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September 16, 1977

Mr. Tom Clay

Millican 0il Company

808 Teowm & Country Blvd.
Suite 400

Houston,-Texas 77024

Subject: Dixie Valley
Geothermal Project

Dear Mr. Clay:

Enclosed is our report entitled: '"Phase II Preliminary Evaluation of Dixie
Valley, Nevada: Geothermal Potential and Associated Eccnomics'. 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 Aipine 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 uppar reservoir may ‘involve a hot-water convection system within upper
volcanic sequences and lower intervals of the overlying alluvial £ill. 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 infcrmation is available that can be usad at this date tc evaluate

the potential of the lcwer reservoir. At this date, however, it appears that

only the areas along the western front-range fault system could be underlain
by a reiatively shallow gabbroic complex (i.e. less than 7,500 feet depth).

Thec 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 eccnomic foundation

for a vapor-dominated reserveir has been assessed briefly in our previous
report (April 21, 1977), which incorporated data irom The Geysers area as a
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| general analogy of production costs, cash flow and profitability. While the
i 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 mericed.

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

Very truly yours,

8 : KEPLINGER AND ASSOCIATES, INC.

— =
Michael D. Campbell
Director, Alternate Energy,

Mineral and Envirommental
Programs
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. HIASE 11
PRELIMINARY EVALUATION
OF

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 Fahrerheit) with
considerable mixing of fresh water from recharge areas at the sampling sites.

A structural analyvsis suggests three tyoes of structures are present in the
basin. Type I is the range-front fault zone. This zone receives recharge from
the Stillwater Ranges and is considered of lowef potential than the area within
the major east-west graben structure (Type II). The third type of structure is
basinward and parallel to the strike of the range-front fault system. Sxpected
reservoir rock is either the lower intervals of the alluvial fill or the upper,
highly fracrured Tertiary volcanics at depths of 4,000 to 7,000 feet. 1In
addition, the intervzal at or below the base of the gabbroic compisx or lopclith
may be a vapor;dcminated reserroir. However, the depth to such a reservoir

may be excessive, except for areas along the western edge of the basin.

The economic potential of the Dixie Valley area has been compared to
other geothermal opsrations of the world. This allows minimum resource charac-
teristics to be set during an early stage of development for an assessment of

the viability of the prospect. {
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Economic viability for the Dixie Valley area (beyond 1980) will
recuire @ minimum wellhead temperature of 200 degrees Centigrade (392 decrees
Fahrenh2it), 2 minimum of approximately 475,000 lbs/hr well flow rate, and
a maximum well cost of $400,090. An analysis of producer's cost is presented

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

IT 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

0il Company {see Plate I-back pocket). This report sumarizes 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 geothermzl 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.
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Ls the develdpmeﬂt of geothernal
energy procezded 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 t:zﬁ easily-converted energy that could
be produced at relatively low cost and there-

by displace conventional energy sources. The

availabilty of this type of high—quality

STILLWATER RANG

(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 gquality, medium-grade resources, FIGURE 1: LOCATION MAP -
_ DIXIE VALLEY, CHURCHILL
as conversion technology is developed from COUNTY, NEVADA: ARRC SHUSNS
AREA OF INTEREST (FROM
long-term experiences in the high-quality re- THOMPSON AND BURKE, 1974)

sources (vapor—dominated reservoirs) of the Ceysers
and other areas and from recent experiences in the medium quality resources
(ligquid—deminated reservoirs) of New Zealand, Mexico and elsewhere in the world.

The latter resources are developed and produced as high-temperature water
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‘| (greater than 230 degrees Centigrezde (446 degrees Fehrenhsit) that is steam

flashed either at the wellhead or within the power plant under pressure.

Medium quality (medium grade) resources that may be developed and
produced from medium temperature water (less than 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 cof the western U.S. with

favorable results obtained to date.

The potential of Dixie Valley as a medium quality (medium grade)
source of energv is dependent upon the nature of the reservoir (temperature,
permeability, volume, and chemical characteristics of the produced fluids) ané
upon the economic§ of reservoir producticn and power-plant conversion of the
contained energy for electrical power generation. The initial results of the
expleration 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 will increase the level of confidence of future economic analyses.




i|Gensral: Dixie Valley Economics

A search and evaluation of all available economic information and
data have been conducted in order to identify the salient features that affect
the economic potential of the Di'xie 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 fqr future, more detailed cost
analyses as the knowledge improves on the Dixie Valley area with 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 ascociated economic demands that will affect
the .economic viability of the Dixie Valley area generally and the holdings
of Millican Oil Companv specifically.

The most important factors that affect the economics of geothermal

7
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energy conversion to electricity are:
1) wellhead temperature of produced water.
2) wellhead flow rate

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

The capital cost of the powerplanc 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

optimun power-plant size will probably remain relatively small, usually in
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the 50 to 150 MAe range because the opportunities for achievins significant

cost reductions through "economics of scale" are small.

The steam—flash method (which directly drives turbines) and the
binary method (which uses the heat contained in the produced water to vaporize
a working fluid (isobutane is presently favored to drive turbines) are now
theore\‘;ically 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 degress
Fahrenheit), while the flashed steam approach may be cost effective when 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 power-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 tyoe

-0of 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 energv
produced will be hot water under pressure. The product is then delivered to
a power—generat_ing plant erected in prbximity to the geothermal reservoir

by an electric utility company. The producer, therefore, is responsible for
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gathering of the hot water (or stecm), transmitting the liquid to the power
plant, and subssgusnt disposzl cf warm water 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 nonmetals is also a possibility, if

economically recoverable.

The price received by the producer for his geothermal product is
determined 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 pover plant incorporating the produced fluids. -

The price received by the utility in a given geophysical area depends
upor: the future cost of base-load electr;lcity supply from competition sources,
such as nuclear power, low-sulfur fuel oil, coal, and hydroelectric power. The
cost of a new based-load electric power supply in the pericd 1975-1985 has been
determined from the projected cost of primary fuels and their respective capi-
tal reguirements for conversion into electric power. The mean marginal power
costs have been calculated for various locad 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 marginal "city gate" power cost in the western United States rarées from

20-30 mills/kW hr.
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By establishing the prospzctive utility ccmoony's power cost-rate
structure, which is generally necessary in producsrs-utility contract negotia-
tions, the contract price paid to the producer (cost plus profit - which includes
rewards for early risk), is deternined 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.

Given the utilities cost-rate structure, a maximum negotiated producer

'pr-ice range can be estimated. If a 20 mill/kW 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 économica.lly acceptable temperatures and flow rates. 1In
order to test the potential econcmic 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 0Oil 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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II1 GECLOGIC:L POTILTIAL

Reservoir Temperature

A geochemical survey of selected springs and wells was 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—wa_te‘r

sources |

5) Analytical variations

6) Reservoir temperature

-7) Subsurface hydrological conditions

Table 1 presents the results of chemical analyses conducted on the
samples taken during the survey. Samples and temperature of the springs were
obtained over a nire day period. Duplicate samples were taken at the beginning
and at the end of the survey period from each of the three springs sampled (two
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 develoo—

ment.
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| Elthough the data cre still under review, the following interim con-

clusions can be made:

7y

1) Springs No. 1 and No. 2, although separated by less than a
mile, difrfer significantly in chemical content, the former
being a chloride-sulphate-bicarbonate type (Cl-SQ4-HCO;)and
the latter a chloride-bicarbonate-sulphate type (C1-HCOz-350;).
This 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

KEPLINGER Méjum‘afn. ine.

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 1;_he Frenchman Well 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

=11
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4)

at som2 distance from the Dixie Valley area of interest. The
chemical data of the cold spring suggest that this water is
representative of ground-water 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-watar, with minoz exceptions.
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 + B (1/3) 1og A Ca
R

Na

Calculated as: 132 degrees Centigrade (270 dz=grees Fahrerhe

B. log Na method
K

Czlculated as: 105 6egrees Centigrade (221 degrees Fahrenhe
C. Silica Method - Model 2

Hixigg: 57% Cold water
43% Hot water

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 methcd

Calculated as: 146 degrees Centigrade (295 degrees Fahrenhe

B. Log Na
K

Calculated as: 125 degrees Centigrade (257 degrees Fahrenhs

-]12-




| C. &ilicz Mothed - Model 2
]

Mixing: 393 Cold Water
€1% Lot Water

Indicated Tenperature: 175 degrees Centigrade (347 Qegrees
N Fahrenheit)

Tne effects of mixing meteoric ground-water and upwelling reservoir
water are clearly indicated in the calculated mixing components. In addition,
disequiiibrimn 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 temperatu:rc
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.

KEPUINGER and_[isociales, ine.

It should be emphasized here that using all of the above methods for
reservoir temperature estimations, in conjunction with samples derived from
hot-springs, can be misleading if the hydrogeological 'cbnditions are ignored.
But, minimum temperatures can be established with relative confidence if the
effects of meteoric ground wéter influx‘can be estimated. The above methods
and other geochemical ratios will be of particular benefit when initial drilling

permits deep sampling of reservoir fluids to estimate maximum temperatures

-13-
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present in thz zczervoir system. An estimation of pro:zimity to heat source
will also bz possible and will be one of the important guides to exploration

and well-site sélection in the future.

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

vicinity of the springs sampled is a hot water—-dominated type 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 (Pian)
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 new geophysical input will serve
to either support or alter future interpretations of the Dixie Valley structure

based strictly on such geovhysical 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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17 of structure (Type I) is the major fault zones (range-frent faults) the:
border the Dixie Valley on the west. The second type of structure (Type II)
is the broad graben structurs that trends northwest-southeast, originating

in the Stillwater Range north of Section 10 of Range 35E: 24N Township and
splits southeastward into two fault zones, within which is a major downthrown
block or complex of blocks that appear to extend into the basin. The third
type 01.5 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 sfructures. 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
depths 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 (aissociated 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 faul!; zone, located to
the east of tl;e 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 which the meteoroic water was
introduced into the fracture system, which may be shallow or deep. The chemical
differences betw=en Spring No. 1 and No. 2 support this view and further in-

dicate that the point of entry will affect the equilibrium conditions.

In general, the Type I structure is not considered to be prospective
until it reaches sufficient depth to allow the intrcduction of rising, hot
fluids into associated fracture systems having significant communication with

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

plex. This type, therefore, will not be prospective at shallow depths because

it serves as the recharge points for the basin until a deﬁth 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.that 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

-16-
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that separates the Northern Region from the Southern Regicn. The systems are
sufficiently basinward to be involved in the area of upward or lateral migra-
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 prospeétive 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 Piate 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 Miliican holdings. Subsequent gecophysics and drilling will

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

will be present in this part of the hasin, 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. Tfpe III struc-
ture (faults) occur between thg range-front fault and the axis of the assumed

maximum depth to basement, but dip toward the range rather than away from the

' range as in Type I structures.

=17=
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23Zitional Tvpe III or related structures may be present and parall. .
to that structure shown in Plates II and III (cross-section A-A' and B-5'). CI
particular significance is the arez within the graben structure. The presant
geophysical program should pvroduce information that may: 1) support the existenc:
of Type III structure, 2) zupport the view that the Typs 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 bétween the Socther:s and
Eastern Regions and acgquisition may be desirable if Type III structures are

confirmed.

Favorable areas have been defined along the inferred trend of the
Typ= III structure and assigned an area of interest that represents the structure
from 4,000 to 7,000 feet despths. 5.45 sections (or 3,488 acres) are considered
as highly prospective within the Southern, Morthern and Eastern Regions of

Millican Oil Companv 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 structufe they control

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

It should be emphasized that an assessment of ﬁotential at this time,
while necessary, is purely speculative. It is clear, however, that the other
companies with holdings in the Dixie Valley area are interasted in Type I struc-
ture, the structure associated with the front-range faults on the western border

of the basin. This is shown in Table 2 by the total holdings compared to Type I

-] 8-
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holdings. Sunszo, ior e‘:-::.-:.'.;-le, has 63.£7 of their total holdings as Typ= I
structure. Millican Cil has only 8.0% over Type I structure. However, if

the assumptions are correct regarding the potential of Types II and III, only
Millican Oil and Southland Royalty will have adeguate acreage to develop larcz
geoth;armal reserves. The interest in Type I structure may also indicate in-

terest in the lower reservoir at the_base of the gabbroic complex.

Geological Elements

In f::onﬁunction with the structural evaluation, an analysis of the
probable character of the reservoir ro_cks was 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, |
élnd- range from less than 1,000 feet to approximai:ely 4,000
feet in thickness, are probably severely fa;Jlted and highly
permablé along their fracture systems, and are composed
of rhyolitic and basaltic flows and tuffs.

3) A Jurassic gabbro and diorite complex 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 displacements 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.

-20-




4) Triassic slate, rhyllite, siltsone and mudstone are present

below the gabbro and diorite complex.

The potential uppar reservoir is the lower intervals of the Quaternary
alluvial seéuences and/or upper intervals of the Tertiary volcanics. If
sufficiently fractured, the latter may be an acceptable reservoir because it
ist%luid communication with recharge areas and the heat source below the gabbroic
complex. The volcanics may have a tendency to seal fractures and reduce per-
meability 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 permeability.

-

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
upwar@ along the major fracture zones; one intrustion may have reached the
lower section of the alluvial material (see Figure 2). If this can be confirmed

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

KEPLINGER dﬂz(’ﬁn:iafu. ine .

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

evidence is available either for the existence of such a shallow intrusicn or
for most of the structural features shown in Figure 2, except for the Type III

structure as shewn.

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.

T
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It should b= noted that-the pozsibility exists that svch & reservoir may be
vapor-domninated. If this is the case, the econonic reguirements of such a

reservoir will be significantly different than the water-dominated reservoir

discussed herein (e:g. higher wellhead temperature, lowar average flow rates,
highe}: well costs, etc.). If it becomes apparent that a lower reservoir has
potential then the economics of steam production will 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 comparison 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.

- STILLWATER RANGE

DIXIE VALLEY CLAN ALPINE 4CUNTAINS
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CROSS SECTION OF DIXIE VALLEY, NEVACA. THE SUBSURFACE STRUCTURE
TO DEPTH OF THE SEDIMENTARY FILL (YELLOW) IS BASED ON GEOPHYSICAL
EXPLORATION. DIKE AT DEPTH IS POSTULATED TO ACCCMMODATE SURFACE
EXTENSION, AS SHOWN BY ARROWS AT SURFACE (FROM TEOMPSCN AND BURKE,
1974)

FIGURE 2:
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IV ECOMOMIC POTENTIAL

As summarized in the INTRODUCTION, the factors that determine the
econcric suitability, or the lack thereof, for geothermal prospects are as
follows:

1) Temperzture 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 ;Jeneral 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 low-temperature wells. Conseguently, less fluid is reguired to gonsrii:
the same amount of power, and fewer wells are needed to sugply the fluid. Toe
importance of reservoir temperature is shown in Figure 3; an exponential in-
crease in the number of wells is required to supply a power plant of 200 i

capacity.

Power costs vary inversely with wellhead temperature, i.e. reser-
voir temperature less well losses as the fluid is transmitted up the well,
(see Figure 4). At lower wellhead temperatures, small changes in temperature
have a 1;.=:rge impact on power costs, while at high temperatures the impact is
smaller. Temperature, in combination with the wellflow rate, determines the
available power output from a well (see Table 3 and Figu;e 5)s

No. of wels
3 - Tol] Flow
.. n-——-—-—.m',
: e Multiple Flash
3

» ' .=

™

]

20

" = = e

Reservoir Temperature (°F)

FIGURE 3: Effects of Reservoir Temperature on Required Number of Wells to
Produce 200 M¥ (From Sacarto, 1976)
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ELECTRIC POWER PER WELL, MWs
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FIGURE 5: ELECTRIC POWER PER WELL AS A FUNCTION OF MASS FLCW FOR VARICUS
TEMPERATURES OF HOT-WATER AND VAPOR-DOMINATED RESERVOIRS SHOWING
RETATIVE 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

T
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higher temperatures tccause the thermodynamic efficiency declines rapidly with
a decrease in temperature. As previously indicated, wellh=ad temperature and

well-flow rates are two of the most important resource parameters in the cost

g - -

= 1FIELD FLASH
PLANT FLASH

g 20— ! )
BINARY/FRECS 11

BINARY/ISC3UTANE

L WELLHEAD TEMPEPATURE  200°C
PLANT SI2f 55 1
. WELL SPACING 1L2 ACRES
WELLLIFE 15 YZARS PR
L L == 1 3
00 2W,CW 300,60 £00£70 SED,00

CELLHEAD FLOW RATE @B/HRAVELL

FIGURE 6: EFFECTS OF WELL~HEAD FLON-RATE ON POWER COST (FROM BLOOMSTER, 1974)

relationship. The importance of the flow rate to power cost is that, for a
constant temperature, the power production poténtial from a well is proportional
to flow rate. Therefore, the nurber of wells and the cost of the energy supply
to the powerplant are directly 'rélated to .the flow rate; low flow rates re-

quire more wells and an increase in transmission lines.

e




Effects of 211 Cuzs

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

(see Figures 7, 8 and 9). Tne effect of well cost is much greater on low
quality (low temperature and flow) resources than on high-guality resources.
Sirce temperature and flow are determined by the reservoir, and since powerplant
costs are not svbject to wide variation, the well cost is the single most
important factor in dstermining the economic viability of a medium—quality
geothermal resource, particularly for a low temperature resource (below 230

degrees Centigrade).
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FIGURE 7: EFFECTS OF WELL COST OF $150,000 ON POWER COST AS A FUNCTION
OF WELL~HEAD FLCW-RATE AND TEMPERATURE (IFROM BLOOMSTER, 1974)
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Effects of Well Spacina

Power costs also vary directly with well spacing. The increase is
associated with increased fluid transmission costs which result frem 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 plar.:t.

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

T
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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,

-3]1-
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hovever, flash at the wellhead and are generally inecfficient opsrations.
Both operations are managed by their respective federal governments or their
designee. Cerro Prieto is an especially high-quality geothermal field with
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 lbs/hr

(22.1 kg/s) or 3.5 MW per well. Figure 5 illustrates the most important
economic factor involved in assessing economic viability, i.e. massflow per
well, translated into equ_ivalen‘.: electric power per well. The average well

for the Wairakei and Cerro Prieto fields has been plotted in Figure 5.

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 assmnptidns
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 h.igh—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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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 well costs, indicating a shallow reservoir. Case III is
a low temperature reservoir, but hés high well-flow rates, and high well costs.
This is re;:;resentative of a field that may not become economic during this
period to 1980 but, if utility prices increase from 20 to 25 mills/kW hr over
the psriod, 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 B‘Iﬁ). The economic factors involved

in Case II, III and IV will be evaluated further in terms of the Dixie Valley

area as additional data becomes available.

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 0Oil Company does not hold deminant 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 ccmplex at depth.
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6)

7)

8)

2)

10)

11)

12)

13)

Millican 0il Company does hold significant acreags in areas
of potential production (Types I, II and II), i.e. 30%
(10,260 acres) of total acreage; Millican holds a dominant
acreage position on Type III structures, i.e. 37% of the
land of all companies with Type III holdings.

Southland Royalty is co-dominant with Millican Oil in such
areas, i.e. 85.6% (12,064 acres) of their total acreage is
potentizlly productive.

Sunoco has significant Type I holdings; 78% (7,987 acres) of
their total acreage has potential. -

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.

The relatively shallow volcanic sequences may have sufficient
fracture systems to produce hot-water at acceptable rates.
The relatively deep, lower reservoir (below the gabbroic com-
plex or lopolith) may be sufficiently fractured to produce
steam at acceptable rates.

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.

As soon as Phase II geological and geophysical evaluations

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

Preliminary analyses suggest that for the upper reservoir

-36—




0 % it R

R g

— s -

I e

o R

of Dixie Valley to be econzmically viable for the period 1977
to 1980, the following reguirements should be met:
a) average wellhead temperature: minimum of 200 degrees
Centigrade (373 degrees Fahrenheit).
b) | average well-flow rate: minimum of 475 lbs/hr.
c) average well costs: maximum of $400,000 (completed).
d) maximum number of wells to suppl'y a 55 MWe plant: 25.
. e) maximum producing depth: 7,000 feet.
£f) Based on the above requirements, producer's sell:'mg-
price (cost plus profit) should be approximately
15 mills/kW hr.

14) Future producer selling price is subject to inflationary
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factors. Plant costs will increase but increases of future
geothermal-generated prices of electricity will depend on
well costs and associated materials and services.

The utility price of electricity will depend on the com-
petitive prices of conventional and other alternate energy
sources of powar 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.

Assuming the uvpper reservoir of Dixie Valley has an adequate
te;tr@erature, 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 realized over the next ten years beginning
with production in 1980:
1980-1983 1983-1986

20 mills/kKW hr 30 mills/kW 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 be.comes available on the Di{;ie 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.

In the interim period, the potential of Milliéan 0Oil Company's
holdings in the area appears to be excellent at this time but should be fur-
ther defined by additibnal geological and geophysical evaluations. A Stage
I drilling program should be undertaken to test the various geological,
structu_ral and geophysical interpretations made herein and these to be made
in the near future. The 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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Schemalic of a geothermal power plant.
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MILLICAN OIL CO.

EXPLANATION

HUGHES-CLAY J.V.

QUATERNARY

MILLICAN-SOUTHLAND J.V.

SOUTHLAND ROYALITY

OLDER ALLUVIUM AND SLIDE DEPOSITS

D YOUNGER ALLUVIUM AND LAKE DEPOSITS

SUNOCO

REPUBLIC GEOTHERMAL

YOUNGER SEDIMENTARY ROCKS WITH ASSOCIATED RHYOLITIC ROCKS

GEOTHERMAL RESOURCES

[ ] RHYOLITE TO RHYODACITE; FLOWS, TUFFS, WELDED TUFFS WITH ASSOCIATED SEDIMENTS

MOBIL OIL CO.

GABBROIC ROCKS; HORNBLENDE GABBRO, DIORITE, QUARTZ DIORITE, ANORTHOS I TE,

wW. M. WOODWARD

M| CROGABBRO, HORNBLENDE PICRITE, AND KERATOPHYRE OF THE HUMBOLT
LOPOL I TH

TUFFS, BRECCIA, AND DIKES OF THE HUMBOLT LOPOLITH

SURAISIL
D MAF1C VOLCANIC ROCKS; MASSIVE FLOWS, BASALTIC TUFFS, LAPILLI
D QUARTZ ARENITE WITH BASAL CARBONATE CONGLOMERATE AND LIMESTONE

(,

SLATE AND PHYLLITE WITH MINOR LIMESTONE AND SANDSTONE;
SLIGHTLY TO STRONGLY METAMORPHOSED

[] MUD SPRINGS CANYON FORMATION
[] HOYT CANYON FORMATION

! ! 3ERNICE FORMATION

MAP SYMBOLS

FAULT (dip direction unknown)

e HICH-ANGLE FAULT (tick mark on downthrown side)
ehemde THRUST FAULT (teeth towards upper plate)

PROBABLE FAULT

eemsm POSSIBLE FAULT

o - SYNCLINAL HINGE~LINE TRACE

LITHOLNGIC CONTACT

>

K | |NE OF CROSS SECTION

A___ A AcROMAGNETIC PROFILE

emw ===y |.|MIT OF GABBROIC SUBCROP

APPROX IMATE AXIS OF MAXIMUM DEPTH TO BASEMENT BASED ON -
GRAVITY AND AEROMAGNETIC DATA

—_— e —

—7000—CONTOURS-DEPTH IN FEET TO BASEMENT (i.e., top of Mesozoic gabbroic
complex or metasediments) ASSUMING UNIFORM BAS IN-WARD TILT
W1 THOUT ALLOWANCE FOR DOWN-TO~-BASIN FAULTING OR HEAVE

AREAS OF POTENTIAL GEOTHERMAL PRODUCTION (4000 to
7000 feet depth)

Y srR NG LOCATION AND NUMBER OF GEOCHEMICAL SURVEY
Spring # | (see Table 1 of text)

2000 REFRACTION SEISMIC DATA POINT-
5000 depth to top of volcanics IN FEET
depth to top of basement
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HORIZONTAL AND VERTICAL SCALE
1:24,000

miles

Quaternary basin fill
Unit | ; consists predominantly of Tertiary volcanics

Unit 2 ; consists of Jurassic mafic intrusive and extrusive units (i.e.,lopolitic
gabbroic complex) No thinning of this complex is depicted at the margins of

the lopolith, though this is probably the case.

Unit 3; consists of predominantly Triassic metasediments with some Jurassic
quartz arenite and limestone

Contacts

Fault cropping outon surface (dips of all faults assumed tc be approximately
60°; no corrections made for dip amount when fault is non-orthogonai to the

plane of the section)

Probable fault
Possible fault-at times hypothetical

Seisic refraction data point

STRUCTURAL INTERPRETATION

OF DIXIE VALLEY & ENVIRONS
CHURCHILL COUNTY, NEVADA

MILLICAN GEOTHERMAL EXPLORATION
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