, KGRA and Beowawe KGRA, both are within 50 miles ;f 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 og Dixie
Valley, if the latter can produce comparable reservoir temperature

and flow rate.

The economic potential 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 researcﬂ on develop-
ment and drilling techniques and materials, as well as féom federal
tax incentives allowing a 22% depletion allowance, expenéing intan-
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 pounds/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.

II. EXPLORATION PROGRAM

Introduction

During late 1977, Millican Oil 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 ;s operator
for the program. The exploration program, however, was &evelcped
jointly and costs were shared on a 50-50 basis. All data and subse-
quent interpretations have been shared. An agreement was made between
the two companies 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 betwgen Millican
0il Company and Southland Royalty Company, with the excegtion of

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

Dixie Valley.

The exploration program was developed aﬂd supervised by Richard L.
Jodry, consultant to Southland Royalty Company, and Michael D, Campbell,
Keplinger and Associates, Inc., consultants to Millican 0il Company.
The program consisted of the following: |
" Phase I
A. Multi-Level Aeromagnetic Survey by Senturion Séiences, Inc.,
Tulsa. Completed October, 1977,
B. Scalar and Tensor Magnetotelluric Survey by Senturion Sci-
ences, Inc. Completed February, 1978.
C. Phase II Multi-Level Aeromagnetic Survey by Septurion Sci-

ences, Inc. Completed June, 1978.

D. Reconnaissance Drilling and Temperature Logginf Program
(up to 1500'TD). Completed September, 1978.

E. Geothermetric Ground-Water Sampling and RegionLl Data
Collection - Periodic Sampling Continuing of Sélected

Springs Within Dixie Valley Area.
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Five multi-level aeromagnetic profiles (approximately 50 Piles) were
flown (at five altitudes) during the fall of 1977 over the western and
central parts of Dixie Valley. This highly sensitive tecpnique is used
to define faults, throw and dip (where possible) and areag 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 interpreted structural relationéhips developed
by Senturion Sciences have been challenged. The first feaéure is the

dip direction and relative movement of the '"0ld Stillwate; Fault"; the
interpreted aeromagnetic data suggests that the fault, al#hough high
angle, has a westward dip component under the Stillwater #ange. In a
previous report by Keplinger and Associates, Inc. (Septem?er 16, 1977),
we reported that the pertinent literature and av;ilable data concerning
the structural setting of Dixie Valley, and our own field evaluations
along the range-front fault (referred to by Senturion as the "0ld Still-
water Fault") suggest a typical basin-and-range structural setting where
tensional stress has predominated as far back as early Tertiary and still
predominates the tectonic movements in the Dixie 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 relative movement) of the fault
in question is of paramount importance in developing the structural rela-
tionships within Dixie Valley. The location and characteristics of all
faults in the prospective area will guide future geothermal explorationm.
Very little direct structural information is available in Dixie Valley
because the area is covered by coalluvium, alluvium and lucustrine
deposits, which obscure the structural picture. Therefore, what little
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 a general model that can
be used to extrapolate various known structural featureq and relation-
ships into areas without data but with possible site-specific geothermal
potential. If the Senturion interpretation is correct, and that is pos-
sible, the structural model required would involve compressional and
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 feature occurs in a highly ptospeétive area of

Dixie Valley. As with the first feature mentioned above, all available

information suggests that such a feature is mechanically impossible within

a tectonic 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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ﬁagnetic 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 ldip may or may
not represent faulting. Such characteristics do, however, represent
zones of magnetic discontinuity. Such discontinuities could develop
above a relatively shallow heat source where excessive heat has altered
the ferrimagnetic rocks in such a mannef that a zone interpreted as a
fault may in fact be a boundary between ferrimagnetic and paramagnetic
rocks. The fault zone, if known to be present, may not be apparent
under such conditions. The magnetic characteristics used' for fault -
identification may have been affected by alteration. The Bhape of a
zone of magnetic discontinuity would be in the form of an inverted
cone, assuming 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 irregular, elongate prism with an irregular apex upward,

which would be expected in the Dixie Valley area.

Interpretation of multi-level aeromagnetic data, especially those de-

. i
rived frqm surveys with high-response capability, also de?end upon
variations in gross rock magnetism to identify separate geologic units.
However, magnetic variations are created by a number of geothermal and

geologic features, some of which are:
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1.

2.

3.

Heating above Curie point of a geologic unitiof 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 within areas of higher magnetics are éharacterized as

having "abnormal" gradients.

A ferrimagnetic unit in contact with a paramégnetic 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 fprmer would

be expected (e.g. high-ferrimagnetic gabbro in contact with

a low-ferrimagnetic volcanic or metasedimentary unit).

Detectable ferrimagnetic variations within thg 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.

Detectable ferrimagnetic 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
outcrop pattern consisting of many different units exposed
in the Stillwater and Clan Alpine Ranges, Coﬂditions 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. Howe&er, 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.

2. The Marsh Fault is accepted, supported by tensional model, by
the anomalous-western 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 I)

3. 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.

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

ment and correlated with major fault trend in Stillwater Range,

which traverses Dixie Valley.

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

striking magnetic character,

\
6. The Dyer Fault is accepted, supported by known fault scarplet
with same strike direction in area. Relative onement 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 uniquq solutions. If
pertinent data can be marshalled, as is the case with many of the Sen-
turion interpretations, to support some of the criticai aeromagnetic
interpretations challenged herein, the development of structural rela-
tionships within Dixie Valley would be well advanced at this time. How-
ever, the very basic academic question of which tectoni; model is ap-
plicable to the Dixie Valley must be addressed and reso&ved in the near

future. The apprdach to resolving this question will 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 mag-
netotelluric station (TMT) were occupied. SMT stations recorded one
component of the telluric field and the TMT station recgrded three com~
ponents of the telluric field. Audio-magnetotelluric data (AMT) supplied

to Senturion Sciences by Keplinger and Associates from éarlier U.S. Geo-

logical Survey evaluations were integrated with the survey.

SMT and TMT, as well as AMT, are widely used in geother$31 exploration
with ex;eilent results to date. This survey located th#ee unusually
shallow heat source areas (see Plate II) at a depth ranﬁing from 19,600
to 26,000 feet (six to eight km) and three overlying conductive (low
resistivity) anomalies, which indicate high fluid tempeJatures (see Plate

IT and Figure 1). The two northern areas ("Stillwater" jand "Mine"
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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
ohmeters). Conductive anomalies were derived by plotting and contouring
apparent resistivity at selected recorded frequencies.j Anomalies were
defined as having apparent resistivities of 20 ohmeteré at the 30-second
period recording frequency. They change location withlrespect to the
frequency recorded. Such variations are a function of\depth and suggest
changes in fracture pattern, high fluid salinity and/of high fluid
temperature. The 10-second period depth representatioﬁ may indicate
maximm drilling depth (see Figure 2). In general, the l-second
recording frequency suggests conditions at a depth of ;pproximately
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. (gee 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 reevFluate the
dip component of the "Old Stillwater Fault". 1In addition, exist-
ing profiles were extended easfward across Dixie Valleyito the Clan

Alpine Ranges (see Plate I). The hade of the "Old Stillwater Fault”

-]2-
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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 relief was reported at the
intersection of Sections 19 and 30, T38N, R23E; Section 24 and 25,

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

considerable geothermal potential.

Independent data supporting the eastern anomaly is indi;ect. A shallow
hole (500 feet?) was drilled a few years ago to the norgh of the anomaly
and reportedly had a 5-8° C /100 feet thermal gradient. It should be
noted that this is an unconfirmed report. In addition, a resistivity
survey a few miles to the southeast also reported very low resistivity
(high temperatures) at relatively shallow deptbs. 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 geologica& interpretations
via cross-sections of Dixie Valley (see Plate III and Fi%ures 4, 5 and

6). The general structural configuration expressed suggfsts that a com-

pressional model is applicable to this part of Dixie Valley. Figure 7

-15-
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Reconnaissance Drilling and Temperature Logging Program

: |
is a photograph of the western boundary of Dixie Valleﬂ and the Still-
\

water Range. Drilling locations are shown (Millican #ﬁ—l and #H-2).
|

KEPLINGER 4« {uocialu, inc. —

Based on the identification and confirmation of heat sources and over-
lying conductive areas, an intermediate~depth thermal-gradient drilling
program was begun in early summer of 1978. To date, drilling data

is available on four holes (see Plate II for locatioms), two on
Millican 0il Company land and two on land held by Southland Royalty
Company. A fifth hole is presently being dfilled on Southland Royalty

land.

Millican No. B-1 site was selected to evaluate the thermal gradient and
stratigraphy above one of the anomalies produced by the|MT survey
("Mine" anomaly). In addition, the site was also selecLed to evaluate
the dip of the range-front fault and/or associated faults. Scouting
information indicated that an intermediate depth hole h%d been drilled
in the immediate vicinity which encountered down-hole t%mperatures

greater than 125° C.

i

i
Millican No. B-1 encountered a recorded bottomhole temp%rature of 97.3°
C at 1,500 feet (T. D.). Although a full lithologic 104 has not been
completed to date, the supervising geologist (R. L. Jodqy, Consultant
for Southland Royalty) indicated that a gabbroic-like uqit with an
unusually high magnetite content was encountered at appqoximately

|
1,145 feet} a metasedimentary unit was encountered at 1ﬂ470 feet to

total depth of well (1,500 feet).

-19-
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FIGURE 7:

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

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

Millican No. H-2 location was selected to evaluate the qhermal gra-
dients and stratigraphy above the major "Stillwater" MT anomaly. Low
temperatures and a low thermal gradient were encounterea to 1,500
feet 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 gradiehts were re-

portedly lower than Millican No. H-1,

Geothermetric Spring Sampling and Regional Data Collection !

Two major hot springs on the boundary of the Humbolt Lopolith in Dixie
Valley have been sampled over the past two years (see Figure 10). Short-
term variations in geochemical character haveibeen monitored. Short-
term variations were discussed in a previous report by K;plinger and
Associates,fInc. (September 16, 1977). The indicated variations were

small.

Additional samples, however, were obtained during 1978 which indicate

that substantial geochemical variations do occur over the long-term

-21-
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TABLE 1:

MILLICAN HOLE H-1
DATA.LOGGED MAY 16, 1978 (SECTION 16,
T24N, R36E)

DEPTH

ko

120
160
200
240
280
320
360
Loo
Lo
480
520
560
600
640
680
720
760
800
8Lo
880
920
960
1000
1040
" 1080
1100
1120
1140
1160
1180
1200
1220
1240
1260
1280
1300
1320
1340
1350
1360
1370
1380
1390
1400
13])
1420

1430,

V4o
1450
1460
1470
1480
1490
1500

-22-

22.65
38.70
47.50
52.80
57.00
58.70
59.7
60.4
61.6
62.5
63.6
64.9
66.3
67.6
68.8
69.8
70.8
71.6
73.6
751
74.
75.5
76.5
77.5
78.
79.5
80.2
80.9
81.6
8r.s
81.9
83.0
83.7
84,
84.8
85.3
85.9
86.5
87.2
88.2
88.8
89.3
85.6
89.9
90.1
90.4
90.8
91.3
91.9
92.3
92.7
93.1}
93.7
94.3
95.0
95.7
96.4

TEMPERATURE GRADIENT
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TABLE 2:

MILLICAN HOLE H-1 TEMPERATURE G
DATA LOGGED JUNE 7, 1978 (SECTIO
T24N, R36E) |

|

% DEPTH % |
37.3 600 72.2
22.3 10 72.5
27.7 20 72.8
32.) 30 73.1 ‘
34.7 Lo 73.3
"37.9 50 713.5
4y.8 . 60 73.7
.7 70 3.9 |
L6.1 80 7ha
47.4 90 74.4
48.7 700 74.7
50.2 10 75.0
51.8 20 75.2
53.4 30 75.4
54.8 40 75.7
56.1 50 76.0
57.1 60 76.2
57.9 70 76.4
58.7 80 76.7
59.2 90 76.9
59.6 800 77.2
59.8 10 717.5
59.9 20 77.8
60.1 30 78.0
60.4 Lo 78.2
60.7 50 78.5
61.0 60 78.8
61.3 70 79.0
- 61.6 80 79.3
61.8 90 79.5
62.1 900 79.8
62.4 10 80.1
62.7 20 80.4
63.0 30 80.8
63.3 4o 81.1
63.6 50 81.4
63.9 60 .81.6
64.2 70 81.9
64.5 8o 82.1
64.8 90 82.3
65.3 1000 82.5
65.8 10 82.7
66.2 20 83.0
66.6 30 83.3
67.0 4o 83.6
67.3 50 83.9
67.7 60 84,
68.1 70 84 .k
68.5 80 84.6
68.8 . 90 84.9
69.2 1100 85.1
69. 4 10 85.3
69.8 20 85.5
70.1 30 85.9
70.4 Lo 86.3
70.7 50 86.
71.0 60 86.9
71.3 70 87.2
7.6 80 87.5
7.9 90 87.8
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TABLE 3: MILLICAN HOLE H~2 TEMPERATURE 3RADIENT

KEPLINGER and d fisociates, inc.—

DATA,LOGGED JUNE 21, 1978 (SECTION 31,
T24N, R36E) |
|
\
|
DEPTH % DEPJ‘_I_-!_
[ 17.0 800
20 19.0 20
40 19.5 40
60 20.3 60
80 21.0 80
100 21.2 900
20 21.6 20
4o 21.9 4o
60 22.3 60
80 22.9 80
200 23.3 1000
20 2.2 20
40 24,5 Lo
60 25.0° 60
80 25.4 80
300 25.8 1100
20 26.2 20
Lo 26.7 Lo
60 271 60
80 27.5 80
400 27.9 1200
20 28.3 20
40 28.7 4o
60 29.0 60
80 29.4 - 80
500 29.7 1300
20 30.2 20!
4o 30.6 ho!
60 31.0 60!
80 31.4 50/
600 31.9 1400
20 32.3 20
4o 32.7 40,
60 33.1 60
80 33.6 80|
700 34,0 1500
20 34.4
Lo 34.9 ‘
60 35.3
80 35.7

24—
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FIGURE 10: PHOTOGRAPH LOOKING EASTWARD ACROSS DIXIE VALLEY

FROM SPRING NUMBER 2 SITE. NOTE NUMEROUS NG
SPRING OUTLETS. (SEE PLATE IV FOR COVERAGE OF
PHOTOGRAPH. \
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(seasonal?), in this case one year (see Table 4). Although data obtain-
ed to date do not permit a2 firm conclusion because of limited baseline
information, it is apparent that the springs are in di;ect communication
with seasonal surface recharge from the Stillwater Range, which supports
previous tentative conclusions that mixing of meteoriciground water with
deep, heated reservoir ground water does occur. This ﬁill act to depress
the calculated geothermetric temperature of the deep reservoir. If
spring geochemistry were found to be constant, however, mixing woulé 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 Dixie Valley spriné geochemistry
with other areas of known geothermal significance, a c&mparison of
spring geochemistry of Dixie Valley, Beowawe and Brady Hot Spring is
shown on Table 5. Beowawe KGRA is located approximately 55 miles to
the northeast of Dixie Valley, while Brady Hot Spring gBrady - Hazen
KGRA) is located approximately 40 miles to the southwest (see Figure
11). These areas are presently undergoing extensive e;ploration. Eco-
nomic consideration of these areas will be discussed later in this re-

port. Table 6 is a general summary of KGRA characteristics 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 exploration by industry. The extent to which mixing is involved

in the other springs is presently unknown.

-27~



KEPLINGER améluocialu, inc.—

TABLE ‘4

VARIATIONS IN DIXIE VALLEY SPRING GEOCHEMISTRY

HCO, €1 so,
106.4 216.  S7.
22, 67. 3.

88.0 235.0 114.

(PPM)
Sampling
Period #Samples**  Li Na K Mg Ca HCo.
1977% 8 =  0.66  19%.  8.08 0.35 8.04
St.Dev. 0.004 8 0.4 0.1 0.7
1978% 4 n 0.40 = 237 6.1 0.01 -
st.DeV. 0.005 57 0-4 01008 -

* 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:

-28-
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Lag cion

Satley

Soring 82

Beowave

Brady Hre Springs

‘® - Mean
* - 8 Semples

*® - 4 Samples

TABLE S

COMPARTSON OF HOT SPRING
CEOCHEMISTRY OF DIXIE VALLEY,
BFOWAYE AXD BRADY HOT SPRING XGRAs. (See Figure}|)

(PPM) Ay, wver
#Samles L s x g Ca HCO, a 50, 3 co, 3to, o 3ep. () ™5
8 s o.88 ars. 14.7 0.75 65.05 s8. 700, ", - . 0. .60 87,50+
Sed.Dev. 0.01 2. 0.2 0.06 0.4 7. 9. 6. - - .. 0.0¢ .09 1.am
12 0.56 208. 7.6 0.2 8.040 100. 222, 76. 1.1+ 4.0 13. 5.3 65,70+ 762
Std.Dev. 0.12 7. 1.1 0.19 0.63 20. s4. 32, 0.4 1.97 13. 0.3 R
9 = Lw 236. 4.1 0.5 0.8 123+ 48. 95. 1.6 - 8. 9.5% 2.3 ass
Std.Dev. 0.21 ’. 5.9 0.58 0.3¢ ss. 1. 1s. 0.7 - 148, 2.3 3.8
3 FHER! 570 52.7 1.3 40.0 146, 6. 24, “ - 19:. 1.3 <t.9 I
.
Std.Dev. 0.8 m. 18.8 1.3 15.9 70. sa1, M. 1. N . 2.2 w7

- - 16 Tazples

v+ - For cemparisen purposes, r3jor enions

and cations shown have been sumced.
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¥GRA
Area

Beowawe

Brady Hot Springs

Desert Peak
Rye Patch

Leach

Steam Boat Springs

Dixie Valley

*Mixing indicated.

Surface
Temperature

98°

93°

96°

96°

820

TABLE 6
General Summary of KGRA
Characteristics and
Activity (See Figure#f)

Estimated Area of
Subsurface Geochemical Depth to Top Reservoir
Temperature $102 NA-K-Ca of Reservoir (Acres)
240° 226° 242° 3,300 5,200
214° 179° - 1,600 3,000
170° 155° 176° - -
210° 207° 226° 1,000’ 1,500
>200°  175%  146%  3,000' 32,000(1)

-30-

Recent Activity

Companies

Maximum

Drilling Depth

Magma Power 9,600"
(Chevron)
Stand, Calif. 700°
Phillips
Magma Power 4,500'
Earth Energy 5,000
Phillips Union ?7,000°'
Stand. Calilf. 5,000°
Phillfips 7,000°
3,200°
Phillips 1,850'
Phillips
- 725°'
Magma Power -
Southern Union -
Millican, Southland 1,500"

Royalty, Sunoco

Republic Geothermal

Maxizumn
Tenmperature

214°

214°

250°
200°

290°
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It should be noted that local geology will have a dram%tic effect

on reservoir ground water. If carbonate units are pre%ent in the

reservoir, the possibility exists that serious calciqmland alkalinity

levels could be present which could promote sealing within the res-
\
ervoir and scaling within production wells and collect?on pipes.

Monitoring of springs should continue to evaluate geochemical vari-

k
ations in Dixie Valley. :

III. LAND ACQUISITIONS

Over the past 4 years, leasing of federal lands on eit*er a competitive
basis (lease bid) or noncompetitive basis has increaseé significantly
in Nevada. Table 7 is a summary of the competitive bi%ding held during
1976 on lands in Dixie Valley. In 1977, Millican 0il #id on prime land
in Dixie Valley (see Table 8). Non-competitive federa% leases were ob-
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 pot?ntial.
!

As of late 1977, Millican 0il held or controlled by agreement 33,920

federal acres in Dixie Valley. At present Millican holds (or controls)

approximately 54,400 federal acres, of which 9,600 acres is 50% of land
|
held jointly with Southland Royalty (See Plate 1IV).

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.
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TABLE 7

BIONIMG MISTONY NF Tue CAMBETITIVE GROTHERMAL
LFASE SALES ON FECERaAL LAND

&£720776 KEVaADA DIXIE vaLLEY xGRa
OFFFREDY 36911.,07 aCRES, 16 THACTS,
RFCEIVED ALCS: 14793.59 ACRESy 7 TRACTSe 10 RINSs TOTAL BINS » 8 204M69,58, TOTAL MIGH BIDS » § 160840,20
ACCEPTED AIOS! 16793.59 4CNESe T TRACTSs HIGH BINS = $ 160840,40

TRACT &3  2560.00 ACPESs 0 RINS, NO AID
VRACT 'S¢ 23)9,58 ACRFS: 0 AINS, NO RID 8
TRACT 6e 251A,26 ACRESs 0 RINS. NO RID 4
TRACT 7+ 192000 4CSESs 1 AIDS: LEASED REPUBLEC GEOTHERMAL. MIGM BID, L}AS: N=12859

$ 1JR14.9 & 7.20/7aC%E. REPURLIC GEOTHEWMAL

|
TRACT Re 1920.00 ACAFS, ] AINSe LEASED ¢ RFPURLEC GEOTHERMALe MIGH BID, LEASE N~12860

$  12466.80 S 6.497ACREs  REPURLIC GEOTHERMaL
TRACT 9¢ 2262,50 ACRES. 1 RIDSe LEASED 8 RFPUALIC GEOTHERVAL s HIGH BID, LF‘SE N=1285)
S 7464.86 $  3.33/ACREs  REPURLIC GEOTHERMAL
TRACT 10+ 1905.50 ACRFSs I RIDSe LEASED SUNOCO FNERGY NEVELOPMENT CO,, HIGK B10s LEASE N~12862
S 25994,90 $ 18.A9/78CRE,  SUNNCO ENERGY DEVELOPHMENT COMPANY
$ 13731.06 $  7,217ACREs  REPUALIC GEOTHERMAL
$ 13662.44 S  r.lr/aC0RE, CHEVRON OJL COMPaNY
TRACT 11e 2308.59 ACRESs 2 RINS. LEASED § SUNOCO ENERGY OFVELOPMENT CO,, HIGH BIDe LEASE N=1286)
$ 66695.17 S 2M.R9/ACREs  SUNDCO ENERGY DEVELOPMENT COMPANY
$ ‘16635.70 $  7.,21/ACREs  REPURLIC GEOTHERMAL

TRACT 124  2962.92 ACRESH 0 RINS. NO AID ¢

TRACT 130 2560.00 ACRES, 1 RINSe LEASED T, SUNOCO ENERGY DEVELOPMENT CO4o uisn 810 LEASE N-12866
3 20198.40 s 7.897ACRE SUNNCO ENERGY DEVELOPMFNT COMBDanY

TRACT 14v 2560408 ACRESs O ®I5S. NO BID 'v
TRACT 15¢ .1263.23 ACRESs 0 8INS, NO HID 3
TRACT 1hs  1R91.54 ACRESe 0 BIDS, NO BI1D ¥
TRACT 17+ 2492.64 ACKESs 0 RIDS. NO RID ¢
TRACT 1As  1970.00 ACHESe O RINS, NU BID ¢

TRACT 19¢  1937,00 ACHFSe 1 RINS. LEASED ¢ AL=AQUITAINE EXPLORATION LIMITEDs MIGK BIDs LEASE N=1286S
S 4203.29 & 2.1V/4CPF, AL=AQUITAINt EXP| ORATION LIMITED
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TABLE 8

BIDS AND RESULTS OF GEQTHERMAL LEA&E SALE
\

JULY 19, 1977 |
STATE OF NEVADA ‘

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

Leasing Unit No. 1: Total Per Acre
Earth Power Corp. $8,811.40 i $3.77
Leasing Unit MNo. 2: %
Earth Power Corp. $7,385.60 i $5.77
|
Leasing Unit Ho. 3:
Earth Pover Corp. $5,318.40 | | $2.77
|
Leasing Unit No. 4:
|
Republic Geothermal, Inc. $13,519.36 i $5.281
Leasing Unit No. 5:
Republic Geothermal, Inc.  $16,961.52 o $1.32
|
Leasing Unit No. 6: No Bids
Leasing Unit Mo. 7:
Sunoco Energy Development Co. $48,358.40 $18.89
Millican 0il1 Company $82,099.20 ‘ $32.07
Amax Exploration, Inc. $28,800.00 i $11.28
Republic Geothermal, Inc. $104,128.25 | $40.675
Leasing Unit Ho. 8: ‘
Millican 0il1 Company $55.,122.25 1 $22.07
Sunoco tnergy Uevelopment Co. $3%,321.16 | $13.89
Amax Exploration, Inc. $22,608.75 ! $11.25
Republic Geothermal, Inc. $49,214.86 ! $19.354
Southland Royalty Company $51,544.99 1 $20.27
Leasing Unit ilo. 9:
‘Millican 0i1 Company $18,099.20 o s7.07
|
Leasing Unit No. 10:
Millican 0i1 Company $3,878.12 $3.07
Leasing Unit No. 11:
Millican 0il Company ° $5,807.09 $3.07
Leasing Unit Ho. 12: No Bids

Leasing Unit No. 13: No Bids
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TABLE 9: COMPETITIVE BIDDING, DIXIE VALLEY AND OTHER ARF.AS,
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1976 |
|
|
STATR unie Date of aAcra= Ho. )
KGAA No. Laease age of Range of Bidding High Bidder | Lessas $/Acre
Sale 8ids 1
San 15 1-20-76 1,699 0
;n:dio 6-15-76 Reoffored s gract 26
223808 j6  4e02-26 1,692 A 16,720.00 Chevron 011 Company cirevm ol} to. 10.3?
17 1-20-76 1,320 O
6-15-76 Reo ffered as cract 27
Sub- 1-20-75 5,231 |} fetal of 5 16,720.00
total 6-16-76 3.619 0 Accapied 8ids o
Wilson 19 3=Q3-76 {1,294 1 §,775.00 Chevron 0i) Company Chevron Ci1 Co. 3.69
rot Sorings
Darrough 1 42076 1,983 o
not 2
— 2  h-20-76 2,250 ¢
Sacings .
3 h-20-76 1,540 9
Sub- Total of
total 5,903 o Acseptad Bids o
Cixie b 4-20-76 2,560 O
Yellay N-20-76 2,320 O ‘
§-20-76 2,243 1 7,466.86  Republic Geothermal Republic Geothersal 3.3
10 4-20-76 1,906 3 13,662.45 - 5 ° 35,994.90 Sunoce Energy Development Sunoco Energy Dev. 18.88
11 4-20-76 2,309 2 16,635.70 - 66,695.17 Suncco Energy Developmant  Sunoco Energy Dev. 25.88
12 4-20-75 2,543 0 o
13 L4-20-76 2,560 1 20,198.80  Sunoco Energy Development  Sumoca Energy Dev. 7.89
1 4-20-76 2,560 o ’
15 %-20-75 1,283 0
16 4-20-76 1,892 o
17  b-20-76 2,493 0
18 4-20-76 1,970 O
19 L-20-76 1,937 O
Sub~- Todal Gf
total 34,911 10 Accepted Bida ¢ 160,840.40
Silver 120 4-20-76 2,547 1 $  13,471.35  Hagma Power Company »Jru Power Co. . 5.29
Peak g 4-20-76 2378 0
Sub~ Total of |
tagal h,92h 1 Acceptad Bids § 13,471.35 |
Monte 1 8-18-76 1,946 O ‘\
feva 2 8-18-76 1,959 O |
3 8-18-76 1,30 0 |
& 8-18-76 2,282 0O |
Suy~ Zotal of !
tosal 7.547 0 Aczcestad 5ids S0 !
Colado 1 6-18-76 640 0
6 10-19-76 40 1 $ 5.107.20 Getty 0i! Ccmoanv Getty 01! fo. 7.98
sube Toial of '
total N 1,280 ) Aczasted 20da - ¢ 5,107, 20
Ruby 6 8-18-76 2,819 b 16,522.00 - § 244,933.22  Union 0i1 Company Unlon Ol Cospany 101.00
Grfey  ; g.48.75 6o -
Sub- Total of
total 3,059 b Acuaprad 243§ 244,998.22 .
Rva 8§ 9-18-76 8o 2 15,632.73 - §  32,360.7h  Union 011 Cempany Union 0il Co. 46.40
Fateh
Lsach 1 10-19-76 2,520 $  4,035.20  Amin OI1 USA, lnc. Amfn 0§1 USA 1.76
Yot 2 10-19-76 2,482 1 4,363.06  Amin Ol USA, inc, Aalin 011 USA 1.76
Sorinas
3 10-19-76 2,609 1 4,581.8%  Anin 011 USA, lnc. Amin 011 USA 1.76
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TABLE 9A: REGIONAL COMPETITIVE BIDDING, NEVADA, 1974—7F

Y Unit Dale of Acre= Ho.
XGAA Ho. Lease age of Range of Bldding High Bidder Lesses $/Acre
Sale 8ids
dradv-razan I
18 6-15-76 2,536 ©
20 6-15-76 1,505 1 7,917.62  Union 011 Co. Unich 011 Co. 5.26
Sub- ' ’ \
total 42,497 6 5 _§67,529.18 |
Becwawe 1 12-18-74 1,943 2§ 2,002.00 - $ 15,074.8% Chevron 011 Ccampany Chevron 011 Co. 7.75
2 12-18-7% 1,920 O
3 12-18-74% 1,938 0O
b 12-18-74 2,479 3 13,112.00 - 505,088.77 Chevron 01} Company Chevron 0i1 Co. 203.0¢
5 12-18-74 2,521 3 25,256.61 - %5,371.16 Getty 0il Company Getty 0i1 Co, 18.00
6 12-18-74  2,k63. 3 37,017.45 - 75,490.92  Chevron 0il Company Chevron OF Company 30,58
7 12-18-74 Bks ©
8 12-18-74 2.419 1 30,231.63  Getty Oil Comoany Gattvy Oil Cempany 12,50
Sube Yotal of :
total 14,113 12 doceoted Bsds $  671,257.37
Becwavia 21 6-15-76 1,520 O
22 6-15-76 1,938 | $ 25,015.46 So. Unlon Production Co. So. Unlon Pred. Co. 12,90
23 £=15-76 8L 0
Sub- Total of
tocsl 4,702 1 Acceotad 3ids $  25,015.46
¥ot. 1 12-18-74 640 o
‘5:"'"‘:" 2 12-18-76 2,181 2§ 12,846.36 - § 115,274.67 Chevron 0il Company Chevron 011 Co. 53.84
I 3 12-18-7h 2.550 2 23,040.00 - 125,619.20 Chevron 0i1 Company Chevrion 011 Co. 49.07
Sub- Total of ’
total . 5,341 & Acceptsd 3ida § 2040,893.87
Mot 3 3-01-75 6b0 TRANSFER TO Geo, Puwreu Int),
P22 4 375 6h0 Reoffared as tract 2§ |
3  2-01-76 640 TRANSFER T0 Dlable Explaration
3 3-01-76 6o TRANSFER TO Dlablo Exploration
b 6-15-76 6% 0 : | "
25 __6-15-76 [ ] |
Sub~ Total of \
total 1,299 0  Accevted 2ids S0
Fly 1 4-08-75 1,801 0 }
Ranch §-23-75
1-20-76
2 begB-75 2,037 O
1-20-76 !
3 k-08-75 1,h67 2 3,007.47 - § 7.702.07 MHatomas Company Hatomas Company 3.25
7-01=-75 Transfer Thermagl Powor Co.
b b-08-75 2,161 1 16,750.97 _ Sun 011 Company Sun OFI Company .n
5 4-08-75 2,678 1 8,455.84 Calvert Drilling Company Catvere britlldg Co. 3.23
6 L-08-75 1,890 o Reofferod as tract 3 P
7 4-08-75 2.6k5 1 8,348.88 C2lvert Orilling Comsany Calvert Oriliing Co. 3.28
Sub- 4-08-75 14,479 S Total 5/ $  41,292.76
total €-23-75 5,728 © .
1-20-76  5.728 0 Acceptad 3ids 0
Stillaager
Soza La<e | 6-26-75 2,560 O !
3-03-76 Reoffered as tract 2 I
2 -25-75 2,609 0
3-03-76 Reoffered as tract 3
3 6-26-75 1,968 @ :
3-03-76 Reofferesd as tract & I
b 6-26-75 2,528 1 § 12,058.26 Phillips Pecroleum Co. Philllps Pet. Coe 4.77
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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. Dep#rtment of Energy
1
regarding a DOE project involving a geothermal reservoir assessment

case study of the northern Basin and Range Province. | A proposal

was submitted as a cooperative venture between Millic‘n 0i1 Company,

Southland Royalty Company and the Minerals Research I§stitute of the

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

industrial and academic expertise is provided in the %roposed venture.

The proposal is presented in a multi-phase format, with each phase
encompassing specific tasks. This forﬁat 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 previous results. In addition, it provides

DOE with the option of selecting the proposal as an entire program

leading to reservoir assessment, or as a multi-phase program in which
i
each phase can be sequentially selected and negotiated.

: !
The contractural 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 cooperative assistance
of University personnel coordinated through the Priﬁe Contractor's

representatives.
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|
!
|
|
This proposal contains provisions for the sale of: l) existing data
derived from surface and subsurface investigations, and 2) development

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

minimum of three deep exploratory wells. 1
’ i

|
The industrial-academic effort will involve subproje#ts on 1) the

hydrogeologic framework to assess recharge and poten#ial reservoir

characteristics, 2) the structural and tectonic sett#ng in the
Stillwater Range-~Dixie Valley-Clan Alpine area to ev4luate all
aeromagnetic and other data for developing a structu~a1 model of
the basin, 3) the alteration effects within basin roqks to petro-
logically evaluate rock behavior in the geothermal environment
(relative to sealing and faulting) and 4) the seismic framework
via micrbseismicity to support development of a tech#ically appro-

priate structural model of the Dixie Valley area. i
\

: |
The proposal is designed to have the first well unde4 way by early
1979, with the first drilling site to be selected froL eleven per-
mitted sites already approved by the U.S. Bureau of L@nd Management.
The final selection of the first well location will bL made follow-
ing review of the existing data by the industrial—acapemic person-
nel involved in the venture. The second well site isito be based on
data developed from new surface investigations and thf results of
the firsé well. The third well site is to be selecte1 based upon a
final model of the area which will be developed by 1ntegrating all
: \

data from surface and subsurface investigations compl#ted 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 witﬁ inflation ad-

\
justment for four phases of work. The proposal is fyexible 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 aspect of this proposal is the ILrge geograph-
ical area involved in the Millican-Southland acreage.| A substantial
amount of existing data is available for immediate diLsemination
which indicates the existence of a significant potential geothermal
reservoir., Further, the exfloratory drilling program will result

in & 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 ventur% was recently

advised by DOE that the proposal has been approved on}the basis of
\

technical feasibility. Final contract negotiationms a#e to begin in
1

the near future.

|
V. GEOTHERMAL DEVELOPMENT AND ECONOMICS?

|
Geothermal exploration has increased in Nevada over tﬁe past few years.
U.S. Department of Energy has recently estimated that\Nevada will rank
\

second only to California in growth of installed geotpérmal electric
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i

capacity by 1983 (see Figure 12). Two 50 MWe plants vay be in operation

by 1983 (see Table 10). Brady Hot Springs and Beowawé are presently un-
der intensive evaluatior (see Figure 11). DOE's development scenario for
Brady Hot Springs, Beowawe, Steamboat Springs (Nevada) and Leach KGRA's
are included in the Appendix. It is apparent that strong similarities
exist between Brady Hot Springs 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 pro?uction techniques.

The power on-line schedule for the Nevada sites shown in Table 11 sug-
gests the necessary well construction schedule that allows for a suf-
ficient number of exploration, production, reinjectioi and replacement
wélls to meet the specified power production goal. though not as ad-
vanced in exploration as Brady Hot Springs or Beowawe; Dixie Valley

has similar characteristics and potential. Conservatlve estimates of

a possible schedule can now be made to define the reservoir requirements
before deep drilling is begun. Tempefature and flow-‘ate ninimums can
now be established (based on nearby areas) that will éuide future
economic considerations of Dixie Valley. This is a f#rtunate situation
in many respects because the reliability of future ec#nomic consid-
erations will be higher in Dixie Valley (if similar t#mperatures and
flow-rates can be produced) than early economic studi#s conducted on

the Brady Hot Springs and Beowawe areas. 1
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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 : - 50 - 50 - 100 100 100 100 500 1,000
Coso Hot Springs, CA - - - 50 L) 50 150 150 150 - 600
East Mesa, CA : - B - 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 Valiey, CA - - - 50 - 100 - - 100 - 250
Puna, HI ' - - - - - - - - 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 - - - - - 50 - - 50 200 300
Baker Hot Springs, WA - - - - - - - - 507 - : -
Bruneau-Grandview, 1D - - - - - 50 - - 100 3000 3,150
Mount Hood, OR - - - - - - - - 503 - -
Raft River, ID - - - - - - 50 - 50 - 100
Vale Hot Springs, OR - - - - - - 50 - 50 700 800
Weiser-Crane Creek, 1D - - - - - - 50 - 100 850 1,000
West Yellowstone, MT - - - - - - - - 50? - -

[

SOUTHWEST
Brady Hot Springs, NV — 50 = 50 -~ 100 = 00 00 1000
Beowawe; NV - 50 — 50 — 50 — 00 150 1,000
Chandler, AZ - - - - 80 230

- - - 50
Cove-t ort Sulphurdale, UT - - - 50 - 50 - 50 50 1300 1,500
“anh. NV — - — — - 50 — - 50 1400 1,500
Roosevelt Hot Springs, UT - 50 - - 50 - 50 - 100 750 1,000
Safford, AZ - - - - - 50 - - - 50 100
hﬂeambon Springs, NV = = = 50 - - 50 - 100 ~ 200
Thermo, UT - - - - - o 50 = = 430 300
e __.___VallesCaldera,NM__ ___ . _ . = = 80 = - 100 —— 100 00— 1150 ———1500—— —
GULF COAST!
Acadia Parish, LA - - - - - 50 - - 50 250 350
Brazoria, TX - - - - 25 - 100 100 200 1800 2,225
Calcasieu Parish, LA - - - - - 50 - - S0 250 3s0
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
Oil Equivalent (10~ bbl/day) 19 25 27 3s 41 54 69 . ) 103 342
Assogialed Methane
{10° SCF/day) - - - - 21 . 269 38 434 848 4858

Ypitot plants are not included in this table.

2MITRE d plant capacities for analysis. These capacities are not included In the lative generating capacity total,
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II.

III.

Iv.

ANTICIPATED HELLT&P W }ONSTRUCTION SHCEDULE
FOR
50 MWe POWER PLANT OPERATION

KGRA AREA 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
BEOWAWE
On-Line Power (MWe) Plant #1 . lSO Plant #2 -,!50 Plant #) s }50 #4 & #5 ?1100 ? N
Exploration Wells 5 5 5 5 5 5 5 5
Production Wells 11 11 11 22 22 22
Re-Injection Wells 5 5 5 10 10 10
Replacement Wells 1 1 1 2 2 3 3 5
BRADY
OnTLine Power {MWe) Plant #1 ?550 Plant #2 '\i% Plant #3 & '4‘;"100 #5 & #6 24100 1 -
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

- Y

On-Line Power (MWe) Plant #1 =350 Plant #2 > 50 #3 6 84 #"100 ? >
Exploration Wells ' 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 #1 - - - — '.:250 Plant#2 *_;_& 50 *_7__.,_
Exploration VWells 10 5 5 s 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 Power (MWe) Plant #1 }5'50 Plant #2 %1‘50 ) Plant #3 & #4 21100 ___?_’
Exploration Wells 2 3 3 3 3 ¢ 3 4 5 5 5 15
Production Wells 13 13 26 26 26
Re-Injection Wells 6 6 12 12 12
Replacement Wells 2 2 2 2 6 6 6

#Preliminary estimate only. Based on limited data when compared to other KGRA's,



Ekploration Wells

‘
The number of exploration wells drilled for developi%g the first 50
MWe plant in Dixie Valley depends heavily on how effectively and

how soon the reservoir's structural and other geolog?c conditions
can be defined. Based on U.S. Department of Energy Lvaluations, ap-
proximately 5 to 10 reconnaissance wells may be required before a
fieldsite can be established for development drilling of production

wells. Table 11 also includes our estimates of the necessary explo—-

ration activity in Dixie Valley over the next 12 years.

Production and Reinjection Wells
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i
\ .
The determination of the number of production and reTnjection wells

necessary to support one 50 MWe plant is based upon ﬁhe temperature
|

of the produced reservoir and the produced flow rate# The following
|
data are used herein: |

Area Temperature (°C) MWe/Welll No. of Wells

|
1. Brady Hot Springs 214 3.33 15
2. Beowawe 240 4,55 t 11
3. Dixie Valley 225 3.85 13

Replacement Wells

|
Geothermal production wells begin to decrease in p#wer production al-

most as soon as they are brought online. Replacemént wells must be

1
drilled and completed to provide constant heat inpdt for the plant.

A



| Based on experience in The Geysers and other areas, aﬁproximately 10%

of the production wells in service will be replaced e#ch year.

Drilling Costs
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|
Although drilling costs depend upon each site's uniqu+ geological char-

acteristics and associated inherent potential subsurf#ce problems, costs

have been estimated by the U.S. Department of Energy éor nearby areas

\
(see Tables 12 and 13); we have revised our estimatio# of well costs
|

for Dixie Valley (see Table 13).

i
The effects of cost reductions of geothermal developm%nt derived from
1) research, development and drilling advances and, 2* Federal tax incen-
tives within the next few years will play a major rol% in geothermal
development in the United States. The "busbar" costs of electricity

(producer plus utility costs to consumer) from competing resources

(coal and nuclear) will also play a major role in regional geothermal

development. Table 14 summarizes the expected costs of such compe-
tition, against which geothermal development must be qeasured.

Figures 13 through 17 illustrate the relative éffects%of research,
development and drilling advances (R, D & D) and of f%deral tax incen-
tives (22% depletion and expensing intangible drillin% costs) on cost
of electricity from liquid-dominated geothermal prospeLts. Investment
tax credit.incentive is also under consideration for qevision in geo-
thermal projects. It 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 (#ithout any cost.
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TABLE 12

FOOTAGE COSTS FOR GEOTHERMAL DRILLING
AS A
FUNCTION OF ROCK TYPE AND WELL DEPTH

ROCK COST/FOOT (1977 DOLLARS)
HARDNESS
<5000 FEET >sobo FEET

\
Soft 80 160
Medium 100 120
Medium-Hard 125 ?50
Hard 200 400

|
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TABLE 13
GENERAL CHARACTERISTICS AND WELL COSTS
FOR SELECTED GEOTHERMAL PROSPECTS p,.p.b1e Cost per

Exploration, Pro-

Reservoir Depth to duction and Re- Probable Cost
Temperature Depth to Average Reserveoir Plus placement Well Per Reinjection
Notes Prospect (*°c) Reservoir km Classification [20] 0.5 km ($x10°) Well ($x103)
4 Geysers (steam), CA- ~240 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 Soft 1.5 400 400
Valles Caldera, NM 240 1.0 Hard 1.8 984 984
NV ~al4 Q.5 Hazd 1.0 656 [
2 Brawley, CA 2690 1.5 Soft 2.0 400 400
Roosevelt, UT ) 230 0.8 Medtum-Hard 1.3 533 533
wawe, NV 240 1,0 Hazd 1.3 284
Coso, CA 220 1.0 Med{um-Hard 1.5 615 615
Mono-Long Valley, CA 220 1.0 Medium-Hard 1.5 615 613
1 Cove Fort /Sulphurdale, UT 200 1.5 Medium-Hard 2.0 1523 1015
1 Heber, CA 190 1.0 Soft 1.5 600 400
4 Geysers (hvdro), 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 0.8 328 328
1 Surprise Valley, CA 175 1.0 Med{um-Har 1.5 923 615
1,4  Chandler, AZ 178 2.0 Medium 2.5 1711 1140
1.4 Leach, NV 170 2.0 nggggEJEard 2.3 21 1426
3,4 ° Calcasieu Parrish, LA 156 4.0 Soft 4.5 19}3 1962
1.4 Bruneau-Grandview, 1D 200 2.0 Medium-Hard . 2.5 2138 1426
Lassen, CA 240 1.0 Med tum-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 4.5 2662 2662
3.4 Acadia, LA 164 4.0 Soft 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 fum-Hard 2.5 2138 1426
1 Weiser/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 Therwo, UT 200 1.5 Medium 2.0 1219 812
1 Raft River, ID 140 1.5 Soft 2.0 910 607
4 Glass Mountain, C\ 210 2.0 Medium-Hard 2.5 1426 1426
4 Puna, HI 275 2.0 Hard 2.5 2281 22681
Mt. Hood, 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 -

1 - binary plant

2 -~ binary or flash plamt

3 ~ geopressurcd

& - depth to reservoir estimated



TABLE 14

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

PLANT-ON-LINE DATE
AND
SCENARIO

CENSUS REGION/PLANT TYPE

PACIFIC MOUNTAIN

COAL  NUCLEAR COAL  NUCLEAR

KEPUNGER and [isociates, inc.—

1985 National Energy P.lan1
1985 Recent Trends Scenario
1985 High Escalation’

1985 Low Escalation

1990 National Energy Plan1
1990 Recent Trends Scenario
1990 High Escalation1

1990 Low Escalation

27.0 - -~ 20.0 -
21.5 - 16.7 -
— 2.5 — 23.2
- 22.2 — . 20.9
28.1 - 20.6 _
22.8 - 17.5 -
-~ 27.0 —  25.7
— 23.4 - 22.3

costs.

1 Denotes alternative chosen as a basis for comparing geothermal

2 Underlined values represent the sources which are expected to be

the main competitors to geothermal energy in the respﬁctive

regions,
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PACIFIC CENSUS REGION

(ALASKA, CALIFORNIA, HAWALI, OREGON,
WASHINGTON)

MOUNTAIN CENSUS REGION

(ARIZONA, COLORADO, IDAHO, MONTANA, NEVADA
NEWMEXICO, UTAH, WYOMING)
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FIGURE 13: ASSUMEDPOTENTIAL CAPACITY vs. COST FOR ELECTRICITY FROM HYDROTHERMAL LIQUID-DOMINATED
PROSPECTS WITHOUT RD&D ADVANCES
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|

|
reductions in the future) is capable of making geothermal generally
competitive during the 1980's if coal and nuclear power experience
any form of unforeseen price escalation. If cost reductions do oc-

cur, geothermal energy will become a significant 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-

ic as nearby sreas (e.g. high spring and geothermetric temperatures),
Dixie Valley has a potential for future development vTry similar to

that of Brady Hot Springs and Beowawe KGRA's.

i

1

Timing is important in any resource development projeét. It is a
prime favorable factor in the development of Dixie Vailey. The area's
exploration and development can draw heavily from the |experiences of
nearby areas, which will no 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 additiomn, 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 geclogic evaluations of Dixie Valley to Jate, the following
|
conclusions can be drawn:
\
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1)

2)

3)

4)

Two shallow heat sources have been identified along the
|

western border of Dixie Valley within land held by Mil-
\

lican 01l 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 hfat sources

suggests subsurface temperatures greater tth 200°C at

depths of 3,000 to 4,000 feet in the fractured metased-

imentary units below the gabbroic complex. A ligquid-
| .
dominated reservoir 1s expected. However, a reservoir

1
at depths greater than 8,000 feet may be steam-dominated

|
because of the very high temperatures indicated, but
|
exploration is not sufficiently advanced at this time

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 tﬁe 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) -

|

of a 230

Although remote from population centers, the Dixie Valley
area is located approximately 30 miles nort

KV power line.

Land position of Millican 0il Company is exrcellent. As-~
suming a minimum of 7 sections (4,500 acres) of produc-
tion, approximately six 50 MWe plants could be supported
via substained total production of 300 MWe over a 30-year
period. Balanced land position allows a widespread

coverage of the various structural plays in, the area.

MWe/well) is necessary for economic viabili

Per well initial production of 475,000 pounds/hr. (3.85
y and appears

possible at this time, although drilling muLt be undertaker
\
to substantiate such potential. %

i

A production temperature of 225°C appears p$ssible at this
!
time, if temperature gradient of previously?drilled well

(H-1) represents a somewhat less than line+r relationship
\

with depth. §
\

Flash production may be appropriate for any!production
|

|

temperatures in excess of 200° C.

1
Future exploration and development in Dixie‘Valley will be
considerably enhanced by the industrial-academic project
presently being seriously considered by U. S. Department

i

of Energy.
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11) It should be noted that many of the quantit?tive conclu~
sions made herein are clearly based on limi£ed and specula-
tive information at a stage of the project Qhere such
probabilities must be considered in view of assessing
risk. We reserve the right to alter our co?clusions as

additional data become available.
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VIII APPENDIX

DEVELOPMENT SCENARIOS
AND .
SITE-SPECIFIC ANALYSIS
OF
SELECTED
PROSPECTIVE GEOTHERMAL AREAS
IN NEVADA:

A) BRADY HOT SPRING KGRA
B) BEOWAWE KGRA
C) STEAMBOAT SPRINGS KGRA

D) LEACH KGRA
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BRADY HOT SPRINGS, NEVADA

Postulated Development Scenario
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PLANT INSTALLED CAPACITY PLANT
NUMBER (MWe) ON-LINE I?ATE
1 50 1983
2 50 1986
3 100 1988
4 100 1990
SUBSEQUENT 700 1991-199;4
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) 2,45b

Electric Energy Potential (MWe 30 years) 1,000

Overlying Rock Hard: Basalt and alluvium

Depth to Top of Reservoir (Meters)

Land Status

Total KGRA acres

Total Federal acres

Federal acres leased

Total State and private acres
State and private acres leased

500

98,508
59,358
26,0491
39,150
No data

1

All 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 betweed‘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 féet) 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 pr?ducing
well.

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

Phillips has new high-flow-rate wells east of the ol&‘Brady
Magma wells.

In 1977, ERDA (now part of DOE) approved an applicatibn for
$3.46 million in loan guarantees by Geofood Products, Inc.; to build
a plant to use heat from the Brady geothermal resource for dehydra-
tion of food products. Total project cost is 34;96 million. The

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

i

Major Development Problems

There do not appear to be any severe technological ﬁroblems
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.

e 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 formatioms having low
permeabilities.

Postulated Development Scenario: Status and Implicationsl

First Commercial-Scale Plant: 50 MWe in 1983

‘Thé postulated development schedule at Brady Hot Springs
calls for a 50-MWe plant to begin in operation in'1983. %he develop-
ment schedule appears in Figure 22-1. As shown, the commitment to
develop the site must be made at the beginning of 1979 while plant’
design 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 complementary schedule in Figure 22-2 presents
the activities.of principal paricipants in the deveIOpmenttof the

series of plants postulated for Brady Hot Springs. It is Enticipated

that this plant will use flash cycle conversion technology because:
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P-11XX

WIPERAVING .
ENCITIES ACTIVITY RECIPIENTS 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
B Issue STC Drilling Permit Paveloper
County Issue Land Use Permit Developer
uscs Issue Drilling Fermit Developer ASSYMED COMPLETED
BLM Lease Land Developer
BLM Process EIA/EIS CEQ
Developer Exploracory Drilling &
Reservolir Evaluation
Developer Develop Utility Interest —_—
Developer & | Feasibility Study -
Ucility
Producer (DefFinancial Negotiations —d
veloper) &
Utilicy
Producer Site Selection —
Producer & |Design
Ucllicy
Producer & |Commitwent to Development 7.\
Utiliey
Producer & Prepare Master Development BLM USCS .
Ueilfey Plan
Ucilley Prepare Environmental Data | BLM FPC e
Statement State County
BLM FPC Stat} Cercify Plant & Site, Issud Producer &
yses Permits Utiltey
Uscs Process EIA/EIS (Drilling crQ
Fr'C Process EIA/ELS (Plant) CcEQ
¥re Process EIA/EIS (Trans- CEQ
wission Line)
Pruoducer Development brilling
Ueilicy Plant Construction
Uctlity Ingtall Transmission Line —f——— e
(16km)
— —A =
FIGURE 22-1

DEVELOPMENT SCHEDULE FOR FIRST PLANT: BRADY HOT SPRINGS, NEVADA
(FEDERAL LAND}
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S-1IXx

UPERATING
NTITIES ACTIVITY 1977 1978 1979 1980 1981 1982 198) 1984 1985 1985 1987
Owner Lrase Lond, lssue Prorpocting Permit -T 2
County Frocens Environmeatal Report - Pre-lease 2
lasus Land Use Permit — — —
Process Envlironmental Report - Drilling L |
State Process fnvirunmental Report, Lense Lond ————
lssue Prospecting/Exploration Permits
lssuc Drilling Permits — -— —
Certify Plont and Site - lssue Permice - ——
Process Environmental Reports - Drilling, P —
Fiamt Construction, Transnission Lines
Developer Exploration and Reservoir Evaluation —
Cormit to Development 1 4
Prepare Muster Development Plan P
fevelopuent Drilling 1
Utiliey Corwait to Development ‘}l ¢ 4
Frepare Environmental Data Statement ), ——
and Master Development Plan
Construct Tlant, Install Transmission Lines 1
Tower on Line so Al
Dpo1/us:s Tasue Drilling Permit 1 — — —_
Urocess EIAJEIS - Drilling —
—_—1 Y E—
Dpo1/nLH Procens EIAJELS, lease Land T
: Iacue STC Drilling Permit
Certify Plant and Site, Issue Permits L
POL/USFS Process FTA/ELS, Lease Land
Issue STG Drilling Pormit
FIGURE 22-2

DEVELOPMENT SCHEDULE FOR ALL PLANTS: BRADY HOT SPRINGS, NEVADA
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9-11XX

OPEEATING .
ENTITIFS ACTIVITY 1988 19689 1990 1991 1992 19923 1994 1995 1996 1997 1998
Owner Lease Land, lssye Prospecting Permit b _J_ —p— —— 2.4
County Process Environmental Report - Pre-lcage e
1ssue Land Use Termit - — — — L
Process Environmental Report - Drilling 2 2
State Process Envirommental Report, Lease Land —_—
1ssue Prospecting/Exploration Permits
Irnnue Drilling Termits 3 — T~ — F N 9
Certify Plant and Site - Jssue Permits T e s R R
Proceas Environmental Reports - Prilling, ' 2 9
Plant Construction, Transmission Lines
Developer Exploratton and Reservolr Evaluation 2 2 "
’ Cormmit to Development 1} /# 4 4 7Y £ J
Prepare Master Development Plan o ——— P—- _— — [ 9
Dovelopment Drtlling -
Ueitiey Comn{t to Development p Py o lr lr 4 &
Prepare Environmental Data Statement S 9
and Master Development Plon 9
Construct Mlant, Install Transmission Lines S
Touer on Line 1004 11004 [tooA  {i00AS (oA  floodk  liood  hood?
DOL/USCS Iasuc Drilling Permit ' 5 — | — | — 3. | — _ _ 9
I'recess EIA/ELS - bBrilllag b 9
Dol1/pLy frocess EIAJEIS, Lease Land — ]
' fasuwe STG Drilling Fermit 5 9
Ceetify Plant and Site, Issue Pernits |
DO /USFS I'rocess EIA/EIS, Lcease Land
1ssue STC Drilling Permit

FIGURE 22.2 (CONCLUDED)
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|

|
|
i
\

BRADY HOT SPRINGS, continued.

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

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

However, certain resource characteristics which are not kLown at
present may affect the choice of technology. Possible hl%h non-
condensible gas content (>3 percent) might necessitate a tinary cycle,

because noncondensible gases in a flash system require high pumping
\

power to remove the gases from the condenser. Calciting fendencies
|
\

in the brine might lead to problems of scaling.
In the context of a possible binary plant, the experfence

gained at the Niland thermal loop will be relevant. The &roblems

associated with binary systems are described in detail un#er Salton

Sea, California. In the following, the use of a flash cyAle plant
|

is assumed.

Development Problems. This plant would be one of_thﬁ first
flash geothermal plants constructed in the United States ind, in the
absence of experience with similar type plants, is likely to be’
p;rceived as a relatively high-risk venture. The schedule]requires‘
that a ut111ty company be identified in m1d-1977, comm1tmeht to
development be made in early 1979, design be completed by m1d-1980
and construction started by mid-1981. While the attitude to develop-
ment in the area is relatively favorable, mild constraintsiand brief

1
delays may be anticipated. ‘

XXII-7
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BRADY HOT SPRINGS, continued.

Reservoir conditions appear fairly 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 high noncondensible gas
coﬁtent, possible calciting tendencies of the brine, and\maintenance
of production well flow from low permeability reservoir formations.

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 completed under
much more severe conditions (Salton Sea, Cerro Prieto, The Geysers).
Since some good well flows have been demonstrated, it is not expected
that deep well pumps will be required, although control o% nonconden-
sible gases and/or calciting might necessitate their use.

Since flash plant conversion technology has beén demonstrated
elsewhere in the world, no severe technological problems ére foreseen.
Before the development can proceed, it will be necessary to demonstrate
injection of spent brine in this fractured volecanic rock environment,
but this is expected to be feasible. Table 22~I shows a summary of
important site-related needs and RD&D impacts.

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

cal obstacles to development on the postulated schedule, additional

XXII-8
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TABLE 2241
ECONOMIC ANALYSIS: BRADY HOT SPRINGS. NEVADA
FLASH SYSTEN , SO ¥W ELECIRIC FLAKT
FIRST PLAKT ON LINE DATE : 1983

TENPERATUKE IN CENTIGRADE CEGFFES (BEST ESTINATE) : 214
WELL DEPTH I¥ METERS : 1000
BRINE SALINITY : 1ow

OVERLYING ROCK TYEE : HARD
THE WELL FLOW RATE IS NOT SPECIFYEL : IHE DEPAULT FLOW BRATE USED (KGM./HB.) = 205886

THE COST PER PROCUCTION WELL IS ROT SEECIFIED : THE DEFAGLT COST FER PRODUCTION WELL {(3) = 656168,
THE CGST FER INJECTION WELL IS NGT SPECIPIED : THE DEFAULT COST PER IYJECTICN WELL {8) = 656168.1

PRODUCER FINANCIAL DATA UTILITY FINANCIAL DATA
DEBT FRACTICN : 0.30 DEBI F4ACTION 0.50
ANNUAL INTEREST RATE ON DEpT (FRACTION) 0.08 ANNUAL INTEREST RATE ON DE&T (FRACTION) : V.08
BEQUIREC KATT OF FETURK ON BQUITY (FRACTION) : 0.20 REQUIRED RATE OF RETURN OMN EQUITY (FEACTION) : 0.12
PROPERTY TAX RATE (FRACTION) = 6.01 PROPERTY TAX RATE {PRACTICN) 3 ¢.01
REVEMUE TAX BATE CR hOYAL1Y (FRACTION) : Q.10 REVENUE TAX HATE OR ROYALTY (FRACTION) 0.0
EFFFCTIVE TOTAL INCCHE TAX #ATE (FRACTION) : 0.50 EFEECTIVE TOTAL INCCPE TAYX RATE (FRACTIION} u.50
EFFECTIVE INVESTMENT TAX CoEDIT (FRACTION) U.04 EFFECTIVE INVESTMENT TAL CEEDIT (FRACTION) : V.04
ESCALATICN FACTOF FCR CEM COSIS : 0.05 ESCALATION FACTCB FOk OGN COSIS : 0.05
ESCALATION FACTOR FCR ENEKGY CCS?TS @ 0.05 ESCALATICN FACIOR FOR ENERGY CC3Is5 . 0.u5
ESCALATION FACTOR FGR CAPIIAL COSTS @ 0.05 ESCALATION FACTUR FOR CAEIZAL COs1Is : 0.05
LIFE SPAN OF PROLUCTION WELLS (YEARS) : 10.00 LIFE SPAN OF UTILITY PLANT (YEARS) 30.00
LIFE SFAN OF INJECIIOR WELLS (YEARS) 10.00 ULTIAATE CAPACITY FACTOR : V.80
LIFE SFAN OF PROLUCER PLAN1 (YEAES) : 20.00 STAGT UP COST MULTIPLIER : ' 1.038
START UF COST MULTYPLIER : 1.081¢
* NUBBER OF WELLS , CAFITAL COSTBASIS AND OB COSTS + AND REVENUE REQUIKEMENTS WITHCUT ANY RKEC INPACTPS »
CAFITAL COSTPRASlS (1977 M} ) 06N COSTS (1977 $m/YF.)

15 ERCCUCTION WELLS 11.846 PRNDUCER

7 INJECTION WEILS : 5.529 ) GENERAL ¢ 0.401
PRODUCER PLANT EXCLULING WELLS : 6.149 WELL : Q. 144
KEPLACEMENT FRODUCTION WELLS : 10.118 DEEP RELL pUMP : 0.0
REPLACEMENT INJECTICN WELLS H 4.722 SPZNT BRINE TREATMENT : v.0
REPLACENENT PLANT : 2.713 . CHESICAL & MECHANICAL CLEANING : v.0
TOTAL FCR PRCDUCTICN FIELD : 81.079 . TOTAL 0.545
GENERATING PLANT : 25.814 UTILITY - _ — - - - -
TOTAL : .. 66,894 - - - “GERERAL : 0.753
. - - - - CHENICAL & MECHANICAL CLEANING : v.0

TOTAL ¢ 0.753

** REVENUE KECUIREHENTS ##%

PRODUCER : 25,382 HILLS/KHHR
UIILITY ¢ 7.511 BILLS/KNHE
. TOTAL : 32,893 MILLS/KWHR =

AN *wduyadg g Apueay
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TABLE 22.1 (CONTINUED)

* RED INPACTS FOR PLANT NO. 1 - OF LIWNE DATE : 1983 =*

BRGD COMPONENT

CAPITAL COST PER ERCDUCTICN WELL
CAEITAL COST PER INJECTION WELL

** REVENUEZ REQUIRENENTS
PRODUCER

UTILITY
. TOTIAL

* SENSITIVITY OF COST OF ELECTRICITY

ANTICIPATED CHANGE
(%)
-5.00
-5.00

WITH ALL THE RED INPACTS INCLUDEL. »+
22.622 MILLS/KWHBR

H 7.511 BILLS/XWHR
¢ 30.133 BILLS/KWHR *

(PRON PLANT NO. YV , RED INMPACTS INCLUDED) #*

CHANGE IN REVENVE .
REQUIREBENIS (BMILLS/KWHE)
-0.6792
~0.3170

RESOURCE & OPERATING PARANETERS HILLS/KWHR
HIGH RESOURCE TENPERATURE ESTIBATE (230 TEGREES CENTIGRADE) 26.023
LC¥ BESOURCE TESPERATURE ESTINATE (200 DEGREES CENTIGRADE) 44.328
RIGH CAPACITY FACTOF VALUE : 0.85 28.36C
LOVW CAPACITY FACTOF VALUE : 0.60 40.177
EXPENRSING OF INTANGIBLE DRILLING COSTS ( 70.0% OF NELL COSTS ZXPENSED) 27.006
DEFLETICN ALLOWARCE ( 22.0» CF GEOSS INCONE) 25.689
INVESTHMENT TAX CREDIT ( 26.2% GROSS, 15.0% EFFECTIVE) 28.428

* RSL INPACTS POR PLART NO. 2 - OW LINE DATE : 1986 =

RED CONPOMENT

NUMBER CP PRCDUCTION WELLS

CAPITAL COST PER PRODUCTION WELL

CAPITAL COST PER INJECTICN WELL

CAFITAL COST OF GATHERING SYSTEN _

CAPIIAL COST OF DISIRIBUTION SYSTEM

CAPITAL COST OF TUREINE GENERATOR

CAPITAL COST OF FROCESS MECHANICAL (UTILITY)
LIFE SPAN OP PRCLUCTION WELLS

LIFE SPAN OF INJECIION WELLS

START UP COST HUITIELIERS

*« ReVENUE REQUIREMENTS

PRODUCER
UTILIITY
* TOTAL

ANTICIPATED CBANGE

CHANGE IN REVENUE
BEQUIREBENIS (MILLS/KMHE)

~3.00 v.0
-12.00 -1.6302
-12.00 -0.7608
- - - - ~10s00 - - ~0.0777 -
~10.00 ~0.03u48
~-3.00 -0.0808
-10.00 -0.0279
20.00 -0.99M1
100.00 -t.4111
(PRODUCER: -4.16 , UTILITY: -2.12) ~1.2158

VITH ALL THE RED INPACIS INCLUDED. =+

t  19.900 NILLS/KWHE
H 7.296 MILLS/KwHK
$  27.745 NILL3/KNHR *

AN ‘situjadg oy Apray
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TABLE 221 (CONCLUDED)

* RED IHPACTS POR PLANT 0. 3 - OX LIRE DATE : 1988 *

RED COMECHENT ANTICIPATED CHANGE CHANGE IN REVENUE
(1] BECUIREBENTS (MILLS/KNHE)

NUNBER OF PRODYCTION WELLS -3.00 0.0

CAPITAL COST PEB ERCDUCTIOM WEIL -12.00 -1.6302
CAEITAL COST PER INJECTION WeLl -12,00 -0.7608
CAPIIAL CCST OF GATHERIFG SYSIEM -10.00 ~0.0777
CAPITAL COST OF DISTRIBLTIQN SYSTEN ~10.00 -0.¢348
CAPITAL COST OF TUREINE GEMEFAICH ~3.00 -0.0608
CAEITAL COST OF ERCCESS MECHAMICAL (UTILITY) ~-10.00 -0.0273
LIFE SPAN OP PEOLUCTION WELLS 20.00 ’ -1.0115
LIFE SPAN OF INJECTICN WELLS . 100.00 -1.4299
START UP COST NULTIPLIERS (PRODUCER: -4.16 , UTILITY: ~2.12) ~1.2158

** REVENUE REQUIBREMENTS WITH ALL THE RED INPACTS INCLUDED, =
PRODUCER 19.867 BILLS/KWHE

UTILITY ¢ 7.286 HILLS/KWER
* TOTAL ¢ 27.112 AILLS/KWHR *

* RED INPACTS FOR PLANT NO. & ~ ON LINE DATE : 1990 »

RET CCHECNENT ANTICIPATED CHANGE CHANGE 1IN BREYEWUER
(%) BECUIREMENTS (EILLS/KVHE)

NUNBER OP PRODUCTIION WELLS -3.00 0.0

CAPITAL COST PER PECDUCTICM WELL -20.00 ~2.7170
CAEITAL COST PER INJECTION WELL -20.00 -1.2679
CAPITAL COST OF GATHERING SYSTEA =10.00 -0.0777
CAPITAL COST OF DISTRIBUTION SISTES ~10.00 ~0.0348
CAPITAL COST OF TURBINE GEMEFAICH ~3.00 -0.0608
CAPLTAL COST OF EROCESS EECHARICAL (UTILITY) ~10.00 <0.0279
LIFE SPAN OF PROCUCTION WELLS 20.00 -1.0115
LIFE SPAN OF IBJECTICN WELLS 100.00 -1.4299

S1AET DP COST MULTIPLIERS (PRODUCER: -%.16 , UIILITY: -2.12) -1.2158

** R:VENUR REQUIRENENTS WITR ALL THE RED IBPACTS INCLUDED. »»

FEODUCER : 18.526 MILLS/KWHR
UTILITY ¢ 7.246 MILLS/KWHE
b TOTAL : 25.772 RILLS/KWHR *

AN *sHujadg oy 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 Springs geothermal power prospect are presented

w
in Table 22~1I. The levelized busbar cost of electricity1 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 competing primarily for base-load generating capacity addi-
tion against coal-fired steam plants. 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 in 1990 under assumptions of the National
Energy Plan scenario for escalation of coal prices.

It can be seen that the cost of electricity (with RD&D benefits)
at this prospect is not competitive without the advantageg of further
incentives. The sensitivity analysis for Plant 1 shows tﬂat expensing

intangible drilling costs would reduce the levelized busbar cost by

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

1See Chapter 2 for details of the computer print-out and assumptlons

and data used in this analys1s.
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KEPLINGER and_[isociates, inc.—

BRADY HOT SPRINGSﬂ 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 dep}etion and
expensing intangibles) would be required to render this plant roughly
competitive on the basis of cost. Within limits, changes in the
leyels of the depletion allowance or tax credit Qould produce propor-
tional cost changes to achieve a desired level of incentive.

Subsequent Plants

The second plant at Brady Hot Springs is scheduled to icome 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 comstruc-
tion. It is clear that operating experience at Plant 1 will not be
be acquired in time to have a major impact on the design of Plant 2.
Moreover, on the basis of the postulated development schedule, there
will be insufficient time for operating experience at any United States
commercial-scale, liquid-dominated geothermal plant to influence
Plant 2 at Brady Hot Springs.

Based on the impacts of RD&D shown in Table 22-I, Plant 2 is
expected to have a levelized busbar cost of 27.1 mills/kWh. This
indicates 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.

XXII-13
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BRADY HOT 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 Sp;ings,and Valles Caldera.
Plant 4, on line in 1990, has an estimated cost of electricity

XXII-14



BEOWAWE, NEVADA

Postulated Development Scenario

KEPLINGER 4mlaluoci4tu, inc.—

|

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

l

RESGURCE 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 Hard: Tertiary basaft
and Quaternary alluvium
Depth to Top of Reservoir (Meters) 1,000
Land.Status
‘Total KGRA acres 33,225
Total Federal acres 16,530&
Federal acres leased 13,766
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 June, 1976, more than 12 holes had been drilled,
with Magma Power Company (Chevron) planning additional holeg. By
February, 1977, one well had been drilled by Standard Oi& Company of

|
California. Phillips Petroleum Company has also been inyolved in
development.

Major Development Problems

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

o silica scaling

e return flow injectibility

e low 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 Chevron, Staandard
0il, and Phillips Petroleum Company have leased Federal lénds in the
area. Based on current information, 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),

XXI-2



KEPLINGER améluocialu, inc.—

BEOWAWE,\continued.
and a utility may have marketing problems with a plant at this
isolated site. Also, the site is situated aBout 150 milesifrom 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 desién 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 other early-phaqe flash
conversion power plants (Valles Caldera, Brady Hot Springs, Brawley,
Roosevelt Hot Springs, and possibly Salton Sea), some intefrelated
technology undergoing development can be shared, but no ope&ational
experi;nce‘with commercial-scale plahts will be available tL support

|
the Beowawe plant development.

Figure 21-2, which complements the preceding figure, shows the
sgheduled activities of the principal participants in the develop-

ment of all the plants 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. Testing to date has indicateé low
reservoir permeabilities and resultant low volumetric flow rates from
production wells. Reservoir stimulaéion technology could therefore
be important at this prospect. Again, Beowawe should be ﬁbhe to share

XXI1-3
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e ———————
OPERATIRG

1979

ENTVTLES ACTIVITY RECIPIENTS 19717 1978 1980 1981 1982 1983 1984 1985 1986 1987
BLM Issue STC Drilling Permit Developer
UScs Issue Drilling Permic Developer
BL.M/Owner Lease Land : Duveloper ASSIMED CG!I’I.FI'ED .
[ 33 Process EIA/ELS CEQ
County iIssuc Land Use Permits Developer
beveloper Explorvatory Drilling &
Reservoir Fvaluation
feveloper Develop Utllity Interest —
Developer & | Feaslbilicy Study —_——
Utilicy
Producer (DefFinancial Negotiacions ————
veloper) &
Ueilicy
Producer Site Selection —_—
Producer & ] Design
Utility
Froducer & ] Commitment to Developwent
Utilicy
Producer & Prepare Master Development | BLM, USGS
Utisiey Plan
Utilfey Prepare Environmental Data | BLM, FPC, S
Statement STATE,Count )]
BIM, FPC Certify Plant & Site, Producer &
Scate,USGCS Issuve Permics Utildcy
UsGs Process EIA/EIS (Drilling) | CEQ
Frrec Process EIA/EIS (Plant) [4:4]
¥re Process EIAJEIS (Trans- CEQ
misslon Line)
Producer Pavclopment Drilling
Uclilitty Plant Construction
Uciliey Install Transmission Line
(40km)
_ - .
I P -1- -1 - 1 - §
FIGURE 211

DEVELOPMENT SCHEDULE FOR FIRST PLANT: BEOWAWE, NEVADA
(FEDERAL LAND/POSSIBLY SOME PRIVATE)
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OPERATING
ENTITIES ACTIVITY 7 1978 1979 1989 1981 1982 1983 1984 1983 1986 1987
Owner Lease Land, Issue Prospecting Permit -t - = 8 ST T —
County Process Environmental Report - Pre-lease —— — —— ]
lssue Land Use Permit - — — 2 ———
Trocess Environmental Report - Drilijing - ——] — [e—
State Process Environmental Report, Lease Land ——— PR .
1ssue Prospecting/Explozntion Yermits
Issue Drilling Permics — — — e a—
Certify Plant and Site - Issue Permits i PR S
Prucesa Environmental Reports = Drilltng, | | U
Plant Construction, Tcansnission Lines
-
Neveloper Exploration and Reservair Evaluation I 2
Comnit to Development Al 4. 4
Prepare Master Development Plan | G T | e ——
lievelopment Drilling - —————
Uttlfey Conmit to Development Al 743 3 3 4
Prepare Environmental Dats Statement 1 : _ e
nnd Hanter Development Plan
Construct Plant, Install Trsnemission Lines i
Pover on Line s0 &l
DOT/USES Insue Drilling Permit — e S —
Procees EIA/EIS - Drilling D —— et e
I N —
Dot/ Procens EIA/ELS, Lease Land Ry g
’ Isgue STC Drillfng Permit
Certify Plant and Site, Insue Permite 1 ——— e b |
nO1/USFS Process KIA/EIS, Loase Land
Issue STC Drilllng Permit
FIGURE 21-2

DEVELOPMENT SCHEDULE FOR ALL PLANTS: BEOWAWE, NEVADA
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OrLRAT NG
ENTITIFES ACTIVITY 19838 1989 1990 1991 1992 1993 1994 1995 1996 1977 1998
Owner lease Land, Issue Prospecting Permit L. — —t— —— . [ ¥4 .
County Process Envifowscntnl Report - Pre-lcase 2 3
Jezue Land Use Permit — —_— — — — 12_
Frocess Environmental Report - Prilling 2 2
State Process Euvironmental Report, Lease Land — e —l 1
Issue Prospectiun/Erploratfon Permits
Issue Drilling Pernlts ~ — o— —— po— 2
Certify Plant and Sfte - Issue Permits — —— —_—l}
Proceas Environmental Reports - Prilling, : | VA
Tlant Conastruction, Teansmission Lines
Developer Exploration and Reservolr’ Evaluation i s - 12
Conmit to Development 4 - £ \ 7>} L o T'aY
Prepare Master Development Plan — — —— — L — e 2 2
Pevelopnent Drilling =, — - -
E3d
Uetlity Comait to Nevelopment ?r AN FaY Y o 7. a e
Prepare Lavironmental Data Statement b) T t2__
and Master Development Plon s 12
Construct Plant, Install Transmission Lines [——. — el shummrd e
FPouer on Line 50 A soA |w0A oo’ |foohA lo0A fiooA ook 1004 |30 AM
DOL/USGS Yasue Prilling Permit : | - S — | - - . — _ _ L
Frocess EIAJELS - Prilling | I 21
DO1/BLIS Process ETASEIS, Lease Jand —_— e —— ———eenfe
' tssue STC Deilling Permit
Cortify Plant and Sfte, Issue Pecmite 1. — | g 1
D01 /USFS Process EVA/EIS, lLease Land
1ssue S7C Urilling Peormit

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 presentied in Table
21-I. The levelized busbar cost éf flash-system conversion electricity1
from this site is estimatéd to be 32.1 mills/kWh using cufrently
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 expected to have a
levelized busbar energy cost of 29.1 mills/kWh (see secon& page of
TableVZI-I).

It is assumed that geothermal electric plants in this region
will be competing primarily against coal-fueled steam éladts for
additions to baseload generating capacity. Under the asadmptions of
the National Energy Plan scenario for escalation of coal ﬁFiceq, the
levelized busbar cost of electricity from coal-fueled steam plant; 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 assumptxons
and data used in this analysis. j
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TABLE 211
ECONOMIC ANALYSIS: BEOWAWE, NEVADA
FLASH SYSIEM , 50 NV ELECTRIC PLANT
FIRST FLANT OM LINE DATE : 1983

TEBPERATURE IN CENTIGRADE DEGREES (BEST ESTINATE) : 240

WELIL DEPTIH IW HNETERS @ 1500

BRINE SALINITY : Low

OVERLYING ROCK TYEE : HARD

THE WELL FLOW RATE 1S NOT SPECIFIED : THE DEFADULT FLCW RATE USED (KGK./HB.) = 194299

THE COST PER PRCCUCTION WELL IS NOT SPECIFIED : THE DEFAULT COST PER PRODUCTION WELL ($) = 984251.6
THE COST PER INJECTION WEL. IS NOT SPECIFIED ¢ THE DEFAULT COST PER INJECTION WELL ($) = 988251.6

PRODUCER FINANCIAL DATA UTILITY PINANCIAL DATA
DEBT FPRACTION : 0.30 DEBT FRACTION : 0.50
ANNUAL INTEREST RATE ON DEBT (FRACTION) 0.08 ANNUAL INTEREST RATE ON DEBT (PRACTION) 3 0.08
BREQUIREL RATE OF RETURR OW BCUITY (PRACIION) : 0.20 REQUIRED RATE OF RETURN CN BCUITY (FRACTION) : 0.12
PROPERTY TAX BRATE (FRACTION) : 0.01 PROPERTY TAX RATE (FRACTICN) : 0.01
REVENUE TAX RAPE OR ROYALTY (FEACTION) : 0.10 REVENUE TAX BATE OR ROYALTY (FRACTICM) @ 0.0
EFFECTIVE TOTAL INCCHE TAX RATE (FEACTICN) : 0.50 EFFECTIVE TOTAL INCOME TAX RATE (FRACTION) 3 0.5¢0
EFFECTIVE INVESTMENT TAX ChPCIT (FRACTICN) : 0.04 . EFFECTIVE INVESTMENT TAX CRECIT (FRACTION) : 0.04
ESCALATION FACTOR FOR 06W (OSTS : 0.05 ESCALATION FACTOR FOR G&M CCSTS : 0.05
ESCALATION FACTOF FOR ENEKRGY CCSTS @ 0.05 ESCALATION FACTOR POk ENEEGY COSTS @ 0.05
ESCALATICN FACTOE FOR CAPITAL COSTS @ 0.905 ESCALATION FACTOR 7Ok CAEITAL COSTS : 0.05
LIFE SEAN OF PRODUCTION WELLS (YEARS) : 10.00 LIPE SPAN OF UTILITY PLANT (YBARS) : 3v.00
LIFE SPAN OF IRJECTION WELLS (YEABS) : 10.00 OLTIBATE CAPACITY FACTCR : 0.80
LIFE SPAN OF PRODUCER PLANI (YEARS) : 20.00 SYART UP COST MULTIPLIESR 1.0348
STARYT UF COST BUITIFLIER : 1.081

* NUHBER OF WELLS , CAPITAL CCSTBASIS AND 063 COSTS , A¥D REVENUE REQUIREMENTS WITHOUT ANY R6D INPACIS *

CAPITAL COSTBASIS (1977 $m) OEN COSTS (1977 $n/YR.)
11 PRODUCTICN WELLS : 13.032 PRODUCER
5 INJECTION WELLS @ 5.928 GEWEBRAL : 0.368
PRODUCER PLANT EXCLUDING WELLS : 8.026 NELL @ 0.157
REPLACENENT PRODUCTION WELLS : 11.130 DEEP NELL pUNP : 0.0
REPLACENERT INJECIION WELLS @ 5.059 SPENT BRINE TREATHENT : 0.0 . _
BEFLACESENT FLANT : _ - — 1.1727 —- - - - - CHENICAL € NECHANICAL CLEANING T 0.0
TOTAL FCR PRODUCIION FIBLD : 80.948 TOTAL 2 0.586
GENEBATING PLANT 23.281 UIILITY
TOTAL @ 68.229 GERESBAL : 0.679
CHEBICAL & NECHANICAL CLEANING : 0.0
TOTAL : 0.679

AN ‘onsavdy

s¢ REVENUE RRCUIDENENXS °*

PRODUCER ¢ 25.309 BILLS/KNEHR
UIILITY @ 6.774 AILLS/KUNR
. TOTIAL ¢t 32.083 AILLS/KWHE =
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TABLE 21-1 (CONTINUED)

* RED INPACTS FOR PLANT NO. 1~ ON LINE DATE : 1983 =

"R6D COMPONENT

CAPITAL COST PER PRODUCTION WELL
CAPITAL COST PER INJECTION WELL

*¢ REVENCE REQUIRESENIS NITE ALL THE RED INPACTS INCLUDED. ¢+

PRODUCER :
UTILIIY ¢
TOIAL 3

22,312 AXLLS/KWRR
6.778 NILLS/KWHR
29.086 BILLS/KNBL

ANTICIPATED CHANGE

(%)
-5.00
~5.00

¢ SENSITIVITY OF COST CP BLECTRICITY (FROA PLANT WO. 1 o RED INPACTS INCLUDED) *

RESOURCE & OPERATING PAKABETERS

HIGH RESOURCE TEMPERATURE ESIINATE (280 DEGREES CENTIGEHADE)
LOW BESOURCE TENEEEATURE ESTIMATE (165 DEGREES CENTIGRADE)

HIGH CAPACITY PACTCF VALUE : 0.85
LOW CAPACITY PACTIOE VALUR : ¢€.60

EXPENSING OF INTANGIBLE CRILLING COSTS ( 70.0% OF WELL COSTS EXPENSED)

DEPLETICH ALLOVWANCE { 22.0% OF GROSS 1NCOBE)
INTESTNERT TAX CRRCIT ( 26.2% GROSS, 15.0% EFEECTIVE)

* BRED INPACIS rok PLANT MO,

BET CCHBEONERT

NUNBER OF PRODUCIIOB WELLS

CAPITAL COST PER ERCDUCTION WELL
CAPITAL COST PER IFJECTION WELL
CAPITIAL COST OF GATHERING SYSIEM

_ CAPITIAL COST OF DISIRIBUTION SYSIEN

CAPITAL COST OF YTUREINE GENERAIOR

CAEITAL COST OF PRCCESS NECHANICAL (UTILITY)

L1FE SEAN OF PROCUCTION WELLS
LIFE SPAN OF INJECTION WELLS
START UF COST BULTIELIERS

2 - OF LINE DATE : 1986 =

20.935
93.81%
27.375
38.701
25.672
24.703
27.440

ANTICIPATED CHANGE

CHANGE 1IN RRYENUE
RECUIRENEMTS (MILLS/KWHB)
~0.7472
-0.3396

BILLS/KWHEB

CHANGE IN REVENUE

(%) BECUIRENENTS (MILLS/KWHA)
-3.00 -
-12.00 -1.7932
~12.00 -0.8151
- - =10.00_ —=0.0591
B B - N ~-10.00 -0.0220
-3.00 -0.0689
~10.00 «0.0266
20.00 -1.0902
100.00 -1.5120
(PRODUCER: -~8.16 , UTILITY: -2,12) -1. 19M

*¢ REVEWUE REQUIREAENTS NWITH ALL THE RED INPACTS INCLUDED. ¢

.

PRODUCER :
OIILITY :
TOTAL 2

19.484 HILLS/KWHB
6.537 BILLS/KWHR
26.021 8ILLS/KWKE

AN 'onmuu|
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TABLE 21-1 (CONCLUDED)

* RED INPACTIS FOR PLANT MO. 3 - ON LINE DATE : 1988 =

RED CONEFONENT ANTICIPATED CRANGE CHANGE IR REVENUE
{3) RECUIRENENTS (NILLS/KENA)

NUNBER OF PRODUCTION WELLS ~-3.00 -

CAPITAL COST PER FECDUCTION WELL -12.00 ~-1.7932
CAPITAL COST PER IRJECTION WELL -12.00 -0.8151
CAPITAL COST OF GATHERING SYSTEM -10.00 -0.0581
CAPITAL COST OF DISIRIBUIIUN SYSTEN -10.00 -0.0220
CAPITAL COST OF IUKRINE GENEFATOR ~3.00 -0.0669
CAFITAL COST OF FROCESS MECHANICAL (UIILITY) -10.00 -0.0266
LIFE SPAN OF PROLUCIION WELLS 20.00 ~1.1127
LIFE SPAN OF INJECTION WELLS 100.00 ~-1.5321
START UP COST BULTIPLIERS (PRODUCER: ~8.16 , UTILITY: -2.12) -1. 1971

*s REVENUEZ REQUIREMENTS WITH ALL THE R6D XIAPACTS INCLUDED. **
PEODUCER : 19.448 HILLS/KWHR

UTILITY 6.537 MILLS/KNER
- TOTAL ¢ 2%£.985 MILLS/KWHR *

* RED INPACTS FOR PLANT BO. & - ON LINE DATE : 1990 »

RED CONFONENT . ANTICIPATED CHANGE CHANGE XN REVENUE

(%) BECUIRENENIS (NILLS/RWHR)

WONBER OF PRODUCTION WELLS -3.00 0.0
CAPITAL COST PER FECDUCTICHN WELL -20.00 -2.9687
CAPITAL COST PER INJECTION WELL . -20.00 -1.3585
CAPIIAL COST OF GATHERING SYSIEN . -10.00 ~0.0581
CAPITAL COST CF DISTRIBUTICN SYSTEM -10.00 «0.0220
CAFITAL COST OF ITURBINE GENEEAICE -3.00 - _ . =0.06089
CAPITAL COST OF FROCESS HNECHABICAL (UTILITY) - - - - - ~=10.00 -0.0266
LIFE SPAN OF PROLUCTION WELLS 20.00 -1.1127
LIFE SPAR OF INJECTICN WELLS 100.00 ~1.5321
START UP COST RULTIPLIERS (PRODUCER: ~N.36 , UTILITY: -2.12) ~1.1971

*+ REVENOE REQUIREBNENTS NITH ALL THE R6D IBPACTS INCLUDED. *+

PRODUCER : 17.985 NILLS/KNAR
UTILITY ¢ 6.537 BILLS/KWAE
L TOTAL ¢ 28,522 BILLS/KWHR =

AN . Wlﬂ-“
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BEOWAW#, concluded.
The costs of electricity (with RD&D benefits) at this prospect
are therefore not competitive without the advantage of further
incentives. The sensitivity analysis for Plant 1 shows #hat expens-

ing intangible drilling costs would reduce the levelized busbar cost

by about 3.4 mills/kWh, that a 22 percent depletion allowance would

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 all three .of these incentives

would be required to render this site roughly competitive on the

basis of cost.

Subsequent Plants

Beowawe Plant 2, another 50-MWe plant, is postulated to go on
line in 1986. However, with the three-year lead time nec;ssary to
incorporate design improvements, little prior opergting experience
will be available from the 1983 plants to benefit Plant 2.

As shown in the concluding pages of Table 21-1, c0nt{nuing RD&D
impacts, as designated, result in further decreases in coét of
electricity. Subsequent plants in 1986, 1988 and 1990 are expected
to have costs of 26.0, 26.0, and 24.5 mills/kWh, respectiéely. Even
in 1990, the Fite would require special tax incentives to 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
. L
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.
Major developmental hurdles at this site appear to be th; proof
of the existence of a viable power-producing réservoir and the
resolution of conflicts regarding how the land will be used. BLM,
for examplé, is considering the development of housing uéits on the

land.

Postulated Development Scenario: Status and Implicationé
|

First Commercial-Scale Plant: 50 MWe in 1985

Some commercial interest has been shown in this site., Develop=-
ment of a flashed steam plant is postulated at Steamboat %prings by
1985, according to the schedule shown in Figure 28-1., Figure 28-2
shows the scheduled activities of the principal participants in the
development of the three postulated plants at the Steambo%t Springs
prospect. To obtain power on line in 1985, commitment to  development

of the site is required in 1980, and 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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UPFLRAE$La;
ENTITIES © ACTIVITY RECIPIENTS 1977 1978 1979 1980 1981 1982 198) 1984 1985 1986 1987
BIM/Owner Lease Land Developer
LY Process EIA CEQ assujep conrrbren
Develnper Preliminary Ceophysical
Exploration
BLM Issue STG Drilling Permit Developer —
uscs Issue Drilling Permit Developer — .
County Issuc Use Permit Developer —
Developer Expluratory Drilling &
Reservoir Evaluation
Developer Develop Utility Interest ——rd
Developer & |Feastibility Study R
Ueildiey
f'roducer (DefjFinancial Negotiations —t—e
valoper) &
Ueiliey
Producer Site Selection T
Producer & Design
Uciliey R
Producer & [Commitment to Development A
Ucilicy
'roducer & Prepare Master Development | BLM, USGS ———
Uciliey Plan
Uctlicy Preparc Environmental Data | BLM, FPC, —_—t
Statement State,County)]
BLYM ,7PC, Certify Plant & Site, Producer &
State,USGS - Issuc Permits Ucilicy
Uscs Process FEIA (Drilling) CEQ ———.
FPC,State PUQ Process ETA (Plant) CEQ —_—
FI’'C, State Process EIA (Trunsmission CEQ
ruc Line)
Producer Development Drilling
Utilicy flant Construction
Ucility Install Transmission Line — — - -
(16km) I R | 1 - o S |

FIGURE 28-1

DEVELOPMENT SCHEDULE FOR FIRST PLANT: STEAMBOAT SPRINGS, NEVADA
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OVERATIRG
ENTIT1ES ACTIVITY 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
Owner Lease Lind, Issue Prospecting Permit — 4.
County Pr Envir tal Report ~ Pre-lease P ]
Issue Land Use Permit — .
Process Environmental Report - Drilling D ———
State Process Eavironmental Report, Lease Land - D e b NN T
1ssue Prospecting/Exploration Peraits
Issue Drilling Permits — :
Certify Plant and Site - Issue Permits p N— I
Process Environmental Reports ~ Drilling, B I
Plant Construction, Transwission Lines
Peveloper Exploration and Rescrvoir Evaluation L L
Commit to Development Al o o
Prepare Master Development Plan p—— [
Development Drilling L
uuu:;_ Commit to Development A a L)
. Prepare Environmental Data Statement 1 | —— 3
and Master Development Plan
Construct Plant, Install Transmission Lines L
Power on Line S0 A
po1/USCS Issue Drilling Permit . — |
Process ETA/EIS - Drilling ) S N —T] i1
bng/BLY Process RIA/EIS, Lease Land I
Issue STC Drilling Permft .
Certify Plant and Site, lssue Permite d o
DOL/USFS Process EIA/EIS, Lease Land
Issue STC Drilling Permit
FIGURE 28-2

DEVELOPMENT SCHEDULE FOR ALL PLANTS: STEAMBOAT SPRINGS, NEVADA



KEPLINGER uué!uoa’du, inc—

S-111AXX

OPERATILINC °
ENTUTLES ACTIVITY 1988 1989 1990 1991 1992 1993 1994 1993 1996 1997 1998
Owner Lease Land, Issue Prospecting Permit
County Process Envizonmental Repo:t - Pre-lease
Issue Land Use Permit
Proceso Euvironmental Report - Drilling
State Process Environmental Report, Lease Land
1ssue Prospecting/Exploration Permita
Issue Drilling Permits
Certify Plant and Site - Issve Permits |
Process Environmental Reports - Drilling,
Plant Construction, Transmission Linos
Peveloper Exploration and Rescrvoir Evaluation
Comatt to Development
Prepare Master Development Plan 3
Development Drilling —
litl-llt; Commit to Development
Prepare Environmental Data Statement
and Master Development Plan 1
Construct Plant, Install Transmissioa Lines J—-'
Power on Line soh hool
not/uscs Issue Drilling Permit |
Process EIA/ELS - Drilling
bor/ath Process EIA/EIS, Lease Land
Issue STC Drilling Permit
Certify Plant and Site, Issue Permits —
DOL/USFS Process EIA/ELS, Lease Land
Issue STC Drilling Permit . I

FIGURE 28-2 (CONCLUDED)
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STEAMBOAT SPRINGS, continued.
therefore be relatively inexpensive. The major curreat éroblem is
the uncertainty of the resource, i.e., whether or not thére is a
reservoir adequate to support power production.

There are indications that excessive calcite deposition has
occurred in early production wells. This is a geochemicaﬁ condition
identified at other Nevada/Utah geothermal power prospecth. Some
test wells have shown evidence of a moderate—tb-fapid decline in
flow, related to a pressure drop at the bottom_of the weli plus
possible fouling of the well. Prior related operational #xperience,
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 enoughjto influ-

ence the design of Steamboat Springs plant 1.

Economic Analysis. The projected economics of electrical
|

generation at the Steamboat Springs geothermal power prospect are
presented in Table 28-1. The levelized busbar cost of eléctticityl

from a flash conversion system at this site is estimated éo be 23.9
mills/kWh using currently available technology. Taking into account
anticipated cost reductions from the RD&D program, the fif@t 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 brint-out
and the assumptions and data used in this analysis.

XXVIII~6
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TABLE 281

ECONOMIC ANALYSIS: STEAMBOAT SPRINGS, NEVADA
FPLASH SYSTEM , S0 AW EZLECIRIC PLARY

PIRST ELANT OF LINX DATE : 1985

TENPRERATURE IN CENTIGRADE VRGRIES (BEST ESTINATE) : 210

VELL DEPTH I¥ NRTEES :
ERINE SALINITY : Low

800

OVERLYING ROCK TYEER : BEDIDB BAEC

IHE WELL PLOW RATE IS moT SPECIFIED : THE DEPADLT PLOM BATE DSED {RGN./BR.) =

212491

THE COST PER PROLUCTION WELL IS HOT SPECIFIED : IRE DEPAULY COST PEE PRODUCTION VELL () = 328084.0

THE COST PER INJECTION WZLL IS ¥OT SPECIPIED

PRODUCER FINANCIAL DATa

DEET FRACTION :

. ANNUAL INTEREST RATE OF DEET (FEACTION) :
REQUIREL RATE OF RETURN ON EQUITY (FBACTION) :

PRBOPERTY TAX RATE (FRACTICH) :
REVENUE TAX RATE OR BOYALTY

EFFECTIVE INVESTNENT TAX CHEDI®

ESCALATION FACTOR FCR OGN COSTS
ESCALATION PACTOR FOR ENERGY CCSTS :
ESCALATION FACTOF FOR CAFI1AL COSTS :
LIFE SPAN OF PRODUCTION WELLS (YEARS)
LIFE SPAN OF INJECTION WELLS (YEARS) :
LIFE SPAN OF PROLUCER PLAN1 (YEARS) :

START UF COST EOLTIFLIER :

(FEACTION) =
EFFECTIVE TOTAL INCOME TaX RATE (PRACTION) @

0.30
0.08
0.20
0.01
0.10
0.50
0.08
0.05 -
0.05
0.05
10.00
310.00
20.00
1.081

(ERACTICE)

: THE DEFAULT COST pER INJECTION WELL (5)

= 328084.0

UTILITY FINANCIAL DATA

DEBT PRACTION 3

ANRUAL INTEREST RATE ON CERT (FRACTICHN)
BEQUIRED RATE OF RETURN O) ECUITY (FRACTION) :
PROPERTY TAX RATE (FRACTION) :

BEVENUE TAX BATE OR HOYALTY
EPFECTIVE TOTAL INCONE TAX RATE (FRACIIGN) :
EFFECTIVE INVESTNENT TAX CREDIT
ESCALATICE PACTOR FOR 0N CasTSs :
ESCALATION FACTOR FOR ENERGY COSIS =
ESCALATION FACTOR FCR CAEITAL COSTS
LIFE SPAN OF UTILITY PLANT (YEARS)
ULTINATE CAPACITY FACTOR H

START UP COST BULTIPLIER :

(FRACTION)
(FRACTION) :

* NUNDER OF WELLS , CAFITAL COSTBASIS AND 04N COSTS s AND BEVEWUE BEQUIRENENTS VITBOUT ANY RED INPACTS ¢

CAPITAL COSTBASIS (1977 $H)

16 FRCDUCTION WELLS :

7 INECTION NELLS :
PRODUCER PLANT EXCLUDING WEALLS @
REPLACENENT PRODUCTION WELLS :
REPLACEBENT IRJECIION WELLS 3
REPLACENENT FLANT : _
~TOTAL FOR PRCDUCTICN FIZLD :
GENEEATING PLANT :
TOTAL :

OtB COSTS (1977 L .74 (9%}

6.319 PRODUCER
2.768 sewzmaL : 0.271
6.600 VELL : 0.075s
5.396 DEEP WELL PUEP : 0.0
2.361 _ SPENT BRINE IREATSENT : - Q.o
2912 - - - CHENICAL § MECHANICAL CLEANING 1 0.0
26.352 TOTAL ¢
26.331 .  UTILITY
52.683 GENERAL ¢ 0.768
CHENICAL & NECHANICAL CLEARING : 0.0
TOTAL : :

** REVENUE REQUIRENEZNTS »¢

PRODUCER :
OTXLITY 3
*  TOTAL :

16.272 BILLS/RWNHE
T.662 BILLS/XUBE
23.938 WILLS/KvHR

0.347

0.768

AN *sujady mogunag
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TABLE 28-1 (CONTINUED)

* BRED INPACTS FOR PLANT NO. 1 ~ OF LINE DAIE : 1985 =

RED COMPONENT ANTICIPATED CHANGE CHANGE I ERVENUER
(%) BEQUIRESENTS (MILLS/KWHR)
CAPITAL COST PER EFCDUCTICE WElL -5.00 -0.3623
CAPITAL COST PER IRJECTIION WELL -5.00 ~0. 1585

%% REVENUE REQUIREMENTS WITH ALL THE RED INPACTS INCLUDED. ®»
PRODUCER 16.680 RILLS/KWHR

UTILITE : 7.662 MILLS/KVHR :
*  TOTAL : 22.342 MILLS/KWHR *

* SENSITIVITY OF COST OF BLECTRICITY (PRONM PLANT NO. 1 + BRSD INPACIS INCLUDED) »

RESOURCE © OPERATING PARABEIERS BILLS/KEBR
HIGH RESOURCE TEMPERATURE ESTINATE (250 DEGREES CERTIGRADE) 15.375
LoV RESOURCE TEMPERATURE ESTIMATE (180 DEGRERS CERTIGRADE) 39.545
HBIGH CAFACITY PACTOR VALUE : (.85 21.02¢
LOW CAFACITY FACIOR VALEEZ : 0.60 29.789
EXEENSING OF INTANGIBLE DRiLLING COSTS ( 70.0% OF WELL COSTS EXPENSED) 20.737
DEPLETICN ALLOWANCE ( 22.0» CF GFOSS INCOHP) 19.45¢
INVESTHENT TAX CREDIT ( 26.2% GhOSS, 15.0% EPFECTIVE) 21.083

* BELC INPACTIS POR PLANT ¥O. 2 - OF LINE DATE : 1988

RED CONPONENT ' ANTICIPATED CHARGE CHANGE I¥ BEVENCE
(%) REQUIRENENIS (BILLS/KMAR)

NOMBER CP PRODUCTICE WELLS . -3.00 0.0

CAPITAL COST PER PRODUCTION WELL -12.00 ~0.869%
CAPITAL COST PER INJECTION WELL -12.00 -0.3808
CAFITAL COST OF GATHERING SYSTEN -10.00 _ _ -~ - =0.0813 - -
CAPITAL COST OF DISTRIBUTION SYSTEM - - : - T =10.00 ~0.0383
CAPITAL COST OF TURBINE GENEGATOR -3.00 ~0.0833
CAPITAL COST OF PROCESS MECHANICAL (UTILITY) -10.00 ~0.0202

LIFE SFAN OF PROLUCTION WELLS 20.00 ~0.539%

LIFE SPA¥ OF INJECTIION WELLS 100.00 <0.7150

STARY OF COST BULTIFLIERS (PRODUCER: -8.16 , UTILITY: -2.12) ~0.08397

** ReVENUE REQUIREBENTS WITH ALL THE RSD IMEACTS INCLUDED. =»

FRODUCER : 13.224 HILLS/KVHR
OTILITY : 7.390 BILLS/KWHR
. TOTAL ¢ 20.618 NILLS/KWHR *

AN ‘sdujadg jvoquuoly



KEPLINGER 4u1c74(mcidu. inc.—

6-111AXX

TABLE 281 (CONCLUDED)

® RET INPACTS POR PLANT NO. 3 - ON LINE DATE : 1990 ¢

REQUIRENENIS (MILLS/KVHR)

RED COMEONENT ANTICIPATED CHANGE CHANGE IN REVENUE

NUBBER Or PRODUCTICN WELLS =-3.00 0.0

CAPITAL COST PER FRODUCTION WELL -20.00 -1.4890
CAPITAL COST PER IRJECTICN WELL -20.00 -0.6340
CAPITAL COST OF GATHERILG SYSTEn ~10.00 -0.0813
CAPITAL COST OF DISTRIBUTIGN SYSTEM -10.00 -0.0383
CAPITAL COST OF TURBINE GEMERAION -3.00 -0.0833
CAPITAL COST OF PROCESS MECHADICAL (UIILITY) ~10.00 -0.0262
LIFE SPAW OF PROCUCIION WELLS 20.00 -0.539%
LIFE SPAN OP INJECTIOR WELLS 100.00 -0.7150
START UP COST HULITIFLIERS (PRODUCER: ~4.16 , UTILITY: -2,12) -0.8397

*+ REVENUE REQUIREHNENIS RITH ALL THE RED INEACTS INCLUDED. **

PBODUCER : 12.522 HILLS/KWHR
OTILITY 3 7.390 BILLS/KWER
. TOIAL ¢ 19.912 BILLS/KWHR *

AN ‘s8uradg jroqueasg
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STEAMBOAT SPRI#GS, 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 assuﬁptious of the
National Energy Plan scenario for escalation of coal pr?ces, the
levelized busbar cost of electricity from these sources is expected
to be about 20.0 mills/kWh for plants coming onfline in11985, 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 the adv;ntages of
further incentives. The sensitivity analysis for Plantjl shows thaf
expensing intanéible drilling costs would reduce the levelized Susbar
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 an1increased
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 two would appear to briﬁg the costs
of this plant into a position competitive with coal.

Subsequent Plants

The 50-MWe Steamboat Springs ?lant 2 is projected té go on
line in 1988. The design of this plant should benefit from opera-
ting experience at the 1983 flash conversion plants at Brady Hot

Springs, Roosevelt Hot Springs, and perhaps from Valles Caldera and

Salton Sea and Brawley (should the latter two be flash-tfpe 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-I) produces an estimated cost of
electricity 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 (MWe) ON-LINE DﬁTE
1 50 1987
2 50 1990
SUBSEQUENT 1400 1991-2002
PLANTS
TOTAL 1500 "to 2002

Estimate of Resource Characteristics

RESOURCE CHARACTERISTIC 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 SunYOil
\
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 Implicationms

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 possibilities). As

‘ghown in Figure 25-1, the first plant is expected to go on line in

1987. This requires that the existence of a commercial reservoir

must be established by 1982, Figure 25-2 shows the scheduled activi-

!
ties of principal participants in the development of the two 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 problems will remain by the time the finai design for
the plant must be completed. A little prior operating experience is
expected to be available to benefit the de§elopment at Feach: Heber
1 (along with Salton Sea 1 and Brawley 1, if binary), will just be
operationai; Cove Fort-Sulphurdale and East Mesa will b% in construc-
tion; and progress in parallel 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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OPERATING

ENTITIES ACTIVITY RECIPIENTS 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 l 1987
BLM 122 Envir al CEQ uLz
Reports ASSUNED COMPL FTED
BLM Leage Land’ Developer
Issuve Drilling Permits Developer e
Developer Preliminary Geophysical e
Exploration
Developer Exploratory Drilling and
Reservoir Evaluation
Developer Develop Utility Interesc —_—t
Developer Feasibility Study e
and Utilicy
Producer Financial Negotiations s
{Developer)
and Utiliey| .
Producer Site Selection —
Producer Commitwent to Development
and Utility
Producer Design
and Ucility
Producer Prepare Master Development |BLM, USGS e
and Utiltey] Plan
Ucility Prepare Environmental Data [BLM, FPC, e
Statement State,County,
BLM, FPC, Certify Plant and Site, Producer
State, UsCs Issue Permits and Utilicy
UScs Process EIA/ELS (Drilling) [CEQ -_t
FPC Process EIA/ELS (Plant) CEQ —————
FPC Process EIA/ELS CEQ _tT
(Transaission Line)
Producer Development Drilling
Ucilicy Plant Construction
Ucilicy

Install Transaission Line

DEVELOPMENT SCHEDULE FOR FIRST PLANT: LEACH, NEVADA

FIGURE 25-1
(FEDERAL LAND)
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DEVELOPMENT SCHEDULE FOR ALL PLANTS: LEACH, NEVADA

OPERATING :

ENTITIES ACTIVITY 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
Owner Lease Land, Iasue Prospecting Permit - 2]
County Process Envirommental Report ~ Pre—lease b I

1ssue Land Use Permic . — — —
Pr Envir el Report - Drilling
State Process Environmental Report, Lease Land ene— ;
Issue Prospecting/Exploration Pernits
' Issue Drilling Permits —-— — ———
Certify Plant and Site - Issue Permits —_
Process Environmental Reports - Drilling, 1
Plant Cons_trucuon. Transnission Lines
Developer Exploration snd Rescrvoir Evaluation
Comnit to Development Al 4
Prepare Master Development Plan P W T
Developwent Deilling
Uttlicy Commit to Development ol 4
Prepare Eavirenmental Dats Statement Ll T
and Master Development Tlesn
Conatruct Plant, Install Transmiseion Lines L
Powet on Line so &l
po1/uscs Lasue Orilling Permit A — -— —
Process EIA/EIS - Drilling ) SG EE——
DOL/BLM Process EIA/E1S, Lesse lLand
' 1ssue STC Drllling Permit . 1
Certify Plant and Site, Issue Pernite
NO1/USFS Procees EIA/EXIS, Lease Land
Issue STC Drilling Permit
FIGURE 28-2
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OI'ERATLING
ENTITIES ACTIVITY 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Owner Lease Land, Issue Prospecting Permit - —te o - e - = .
County Process Envirowmental Report - Pro-lease ([ N 1
1ssuc Land Use Permit L I — —— -— - 0 — — u
Process Envirommental Report - Drilling 2 r—— .. —_— —_—1 B_ ]
State Process Environmental Report, Lease Land PRSI . 49_..__‘_- D e it Gt
Issue Prospecting/Exploration Permits .
I1ssue Drilling Permits -1 -— -~ -— -— o —_ — | -
Certify Plant and Site - Issue Pormite - __J_.-——— 10| ——3 L 4
Process Environmental Reports - Drilling, - b1 10 u_ .
Plant Construction, Transafssion Lines
Developer Exploration and Reservoir Evaluation — (- o e Sem 3
Comnlt to Development Y o Q \ 4 ﬁs ya); s H “ﬂll
Prepate Haster Devclopment Plan - S I — e r——— p—
NDevelopment Drillfag 5 = 10 .
Utility Comnit to Development 4 £ 4 . 0 Y ﬁ 13
Prepare Environmental Data Stetement — 5 —_ — 0 —_— L__ L3
and Master Development Plan _10
Construct I'lant, Install Tronsmission Lines 3 =t IR -}
Pouer on Line oA liooA hood oo’ f00A fooA fiood TiooA oo at
pot/uscs Insue Drilling Permit * b - —_ I - o - — (U8
Process EIA/ELS - Deflling _5__ - — — — Ii
pol/pM Process EIA/ELS, lLease Land —— (1] - L
* legaue STC Drilding Permit
Certify Ilant and Site, lssue Permite e -] ———— 19 .__...-_.u-—
DO1/USFS Process FIA/EIS, Lease Land
LIssue STC Drilling Permit

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

OPERATING
FNTITIES N ACTIVITY 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Owner l.eage Land, Issue Prospecting Permit
County Process Environmentsl Report ~ Pre-lesse
Issue Land Use Pormit
Pr Envir al Report -~ Drilling | o ‘_
State P Envi sl Report, Lesse Land
1ssue Prospecting/Exploration Permits
Issue Drilling Permite
Certify Plant and Site - Issue Permits d
Process Eavironmentsl Reports - Drilling,
Plant Construction, Transaission Lines
Developer Exploration and Reservoir Evaluation
Commit to Development
Prepare Master Development Plan 13
Development Drilling
Uttlicy Commit to Development
Prepare Environmental Data Statement
and Master Development Plsn 13
Construct Plant, Install Trensmission Lines
Powver on Line 100A 00 A 100413
pO1/USGS Issue Drilling Permic e
Process EIA/E1S - Drilling
poL/mM Process EIA/EIS, Lease Land
1ssue SIC Drilling Permit
Certify Plant and Site, Issue Permits e ) _ .
DOL/USFS Process EIA/EIS, Lease Land
1ssue STC Drilling Permit }




KEPLINGER 4..10[,,“;.&,, inc.—

LEAC#, continued.
in the 10-MWe pilot plant at Niland. One year prior to design freeze
on the Leach plant, deep-well pumps of improved reliabil?ty and
durability are expected to be available (1l.5-year expected life

versus the current less-than-6-month life).

Economic Analysis. The projected economics of elect%ical genera=-
tion at the Leach, Nevada, geothermal power prospect are presented in
Table 25-I. The levelized busbar cost of elec;tricity1 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 fi%st 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 plants in this region
will be competing primarily against coal-fueled steam plants for
baseload generating capacity addition. Under assumptions Bf 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 19?5. rising
to 20.6 mills/kWh for plants coming on-line in 1990.

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

therefore definitely not competitive without the advantage of further

1
See Chapter 2 for a detailed descr1pt1on of the computer pr1nt-out
and the assumptions and data used in this analysis.

XXv-7
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TABLE 25-1
ECONOMIC ANALYSIS: LEACH, NEVADA
BINARY SYSTEM , 50 N® ELECIRIC PLANT
PIBST PLANT OF LINE DATE : 1987

TENPERATUAZ 1IN CENTIGEADE DEGEREES (BEST ESTINATE) : 170

WELL DEPTH IN ABTEES : 2500

BRINE SALINITY : row

OVERLYING ROCK TYFE : MEDIUM BAFL -

THE WELL FLOW RATE IS NOI SPECIFIED : THE DEPAULT FLCVN EBATE DSED (KGM./HBR.) = 268208

THE COST PRR PROCUCTION WELL IS MOT SPECIFIED : THE DEFAULT COST PER PRODUCTION WELL {3) =2138286.0
THE COST PER INJECTION WELL IS NOT SPECIPIFD : THE DEFAULT COST EFER INJECTION WELL (8) =1825524.0

PRODUCER FINANCIAL DaATA UTILITY PINANCIAL DAIA

DEBT FRACTION : 0.30 DEBT FRACTION : 0.50
ANNUAL INTEREST BATE ON DERT (EBACTION) 2 0.08 ANNUAL INTEREST RATE ON CERT (FRACTIOK) 0.08
BEQUIREC RATE OF EETURN ON BQOITY (PRACTION) : 0.20 REQUIRED RATE OF RETURN CW ECUITY {PBACTION) 0.12
PFOPERTY TAX RATE (FRACTICN} : 0.01 PROPERTY TAX RATE (PRACTICN) : 0.01
REVENUE TAX RATE OB ROYALTY (FEACTION) 3 0.10 REVENUE TAX RATE OR BOYALIY {PRACTION) : 0.0
EFPFECTIVE TOTAL INCONE TAX RAIE (ZBACTION) : 0.50 EFFECTIVE TOTAL INCOME TAX RATE {FRACIION) 0.50
"EFFECTIVE INVESTBENT TAX CHEDIT (FRACTION) : 0.04 EFFECTIVE INVESTBENT TAX CEEDIX (FRACTION) : 0.04
ESCALATION FACTOR FOR O8N COSIS : 0.05 ESCALATION FACTOR FOR OEN COSTS : 0.05
ESCALATION PACTOE FOR ENESGY CCSTS : 0.05 ESCALATION FACTOR FOR ENERGY COSIS 3 ) 0.05
ESCALATICN PACTIOR FOR CAEITAL COSTS : 0.05 ESCALATICY FACTOR FCR CAFITAL COSTS : ¢.05
LIFE SPAN OF PROCUCTION WELLS (YEARS) = 10.00 LIFE SEAM OF UTILITY PLANT (YEARS) : 30.00
LIFE SEAN OF INJECTION WELLS (YEARS) ¢ 10.00 ULIIAATE CAPACIIY FACTOR : 0.80
LIFE SPAN OF PRODUCER PLANI (YZARS) : 20.00 START UP COST MULTIPLIZR : 1.016
START UP COST BMULTIELIER : 1.036
* NUBBER OF WELLS , CAFITAL COSTBASIS AND OZE COSTS ¢ AND BEVENUE REQUIRENENTS WITHOUT ANY RED INPACTS *
CAPITAL COSTBASIS (1977 sm) 08N COSTS (1977 $N/¥R.)

28 ERODUCTION WELLS : 61.7274 PRODUCER

10 INJECTION WELLS ¢ 17.159 GEMERAL 1.48%
PRODUCER PLANT EXCLUDING WELLS : 9$.501 WEBLL : 0.656
REPLACENENT PRODUCTION WELLS : 52.756 DEEP WELL PUNP : ) ~ . 0.850_
REPLACESBEXT INJECTION WELLS : 14.655 . B . . - - SEENT -BRINE TREATHENT : 0.0
REPLACERNENT _PLANT 3 - §.192 CHEAICAL & MECHANICAL CLEAMING : 0.0

TOTAL FCR PRODUCTION FPIELD : 160.038 TOTAL @ 2.991
GENEBATING PILANT : 36.678 UTILITY

TOTAL : 196.712 GENERAL : 1.319

CREBICAL & MECHANICAL CLBANING 3 0.0

TOTAL : 1.319

S5 BEVENUZ RECUIRENENZS *»

PRODUCER : 97.612 BILLS/KNHR
UTILIIY : 11.167 AILLS/XNHK
*  TOTAL : 108.779 AILLS/KNHR =

AN ‘yreoy
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TABLEISJ“JMTHNU;D)

* R6D IBPACTS FOR PLANT NO. 1 - ON LINE DATE 3 1987 »

SECUIRENENTS (BILLS/RWHR)

RELC CONEFCENERT ANTICIPATED CHANGE
})
WUMBER OF PRODUCIION WELLS -22.00
CAPITAL COST PER FRCDUCTION WELL -12.00
CAPITAL COST PER INJECTION WELL -12.00
CAPITAL COSY OF GATHERING SYSTEN -10.00
CAPITAL COST OF DISTIRIBUTION SYSIEN -10.00
CAPITAL COST OF FBOCESS MECHANICAL (UTILITY) ~50.00
CAPITAL COST O CONDENSER & HEAT BRJIECTION FQUIPMENT -20.00
PRODUCER DEEF WELL PURP O68 CCST PACTCR (PIWARY SYSTEN +» TERP <260 C) -67.00
LIFE SPAB OF PECLUCTION WELLS 20.00
LIFE SPAN OF INJECIION WELLS 100.00

*+ REVINUE BREQUIRENENTS WITH ALL THE RED INPACTS INCLUDED., »+

PRODUCER : 65.432 NILLS/KWHE
UTILITY : 9.859 BILLS/KWHR
L4 TOTAL & 75.291 HILLS/KWHR *

* SENSITIVITY OF COST CF BLECTEICITY (PEOS PLANT ¥O. 1 » BED INPACTS INCLUDED) *

RESOURCE & OPERATING PARANEIRRS

BIGH RESOURCE TENPEGATURE BSTIOATE (200 DEGREES CERTIGRADR)

LOW RESOURCE TENPERATURE ESTINATE (190 DEGBEXS CENIIGRADE)

BIGH CAPACITY FACTIOR VALUE : C.85

LOW CAPACITY PACTOS VALUE : 0.60

EXPENSING OF IRTANGIBLE DRILLING COSTS ( 70.0% OF WELL COSTS EXPERSED)
DEPLETICN ALLOWANCE ( 22.0% CF GBCSS INCOBE)

INVESTBENT TAX CREDIT ( 26.2% GROSS, 15.0% BPFECIIVE) - -

46.426
151.133
70.862
100. 388
60,997
62.438

“11.103

CHARGE IN REVENUR

~14. 1023
~8. 1859
~2.2628
~0.0939
-0.0965
-0.6846
~0.6630
-1.8711
-5.0543
-8.2531

BILLS/KSBR

At
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TABLE 25-1 (CONCLUDED) *

* BSC INPACTS FOR PLANT NO. 2 ~ ON LINE DATE : 1990 @

RED COUPONENT

ANTICIPATED CHANGE

(%)
NOBBER OP PROLUCTIICN WELLS -22.00
CAPITAL COST PER PRCDUCTION WELL -20.00
CAPITAL COST PER INJECTICN WILL -20.00
CAPITAL COST OF GATHERING SYSTIES -10.00
CAPITAL COST OF DISTRIBUTIGN SYSTER -10.00
CAEITAL COST OF EROCESS RECHAMICAL (UTILITY) -50.00
CAPITAL COST OF CONDENSER o HEAT REJECTIION EGUIPNEMNT -20.00
PEODUCER DEEP WELL FUMP O6B CCST FACTCR (BPINABY SYSTEN , TENP <260 C) -67.00
LIFE SPAN OF PROCUCIION WE.LS 20.00
LIFE SPAN OF INJECTICN WELLS 100.00

** REVERUE REQUIRENENTS

PROCUCER
UTILITY
* TOTAL

WITH ALL TRE RSD INPACTS INCLUDED. *#*

t 60.285 NILLS/KWHE
H 9.859 HILLS/KWHR
t 70.184 HILLS/KWHR =

CHANGE IV HEIVENDE
KEQUIRENENTS (NILLS/KWHE)
-14,. 1423
-13.5766
-3.7713
-0.0949
-0.0965
-0.6u86
-0.6€30
-1.8711
~5.0543
-4.2531

AN ‘youm
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LEACH, ‘concluded.
incentives. The sensitivity analysis for Plant 1 shows thgp expensing
intangible drilling costs would reduce the levelized busbar cost by
about 10.3 mills/kWh, that a 22 percent depletion alldwance;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 mills/kWh. Thus, the use of all three plus further incentives
would be required to render this plant roughly'cémpetitive én 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 acﬁieve a desired level of Fe#eral
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 ;apacit&, is
scheduled to come on line in 1990. At that late d#te, RD&D-related
technological improvements available in 1987 should brihg thé economics
down to 70 mills/kWh, still highly noncompetitive with power from

coal-~fueled plants.

XXV—ll



