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( o T . September 16, 1977
Mr. Tom Clay
Millican 0il Company
908 Town & 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 Economics'., We have
evaluated the potential of Millican 0il 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

. Jocal 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 p0551b1e 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 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 exceptiocns 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 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 econom;cally prohibitive.

The economic foundation for the upper, hot- -water reservoir of Dixie Vallﬂy
has been established dur;ng 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 from The Geysers area as a
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gencral analogy of production costs, cash flow and profitability. While the
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 meritced.

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 knowm. ‘

Very truly yours,

KEPLINGER AND ASSOCIATES, INC.
Michael D. Campbell
Director, Alternate Energy,

Mineral and Envirommental
Programs

MDC: {£1
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. EIASE II
PRELIMINARY EVALUATION
oF
DIXIE VALLEY, NEVADA:
GEO’I‘HERMAL POTENTIAL
AND

ASSOCIATED ECONOMICS

I. SUMMARY

A ground-water geochemical survey was conducted on selective springs
in the Dixie Valley Area. Geothermometric Caléuléﬁions indicate a maximuﬁ
subsurface temperature of 175 degrees Centigrade (347 degreés Fahrenheit) with
considerable mixihé'of‘fresh watér from recharge areas at the sampling sites.
A structural analvsis suggests three tyoes of strdctﬁres are present in the
basin. Type I is the range-front fault zone. This zone receives recharge from
the Stillwater Ranges ahd is considered of lowef potential than the area within
the majﬁ: east-west graben stfucture (Type II). The third type of sfructure is
basinward and parallel to the strike of the range-front fauit systen. 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. 1In
adaition; the interval at or below the base of the‘gab5roic complex or,lopélith
may be a vappr;aominated reservoir. However, the depth to such a reservoir
may. be excessive, except for areas along the_wéstern edoe of the basin.

The economic potential of the Dixie Valley area has been compared to

: /
othé: geothermal opsrations of the world. This allows minimum resource charaé-
teristics to be set during an early stage of development fér an assessheﬁt of

the yiability of the prospect. -
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Economic viebility for the Dixie Valley area (beyond 1980) will
reguire a minimum wellhead temperature of 200 degrees Centigrade (392 degrees
Fehrenhzit), a minimum of approximately 475,000 lbs/hr well flow rate, and

a maximum well cost of 5400,000. An analysis of producer's cost is presented

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

~ II INTRODUCTION -

General:.Dixie Valley Potential

AlStage i expioration program is-presehtly underway to evaluate the
geothermal poténtial of Dixie valley, located in Churchill County, Nevada (See
Figure 1), with an emphasis on the areas presently ﬁeld or.controlled by Milliéan
0il Company {see Plate I-back pocket)._ This report summarizes the results ob-
tained to date. The program haé consisted of three éoncurrent projects: 1) a
| ground-water geochemical evéluation - to indirectly assess the potential sub-
surface temperature and ;hemical characteristics of the reservoir fluids; 2) a
structural evaluation of the Stillwater and Clan Alpine Ranges - to detefmine
the history and intérrelationships of thevinferred structural features in the
Dixie Valley as they reiate to potential geothermzl production; and 3) a geo-
logical evaluation of the‘Stillwater and Clan Alpine Range§ flanking Dixie
Valley - to determine the possible geblogical character‘of the potential geo?

thermal reservoir rock in the basin.
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ks the develé;ment of:géothe:mal
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 éf easily-conver ted eﬁergy that could

be produced'at relatively low cost and there-

by displace conventional energy sources. The

availabilty of this type of high-guality

" (high—grade) energy resource, however, is

limited, but hot-water—dominated‘reservoirs
containing medium~grade resources are approx—
bimately twenty tiﬁes more numerous than the
vapor—dominated, high grade tésources. 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 guality, medium—grade resources,

as conversion technology is developed from-

long-term experiences in the high-quality re-

sources (vapor—dominated reservoirs) of the Geysers

STILLWATER RANGE

FIGURE 1: 'LOCATION MAP -

_ DIXIE VALLEY, CHURCHILL

COUNTY, NEVADA: ARRUW SHUNS
AREA OF INTEREST (FROM

THOMPSON AND BURKE,. 1974)

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

(liquid—-dcminated 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 Centi

tﬂ

rede (446 degrees Fahrenheit) that Is steam

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

Medium guality‘(medium gradje) resources thet 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‘technolog ac;ordlng to theoreelcal models developed to date, is pre-
sently avallable. The economic viability, however, is uncertain because the |
modeLs have not yet been fully tested under field condltlons, although opti-
‘mlstlc act1v1ty is continuing in a number areas cf the western U.Sf with

favorable results obtained to date.

The potential of Dixie Valley as a mediumrquality (mediumvgrade)
source of energv is dependent upon the nature of the reservoir (temperature,
permeability, -volume, and chemical characteristics of the produced fluids) and
upon the economice of reservoir producticn and power-plant conversion of the
contained energy for electrical power generation. The 1initial results of the
expleration program presently.underwey 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 106-150
MW capacity._vin order to assess the area's economic factors, certain assunp-
tions mdst be made at this date on the nature of the reservdir unfil data from
the forthcoming drilling program can be used to confirm reservoir éharacte:,

which will increase the level of confidence of future economic analyses.
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'|General: Dixie valley Economics

A searcﬁ and évaluation of all available economic information and
data hqve been conducted in order té idepiify the salient;feafures that affect
the economic potential of the Dixie Valley area. Based on the:inférmation
now available from the exploration conducted to date and on other geothermal
operaéidhs in the world, a general economic frémework‘caﬁ.be established for

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

volved and will serve as: 1) a foundation for 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 preduction-cost models to determine minimum reser-

voir and land requirements and ascsociated economic: demands that will affect

‘the economic viability of the Dixie Valley area generzlly and the holdings

)| of - Millican 0Oil Companv specifically.

The most impértant factors that affect the economics Qf geothermal
energy conversion to electricity are: |

1)  wellhead temperature of produced water.

2) wellhead flow rate -

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

The capital cost of the powerplant 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
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the 50 to 150 MAe range bsczuse the opportunities for achleving significant

cost reductions through “economics of scale" are small.

. ‘The steam—flash method (which.directlf drives turbines) znd the
binary methéd (which uses the heat contained in the produced ﬁater to vaporize
a working fluid . (isobutane is pfesently favored to drive tﬁrpines) are now
theoreéically competitive. However, a binary system has-yet'ﬁo be tested
over sufficient time to indicate its effeétivehess, although pilot plants
in southern California are showing favorable results. - One plént has beer: 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

Fahrénheit), 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, Millicanioii Company
will not be directly'involved in either plant design or selection of the type
of conversion proceés. Thé producer’'s role is to e#plqre, discover and pfo—
duce geothermal energy; since flashing at the wellhead is very inefficient
(although flashing in the formation would be highly desirabie),.the energv

produced will be hot water under pressure. The product is then delivered to

‘a power—generatiﬁg‘plant erected in proximity to the geothermal reservoir

by an electric utility company. The producer, therefore, is responsible for
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athering of the hoi water (or stecam), transmitting the ligquid to the wer
o ) d

O

-

plant, and subssguent disposal 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 nommetals is also a possibility, if

‘economically recoverable.

The price received by the producer for his geothermal proddct 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)vthé conversion efficiency

of the power plant incorporating the produced fluids.

The price received by the utility in a given geophysical area depends

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

such as nﬁglear power, low-sulfur fuel oil, coal, and hydroelectric powe;.‘ The
cost of a new based-load electric power suppiy.in the pericd 197541985 has been
determined from.the projected cost of primary fuels and theif respective capi-
tal reguirements 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 (1951) 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 ranées from

20-30 mills/KW hr.-
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By establisning the prospzciive Uullluy ccmpzny's power cost-rate
structure, which is generally necessary in producers-utility contract negotia-
tions, the contract pfice,paid to the preducer (cost plus profit -~ which includes
rewards for early risk), is determined for a ten to twenty-year pariod with
provisions for price escalations due to inflation and bthervfactors that serve

to increass the producer's cost.

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

:pfice:range can be estimated. }If a 20 mill/kW hr. utility cost is assumed, a

producer price of 15-17 mills to the uti;ity could be expected for present con-
tracts (1977-1980). vIt should be emphasizéd~that producer pfice incréases direct:
influence_utility costs and therefore "city—gate"vpriées, The producer pricé
depends on the ability of the particular reservoir to producé and on ﬁhe cost

to produée fluids at-économically acceptable temperatures and flow rates. 1In
order to test the potential econcmic viability of the bixie Valley area within
the areas held or presently controlled by Miliican Oii Company, the geological
potential has been evaluated .and will be aiscusséd on the basis of presently
available information, followed by a réview of the economic ramifications of

this potential.

On behalf of Millican 0il Company, the exploration .programs and pre-
liminary econcmic evaluations have been conducted by Keplinger and Associates,
Inc., under the direction of Mr. Michael D. Campbell. Mr. Charles C. Wlelchowsky

condached the field pmogramo and was assisted by Mr. Randy Foutch.
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I11 GEOLOGICEL PG’T.':I?II?\.L

Reservoir Temperature.

A geochemical survey of selected springs and wells was conducted

during June, July and August, 1977 (Plate II-iniicates.sampling locatiohs).

The survey was designed to evaluate the following factors:

1)
2)
3)
4)

3)

6)

7).

Representative chemical content of the springs and wells

Chemical content flux over time of the springs sampled

Temperature flux over time of springs sampled

Chemical relationship of hot-water sources to cold-water

~ sources

Analytical variations
Reservoir temperature

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 teken 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 develop~

ment.
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Elthough the data cre still under review,_the following interim con-
clusions can be made: , » ‘

1) --Springs No. 1 and No. 2, although separated by less than a
mile, diffef significantly in cﬁemicél content, the former
being a chloride-sulphate-bicarbonate type (Cl—SQq—HCO3)aﬁd
the latter a chloride4bicarbonate-sulphate type kCl-HC03~Soé).
This suggests that the fault or'f:actufe-éystems feedihg the
two springs may not be in mutual communication or that mixing
of deep réservoir water with shallow.meteoric ground water is
occuring. A combination of both-possibilities is postulated -
at this time. | | |

2)  Chemical ana temperature short-term flux (9 day period) in both
hot-water springs is remarkably constant, although the planned
future geochemical sampling may show vafiation within a long-term
flux,pé:iod over‘months). This suggests that stable conditions
are present at depth, either as a result of constant subsurface
influx of metedric ground water from the'StillQater 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 Well located approximately 60 miles

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

and were selected for sampling as afbaée—line for establishihg -
the local and regional characterisﬁics of meteoric ground-water

influx and recharge to the local basin and recharge areas

-11-
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at som2 distence from the Dixie Valley area of interest. The
chemical datae of the cold spring suggest that this water is
representative of ground—éater systems recharged in the Still-
water Range area. Its non-involvement with hot—water‘systems

is structurélly controlled by fault andvffacture systems above
geothefmal influence. The data from the Frenchman Hell indicates .
near-typical mid-basin ground-water, with.mino:,exceptions.
Calculated subsurface ﬁemperaturé and mixing compdnenté using

the standard methods indiCate wide but signifiCant variations:

I. Spring No. 1 - 57.3 degreéS‘Centigéade (135 degrees Fahrenheit!

A. Ca-Na-K method

log K* = log Na +P (1/3) ongCa ‘
. ~ Na

Calculated as: 132 degrees Centigrade (270 degrées Fahrenrhe

B. log Na method
K

Celculated as: 105 degrees Centigrade (221 degrees Fahrenhe

C. Silica Method — Model 2

Mixing: 57% Cold water
43% Hot water

Indicated Temperature: 155 degrees Centigrade (311 degrees
rahrenheit) of Hot water

II. Spring No. 2 = 67.3 degrzes Centigrade (153 degrees Fahrenheit

A. Ca-Na-K methcd

Calculated as: 146 degrees Centigrade (295 degrees Fahrenh:

B. ILog Na
K

Calculated as: 125 degrees Centigrade (257 degrees Fahrenh:

-12-
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Ulics Moshod ~ lode

Mixina: 39% Cold Water
61% Hot Water

InﬁicatedvTemperéture: 175 degrees Centiérade (347 degrees
, ' Fahrenheit) , | )

The éffectsvof mixihg meteoric ground—watef and upwelling reservoir
water are clearly indicated in the‘calculéted‘mixing components. In addition, -
disequiiibrium conditions between the rock (tﬁrough which hof water has migrated)
and the prodﬁced water are also indicated. ‘This reduces the reliébility of the

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

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 temperature

‘and mixing is considered reasonable minimum temperatures for relatively -

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

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

show the effects of shallow involvement of meteoric ground water.

It.should be emphasized here that using all of the above methods for
reservoir’temperafure‘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_confidehce if the
effects of meteoric ground water influx_can be estimatedfd The above methods
and other geochemical ratios will be of particular beﬁefit when initial drilling

permits deep sampling of reservoir fluids to estimate maximum temperatures

-13~
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present in the rcservoir system. An estimation of proximity to heat sourc
will also bz possible and will be one of the important guides to exploration

and well-site selection 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 indiéation 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 sﬁructural aspects of the Dixie Valley area is shown in Plates II (Pian)
and I1I (cfoss*sectidﬁs). Although important data and ihterpretations are
forthcoming from arecmagnetic surveys presently underway, which will serve
to significantly improve the knowledge of.the structﬁral set£ing of Dixie
vValley, an interpretation independent of the new geophysical.input will ser§e4
to either support or alter future_interp;etatioﬁs 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

-14-~
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tyer of structure {Type I) is the na]or fault zones (range-frent faults) that

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 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 éppear 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 D1x1e leley
in a position 4-5 miles basinward of Type I structures. The relative potential

of the three structuré 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 (associated with.range—ftont 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,tuevprincipal range-front fault zone. This mechanism is inferred
from the interpretatiohs of the chemical data geuerated by the spring sampling

program. The depth at which rising, hot ground water would be encountered

~15-
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by meteoric ground water would be the depth at which the meteoroic water wes
introduced into the fracture system, which may be shallow or deep. The chemiczal
differences betwsen Spring No. 1 and No. 2 support this view and further in-

dicate that the point of entry will affect the eguilibrium 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

fluidé into associated'fra;ture systems having significant communication withv
either the baéin convection cells or heat released from below.the éabbroic com~
plex. This type, therefore, will notvbe~prosbective at shallow depths because
it serves as the recharge.ppints for the basin until a deéth 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 1atter 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 scc-
tions (or 2,720 acres) afe deemed prospective out of 18 sections (or 11,520'
acres) pfésently under control by Millican 0il Company. It should be noted

that the base of the_gabbroic.complex ér lower reservoir will beAat-itslshalloQ—

est aiong the western margin of the basin.

Type II - This type of structure involvés.complex and highly per-

.meable'fracture systems produced by the late development of a major grabén

~16~
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| that separates.the Northern kegion from the Southern Regicn. The systems are

sufficiently basinward to bz 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 potenfial. The
area‘undgp consideration here is in the Southern Region (see Plate II). 6.33
sectidns (or 4,051 acres) are déehed prospectiveﬁout of 9 sectibns (5,760 acres)

within the graben structure presently.under'cqntroi by Millican Oil Company.

. Type TII - 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,ali three types present for the upper reservoir and may extend through a

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

test this conclusion. However, on the basis that the upwelling convection cell
will bé present in this part of the hasin, the relative position of this type
of structural feature is favorable not only becéuse it may intersect the high
temperature part of the convection cell, but thé Type III strﬁcture may also

be fed at depth_by.theVrecharge-faults Qf the Type I structure. 'Type IIT struc-
ture (faults) occur between thelrange-front fault and the axis of the assuﬁed
maximrn depth to basément, but dip toward the fangevrather,than away from the

range as in Type I structures.

~17~-
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riditional Type III or related structures may be present and parallil
to that strucfu:e shown in Plate$ IT and III (cross-segtion‘A—A"and B-5'). CI
particuler significance is the arez within the_grabeﬁ structure. The present
geophysical program should produce information that. may: 1) support the existenc;

of Type III structure, 2) zupport 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

confirmed.

FavOrable areas have been defined along the inferred trend of the
Typs 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, Northern 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 sumnary of'potential company holdinos of

Millican 0il Company, Southland Royalty, Sunoco, Republic Geothermal and GeoF
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 éssessment of potential at this time,
while necessary, is purely speculative. It is clear, however,'that the other
cémpanies with holdings in the Dixie Valley area’are interested in Type I struc-
ture, the structure associated with the froﬁt—range faults on the western bordér

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

-=18-
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Company

Millicen 011
Southland Royalty
Sunoco .

Republic Geothermal
Ceothermal Resourccs

TOTAL

Total Acreage.

23

33,920

14,080

10,240

5,440

2,240

65,920

o)

Comparison of Company Holdings

Table 2

pelative to Type of Structural Potential

Defined by Structural Type

Potential Acreage

Type III

% _Teotal

% Favorable
Land of
Comnanies

Type 1 Typn 11 Favorable Land: with Tvoe III
(% Total Company Holdings in Ares) . All Structures “Holdings

2,720 ( 8.0) 4,051.(11.9)‘ 3,488'(10.5) 30.2- 37.3
5,920 (42.0) 2,816 (20.0) 3,328 (23.6) 85.6 35.6
6,515 (63.6) 0 0 1,472 (14,4) 78.0 15.7
1,069 (19.7) 0 0 640 (11.8) | 31.5 | 6.8

0 0 0 0 429 (19.;) 19,2 4.6
1.6,?.21; 6,867 ;:'5—; 166—.-6

49.2
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holdings. Suncco, ior exumnde, has 63.€% of their total holdinés as Typ= 1
structufe. Millican Oil has only 8.0% over Type I structure. However, if
the assumptiqns are correct regarding the poténtial of Types II and III, only
Millican 0il and Southland Koyalty will ha§e adeguate acreage to develop largz

geothermal 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 éonﬁunction with the structural evaluation, an analysis of the
probable character of the reservoi; rocks 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 - seé
" Plate III. |
2) Tertiary volcanic sequences underlie.Quaternary sediments,.
énd rénge from less than 1,000 feet to approkimafely 4,000
feet in thickness, are probably severely faulted and highly
permeable along their fracture systems, and are composed
of rhyolitic and basaltic flows and tuffs.
3) A Jurassic gabbro and diorite complex in fhe 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 Piate

II for approximate limits of the gabbroic complex in subsurface.

- =20-
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4) Triassic slate, phyllite, siltsone and mudstone are present

below the gebbro and diorite complex.

The potential upper reservoir is the lower intervals of the Quaternary
alluvial seduences and/or upper intervals of the Tertiary Qolcanics; - If
sufficiently fracturea, the latter may be an acceptable'réservoir because’ it
isT%luid.communication with recharge areas and the heat source bzlow the gabbroic
complex. The volcanics may have a tendenéy'to seal fractures and reduce per-
meability since they often contain minerals-thaﬁﬂalter'rapidly, which would

suggeét‘potential plugging of presently open fracture systems. The overlying

alluvial £ill sequences will probably have excellent permeability.

The location of heat source is probably at depth beloQ most of the
bésin in the area. Thérevare some possibilities that intrpsives have migrated
upward_alohg the major fracture zones; one intrustion may have‘reachedithe-’
lower section‘of the alluvidl material (see Figure 2). If this can be confirmed

or indicated via the aercmagnetic 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, éxcept for the Type III

structure as shown.

Anoghef potential reservoir is at the base of or below the gabbroic
complex, either in highly-fractured Jurassic gquartz 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 feeﬁ.

-21-
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It should b= noted that the possibility exists that svch & reservoir msy be
vapor—dominated. 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. hlgher wellhead temperature, lower average flow rates

hlgher well costs, etc.). If it becomas apparent that a lower reQeLv01r 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 vapér—dominated reservoir were the basis for tﬁe dis-
cuésions‘contained in a previous report by Keplinger and Associates, Inc.
entitled: "A Prelinﬁnary 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. MOUNTAINS

—q
i 3
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-FIGURE 2: CROSS SECTION OF DIXID VALLEY, NeEVARA. THE SUBSURFACE STRUCTURE
TO DEPTH OF THE SEDIMENTARY FILL (YELLOW) IS BASED ON GECPHYSICAL
EXPLORATION. DIKE AT DEPTH IS POSTULATED TO ACCCMMODATE SURFACE
EXTENSION, AS SHOWN BY ARROWS AT SURFACE (FROM THOMPSCN AND BURKE,

1974)
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IV ECONOMIC POTEWTIAL

As sumnarized in the INT?ODUCTION,-the factors that dete:miﬁe'the
econcmic suitability, or the lack thereof, for geothermal prospscts are as
follows:

1) Temperature of the reservoir

2) Temparature at the wellhead

3) Flowrate, a function of:
a) fluid productivity (resérvoir fracture system)
b) size 6f reservoir |
c) production lifetime of reservoir (fesponsé of
reservoir to development)
4) . Well cost,va function of:
a) debth to producing zoneé
'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 éeneral rule, a moderate temperature (200 degres Centigrade),
a relatively shallow reservoir containing less than 10,000 TDSVfluids may be
more attractive than a‘high temperature (300 degrees Centigrade), deep and
saline reservoir. However, the cost of producing geothermal electric.poher
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-tcimperature wells. Conseguently, less flUl

: (_AJ

is resuired to ge:'xemi:
the same amount of power, and fewer wells are nﬂeded to supply the fluid. The
importance of reservoir temperature is shéwn in Figure 3; an exponentlal in-
crease.in the number of wells is reguired to supply a power plant of 200 v

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 lérge 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 Figure 5).

No. of wells

for 200 M’Vv
110 Ll eeee-e- Tota] Flow
: eoesesscorran Binary )
Multiple Flash
(Sirgle Flash)

kY

70

0

x

.
—

w 400" 5o [Teeg

Reservoir Temperature (F)

FIGURE 3: Effects of Reservoir Temperature on Reguired Number of Wells to
Produce 200 MA (From Sacarto, 1976)
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- Velihead =~ © . Electricay
Y2Y1head S . . Convarsion
. Terperature o Flev Rate r (et men () Fiejvell . _Efficiency ()
D 368 /e Shra T AR e
125 250 s L a2 3.4
580 MR W S 4.2 32
750 14 1.2, R 34
150 259 K g 6.2 &
. 500 s 5.2 5.1
750 2.6 2.2 . 6.0 5.1
200 250 2.0 1.6 10,0 8.0
o 500 3.3 3.2 $. - an
750 55 45 - o8 8.0
250 2 2.9 2.4 n.2 9.2
sno 5.5 4.6 SR 5.3
- 750 7.8 6.6 e e
{7

The raxicum fs based on the specificd wellhead flow rate. Tre actual {5 based on the reduced sverscs
fiow rate using 207 excess producing wells, The varfation §n conversion efffciency within & temserature
catenory i3 caused hy rounding to an {nteser numher of wells,

+

‘b)ror bimry fsohutane cycle,

TABLE 3: EFFECT OF WELLHEAD TEMPERATURE AND WELLHEAD FICYRATE ON POWEX
CONVERSION EFFICIENCY (FROM BLOCMSTER AND KNUTSEN, ]975) ‘
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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
RELATIVE POSITIONS OF OPERATIONAL SYSTEMS AND CASES I THROUGH IV
(AFTER NATHANSON AND MUFFLER, 1976)

ost—1

In order to be competitive, energy supply (or producer's) cost for
low temperature resources (less than 230‘degrees Centigrade)_ﬁust be lower
than high temperature resources (greater than 230 degrees Centigfade). This
must be achieved through either high well—flow rates, low drilling costs
(shallow reservoirs), compact well spacing, extended Qell life (low-saline
reservoir, optimum well design in materials selectioﬁ and constpuctioﬁ), re—

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

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

Power costs are more sensitive to flow rate at lower temperatures that at

-26—
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higher temperatures t:ccause the thermedynamic efficiency declines rapidly with
a decrease in temperature. As previously indicated, wellhead temperature ard

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

.

[ i) ol
B
B 0p-
<
=
o
=
g 1FIELD FLASH
1 1 PLANT FLASH
o 20— )
2AND3 PLANTFLASH BINARYIFREGH 11
BINARY/ISOBUTANE
10}- : )
STUUHEAD TEMPIRATURE  200°C .
PLANT SI12T 55 1Y
CVEWSPACIG 112 ACRES
VELLLIFE 15 YARS e
! |. ] 1 1

W00 230,000 350,080 LDOLIY 500,00
WELLHEAD FLOW RATE (LB/HRAVELD

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‘proportionai
to flow rate. Therefore, the number of wells and the cost of the energy supply
to the powerplant are directly related to the flow rate; low flow rates ré— |

quire more wells and an increase in transmission lines.
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Power costs of the producer are directly related to the well cost -
(see Figures 7, 8 and 89). The effcct of well cost is much greater on low '
quality (low temperature and flow) resources than on high—guality resources.

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

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

- important factor in determining the economic v_iability of a médim}-quality

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

- degrees Centigrade).

C 1

15 MILSTV-ER

FLOWRATE, 10° - LEIHR

) 19 200 250 300
' “renperaTURE, %

FIGURE 7: EFFECTS OF WELL COST OF $150,9ﬂ ON POWER COST AS A FUNCTION
- OF WELL~HEAD FLCW~RATE AND TEMPERATURE (IROM BLOOMSTER, 1874)
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FIGURE 8: EFFECTS OF WELL COST OF $300,000 ON POWER COST (FROM BLOOMSTER, 1974)
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FIGURB g: EFFECTS OF WELL COST OF $500,000 ON POWER COST (FROM BLOOMSTER, 1974)
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Power costs also vary‘directly with well spécing. The increase is
associated with increésed fluid transmission costs which result from the
following conditions: »

1) Additional piping is're@ﬁired to transmit the f£luid

frém the field to the powerplant, resdlting in in-.
creased capital and maintenance césts;

2) Inéreased heat lbss as a result of long pipe runs

which decréase 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 structuraliy conﬁrolled}'
if production wells ére drilleqd, they can be lccated either on-a triengular
latticg along the structural features of fypes I1I 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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Initial pipelines ond barchdes [pipes sized for hulure extenmsion)
— - - Future pipelines and boreholes
Geothermal Power Station {2 x 50MW)

" mitia! number of boreholes = 16

Find number of boftholes 32 J Borerote sersity 1215 eres

FIGURE 10: TYPICAL MULTIPLE-WELL SYSTEM LAYOUT WITH PROVISIONS FOR EXPANSION
OF SYSTEM (FROM GOLDSMITH, 1976)

Case Histories

In an attempt to make an economic compariéon,between the Dixie
Valley area and related fields presently in operation, the geothermal plants
(liguid-dominated reserves) in Wairakel (New Zealand) and in Cerro Prieto . -

(Mexico)‘wefe selected for detailed study.

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

Cerro Prieto has just commenced operation since the earlyvl970's. Both, -
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however, flash at the wellhead and are generally inefficlent opesrations.

" Both operations are managed by their respective federal governments or their

designee. Cerro Prieto is an especially high-quality geothermal field with
very high reserveir 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 feét).
The Cerro Prieto field is produced by 15 wells that average 266,000 lbé/ht'
(22.i 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 equivalent-electric power per weli. 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

S

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

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

KEPLINGER d“‘é"[uocialu, ine.

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

plore, prodhce, 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 T
is ciearly 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).




£

o A 3
KEPUINGER and_fusociates, inc.
Table 4
RESERVOIﬁ AND DPLANT ASSUMPTIONS
FOR PRODUCER COST ANALYSIS
Cost
Number Plant Size of
’ _ Welg Flow-Rate Well Cost’ of MW ' Power
Power Plant Type Well-head Temp.°C 10" 1bs/hr, (s Wells Grosg Net (M{11s/kithr,)
]
W i -
t )
CASE I Steam Flash (Double) : -
Implant 250 750 500 10 55  53.0 9.8
CASE II1 Binary (Isobutane) 200 . 430 300 24 55 46,7 10.9
CASE III Binary (Isobutane) 200 500 500 27 55 46.1 19.6
C/SE 1V Binary (I_sobutane) 150 - 250 500 95 55 45.9 75.9
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..17€ -

TARY L&
TALEr—2

VARIATIONS 1IN GEOTHERMAL POWLR FLANT & SOURCE
AND THE EFFECTS ON
DISTRIBUTION OF PRODUCER'S COST

CASE I : CASE _IT CASE_11I_ . _ CASE_1V

St Mills/Khr S : Mills Adthr St Mills KOme [ ~ Mills/Kehrp
I FErplorations : 2.39 0.7 .71 0.5 2.39 0.7 . 2,39 0,7
11 Field Development: 9.58 - 2.8 11.97 s 17.10 5.0 72.16 21,1
Producing Wells ( 6.79) ( 1.4) ( 5.81) (1.7 ( 9.58) ( 2.8) (42.41) (12.4)
Fluid Transmiselon ( 1.36) ( 0.4) ( 2.05) { 0.6) ( 2.05) ¢ 0.6) - ( 7.87) (2.3
Fluid Disposal ( 2.74) ( 0.8) ( 3.08) ( 0.9) ¢ 4.10) ( 1.2) (16.42) ( 6.8)
Non-Prod, Wells ( 0.34) ( 0.1) ( 1.03) ( 0.3) ( 4.79) ¢ 0.4) { 5.47) ( 1.6)
TOTAL 11.97 - 3.5 13.68 .0 19.49 5.7 74.55 21.8
111 Fleld Operation: 10.60 3.1 11.63 3.4 19.15 5.6 80.03 23.4
) Producing Wells  { 2.39) (0.7) (-2.39) B %)) ¢ 3.76) ( 1.1) (13.68) ( 6.0
Fluld Disposal ( 3.08) ( 0.9) ( 3.76) (1.1) ( 7.18) ( 2.1) (31.486) ( 9.2)
Fluid Transmission ( 1.71) (0.5 ( 2.05) , ( 0.6) ¢ 2.39) ( 0.7) ( 9.58) ( 2.8)
Other ( 3.42) . (1.0 ( 3.76) (1.1 ¢ 6.16) ( 1.8) (25.31) ( 7.4)
TOTAL 10.60 3.1 11.63 3.4 19.15 56 0.0 23.4
IV State Income Tax: 0.34 0.1 0.34 0.1 0.68 .2 . 3.08 0.9
V_ Federal Income Tax; 3.08 0.9 2.39 0.7 5.13 1.5 20,86 . 6.1
VI_ Rovalty Pavment: 3.08 0.9 3.42 1.0 ' 4,79 1.4 19.15 5.6
VIT Dond lIntercst: 1.71 0.5 1.71 0.5 2.74 0.8 10.26 3.0
’ 30.78 9.0 2 33.17 9.7 51,98 15.2 207.93 60.8
VIII Charge for Internal
Fower Consumption? 1.37 0.4 2.39 0.7 12,31 3.6 41,38 12.1
IX _Revenue Taxes (47) Re-
lated to Energy Supply: 1.37 0.4 1.71 0.5 2.74 0.8 10.26 J.0
TOTAL COST - :
OVER LIFE OF PROJECT: 13,52 9,8 31.27 10.9 67.03 19.6 259.58 75.9

|
i
|

£
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Casz 11, although of relatively loﬁ termpereture and flow raté, 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 has high well-flow rates, and high well coéts.

This is representative of a field that may not become economic during this.

' perioq'to 1980 but, if utility prices ingrease 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'becomeﬂecongmic until energy costs
reach at ieast 85 mill/kw'hr ($2.50/million BTﬁ). 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 Dikie Valley to date, the geological and
economicvpotential'of the upper reservoir can be sumarized 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 proauction.

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 degth.
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,7)

8)

39)

10) .

1)

12)

13)

1illican Oil Company dozs hold significant‘acreage in areas
of potentiél pfoduction (Types I( IT and II), i.e. 30%
(10,260 acres) of total acreage; Millican holds a dominant
acreage positién on Type III sﬁfuctures, 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»

potentially 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 potentiali for Type III structures.

The relatively shallow volcanic seguences 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
§§g§m_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 selection evaluations can begin.

Preliminary analyses suggest that for the upper reservoir 1
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14)

15)

16)

of Dixie Valley to be econom nica ally viablé 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.
é) average well costs: maximum of $400,000 (completed).
d) maximua number of wells to supply a 55 MWe plant: 25.
. e) maximum producing depth: 7, 000 feet.
f) Based on the above requlrements, producer's selling
price (cost plus profit) should be approximately
15 mills/kW hr.
Future producer seliing price is subject to inflationary
factors. Plant costs will.inctease 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 pﬁices 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 upper reservoir of Dixie Valley has ar adequate

temperature, and an acceptable reservoir at relatively shallow

depths (4,000 to 7,000 feet, the following producer éelling

~37~
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price could be realized over the next ten years beginning

with production in 198G:

1980-1983  1983-1986

20 mills/kW 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 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 0il Company's holdings can be undertaken.

In the interim period, the potential of Millican Oil Company's

holdings in the area'appears to be excellent at this time but should be fur-

ther defined by additional geological and geophysical evaluations. A Stage

I drilling program should be undertaken to test the various geological,
structutal and geophysical interpretations made herein and these to be made
in the near future. The general economics of geothermal production in Dixie
Vélley also appear to be favorable at this date, assuming shaliow reservoir
requiremeﬁts 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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