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September 16, 1977 

Mr, Tom Clay 
Millican Oil Company 
908 Town & Country Blvd. 
Suite AOO 
Houston,-Texas 77024 

Subject: Dixie Valley 
Geothermal Proj ect 

Dear Mr. Clay; 

Enclosed is our report entitled: "Phase II Preliminary Evaluation of Dixie 
Valley, Nevada: Geothermal Potential and Associated Economics". We have 
evaluated the potential of Millican Oil Company's holdings on the basis of: 
(1) the geology and structure of the Stillwater and Clan Alpine Ranges as 
they may affect the geothermal potential of the Dixie Valley area; (2) the 
local ground-water geochemistry as it may relate to subsurface temperature 
in the Dixie Valley area; and (3) a comparison of various hypothetical res­
ervoir conditions and their possible affects on the economics of future geo­
thermal production. 

We have concluded that two reservoirs may exist in the Dixie Valley area. 
The uppsr reservoir may involve a hot-water convection system within upper 
volcanic sequences and lower intervals of the overlying alluvial fill. The 
lower reservoir, which could be vapor dominated, may be below the base of a 
gabbroic lopolith in either fractured quartz arenite or other metamorphic 
sedimentary rocks below the gabbroic complex. With the exceptions of the 
structural interpretations made in the enclosed report and the forthcoming geo­
physical data to be received from Southland Royalty in the near future, little 
detailed information is available that can be used at this date tc evaluate 
the potential of the .Lower reservoir. At this date, however, it appears that 
only the areas along the western front-range fault system could be utiderlain 
by a relatively shallow gabbroic complex (i.e. less than 7,500 feet depth). 
The depth of the lower reservoir would increase toward the center of the Dixie 
Valley basin, where drilling depths would be economically prohibitive. 

The economic foundation for the upper, hot-water reservoir of Dixie Valley 
has been established during this evaluation. The general economic foundation 
for a vapor-dominated reservoir has been assessed briefly in our previous 
report (April 21, 1977), which incorporated data from The Geysers area as a 
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ij general analogy of production costs, cash flo-w and profitability. While the 
|j earlier report may not be directly applicable to the postulated lower res­

ervoir, it will serve as the basis for later detailed evaluations of the 
lower reservoir, if merited. 

We can'discuss the conclusions and ramifications of our evaluations at 
your convenience after my return from Europe in a few V7eeks. I will advise 
you as soon as my return date is known. 

Very truly yours, 

KEPLINGER AND ASSOCIATES, INC. 

\ ^ 

c 
z 
ZJ 

a. 
Ul 

Michael D. Campbell 
D i r e c t o r , A l t e r n a t e Energy, 
M i n e r a l and Environmental 
Programs 

MDC:fl 
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HF'SE I I 

PRELIMIN'-iRY EVALUATION 

OF 

DIXIE VALLEY, NEVADA: 

GEOT.HERMAL POTENTIAL 

AND 

ASSOCIATED ECONOMICS 

I. SUMMARY 

A ground-water geochemical survey was conducted on selective springs 

in the Dixie Valley Area. Geothermometric calculations indicate a maximum 

subsurface temperature of 175 degrees Centigrade (347 degrees Fahrenheit) with 

considerable mixing of fresh water from recharge areas at the sampling sites, 

A structural analysis suggests three t̂ 'pes of structures are present in the 

basin. Type I is the range-front fault zone. This zone receives recharge from 

t h e Stillwater Ranges and is considered of lower potential than the area within 

the major east-west graben structure (Type II). The third type of structure is 

basinv;ard and parallel to the strike of the range-front fault system. Expected 

reservoir rock is either the lower intervals of the alluvial fill or the upper, 

highly fractured Tertiary volcanics at depths of 4,000 to 7,000 feet. In 

addition, the interval at or below the base of the gabbroic complex or lopolith 

may be a vapor-dcminoted reservoir. However, the depth to such a reservoir 

may bo excessive, except for areas along the western edge of t h e basin. 

The eco.nomic potential of the Dixie Valley area has been compared to 

other geothermal operations of the world. This allows minunum resource chcnrac-

teristics to be set during an early stage of development for an assessment of 

the viability of the prospect. 



Bco.no.-nic viability for the Dixie Valley area (beyoi-id 1980) will 

require a minimuni wellhead temperature of 200 degrees Centigrade (392 degrees 

Fahrenh-2it), a minimum of approximately 475,000 Ibs/hr well flow rate, and 

a maximum well cost of $400,000. An analysis of producer's cost is presented 

that illustrates the economic effects of variations in the above factors. 
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II INTRODUCTION 

General: Dixie Valley Potential 

A Stage I exploration program is presently underway to evaluate the 

geothermal potential of Dixie Valley, located in Churchill County, Nevada (See 

Figure 1), with an emphasis on the areas presently held or controlled by Millican 

Oil Company (see Plate I-back pocket). This report summarizes the results ob­

tained to date. The program has consisted of three concurrent projects: 1) a 

ground-water geochemical evaluation - to indirectly assess the potential sub­

surface temperature and chemical characteristics of the reservoir fluids; 2) a 

structural evaluation cf the Stillwater and Clan Alpine Ranges - to determine 

the history and interrelationships of the inferred structural features in the 

Dixie Valley as they relate to potential geothermal production; and 3) a geo­

logical evaluation of the Stillwater and Clan Alpine Ranges flanking Dixie 

Valley - to determine the possible geological character of the potential geo­

thermal reservoir rock in the basin. 

-2-
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A.s the developcp.ent of geotherrr.Ti 

energy proceeded in the United States over 

the past decade, dry-steam resources (or 

vapor-dominated reservoirs) gained industrial 

acceptance because the resources were found 

to be a readily available and dependable 

source of easily-converted energy that could 

be produced at relatively lov,' cost and there­

by displace conventional energy sources. The 

availabilty of this type of high-quality 

(high-grade) energy resource, however, is 

limited, but hot-water-dominated'reservoirs 

containing medium-grade resources are approx­

imately twenty times more numerous than the 

vapor-dominated, high grade resources. Indus­

try has begun to develop these medium quality 

(medium grade) resources over the past few 

years in the United States, and are now searching 

for the highest quality, medium-grade resources, 

as conversion technology is developed from 

long-term experiences in the high-quality re­

sources (vapor-dominated reservoirs) of the Geysers 

and other areas and from recent experiences in the medium quality resources 

(liquid-dc.minated reservoirs) of New Zealand, Mexico and elsewhere in the world. 

The latter resources are developed and produced as high-temperature water 

FIGURE 1: LOCATION MAP -
DIXIE VALLEY, CKURailLL 
COUNTY, NEVADA: ARRÔ /? SUa<IS 
AREA OF INTEREST (FROM 
TH»IPSON AND BURKE, 1974; 
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(greater than 250 degrees Centigr̂ ;!-:- (446 degrees Fahre:":heit) that is steam 

flashed either at the wellhead or v;ithin the pov/er plant under pressure. 

Mjedium quality (medium grade) resources that may be developed and 

produced from medium temperature v/ater (less t±an 230 degrees Centigrade) are 

now under review in many areas of the western United States and the energy con­

version technology, according to theoretical models developed to date, is pre­

sently available. The economic viability, however, is uncertain because the 

models have not yet been fully tested under field conditions, although opti­

mistic activity is continuing in a number areas of the western U.S. with 

favorable results obtained to date. 
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The potential of Dixie Valley as a medium quality (medium grade) 

source of energy is dependent upon the nature of the reservoir (temperature, 

permeability, volume, and chemical characteristics of the produced fluids) and 

upon the economics of reservoir production and power-plant conversion of the 

contained energy for electrical power generation. The initial results of the 

exploration program presently underway indicate that the Dixie Valley area 

has an excellent geological potential for developing hot water of sufficient 

high temperature and volume to supply a power plant with a minimum of 100-150 

MW capacity. In order to assess the area's economic factors, certain assump­

tions must be made at this date on the nature of the reservoir until data from 

the forthcoming drilling program can be used to confirm reservoir character, 

which V7ill increase the level of confidence of future economic analyses. 

-4-



Gen; Dixie Val.lev Economics 

Ui 

O 
z 
Z J 
b. 
Ul 

i£ 

A search and evaluation of all available econom.ic information and 

data have been conducted in order to identify the salient features that affect 

the economic potential of the Dixie Valley area. Based on the information 

now available from the exploration conducted to date and on other geothermal 

operations in the world, a general economic framework can.be established for 

the Dixie Valley area. This report will summarize the various factors in­

volved and will serve as: 1) a foundation for future, more detailed cost 

analyses as the knowledge improves on the Dixie Valley area vath time; 2) a 

general guide to future exploration and development costs; and 3) a preliminary 

assessment of the various production-cost models to determine minimum reser­

voir and land requirements and associated economic danands that will affect 

the economic viability of the Dixie Valley area generally and the holdings 

of Millican Oil Company specifically. 

The m.ost important factors that affect the economics of geothermal 

energy conversion to electricity are: 

1) wellhead temperature of produced water. 

2) v;ellhead flow rate 

3) cost of the multiple-well system supplying the power plant. 

The capital cost of the pov.-erplanT: is significant but is not highly 

sensitive to variations in the above factors, which individually or in com­

bination determine the economic viability of the particular prospect. The 

optimum power-plant size will probably remain relatively small, usually in 

-5-
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the 50 to 150 I-Me range because the opportanities for achieving siqnifica.nt 

cost reductions through "econo.mics of scale" are small. 

The stea-n-flash method (vhich directly drives turbines) and the 

binary method (v;hich uses the heat contained in the produced water to vaporize 

a working fluid (isobutane is presently favored to drive turbines) are now 

theoretically competitive. However, a binary system has yet to be tested 

over sufficient time to indicate its effectiveness, although pilot plants 

in southern California are showing favorable results. One plant has been in 

operation in the Soviet Union for some years, also with reportedly good results. 

The binary system is considered to be cost effective when the produced water 

is below 200 degrees to 230 degrees Centigrade (292 degrees to 446 degrees 

Fahrenheit), while the flashed steam approach may be cost effective vrfien the 

water is above 230 degrees Centigrade. However, recent cost inflation for 

binary systems has eroded their apparent economic advantage to the point that 

in-plant steam flashing costs may now be similar to binary system costs (see 

Appendix for pov/er-plant configurations). 

As a potential producer of geothermal energy, Millican Oil Company 

will not be directly involved in either plant design or selection of the type 

of conversion process. The producer's role is to explore, discover and pro­

duce geothermal energy; since flashing at the wellhead is very inefficient 

(although flashing in the formation would be highly desirable), the energy 

produced will be hot v/ater under pressure. The product is then delivered to 

a power-generating plant erected in proximity to the geothermal reservoir 

by an electric utility company. Tne producer, therefore, is responsible for 

-6-



gathering of the hot v,-ater (or steam), transmitting the liquid to the pov/er 

plant, and subsequent disposal cf \.'arm v;ater and condensate by subsurface in­

jection. Recovery of fresh water for use in agriculture instead of reinjec-

tion is a possibility, especially in the arid regions of Nevada; by-product 

recovery of marketable metals and/or noametals is also a possibility, if 

economically recoverable. 

The price received by the producer for his geothermal product is 

determ.ined from the cost of power leaving the power plant and other factors 

such as: 1) proximity of the geographical locations of the geothermal reservoir 

to a load or use region; 2) the capital, operating, and maintenance cost of 

power generation from the produced fluids; and 3) the conversion efficiency 

of the power plant incorporating the produced fluids. 
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The price received by the utility in a given geophysical area depends 

upon the future cost of base-load electricity supply from competition sources, 

such as nuclear pov;er, low-sulfur fuel oil, coal, and hydroelectric power. The 

cost of a new based-load electric power supply in the period 1975-1985 has been 

determined from the projected cost of prim.ary fuels and their respective capi­

tal requirements for conversion into electric power. The mean marginal power 

costs have been calculated for various load centers in the western United States, 

based on projections by the National Petroleum Council (1971) as to the market 

share held by-each primary fuel in the electric power-generating sector. The 

mean m.arginal "city gate" power cost in the western United States ranges from 

20-30 mills/kW hr. 

-7-



By establishing the prospDctive utility cc-pany's power cost-rate 

structure, which is generally necessary in producers-utility contract negotia­

tions, the contract price paid to the producer (cost plus profit - v^ich includes 

rewards for early risk), is determined for a ten to twenty year period with 

provisions for price escalations due to inflation and other factors that serve 

to increase the producer's cost. 
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Given the utilities cost-rate structure, a maximum negotiated producer 

price range can be estimated. If a 20 millAW hr. utility cost is assumed, a 

producer price of 15-17 mills to the utility could be expected for present con­

tracts (1977-1980). It should be emphasized that producer price increases direct] 

influence utility costs and therefore "city-gate" prices. The producer price 

depends on the ability of the particular reservoir to produce and on the cost 

to produce fluids at economically acceptable temperatures and flow rates. In 

order to test the potential economic viability of the Dixie Valley area within 

the areas held or presently controlled by Millican Oil Company, the geological 

potential has been evaluated and will be discussed on the basis of presently 

available information, followed by a review of the economic ramifications of 

this potential. 

On behalf of Millican Oil Company, the exploration programs and pre­

liminary economic evaluations have been conducted by Keplinger and Associates, 

Inc., under the direction of Mr. Michael D. Campbell. Mr. Charles C. Wielchowsky 

conducted the field programs and was assisted by Mr. Randy Foutch. 
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I l l GEOLOGICAL POri:;TIAL 

Reservoir Tomoerature 
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A geochemical survey of selected springs and wells v/as conducted 

during June, July and August, 1977 (Plate II indicates sampling locations). 

The survey was designed to evaluate the following factors: 

1) Representative chemical content of the springs and wells 

. 2) Chemical content flux over time of the springs sampled 

3) Temperature flux over time of springs sampled 

4) Chemical relationship of hot-water sources to cold-water 

sources 

5) Analytictil variations 

6) Reservoir temperature 

7) Subsurface hydrological conditions 

Table 1 presents the results of chemical analyses conducted on the 

samples taken during tlie survey. Samples and temperature of the springs were 

obtained over a nine day period. Duplicate samples were taken at the beginning 

and at the end of the survey period from each of the three springs sampled (t\\'o 

hot-water springs and one cold-water spring) for analysis of analytical error. 

Temperatures were obtained in the morning and evening. Samples were taken on 

alternate days in the morning for chemical analysis. The suite of chemical 

analysis tested is that commonly conducted in geothermal exploration and develop­

ment. 

-9-
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Altriough the data are still under review, the following interim ĉ.'-i-

clusions can be made: 

1) Springs No. 1 and No. 2, although separated by less than a 

mile, differ significantly in chemical content, the former 

being a chloride-sulphate-bicarbonate type (Cl-SQ^-HCO3)and 

the latter a chloride-bicarbonate-sulphate type (CI-HCO3-SO4). 

Tills suggests that the fault or fracture systems feeding the 

two springs may not be in mutual communication or that mixing 

of deep reservoir water with shallow meteoric ground water is 

occuring. A combination of both possibilities is postulated 

at this time. 

2) Chemical and temperature short-term flux (9 day period) in both 

hot-water springs is remarkably constant, although the planned 

future geochemical sampling may show variation within a long-term 

flux period over months). This suggests that stable conditions 

are present at depth, either as a result of constant subsurface 

influx of meteoric ground water from the Stillwater Ranges, or 

of equilibrium conditions within the reservoir. The former is 

postulated at this time. 

3) Springs No. 3, located some 6.5 miles north of Springs No. 1 and 

No. 2, and the Frenchman Vfell located approximately 60 miles 

south in Fairview Valley (see Figure) are cold-water sources 

and were selected for sampling as a base-line for establishing 

the local and regional characteristics of meteoric ground-water 

influx and recharge to the local basin and recharge areas 
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at so.~i5 dist?::!ce fro.ni the Dixie Valley area of interest. The 

chemical data of the cold spring suggest that this water is 

representative of ground-v.'ater systems recharged in the Still­

water Range area. Its non-involvement with hot-water systems 

is structurally controlled by fault and fracture systems above 

geothermal influence. The data from the Frenchman Well indicates 

near-typical mid-basin ground-v;atsr, v.'ith minor exceptions. 

4) Calculated subsurface temperature and mixing components using 

the standard methods indicate wide but significant variations: 

I. Spring No. 1 - 57.3 degrees Centigrade (135 degrees Fahrenheit] 

A. Ca-Na-K method 

log K* = log Na + ft (1/3) log Afca" 
K r Na 

Calculated as: 132 degrees Centigrade (270 degrees Fahrenhc 

B. log Na method 

K 

Calculated as: 105 degrees Centigrade (221 degrees Fahrenh^ 

C. Silica Method - Model 2 

Mixing: 57% Cold water 
43% Hot v/ater 

Indicated Temperature: 155 degrees Centigrade (311 degrees 

Fahrenheit) of Hot water 

II. Spring No. 2 - 67.3 degrees Centigrade (153 degrees Fahrenheit 

A. Ca-Na-K method 

Calculated as: 146 degrees Centigrade (295 degrees Fahrenh^ 

B. Log Na 
K_ 

Calculated as: 125 degrees Centigrade (257 degrees Fahrenh 
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Silicc. McthcJ - nodel 2 

Mixing; 39?, Cold U'ater 
Gl?. Hot Water 

Indicated Temperature: 175 degrees Centigrade (347 degrees 
Fahrenheit) 
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The effects of mixing meteoric ground-water and upwelling reservoir 

water are clearly indicated in the calculated mixing conponents. In addition, 

disequilibrium conditions between the rock (through which hot water has migrated) 

and the produced water are also indicated. This reduces the reliability of the 

Ca-Na-K and log Na methods of subsurface temperature calculation. The silica 
K 

method, however, is less affected by disequilibrium effects and since travertine 

deposits around the spring outlets were not apparent (siliceous sinter was 

also not apparent), the reliability of silica-based calculations for tenperature 

and mixing is considered reasonable minimum temperatures for relatively 

shallow, mixed sources. This suggests that deeper sources may be in excess 

of 175 degrees Centigrade (347 degrees Fahrenheit) and that the spring data 

show the effects of shallow involvement of meteoric ground water. 

It should be enphasized here that using all of the above methods for 

reservoir tenperature estimations, in conjunction with sanples derived from 

hot-springs, can be misleading if the hydrogeological conditions are ig.nored. 

But, minimum temperatures can be established with relative confidence if the 

effects of meteoric ground water influx can be estimated. The above methods 

and other geochemical ratios will be of particular benefit when initial drilling 

permits deep sairpling of reservoir fluids to estimate maximum temperatures 
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I present in the rGS-3rvoir syste.m. An estimation of pro.-iniity to heat source 

v;ill also be possible and will be one of the Lmrwrtant guides to exploration 

and well-site selection in tlie future. 

5) Chloride content suggests that the Dixie Valley system in the 

vicinity of the springs sampled is a hot water-dominated t̂ 'pe reservoir. Chloride 

content less than 50 ppm indicates a vapor-dominated reservoir, as in The Geysers 

area. If a vapor-dominated reservoir is present at depth (at the base of the 

gabbroic complex or lopolith) there is no indication of its presence in the 

ground-water geochemistry of the hot springs sampled. The upper reservoir 

could be obscuring any manifestations of a deep, vapor-dominated reservoir. 

Structural Elements 

A field evaluation of the structural geology of the Stillwater and 

Clan Alpine Ranges was conducted during the summer of 1977 in conjunction with 

the geochemical and spring sampling program. A preliminary view of the perti­

nent structural aspects of the Dixie Valley area is shown in Plates II (Plan) 

and III (cross-sections). Although important data and interpretations are 

forthcoming from areomagnetic surveys presently underway, which will serve 

to significantly improve the knowledge of the structural setting of Dixie 

Valley, an interpretation independent of the nev/ geophysical input will serve 

to either support or alter future interpretations of the Dixie Valley structure 

based strictly on such geophysical interpretations. 

It is reasonably clear at this date that potential geothermal pro­

duction may be associated with three general types of structures. The first 
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t^p; of structure (T^pe I) is the major fault zones (range-front faults) t h a z 

border the Dixie Valley on the west. The second type of structure (Type II) 

is the broad graben structure that trends northwest-southeast, originating 

in the Stillv/ater Range north of Section 10 of Range 35E: 24N Township and 

splits southeastward into two fault zones, within vhich is a major downthrovm 

block or complex of blocks that appear to extend into the basin. The third 

type of structure (Type III) of potential significance is the fault zone that 

runs parallel to the major fault zones of the western border of Dixie Valley 

in a position 4-5 miles basinward of Type I structures. The relative potential 

of the three structure types is discussed. The conclusions made here are 

tentative and subject to revision based on the new geophysical information 

soon to be available. 

Type I - This type of structure will extend to considerable 

deptiis and are responsible for the hot springs located in Dixie Valley, two 

of which were sampled, as discussed previously (see Plates II and III). 

The principal fault zones (associated with range-front faults) on 

the west will probably be the principal carrier of sinking meteoric ground 

water (see Plate III - northwest edge of cross sections). As it is heated 

to the boiling point consistent with the effects of hydrostatic pressure and 

increasing heat at depth, an upward migration of less dense, heated ground 

water would occur, perhaps along the second of the major fault zone, located to 

the east of the principal range-front fault zone. This mechanism is inferred 

from the interpretations of the chemical data generated by the spring sampling 

program. The depth at which rising, hot ground water would be encountered 
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by meteoric ground water would be the depth at v.hich the meteoroic water v/as 

introduced into the fracture system, which may be shallow or deep. The chemical 

differences betv.'een Spring No. 1 and No. 2 support this viev,' and further in­

dicate that the point of entry v/ill affect the equilibrium conditions. 
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In general, the Type I structure is not considered to be prospective 

until it reaches sufficient depth to allow the introduction of rising, hot 

fluids into associated fracture system^s having significant communication with 

either the basin convection cells or heat released from below the gabbroic com­

plex. This ti'pe, therefore, will not be prospective at shallow depths because 

it serves as the recharge points for the basin until a depth of approximately 

4,000-7,000 feet is reached, whereupon it may feed fractured systems of sufficient 

permeability to be of interest for possible geothermal production. 

Plate II shows the areas held or controlled by Millican Oil Company 

and other companies tliat appear to have potential for Type I associated structure. 

It should be noted that only intervals below 4,000 feet and above 7,000 feet 

depth are considered at this date to have potential, the latter depth limitation 

is based on the apparent economic limitations of drilling, as will be discussed 

later. The areas are located in the Northern Region (See Plate II). 4.25 sec­

tions (or 2,720 acres) are deemed prospective out of 18 sections (or 11,520 

acres) presently under control by Millican Oil Company. It should be noted 

that the base"of the gabbroic complex or lower reservoir will be at its shallow­

est along the western margin of the basin. 

Type II - This type of structure involves complex and highly per­

meable fracture systems produced by the late development of a major graben 
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I that separates the Northern Region frc.T, t-he .Southern Region. The systems are 

sufficiently basinward to be involved in the area of upward or lateral m.igra-

tion of the postulated convection cell in the upper reservoirs, fed by Type 

I structures from the west and by the graben system extending from the Stillwater 

Range into the basin (see Plate III cross-section A-A'). 

Again, only the areas below 4,000 feet depth (into the upper volcanics) 

and above a 7,000 feet depth are considered at this, date to have potential. The 

area under consideration here is in the Southern Region (see Plate II). 6.33 

sections (or 4,051 acres) are deemed prospective out of 9 sections (5,760 acres) 

within the graben structure presently under control by Millican Oil Company. 

Type III - This type of structure (shown in Plate II) is inferred 

from an interpretation of structural mechanisms and previous information on a 

segment of this type of structure. It represents the most significant structure 

of all three types present for the upper reservoir and may extend through a 

large part of the Millican holdings. Subsequent geophysics and drilling will 

test this conclusion. However, on the basis that the upwelling convection cell 

will be present in this part of the basin, the relative position of this type 

of structural feature is favorable not only because it may intersect the high 

temperature part of the convection cell, but the Type III structure may also 

be fed at depth by the recharge faults of the Type I structure. Type III struc­

ture (faults) occur between the range-front fault and the axis of the assumed 

maxim.um depth to basement, but dip tov/ard the range rather than away from the 

range as in Type I structures. 
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/-cjditional Type III or related structures may be present and parallel. 

to that structure shown in Plates II and III (cross-section A-A' and B-B'). Of 

particular significance is the area within the graben structure. The present 

geophysical program should produce information that may: 1) support the existence 

of Type III structure, 2) support the view that the Type III structure within 

the graben is of particular significance and 3) define and locate the Type III 

structure in the Eastern Region. Open land is present between the Southern and 

Eastern Regions and acquisition may be desirable if Type III structures are 

confirm.ed. 
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Favorable areas have been defined along the inferred trend of the 

Type III structure and assigned an area of interest that represents the structure 

from 4,000 to 7,000 feet depths. 5.45 sections (or 3,488 acres) are considered 

as highly prospective within the Southern, ̂ }orthern and Eastern Regions of 

Millican Oil Company holdings. 

Based on a preliminary structural analysis of potentially favorable 

land in Dixie Valley, Table 2 is a summary of potential company holdings of 

Millican Oil Company, Southland Royalty, Sunoco, Republic Geothermal and Geo­

thermal Resources; the potential is defined by type of structure they control 

at this date. The potential is based on the upper reservoir. 

It should be emphasized that an assessment of potential at this time, 

while necessary, is purely speculative. It is clear, however, that the other 

companies with holdings in the Dixie Valley curea are interested in Type I struc­

ture, the structure associated with the front-range faults on the western border 

of the basin. Tnis is shov/n in Table 2 by the total holdings compared to T̂ 'pe I 
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Table 2 

.C(?mparl8on of Company Holdings 
R(;lattvo to Type of S t r u c t u r a l P o t e n t i a l 

VD 
I 

Company 

Minican Oil 

Southland Royalty 

Sunoco 

Republic Ccothenoal 

Geothermal Resources 

TOtAL 

Potential Acreage 
Peftncd by Structural Type 

Total Acreage 
In. Area (hvvto-x,) 

33,920 

14,080 

10,240 

5,440 

2,240. 

Type 1 
(7. Total 

2,720 ( 8.0) 

5,920 (42.0) 

6,515 (63.6) 

1,069 (19.7) 

0 0 

T̂ 'po. 11 
Company HoldlnRB 

4,051 (11.9) 

2,816 (20.0) 

0 0 

0 0 

0 0 

Type III 
in Area) 

3,488 (10.3) 

3,328 (23.6) 

1,472 (14.4) 

640 (11.8) 

429 (19.2) 

65,920 16,7.24 6,867 9,357 

7. Total 
Tavorablc Land; 
All Structuroa . 

30.2 

85,6 

78.0 

31.5 

19.2 

49 .2 

7. F.ivorablc 
Lr.r.d o f 
Cor!nnnics 

v t t h Typo TIT 
llolUlney 

37.3 

35.6 

15.7 

6.8 

4 .6 

100.0 



holdings. Sup.^ro, :c;.' c::—;-:ie, has 63.£': of their total holdings as Type I 

structure. Millican Oil has only 8.O-0 over T/pe 1 structure. However, it 

the assuiTptions are correct regarding tiie potential of Types II and III, only 

Millican Oil and Souti-ilcnd Royalty will have adequate acreage to develop larqa 

geothermal reserves. The interest in Typ3 I structure may also indicate in­

terest in the lower reservoir at the base of the gabbroic coirplex. 

Geological Elements 
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In conjunction with the structural evaluation, an analysis of the 

probable character of the reservoir rocks v/as undertaken. Although the evalua­

tion has not been completed to date, certain conclusions can be made: 

1) The Quaternary alluvium may range from 300 to 5,000 feet (maxi­

mum) projected thickness in the center of the basin - see 

Plate III. 

2) Tertiary volcanic sequences underlie Quaternary sediments, 

and range from less than 1,000 feet to approximately 4,000 

feet in thickness, are probably severely faulted and highly 

permeable along their fracture systems, and are conposed 

of rhyolltic and basaltic flows and tuffs. 

3) A Jurassic gabbro and diorite coiiplex in the form of a lopolith 

is present below the Tertiary volcanics; the rocks are not 

- highly fractured, but are probably individually faulted with 

major displaceirents and are approximately 3,000 feet in 

thickness, thinning toward the edge of the basin. See Plate 

II for approximate limits of the gabbroic complex in subsurface. 
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4) Ttiassic slate, phyllite, siltsone and mudstor.e are present 

below the gabbro and diorite complex. 

The potential upper reservoir is the lov/er intervals of the (Quaternary 

alluvial sequences and/or upper intervals of the Tertiary volcanics. If 

sufficiently fractured, the latter may be an acceptable reservoir because it 

is fluid communication with recharge areas and the heat source below the gabbroic 

complex. The volcanics may have a tendency to seal fractures and reduce per-

mieability since they often contain minerals that alter rapidly, which would 

suggest potential plugging of presently open fracture systems. The overlying 

alluvial fill .sequences will probably have excellent permieability. 

The location of heat source is probably at depth below most of the 

basin in the area. There are some possibilities that intrusives have migrated 

upward along the major fracture zones; one intrustion may have reached the 

lov/er section of the alluvial material (see Figure 2). If this can be confirmed 

or indicated via the aeromagnetic survey it obviously will have a major impact 

on the potential of Dixie Valley. For the present, little direct or indirect 

evidence is available either for the existence of such a shallow intrusion or 

for most of the structural features shown in Figure 2 , except for the Type III 

structure as shcv/n. 

Another potential reservoir is at the base of or below the gabbroic 

complex, either in highly-fractured Jurassic quartz arenite, or in the Triassic 

metamorphic sedimentary sequences. Minimum depth of the base of the gabbroic 

complex in the vicinity of Type I structure is no greater than 7,500 feet. 
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It should b-e noted that the possibility exists that s-JcJi t. reservoir mny be 

vapor-dominated. If this is the case, the econo.vdc rcouirements of such a 

reservoir will be significantly different than the water-dominated reservoir 

discussed herein (e.g. higher wellhead temperature, lov.-er average flow rates, 

higher well costs, etc.). If it becomes apparent that a lower reservoir has 

potential then the economics of steam production v/ill have to be assessed much 

in the 'same way as conducted in this report for the potential upper reservoir. 

Non-specific data on vapor-dominated reservoir were the basis for the dis­

cussions contained in a previous report by Keplinger and Associates, Inc. 

entitled: "A Preliminary Evaluation of the Hughes Geothermal Properties in 

Churchill County, Nevada", dated April 27, 1977. Specific data relative to the 

Dixie Valley could be-used for an economic conparison with The Geysers area of 

California. Considerable cost data are available on such systems and a re­

liable operational estimate could be made on the Dixie Valley holdings after 

reservoir minimums were established by analogy with The Geysers area and others. 

ST|LIW.«,TE«! RANGE DIXIE VAllEY ClAN AlPINE MOUNTAINS 

n -ir. 

FIGURE 2: CROSS SECTION OF DIXIE VALLEY, NE'VADA. THE SUBSURFACE STRUCTURE 
TO DEPTH OF THE SEDIMENTARY FILL (YELLOW) IS BASED ON GEOPHYSICAL 
EXPLORATION. DIKE AT DEPTH IS POSTULATED TO ACCOMMODATE SURFACE 
EXTENSION, AS SHOWN BY ARROWS AT SURFACE (FROM THOMPSON AND BURKE, 
1974) 
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As summarized in the IKTRODUCTION, the factors that determine the 

suitability, or the lack thereof, for geothermal prospects are as 

1) Temperature of the reservoir 

2) Temperature at the wellhead 

3) Flowrate, a function of: 

a) fluid productivity (reservoir fracture system) 

b) size of reservoir 

c) production lifetime of reservoir (response of 

reservoir to development) 

4). Well cost, a function of: 

a) depth to producing zones 

b) fluid quality 

c) productive lifetime of well structure 

5) Distance from producing field to power plant 

Effects of- Temperature and Flow Rates 

As a general rule, a moderate temperature (200 degres Centigrade), 

a relatively shallow reservoir containing less than 10,000 TDS fluids may be 

more attractive than a high temperature (300 degrees Centigrade), deep and 

saline reservoir. However, the cost of producing geothermal electric power 

declines with increasing fluid temperature. High-temperature wells producing 

from liquid-dominated reservoirs tend to produce fluid at greater flow rates 
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than lcv.'-tc:np;frature veils, Conseq'J3ntly, less fluid is required to gener..-.: 

the same amount of power, and fewer v.'ells are needed to supply the fluid. Tr/. 

iitportance of reservoir tenperature is shown in Figure 3; an exponential in­

crease in the number of wells is required to supply a pô /er plant of 200 IZ', 

capacity. 
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Power costs vary inversely with wellhead tenperature, i.e. reser­

voir tenperature less well losses as the fluid is transmitted up the well, 

(see Figure 4). At lower wellhead tenperatures, small changes in tenperature 

have a large inpact on power costs, while at high tenperatures the inpact is 

smaller. Temperature, in combination with the wellflow rate, determines the 

available power output from a well (see Table 3 and Figure 5). 

K o . of w r D , 
for 200 M W * 
IIO 

W 

K) 

To t j l F low 

Binary 

Mu l t ip l r H u h 

RrsCTVoir Temperature t*F) 

FIGURE 3: Effects of Reservoir Temperature on Required Number of Wells to 
Produce 200 MW (From Sacarto, 1976) 
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FIGURE 4 : EFFECTS OF WELLHEAD TEMPERATURE ON PCWER CCST (FROM BliOOMSTER 
AND KNUTSEN, 1 9 7 5 ) 
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TABLE 3 : EFFECT OF WELLHEAD TEMPERATURE AND WELLHEAD FDO '̂THATE ON PO-JER 
CONVERSION EFFICIENCY (FROfvI BLOOt-lSTER AIsT) KNUTSEN, 3 9 7 5 ) 
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TEMPERATURES OF HOT-WATER AND VAPOR-DaMINATED RESERVOIRS SHOfTING 
RELATIVE POSITIONS OF OPERATIONAL SYSTEMS AND CASES I THROUGH IV 
(AFTER NATHANSON AND MUFFLER, 1976) 

In order to be competitive, energy supply (or producer's) cost for 

low temperature resources (less than 230 degrees Centigrade) must be lower 

than high temperature resources (greater than 230 degrees Centigrade). This 

must be achieved through either high well-flow rates, low drilling costs 

(shallow reservoirs), compact well spacing, extended well life (low-saline 

reservoir, optimum well design in materials selection and construction), re­

latively low exploration costs, and/or proximity to market. 

Power costs also vary inversely with well-flow rates (see Figure 6) 

Power costs are more sensitive to flow rate at lower temperatures that at 
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higher te.T.peratures Docause the thermodi^namic efficiency declines rapidly with 

a decrease in temperature. As previously indicated, wellhead te-nperature ar>d 

v/ell-flow ra tes are tv/o of the most important resource parameters in the cost 
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FIGURE 6: EFFECTS OF WELL-HEAD FLCW-RATE ON PCWER COST (FROM BLOOMSTER, 1974) 

relationship. The importance of the flow rate to power cost is that, for a 

constant temperature, the power production potential from a well is proportional 

to flow rate. Therefore, the num±)er of wells and the cost of the energy supply 

to the powerplant are directly related to the flow rate; low flow rates re­

quire more wells and an increase in transmission lines. 
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Effects of V.el.l C-J3t 

Power costs of the producer are directly related to the well cost 

(see Figures 7, 8 and 9). Tne effect of v/ell cost is much greater on low 

quality (lov? ten^perature and flov/) resources than on high-quality resources. 

Since temperature and flow are determined by the reservoir, and since powerplant 

costs are not subject to wide variation, the well cost is the single most 

important factor in determining the economic viability of a mediurrt-quality 

geothermal resource, particularly for a low temperature resource (below 230 

degrees Centigrade). 
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Effects of Well Soacina 

^ 
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Power costs also vary directly with well spacing. The increase is 

associated with increased fluid transmission costs v/hich result from the 

following conditions: 

1) Additional piping is required to transmit the fluid 

from the field to the powerplant, resulting in in­

creased capital and maintenance costs. 

2) Increased heat loss as a result of long pipe runs 

which decrease usable energy delivered to the 

power plant. 

3) Increased pressure drops over the increased distances 

so that either pumping costs or pipe distances must 

be increased. 

In the Dixie Valley, the reservoir may be structurally controlled; 

if production wells are drilled, they can be located either on a triangular 

lattice along the structural features of Types II or III, or on a grid, if 

the structural feature is similar to Type I (see Figure 10). A well spacing 

of 10 to 20 acres is typical in operating hot-water systems. 

Effects of Well-Replacement Rate 

Power costs increase with the well replacement rate. The replace­

ment rate is the annual rate at which new producing wells are added to augment 

declining flow rate due to formation sealing, well structure failure, etc. 
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Case Histories 

In an attempt to make an economic comparison between the Dixie 

Valley area and related fields presently in operation, the geothermal plants 

(liquid-dominated reserves) in Wairakei (New Zealand) and in Cerro Prieto 

(Mexico) were selected for detailed study. 

The Wairakei field has been in operation for a number of years. 

Cerro Prieto has just commenced operation since the early 1970's. Both, 
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hovever, flash at the wellhead and are generally inefficient operations. 

Both operations are managed by their respective federal goveraments or their 

designee. Cerro Prieto is an especially high-quality geothermal field v/ith 

very high reservoir temperatures and pressures. Wairakei is also a high 

quality field with substantial bottom-hole pressures. 

They both are relatively shallow fields (less than 3,300 feet). 

The Cerro Prieto field is produced by 15 wells that average 266,000 Ibs/hr 

(22.1 kg/s) or 3.5 M5V per well. Figure 5 illustrates the most important 

economic factor involved in assessing economic viability, i.e. massflow per 

well, translated into equivalent electric power per well. The average well 

for the Wairakei and Cerro Prieto fields has been plotted in Figure 5. 
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In order to define the minimum wellhead temperature, well-flow 

rates, well costs, etc., four example conditions have been constructed that 

are based on estimates of producer's costs. Table 4 states the assumptions 

made regarding: 1) power-plant type, 2) wellhead temperature, 3) well-flow 

rate, well cost, number of wells required, plant size and final cost to ex­

plore, produce, deliver and dispose of geothermal liquids. 

Table 5 is a summary of producer costs over the projected life 

in dollars (1974) and their equivalent in mills per kilowatt-hour. Case I 

is clearly economically viable at 1974 prices, primarily because it was 

based on a high-quality reservoir (high temperature and high well-flow rates 

(see Figure 5 for comparison with other fields and Cases II, III and IV). 
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Table 4 

RESERVOIR AND TLANT ASSUMPTIONS 
. FOR PRODUCEIR COST ANJVLYSXS 

t 
to 
w 
I 

^ Pover P lan t Type 

CASE I Steam Flash (Double) 

Iwplant 

CASE H Binary (iBobutane) 

CASE I I I Binary ( laobutane) 

C/.SE IV Binary ( I sobutane) 

Woll-head Temp.'C 

230 

200 

200 

ISO 

Well Flow-Rflto 
lO'^ lbs /hr . , 

Well Cost 

(W . 

Number 
of 

Wells 

Plant Size 
(m) 

Gross Net 

Coot 
of 

Povcr 
(Mtll3/k\/hr.) 

750 

430 

500 

250 

500 

300 

500 

500 

10 

24 

27 

95 

55 

55 

55 

53 

53.0 

46.7 

46.1 

45.9 

9.8 

10.9 

19.6 

75.9 
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VARIATtOKS IW CEOTHERMAI. rOWCR TLAWT (. SOURCE 
AND TIIE EFFECTS ON 

DISTRIDUTION OF PRODUCER'S COST 

CASE I CASE I I CASE I I I CASE I V . 

$>iM Htlls/KWhr ?MM Mills /tehr $MM H i l l s /KVi'hr $MM Hllls/KVIir 

I Erploratton! 

•II Ftgld Dgvelopragnt! 

ProduclnR Wells 
Fluid Transmission 
Fluid Disposal 
Kon-Prod. Veils 

TOTAL 

2.39 

9.58 

( A.79) 
( 1.36) 
( 2.74) 
( 0.34) 

11.97 

0,7 

2.8 

( 1.4) 
( 0.4) 
( 0.8) 
( 0,1) 

3,5 

1,71 

11.97 

( 5.81) 
( 2,05) 
( 3.08) 
( 1.03) 

13.68 

0.5 

3.5 

( 1.7) 
( 0.6) 
( 0.9) 
( 0.3) 

4.0 

2.39 

17.10 

( 3.58) 
( 2.05) 
( 4.10) 
( 4.79) 

19.49 

0.7 

5.0 

( 2.8) 
( 0.6) 
( 1.2) 
( 0.4) 

5.7 

2.39 

72,16 

(42.41) 
( 7,87) 
(16.42) 
( 5.47) 

74,53 

0,7 

21,1 

(12,4) 
( 2.3) 
( 4.8) 
( 1.6) 

21,8 

I 
W 
^> 
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III Field Operation; 

Producing Veils 
Fluid Disposal 
Fluid Transmission 
Other 

TOTAL 

10.60 3,1 11,63 3.4 19.15 5.6 80.03 23.4 

( 2,39) 
( 3,08) 
( 1.71) 
( 3,42) 

IV 

V 

VI 

VII 

VT;II 

State Income Tax: 

Federal Incorae Tax: 

Rovnlty Pa\Tient! 

Dond I n t e r e s t ; 

ChsrRe for Internal 
power Concumptlon; 

IX Revenue Taxes (47,) Rc-
latcd to EnerRV Supply! 

TOTAL COST 
OVER LIFE OF PROJECT: 

10,60 

0,34 

3,08 

3.08 

1.71 
30.78 

1,37 

.1.37 

33,52 

( 0,7) 
( 0,9) 
( 0,5) 
( 1.0) 

3.1 

0.1 

0.9 

0.9 

0.5 
9.0 

0.4 

0,4 

9.8 

(2.39) 
( 3.76) 
( 2.05) 
( 3.76) 

7) 
1) 
5) 
.1) 

11,63 

0,34 

2,39 

3.42 

1.71 
33.17 

2,39 

1,71 

3,4 

0,1 

0,7 

1,0 

0.5 
9.7 

0,7 

0.5 

( 3.76) 
( 7.18) 
( 2.39) 
( 6,16) 

\ 
1 

19.15 

0,68 

5.13 

4,79 

2.74 
51.98 

12.31 

( 
( 
( 
( 

1.1) 
2.1) 
0.7) 
1.8) 

57? 

0,2 

1,5 

1,4 

0,8 
15,2 

3,6 

(13,68) 
(31.46) 
( 9,58) 
(25.31) 

80,03 

3,08 

20.86 

19.15 

10.25 
207.93 

41.38 

( 
( 
( 
( 

4, 
9, 
2 
7 

,0) 

.2) . 

.8) 

.4) 

23.4 

0.9 

6.1 

5.6 

3.0 
60.B 

12.1 

37.27 10.9 

2.74 

67,03 

0,8 

19,6 

10.26 

259.58 

JL2 

75.9 



Case II, although of relatively low temperature and flow rate, is 

also within 1977-1980 economic limits (below 11 mills/kW hr), but this is pri­

marily due to low v;ell costs, indicating a shallow reservoir. Case III is 

a low teniperature reservoir, but has high well-flow rates, and high well costs. 

^is is representative of a field that may not becone economic during this 

period to 1980 but, if utility prices increase from 20 to 25 mills/kW hr over 

the period, the field could become economic to operate. Case IV is clearly 

not economically viable now nor will it'become economic until energy costs 

reach at least 85 mill/kW hr {$2.50/million BTU). Ihe economic factors involved 

in c:ase II, III and IV will be evaluated further in terms of the Dixie Valley 

area as additional data becomes available. 

te 
u 
O 
z 
Z J 
D . 
Ill 

V CONCLUSIONS 

Based on the evaluations of Dixie Valley to date, the geological and 

economic potential of the upper reservoir can be summarized as followed: 

1) Reservoir temperature of 200 degrees Centigrade (392 degrees 

Fahrenheit) appears to be possible at depth of 4,000 to 

7,000 feet. 

2) Reservoir fluid quality appears to be good, but confirmation 

can only be made via drilling. 

3)- Three types of structure have potential for production. 

4) Millican Oil Company does not hold dominant acreage in areas 

where competition has targeted either the shallow Type I 

front-range fault zones that border Dixie Valley on the west 

or the base of the gabbroic complex at depth. 
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5) fiillican Oil Company does hold significant acreage in areas 

of potential production (Types I, II and II), i.e. 30% 

(10,260 acres) of total acreage; Millican holds a domincuit 

acreage position on Type III structures, i.e. 37% of the 

land of all companies w i th Type III holdings. 

6) Southland Royalty is co-dominant with Millican Oil in such 

areas, i.e. 85.6% (12,064 acres) of their total acreage is 

potentially productive. 

7) Sunoco has significant Type I holdings; 78% (7,987 acres) of 

their total acreage has potential. 

8) The land to the east of the Millican's Southern Region is 

apparently open. Based on the evaluations recently com­

pleted, a part of the border acreage is now considered to have 

a reasonable potential for Type III structures. 

9) The relatively shallow volcanic sequences may have sufficient 

fracture systems to produce hot-water at acceptable rates. 

10) The relatively deep, lower reservoir (below the gabbroic com­

plex or lopolith) may be sufficiently fractured to produce 

steam at acceptable rates. 

11) Geophysical information forthcoming from Southland Royalty 

will be of value in assessing the potential of areas defined 

herein, especially the potential of Type III structures. 

12) As soon as Phase II geological and geophysical evaluations 

have been completed, well-site selection evaluations can begin. 

13) Preliminary analyses suggest that for the upper reservoir 
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of Dixie Valley to be economically viable for the period 1977 

to 1980, the follov?ing requirements should be met; 

a) average wellhead temperature: minLmum of 200 degrees 

Centigrade (373 degrees Fahrenheit). 

b) average well-flow rate: minimum of 475 Ibs/hr. 

c) average well costs: maximum of $400,000 (completed). 

d) maximum number of wells to supply a 55 MWe plant: 25. 

. e) maximum producing depth: 7,000 feet. 

f) Based on the above requirements, producer's selling 

price (cost plus profit) should be approximately 

15 millsAW hr. 

14) Future producer selling price is subject to inflationary 

factors. Plant costs will increase but increases of future 

geothermal-generated prices of electricity will depend on 

well costs and associated materials and services. 

15) The utility price of electricity will depend on the com­

petitive prices of conventional and other alternate energy 

sources of power for electrical generation (e.g. coal, 

nuclear power, hydroelectrical power and other competing 

geothermal power sources). If geothermal energy can be 

produced and sold competitively, suitable resources will be 

developed. 

16) Assuming the upper reservoir of Dixie Valley has an adequate 

temperature, and an acceptable reservoir at relatively shallow 

depths (4,000 to 7,000 feet, the following producer selling 
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price could be reali^ed over the next ten years beginning 

with production in 1900: 

1980-1983 1983-1986 

20 millsAW hr 30 millsAW hr 

It should be emphasized that the above conclusions are based on a 

number' of assumptions. Further updating of the economic factors used in this 

analysis will be necessary as the Dixie Valley project moves forward. As 

additional data becomes available on the Dixie Valley prospect and as other 

geothermal projects based on hot-water reservoirs are brought into operation, 

a more precise estimation of the economic viability of the upper reservoir 

and of Millican Oil Company's holdings can be undertaken. 
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In the interim period, the potential of Millican Oil Company's 

holdings in the area appears to be excellent at this time but shou.ld be fur­

ther defined by additional geological and geophysical evaluations. A Stage 

I drilling program should be undertaken to test the various geological, 

structural and geophysical interpretations made herein and these to be made 

in the near future. I h e general economics of geothermal production in Dixie 

Valley also appear to be favorable at this date, assuming shallow reservoir 

requirements can be met. If the lower reservoir is explored, areas of Type 

I structures may represent the only areas of interest because of excessive 

depths basinward. 
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Sub-critical binary fluid cycle power plant. 
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Schematic of the Magmamax Process (hot water from a gcothcnnal well flashes isobutane). 


