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~ ABSTRACT

“Theycommercia]'déve!opment'potential of 13 underdeveloped geothermal

- prospects in the Western United States has been examined and the pros-

pects ‘have been ranked in order of relative potential for development on

~the basis ofinvestment censiderations.~ The following were considered in the

ranking. gentechnica? and engineering data, energy market accessibility,
administrative constraints, and environmental and socio~ecqnomic factors.

The primary ranking Criterioh is the unit cost of emergy production

expected from each prospect. This criterion is obtained principally

from expected reservoir temperatures'and'depths. Secondary criteria
are administrative constraints environmental factors and the qua1ity
of the geotechn1ca? data. ‘

The Rooseve!t, Utah, prospect ranks first in deve1opment potential

: ‘ gfo11owed in order. by Beowawe, Nevada; 6050 Hot Springs, California;
~ Long Valley, California; and Brady s Hot Springs, Nevada. '
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" 1. INTRODUCTION AND SUMMARY

An 1mpcrtant'ihs{ght into the requirements for geothermal develop-

~ment can be obtained by examining key factors affecting the development

of a representative cross-section of known gecthermal prospects. This
report presents the results of a study sponsored by the Jet Propulsion
Laboratory and dene by TRW Systems Group, of the commercial development

~ potential of a number of underdeve!oped geothermal prospects in the western
' United States. ‘

This study has resu!ted in the ranking of 13 geothermal prospects

“in»order of relative potential for development, as seen from an investor's
- point of view, given current information. These prospects were selected
- as the most immediately promising out of the many geothermaliy-interesting
. areas in the western United States.f These 13 prospects have been sites
‘rof active exploration efforts, includlng surface geophysics and, in most
" cases, deep exp!oratory wel?s. The prospect list does not include,
“however, any prospects where deve?opment has aiready reached the extensive
'production test stage or beyond, i.e., the Geysers, the Imperial Valley
,fields, and‘Ba¢a Ranch, New Méxiba' The locations of the 13 prospects‘ |

are shown~in'FiQUre 1. They are widespread geographica]]y, and represent

 a broad range of geo]ogic environments

The fo?lowing has been used in determinang the ranking of the
prospects. o :

e Geotechnica1 and engineering data, 1nc1uding surface and
f;subsurface geology, geophysics and geochemistry, reservoir
f; characteristics, and the technology and costs: of energy ,
W“jextraction and conversion , O .
f‘o”VThe accessib1¥ity of energy markets, t.e., e}ectr1cal
A "distributicn systems, popu]at10n, and users of space and
o ‘,process heat. ‘
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e Administrative regu1ations and constraints
) ‘Environmental factors.

 ;These data have been'comb?ned to estimate the differences among
prospects in expected return on investment. The similarities and

‘differénces among prospects are such that the primary ranking criterion

1s the expected unit‘:ast'of energy production, as estimated from

' l‘geotechnical data (primarily subsurface temperatures and well depths).

- The effect of other factars on the ranking has been to distinguish

,.between pairs of prospects that rank approximate1y equally on the unit-
- cost criterion alone, but not to reverse the order of any two prospects
- that are clearly distinct in unit cost. The most important secondary

differences among prospects are administratiVe constraints and delays,

"renvironmental settings, and the. qua11ty of available geotechnical
"‘,infbrmation.‘

?ab!e 1 lists the th1rteen prospects in order of development
potential ‘This table a?so Tists the likely reservoir temperatures and

. depths.
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TABLE 1 - PROSPECTS BY DEVELOPMENT POTENTIAL RANK
" (Tabulated in order of decreasing potential)

. -Roosevelt, Utah

Bebwawe, Nevada

Coso Hot Spbings, Ca]ifornia
Long Valley, California
Brady's Hot Springs, Nevada
Steamboat Springs, Nevada
Clear Lake, California

.. Sdrprise valley, California

Fiy Ranch/Gerlach, Nevada

. Mountain Home, Idaho

Raft River, Idaho

- Brigham City, Utah
" Chandler, Arizona

Probable
Reservoir

Temperature
°F

~420
410
>300
350
420
370
370
320
>220
380
300
285
350

Probable

Reservoir

Nepth

C_(Feet)

200
Y500
> 500
>1000
5000
>2000
9000
4500
>1000
10,000
6000

11,000

10,000
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2. PROSPECT EVALUATION CRITERIA

The overall criterion adopted for the evaluation of the prospects
is the potential for commercial development, from the viewpoint of an
investor seeking the best return on investments in geothermal projects.
Comparing the expected net discounted cash flow for alternative projects
is a common and useful aid in making investment choices. This process

~is used here as a framework and rationale for the ranking of prospects,

but it will be evident that much of the relevant information is qualitative
or uncertain, given the present state of information. Part of the overall

‘ranking will depend on choices of 1nvestment strategy'that will be deter-
- mined by the character of investment, and investors, in‘geothermal energy.

. Geothermal investment in unproven prospects, 1ike investment in

| Amany other kinds of earth resources, is an arena of high risk and high

returns. Major investors operate on the statistical probability that most '
prospects will not repay exploration costs, but that the high returns
from a few successful developments will more than cover the losses. The

o major_ingredients for continuing survival in eartharesouroes investment
~are skill in the use of exploration funds, and sufficient capital

reserves to average out fnevitable fluctuations in the success-ratio

. of exploration efforts. The. aggregated behavior of independent minor
'f;investors with local ties or preferences will generally have the same
ivoveraii effect as the actions of one or a few major investors.

~ The corresponding strategy appropriate to geothermal 1nvestment
has two features important to the ranking process used here:
o A representative geothermal investor will spread exp]oration
" funds over several prospects He wil] not generally commit '

to an investment in several successive phases of a sing]e g
project, but will make continuing choices about where to
spend limited sums in order to gain information that will
guide the next decision.
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o Most geotherma] investors are much more interested in large
‘prospects of high potential than in modest or small-scale
projects. Small successful developments are welcome by-

- products of- expleraticn but are not an important goal of

- exploration efforts.

These strategic criteria are relevant to %he potentia1 of the

- prospects for attracting actual investment capital, and will serve to
:distinguish’the rank~of'seme prospects that are not clearly different in
expected costs.

More fbrma]ly, the expected net disceunted cash flow resuiting

V;,from 1nvestment in a project is the estimated present cash value of

the ownership of the project. It is the net sum of all items of expenditure

x and income that may occur in the future course of the project, with each -
. ‘1tem discounted to its present cash value ‘and multig]ied by the probability
: that it will actua]ly occur,

" The main factors that enter into an accounting of expected net dis-

| counted cash flow for a geotherma] project are.depicted in Figures 2 through
6, 1n the form of flow charts that indicate how and where different kinds

of 1nformation enter the process and are combined to draw conc]usions.

k;%-Figures 3 through 6 show the f1ow of information 1nto each of the four main
¢ headiags of Figure 2 o , L

~The types ef primary 1nformation that enter 1nto the f1ow charts

~ fa11 natural!y into four categories geotechn?ca? and eng1neering, access .

to markets, admin1strative considerations and enviranmenta1 factors.~;The

iAfollow1ng faur sections of this report summarize the most 1mportant primary
- information, with specia? emphasis on significant differences between

}prospects., In the last sectwon the ranking process is applied to the 13
R prbspéctS}.;rj‘ B |
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. GEGTECHNiCAL'EVALUATION.'

A Iarge percentage of the 1and area 1n the western United States
cffers the potential for geothermal resource discovery and exploitation.

 The geotherma!ly»interestfng area in the western states is depicted in
* Figure 7 along with the 13 prospects of interest here and the 66 Known

- Aseothermal Resource Areas (KGRA), that: had been defined on April 30, 1975.
 «fKGRAs are areas designated by the Federal government as prospects that

’ ‘  have commerciai development potentiaT or for which cnmpetitive 1nterest

in land Ieasing has been exhibited

Appendix A ccntains 2 general discussion of the regional geolcgy

“‘and geotechnical data.

s 1 Geatechnical Data Types s

The geotechnica] data used in comparing and ranking the specific

'prospects have been classified by type and summarized in matrix form.
 While the various data types are treated individua]?y. 1tkis important
j»to7recognize1that a data assémb?age-may be more~impc?tant than individual

- data types.kkRe1at1ve1y weak data of several types that integrate into
,'a sing?e cohesive result may be more valuable than re1at1ve1y strong but

. .fconf?icting data of ‘several types. The geotechnica! data. summarized
"fV.in Tables 2 and 3, is readity divided into severa1 subclasses, 1. €.,

surface data, geophysics, subsurface data, geochemistry, and reservoir

: ‘characteristics. e

' 3;1;1‘ Surface Bata

Surface mapping of the geo1ogica1 units and tectonic features has

R ;been done in all 1nstances by the U. S Geo1og1ca1 Survey and/or state

: geological surveys with a uniform. excei1ent qualfty., A1l of the prospects‘

~ except Chand?er are marked by thermal springs. Table 2 1ndfcates the
‘temperature and chemical content of the thermal spring waters,

T
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| Thermal Springs | @ - Geophysics
N 1l Seismic
| °b%§'”?“ .52:2;::]‘ ﬁ?ﬁﬁ E}gg::z;:;{ Micro4' 1 ~Gravity [Magnetics
(o?Y | (1os) 1 ngtic quakes Noise Refraction :
| Roosevelt, Utah | 185 | 7,000 | -- | A - e E E
Béowawe;_Nevada¥ :'205 ,1.200. 1 E | E | - E E
Coso Hot Springs, Calif.| 200 2000 | A | A | a e £ £ E
Long Valley, Calif. 200 | 2,00 | E | A £ E E A --
Brady's Hot Springs.Nev.| 209 | 2,450 | - - -] - o E E
Steamboat Springs, Nev. | 206 | 2,500 | -- - - -1 - - -
Clear Lake, Calif. | 180 | .- .- A - -- E A E
Surprise Valley, Calif.| 200 1,500 | - | A E E | - E E
Fly Ranch/Gerlach, Nev. | 220 | -- -1 £ R “ -
Mountain Home, Idaho | 150 | 300 | - | - EE R - | -
Raft“River;,Idého B 3 RN A A - e A O E
Brighan City, Utah 125 | 40,000 | - | A - : - - | B | €
Chahdler, Arizona = — - - A -- -- - : E E

-- Data unavailable
E Data available
A Data available & significant

SURFACE GEOTECHNICAL DATA SUMMARY
Table 2.
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B .|  Geochemistry | Reservoir
Subsurface Data — o . — - Characteristics
PUROTRE PO : Chemical | Chemical Observed
Depth |Geophysical |Core/Sample Conte Flow
~ . . nt | Temperature | Temperature
t L (ft.) ; Fogs Des;rjptions (T05) “(°F) R (GPM)
Roosevelt, Utah | 2,800 |  -- - - 540 | >420 400
Beowawe, Nevada - [ 9,563| - | - | 120 | a0 | ma |
Coso Hot Springs, Calif. | 375 - | £ [ 5750 a0 | 287 | 40
Long Valley, California | 1,060 - 1 - ] 1,500 | a0 352 1000
_ | Brady’s Hot Springs, Nevada | 5,100 -- S 2,500 380 ng 120
Steamboat Springs, Nevada | 1,830 | -- - | o 380 % | --
Clear Lake, California | 8,566 -- SR Tow - - 367 --
| surprise Valley, Calif. | 4,500 - —- | low 340 20 0 --
Fly Ranch/Gerlach, Nevada | 1,000 | -- S Tow 30 220 | -
Mountain Home, Idaho 900 - - 800 -- 382 ' 1000/0
Raft River, Idaho 6,000 | E . - <2,000 | 300 297 ! 1000
Brigham City, Utah 11,000 | - -- 54,000 400 280 . 0
Chandler, Arizona 110,000 - - 60,000 - 352 3000/0
| : _ : _ -- Data unavailable
 SUBSURFACE GEOTECHNICAL DATA SUMMARY E Bata availobie
Table 3. A Data available & significant
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3.1f2 Gebphysics ,

Table 2 also summarizes gebphysical data in the prospect areas in

- terms of being unavai]able. availab1e and available with significant

results. Significant results are defined as those that provide direct
evidence (recognizing the 1nterpretationa1 nature of geophysicalydata)

—of the presence or non-presence of a geothermal resource.

3.1, 3 Subsurface Data

Well depths, indicated in Table 3, vary from shal]ow to deep.
Historically, shallow (less than 2000 feet) wells have not been success=~
ful, although adequate temperatures and flows have been 1nitia11y

 encountered. The principal reasons appear to be that the flow from

shallow wells may interact with near-surface groundwater in the immediate
vicinity with a consequent cooling: ‘and precipitat1on of minerals, and

that a relatively unconsolidated and unstable shalliow reservoir may collapse :
~and clog as fluid is removed. Deep wells, of course, are more expensive.

In general, the range of reservoir depths that a]Yows_reIiable'prOduction

~at a reasonable cost appears to be from 2000 to 6000 feet. A1l the wells

- listed here, except those at Coso and.Raft River, have been.drilled by

" private concerns, whose usual practice is to hold data such as geo-
physical well logs and core descriptions proprietary for as long as state

"régu]ations permit; or until the prospect is fully deVeldped or abandoned.

3.1, 4 Geochemistry

In genera], as listed in Tab?e 3, the geothermal waters contained
in these prospects are of Tow salinity, with a few thousand parts per

4,m11]ion (ppm) of total dissolved solids (TDS). (For comparison, sea water

salinity is a nominal 35,000 ppm. ) Exceptions are at Brigham 01ty and
Chandler, where the fluids contain higher ‘salt percentages ‘than the sea.

. Even the low salinity fluids, though, w111 not usually be allowed to
_mingle with fresh surface or shallow aquifer water. An exception is Mountain

Home, where the water is potable when cold, and would be pérmitted'to flow

into surface waters. ' The geothermal water is generally of sufficient

 16
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~ quality to be used for evapofative cooling, Surface subsidence considera- ,
- tions permitting. Accordingly. developments at most prospects can probably

- supply cooling water internally without drawing on other surface or sub- n

surface sources and without excessive scaling and corrosion in condensers

yrand heat exchangers. ' V |

The chemica! ‘estimates of reservoir temperature Iisted in Table 3

. are generalkaverages. subjectively weighted, from various chemical ana?ysis

~ of hot springs and well fluids obtained at the prospect sites. This ’

~ includes both $10, and Na-K-Ca estimates. The range of temperatures
':Jobtafned from dffferent geochemica] determinations at any one site can

~eas1ly be as large as 60°F or more. The weighting, based on QEOCh8m1Stﬂy,<7g

has genera!lnyavored the higher more reliable values since the principal

- use of chemical estimates-1s as an indicator of maximum potential.

"j 3 1.5 Reservoir Characteristics

The maximum ‘observed- temperatures, in the tabulated we11s have mnst!y‘~

"been measured under conditions of 1ftt1e or no flow and not necessariiy
~ from the bottom of the deepest wetl on the site. Fluid temperatures at
the wellheads of f?awwng wells may be considerably lower than down-hole
' reservoir temperature, particular?y where the fluid is 11fted by f]ashing
- in the weil '

Data on 1ndiv1dua1 well flow rates are sparse, and should not be

;,'assumed as- representative of fiow rates to be expected from production
," , wells, whose depth, completion technique, and local s1tuation may be veny
‘ ﬁ‘different from thase of the exp]oratjan we11s. : 2

f,3 2 Cost Data

Figure 8 shows geatherma? wel? costs as a function of depth These ‘ 
data were assemh]ed from a variety of estimates of well costs from varfous

years between 1971 and 1974, all esca1ated to 1975 dollars at the high but -

realistic rate of 20% per year. The wide range upward from average ol

'5and gas we]l costs ref?ects the problems of drilling in volcanic

7 e




8L

‘g aunby

ey

COST(MILLIONS OF DOLLARS)

ERRE |

COST oF COMPLETED GEOTHERMAL WELL
(DATA FROM 1971- 1974,.ESCALATED TO 1975 @ ZOXIYEAR)

/"

GREIDER EST.\ /

4 / 7

voLeanties| S A7 -

| ey Reersens /
e IMPERIAL 04-

T U VALLEY oIL
ﬁmms - v

L7

/

/ IMPERIAL - O%I(Fi
Rl |
VALLEY _ OAFfE.
= o1L
.’
‘ 1  §  { l ¢ 4 | ! 1 l L]
5 10

DEPTH(THOUSANDS OF FEET)




ey

Y

~ and metamorphic rock types not associated with oil drilling and the
_'problems of drilling and completing hot wells. Figure 9 shows the

gross electric power that can be drawn from a flow of 1000 GPM of geo-
thermalvfluid, as a function of fluid temperature, using optimum conversion
technology. Note that binary conversion is optimum to approximately

- 420°F and flash conversion is optimum at»higher temperatures. Note

further that the energy versus temperature slope is steeper for flash than
binary. The data from these'two figures can be combined to derive nominal

- well cost per KWe capacity installed, as functions of temperature and

depth. This will be used in Section 7 below in determining the prospect
ranking. o o |

For fluids of similar chemical content, the cost of energy conversion
depends primarily on fluid temperature. Binary conversion plant costs,
without wells and collection system, decrease almost linearly from $450/
KWe at 300°F to $330/KWe at 420°F (Ref.1). The costs of flash conversion
plants are markedly less. The data important to this analysis is ‘the cost

~slope of minus $1/Kde per °F for geothermal fluids ranging in temperature

from 300°F to 420°F. These costs will also be used in Section 7 in

~ prospect ranking.
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4. LOAD CENTER EVALUATION

The economic worth of a geothermal resource is in part 2 function of
the investiment that must be made in an energy distribution system and this
is a function of the proximity of the user (the load center) to the resource.

Two uses of geothermal energy are considered, electrical power generation
and direct use of fluids for space/process heating. | |

"4 1 Eiectric Power Generation

Several Southern California utility companies (Southern Ca]ifornia

‘Edison, San Diego Gas and Electric, and the municipal utilities of the
cities of Burbank and Riverside have stated the following general require-
 ments as necessary for justifying an electrical generating plant at any
N specific geothermal site: (Ref. 1)

o If the site is intended to serve a small isolated load center
- (Long Valley near Mammoth, California for example) proven

- reserves of 10-15 Mie, expected to last for 30 years, are
required

¢ If the site is near a Iarge load center (Inperial Valley fields
near Los Angeles and San Diego, for example), proven reserves
~of 50 Mde for 30 years, and potential reserves of 200-400 Mle,
are required. :

‘o If the site is remote from a large load center (Central Nevada
 fields for example), potential reserves of 1000 to 2000 Mie are
- required. - However, representatives of the Electrical Power
Research Institute (EPRI) have suggested that proven reserves -
of 200 MiWe anywhere will be a commercial resource. _

An 1mportant factor in the economic viability of a geothermal prospect
is thus the distance to the nearest electrical transm1ssion network capable
of carrying the 1oad; Figure 10 shows the existing network (solid lines)

- .and planned additions through 1984 (dashed711nes). ‘This network is com-

piled from data supplied by the major western utilities and represents

- approximately 95 percent of the total network (Ref. 2).. Transmission

lines operated by small, local utilities are not displayed.

| Table 4 summarizes the proximity of the thirteen prospects to the net-
work of Figure 10. With one exception (Fly Ranch/ Gerlach), all prospects
SO | =g S L
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 TABLE 4 - USER PROXIMITY DATA SUMJARY

Chandler, Arizona

Approximate Space/Process Heating
o Distance To ,
- Electrical Radius of* | Radius of *
Transmission Population, | Population,
~ Line 10,000 100,000
(Miles) (Miles) (Miles)
~ iRoosevelt, Utah 20 3 130
Beowawe, Nevada 25 80 200
|coso Hot Springs, Californfa 20 - 40 100
|Long Valley, California 20 3B 150
v _ Bfady?s Hot Springs. Nevada <10 40 100
| Steamboat Springs, Nevada <10 S0 20
|Clear Lake, California 10 30 50
Surprise Valley, California 30 40 150
Fly Ranch/Gerlach, Nevada 30 70 100
‘| Mountain Home, Idaho 10 10 50
~|Raft River, Idaho 30 25 120
|Brigham City, Utah <10 <10 30
<10 <10

25

‘ *‘ApprOX1mate radius of circle, centered on the

~ the prospect, including the given population
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l1ie within 50 miles of an exiSting transmission line. Accordingly,
transmission line:proximfty does not appear to be a major consideration
in the development potential of the selected prospects.

4,2 Space/Process Heating

Geothermal uaters are now used for residential heating and greenhouse
warm{ng at Surprise Valley, Steamboat Springs, and Raft River, and several
other areas not included in the present prospect list This usage 1s un-
organtzed and very individualistic. :

A bas{c'problem with hot water and/or steam is that it does not

"transport well. Hot water {is trénsported by pipeline over 12 miles in

Iceland for space heating purposes and steam {s transported up to 45 miles
in Italy (Reference 3). It appears that transporting water for 50 miles is
reasonable and prospects have been evaluated on that basis.

As indicated in Table 4, three prospects (Chandler, Brigham City and

- Steamboat Springs) are close enough to population centers to present
,'opportunities for space heating development. Steamboat Springs -is of

particular interest. Representatives of the State of Nevada have stated

- that space heating using Steamboat Springs geothermal waters may be the

next major geothermal development in the state, preceding electric power

development. These officials described housing deve10pments in the Steam-
boat Springs area being arrahged so that four homes woald‘mutuallyVShare one
geothermal well, The idea is in the conceptual stage and such factors as -

reinjection have not been considered.

Considering a population of several hundred thousand within distribution
range, however, the demand for thermal energy in residential and commercial
space heating 1s‘equ1va1ent to no more than some thousands of barrels of
oil per day. Further, the demands of special industries that could be

kattracted to a new site by inexpensive ‘process heat or hot water would

probably not,be large. By contrast, the demand,of the same population
for electric power would be some hundreds of MWe equivalent to several
tens of thdusandS'of‘barrels~of oil per day. For example, direct use of
heat from a major geothermal development at Steamboat Springs would only
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use a small fraction of the available power.

AN of these geothermal,proépects are directed at the same electric
power market in the western states. These states are connected by an
intertie system that can distribute power from any source to any load

center over its entire area. The market is much larger than the combined

potential of a11vthe selected prospects; therefore, development of the
geothermal resource would afd in supplying the market, but would not affect
its structure. While individual utility companies tend to formulate plans
based on projected power demands in their own areas, they are also |
accustomed to entering into long- and/or short-term agreements ‘to assure
power supply to the total market area. '
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| 5; EVALUATION OF ADMINISTRATIVE REGULATIONS
' AND CONSTRAINTS

A substantial portion of the development time-to-market for a
geothermal resource {s the time required to obtain approvals from govern-
ment agencies.v Approval delays have a direct bearing on the economics
of development and thus directly affects the potential of geothermal
prospects. ' ‘

The most significant differénces i{n administrative requirements for

- goethermal development are exhibited state by state, rather than prospect
~ by prospect. The procedure and regulations adopted by local county
governments are generally similar within any state. Most counties assume

a minor role in the regulation of geothermal activity and the state assumes
the major responsibility except in California where local government

exercises significant control. Additional details are contained in Anpendix
B, ’ -

Table 5 provides a summary of the county level administrative constraints

- imposed on geothermal developers and summarizes the status of land at

the prospects in Californfa. Local agencies in California'have‘thé'most
stringent and time-consuming administrative requirements, but for the pros-
pects included in this study, the requirements are similar. Nevada county
constraints on geothermal aCiivities are very limited; those that are

'_imposed-are 1mp1eménted with a positive attitude toward development.
The county governments of Utah, Idaho, and Arizona have not yet enacted

control regulations and administrative constra1nts at the county level

are practically non-existent.

Geothermal‘deve]opment regulationsfand brocedures also'depend

~substantially on ownership of the land (Federal, state, or private). While
most of the prospect areas contain both Federal and private lands, most

exploration has -been done on brivate’land . This is directly attributable
to the difficulties of acquiring Federal leases; a geothermal developer
faces the greatest procedural and regulatory difficulties when proposing

to_exp]ore or develop Federal land. Difficu]ties are multiplied in states

with;str1ngent requirements; on the other hand, a developer may face only
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TABLE 5 COUNTY ADMINISTRATIVE REQUIREMENTS FOR GEOTHERMAL DEVELOPMENT AND STATUS
~ OF LAND IN CALIFORNIA PROSPECTS :

' Prbspect_

it it o v 0 s

Coso Hot Springs

Long Valley -

C]ear Lake

Sukprise Valley

" Local 1égi$lation
-and regulations -

R T RN STRPAEON TN

{ Characterization

of constraints

Disposition of
county
administration

Land status

Definitive control
" procedures have

been enacted.

e Environmental assess-

ment for exploratory
land use permit

o EIR for development
and production

Definitive control
procedures have been
enacted. ‘

o EIS for exploration

with review by
‘several state agencies
for land use permit -

’Definitive control
procedures have been

enacted.

e EIS for explorat1on
with review by
several state agencies
for land use permit.

Definitive control

‘procedures have been

enacted.

e EAR for exploration
land use permit
(possible EIS if

required)

o EIS required for de-

velopment and produc-
- tion.

e~ -

Stringent.
Administrative
requirements pose signi-
ficant constraints and
Tong delays

Stringent.
Administrative require-
ments pose significant

‘constraints and long

delays.

Stringent.:
Administrative require-

ments pose significant
constraints and long

delays.

Stringent.

Administrative require-

ments pose significant
constraints and long
delays.

~ Cautious.

Very cautious.

Positive. Local

~ private interest groups

and Sierra Club pose
difficulties.’

Air pollu-
tion control district
is advising studies be
conducted to determine
probable air qualityim-
pacts. Sierra Club and.
private interest groups
pose difficulties.

Cautious. County is
anticipating potential

- conflict with BLM for

control of Federal
lands.

Pfincipal site
is on Federal
land, U.S.

military

reservation.

Private and
Federal

Federal., Mineral
rights to all pri-
vate lands within
KGRA are retained
by Federal govt.

Private and
Federal. All

-exploration has

been on private

: land.
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' mild constraints and brief de]ays when operating on private 1and in states

with more lenient regu]ations.

The severity of constraints generated by requ?ations and policies -

' depends on five. factors:

] The number of reviewing agencies in the approval processes,
o i.e., in Ca?ifornia, as many as 40, in Arizona, one..

e The delays associated with the approval processes Hany
,pracedures do not stipulate a time target.

o The nature and dispesitfon of the rev{ewing agencies.

9 g?ebdispositicn of private-interest groups such as the Sierra
ub. ,

o The complexity and the technicel consequences of requirements
to be implemented

',TabIe 6 s an assessment of each- prospect considering the above

‘factors., Available 1nfbrmation has been combined into a three-tier scale

for each factor, which has been used to rate the regulatory severity ‘
associated with exploring and deve]oping each prospect. For prospects

swhich might be developed on lands other than Federal, Table 6 provides

a1ternate severity ratings as exp?ained in the footnotes.

Federa? constraints and delays are 1n addttxen to and not instead of

. constraints that can be impesed by state and local authorities. The
- administrative deleys which are added will depend in large part on if

an Environmental Assessment Report (EAR) or Environmental Impact State-
ment (£IS) has been prepared and the degree of coordination required between

-~ state, local, and Federa‘l agencies to resolve separate interests and. re-
“quirements of each. Since the second factor depends upon the first, the

greatest coordination problems occur during preparation of the EAR or EIS.

VSign{ficant de!ays are probable for prospects on Federal }ands where EAR'S

have not yet been prepared This problem will be compounded in states

where numeroussegencies must coordinate with Federal: author1t1es for prepara-
,t10h of an EAR. Tab1e 7 summarizes the effects of Federal requirements for
“‘geothermal resource development This 1nfermatzon is incorporated into the

overali assessment of Table 6




TABLE 6 ASSESSMENT OF PROSPECTS BY ADMINISTRATIVE REQUIREMENTS
SEVERITY INDEX SUMMARY
STATUS OF -
PROBABLE CONSTRAIN- HIGHEST TOTAL OVERALL
DEVELOPMENT NUMBER DISPOSITION OF ING CHAR- SEVERITY VALUE WHEN
LAND OF GOVERNMENT PRIVATE  TYPE OF ACTER OF INDEX TOTAL FEDERAL LAND IS
PROSPECT AGENCIES DELAYS AGENCIES INTERESTS AGENCIES  REGULATIONS VALUE VALUE DEVELOPED
(Value of Severity Factor on a Scale of 3)
CALIFORNIA
Coso Hot Springs Federal 3 3 1 2 2 2 3 13 Not Applicable
Long Valley Private? 3 (3+) 2 (3) 1 3 1 2 3 12 13+
Clear Lake Federal 3 2 2 3 2 2 3 14 Not Applicable
Surprise Valley Private? 3 (3+) 3 (3+) ] 3 ] 2 3 13 13+
NEVADA
Beowawe Private/Federa]b 1 1 1 1 1 ] 1 3 No Change
Brady's Hot Springs Private/Federa]b 1 1 ] ] 1 ] 1 6 No Change
Fly Ranch Private/Federa]b 1 1 ] ] 1 1 1 6 No Change
Steamboat Springs Private/Federa]b ) 1 ] ] ] 1 1 6 No Change
UTAH
Roosevelt Federal 1 1 1 1 1 1 1 Not Applicable
Brigham City Private? 1 (2) 1 (2) 1 1 1 1 1 8
IDAHO
Mountain Home Federal 1 1 1 ] 1 1 1 6 Not Applicable
Raft River Federa1/Pr1‘vateb 1 ] 1 1 1 1 1 6 No Change
ARIZONA
Chandler Private 1 (2) 1 (2) ] 1 ] ] 1 6 8
a A]though.both ngera1 aqd private lands exist at the site, geothermal development was assumed to be most probable on private lands owing to:
(1) previous drilling history on private lands only, and the path of least resistance from the standpoint of administrative constraints,

b Development on either private or Federal land was estimated equally probable, and could occur with no significant difference in regulatory

requirements.
Notes:

1. Figures in parenthesis indicate value of obstacle factors when development occurs on Federal lands.
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TABLE 7 - CONTRIBUTION OF FEDERAL REQUIREMENTS TO SEVERITY INDICES

’Severity'lndex (Degree of severity on scale of 3)

S . ‘ Disposi- | Types |ing Char.
Prior s R R tion of of |of Regu-
S | EAR or "~ No. of a b Federal c Fed. |lations
' -Prospect 1 EIS Agenctes™ | Delays™ | agencies

(Value of Factor on a scale of 3)

o Californfa

- Utah

"'Idaho

Coso Hot Springs None
Long Valley CEIS
Clear Lake ~ EIS
Surprise Valley EAR

PN P Y
[ R Sy
— il e e
U p—p—

'Neéada

Beowawe EAR
Brady's Hot Spgs EAR
Fly Ranch EAR
Steamboat Spgs - EAR

P RPN
—d b i
PP R
imind aamal mmad  poel

" Roosevelt '_‘  EAR 10 1
Brigham City =~ None. oz 1

1
L
o]

Mountain Home  EARR 1 1 1 1 1
‘Raft River - EAR R SRR B 1

£ iAriZOna R B B L
s ChaﬂGYEr - Nope 1 2 11 1

a The number of agencies invo!ved in Federa? 1and use depends on whether an
EAR or EIS has been prepared. If neither, severa! state and local -
A;authorities will be invelved

'  f\[b In estimating delays, an EAR is assumed to suffice for approva1 of proposed

’;yactivities' an EIS will not be required. Further, the delay associated
‘with preparation of an EAR is assumed to ‘be greater for California than
for those states exercisiag 11mited authority

' °'c7jThe disposition of the agencies involved in approval of Federal land uses

- {s presumed to be progeothermal, stemming from the commitment. of the
,Federal government to develop domestxc energy resources.

W

Constrain-

Agy. (Federal)




PR

a

Ay

Table 6 shows that development of California prospects will encounter

‘the most severe administrative -hurdles. First, there are numerous agencies -

(local and state) which become involved in the reporting, review, and approval
required by the California Environmental Quality Act. The greater the

~number of reviewers, the higher the probability of dissent and conflict.

Second, the delays associated with the approval process are appreciable.
Third, the recreational and scenic factors associated with California pros-
pects suggest that dissent from private groups is probable. 'In addition,
Federal land will or may be involved in all California development, com-

‘pounding these problems.
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~ requirements will depend on- the environmental and socio-economic charaéter— ,
o istics of the prospect as well as the administrative structure. Below .
- is a discussion of those characteristics that may be a factor in development

'ffrelative development potentiai Additional'details'are contained in
'Appendﬁx c. o ’ B '

ffbetween prGSpects the baseline environment and ecnnomic hase of each

i effects of each phase of development on the basel1ne have been evaluated
ﬁ The sources of information for this are: :

6. ENVIRONMENTAL AND SOCIO-ECONOMIC SETTINGS AND EFFECTS

“Atfany,prbspect, part of the costs'and delays associated with meeting

of the prospects and which may be sufficiently important to affect the

To evaluate these characteristics and to determine the differences

prospect and the surrounding area has been determined. The probable

e Environmental Impact Statements or Environmenta1 Assessment
~ Reports filed for specific prospects or nearby areas
”nV,Generat county plans app?ying to prospects -
, ~fo,f00mmunications with county, state, and federa1 officials
e - Prospect visits '

Baseline cond1t1ons have been categorized under broad head1ngs as |

follows: T . | , o ;

'y Physical environment comprising air quality, water supp1y,
,ftwater qua]%ty. noise, topography , and aesthetics ol
‘;d- Biologica? environment comprising plant life, wiidlife, :
o aquatic life, and rare/endangered species S
V‘QV»Land use comprfsing 1and ewnership, zoning, and current
~ land use S T ST SRS o V ;
,;\6 'Soc1o-economics comprising cu!ture, emp?oyment. population,vri"
 *'fpub1ic opinion, and future p?ans, a]ong with historic and
y‘archeologica} sites '

‘~In summany, most of the prospects are in sparse}y inhabited and arid

- or semi-ar1d areas, Exceptioﬂs are:

‘~'3z',



o Clear Lake and Long Valley in wooded mountain areas with lakes
~ and streams, that are used by urban dwellers for recreation
= Chand]er, Brigham City, and Steamboat Springs on the outskirts
- of urban aress, within range of future expansion. |

Development of proSpects will no doubt be done in careful compliance

'V»fwith applicable environmental standards and regulations, particularly

those concerned with water supply and quality, land subsidence, and air
; ‘quality. ‘This may involve significant costs for water reinjection, plant
~cooling, and gaseous effiuent contro!.k Seotherma1 development effects will
be as follows: o
e Enviroamenta] effects of dri]!ing and construction, including
- removal of vegetation, reduction of wildlife habitats, erosion,
- dust, noise, and loss of aesthetic values. Regulation and care
Cwin genera]%y localize and minimize these PoSsib1e irreversible
‘effects such as the destruction of rare and 1rreplaceab1e
; archaeologica] sites or habitats of endangered species. need
‘careful consideration both 1n deve!opment and in long-term
N piant operations. ' : ‘
~on Environmenta1 effects of continuous production. ,Consideration
must ‘be given to such factors as consumptive use of water, sub~-
"sidence risks, accidental air and water polTution, ond
 permanent loss of aesthetic or historic values.
° Socio-economic effects, resu1t1ng from added work force in
_the area, during both construction and operationa1 phases.
" The added population, 1ncluding transient workers permanent
_'{fworkers with families, and supportive people could represent
a substantfo? increase in local population with resulting
'impact On the economy and. available socia! services. ‘

Table 8 1ists factors thot cou]d have an effect on deve!opment at
each prospect. ~The probab?e severity of these factors are also generally
:rated on a one-to-three scale with: the ratings being defined in the notes

‘\,}on the page fo}lowing The ratings ate entirely_empirical and are of use

~ only for relative evaluations. Envfrohmenta1 aod‘SOCia1 effects that

|  {»o~have been Judged to be minor or similar at all prospects have not been
_‘included ' '
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TABLE 8 - SUMMARY OF ENVIRONMENTAL AND SOCIO-ECONQMIC EFFECTS

PROSPECT
Roosevelt

Beowawe

~ Coso Hot Springs

Long Valley -

Brady's Hot
Springs

‘Steamboat Springs*

Clear Lake
Surprise~V§11ey

Fly Ranch/Gerlach*

- Mountain Home

Raft River

Brigham City*

Chandler

ENVIRONMENTAL
FACTORS

CLASSIFICATION

SOCIO0-ECONOMIC
EFFECTS -

Rare/endangered
species

- Rare/endangered .
- species ‘

Rare/endangered
species

Rare/endangered

species;

Aesthetics

Aesthetics

Water supply/quality
Aesthetics
Aquatic life

Rare/endangered

- species

Water supply/quality

Rare/endangered

species
Rare/endangered
species

Water supply/quality
Historic artifacts

Rare/endangered

species :

Water supply/quaiitj

~ Historic artifacts
' Rare/endangered

species -

‘Water supply/quality

34
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% Data was not available for a complete assessment. fi'
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Envircnmental effects ratinQS‘

Rare/enﬁangered species: 3 = individuals,of the species
inhabit the specific location. 2 = individuals of the
species inhabit the general area. 1 = individuals of

the species may pass through or may have been reported ,
~in the general area. '

Water supply/qua?ity. 3= water shortage exists; 2=
water shortage forecasted. 1 = some competiticn for

- available water.
Aesthetics: 3 = readily visible development in a scenic

and developed area. 2 = readily visible development in

a scenic area. 1 ~fre1at1vely hidden develcpment in a

 scenic area.

Artifacts 2 = area of known historical/archeoTogical
significance, 1 = area of potentiai historical/

archeoTogica? significance.

| ‘Socio-economic effect ratings’ " '
e

3 = development near urban. area. 2 = deve!opmentkin :
county with large population 1= deve]npment in county

- with small popuiatian.
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Ih general, it appears that all adverse envirOnmentaI and socio-

economic effects can be mitigated by utilizing care in prospect
development. -
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7. RANKING OF PROSPECTS

Baseline geotechnical, socio-economic and environmenta1»cond1tions

‘at each of the 13 prospects are described in Appendix D.

, /
The process of ranking the 13 prospects, by development potential,

1s based primarily on & comparative rating of prospects according to the

most quantifiable factors. Other relatively minor and less quantifiable
factors were used in particular cases to further separate close rankings
obtained from the initial rating. In no case did the minor factors

reverse the initial order.

" The following conclusions were used for fnitial ordering:

‘There are no first-order differences among prospects in

the factors related to expected revenues from electric

power production.

Expected markets for dirgct use of heat from any one prospect
are small compared with the prospect's potential and market
for electric power, with the possible exceptions of Steamboat
Springs, Brigham City, and Chandler.

“Major differences in administrative constraints and delays

depend principally on a prospect being e1ther in California

- or on Federal land or both.

Development of most of the prospects can: utilize part of the
geothermal fluids for evaporative cooling, with reinjection
of the bulk of produced fluids. Most prospects will rank
roughly equai]y~1n terms of local water supply and quality.
The possible exceptions are Mountain Home, where reinjeCtion,

‘may not be required or desirable, and Brigham City and -

Chand]er. where use of the. high-sa11n1ty fluids for evaporativer
cooling may not be feasible. '
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| o The environmental factor that would be most likely to
o cause eance11ation or 1ndefin1te delay in development is
the resistance to infringements on a scenic or popular
’ recreationa1 area.

The unit ccst of producing energy 15 the sing]e most important factor

e'in ranking and ordering the prospects.

The generalized 1nfbrmatien on well costs and energy production

. rates provided previously in Figures 8 and 9 has been combined in
‘ Figure n where Tines. of eqeal well cost per gress KWe capacity as a

function of temperature and depth are disp!ayed. Figure 12 contains the

‘ 'f'elegeﬁd for. Figure 11. The indicated costs are nominai. derived from the
"~eecenter1ines of the ranges of well costs and energy production, in
B Figures 8 and 9, and assume a nominal f1ow rate of 1000 GFM per well.
‘-*However. the lines of equal well cost per Kie have the same general slepe -
~ regardless of the specific value attached to any line. The chart, then,
k‘fprovides a sequence which can be used to rank prospects. ‘Bottom-hole
: temperatures, and, more 1mportant1y. temperature profiles from individual

wells, are definite indicators of economic potential, even 1f the well

eedoes not have adequate proven flow. ‘Chemical estimates of reservoir .
'etemperatures are full of uncertainties. but provide a rough upper limit

to temperature 1ncrease with depth. This is particularly useful in

,"prosaects with- sxngle or shallow wells. Inexact as chemicai temperatures.
: ['are, ‘prospect to prospect variations are greater than the expected '

,  statistical variation in any one detenmination. accordingly, chemica1
7]temperatures have been a decided help in the evaluation process.

' r'»e, The present stete of 1nformat1an on the prospects does net permit

diserimination ‘on the basis of reservoir life, well flow. rates, or varia~

. tions in we11 cost. Few, if any, of the existing exp?oratory wells are
| ffiikely to be satisfactory production wells. Many of the shallow wells
~ that had good initial flows have declfned. since, and few deep wells have
v ‘ﬂowed as much as 1000 GPM. - The varying results of drilling step-out
,fi wells after further exploration at. deferent sites. and of stimulating
77fmargina1 wel?s, are. not predicteble now. ‘ :
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‘Nominal well’and~plant costs for each prospect have been determined
from the cost data contzined in Section 3.2 above. From these, nominal

- unit costs can be found and, then, the unit cost (and 200 M{e generating

cost) differences between prospects can be determined. These costs and
cost differences, indicated in Table 9, permit ranking and approximate
rating of the selected prospects on the basis of expected nominal unit

energy costs.

The well costs of Table 9 consider a flow rate of 650 GPM (probably

~a more reasonable figure than the 1000 GPM usually assumed) and a one-to-

one ratio of injection/spare wells to producing wells. ~Accordingly,
Table 9 well costs are a factor of three greater than those of Figure 8.

It should be emphasized that these nominal costs are not estimates
of the total development cost for the individual,prospects‘in that some

~ costs common to all prospects have not been included. Further, most of

the intluded costs are now generally only predictable, and should not be
considered specific for a prospect. The only significance and use of
these nominal unit costs lies in the prospect~to-prospect relationships.
The prospects are listed in Table 9 in order of decreasing nominal unit
cost; this comprises the initial ranking of the prospects by development
potential :

The cost differences in Table 9 allow weighing the comparative effects

of other factors on the final ranking. This permits a semi-quantitative
~decisfon on whether; for example,'Coso’Hot Springs:and-Long Valley rank

higher than Brady's Hot Springs’andeteamboat»Springs, given the greater
administrative constraints expeCted in California. The unit cost

difference between these two pairs of prospects is $45/Kie, equivalent

- to $9 million for a 200 Mie development This 1s approximately the cost
of tying up an investment of $50 million for two years. Since an informed
“and objective investor would most probably not commit to an investment of
‘that size in advance of administrative clearance, it appears that the
’difference in expected unit costs outweighs the effect of delays - The

- deferral of expenditures and income results in a reduction of present cash

Bt
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'TABLE 9 - NOMINAL COST AND COST DIFFERENCES

Nominal

Roosevelt 450
Beowawe o 440

Coso~Hct;$pr1ngs' 420
“Long Valley ‘

 Brady's Hot Springs 400

Steamboat Springs

© Clear Lake 350
Surprise Valiéy L 325

Fly Ranch/Gerlach

 Mountain Hme 350
. RaftRiver 300
Brigham City 325
CChandler 325

- *no reinje;tion

ANéminal

100

100
125

150
200
250
300*

300

SPRC
1200

a2

‘VNcminal'
Temperature Well Cost Plant Cost Unit Cost Difference
(F) . (§/kde)  ($/KWe)  ($/KMe)  ($/Kie)  ($x106)

<300
<320 -
‘330

3850

400
425
400

450
425

45

Nominal

<400
<420
485

500

- 600

- 675

700
750

025
1625

Cost
Difference

" Unit Cost (200 Me

20
<35

a5

100

75

50

s

600

plant)

4Q
7
9

20

15
5
10
55
120
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ee\value of the expected prefits. but normal investment strategy is to
| improve this situation by merely waiting, whi]e spending reasonable sums

to minimlze delays.

“The 1n1tia! ranking of fab?e 9 shows severa1'elose preSpect pairs

"‘where expected unit costs ere approximately equal given the uncertainties

- in the data. Table 10 Vists signfficant differences between prospects
~ina pair and includes an indication of the degree of uncertainty in
the data. ‘The pluses and minuses in this table are not quantified, but

~can be weighed qualitative?y in terms ef the norma! strategy of earth-
e reseurce 1nvestors. : . ,

All ef these prospects need further exploratory dr111ing tn estab]ish

’depth f1u1d temperature, and flew rates from actual production wells, or

to locate productive zones. According]y. Coso Het Spr1ngs is ranked ahead

 of Long‘VaITey; and Br{gham City is ranked ahead of Chandler, because of

higher expieratien potential Brady's Hot Springs is. ranked ahead of

"eef'Steamboat Springs, and Surprise Valley ahead of Fly Ranch/Gerlach because =

better information on exploratory potentia] 15 avaflable.

' The environmental factors in Table 10 Iead to the same differentia-

. ,tion between close pairs. Long,Va]ley lies‘in a much-used mountain recrea-
* tional area, while Steamboat Springs lies in the midst of new residential
~ developments, Development of the geothermal resource in either area will
clearly and visibly impinge on the interests of large numbers of people.
 Coso and Brady's Hot Springs, by contrast, are 1n isolated desert areas

where development will affeet only sma]! Iaca} popuiations., The desert
environments are fragi]e, but the care: that {s now required from

o developers can effectively keep the adverse effects to a minimum.,'

- The 1n1tia1 rank. order of Teb!e 9, w1th the c!ose pairs separated,

[”provides the fina1 prospeet ranking of Table 1
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TABLE 10 - PROSPECT PAIR DIFFERENCESv

Loﬁg Va]ley

Coso HotvSprings

‘Popular mountain recreationv
area. :

Surface water available for
exchange cooling, perhaps .
‘evaporative cooling.

several wells >1000', with
temperature, flow, and
- chemistry.

Nearly uninhabited desert.

Very little surface water.

“U.S. Navy controls land, probably.

speeding development.

One 375' well only but slimhole
$xg1oratony well expected 1n
975

Possible indicator of dry
steam from seismic data.

- Brady's Hot Springs.

Steamboat Springs

~ Isolated desert area,
_traversed by highway and
power line. :

No local market for direct

Suburban setting.

+ Small market for direct or
or waste heat.  waste heat.,
Deep-well proof of temp.
r>400°F.
“Surprise VaTley Fly Ranch
~ "Several deep wells. - No'deep'we11s. no proven
L o ¢ temperature >250°F. :
Subject to California strict + | subject to Nevada easy
regulations. ; ; regulations.
. L A |
Brigham City I Chandler
+

Geologic indtcations of higher |

‘temperature and shallower
“reservoir than Chandler.

4

: Higher proven temperature than

Brigham City.

lndicator of high f1ow rates

rates from subsequent wells.
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o APPENDIX A .
 GEOTECHNICAL AND RESOURCE UTILIZATION

~ This appendix contains a general discussion of geotechnical and

‘resource utilization considerations that form a background for identifying

and ranking the geothermal prospects. The discussion is by no means defini-

n~.tive but only sets the stage for the more specific discussions in other
: 'Parts of thfs report. .

, A1 Geotechnical

Wh11e ‘the various geotechnica! top1cs are discussed individually below,
it should be recognized that it is often the overa11 assemblage of infor-
mation that is significant. As an example, in geothermal exploration, heat

~ flow mapping is the nearest thing to a diagnostic prospecting method, but

this indicator is not clear-cut and sure by itself. The convergence of

several lines of evidence, particularly high heat flow, low resistivity,
- and high geéchemica1 temperatuﬁes'in any'waters that may be available,
© are much more usefu1 in locating, de]ineating and evaluating a geothermal
prospect. ' S '

N Al 1 Regiona1 Geclogy :

‘ The geotherma] resources: cf the contiguous United States that can be

deve]oped by current technology are ‘concentrated in the eleven states lying

west of the Great Plains. Within this. region, the resources are even more

; ;highly concentrated in three geo?ogic provinces, the Basin and- Range, the
ﬁ’Northwestern Volcanics, ‘and the province of shear faulting in California ,
_‘south and west of the Sierra Nevadas., There is & good geological reason

for this concentration, since the earth s crust in all three provinces has

' ;been highly disrupted by through-going faults, active at various times from
- about twenty million years ago to the present. In the. Basin and Range and

Vo}canic provincas, ‘the crust has been. cracked and thianed by east-west

j stretching, while in California the crust has been great1y sheared by con-
y tunuing r1ght ?ateral mcvements IBoth types of motion have opened and
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maintained channels for mobile hot rock to r1se withln the crust to levels

 where it can supply heat to circulating groundwater In favored places the

circulation of water carries heat still further upward, to provide geothermal"

| resources within reasonzble drilling depth.

The three prov1nce5'are shown on. the tectonic map of Figure A-1
(Ref. A-1). The figure also shows the location and geological setting of
each of the 13 prospects of interest here.

~ The Basin and Range province is made up of many long narrow north-

-,»trending mountain ranges.separated by valleys that are deeply filled with

alluvium washed down from the mountains. The . underlying cause of this
topography 1s shown in the schematlc section of Figure A-2a.

' Regional tensionzhas produced many normal faults, dipping steeply toward

the downthrown sides, across the width of the whole province, dividing the

region into blocks that have tilted, or moved up or down, relative to their
neighbors. Erosion of rising blocks, or the rising edges of tilted blocks,

Thasooccurred simultaneously with vertical motion along the faults, so that

most of the faults are now covered with alluvium, and many of them lie some
distance toward the valley centers from the visible edges of the ranges.

The rocks exposed on the ranges are partly a variety of rocks older than
Tertiary, and partly Tertiary volcanics erupted before and during the early:
stages of normal faulting. Large areas of volcanics appear mostly around

- the boundaries of the province, except at the contact with the west side
- of the Rockies along: the WaSatch Front in northern Utah and southern Wyoming.
‘The alluvium of the valleys comes directly from erosion of the neighboring

ranges, with some interbedded volcanics ‘and may be over 10,000 feet thick
in some valleys, semi-consolidated at depth, and generally unconsolidated .
near the surface, except where cemented by caliche. | '

" The whole province 15'fanous for its present aridity, but was much

| wetter 10,000 years ago, and is still well supplied with fossil ground-
- water. Surface water is seasonal, depending mainly on the winter snowfall

on the ranges water table depths now range from tens to several hundreds
of feet below the surface. In the northern part of the province, the overall

drainage- isfinternal,,so that saline groqndwater. at depth and in the centers
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SCHEMATIC SECTION - BASIN AND RANGE PROVINCE
| FIGURE A-2a

SCHEMATIC PLAN - CALIFORNIA SHEAR-FAULTED PROVINCE
- " FIGURE 'A-2b
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 of the Vallays.yié‘CQmmon,‘but not universal. The southern part is

generaily drained by the Rio Grande and Colorado River systems, but some

kindividual valleys have no exterior drainage.

The val]ey sed1ments may have high porosity and permeab111ty to great

. 7depths. and so can act as reservoirs within which groundwater is heated
. -at depth, probably most often where normal faults contact the alluvium.
jThe groundwater then brings heat nearer the‘surface by convective circu-

lation combined with any overall" flow pattern that exists. In such sedimentary
reservoirs, intergranular flow may be at least as important as flow in

| fracture systems, and the reservoir itself may be a compact body of hot
fv‘pore water that is easier to 1ocate and tap than the f1ows in elusive
‘:fracture systenms,

The Ncrthwesterﬁ Va!canic province 1s 1arge1y covered with Iava f]ows

~ some thousands of feet thick. The oldest flows (up to 20 m11110n years old)
, _are the Columbia River Basalts, which erupted in enormous volume, essentially
drowning most of the crustal rocks’ 'Younger volcanic rocks have erupted
1’,;within the last one mi]lien years a]ong the Cascade Range and along the
_ ‘Snake River Plains that run northeastward through sauthern Idaho to Yellow-
‘f'stone Park. These younger velcanics are more varied and comp!ex than the
VCoiumbia basalts,. coming from volcanic centers as well as fissures, more
's111cic (i.e., contaminated with crustal rocks), 1nc1uding tuffs and ashfa!ls
as wel? as lavas, and often interbedded with sediments.

The norma! faulting of the Basin and Range province extends we]] into

‘V[,the Vo!canic province to the nurth, and is prababiy related to the fissures
from which the Columbia basa)ts erupted. - It 15 likely, in. fact, that the
 who1e velcanic province resu1ts from a more extreme form of the east-west
S stretching that fractured the Basin and. Range.. o

’ Volcanic terrains and basalt f%ows particu]ar?y, are usuaily highly

| ‘"y permeabIe to groundwater flow, but the permeability s ‘concentrated in

 ‘,varactures, vesicular zones, and. weathered zones between beds. Most of the
province east of the Cascades has 1itt1e rainfa11 but is very liberaily
ﬁ‘supplied with groundwater by runoff from surrounding mountains
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‘A.1.1.1 Acidic Volcanics

In anyvof the geologic settings that favor geothermal occurrences,

localized "hot spots" may occur that are specifically associated with young,
acidic volcanic rocks or caldera structures, or both. Acidic volcanics, =

unlike the more common basalts, have compositions similar to common
intrusive igneous rocks. Probably the acidics are most often generated by
the melting of crustal rocks, in contrast to basalts, which are believed to

~erupt from sources at or below the bottom of the crust. Acidic lavas are

far more yiscous than basalts at any temperature, and COnsequently erupt

‘more explosively; basalts can flow freely through comparatively narrow

channels to the surface. For this reason, the caldera structures resulting
from collapse of volcanic centers after explosive eruptions are usually
associated with acidic volcanics. Yellowstone National Park and Long Valley
are notable examples of geothermal accumulations associated with this type
of structure.

The Snake River, for example, flows in a canyon of volcanic rocks whose

walls feed the river with a great'vdlume,of'springwater from subsurface flows.

The main problem in geothermal development in this province is to locate hot
water beneath the large flows of cold watef’nearer the surface. In general,
this cold water will dilute shallow hot water; there are many hot springs

in the region, but not many very hot springs. This regional picture shows
good prospects for widespread use of shallow, moderately hot water for
1ndustr1al and space heating, when sources and markets can be brought

: together.

The shear-faulted‘province of?Ca]ifornia‘has been disrupted by a
continuing overall shear, in which the coastal region has moved hundreds

~ of miles northwest relative to the inland parts. The vertical faults
.along wh1ch this motion has taken place, typwfied by the San Andreas
fault system, are deep- and fundamental marking the boundany zone between
'j’two major crustal\p1ates in relative motion. At any place where a fault-
~ plane in this system takes a local 15tera1jjog.’the crust is in tension,.and

can open to make a channel for intfueion of hot rock from beneath, Figure
A-2b. This picture is highly simplified and schematic, but probably is

5]




the,ceﬁtraiyreason'for the scattered occurrence of major geothermal
~ resources in California south and west of the Sierra Nevada. At the
southern end of the state, extending into the Gulf of California, lies

the 1arge geothermal area of the Imperial-Mexicali Vailey, with one pro-

vducing field in Mexico, four fields in various stages of deve]opment in
~ the United States, and others being explored. The whole area is a deep

sedimentany basin filled with ten to twenty thousand feet of deltaic

- sediments of the Colorado River., Five hundred miles to the northwest lies
kfthg.eeySers! the wor?d's Targest producing geothermal field, in an entirely
different geclogical setting of Mesozoic metamorphic rocks intruded by

young volcanics, In the province as a whéle, the location and characteris-

- tics of geotherma] resources are more difficult to generalize than the other
© two provinces since the local character of the fault system will depend
much more on the varied, adjacent rocks and structures. ~

' kAT 2 Therma1 Spring Bistribution

The existence of thermal springs (1nc1ud1ng fumaro?es, geysers and

: other'surface disp1ays of hot water and gases) is a prime indication of

excess subsurface heat. At the present state of the geothermal exploration

‘ ~art, thermal springs are the principal means of defining geothermally
interesting areas. This situation 1sidirectiy;ana1ogous to the early part of
the ;entury when petroleum exploration‘was in its infancy and interesting

~ areas were defined (and many Targe discoveries made) on the basis of surface
- ofl and‘gas seeps. Prior to about ¥970, exploration for geothermal resources
" largely consisted of drilling in the neighborhood of thermal springs,

‘usually trying to 1ntersect fault pTanes at depth and tap conduits of hot

“fground water. f «

A ‘thermal. spring 1s commonly deffned as containing water with an e

 \ °,average temperature at least 15°F higher than the mean annual air temperature
'j,at the 1oca11ty. Figure A~3 shows the therma% spriag distribution in the

~ western United States (Ref. A-2). Note that the distribution is generally
| confined to the three geologic provinces described above. '
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A1.3 Geophysical Techniqoes,Related to Géotherma] Exploration

vCurrently arailable geophysiCa] methods, developed primarily for
petro]eum and mineral exploration, vary in usefulness as geothermal pros-
pecting toois.

The method avai]able that is specific for geotherma] resources is that

_yof‘measuring heat flow in the subsurface. Heat flow in this application is

the product of the temperature gradient across a subsurface interval and

;the ‘thermal conductivity of the rock in the same interval Heat flow is

usuaily measured in slim holes desirab]y a few hundred feet in depth.
Hole depth is a compromise between cost and the desire to approach the

_geothermal reservoir as closely as possible and to avoid the very near
~ surface where the data is often distorted. Successful use of this method

involves extrapolating the relatively shallow data to the deeper depth
of the geothermal reservoir. Heat flow has been very successfully used in
the Imperia1 Valley, Caiifornia, and iS'becoming more used in other areas.

_ Another promisxng exploration method utilizes electrical techniques. A
buried mass of water that is unusuaiiy hot or salty (or both) will have an
unusually Tow electrical resistivity in that the resistiv1ty of water
decreases markedly with both temperature and salinity. The subsurface
resistivity can be measured either directly, by injecting current into the
ground and measuring the potentiai drop in an appropriate manner, or by

,eiectromagnetic techniques. These involve inducing currents in the sub-

surface and measuring the resuitant distortion in the magnetic field in an :

, appropriate manner. Variations of this technique make use of currents
: natura]iy induced in the earth by fiuctuations in the earth's magnetic

field or by atmospheric discharges. Audio-magnetotelluric measurements are

| . of this latter type and are made in the 1 to 1000 Hz band. Another technique,

the seif-potentiai method. measures natura] earth currents direct1y and can

‘-'be of quaIitative use in determining subsurface conditions.

Passive seismic techniques also appear promising Micro-earthquakes
often occur in swarms centering near geothermal areas, a geologically

: reasonable happening in that the magmatic heat sources that are necessary

for the existence of geothermal resources are young in age and are generally
associated with tectonically active areas. Hypocenter locations obtained
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- from 1nd1vidua1 microquakes ihdicate shallow depth and this is consistent
~with the expected shallow depth of the heat sources. Hypocenter locations
“have been used successfully in defining spec1f1c geotherma] prospects as
‘,evidenced by the East Mesa field in California. Hypocenter data might also

k~previde information on the areal and vertical distribution of the geothermal'
~ water and on the 10catien of faults that act as conduits for the hot waters

from depth, - In addition to micro-earthquakes. areas of high seismic surface
noise at specific frequencies of a few Hz have been correlated to geo-
thermal areas. - ~ ~

Refraction seisme!ogy and gravity and magnetic methods, particularly

‘ when used in conjunction, will previde regional structural information such

as the depth of sedimentary basins and the locations of buried faults. More

o deta11ed structural data can be obtained by ref?ection seismograph tech-

niques.

A] 4 Geochemical Techniques Related to Geotherma]

The disso]ved solid and noncondensib1e gas ‘content of geotherma1 fluids

"is,stgnificent from an engineering, environmenta] and geotechnical stand-

point.  Should the dtsso1ved solid, ordiner11y expressed as total dissolved
solids (T0S) in parts per million (ppm) by weight, or gas content be high,
corresion and scaIing in the energy extractfon system can present formidable

,,-iprobiems “The: Ni?and area of the Imperial Valley with a TDS of about 300,000
s the most extreme example of this. Should the dissolved solid and gas-
', ‘centent be very. low and particu?arly 1f the water 15 potab?e (TDS <1060),

~ the water can be valnable for. agricuiture1 or consumpt1on purposes. Further,

3urfece subsidence and. reservoir pressure maintenance permitting, such water

‘need not be reinjected 1nto the subsurface, resulting in a more 1nexpensive
energy extractzon system ' ' ~ : :

Modern geochemical techniques utinze the amounts of silica. calcfum,
sodium_ and potassium in. metastable salution as we]l as the ratios of certain

: :1sotopes to estimate the maximum temperature to which the water has at one -
‘.t<,time been heated This “chemical temperature“ might represent the ultimate
Y,maximum temperature that is availab]e in the geotherma1 reserveir
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VAI 5 Geotherma] Reservoir Characteristics

Most geatherma1 energy extraction systems naw defined are based upon

: f a minimum fluid flow rate of 1000 gallons per minute (GPM) per well. The
' stow rateAand ultimate 1ife of the resource (30 years is generally desired
for capital amortization purposes) is a function of many subsurface

reservoir characteristics, principal of which are areal and vertical

extent, porosity, permeability and the rate of heat recharge.
;f‘Geotherma}'reservpirs\are of two types, interstitial and fracture,

and a specific reservoir may contain both. Interstitial reservoirs deliver

 ‘water that is contained 1in pore spaces in the rock the Imperial Valley of

Califarnfa presents a prime exampIe of this type

Fracture reservoirs deliver water through open. fractures in the rock

- and sustained flow requires a network of interconnecting fractures. Where
fractures are available, the flow per foot of reservoir thtckness is likely
- to be much greater than interstitial reservoirs. '

There are several reasons for a well not delivering sufficient f]ow,V

fand many of them are curable. DriT!ing the hole itself may adrersely
- affect the reservoir adjacent to the bore (by mud 1nvading the formation,

for fnstance), or the well may,hare been cased or completed in a faulty
manner. In a fracture reservoir, the wellrmay simply not have encountered
any"fractures. Many well stimulation techniques, such as hydraulic and

~ explosive fracturing, are avaiiable to. 1mprove ci1~we11 fiows. and their
',aéaptatiun to hot wel]s wi11 be 1mportant for developing geetherma! resources.
, fIn many cases a new we?l nearby, perhaps different?y engineered, will achieve
rthe desired f!ow.;‘ o

A2 Resaurce Ut111zation ‘

The geotherma1 resource of highest quality 1s dry steam.: Those that o

are known ‘tap steam at about 465°F and 500 psfa static temperature and
g pressure, the conditions of maximum entha1py (availab)e energy) for steam
" in contact with }iquid water, The simp1est way‘of produc;ng power is to

pass the steam through noncondensihg turbines;;gxhausting at atmospheric
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) temperature and pressure. This has the Towest capital costs, but wastes
~ about one half the mechanical energy available in the steam. Further,

noxious gas in the steam- may be. vented to the atmosphere. The common
aTternative is to use cnndensing turbines, exhausting at the vapor pressure

e‘of iukewarm water (80«100°F) to condensers where the steam is cooled and

condensed- by heat exchange or (usua}?y) direct contact with cooling water.
The condensed steam itself can be re-evapaorated in cooling towers to cool

this water. Non-condensible gases must be pumped out of the condenser to
7keep the pressure Yaw, s0 that noxious gases can be collected for treatment
~ or disposal,

ory steam‘iskrare; It s far’mbre common for geothermat wells to

“encounter 1iquid water underground, at temperatures below the boiling
- point that corresponds to the pressure of the water, which is usually close
- to hydrostatic pressure. Depending on the temperature, pressure, permeability,

and depth of the producing bobizcn;'some hot water wells may supply a spon-
taneous flow of boiling water and steam, 1ifted by the boiling of the water.

Bepending on temperature, a hot water we?! can flash a fraction of

‘steam at a suitable turbine inlet pressure, ranging from about 15% at 450°F

down to none at about 300°F.. The most practica?kand ecqnomfca1 way to -

ST utilize the hotter wells is to flash at the wel?head,”separate the steam
~ from the water, and deliver the steam to a condensing turbine. A1l thermo-

dynamic prOCeSSes are more efficient. though not necessarily less expensive,
if smal?'steps are involved, s0 the separated water may be flashed again,

- and perhaps again to Tower pressures and de11vered to 1ewer pressure turbines
?;;”or stages. ' ‘ : '

At temperatures be]ow aepreximate1y 420°F, another system appears more

\‘economicai in extracting the heat energy of the hot water. This is a so-
k~ca11ed binary system, in which the hot ‘water, with or without steam, supplies
~ heat through a heat exchanger to vaporize 3 suitabTe second working fluid,

such as 1sopentane. in a closed system of boi?er, turbine, condenser, and

; 1feed pump This system can have advantages in’ using more sa]ine, as well
- as cocler, f1uids, since the fluid remains liquid under pressure at all

| ftimeskﬁand,deposition ofksolidseat the expansion stage is avoided. Other
developing systems for dealing with cooler or saltier fluids, such as the




Ll “total-flow" system, or the helical expander, are essentially rugged or
self-cleaning water turbines adopted to convert the energy of the expanding

. steam fraction of the fluids.

- ‘“ .
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 APPENDIX B |
Anmmsrmxve quumsmems o

Administrative requirements pose substentia] political, legal, insti- :
tutional and secio-economic impediments to developers of geothermal

~ resources.  These requirements cansist of various regulations and permit
 procedures that vary signichant1y with state and county, and with

Federal, state or private land ownership. The most complex series of
proeedures are found in deve!opment on Federal lands and usua11y the
interaction of regulatory authority -between Federal, state and county

~ levels of government is required. This appendix provides a summary of
 these administrative requirements as applied sequentially tc geothermal
'Iand Yeasing, exp?oration, deve]opment and productien. '

: ,31; State or Private Lands

- The regulatory requirements for deve1opment cf geothermal resources
on state or private lands are generally identical, with the exception of

‘ the leasing procedures Figure B-1 i1lustrates schematica11y the

sequential administrative requirements for geothermal activities on state
or private lands 1in CaHfomia. The California procedures and regulations
are the most stringent fn the nation.” These tough requirements stem

. mainly frora the California Environmenta? Quatity Act which insures that

all local governments control new development in a manner cons1stent )

“,,f with the policy guide!ines (envﬁranmenta1 ‘goals) of the Act. All proposed
- projects, pub!ic or private which are judged to offer potential sfgnffi-v -

cant 1mpact to the environment, may not be 1mp1emented without preparation

‘and eveluation ef an Environmenta1 Impact Report (EIR). The local
| ‘(county) governments are the rESponsible agency in: issuing the requirement L
“ ~ for.an EIR, and participate jointly with numerous state and local agencfes -

in the approval of a proposed project In other states, such as Nevada,

iArizona, Utah and Idaho, environmental impact reports are not required

by either local or state authorities and approval of a proposed geo-

ktherma1 proaect is accomp11shed by relatjvely,simple processes.
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PRIVATE
LAND

STATE
LAND

LAND AQUISITION

EXPLORATION (4 months minimum)

Approval by:

State 0i1 & Gas Dept.
Regional Water Quality
Control Board

Air Pollution Control
District

Public Works Dept.

County Planning Dept.
Other interested agencies

State Regulations

o O0il & Gas Dept.
® Water Resources
s State APB

!

DEVELOPMENT AND PRODUCTION

(1 year minimum)

Land
lease

‘grang:F

Land Use Permit
granted with
conditional

stipulations

EIR

(County Planning Dept.
or State Energy
Commission)

State

EIR
Lease or
Purchase ———®={ (County Planning
Department)
Application for EIR
Lease to State
; (State Lands
Lands Commission Commission)

Local Regulations

» Ordinance

o Special
requirements
for geothermal

Applicable
Local

Approval by:

County Planning Dept.
Public Works Dept.

Air Pollution Control Dist
Regional Water Quality
Control Board

State 0i1 & Gas Dept,
State Energy Commission
Other interested agencies

Regulations

FIGURE B-1 ADMINISTRATIVE REQUIREMENTS FOR DEVELOPMENT OF GEOTHERMAL RESOURCES ON
STATE OR PRIVATE LAND IN CALIFORNIA
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The administrative requirements for exploration, development and
production are discussed below. Distinctions from state to state are
as noted.

B1.1 Exploration

Acquisition of state lands may precede or follow exploratory drilling.
In California, a prospecting permit issued by the State Lands Commission
permits a developer to explore on state lands without lease or purchase.
Similar permits are obtainable in other states. However, in exploration,
a developer is subject to nearly the same administrative requirements
whether committed to lease or to prospect rights. Prospecting without a
Tease (but under the same administrative requirements) may also be con-
ducted on private lands by negotiation between owner and operator.

In California, geothermal exploration on state or private lands may
not proceed without the preparation and evaluation of an EIR on the pro-
posed activities. When the proposed project is on private land, the
county is responsible for the preparation of the EIR. When the project
is on state land, the State Lands Commission prepares the EIR before
approving a land lease. In either case, the EIR is reviewed by several
state and local agencies and public hearings are held before approval
may be issued by the state for a drilling permit, and by the county for
a land use permit. The permits are subject to the regulations of the
numerous interested agencies. The EIR, review and approval cycle may
require a minimum of approximately four months but often requires longer
periods depending on the controversy generated at the hearings. Multiple
public hearings may be required and these may occur serially causing
very long delays.

Exploration in Nevada, Utah, Arizona and Idaho may require use permits
issued by counties and drilling permits are generally required by the
state geothermal regulatory agency. Table B-1 cutlines the agencies
involved in the respective states. In Idaho and Utah, the water resources
departments have the authority to control geothermal exploration. Before
public hearings, these agencies are the sole authority for review of drilling
permit application. The drilling regulations in Idaho and Utah are similar
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TABLE B-1
ADMINI>TRATIVE REQUIREMENTS FOR DEVELOPMENT OF GEOTHERMAL RESOURCES ON STATE OR PRIVATE LAND

STATE

EXPLORATION

DEVELOPMENT and PRODUCTION

PROCEDURE

REGULATIONS
(or Regulatory Agencies)

PROCEDURE

REGULATIONS
(or Regulatory Agencies)

NEW REGULATIONS TO
BE PROMULGATED

California

EIR required by County,a review
by several agencies:

# State 0il & Gas Dept.

® Regional Water Quality Board
9 Air Pollution Control Board

® Local Planning Dept.

9 Other interested agencies

Applicable county regula-
tions.

State 0i1 & Gas Dept.

Regional Water Quality
Board.

Air Pollution Control

EIR required by county, review
by several agencies:

9 State 0il & Gas Dept.

® Regional Water Quality Board
® Air Pollution Control Board
® State Energy Commission

Drilling permit by Qit & Gas

Applicable county regu-
Tations.

State 0i1 & Gas Dept.

Regional Water Quality
Board.

Air Pollution Control

None immediate

Drilling permit by 011 & Gas Board. Dept. Land use permit by Board.
Dgﬁgi Land use permit by county. Public Utilities
¢ Y Commission.
Arizona Drilling permit. Oil & Gas 0i1 & Gas Commission State Lands Dept. approves siting| Applicable county regu-| Mone immediate
Commission is sole authority. regulations. of power plant on state lands. lations.
Applicable county regula- No.s1t1n? agthor1ty exists for State Power Authority.
tions. private fand. 011 & Gas Comissio
Drilling permit by 0il & Gas 35 0 n
Commission. regulations,
Nevada Land use permit by County Applicable county Drilling permit. Water Re- Water Resowpees Depts | 1974 bill provides
Planning Dept. regulations. sources Division sole authority. | drilling regqulations, for new laws to be
Dri!] permit rgquired only 15 Land use permit by County p?;gzgzigson water-well ?;ﬁgglgagig ::c}gza.
designated basins. Planning Dept. _ubtigs?;;v1cei at present.
Idahc Drilling permit. Water Rasources| Water Resources Dept. Development permit. Water Re- Water Resources Dept. Expansion of
Dept. is sole authority. drilling regu]qtions, sources Dept. issues approval regulations. county requirements
County may require special use patterned on oil & gas after review by Health & Welfare Public Utilities. underway.
permit in designated areas. Procedures Dept. Abp1 5 cab] unty requ-
Applicable county regu- Public Utilities approve siting ]pgiggg € county regu
lations. of production plants. a ’
Utah Drilling permit. Water Rights |Drilling regulations Drilling permit. Water Rights Drilling regulations. New regulations now

Division is sole authority.

County may require land use
permit.

patterned after 0il &
gas procedures.

Applicable county regu-
lations.

Division is sole authority.

County may require land use
permits.

Applicable county regu-
lations.

in process follow-
ing recent geo-
thermal legislation.

IR s required by State Lands Commission for state land.
jnterest in California is private or Federal.

NOTE:

Applicable county regulations vary substantially.

In urban areas, special rules may be in force.
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However, except for Geysers area, all land of geothermal

In rural areas, county regulations may be very ‘imited.



';  'g Coe

B BZ FederaI Lanﬂs

ta thcse of Califbrnia, which resemb]e oil and gas regulations.' In

‘LvNevada, no state drilling permits are required In Arizona, drilling
; permits are 1ssued by the 011 and Gas CQmmission and c]ose!y resemble -
*f,those of CaItfornia. e . R ‘

_,{BT 2 Development and Prnduction

In California. an EIR,must be prepared by the county (private land)

" or the responsible state agency (state land) as a- prerequisite to develop-

- -ment drilling and power production, Approval of the project is subject
to concurrence of several interested local and state agencies which par-
"‘ticipate in the EIR review Approval is also subject to compliance with
‘the various applicable local and state regu!ations. The requirements

for deveJOpmenta3 drii?ing are essentia]ly identical to those for explora- :

tory drill1ng. Constructian of production faci?itﬁes may begin after
‘the county fssues a land use permit. and the Energy Commzssion -approves
 the site. In deve%opmental dril11ng and ‘production, the local air pol-
- Tution control district and.the regfonat water control district exercises
a signifﬂcant role in EIR review and project approval.

. In Nevada, Uteh, Idaho and Arizena an EIR 1s not required for

~ development and production on state or private tand. A land use
- permit may be required by the county and deve1opmenta1 drilting permits
~_are required {dentically to exploratory ﬁri111ng These permits are
| ~;§«often issued by a single agency, Table B-l. “In each state, there is a
;~f'designated authority respons1b1e for apprnval of geotherma] production
”;?;fsites, and an agency that regulates the ut1lization and sale of electrical
- ~power. SRR ,

Requirements for deve1opment of geothermaI rESOurces on

:  * }Fédera1 7ands are dfstinct in that the concept of full development is
"‘1jf:‘used from the cutset Issuing a Federal lease for geothermal develop- ,;,‘ ,}
~ ment 1s contingent on. the suitability and approva? of total development
- ]",1nc1ud1ng an eventual power: p1ant. This initial requirement is the
k;"~~;most significant fmpedfment to deveTopers of geotherma? resources on
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. Federal lands. Conversely, the greatest administrative deterrents

- facing developers on state or private lands may often occur downstream
- of exp]oration activities, when more stringent approval procedures are
~applied. Administrative problems are increased if a private/state land
'7deveiopment‘spreads into adfacent Federal land. Currently, geothermal

',activities'oanederal lands are also subject to state and local require-

 ments. However, as geothermal activity increases, it is likely that

" redundant requirements will be reduced by coordination of state and
- Federal agencies.

Figure B-2 illustrates the administrative requirements for

'development of geothermal resources on Federal lands. The procedure

is discussed beiow.

B2.1 Exploration

A developer must. acquire Federal land by lease before substantial

. geothermal exp1oration may be conducted; Federal prospecting rights
‘allow only superficial surface exploration. The Federal lease pertains.

" to the entire cycle of geothermal deveiopment_culminating in utilization
of the geothermai resource. Accordingly, the lease appiicant is required

to submit a pian of operation for the proposed activities, and the BLM
must prepare an environmental analysis report (EAR) for the proposed
activities. The  USGS  and the Fish and Wildiife Department par-
ticipate in the preparation of the EAR, as well as numerous state and

_ iocal‘agencies. 1f the Director of the BLM determines the EAR to
- be adequate, a lease is issued which ineludes USGS stipulations
~designed to protect the environment. When the EAR is found to be

inadequate, an environmental impact statement (EIS) must be prepared by
the state BLM . office witn'the_participation of pertinent local and

~ state agencies. Based on the EIS, the BLM will determine if a
- iease should be issued for the proposed geothennai project.

Two types of Federai 1and leases are issued: noncompetitive leases
for lands outside Known Geothermal Resources Areas (KGRA), and _
competitive leases for Tands within a KGRA. KGRA's are areas designated
by the USGS as prospects that have potential for commercial develop-

e




LAND ACQUISITION

S

EXPLORATION DEVELOPMENT AND PRODUCTION

USGS drilling
regutations
o ——— - reporting USGS Reporting Requirements
| requirements NSGS Drilling Regultations
] Operators KGRA non-KGRA .
| may make ?rosgectxng ?ermit )
nominations surface exploration) & pe——l—— | - )
‘ for bidding may be issued, Infor- r _} Review of EAR or EIS
! mation is available to USGS. USGS approval of IEAR (BLM) or EIS o USGS
approval o | .
| Operator fi1 Exolorat Plan of Operations : (001) ' ’ ngeau of Reclamation
perator files xploratory for developmental oI o E
: Ehﬁeg]zgzseL?Z? . application — @ drilling permit fo o g drilling P —— e # Bureau of Sport Fisheries Construction and
und P v for issued by USGS ! may be required! and liild1{fe ‘—r‘"’ utilfzation
' lease | | o State agencies
| 1 l_ o Local agencies
L _highest bid__;  |highest bid -y =
not accepted accepted Operator
submits |
plan of IEAR or EIS
operation County Inot required
BLM prepares |
EIS EAR or EIS for EAR regulations County regulations |
geothermal
development + + *
Applicable
Applicable Applicable permits permits or EIRs
i ermits of required by state
Review Agencies Review Agencies 2 ie221redo bEyIRs . and - required by
e USGS local and state state and local
E%ﬂ BLM agencies local governments agencies
Local agencies EPA i } 4 4
State agencies State agencies
Local agencies State Stat 3 Tocal
Conditional State regulations ate and loca
Tease issued, regulations regulations
stipulations
outiined by
USGS

FIGURE B-2 ADMINISTRATIVE REQUIREMENTS FOR DEVELOPMENT OF GEOTHERMAL
RESOURCES ON FEDERAL LAND
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~ment or as land for which competitive interest for geothermal deve]opment

has]beenrdisplayed. Ih,submitting;an'application for a non-competitive
lease, the applicant must provide a proposed plan of operation that pro-

.~ vides a basis for the EAR preparation by the BLM. -~ In competitive KGRA
. land, leasing the BLM must have prepared an EAR prior to the lease

sale. Accordingly, 2 plan of operation is required only from the highest

’ qualified bidder‘when decision for a Tease award is made.

There is a 1imit on thé Féderal acreage that can be leased. This

~,1imitation in effé¢t a?!ows only two prsspects to be simultaneously
developed in each state by a single developer. A maximum of 20,480

FEderal acres can be leased by a single deve!oper in each state.

A Federa] land Iease is 1issued conditionaliy based on numerous

f,“stfpuiatfons which the  USGS - may impose to insure the protection of

the environment and cowp?fance with state and local regulations. An

. exp?oratory drf!?ing permit is issued concurrent1y with the lease by
~ the uses. In addition to this pennit, each state will-require a

drflling permit from the appropriate state geothermal agency. Where

: confiicting state, county and Federal regulations have not been resolved
~~in the EAR and lease award processes, the coordinatien and resolution of
; ;theseoverlapping,demands pose a signif1cant deterrent to development.
~ However, such conflicts should be addressed during multiple agency

participation 4n the preparaticn of the EAR, and in the conditional
stipulations 1mposed ander the 1ease award. , ‘ :

: BZ 2 ﬂeve!cpment and Praduction \

DeveIOpment drnTling may begin after USGS approval of a plan '

Vof operations for the area, The plan 1nc1udes proposed well locations, |

with eqaipment, sites roads and water sources noted; drii?ing and casing

“g;‘procedures and structura] and hydraTogic information. The operator is.

required to maintain records of operations and report month]y Beviation

:‘ f from the initial plan such as a change 1n well 1ocation (or perhaps a
'side-tracked hole) requires approval ' ‘ |
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In:accordance with the stipulations-ihcluded 1nrthe lease, the

ryleaseevmuSt respect Federal and state standards for control of air,
~ land, water and noise pollution as well as ali standards pertaining
. to publfc hea1th and safety.

The administrative requirements governing the construction of a
geothermal electrical power plant are onclear at this time. Some BLM

- officials have indicated that an EAR or EIS will probably be required

*by the Bepartment of Interior. In addition, the states will also require
certain permits and in the case of California, the state Energy Commission
must h&ve an EDS (Env?ronmenta? Data Statement) or an EIR Preparation
. of an EIS w111 require approximateTy 1. 5 years.

- B3 Assessment by Deve?ogers |

Fbr additional perspective, the viewpoints of fbur geotherma1 deve]opers

on administrative hurdles were obtained Table B-2 is a brief summary of
~these. The develcpers zre genera]ly in agreement Deve!apment in Cali-
;fbrnia is more difficult because of the number of adverse interest groups

and the complex approva] procedures. “The remaining states genera]ly
possess reasonable policies and regu]ations " The most serfou$ administrative

‘ problem concerns time de?ays.

The varying opinions in Table B~2 of the major deterrent facing

’f‘commercfal development at present s of particular. interest.

Each of the four developers sees a different most 1mportant problem. While

Z",a1l of these develepers voiced strong criticism of the administrative

po!icies affecting geotherma! develcpment, each indicated an expanding

. commitment to commercial deve}opment of geotherma1 resources as @ current
o company policy. = | )
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TABLE B-2

ADMINISTRATIVE REQUIREMENT ASSESSMENT BY GEOTHERMAL RESOURCE DEVELOPERS

RANKING OF DESIRABILITY

MAJOR DETERRANT TO

VIEWPOINTS ON

DEVELOPER ~ FOR DEVELO _
R ﬁ?:&gieﬁﬁg?) COMYERCIAL EXPLOTTATION  FEDERAL LEASING
Ca?ifbrnia Delays caused by procedural Not sidestepping Federal -
Oregon redtape. Idleness generates leases but have had no
o - lIdaho non-capital intensive activity. | experience with Federal
Gulf 01l Idaho is pro-geothermal, and ' land to date. Expect that
Company ‘Oregon has adopted favorable | new Federal lease law
: attitude. California is - will have significant
difficult due to many adverse' 1mpact on policies
interest groups. -
i - Oregon Federal lease and regulatory Geothermal deve]opers exercise
RO - California policies. Abundant delays and | general policy of avoiding
Geothermal Montanna unreasonable policies - for Federal land.
- Kinetics, Idaho example, the KGRA, a misnomer .
INC. Utah that discourages development
~Arizona and the high prices for leases.
Nevada : ' '
, Oregon Acreage limitation for Federal Approval and regulatory pro-
- ' California land. Prevents large operators cedures offer no overwhelm-
Chevron 011 ~1daho from full commltment ing problems. Most adminis-
Company Nevada trative agencies are in favor
” of geothermal, and most
requirements are reasonable.
California Cut of oil depletion allowance. Federal policies viewed very
Oregon Diminishes capital available for | adversely. Slow on leasing,
Union 01 Utah geothermal. This is a major excessive minimum bid levels
Company Nevada recent event in continuing are set, excessive paperwork

examples of "people problems"

_which deter development.

required unreasonable cri-
teria for KGRA designation,
uncertainties in program.
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“ - APPENDIX C
 ENVIRONMENTAL AND SOCIO-ECONOMIC EFFECTS

/T&iSiappend!x describes mofg details of the environmental and socio-

o economic effects associated-with geothermal development. Descriptions of

the baseline environments and socio-economic conditions at the thirteen
prospects are incorporated into the prospect narratives of Appendix D.

" €1 Background

Initially, 1t'is useful to compare'the expected effects of geothermal
power projects with those of fossil fuel or nuclear projects supplying

; equiva]ent power. The fo?]ewing points are important:

e Nuclear and fossil-fueled power plants for large power markets
- witl probab1y’be about 1000 MWe in capacity, according to
'present economies of scaIe. while only the very largest
‘geothermal projects will reach this size. Accordingly,
~ the environmental effects of geothermal power development
~will be smaller in scale at a particular site than those
| associated with other power sources. ,
e All power plants require cooling. which 1s most inexpensive?y
 obtained by ‘evaporating water, or by exchanging heat with a
~ large volume of cool water, perhaps provided by ocean or river
water, Geothermal fluids of high quality (efther hot enough
to f!ash into ‘steam, or of Tow salinity) are a source of
coo11ng water as well as power, and so have a large
;advantage over other pawer sources in the arid inland
“’regions of the western United States. (Surface~mining of
coal and subsequent land reclamation aiso require large amounts
'"of water. representing a demand on the envfronment chargeab1e
- to power production from coal.) |
o A geothermal plant using thermal water “for evaporative
‘cooling will probably emit some hydrogen sulfide to the at-
‘ ‘mosphere, along with a greater quantity of carbon dioxide.
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Improved control measures are being developed; however,
in any case geothermal power will produce less emission
per kilowatt hour than power produced from any fossil
fuel except natural gas, or coal or oil of very low
sulfur content. Geothermal plants, of course, do not

- emit smoke ' ‘

A probable ground rule for geothermal development in the United
States will require that no ‘geothermal’ fluids be discharged at or near

the earth's surface. Almost all geothermal fluids have a TDS content >

1000 ppm, and surface or near-surface discharge would conflict with

- strong interests and strong laws protecting the quality of surface water
-and groundwater supplies. Most probably, then, geothermal fluids not
—‘evaporated in cooling towers will be reinjected into the deep subsurface by
3deep wells,

Re1njection may also be necessary to controi ground subsidence over .
a geotherma] reservoir. In relatively unconsolidated and incompetent
rocks, such as the deltaic sediments of the Imperial Val]ey. it may be

| necessary to reinject as much fluid as is removed. In more competent rocks,

not so dependent upon the pressure of pore water for support, it may be
feasible to use part of the extracted fluids for evaporative cooling (not
more than about 20% would be required for. cooling at any of the prospects

'considered here) and to reinject the remainder as subsidence control

‘The amount of tolerab]e subsidence may vary widely, from essentially
none in an urban area or an agricultural region dependent on 1rrigation :

R by gravity flow, to several feet in an uninhabited area if the drainage

pattern is not disruptedi' Further, reinjection can be‘a benefit as well as
a requirement, as a means of. maintaining reservoir pressure to maximize
eservoir 11fe. - ~

A we]l-contr011ed geothermal deve1opment then, can produce power

' with essent1a11y no: environmenta1 effects other than those resulting from

some human activity and the physical presence of wells, gathering-lines,
power plant, ccoling towers, transmission lines, roads, ‘and probably an
act1verdr1]ling rig engaged in continuing reservoir development.

7
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,-CZ,'Environmental Effects

c2.1 Plant Ufe

~Some removal of p1ant Iife is an unavoidable consequence of geothermal

o deveTopment. Generally, this wi11 involve one to three acres for the
 ,",actua1 faci}ity,'while surface roads, transmission 1ines, well platforms,
'f'pipes and waste ponds necessitate additional removal.

k‘Adverse effects resulting from vegetation removal in any area include:
@ Increased erosion potential
e Reduction of wildlife habitat area
j Q'VReduction of primary productivity
e Loss of natural Tandscape with cencomitant reducticns
1n aesthetics L ' |

The»extent of these effects with respect to the total area involved is

‘ genera?!y small, so vegetation removal is not usually considered to be of

major significance Re~seeding with native plants and Iandscaping are the

| kusual measures of mitigation.

C2 2 W1ld?ife

Loss of habitat through surface disturbance 1s probably the most

~ serious effect on wiid!ife resulting from development This loss -reduces
| - the living area suitable for animals and removal of vegetation decreases
. "the faod sources upon which wildlife depend Most animals are able to
“kf}ee or avoid the area and are. ‘thereby not directly affected by the deveiop-
‘ ment, and many anima}s return to. the site once construction has been

. *camp!eted Hawever, the presence of man . or man«made objects is often

L l*,enough to deter some animals from uti]izing the area even. if substantiai

|   k;ﬁpOPt10ﬂ$ af the natural habitat are 1eft intact. f

Another potential effect of deveiopment on w11d1ife involves the accidental

if,_pol?ution of surface waters or surface water removal through diversion or

utilization. This is particular]y pertinent to aquatic Tife which depend

”77fon water ava11ab11fty for: survival

o




,wild11fefof particu1ar-concern‘are those spec{es of plants and animais'

" which are designated as rare or‘endangered Preservation of these species V
s of prime 1mportance to most wildlife conservationists and any serious
" threat to the survival of such species ‘must be avoided in planning any

project.,

cz 3 Air Pollution

Increases in air po11ution wil? inevitably occur as a result of

geothermal develcpment although these increases promise to be minor. The
 increased utflization of gasoiine and/or diesei—powered vehicles and equip-
‘ment 1n transporting of materials, exploring for the resource, and pTant,
'raad. and power line construct1on, operation and maintenance, wil? cause
~ some deterioration in air quality. Increase in particulate matter
‘generated by wind erosion following the remcvai of the vegetative cover
- 1s another potential source of air pol?ution. Sti11 another potential
'c‘source is the accidental escape of gases frcm the therma] f1u1ds.

' CZ 4 WaterPoiluticn

The uses of water 1n the dril11ng, construction and renewaI phases of

'geathermal development probab?y offer the greatest causes for enviromental
' -concern at most of the prospects considered here. Because many of the
; 'prcspects are located in the vicinity of farmlands or other agricultural
- areas, and because abundant surface water 1s generally lacking, accidental
| pollution of surface or groundwaters or the uti!ization ‘of waters for
~deve10pment of geotherma} faci?ities weuld dfrectiy affect existing land
"uses The associated effects cuu!d be substantia!

N cz 5 Noise

Noise Ieveis wi]? a]so inevitab1y 1ncrease at each site as a ccnsequence

?wcof geothermal development. Noise w111 result from the drining of wells
‘:_during the exploratery phase. from vent1ng of wel]s during the testing

phase and from construction of buildings, roads, transmission lines and '
other faci?ities duriqg ;he construction phase. Increase in the vehicular

“traffic necessary for devc]cpment‘will,a]sc;jncrease‘the~ambient,ncise.
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In general, the prospects of 1nterestvhérg are isolated and the‘félative'

"5, noise increase is likely to be insignificant.

€2.6 Topography

The topography at each prcspect will be affetted to a degree. Con-
struction ‘of buildings, transmissfon 11nes, access roads, piping and waste

or cooling ponds are a few of the more substant$a1 sources of tcpggraphic

change. While these changes cannot be avoided, mitigation methods include

~ selecting an optimum location, constructing buildings to blend in with the
- surrounding environment and landscaping to minimize the visual impact.

C3 Socib-economfc Effécts

€3.1 Emp!oyment

The effects of geotbermal deve1opment on emp1ayment and the local

economy wi11 be a function of the size of the deve?opment. the population
in the vicinity, and the existing employment situation. Employment will be
~available for local or transient residents during all phases of development

thb peaking occurring during the ‘main construction phase.

Exp?oration, using two. drilling rigs might require 40 people directly
1nvc!ved in the operation, with 10 to 20 additional service people needed

. intermittently. If deve!opment procedes in an orderly fashion, the field
'deve%opment construction phase might require two to three rigs, employing
40 to 60 peop1e. with an additiona1 30 to 100 people involved in actual

canstruction During productien, five people ‘might be needed to produce the

""fieid and five more might be reqnired for each 110 Mile power piant A
f/sfng}e rig, with 20 peop!e, might a]so be used. during production.

In many of the prospects of interest here, the. Tocal popu1ation is smal]

A/ and the economy could undergo a “buom and bust” cyc}e. In these areas, local
‘iemployment skil!s genera!!y revoive around agr1cu1ture and the more 1ndustria1

skil]s demanded by development would. attract non-local residents The
resu]ting increase in transient work force could magnify the "boom and bust"
character1stic.
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'C3 2 Popu?aticn Trends

Geotherma} development will general?y 1ncrease the Tocal population

~with the greatest increase occurring during the construction phase. However,
 most of these workers are expected to be transient and permanent residents
~are expected only after production is established The permanent population

increase might range from 40 to several hundred persons and the effects
of this increase on the services available in many of the prospect areas

g wil] be significant.

c3. 3 Aesthetics ;

A reduction in the aesthetic vaTues of each site is another unavoidab1e

',effect of geathermal deve1opment Snurces of‘potentia}«visua1 intrusion
o 1nc1ude vegetation removal, physica?*appearance of 1n$ta11ations. physical

appearance of escaping steam columns and increased air and water pollution.
The impact of these 1s a matter cf personaT preference and 1s very subjective.
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APPENDIX D
SPECIFIC PROSPECT DESCRIPTIONS

‘This,appendix,conteins generalized descriptions of each of the

~ thirteen geothermal prospects that have been examined in this study. The
: prospects are arranged in alphabetical order for ease of reference.

These descriptions include ‘the geologic setting, thermal spring data

‘and genera1ized expieratory results 1nvolv1ng geo?ogic/geophysfcal

1nvestigations and expioratory wells. Also included are information on
economic conditions, public attitudes, land ownership and uses, the natural

,‘wenv1ronment, and other topics that would be of interest in determining

the deve]opment potential of each prospect.

The prospect descriptiens note the environmental and socio-economic
areas where geothermal deve]opment could have a significant effect. Where

- effects are 1ike1y to be minor, no comment is made

Each prospect description 1nc1udes a map showing pertinent topographic,
administrative. geological, and cu!tura1 features. These maps utilize
standard United States Geological Survey topographic maps on a 1:250,000
scale as the base. For brevity, a single Tegend sheet has been prepared,

: Figure 0-1, rather than including a legend on each 1ndivfdua1 map; standard
‘USGS map symbo]ism 15 not 1nc1uded 1n this 4egend

w‘oBi Beowawe, Nevada

The Beewawe area 15 in north-centra1 Nevada, a few miles south of

| 'Interstate Highway 80 and approximate1y 20 mi1es east of Battle Mountain.

The area 1ies in Eureka and Lander Counties. A total of 33.225,aores have

,;'been c]assified as a KGRA. The area 1s mapped in Figure n-z ?hisiprospect E
-ranks - number two 1n deveiopment potent1a1 : o ' : B

The Beowawe prospect s in the Basin and Range province at the :

| rboundary between a plateau of Miocene (?) volcanics to the south and the
. downfaulted whirlwind Va11ey to the north. Geysers, fumaroles and boiling
- springs have deposited an enormous sinter terrace approximate]y 300 feet

;7 75 :’ R
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high. At the top, the terrace is approximately 100 feet wide and 2800
feet long (Ref. D-1). Hydrothermal activity océurs along faults at the
top and at the foot of the terrace. Activity on the top is decreasing
while activity at the foot s increasingQ Cross-faulting has occurred

recently and controls the lateral extent of the hydrothermal activity.

Beowawe has ‘been the scene of much exploratony drilling (Ref D-2).

In 1959, Magma Power Company ‘drilled two wells. The first missed a sought-

after fault, finding a temperature of 316°F at 1918 feet. The second
apparently encountered the fault, finding a temperature of 414°F at 715
feet. In 1961, Vulcan Thermal Power Company drilled four wells to depths
ranging from 655 to 767 feet, in line along the top of the terrace. These

wells were drilled with cable tools; profiles of bottom-hole temperatures
- recorded during drilling skirted the curve of boi1ing point versus hydrostatic.
- pressure at depth, and levelled off at 405-410°F below 650 feet. After
~completion of the wells, involving some discharge,of steam, shut-~in

temperatures ‘of 380-390°F were measured. The Vulcan wells were flow-tested
soon after comp1etion. Three flowed about 1.5 million 1b/hr (roughly
equivalent to 3000 GPM), at wellhead temperatures and pressures of 330 340°F -

~ and 90-115 psig, flashing 2-3% steam. The fourth showed much lower flow,

temperature, and pressure. In later tests (but before 1962), well performance
further decreased and a 1965 test of Vulcan No. 4 found a pressure at 46
psig and a bottom-hole temperature of 340°F at 767 feet. In 1963-64, Vulcan

‘drilled two additional shallow but unsuccessful holes. The caps of several
. of these wells were later blown off by vandals, and one blew continuously

for some time. Two others started blowing spontaneously in 1972, after a

very dry winter whi1é,'simU]taneous]y.,theﬁgéysers'and some of the hot.

springs stopped flowing. Sierra Pacific Power Company also drilled four

~unsuccessful wells in 1963-64 in a north-south line crossing the line of

Vulcan welis. ‘The deepest and hottest was the third w1th a bottom-hole -
temperature of 378°F at 2052 feet, and a very small flow of water and steam
In 1974 Chevron 011 Company and American Therma) Resources, Inc., drilled
a well, Ginn No, 1-13, to a total depth of 9563 feet, in Sec. 13, T3IN,
R47E at a reported cost of about §1 million. This well is located about
1.5 miles to the west of the previous wells, and about 1/4 mile northwest

~ of a projected normal fault line, on the downthrown side.
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 The general test history is one of temperature and pressure declining
as fluid is extracted, with various indications that the flows from the
Vulcan wells interacted with the natural flows and the water table. The

i' Chevron well was apparently sited in hopes of finding a more reliable
- fluid source at greater. depth Chevron subsequently acquired additional
" leases in the area, indicating continuing interest and, presumably,

encouraging results from this well.

~ The most encouraging feature of the Beowawe drilling is the consistently
high geochemical estimates of maximum reservoir temperature. Dissolved
Si02 both in'hot-spring“water and geothermal well water runs from 450 to

"OVerysooippm, corresponding to quartz saturation above 450°F. Na-K-Ca
‘temperature'estimates.run from 400 to 480°F, The salinity of Beowawe

water is low, about 1200 ppm TDS.

The area is véry sparsely populated. The nearest urban center, Battle
Mountain, has a population of 1850. The population level and distribution are
such that geothermal development could cause a "boom and bust” cycle, par-

- ticularly in the construction phases. Increasing the population by a few

hundred persons could severely strain existing services, i.e., law enforcement,
schools, water supply, sewage disposal However, geothermal development
could eventually significantly increase the tax base, thereby aiiowing

_expansion and improvement of these services.

Employment centers around mining, ranching, and agriculture; there is,

at present, almost no unemployment in the area. Long established residents

may have rgServationsfabout development in the form of apprehension
concerning greater demands on services but, in general, development appears

- to be welcome. The effects Of geothermal development on this rural culture
- may be significant. - ,

No data is avaiiabie on land ownership or zoning. Land use principally
involves mining, grazing and irrigation agriculture. A recent lease sale

‘in the KGRA brought a bid of $204/acre. very high for geothermal 1and In

total, 11,830 acres were leased.

A regional environmental analysis pertaining to geothermal leasing

~ has been prepared by the BLM (Ref. D-3).
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The 1andscape 15 typicai1y desert. Thé'general impression of the area

s ef bo!d, stark beauty and isolation. Coloration is drab. The visual
”j':Vbeauty has been substantiaily a1tered by cultural features, i.e., roads,
SR power lines and mines. Additional cultural features 1ntroduced by develop~
L ment will be readi?y visible.

The Humboldt River 15 the 1argest surface water resource 1n the "
1mmed1ate area, shallow groundwater of good quality is also available. Ihek
thermal area is not fnhabited and the ambient noise level is low, Air

R quality is undetermined . The principal poliutant is wind-borne dust while

1nsigniffcant quantities of sulphur dioxide and hydrogen sulfide are

: released by the hot springs.

| Major vegetation in the area 1nc1udes greasewood ‘shadscale, rabbit-

'ﬁfbrush, big sage, winter fat, wild~nye, squirreltai!. and cheat grass.,Ar
‘Dominant wildlife includes wild ‘harse, fox, weasel, bat, coyote, bobcat,

rabbit, mule deer and prong~horn ante?ope., There are two rare/endangered

, ‘ species (Ref D-4) in. the general region, the Spotted Bat and a relict
- fish found 1n the Carico Lake Valley Aquatic p!antlife is found in the

thermal springs. The spring water is heavily used by wildlife and 11vestock.

There are historica1 and archeological artffacts in the aeneral region.V‘

‘ The Immigrant Trai? Ti{es to the north and the Pony Express route 1ies to |
«the south. Shcshone and Piute Indians have inhabited ‘the area in the past,

-
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D2 Brady's'Hot Springs, Nevada
Brady's Hot Springs is located in west-central Nevada. approximately
50 miles east of Reno and one mile from Interstate Highway 80. The area

p - is in Churchill County. Hot springs exist and 98,446 acres have been
- classified as a KGRA. The area 1s mapped on Figure D- 3 This prospect

ranks number five in development potential

" The thermal area lies in the Bas1n and Range province ~In the immediate
area, Tertiary sediments and volcanics and Quarternary alluvium and '
lacustrine deposits are present. JurasSfc‘basement'outcrops to the north
and the younger sediment 1ap onto the basement.

L Thermalpactivity lies a]opg the BradyfTherma] Fault, the dominant
structural feature in the area. The fault trends northerly for approximately

_six miles; movement may have been strike-s1ip but cannot be ascertained as

the scarp is. ‘covered by alluvium, There is some evidence of recent activity.
, The principa] evidence for the existence of this fau]t is the hydrothermal

-activity; hydrotherma1 deposits ‘mark its trace for approximately 2.5 miles.

A low sinter terrace has been deposited by the thermal springs and geo-
thermal activity has evidently been continuous for 10-11 000 years
(Refs. -1 and D-2).

Several shallow wells drilled by Magma Power Company from 1959 1961.
tapped hot water and steam from the fault zone at depths of a few hundred
feet. Fo]lowing this dr11!1ng, the fault trace was delineated for a year

or so by a three-mile 1ine of new- steam vents, while most of the original
- springs went dny. These early wells showed good initial flows, but were
,repeatedly choked by calcite deposits. A well drilled in 1964 by £arth

Energy, Inc., to 5062 feet in-the same vicinity showed a roughly linear
static temperature profile from 274°F at 800 feet to 414°F at 5062 feet TD.

 On test, this well produced 120 GPM of water and steam from a 230-foot

_ zone through 4-1/2" slotted liner: at 4900 feet. Recently. Ph1111ps and
~“Union 011 Companies have each dri]led a well deeper than 7000 feet, and
- Magma. has dr111ed two we11s to 3500 feet and 4500 feet near the old holes.

| Chemica1 estimates of maximum reservoir temperature from ana]yses of
hot spring water and sha11ow geotherma] well water agree very well, giving
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quartz and Na-K-Ca temperature estimates in the range 370-390°F. Total

d1ssolved solids 1n all samples is about 2500 ppm. The higher temperatures

. actually observed at 5000 feet and ‘the 1nteract1ons between shallow wells

and springs suggest that ground water, in communication with the local
water table, affects the flow in the near-surface levels of the fault zone.
Recent exploratory wells seem to be directed at deeper sources, probably

in hopes of more stable as well as hotter wells.

The estimated population of Churchill County in 1975 is 11,600. By
1990, a population of 14 865 1s anticipated. The nearest town, Fernley, ‘
has 900 residents '

- The county is rural. Employment is as follows in order of importance:
‘ .

agriculture

government

recreation

construction

transportation

manufacturing
. mining

~'The area at Brady s Hot Springs is suitab1e for rura1 resource con-
servation, wi1d11fe habitation, open space and rangeland; 1t is poorly
suited for most development activities  The county 1is very aware of and
concerned with maintaining open areas in the natural state. Geothermal

?deve1opment is not seen to conflict with this conservat1on philosophy but =

could cause a "boom and bust” cyc)e. A relat1ve1y small population
increase could strain the existing service 'sector (the town of Fernley may

~ be particuIar1y affected) although the eventua! fncrease in tax base from

geothermal power production would mitigate this. Local residents are in

;favor of geothermal development. County officials also encourage develop-

ment but at a rate that can be planned and controlTed

A general plan for land use in Churchill County exists (Ref D-5)
County land ownership is 90% Federa) (BLM and. Bureau of Rec]amation),
9%vprivate and 1% state andrcounty The arearis classified as open space

under the BLM multi-usage category. Most Federal land is used for grazingd

and most private land is used for agriculture. A total of 3200 acres
were recently leased in the KGRA. |
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BLM has- prepared an environmenta? ana1ysis of the thermal area
~ (Ref. D-6) and the county general plan 1ncludes a partial environmental
- impact statement. : ‘ ‘

The area 15 fiat and arid with h11is rising approximate!y 2000 feet

" to the west. The elevation of the therma1 area is approximately 4000 feet.

Topographical features 1nc1ude a‘lkaH flats, dry washes and buttes.

. Culture includes roads, power 1ines and grave1 pits. Brady‘s Hot Springs
1is not a site of scenic or aesthetic qua?ity ‘

* There are no permanent streams near the thermal area but shallow

,jAground water is availab!e.‘ Air quality has not been measured but s very
fgood, visib£11ty in the area is exce]lent. Ambient noise has not been

- measured but a- relatively high 1eve1 might be expected. generated by
~nearby Interstate 80. ~

Vegetation is typica! desert scrub 1nc1uding greasewood, sage, sait

"~1grass and squirre]tai%. wiidlife includes coyote, hobcat, rabbit,
”,porcupine, mu!e deer, and many birds., There are no aquatic plants or

an1mais in the thermal area. and. no- data exists on the presence of rare/

‘endangered species.

No systematic survey of arcbeological sites has been made although

' the histary of the site 1nc3udes numercus mining camps.
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D3 Brigham City, Utah

The Bnigham City area is located in north-central Utah approximately
six miles northwest of Brigham City and 50 miles north of Salt Lake City.
. The area 1s in Box Elder County. While hot springs exist in the area, no
- KGRA has been defined. The area 1s mapped on Figure D-4. This prospect
ranks number 12 in development potential.

This prospect has been the site of a deep geothermal test, drilled in
Sec. 16, TION, R2W hy Geotherma] Kinetics, Incorporated and Utah Power and

k Light Company

This wel] Qs dr{11ed in tBe main fault zone of the Wasatch Front,

- a predominate structural feature that extends in a north-south direction

through most of Northern Utah. The front’represents the eastern limit

to the Basin and Range province and is marked throughout its length by a

chain of thermal springs. Nearby hot springs on this fault zone (Crystal
Hot Springs and Stinking Hot Springs) have Na-K-Ca estimated temperatures

of 370°F, but less than 50 ppm 5102, corresponding to quartz temperature

estimates below 212°F, Total dissolved solids amount to about 40,000 ppm
(Refs. D-7 and D-8). : | . o

The operator reports that well was drilled on the basis‘of an eér1a1

-‘1nffaredsurvey showing a vegetation-related anomaly, and resistivity surveys

showing a marked anomaly in the same place. The well was not drilled on
the center of the anomaly, but on the western edge, for reasons based on

 the surface geology of the area. The nearby sequence of sedimentary rocks

exposed on Wellsville Mountain, east of the Wasatch Front begins with

~lower Cabrian, and this sequence was expected to be underlain by Pre-Cambrian
‘basement at depth. Further, suitable sedimentary reservoir rocks were
’ expeqted to be better sought in the down-faulted,b!ock‘west of the main _

fault zone. However,'the well penetrated‘an unsuspected major thrust fault.

~ within the down-faulted block, -and continued on, through the zone of normal
' faulting. to find Paleozoic rocks and a second major thrust fault at about
1, 000 feet, | | |
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A drill-stem test at about 8250’ produced water of 54, 000 ppm TDS,
with 305 ppm 5102, giving a quartz temperature estimate of about 405°F.
The Na-K-Ca temperature estimate is about 570°F. Below this depth within
the zone of normal fau]ting,_there is hydrothermal alteration of a shale
sequence. The highest temperature recorded in the course of drilling and

logging the well was 284°F. -

The initial flow in this well came from in and below the last normal
fault encountered, at 10,350 feet. Flow soon ceased indicating that the well
did not penetrate a good producing zone. The high chemical temperatures,
the geophysicaI anomalies; and the structural information revealed by the

well, however, are evidence of the possibility of a viable prospect being

still in existence.

The prospect lies directly in the principa] urban and transportation

‘corridor of the state of Utah. The drill site is only a few hundred feet

from Interstate Highway 15. The general area is heavily populated for the
Mountain States; the population of nearby Brigham City is 14,000. Popula-
tion in the immediate vicinity of the prospect {s sparse; there is one
resident approximately one mile from the drill site.

The economy in the vicinity of the prOSpect'is based upon agriculture
while the Brigham City urban area supports trade, services, and industry.
The county;plans to:maintaio the prospect area as agricultural and encoUrages
geothermal development at a controlled growth rate as a source of increased
revenue and water resources. The public is excited by potential geothermal
act1v1ties ' | ' ‘

This prospect 1s located on pr1vate land zoned for agriculture. A

use permit is required for exploration. The county does not require an EIS

before development. Other land in the vicinity is included in an “open“ »
Zone categony ,

The. landscape consists of a very wide, flat va11ey bordered on the East

B by mountains ‘The natural environment has,been affected by grazing and by
~construction of the interstate highway. There is 1ittle of aesthetic

value in the area.
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| Surface water supplies are adequate for ordinary usage, but developing
 alternative water sources is encouraged. Air quality is unmeasured but

~ good and the ambient nofse level is also unmeasufed.«butjcouid be somewhat
high because of 1nterstate highway traffic.

Vegetation is Great Basin scrub featuring sagebrush, cattail and tule

"‘marsh grass. There is a waterfowl refuge about 20 miles from the prqspect.

No data on aquatic life s available. Rare/endangéred species in the general

‘area include three fish (Humpback Chub. Colorado River Squawfish and Wound-

fin), Peregrine Falcon, alack-footed Ferret, and Utah Prairie Dog. None of
these have heen reported on the prospect. , ; ‘

No data on. historic or archeolcgical artifacts are available.
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D4 Chandler. Arizona

The Chandler area is located in south-central Arizona, 25 miles south-

,l east of the Phoenix metropolian area. The prospect is in Maricopa County.

There are no thermal springs and no KGRA has been defined. The area is

. mapped on Figure D-5. This prospect ranks number 13 1n development potential

The area 1s in the Basin and Range. province, roughly 60 miles south of

 the edge of the Colorado Plateau. It is the site of two deep geothermal wells
‘drilled by Geothermal Kinetics, Incorporated, in Sec. 1, T2S, REE. The

operator has reported that these wells were located on the basis of aerial

infrared anomaly and a resistivity anomaly Both wells penetrated slightly
‘more than 5000 feet of alluvium, evaporite. and. sedimentary section before
“entering volcanic rock. No. 1 bottomed in volcanics at 9200 feet, while

No. 2 reached basement at 10,250 feet. The volcanic rocks generally have
a high pore fraction, but the permeability is low. Flow can be attained -
from fractures, however. The operator estimates that while No. 1 was being

drilled with aerated water in the neighborhood of 8800 feet, the open hole

produced between 4000 and 6000 GPM of excess water. Neither well was a
good producer when completed with slotted or perforated liner, and downhole
pumps.

The best temperature profile available is from No. 2, obtained
after two months of standing, showing a linear increase from 250°F at

7000 feet to 352°F at 10,450 feet. Well No. 1, after standing somewhat
~ longer, showed 305°F fn a drill-stem test at about 9000 feet, which falls
-on the same temperature-with-depth profile. Water pumped from perforations .
~ between 6100 and 8000 feet in No. 1 showed 62, 000 ppm TDS, 60 ppm: 5102, and 3
‘2 Na-K-Ca estimated ‘temperature of ~ 300°F - This water may be contaminated -
‘by salt-based drilling mud. |

“The estimated present population of Maricopa County is one. million

~ persons, most of whom reside in the Phoenix metropolitan area. A population‘*
- of two and one half million is anticipated in the year 2000 (In,l900,

the county population was 20 000)

Manufacturing followed by agriculture form the economic bases of the

 county. The general picture is that of urbanized areas surrounded by
‘farmland Urbanized area 1n the county is planned to 1ncrease from 160
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to 453'sqnaré1b{1e$'ﬁy*1980 while agricUlturaT area will decrease from

"v860 to'?OJ square miles. Currently, the Phoenix region receives its

~electric power from dams located on the Salt R{ver. Geothermal power

- ‘development mou?d he an asset, ﬁnt does not have a significant position
. "fh futore planning. There is not.much.puﬁiic interest in geothermal.

A general land use plan for the county exists (Ref. D-9), but no
environmental reports are known,_ Land ownership in the county 1s as
follows: » ~ D .

‘Bureau of Land Management - 31%

Forest Service - 1%
~ Department of Defense: _ 14%
~Bureau of Indian Affiars - 5%
-State ' 10%
Regional Parks , 2%
- Private ) o 7%

There are five Indian Reservations 1n the county The prospect site s

on private land

Land use fn the county is as foilows cLonos
ucban LT

~ Agriculture - 9.3%
~ Open Space BN - 26.3%
 Indian Reservation =~ 4.5%

Desert/mountains e i 58, G%v,

Land outside the urban areas are generalTy zoned for agricu]ture (Ref. 0-10)
R The prospeot site 15 used for grazing and. farming.

The prospect is !ocated on fiat desert mixed with 1rrigated farmlands

"bordered by mountains on the west. Dry stream washes and arroyos are

characteristic of the area. - Ni!Tiams Afr Force Base adjoins the prospect

5»,TA11 natural 1andscape has been a]tered and there is 11tt1e aesthet?c
'appeal.~ f ' o : ‘

Two major river systems, Salt River and Verde River, f]ow 1n the

"",5region Phoenix imposes great demands on the Salt and this river and :
- its tributaries can become dry south of the city. Afr qua11ty is good with

an ordinary visibi1fty of 30-40 miles. - The ambient noise 1eve1 is relativeiy -

;V,;high, generated by airp&ane traffic at the Afr Base, automobile traffic,
and farm machineny.; ; 8 , V ,
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, The general prospect site is planted in cotton and ¢itrus. Nearly
all natural vegetation has been altered; remaining plants include creosote,

- burrobush, and mesquite. :Shecies characteristic of disturbed habitats
~ such as sunflower and Russian thistle flourish.

Wildlife cdnsists of,repti]es. birds, and small burrowing rodents.
Aquatic 1ife is confined to {rrigation canals, the most evident of which
are algae, bivalves, and snails. No rare/endangered species inhabit the

Given the disturbance to the natural environment that has already

 occurred, the possibility of locating historical or archeological sites
"in the area appears remote. None are now known.
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D5 C]ear Lake, California

The Clear Lake area is located in west-central California, approximately

t 75 miles north of San Francisco and 15 miles north of the Geyers geothermal
- field. The area is in Lake County. There are hot springs and the area lies

within the 374,910 acre Geysers KGRA. The area is mapped in Figure D-6.

- This prospect ranks number seven in development potential,

The specific area of interest involves the Clear Lake volcanic
field,,covering an area of approximater 85 square miles immediately south

~of Clear Lake. These volcanics are a series of flows, domes, tuffs, and -
pyroclastics, Pleistocene and Holocene in age, and of a variety of petro-

graphic types. It is probable that these volcanics were extruded onto a

~rugged erosiona] surface so that the volcanic thickness may vary considerably

within a locality. The volcanic field has also been subjected to Pleisto-
cene_and Holocene tectonic movement; arcuate fault patterns may indicate
Cenezoic uplift or subsidence. Mt. Konocti, Mt. Hanna, and other mountains

“in the area are volcanic in origin and some of these may be vents or plugs.

Thermal springs ake plentiful although data on these are sparse. Siegler -
Springs in the eastern part of the area flow in excess of 15 GPM at a maximum
temperature of approximately 125°F. The Sulphur Bank area to the northeast

,containS'springs delivering minor flows at temperatures near 180°F.

A deep well was drilled at Mt. Konocti by Getty 011 in 1972, bottoming
at 8566 feet. “Interesting" temperatures were encountered but no permeability.

‘The hole was subsequently sold to Pacific Energy Corporation who considered
deepening, but later abandoned it, Four we11s were drilled ear11er (1961-v

1964) in the Sulphur Bank mine area on the east side of Clear Lake. One

| well went to approximately 5000 feet. another went to 1400 feet. The maxi-
 mum temperature exceeded 350°F. Well fluid was hot water with an approximate

five percent steam fIashover.. The 1400 foot well produced over 50,000 pounds
of steam and 1.5 million pounds of water per hour at a pressure of approximately

100 psig The: water contains ‘problem. amounts. of boron and carbon dioxide.

A major negative gravity anomaly is centered in the southern port1on

of the volcanic field. (Reference D-11). The relative position of the

anomaiy'to'the vqlcanids-suggests a genetic relationship, but the ceuse;of'
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~ the anomaly is not apparent although several plausible causes can be postu-

lated. The anomaly does not co{nc{de with any known structural feature
nor is there a nmgnet{c counterpart to the anomaly.

One possifile cause of this anoma1y fnvolves the volcanic field being
calderic in origin and this is supported By the arcuate fracturing in the
area. Stil1 another possible cause involves the existence of a deep,
high porosity geothermal reservoir; this most attractive alternative is
supported By preliminary deep resistivity measurements that show a large

low resistiyity zone generally coincident with the gravity anomaly. The

vertical extent of this low resistivity zone is approximately 15,000 feet.

Lake County now has approximate]y 20,000 permanent residents, with
35,000 being projected by 1985. The two nearest population centers,

~ Kelseyville to the west and Lakeport, 25 miles to the northwest, have
1900 (2700 in Summer season) and 3000 residents, respectively.

‘The economy of Lake County isvprimarily tourist-oriented and agriculture
is also a significant factor. Future planning 1nvo]ye$~eXpansion of recrea-

‘tional areas and facilities although there has been a recent decline in

tourism. Residential homesites are numerous, particularly near Anderson
Springs where land values have increased by as much as a factor of 16. Plans
for the area also involve zoning for housing sub-divisions and identification
and conservation of forests, wilderness areas, and wildlife refuges. Geo-
thermalvplanning is oriented toward large-scale development. Public opinion
is split on geothermal development; a 3urvey hasbeen taken to determine

true public feeling. Significant opposition may be expected from residential
and environmental groups. -

N\

" A general p]an for Lake County exists (Reference D-12). Three environ-
mental reports on the general area are availabIe (References D-13, D-14 and

Land ownership in the county is 44 percent Federa] 45 percent'private,

- and 1 percent urban. Much of the county is not yet zoned; zoning near promising -
-geothermal areas includes some residential. :

The topography of Southern Lake County is mountainous with steep slopes,

- rocky outcrops.'canyonsfand‘sma11 valleys.. Streams abound and two man-made
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and severa? natural 1akes exist. This is an area of significant scenic

l'ibeauty and the effects of gecthermal development on aesthetics could be
,significant.; ‘

- Surface and ground waters are p}ent1fu1 and of’geod quality Air

'75f qua11ty in the area is relative1y high and the ambient noise levei is

very lcw, approximately 45 dbA.

Vegetation is primarily grassland. chapparral and mixed evergreen

| forests. Trees include sugar and ponderosa pines, pouglas firs, maples,

:  ?and oaks. Dominant wildlife 1nc1udes deer, bear, coyote, bcbcat, skunk,
"5quirre1, quail, snake, and Tizard. Steelhead and other trout are found
~ . in Anderson and Bear Creeks. There are no rare/endangered species 1n
' *the area (Reference D~16) | s

} Many old Indian (Poma. Hintyn, Miwok, and Happo) settlements are

known to have existed in the area,

N o
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,n~95 Coso Hot Springs, California :

The Coso Hot Springs area is 7ocated in east-central California,

L approximateiy 300 miles north of Los Angeles and 35 miles north of China
‘Lake. The area is in Inyo County. Hot springs and fumaroles exist and
51,760 acres have been classified as a KGRA. The area is mapped on Figure

’ ﬂ~7 , This prospect ranks number three in development petent1a1

The therma1 area l1es in the Mojave Desert west of the Sierra Nevada

Range. Specifically, the thermal area is located in the southern part of
“the Coso Range, a region marked by young (Pieistacene and Holocene)
~volcanics; i.e., cinder cones, domes , and flows. Volcanism may be occurred
- as recent!y as 5000 years ago.~ : - '

~ Much of the COSO Range is enclosed by an arcuate faulting system that

forms a rough ovalkmeasuringyapprox1mate1y 25 miles east-west and 28 miles

nbrtb-south This arcuate structure is broken by a set of northeast and

,northwest trending, steepTy/dipping faults The ring'fau1ting and associated
;]structural subsidence suggest a caldera 1n the early stages of co]lapse.
‘(Reference D—I?) ' :

The geothenma?ly interesting area occup?es approximately 80 square o

“miles, 65 of which 1ie within ‘the boundaries of the Nava} Weapons Center,

China Lake. Accordingly, ‘the principai portinn of the area is contro?1ed

- by thé‘u"s Navy and the Navy has announced plans to 1ntegrate the geo-
,-'thermal energy with other energy sources to form a "Total Energy Community“ o
: These pIans inclnde a geotherma} materia?s test faci%ity and a 20 Mie
power plant (Reference 8-18) The mi?itany reservation 1s notVOpen to
| ‘the general public., g Lot . .

8050 Hot Springs is 2 series of fumaro1es and not springs that occurs ;u

f'alcng one of the nnrtheast»trending faults Hydrotherma1 alteration is

~ common in the area. Recent analyses nf ‘the spring water indicates a TDS
',content of 1-2000 ppm and a silicate content of 2- 300 ppm. “The spring

~ water is h{ghiy acidic and lacking 1n chioride ﬁaximum;tempefature$ -~f"
fexceed 200°F. S ST

More than 25 shaI]ow wells were dril?ed in. the Twenties and Thirties

- ,kwhen a resort was operated In 1967 the Navy dr111ed a shallow (3?5 feet)
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-well by cable tool. The hole penetrated hematite-stained alluvium to 185

feet where granitic basement (?) was encountered. The hole bottomed
in this basement rock. A bottom-hole temperature of 288°F was measured.

, The water recovered from this well s neutra] to alkaline and is rich in

chloride, in contrast to the spring water. The well produced at rates to

40 GPM although the productive capacity has not been determined. However,

2 240 pound swab was blown from the hole during testing,.indicatingya down-
hole pressure in excess of 20 psig (Reference D-19).

TbeVCosolthermai area 1s now the scene of a geophysical investigation

: program being conducted by Dr. James Combs of the University of Texas at

Dallas (Reference D-20). This investigation involves heat flow and micro-

‘earthquake'studies.. No heat flow results have been made available to date.

Microearthquake activity is of the swarm type indicating that tectonic
forces are currently active in tne area. P-wave and S-wave velocities have
been determined and these infer a very low Poisson's ratio in the shallow

~ subsurface. This low ratio implies that the shallow subsurface is not

water-saturated and that a vapor-dominated reservoir exists.

4The present population of Inyo County is 17,000. An increase to 26,000
is anticipated by 1990. The population of China Lake and. surrounding

' communities, the nearest urban center, is 13,500.

Tourism. recreation and government employ most of the iabor force
in the_county The military is the principal empioyer in the immediate
area. Future growth 1s expected in recreation and tourism; agricuiturev
has been deciining because of a lack of irrigation water. County develop-

B ment must occur outside of the miiitary reservation. The public is
“relatively uninformed about geothermai energy, but significant pubiic
'opposition to development is not expected ‘

‘A generai pien for land use exists (Reference D-21). In Inyo County, |

iapproximately 92 percent of the land is Federaiiy owned (primarily by
the Bureau of Land Management) and the remaining 8 percent is privately -
owned (primariiy by the Los Angeles Department of Water and Power) Principal

land uses are recreation, military, and agriculture. County zoning does
not apply within the mil{itary reservation, The Navy is reportedly encouraging
commercial: development of Coso Springs No lease sales within the KGRA_are

scheduied :
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The 1andscape is typical desert with no outstanding aesthet1c quaiities.
water is in short supp!y with much of‘the indigeneous water being transported

 to Los Ange?es. Owens Lake to the north 1s now dry The Los Angeles Aqua-

duct passes a few miles from the prospect and 1s a pctential source of cooling

~ water. Ground water is another potential source; withdrawal for irrigation
has not caused subsidence to date. Air quality is good, but has recently
ldeteriorated because of f?ow from the Los Ange1es Basin. . Data on ambient

noise is unavailable, but it is probab!y vety Tow.,

_An ‘environmental study of the area has been done by the Navy. Vegetation |

‘is of the desert scrub typef The fauna are typical of the desert including

coyote, fox, rabbit, rat, Squirrel sparraw, lark, raven, and various species

of 1izards. Three rare/endangered species exist in the general region, the
~ Owens Chub, Owen Pudfish, and the Mohave Ground Squirrel‘ There is no

aquatic life in the prospect.

The area has been inhabited by the Piute Indians and many 1andmarks
remain from the goldrush of the mid- 18005
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- p7 'Fly Ranch/Gerlach, Nevada

The F1y Ranch/Gerlach area is in northwestern Nevada, 85 miles north

'eof Reno and 80 miles west of Winnemucca. The generai area is sometimes o
~identified by other,names: Ward Ranch, Hualapai Flat-Gerlach or Black Rock

Desert. The prospect is located in Washoe and Pershing Counties. There

~ are hot springs and two KGRAs have been deffned' Fly Ranch containing
20,662 acres and Gerlach containing 8972 acres, The area is mapped in
‘:Figure D-8.  This prospect ranks number nine in development potential.

Fly Ranch/Ger]ach lies in a system of Basin and Range ve?]eys that
are bounded by normal faults extending northeastward into the A]vord

‘Desert of Oregon. The northern (Fly Ranch) area contains one of the

Targest thermal systems in the region and shows evidence of current tectonic

"activity. The Fly Ranch hot springs lie in an area of Late Quaternary
" and Holocene fau!ting, the highest {(over 20 feet) scarp in the area lies
immediately east of the springs. The hot springs are located on a horst

structure with a graben to the northwest. Further to the north, a system

~ of rifts exists, the rifts ranging in 1ength from a few tens of feet to

over four miIes and in width ffom fractions of an inch to over five feet.

There is no dip-s1ip or strike-slip offsetting indicating that the area

is in tectonfc tension. The rifting is Holecene in age and some of the

fsurfaces are uneroded 1ndicating very recent activity

Fourteen mi]es to the seuth the Gerlach thermal area lies on the

eksame north-nertheast trending fault system as the Fly Ranch therma! area.
~ The Ger1ach hot springs are 1ocated on a mader regionai fault intersection.
‘;Silica deposits. from an oid dny spring exist near ‘the town of Gerlach.

The highest observed spring temperature is semewhat over 220°F.

; yubserved in Fly Geyser. a shallow boi]ing well, The highest chemicely‘
'"'y;JZtemperature is. approx1mate1y 340°F at Gerlach Hot Springs. Two shallow
wells, approximately 800 and 1000 feet in depth, were drilled at Fly Ranch o

by western Gecthermal Incorperated in 1964-65 No results have been

“reported There is - no reported dril}ing at Ger1ach

oz
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The results of geophysical exploration in the Black Rock area by the
Sun 011 Company over the past decade have been made available to exploration

1 specia]ists at the Colorado Schoo1 of Mines, who have followed up with
~ additional electrical and seismicity surveys. Results reported to date
~ are highly preliminary although the seismic (microearthquake location) data

shows anomalies that may correlate to geothermal accumulations (Refs.
D-22, D-23 and D-24).

fhe area is extremely‘iso1ated and sparsely populated. The population

'of Pershing County 1s 2670 and Gerlach, the nearest town, has 130 residents.

| The area is rural with the few residents being employed in mining,
agriculture and transportation. There is no public Opp051tion to geothermal
development; Washoe County officfals are looking forward to development.
Development could generate "boom and bust" economic conditions, however.

’Land use is primarily grazing,'farming,’minera1 production and
recreation. The land is zoned for open use; the only zoning for specific |

‘use in Nevada is near Reno. 6751 acres within the Fly Ranch KGRA were
recently leased.

The region is typical Basin and Range desert with broad valleys,

‘playas, dry washes and mountains of moderate relief being characteristic.

The landscape at the prospect is foothill/mountainous. Color and texture
contrasts are interesting and the area is one of rough, rugged beauty.
The alluvial basin contain; gréundwater of good quality; quality decreases

kff_toward the dry Takes.. Streams’are.intermittaﬁt but there are several large
o reservoirs located on private land in the general region.

An Environmental Analysis Record of the area has been generated :

: (Ref. D-25). Air quality has not been measured bUt particulate matter

arising from dust storms is a continual problem. Noxious gases, emitted by . ]
|

"vehic1es and aircraft, have been found 1n sma11 amounts Ambient noise
levels are low. ' ‘ S

- Dominant vegetation inc]udes saltbush/greasewood, sage brush shadscale
and winterfat. 58 species of mammals, 115 species of birds, 5 of amph1bians,
20 of reptiles and nine of fish have been recorded in the_area, dominant

- species are mule deer, pronghorn antelope, sage grouse and cdtthroat trout.
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Aquatic invertebrates and plants are found in the hot springs. Rare/
_\ ) - endangered species in the general region includes the Prairie Falcon,
~ Desert Dace and Lahontan Cutthroat Trout. |

L . Archeological and historical sites abound in the region but none has
been found in the immediate vicinity of the prospect.

\ .
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A ;kDB Long Valley, Ca]ifornia

" The Leng Val]ey area is 1ocated in east central California, east of the

;Sierra Nevada Range in Mono County Hot springs exist and 460 »256 acres,

encompassing both Long Valley and the'MOno geothermal area to the north,

~ have been classified as a KGRA. The area is mapped 1n Figure D- 9 This
fprospect ranks number four in development potential. '

~ Long Valley is a major, well-recognized collapse structure (caldera). :

 , approximate!y 10 miles wide (northeastosouthwest) by 20 miles long. The
 ¢011apse occurred perhaps SBO,GGO years ago and vo?canism has continued
. to very recent times. The Inyo Craters in the northwest corner of the
*.area may be on!y 650 years old '

Therma? springs are pTentiful Fumaroles exist at Casa Diablo Hot

- Springs where flows of 35 GPM at a maximum temperature of 194°F have been
. measured and at the Geyser where a flow of 500 GPM at temperatures exceeding
- _200°F has been noted Analysis of spring and shallow well waters shows a2
\7,genera1 TOS content of 1-2,000 ppm and a_ silicate content of 1-300 ppm. The
| :t‘ waters are, in general rich in chloride (Refs.J -26 and D-27).

Approximately 20 shallow (less than 1000 feet deep) wells were drilled

in the early sixties, primari%y in the Casa Diablo area. Maximum tempera-
. tures of 350°F and maximum flow rates of 500 GPM were encountered The
- average TDS content was approximately 1500 ppm. The water containsyproblem
"‘7famounts of arsenic and bOrcn. Deve?opment was ha]ted'by the difficulties
iwith disposal of the arseniclboron-laden water and by the imp?ementation
: af new envzronmenta? requirements.,_, ‘

Long Val1ey has been ‘the scene of an 1ntensive, ccmprehensive geo-

B  techn1ca1 1nvestigat1on by the United States Geoiogical Survey. Deep heat
= ‘_'fTOw measurements have been ‘made outside of the caldera with no anomalous
'[results as near as 4 miles to the- rim on the north, south and west. Excess

 ]heat is found approximateiy 2 miles to ‘the west of the rim (Ref. D-ZS)
’ uHeat flow measurements obtained from shallow ho1es within the caldera show
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a variable pattern probably reflecting shallow water flow. In summary,

~the data available does not indicate a significant thermal anomaly and,

if one exists, it is probab]y 11m1ted to the immediate vicinity of the

ealdera

A series of e]ectrical/electromagnetic’surveys have been made
(Refs. D-29, D-30 and D-31). A total-field resistivity survey has mapped
structural features and hydrothermal alternation zones within the caldera

and has related these to geothermal potential and past and present hydro-

thermal activity. Electrical and electromagnetic soundings located several
shallow conductive bodies (that may be related to geothermal activity) and
one deep conductive oody.{ Reconnaissance audio4magnetote11uric'soundings
outlines two linear high conductivity zones that correlate closely to known
hot springs. Self-potential anomalies have been attributed to horizontal
ground-water flow patterns and vertica11y-flow1ng hot water.

Seismic noise and m1croearthquake studies have been made. - A noise
amplitude anomaly exists in the caldera but the microearthquake data shows
a_relatively-constant, relatively minor level of seismicity. The seismic

“data does not appear to correlate directly with surface hydrothermal activity;
interpretation is made difficult’'by reverberation within the caldera.

Gravity and magnetic anomalies'are associated with Long‘VaTley. The

-gravity data shows the caldere to have steep walls and to contain approxi-
~ mately 10,000 feet of fill, Local gravity and magnetic relief are indicative
of relatively shallow masses existing within the fi11

The county population in 1960 was. 2500 and is now estimated to be 7200.

1The two nearestpopﬂation centers, Mammoth City and Bishop, have 900
(5000 in winter season) and 3500 residents. respectively.

The Mono County economic base is the recreation 1ndustry - The economy
is heavily tourist-re]ated with some timbering, mining -and agr1cu1ture
Future plans focus on increases in recreation and tourism with conservat1on

evand 1nte11igent use of existing resources being a prime objective. Public

reaction to geotherma1 development is generally negative at’ present
although county officials are. encouraging development for taxation purposes
and because it is a good example of an optimum means of using a resource.
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‘southern part of the Valley.

Fu]] development-of the geothermal potentiaT at Long Valley could have a
significant effect on the Mammoth City economy and culture but might add

-2.5 million dollars annually to the county tax base. Future plans will
~ be altered somewhat to include geothermal activities.

There is a generaT plan for Mono County, currently in revision.

 Approximately 79% of the county lands are controlled by the Bureau of Land

Management or the Forest Service; the remainder is privately-owned, pri-
mariiy by the Los Angeles Department of Water and Power. County land use is
primarily recreational. Potential geothermal land is zoned as "general
purpose.” A recent sale of leases in the KGRA’brought a maximum bid of
$291/acre.” A total of 5483 acres were leased.

The landscape at Long Valley is essentially flat; slopes range from zero
to ten percent. The elevation is 7-8,000 feet (Ref. D-32). Crowley Lake and

perhaps Mono Lake to the north offer potential sources of cooling water as

do the Owens River and other permanent streams in the area.

Two Environmental Impact Statements of the area have been prepared
(Ref D-33). Air quality has been measured as has the ambient noise level.

With regards to air quality, in each of three samples, the particulate
‘content exceeded the standards of the State Air Resources Board. Further,

from a three week sample, the oxidant content exceeded these same standards

for 11 hours and the hydrocarbon content exceeded the standards for seven

days. The source of the particulates is unknown but motor vehicles generate
the oxidants and hydrocarbons The noise 1eve1, derived from trucks, may

be as high as. 90- 95. dbA.

Plant life in Long Valley is of the Upper Sonoran zone type includ1ng

‘sage, bitter and rabbit brush, pinon and Jun1per. Animal life includes
" sage grouse, mule deer, black bear, pine martin, ground squirrel and owl.
- Hot Creek is a "wild trotiStream,“-harboring erWn,'rainbew and brook trout.
| ‘Rare/ehdengehed Speties in_the general regibn'are-fourrelants, Bighorn Sheep,
Wolverine, Spotted Bat, Bald Eagle, Owens Chub and Prairie and Peregrine

Faicon of these, only the chub might be'affected by’gecthermal development.
There are old Indian habitat1on sites 1nc1ud1ng petrog]yphs in the
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09 Mountain Home, Idaho

The Mountaln Home area is located in- south»centra1 Idaho, approx1-

‘i'mate1y 50 miles southeast of Boise. Hot springs exist and 9520 acres
~ have been c]assified as a KGRA. The area. is mapped 1n F1gure D-10. This
p',;‘prospect ranks - number 10 in deve1opment potent1a!

" The prospect lies in the zone between the central Idaho Tertiary and
Cretaceous granitics and the Tertiary and Quarternary rock of the Snake

River Plain to the.west. To the northwest near Boise, the transition zone
- s relatively abrupt and marked by a series of northwest-southeast trending
 faults. Mountain Home lies on this fault trend and a series of subparallel
~ faults have been mapped “These faults cpntrol’the;major thermal springs in

‘the ar'ea ' ‘

- Thermai wpters'are‘p1éntifﬁ1 A;spking‘in the northeast part of the ,
area delivers water at appr0x1mate1y 150°F and irrigation wells in the same

pfifﬂarea, 500 - to 1000 feet deep. yield 135~ 155°F water ~ The water 1s fresh
' ~Vwith a DS content of about 300 ppm. (Ref D~34) o :

, The Gulf Energy and Minera1 Company recent?y dri]]ed a deep test in
the area. The well was reportedly Iocated in a fault zone by remote sens-

| ing techniques (nature unknown) wath gravitat1onal ev1dence of a shallow
~intrusive. The well was spudded in Pleistocene and. the first basalt was
‘encountered at 1180 feet. A section of clays, shales and detrital volcanic

~sands was found at 2160 feet and a. thick (590 feet) basalt was encountered

at 4160 feet. Below the basalt, 2370 feet of acidic volcanoclastics werev ‘

p‘,peentrated Andesxte was found at 7120 feet, granite was reached at .
*9490 feet and the hole bpttamed in granite at 9616 feet. B

Temperatures in excess of 300°F were measured below 6500 feet. pr-

- fever, analysis of the geophysical 1ogs 1nd1cates 1ow porosity abave approxi» ;

,f”V;mateiy 8100 feet. and high porosity, 1ocated in zones, below this depth A

‘fﬂ~f1bottom-ho]e temperature of 348°F was measured during loggxng and

";if immediately after stopping circulation.‘ According]y, this temperature
,*;may be Tow in that the cooiung effécts of circulaticn had probab%y not

j’complete}y dissipated | L |

‘]10, - ‘A,‘;
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Th1s weli 1nitia11y f]owed at approximately 1000 GPM but flow stopped
witnin two weeks. The water is drinkable (TDS content of less than 800

~~ ppm) and the state has given permission to reinject this,water into shallow
 acquifers. Water of this quality at the elevated'temperatures indicates -
" recharge by meteoric water and also probably indicates a circulation system
fifjﬁof large extent in that the salts being dissolved from the subsurface are
rapid’ly dispersed. | 3

,'kj Elmore County now contains apprcximately 20,000 residents with no
more than 50 people 1iving within the KGRA. The area is rura1 and contains

- few settiements or services. The town of Mountain Home to the west has a
»popu1ation of 6500.

Income is derived primari]y from ranch1ng, timbering and recreation

; n' and geotherma1 development could generate a "boom and bust" economic cycle.
~ The county does not encourage energy deveiopment because the probable asso-
: c1ated increase in 1ndustr1alizat1on is undes1red Pubiic opposition to
vdevelopment can be expected

: Tnere 1s no county general plan.~ Most private Tand is used for ranch-

- ing and Federal and state 1ands are used for grazing and recreation.
‘Geotherma11y-interest1ng acreage s entirely on Federal (BLM) land. The

caunty zones on1y incorporated private 1and At a recent lease sale within

‘ ;Athe KGRA, no bids were received.

The region is characterized by narrcw valleys and wide plains The

;n;Mountain Home landscape appears as a sagebrush-covered expanse backed by

i j[timberucovered slopes. Much of ‘the natural environment has been altered

oo by grazing and culture in the form of roads, power 1ines and farm buiIdwngs
s persistently present. | | : o

- An. Environmental Ana?ysis Report on geothermai 1easing and deve?opment

"'nnin the Boise regxon has been prepared by BLM (Ref. D-35)

Many permanent streams exist a]though essent1a1ly all have been

/;nnW"dlverted for agricultural purposes.. Graund water reserves are unknown but
V”Jj are thought to be sma}l Air. quaiity is exce}lent and ambient noise is
~very low. Because of the_exce]lent~qua11ty of the subsurface water and
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i

,;';}A ,

its suitabi]ity fbr drTnking and the support of wild]xfe, this is a prospect
when geothermal development may have a positive environmenta1 effect.

Plant life is of the sagebrush-grass type. Dcminant animal Yife
include mule deer, elk, coyote, rabbit, mice, squirrel and many birds.
Aquatic life abounds. The Prairie Fa!con 15 the on1y rare/endangered

e species that is seen in the area.

The Oregon Trail and the Kelton wagon Road passed through the genera1

~area and Shoshone artifacts and petroglyphs are found.
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‘D10 . Raft River, Idaho -

 The Raft River area is located in south-central Idaho, approximately
40 miles southeast of Burley. The area is in. Cassia County. There are hot
springs and 7680 acres have been classified as a2 KGRA. This KGRA is some-

-timesvidentified by the name "Frazier." The area is mapped on Figure D-11.
~This prospect is ranked number 11 in development potential.

The Raft River is a southern tributary-of the Snake River and the
Raft River Valley lies on the border between the Basin and Range geologic

~ province to the south and the volcanic provinces to the northwest. ‘The
‘north-south elongate valley appears similar to other Basin and Range

valleys. The Va11ey is bounded on the west by Tertiary silicic volcanics
traversed by north-trending major faulting, and this fau1t1ng appears to
control thermal spring location.

The therma] area of interest lies in the southern part of the valley,

~a few miles north of the Utah state line. Two shallow wells have been

delivering boiling water from a depth of about 400 feet for many years.

" One of these was.flowing at 120 GPM in the early 19305‘and flowed 60 GPM
in 1969. The other flowed at 26 GPM in 1961; water from this well has been
-used to heat a greenhouse. ‘These wells produce from alluvium. Other

shallow wells and springs 1n the area are coo]er maximum temperatures
are below 100°F. : '

The valley has been the scene of extensive geophysical work by the .
USGS. Chemical temperatures of 285°F to 320°F have been reported from the

‘ .‘we11 water.

‘Recently, a coalition of ERDA, USGS State of Idaho and the Raft River
Electrical Cooperative drilled two deep geothermal tests in Sec. 23, TI5S,
R26E These wells were 1ocated to’ 1ntercept a fault zone at depth. By

. one 1nterpretation by the operetors, the first well penetrated approx1mate1y
3800 feet of Tertiary section. (sed1ments and tuffs) passed through the

fault zone and penetrated Pre—Cambr1an sch1sts(?) and quartzites. Quartz
monzonite basement was found at 4930 feet and the hole bottomed at
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5007 feet. The hole was cased to 3600 feet and produced 450-500 GPM of -
297°F water from below the casing. Prior to casing, the well flowed at

6- 700 GPM.

The second hole is located 700 feet northeast of the first. This well

also penetrated Tertiary section and passed through the fault into the
‘Pre-Cambrian Elba Quartzite at about 4800 feet. Basement was found at

about 4900 feet and total depth was reached at 6007 feet. This hole was
cased to 4240 feet. 297°F water was produced from the 4200-5200 foot zone
at flows from 750 to 800 GPM.

Water quality is good (TDS < 2000). The indicated chemical tempera-

ture is 358°F.

~ Cassia County now has approximately 20,000 residents, 8300 of whom
are in Bur1ey. Oakley, the nearestfpopulation center to the prospect, has
650 residents. The area is rural with some light_industry focusing on
potato processing. The general economy'is based upon farming and ranching.
The prospect area is almost exclusively agricultura]kwith a population

density of less than one person per square mile. There is no public
~opposition to geothermal development although development could cause a

"boom and bust" cycle.

There is no general plan for the county. ' The county is currently in
reorganization and there is no planning department. No zoning has been
done Principal land uses are agricu1ture and grazing with some recreation.

- The val]ey landscape is generally flat with small gullies and r1dges

v‘The natural env1ronment has been altered extensively by farm act1v1t1es.
~The area is not considered aesthetically extraord1nary.

~ Many intermittent and permanent streams are in the valley Shallow

ground water has been used for irrigation for many years but, more recently,
- the val]ey has' been c]osed 2o additional ‘shallow dr1111ng because of
A declining reservoir pressure., ‘

“An environmental report concerning the geothermal test wells is
available (Ref. D-36) as well as an Environmental Analysis Record pertain-
ing to geothermal leasing in the county. (Ref. D-37)
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Air quality is generaliy excellent. a]though w1nd~blown dust can often

, ,'be a poliutant. Ambient noise 1s very Tow.

Vegetataon in the va]\ey s of the sage subclimax type with sagebrush,

"“greasewood and Juniper being dcminant. The valley abounds in wildlife
‘(rabbit, deer, cqyate. squirreis snakes and many birds) and trout, suckers,

and minnows are found in the streams. Rare/endangered species in the

“;region consist of four birds: Greater Sandhill Crane, Prairie Falcon, |
‘Peregrine Falcon and Ferrigenous Hawk. The latter two nest in the area.

There are two historica% sites in the va]ley. the City of Rocks Indian
burial ground and a stagecoach station on the Kelton Road trail.

e
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Bl! Rooseve!t, Utah

o The Roosevelt area 1s 1ocated in southwestern Utah, 12 miles north-

east of Milford and 20 miles northwest of Beaver. The area is in Beaver
County. Hot springs exist and 29, 791 acres have been classified as a
VKGR& The area is mapped on Figure D-12 This prospect ranks number one
in development potential. ~ |

~The thermal area lies in the Basin~and-Range province on the western

flank of- the Mineral Mountains. Tertiary and Quaternary unconsolidated
~ sediments cover most of the area with Precambrian (?) metamorphics and

Tertiary vo1canics and other rocks outcropping to the east. Hot spring
©activity appears. to be ccntrol]ed by the north—south trending Dome Fault

and the area is marked by hot-water derived siliceous mater1a] that 1oca}1y :
cements the ai?uvium. : , ,

?he main spring was d1scharg1ng approximate]y 10 GPM at 190°F in 1908,

,,Dzscharge decreased until the spring was dry in 1966. kIn 1957 analysis of
 Mthe spring water showed a TDS of 7800 ppm and a si?xca content of 313 ppm.
The spring 4t one. time served as a resort, o

A shallow well was dr11led in 1968, encountering steam at 60 feet.

- The well blew out at 275 feet and was controlled only with difficulty.

~ Water temperatures in excess of 270°F were measured (Ref. D-38). The area
N is now the site of a deep . geothermal test 1n Sec. 3, T27S, R9W by the
e Phi11zps Petroleum Company. The operator reports that the interval from

2700 to 2800 feet was tested with substantia? shows . In1t1ally, 200,000

1b/hr of steam at 400°F was recovered, equivalent to a water flow rate of

400 GPM. - The top of the altered volcanic pay zone is at 2724 feet. ~ After ;
a control va1ve was insta?led. a sustained hot water fJOW‘was obtaxned,

‘kindicating that the reservoir is probab1y water-dominated Informa1
- 1nfbrmation indicates a temperature in excess of 400°F for. reference A'f
R purposes near]y-saturated steam at a depth of 2800 feet implxes a tempera»“'
' ture in excess -of 500°F. There have been difficulties with the hole and
| ‘the dr1111ng of an offset wei? 15 imminent

-~ The area is the site of a comprehensive geological/geophysica] inves-

. t1gation by the Un1versity of Utah Pre}im}nary resu}ts on'e1ectrica1

~ fna, |




resistivity and e]éctromagnetic soundings are available (Refs. D-39 and

D-40). "The resistivity data indicates three zones of interest, the domi-

nant of which generally coincides w1th the Dome Fault and thermal spr1ng
activ1ty ' '

,The area is sparﬁely;populatéd;' The present population of Beaver

-County js approximately 4000 with an increase to 5500 anticipated by the
- year 2000, The two nearest urban centers, Milford and Beaver, have popu-

lations of 1300 and 1500 respectively.

At present, government and trade employ the 1argest number of workers.

HTransportation, mining, agriculture and tourism also are important to the

economy. Some mining-related industry exists at Milford. Mining, agri-
culture and tourism are expected to increase in the future but land
utilization is not expected to deviate substantially from current usage.

 Local residents generally welcome the possibility of geothermal development

as a potential boost to the county economy. A “"boom and bust" cycle is a
possibility, however. -

‘A general plan govern1ng land use exists (Ref. D-41). In Beaver
County, land ownership is as follows: '

Federal (BLM and National forest) 78.0%
State 9.4%

Private ' 12.6%

Most land is of multipurpose usage with private lands being used primarily
for agriculture. The land presently proposed for geothermal usage is zoned

; 0 that use restrictions apply only to salvage yards, dumps and gravel pits.

A recent lease sale within the KGRA gained a maximum bid of $128/acre,

- a very high figure for geothermaﬂ lands. In total, 23, 392 acres were Jeased.

-The Roosevelt,thermal area has histonicallyfbeen‘used for grazing and

-mining and is relatively undeve loped. 'The‘generalklandscape is of the

desert type. The mountainous, southeastern part of the area affords

: moderate‘to highly scenic areas. The natural env1ronment has been altered

by grazing and cultural features such as mines, roads and fences.
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Streams in the area are 1ntermittent. “One permanent stream flows

- through the southeastern part of the area. There are no other surface
waters in the immediate area. Cooling water will probably not be available
: 1n'that~the'on1y potentialrsonrce'would be shallow subsurface aquifers.
| However, shallow groundwater has been used for jrrigation in the Milford

area for some time and this has led to up to six feet of surface subsidence,
the only instance of subsidence caused by groundwater withdrawal in the
state of Utah. (Ref. D-42) '

The thermal area is not inhabited at present but is visible from State

= Highway No. 2567. This road, however, does not carry heavy traffic loads

and the ambient noise level is minimal. No air quality measurements have
been made; however, the air is relatively free of pollutants except dust. |

An Environmental Analysis Report has been prepared‘on the Roosevelt

area (Ref. D-43)

Four vegetation associat1ons are found in the v1c1n1ty of the therma]
area. These are:

Desert scrub (shadscale, greasewood)

Sagebrush (great basin sage, cheat grass, halogeton)

Pinon-juniper (rabbit brush, bluebunch, wheat grass)
.Pinon-juniper pine (ponderdsa p1ne, mountain mahogany)

Many animals roam the general area, the dominant being mule deer, bobcat,
coyote, go]den and ba]d eag]e and Great Basin rattlesnake. The only rare

-or endangered species that may use the area are Prairie and Peregrine
Falcons but no nesting sites are: known. There are no aquatic plants and

the only known aquatic animal is the Great Basin Spadefoot Toad.

 Twelve h1storic and pre-historic 1nhabited sites are known in the
area. - One of these js a ch1pp1ng area w1th an. assoc1ated c10v1s fluted
project1le point that is regarded as one of the. most significant archeolog-
ical finds in. the state of Utah. Increased activity could pose a threat

“to archeological values.
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~ These hills are a basement uplift lying in a north-trending structural
. trough between the Carson Range to the west and ‘the Virginia Range to the
'feast The trough floor is comprised of alluvium and recent surficial
~ deposits. Quaternary volcanics cover part of Steamboat Hills. Three and
~ possibly five Pleistocene or Holocene volcanic domes were extruded in the
~ area; formation of these domes may be contemporaneous with formation of the
‘ -'MooO‘Craters,io the Long Valley/Mono area to the southeast.

lf!is the site of extensive, hydrothermal ore deposition and the Steamboat
‘ ‘Springs system has been much studied (Ref D-44).

V~The water is of generally good quality having a TBS content of approximate?y
- 2500 ppm (Ref D-45) - Study of the natural spr:ng system shows clearly -
- that essentialiy all the spring water is of meteoric (surface) origin, and
- that surface conditions of - Ppressure ‘and water: saturation after rainfall
3 thave 1arge effects on the natura1 d1scharge, which is estimated at about
‘1100 GPM in total. o L S

°‘Springs six geotherma} we11s dril?ed by Nevada Therma] Power Company between -
;*1954 and 1951, ranging in depth from 520 to 1830 feet. and eight dxamond-

5 ‘012 Steamboat Springs Nevada ~

| The Steamboat Springs area fis Tocated in west- centra? Nevada. 12 miles
south of Reno and seven mi?es northwest of the V1rg1nia City mining area.

 The area is in Washoe County. Approximately 50 hot springs are found and

8914 acres have been classified as a KGRA. The area is mapped on Figure 0*13

‘This prospect ranks number six in deve]opment potential

The therma! area is in the northeastern portion of the Steamboat Hills. A

ThekVirgioia City'mining district, of which this prospect is a pért,

~ The hot spr1ngs Tie on a terrace of sil1cious sinter.r Most of the
sinter deposits,trend northward,and are broken into long fissures and small

- fcrack networks. Hot spring location, and sinter. deposition.’is~cohtrOlled

by an underlying fault zone that trends northeast. The'o}dest sinter deposit

. ;‘is middle or late Pleistocene.

Surface temperatore of the spring waters ranges from 85°F to 206°F | :

In addit1on to severa] oner shallow wells there are at Steamboat '

“'122,




drili hoies}shaIIOWer than 1000 feet drilled by the USGS. Typically, the
temperature profi]e in these wells is relatively constant at 340-355°F at
depths below 500'. The Steamboat Springs #4 well, 725' deep, recorded a

‘maximum temperature of about 365°F. It flowed more than 200 GPM for over

two weeks, and afterwards declined, probably due both to decline of

‘pressure and deposition of calcite. - Geochemical temperature estimates

range from 355 to 405°

~ Steamboat Springs 11es in a relatively heavi]y populated area. The
Reno metropolitan area had 120,000 residents in 1970 and population is
1ncreasing, an increase of 43% has occurred since 1960.

} The general region is rural and supports. sma]] towns -and settlements
(Reno being the exception). Employment is concentrated in trade, services,
agriculture, mining and tourism. Public opinion on geothermal development

~“is mixed. Negative reactions are based upon the possible diverting of
' recreational.landvto industrial uses and an unwanted possible growth in

the community.

~Land ownership in Washoe County is primarily Federal although most

‘of the Steamboat Springs prospect is on private land. Land use revolves
 around agriculture and mining although recreational uses are becoming

increasingly important. Steamboat Springs has been used as a resort for ‘
many years. No data on zoning is available. Zoning for specific purposes

~is common in the Reno area and there are unofficial reports of residential

zoning on the prospect

‘The general area is Basin and Range type topography. - The specific area
is mountainous but is laden with man-made intrusfons. Hills are covered

‘with numerous roads, power lines and other construction The activity here

is in marked contrast to the general serenity of the prov1nce

Prec1p1tation s rare on the va]ley floors The Truckee River and Galena

 Creek are permanent streams in the area and Washoe Lake lies to the south.

Groundwater may be of_relatively poor. quality. ,Air quality in the general

~ area is quite good although particulate matter (dust) is generated by winds
over the farmland and the natural landscape. Automobile-derived pollution
~can be severe in the Reno area. The ambient noise level at Steamboat Springs
“is apt to be relatively high, ' |
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There 1s an Environmenta] Analysis Record of the genera! area

~ (Ref. D-46). Several vegetative communities exist: ‘cropland, riparian,
- desert scrub, pinon-juniper, grassland and conifer. Most plants in the
Jprospect area are drought-resistant with saltbush, greasewood, and shadscale
E predominating. There are 79 species of mammals in the general area, over
- 250 Species‘offbirds andvnumerOUS'speéies of rodents. There are also 32
reptile and amphibian species and 28 species of fish;'nb fish have been

reported. in the water at Steamboat Springs. Numerous rare/endangered

‘sbecfes 1nhébit'the region including the Peregrine and Prairie Falcon,
- White-faced Ibis, Ferruginous Hawk , Osprey, and Spatted Bat; none of

these ‘have been reported to 1nhabit the immediate Steamboat Sprlngs area,

B however.

‘, There are numerous histor1cal and archeological sxtes, including

: petroglyphs and open aborigina! camps, in the general area. Steamboat

Springs is itself a historical site. Given the 1mpending residential

‘;.development of the area, the possibi]ity of geotherma] activities adversely
‘ affect1ng these sites appears remote :

e
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D13 Surprise Va]ley, California

The Surpr1se Valley area is located in the extreme northeast corner
of Ca11forn1a in Modoc County. Hot springs exist and 72, 252 acres have
been classified as the Lake City-Surprise Valley KGRA. The area is mapped
in Figure D-14. This prospect ranks number eight 1n development potential.

“Surprise Valley trends north-south and is approximately 55 miles long
and an average of 8 miles wide. Geo]ogically, it is a down-dropped fault
block (graben) with up-]ifted fault blocks (horsts) forming the mountain
ranges to the east and west. Structure such as this is typica1‘of the
Basin end'Range province to the east; however, the sedimentary and volcanic
stratigrabhic section is typical of the Modoc Plateau to the west.

Surprise Valley, then, lies in a transition zone between provinces.

The Surprise Va}]ey'fault is a major structural feature paralleling
the western side of the valley (Ref. D-47). The vertical displacement of
this fault may be as much as 12,000 feet, and the valley fill is at least
7000 feet in thickness. The lack of erosion on the fault scarp and the
existence of uneroded landslide scars suggest recent (perhaps within

10,000 years) major movement. Seasonal saline lakes exist on the valley

floors; several become dry in the summer months. Some of the more

' prominent lakes were formed by landslide-formed dams.

There are eight genera] areas of hot spring actiVity’in the valley,
six of which are in the northern\pbrtion. Water flows range from a few

to many,tens of GPM at maximum‘temperatures of 100°F to in excess of 200°F.
‘The waters are rich in sulfate, bOron. fluoride and sodium and, in some

cases, arsenic. A mud voIcano erupted vio]ently in 1951 (Ref D-48).

Hot spring occurrence 1s structura11y controlled with many found along |

'the Surprise Va]]ey fau]t zone. Further, hot spring occurrence appears

to be generally associated with young rhyolite flows and plugs that are

4.found in the northern half of the valley (Ref D~49)

Several shallow. wel]s have been dri]]ed in the valley, the h1ghest

temperature encountered being 320°F. Three wel]s have been dri]led in

the area by Gulf 011 Company. Two of these are in an area that the
operator still considers to be a viable prospect and only the total depths
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(6841 feet and 5404 feet)‘have been released. The prospect is water-

- dominated. The third well, the ATR-Gulf Goodwin well, is located to the
K south,'out of the prospect area. The well bottomed at 7005 feet and a
:V;o,,bottom hole temperature of 240°F after seven hours was measured. The
©  operator reports that all three wells penetrated only lake sediments.

The prospect population of Modoc County is 8400; popu]at1on has been

J"decreasing for the past }5 years. Surprise Valiey is isolated; the two
 aneerest urban centers, Cedarville within the valley and Alturas, 25 miles e
‘to the west, have respective populations of 800 and 2800 ‘ S

Ranch:ng and agriculture are the economic bases of the area with some .A

| 'tourism, manufacturing and mining Significant changes in the county

economic pattern have occurred recently with the construction of an inter- :

'5state highway. A "boom and bust" eycle could be generated in Surprise
\Valley by introducing geothermal development - Public opinion on geothermaly
| 'is mixed but no significant opposition is expected

A genera? plan for Modoc County exists (Ref D»SO) 70% of the oounty :

'¥and is Federaily—owned, mostly by the Forest Service with the Bureau of
,,Land Management also possessing sign1f1cant quant1t1es.‘ 25% is oravately-
owned and the state owns 5%. Most pubiic Jand is used for grazing,and lumbering
“is the primary use of the private land. ‘Land within Surpr1se Valley is |
"‘principally graz1ng and farmland Much of the promfsing geothermal areas

lie on Federal acreage zoned for agr1cu1ture 10 583 acres within the KGRA

i\jwere recent1y leased

The Iandscape within Surorise Val?ey is relatively f]at and unobstructed

- There are many irrigated farms. The area is not of high aesthetic quality;
j,mUCh of the natural environment has been altered by agricu]turai act1vit1es

Water is a primary Ximited natural resource in the county. Three ,“

] lakes exist in Surprise. Valley; these are alkaline and of poor water quality.
, , 1 wildlife and waterfowX use these extensively.; Air.quality is very good .
"Ambient no1se data are not avaiiab!e.‘ ‘ Ll T ~

~An Environmental Impact Report pertaining to geothermal explorat1on B

”1s aveflable (Ref. D- 51)
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Vegetation is of the northern desert scrub. type including sagebrush,

g bitterbush juniper and various grasses. Vegetation in Surprise Valley is

Tow and sparse N11d1ife includes deer, ante]ope. rabbit and birds (dove,

' g~fqua1e, pheasant, grouse, duck and eagle). Aquatlc 1ife distribution is
o not known,. Rare/endangered species in the area include 8 plants, 2 fish
j,(Shortnose and Modoc Suckers) and 4 birds (Ba]d Eag?e, Osprey, Peregrine

and Prairie Falcons)
Little is known of archeological sites in Surprise VaIIey. Several

~ historical sites (Fort Bidwell, the Applegate Trail) exist.
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