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Wr Tom Clay .
Millican Oil Company
908 Town & Country Blvd

~ Suite 400 ‘
. Houston, - Tgxas‘-77024qvﬂ'

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 Alpire Ranges as
they may affect the geothermal potential of the Dixie Valley area; (2) the

- local ground-water géochemistry as it may relate to subsurface temperature

in the Dixie valley area; and (3) a comparison of various hypothetical res-
ervoir conditions. and‘thell possible affects on the economics of future geo-

* -

We have COnbluded thaL.two reservoirs may exist in the: Dixie Valley area.

‘The upper reservoir -mdy involve a hot-water convection system’!within upper

volcanic sequencea and lower 1ntervals of the overlying alluv1al £il1l. The
lower reservoir, which could be vapor or dominated , may be below the base of a

_thimeatets
£gabbroic logollth in either fractured gquartz arenite or other netamorphlc

sedlmentarv 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 infecrmation is available that can be usad a2t this date tc evaluate
"~ the potentlal of the. lcwer reservoir. At this date, however, it appears that
" only the areas alcng the western front-range fault system could be underlain
by a relatively.shallow gabbroic complex (i.e. less than 7,500 feer depth).

The depth of the lower reservoir would increase toward the.: center of the Dixie

Valley bagln where drilling depths would be ePOﬂomlcally prohlbltlve.
, : N

Yy

" 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

A A T e ey B « e« . . - - . v '
report (APTFil 215-T977), which incorporated data from The Geysers area as a
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ervoir,

_you as soon as my return date is known.

general analogy of production costs, cash flow and profitability; While the
earlier report -may not be directly applicable to the postulated lower res-
it will serve as the basis for later detailed eva‘uatlons of the

lower reservoir, if merited.

We can-discuss the conclusions and ramifications of our evaluations at’
your convenience after my return from Europe in a few weeks. I will advise

Very truly yours,

-KEPLINGER AND ASSOCIATES, INC.

Michael D. Campbell
Director, Alternate Energy,
Mineral and Environmental
Programs

MDC: {1
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BIASE II
PRELIMINARY EVALUATION
OF
DIXIE VALLEY, NEVADA: :
GEOTHERMAL POTENTIAL |
RND

ASSOCIATED ECONOMICS

I. SUMMARY

A ground-water geochemical survey was conducted on selective springs
in the Dixie Vélley‘Area. Geothermometric calculations indicate a maximum
subsur face temperature of 175 degrees Centigrade (347 degrees Fahrerheit) with
consideréble mixing of fresh water from rechsrge areas at the sampling sites.

A structural analysis suggests three types.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 lower 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 systen. Sxpected

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

addition, the interval at or below the base of the gabbroic complex or lopclith
. 7

may be a vapor-dcminated reservoir. 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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Ecdnomi:_viabiiity‘for ﬁhe Dixie Valley area (beyoid 1980)'wi11
resuire a minimum wellhead temperature of 2ooidegrees'Centiéradej(392,de;rees 
Fahrenheoit), a.minimum»of approximately 475,000 lbs/hr well flow rate, and
a maximum weli~c¢st of'$400,000. An analysis of producer's cost is prgsented

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

ITI INTRODUCTION

General: Dixie Valley Potential

J

A Stage I expioration program is presently underway to evaluate the
‘geéthermal poténtial 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 pockét). This report sumarizes the results ob~
tained to daté. The program has consisted of three concﬁrrent projects: 1) a
ground-water geochemical evaluation -~ to indirectly assess the potehtial sub-
surface temperature and chemical characteristics of the réserVoir fluids; 2) a
structural evéluation.of the Stillwater and Clan Alpine Ranges ~ to determiné
the history and interrelationships of the infer:ed structural features in the
Dixie Vvalley as they relate to pofential'geothermal production; and 3) a geo-
logical evaluation of the Stillwatef and Clan,Alpine_Rangeé fianking Dixie
Valley - to aetermine the possible geological character of the potential geo?

" €

thermal reservoir rock in the basin. o
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ks the aevelopment of gedthermal
energy procezded 'in the United States over
the past decade, dry-steam resources (or

vapor—deminated reservoirs) gained industrial

acceptance-becausé the resources were found
to be a readily available and dependable
sourée éf easily—éonverted energy that could
be produced at relatively low cost and there-
5y displéce.conventional energy sources. The

availabilty of this type of high-quality

STILLWATER RANGE

(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 fesburces. Indus~

try has begun to develop these medium guality

(medium grade) resources over the past few -

years in the United States, and are now searching

for the highest quality) mediumfgfade resources, - FIGURE 1: LOCATION MAP -

~ DIXIE VALLEY, CHURCHILL
as conversion technology is developed from - COUNTY, NEVADA: ARRCUW SHUWNS
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
(liguid—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 thaé 230 degrees Centigrade (44 deﬂrees Fﬂ‘“ﬁ.hﬁLb) *nat s steam

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

Medium quality'(medium gfaﬁe) resources thet may be developed and
vproduCed froﬁ ﬁedium temperature water {less than 230 degrees Cenfiérade) are
now under rev1ew ‘in many areas of the western United States and the energy con-
ver51onAtechnology,~a¢cord1ng to theoretical models developed to date,fis pre-
sently available. ihe economic viability, however, is uncertain beczuse the
models have not'yet been fully tested under field conditions, although opti-
mistic activity is continuing in a number areas of the western U.S. with

favorable results obtained to date.

The potential of Dixie Valley as a medium.quality (medium grade)
source of energy is depehdent upon the nature of the reservoir (temperature,
permeability, volUme,'and-chemical characteristics of the prodhced fluids) ard
| upon the economicé of reservoir producticn and power-plant conversion of the
| contained energy for electrical power generation. The initial results of the
explofa;ion‘program presently underwéy indicate that the Dixie Valley area
has an excellent geologicai potential for developing hot water of sufficient
high temperature énd volume to supply a power plant with a minimum of 100-150
M{ capacity. In order to assess the area's economic fagtors, éertain assump—
tions must be made at this date on the nature of the reservoir uniil data from
the forthcomlng drilling program can be used to confirm reservoir character

Whlch will increase the level of confidence of future economic analyses.
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General: Dixie Valley Economics

‘ Alsea:chfand evaluation of all available economic information and
data have been conducted in order to identify the salienﬁ featu:eslthat affect
the_economicipétential of the Dixie Valley area. Based on the information
now available from the exploration conducted to daﬁe and on other geothermal
oparations in~the world, a general econémic 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
ahalyses.as the'knéwledge improves on the Dixie Valley area with time; 2) a
general guide to future exploration and develppmeﬁt costs; énd 3) a preliminary
assessment of the various produ;tion—cost models to determineAminimum reser-
véir and land requirements and ascociated economic demands that will affect
the économic viability of the Dixie Valley area generzlly and the holdings

of Millican 0il Companv specifically.

The ﬁost impértant factors that affect the economics of geothermal
energy conversion. to eléctricity are:: |

1) wellhead temperature of produced water.

2)  wellhead floQ rate

3) cost of the multiple~well system suppiying the power 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 !MWe range because the opportunities for achieving 91 cnificant

cost reductions through “economics of scale" are small._

The steam—flash method (which-directly drives‘turbines):and the

binary methdd (which'uses the heat contained in the produced vater to vaporlze

- a worklng flu d. (1sobutane is presently favored to drive turblnes) are now

-theoretlcally competltlve. However, a b1nary system has~yet to be tected

over sufficient time to indicate 1ts effectlveness, although plloe plantc
in southern California are showing favorable results. ~One‘plaht 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 Centigréde (292 degreeS‘to 446 degrees
AFahrenhelt), while the flashed steam approach may be cost effeclee when the

'water is. aboqn 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).

a.potential prodpcer of geqthermal energy, Millican Oil Company
will not be directly involved‘in‘either plant design or selection of the type
of conversion proeess. The producer’'s role is to eiplqre, discover and pro-
duce geothermal energy; since flashing at the wellhead.isvvery inefficient
(although flashing in the formatioh would be highly deSirable),dthe energyv

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

a power—geheratihg plant erected in proximity to the geothermal reservoir

by an electric utility company. The producer, therefore, is responsible for
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gathering of ithe hoi water (or stezm), transmitting the liquid to the power
plant, angd subssuuent 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 nonmetals is also a possibility, if

‘economically recovereable.

: ;Ihe price received by the producer fér his geothermal product-is
determined f;om the cost of power ieaving the power p;ant'and-other factors.
such as: 1) proximity of the geographical locations of the geothermal reservoir
to a load or use region; 25 the capital, operating, and maintenance cost of
power generation from the produced fluids;'and 3)‘thé 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 electriéity supply'frém'competition‘sources,
such as nuclear power, low-sulfur fuel oil, coal, and hydroelectrié power.- The
cost of a new based—loéd electric power supply in the pericd 197541985 has been
determined from the projected:cost of primary fuels and their respective capi-
tal reguirements for cqnversion into electric power.. The mean marginal power
costs have been calculated for various load centers in the western United States,
based-oﬁ projections by the National Petroieum Council (1971) as to the market
share held by-each primary fuvel in the electric power—génerating 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 establishing the prospactive utility company's powec«éost~rate
structure, which is generally necessary in producsrs-utility contract nsgotia-
tions, &he contract pfice paid to the producer (cost plus profit'~ which includes
rewards for early risk), is determnined for a ten to twenty.year périod with
prévisions %or pricevéscélations due to inflation and other factérs that'serve

to increase 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 utility could be expected for present con-
tracts (1977—1980).4-It should be emphasized that producer pricg increases direct
influencé utility costs and thefefore_“city—gate" prices. The producer price
depends on the ability of the particular reservoir ﬁo'producé and on thé cost

to produce fluids at'éconOmically acceptable tempérétures and flow rates. In
order to test the potential econcmic viability of the Dixie Valley area within
the areas held or presently controlled by Millican Qil Company, the geological
potential has been evaluated and will be discussed on the basis of presently
availablé information,‘followed by a review of the economic ramifications of

this potential.

- On behalf of Millican 0Oil Company, the exploration programs and pre—
liminary econcmic evaluations have been conducted by Keplinger and Associates,
Inc.,vunder 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 GECLOGICEL PUTIEIIAL

Reservoir Temperature

A geocbemical 5urvey‘of selected springs and wells was conducted
during Jﬁne, July ana August, 1977 (Plate II indicates sampling loeatiohs).
Thex8urvey was designed to. evaluate the following facfors:

ll) Representative chemical content of tbe springs andlweils
-2) Chemical chtent flux over time of the springs sampled
3) Temperature flux over time of sp;ings sampled

4) Chemical relétionship of hot-water sou:ees to coid—water
5) - Analytical variations

6) Resereoir temperature

7)  Subsurface hydrological conditions

Table 1 preeents the results of chemical analyses conducted on the
samples taken during the survey. Samples and temperature of the,springs were
obtained o&erba nine'day period. Dupliéate samples were taken at the beginning
and at the end of the survey period from each of the three springs sanpied (two-
hofewatef.springs»and one cold-water spring) for analysis of analytical error.
Temperatures were obtained in the morning and ebening.l Semples'were taken on
alternateldays in the morning for chemical analysis. The suite of ehemical
analysisutested is that commonly conducted in. geothermal exploration and develoo—

ment.
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Elthough the data cre =still under review, the following intsrim cowi-

clusions can be mace:

1)

3)

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

mile, difrer significantly in chemical content, the former

being a chloride-sulphate-bicarbonate type (C1-8Qy~HCO; )and

the latter a chloride-bicarbonate-sulphate type.kCIPHCOS—Soé).
Ihis.Sﬁggestsvthat the. fault or fracture gysteﬁs feeding the
two springs may not be in hutual communication or that mixing
of deep reservoir water with shallow meteoric ground water is
océuring. A combination of both‘possibilities is po;tulated

at this time.

~ 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 vafiaﬁion within.a long-term
flux period over months). This suggests that stable conditions
are present at depth, either as a result of constant sﬁbsurféce
influx of meteoric ground water from the Stillhater Ranges, oOr
of equilibrium conditions within the reservoir.A The former is
postulated at this time. |
Springs No. 3, locéted»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 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
chemicél data of the coid spr;ng suggest that this.water is
representative of ground—ﬁater.systems recharged.invﬁhe Still-
water Range area. Its non-involvement with hot—wéter systems
1s structurally controlled by fauit and fracture;systems above
geothermal influence. The data from the Frenchman Well‘indicates
near—typicalvmid-basin ground-vater, with'mino: exceptions.
Calculated subsurface temperaturé 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 me_thodj

log k* = log Na + B (1/3) logNCa
. : Na

K
Calculated as: 132 degrees Centigrade (270 degrees Fahrenh¢

B. log -Na method
K

Czlculated as: 105 degrees Centigrade (221 degrees Fahrenh

C. Silica Method — Model 2

Mixing: 57% Cold wvater
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.Fahrénh

B. Iog Na-
K

Calculated as: 125 degrees Centigrade (257 degrees Fahrenh

-12~
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Mising: 393 Cold Water
’ 61% Lot Wate;

.Indicated.Tenperature: 175 degrees Centigrade (347 degrees
: - Fanrenheit) _

The effects of mixing meteoric ground-water and upwelling reservoir

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

disequiiibrium 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

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 Centigrade (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 temperature estimations, in conjunction with samples derived from.‘
hot*springs, can be misleading if the hydrogeological cbnditions are ignored.
But, minimum ten@eratures can be established with relative confidence if the
effects of meteoric ground_water influx:can be estimated. The above methods
and other geochemical ratios will be of particular benefit when initial drilling

permits deep sampling of reservoir Fluids to estimate maximum temperatures

-1 3..
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present in the ceservolr system. An estimation of proximity to heat source
will also bz .possible and will be one of thz 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 indication of its presence in the
grouhd—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 Stllldaupf and
Clan Alpine Ranges was conducted during the summer of 1977 in conjunction with
the geochemical and spring sampling program. A pfeliminary(view of the perti-
nent structural aspects of the Dixie Valley area is shown.in Plates II (Pian)
and II1 (cfoés-sections). Although important data and interpretations are
forthcdminé from areomagnetic‘surveys presently undérway, which will_serve'
to significaﬁtly improve the knowledge of the structural setting of Dixie
Valley, an interpretation indepeﬁdent of the new geophysical input will serQe
to either support or alter.future.interpretations of the Dixie Valley structﬁre

based strictly on such geophysical interpretations.

It is reasonably clear at this date that potentlal geothermal pro-

duction may be associated with three general types of structures. The flrst

-14-
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{Tyoz 1) is the mejor fault zones (raenge-frent faults) tha:
border the Dixie Valley on the west. .The second type of structure (Typz 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 appear to extend into the basin. The third

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

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

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

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

tentative and subject to revision based on the new geophysical information -

Soon to be available.

Type I - This type of structure will extend to considerable .
depths and are rebpon51ble for the hot uprlngs 1ocated in Dixie Valley, two

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

The principal fault zones (associated with range—ffont 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

pto'the boiling point consistent with the effects of hydrostatic pressure and

1ncrea31ng heat at depth, an upward mlgratlon of less dense, heated ground

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

the east of_the principal range-front fault zone. This mechanlsm is inferred
from the interpretations of the chemlcal data generated by the spring sampllng
program. Ihe 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 was
introduced into the fracture system, which may be shallow or deep. The chemical
differences betwesen 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 strucﬁufe is not considéred té belbrospective'
until it reaches suffiéient depth to allow the intreduction of rising, hot
fluids into associated fracture systems havihg significant.communication with
either the basin convection cells or heat released from below the'éabbroic c&m—
plex. This type,'theréfore, will not be prospective ét-shalloQ deéths 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 éystems of sufficient

permeability to be of interest for possible geothermal préduction..A

Plate II shows the areas held or controlled by Millican 0il Company
and other companies that appeé; 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 conSideredvét this date to have potential,.the-létter depth limitation
is based on the apparent economic limitations.ofAdrilling, as will be discussed
later. The aréas 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 0il 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 producéd by the late development of a majbr grabén

-16—~
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that separateé.the Northern kegion from ﬁhe Southerh ﬁegicn. Thé systems are
sufficiently basinwa:d-to be involved in the area of upward or lateral migra-
tion of fhe postulated convection cell in the upper reservoirs, fed by Type

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

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

Again, only the areas below 4,000 feet depth (into £he bpper volcanics)
and above a 7,000 feet depth are considered at this date to have potential. The

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

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

within the graben structure presently under control by Millican 0Oil Company.

Type III - This type of strucﬁure (shown in Piate I1) is.inferred )
from an interpretation of structural mechanisms and previous information on a
segment of this type of structure. It represents the most éignificant structure
of all three types present for the upéer reservoir and méy extend_through a
large part of the Miliican holdings. Subseguent geophysics and drilling will
test this Conclusion. However, on the basis that the upwelling convection c=ll
will be present in this par£ 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."Type III struc-

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

maximm depth to baéement, but dip toward the range rather than away from the

range as in Type I structures.

-17~
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kiZitional Type III'of.related structures may be presenﬁ and pa:éllc;
to that strucﬁure shown iﬁ Plateé II and III‘(cross—section A-A! énd S—B‘). Of
particular significance ié the arez within the graben structure.- The presant
geophysical program should produce information that'may: 1) suppo#t the existenc;
of Type III structure, 2) support the view that the Type III'stchture-Qithin

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

_structure in the Eastern Region. Open land is present between: the Southern ang

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

confirmed.

Favorable areas have been defined along the inferred trend of the

Type III structure and assighed 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 0Oil 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 0Oil  Company, Southland Royalty, Sunoco, Republic Geothermal and Geo-
thermal Resources; the potential is defined by type of structure they control

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

It should be emphasized that an éssesSment of potentiél 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 ih 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 comparéd to Type I

-18-
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Company

Millicen 0i1
Southland Royalty

Sunoco .

Republic Ceothermal

Ceothermal Reoources

TOTAL

Total Acreage.

[21:

33,920

14,080

10,240

‘5,640

2,240

65,920

2]

Comparison of Company Holdings

Table 2

Relative to Type of Structural Potential

Potential Acreage

Defined by Structural Type

- % _Tetal

% _Favorable
Land of
Comnanics

Type I Iype 11 Iype II1 Favorable Land: with Tvpe ITI
(% Total Company Holdings in Area) All Structures Holdings

2,720 ( 8.0) a,osx'(11.9) 3,488 (10.3) 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) o o 640 (11.8) L5 6.8
0 0 0 0 429 (19.2) 19.2 4.6
16,724 6.867 9,357 49.2 100.0
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holdings. Sunsco, ioy cuzunle, has 63.€7 of their total holdings as Type I

~

structure. Millican Oil has only 8.0% over Type I structure. However, 1if

the assumptions are correct regarding the potential of Types II and III, only
Millican Oil and Scuthland Royalty will have adeguate acreage to develop largs
geothermal reserves. Tnhe interest in Typz I structure may also -indicate in-

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

Geological Elements

In éonjunction with the stfuctural eyaluatién, an analysis of the
probable character of the reservoir rocks was undertaken. . Although the evalua-
tion has not been completed to date, certain conclusions can be made:

1) The Quaternary_alluVium may range f;om 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,l
énd range from less than 1,000 feet to approximafely 4,000
feet iﬁ thickness, are probably severely faulted and highly
permeablé along their fracture systems, and are composed
of rhyolitic and basaltic flows and tuffs. ‘
3) A Jurassic gabbro and diorité complex in fhe form of a lopolith
| is présent 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-

I 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.potehtial Upp2r reservoir i§ the lower intervals Qf'the Quaternary
alluvial seéuencés and/or upper intervals of the Tertiary volcanics; If
sufficiently fractured, the latter may be an acceptable réservoif because it
isrkluid éommunication with recharge areas and the heat source balow tﬁe gabbroic
complex. - The volcanics may have a tendencyit0>seal fractures and reduce per-
meébility since they often contain minerals that alter rapidly, which would
suggest potential plugging of presently op=n fracture‘sysﬁems; The overlying

alluvial £ill sequences will probably have exceilent 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
. | 9

upward 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 willvhavé a major impact
on the potential of Dixie Valley. For the present, little direct or indirect
evidence ié available either for the existence of such a shallow intrusion or
for most of the structural features shown iﬁ Figure 2, éxcept for the Type III

structure as shown.

‘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. Minimun depth of the base of the gabbroic

complex in the vicinity of Type I structure is no greater than 7,500 feet.
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Tt shoulid ke noted tha£ the possibility existe that svd & reservoir mzv be
Vapof—dominated. If this is the case, the econonic requiren&nﬁs of such a
reservoir will bes significantly different ﬁhan the water—dominated reservoir
discussed herein (e:g.~highervweilhead temperature, lower average‘flow rates,
highef well costs, etc.). " If it be;ones apparent that a lerr reservoir has
potential then the economics of éteamAproduction will havé to be assessed much
in thé'same way as conducted in this report for the pbtential upper reservoir.
Non-specific data on vapbr—dominated reservoir were the basis for the dis-
_cuésions'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 aré available on such systems and a re-
liable operational estimate could be made on the Dikie Valley hoidings after

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

- STRIWATER RANGE DIXIE VALLEY CLAN ALPINE. MOUNTAINS
.1{..
!

KROMETERS
0 2 4 6 P
| W ST S !n 1
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FIGURE 2: CROSS SECTION OF DIXIE VALLEY, NcVADA. - THE SUBSURFALCE STRUCTURE
. TO DEPTH OF THE SEDIMENTARY FILL (YELLOW) IS BASED ON GEOPHYSICAL
EXPLORATION. DIKE AT DEPTH IS POSTULATED TO ALCCCMMODATE SURFACE
EXTENSION, AS SHOWN BY ARROWS AT SURFACE (FROM TEOMPSON AND BURKE,
1974) ‘ ' : e : :

-22-



'I‘_‘,_“

o

KEPLINGER au;(?,!,uoa'«lu, ine.

IV ECOMCHMIC POTENTIAL

As summarizea in the INTRODUCTION, the factors that determiﬁe'the
econcmic suitability, or the lack thereéf, for geothermal prospects are aé
follows: |

1) Temperature of the reservoir

2) Temperature at the wellheéd

3) Flowrate, a function of:
a) fluid productivity (reservoir fracture system)
b) size of reservoir |
c) production lifetime of reservoir (responsé of
reservoir to devéibpmeht)
4) . Wéll ccst,‘a function of:
a) deéth to producing zones
'b)  fluid quality |
c) productive lifetime of weli structure

5) Distance from producing field to power plent

Effects of Temperature and Flow Rates

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

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

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

saline reservoir. However, the cost of producing geothermal electric power
declines with increasing fluid temperature. High-temperature wells producing

from liquid-dominated reservoirs-tend to produce fluid at greater flow rates
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than low-tarmpsrature wells. Conseguently, less fluid is requireé to genercic
the same amount of power, and fewer wells are needed to supply the fluid. The
importance of reservoir temperature is shown in Flgure 3; an exponontlal in-
crease‘in the number of wells is reguired to supply a power plant of 200 My

capacity.

Power costs vary inveréely with wellhead temperature, i.e. rgser;
voir-temperature‘less well losses as the fluid is transmitted up the wéil,
(see Figure 4). At lbwer wellhead temperatures, s@all changes in temperature
have a lérge impact on power costs, while at high temperaturés the impact is
smaller. Temperature, in combination with the wellflow rate, aetermines the

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

No. of wells
for 200 MW
110 A P . Total Flow
3 ereemsasasnres Binary )
Multiple Plash
(Sing!.e Flash)
-, ”
20
0
p-¢]
-
T
R 400" 5o &«

Reservoir Temperature (*F)

FIGURE 3: Effects of Reservoir Temperature on Requ1red Number of Wells to
Produce 200 M4 (From Sacarto, 1876)
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FIGURE 4: EFFECTS OF WELLHEAD TEMPERATURE ON POWER COST (FROM BLOOMSTER
AND KNUTSEN, 1975)
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] L elthesd T Blectriea?
Yallhesd 3 . . Convarsion
Terperature  © flov Rate v (ermat)ren ) wieveny . _Efficiency 500
- °c 3107 Wb/ne X ctval - Trcss, ket . -, “Cross Net
125 250 1.3 me s 4 . w2 3
500 8.6 . 236 M . K 4.2 34
750 . 430 34,9 14 1.2 S K 3.4
159 ) ©oua me L. 7 62 &k
g 500 s.4 . D2 A W s 62 - 5.1
750 53.) a$00 2.6 2.2 . 6.0 5.1
200 250 o246 200 a0 1.6 0.0 5.0
. 500 43.3 0.9 3.3 3.2 9.0 .- &.
750 73.9 55.0 5.5 s - 9.8 8.0
250 , 25 ’ 32.0 %0 - 29 2.4 nz o 9.2
860 6.9 TER 5.5 46 1 5.3
- 750 93.9 ms - 7.8 6.6 R N
S— .
G The caxleun {s based on the specificd wellhedd flow rate. ~Tre actual s based on the reduced averags

flow rate using 203 excess producing wells, The variation §n convorsion efffciency within & temrerature
category {s caused by rounding to an {ntecer asher of wells,

(b)ror binary fsohutane cycle.

TABLE 3: EFFECT OF WELLHEAD TEMPERATURE AND WELLHEAD FLCWRATE ON POWEX
CONVERSION EFFICIENCY (FROM BLOCMSTER AND KNUTSEN, 1975) '
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FIGURE 5: ELECTRIC .POWER PER WELL AS A FUNCTION OF MASS FLOW FOR VARIOUS

TEMPERATURES OF HOT-WATER AND VAPOR-DOMINATED REZSERVOIRS SHOWVING
RELATIVE POSITIONS OF OPERATIONAL SYSTEMS AND CASES I THROUGH IV
(AFTER NATHANSON AND MUFFLER, 1976) :

In order to be competitive, energy supply (or producer's) cost for
low temperature reéources'(less than 230 degrees Centigrade) must 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 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'sensitivé to flow rate at lower temperatures that at
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higher temperatures bocaus
a decrease in temperature.

well—flow rates are two of

1]

. the thermodynamic efficiency declines repidly with

Bs previously indicated, wellhead temporature ard

the most important resource parameters in ths cost

Q-

COST UALSIEV-HOUR) ~

20—

10}-

PUNT SIZE 55 1A
. WELLSPACING ) 1L2 ACRES
WELLLIFE 15 YZARS LT

1FIELD FLASH
1 PLANT FLASH

2 AND 3 PLANT FLASH BINARYIFREGH 11

BIKARY/ISCBUTANE

WELUIEAD TERPEPATURE  200°C .

f 1 ! ! ¢

00 20,000 309,033 £D0LDD SOUN
CELLHEAD FLOWY RATE (LBIHRAVELD

FIGURE 6: EFFECTS OF WELL-HEAD FLOW-RATE ON POWER COST (FROM BDOOMSTER, 1974)

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

constant temperaturé, the power production potential 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 related to the flow rate; low flow rates re-

quire more wells and an in

crease in transmission lines..
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Power costs of the producer are directly related to the well cost
(see Figures 7, 8 and 9). The effcct of well cost is much greater on low '
quality (low tewperature and flow) resources then on high—quality resopurces.
Since temperature and flow are determined by the_neéervoir, and since powerplant
costs are not suvbject to wide variation, the well cost is the single most
important factor in determining the economic viability of a mediuﬁ—quality

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

- degrees Centigrade).

1000
15 MILLSFV7-ER

oo
R4
=
=
R
wt 60
2
2 @t

50

1 ]

109 150 200 250 300
“TErPERATURE, °C :

FIGURE 7: EFFECTS OF WELL COST OF $150,000 ON POXER COST AS A FUNCTION
- OF WELL~HEAD FLOW~RATE AND TEMPERATURE (IROM BLOOMSTER, 1974)
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FIGURE 8: EFFECTS OF WELL COST OF $300,000 ON POWER COST (FROM BJ’_QOMSTER, -1974)

15 MILLS KkW-HR

FLOWPRATE, 10° - LOJHR

a0

1 ! ' 1
w I 250 3%
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FIGURE 9: EFFEC’iB OF WELL COST OF $500,000 ON POAER COST (FROM BLOOQMSTER, 1974)
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Effccte of Well Spacing

Power costs also vary directly with weil spacing. The increase is
associated with increased fluid trensmission costs which result from the
following conditions:

1) Additional piping is required to transmit the Fluid

frém the field to the powerplant, resdlting in ip-.
creased capital and maintenan;e costs.

2) Inéreased heat loss as~a'result of long pipe runs

which decrease usablé energy delivered to the
power plant.

3) Increased preséure drops over the increased distances

so that either pumping costs or pipe distances must

be increased.

In the Dixie Valley, the reservoirvmay be structuraliy conﬁrolled}'
if production wells ére drilled, they can be located either on a triangular
latticg-along the structural features of Typeé IT or III, or on a grid, if
the structural feature is simiiar‘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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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
(ligquid~dominated reserves) in Wairakei (New Zealand) and in Cerro Prieto

(Mexico) were selected for detailed study.

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

Cerro Prieto has just commenced operation since the early 1970's. Both, °
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howeyer, flash at the wellheald and are generally inefficient cpesrations.
Both operations afe managed by their respective federal governments or tﬁeix
designee. Cerro Prieto is an especially ﬁigh—quality geothermal field with
very high reserveir temperatures and pressures. Wairakei-is also a high

guality 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 equivalent 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 éonstructed‘that
are based on estimates of producer's COsts. Table 4 states the assumptidns
made regarding: lf power—plaht type} 2) wellhead température, 3):well—flow
rate, well cost, number of wells requiréd, plant size and final cost to ex-

plore, produce, deliver and dispose of geothermal liguids.

Table 5 is a summary of producer costs over the projected life
in dollars (1974) and their equivalent in mills per kilowatt-hour. Cése I
is clearly. economically viable at 1974 prices, primarily because it was
based on a high*quality reservoir (high temperature and high well-flow rates

(see Figure 5 for comparison with other fields and Cases II, III and IV).
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Table 4
RESERVOIR AND TLANT ASSUMPTIONS
FOR PRODUCER COST ANALYSIS
Cosgt
‘ . Number Plant Size of
. Wel} Flow-Rate Well Cost of (M) Power
Power Plant Type Wall-head Temp.°C 1071bs/hr, (M) Wells Gross Neg (ML1ls/kihr, )
t . .
w : : .
w )
CASE 1 Steam Flash (Double) , )
Implant 250 750 _ 500 10 55  53.0 9.8
CASE II Binary (lsobutane) 200 430 300 25 55 46,7 10,9
CASE IIX Binary (Isobutane) 200 500 _ 500 27 55 46.1 19.6
CI/SE 1V Binary (Ipobutana) 55 45.9 75.9

150 - 250 : 500 95
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TARLE—S [
AL r—

VARIATIONS IN GEOTHERMAL POWCR PLANT & SOURCE
AND_THE EFFECTS ON
DISTRIBUTION OF PRODUCER'S COST

CASE 1 ' CASE 11 ’ CASE I11_. i _CASE 1V
[ Mills/Kwhe S0t Mills A et HL1ls /e st  Mills/Kme
1_Erploratfon: ; 2,39 0.7 1.71 0.5 » 2.39 0.7 . 2.39 0.7
_11_Fleld Development: 9.58 - 2.8 11.97 3.5 17.10 5.0 72.16 .21,
Producing Wells ( 4.79) ¢ 1.4) ( 5.81) (1.7 ¢ 7.58)  2.8) (42.41) (12.4)
Fluid Transmission ( 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) ( 6.79) ( 0.4) ¢ 5.47) { 1.6)
TOTAL 11.97 3.5 13.68 %.0 19.49 ‘ 5.7 74,55 21.8
11T 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) ¢ 0.7) ¢ 3.76) (1.1) (13.68) ( 4.0)
Fluld Dispoeal ( 3.08) ( 0.9) (.3.76) ( 1.1) ( 7.18) ( 2.1) (31.46) ( 9.2)

. Flufd Transmissfon ( 1.71) { 0.5) . ( 2.05) ( 0.6) ( 2.39) (0.7) ( 9.58) ( 2.8)

w Other ’ ( 3.42) . (1,0 ( 3.76) ( 1.1) ¢ 6.16)  1.8) (25.31) (7.8)

+ TOTAL 10.60 31 11.63 3% 19.15 3% 80.03 3.4
IV State Income Tax: 0.34 0.1 0.34 0.1 _ 0.68 0.2 3.08 0.9
V__Federal Income Tex: 3.08 0.9 2.39 . E 0.7 5.1) 1.5 20.86 6.1
VI__Rovalty Payment: 3.08 0.9 3.42 1.0 4,79 1.4 19.15 5.6

VII Bond Interest: S 0.5 1.71 0.5 2.74 0.8 10,26 . 1.0
30.78 9.0 33.17 9.7 51.98 15.2 207.93 0.8
VII1 _Charge for Internal
Fower Congumption: 1.37 0.4 2,39 0.7 12,31 3.6 41,38 12.1
IX_ Revenue Taxes (47) Re- , - . )

lated to Enerpy Supply: 1,37 0.4 . 1.71 - 0.5 2.74 0.8 10.26 o

TOTAL COST ’
OVER LIFE OF PROJECT: 33.52 9.8 3.2 10.9 67.03 19.6 259.58 75.9

|
I
I
|
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Cace I1I, although of relatively low tenperature 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 tempe;ature reservoir, but has high well-flow rates, and high well cdéts.
This is reﬁresentative of a field that may not become economié during this-
period to 1980 but, if utility prices increase from 20 to 25'mill§/kw hr over
the pariod, the field could become economic to operate,A Case IV is clearly
nét economically viable riow nor Qill it become economic until energy costs
reach at least 85 mill/kW hr (S$2.50/million BTﬁ). The economic factors invol&ed
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 geologiéal and
economic-potential'of the upper'reservoir can be summarized as followed:

1) Reservoir temperature of 20b 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 structuré have potential for ?roduction.

4) Millican 0Oil 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 derth.
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.7)

8)

9)

10) .

11)

12)

13)

}illican Cil Coméany doss hold signifiéantlacreage in areas.
of poténtial pfoduCtionl(Types i,viI and II), i.e. 30%
(10,260 acrés)Aof.total acreage; Millican holds a dominant
acreage poéitién on Type III sﬁructures, 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 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 selection evaluations can begin. -

Preliminary analyses suggest that for the upper reservoir
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of Dixie valley to be eﬁonomically yiablé for the period 1977
to 1980, the following requirements should be met:
"a) average wellhead temperature: minimum of 200 degrees .
Centigrade (373 degrees Fahrenheit).
5)' average well-flow rate: minimum of 475 lbs/hr..
c) average well costs: maximum of $400,000 (completed).
d) maximun number of wells to supply.a 55 MWe plant: 25.
.e) maximm producing depth: 7,000 feet. |
£) Based on the above requirements, producer's selling
price (cost plus profit) should be approximately

15 mills/kW hr.

14) Future producer selling price is subject to'inflationary

15)

16)

factors. Plant costs will increase but increases of future
geothermal-generated prices of eleﬁtricitf will depend-on
well costs and associated materials and services.

The utility price of électricity will depernd on thé com-
petitive prices of conventional and other alternate energy
sources of péwer for electrical generation (e.g. coal,:
nuclear power, hydroelectrical power and other competing
geothermal power sources). If geothermal energy can be |

produced‘and s0ld competitively, suitable resources will be

developed.

Assuming the upper reservoir of Dixie Valley has an adequate
temperature, and an acceptable reservoir at relatively shallow

deths (4,000 to 7,000 feet, the following producer éelling
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price could be realized over the next ten years beginning
with production in 1980:

1980-1983 : _ 1983-1986

20 mills/kwW 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 Oil Company's holdings can be undertaken. °

In the interim period, the potential of Millican 0Oil Company's
holdings in the area appears to be excellent at this time but should be fur-
ther defined by additional geological and geophysicai evaluations. A Stage
I drilling program should be undertaken to test the various geological,
structu;al‘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 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 bésinward.
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