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EXECUT I \IE SUMMARY 

A, sflallow, moderate temperature geothermal resource in the range of 240 
to 250°F has been partially delineated by drilling in the Needles area of 
Pyr'amid Lake, This resource is potentially capable of supporting a 
geothermal power plant, although further exploration and testing is 
necessary to thorough ly define the extent and capacity of the resource, 
Current estimates, based on limited data, suggest that the resource could 
support at a 24 megawatt power plant for 30 years or more, 

The largest power plant that can be built without major investment in new 
power lines however, is 2,51'1W, A plant of this size could supply the 
average electricity requirements of 2,500 homes, Based on the 
assumption of a 240 c F resource, three production wells will be needed to 
supply geothermal fluid for the power plant. Two injection wells will be 
required to return the spent fluid 'back to the geothermal reservoir, The 
power piant itself may consist of one or two skid-mounted units, 
contained within a low-profile building, The entire project can be 
completed 1n less than a year, provided there are no unforeseen delays, 

Sierr'a Pacific Power Company is the most likely customer for the 
elecUiclty, although other alternatives exist. The economic analysis 
pr'E'sentecJ 111 this study assumes that Sierra wi 11 be the customer, A power 
contl'act must t)e negotlated with Sierra, and a detailed interconnection 
~; rl.J(jy wl l: oe requJred, Regardless of where tile electricity is sold, power 
i lne:3 w i j 1 have to t)e extenaed and upgraded to reach the Needles, 

Resource exp ioration and we llfie ld deve lopment is expected to cost 
$900,000, Power plant construction costs and utility interconnection are 
est1mated at $4,500,000, The total cost of the project is thus 
approximately $5,400,000, A 2,5 MW plant may provide an estimated net 
annual lncome to the Tribe of $175,000, from annual revenues of 
$1,070,000 during the early years of the project. Fifteen years later, the 
annual revenues are expected to escalate to $1 ,665,000 and debt financing 
will be retlred, leaving a net annual income of $1,300,000, 

nle Ulief envlr'onrnental concerns at--e (1) ttle visual irnpact of Ule plant, 
(2) the nOlse created by the plant, and (3) emiSS10ns from the plant 

Executive Summary l Page 1 



The Needles area is a quiet, scenic, unpolluted natural resource, which 
must be protected. Therefore the project should be designed and located 
so that it will have minimal impact on the surrounding area. Pipelines can 
be buried, and noisy equipment enclosed to avoid adverse impacts. The 
power generation process that is most appropriate for the Needles is a 
closed cycle, which has no emissions except heat under normal operating 
conditions. The dissipation of waste heat is of concern, but the 
calculations performed as part of this study indicate that the impact to 
the lake will be minimal, and may even be positive. 

Other potential uses for the geothermal resource include greenhousing, 
aquaculture, and recreation. Each of these can be implemented using the 
same geothermal fluid over and over in progressively cooler stages. Such 
a cascade of applications maximizes the efficiency of use of the resource. 
No attempt was made in this study to mode 1 the economic performance of 
any direct use project. However, experience has shown that direct use 
projects generally do not have as positive an economic outlook as does 
power generation. Any such project should be considered after a power 
plant is constructed, on-line, and profitable. 

During peak construction, the project may employ 20 or more people. 
During operation, a permanent staff of from two to four people will be 
required for day-to-day operations and routine maintenance. 

The findings of this study are very positive. It is the recommendation of 
GDA that the project be pursued further. The next phase of the project 
should be further exploration of the resource, and initiation of power 
contract negot i at ions. 

Executive Summary I Page 2 



1.0 INTRODUCTION 

There have been a number of successful commercial) small-scale) 
geothermal power plants commissioned in Nevada and neighboring states 
during the past three years. The economic climate for additional) similar 
pro J ects 1 s present today. 

,A, prelimmary examination undertaken in 1986 by Geothermal Development 
,Associates) recognlzed the potential for developing The Needle Rocks 
(Needles) geothermal resource located at the northern end of Pyramid Lake 
(Figure 1.1). This provided the impetus for the Tribe and GDA to enter into 
an agreement to study project feasibility. It was recognized at the outset 
by the Tribe and GDA that the Needles is scenic and environmentally 
sensitive) and that any planned development must be aesthetically and 
environmenta lly acceptab Ie, 

ThiS report, Phase I - Feasibility Study, provides the findings and 
recommendations of GDA to the Tribe regarding the viability of the 
r~eedles proJect. The report represents a comprehensive review and 
assessment of the resource) small-scale power plant technology, the 
electricity market and distribution system, project economics, 
environmental concerns, and a limited discussion of direct use of the 
geothermal energy. Each of these topiCS are presented in separate 
sect lons of the report. Each section draws on GDA's experience and 
knowledge of tne geothermal industry) and a comprehensive review of 
avai lable documentation. Original site specific field work and research 
also contributed slgnificantly to the project assessment. 

This report is the first of a series of steps that are necessary for 
successf u 1 comp 1 et i on of the pro j ect. The next steps are: 

Phase II - Resource Exploration 
Objective: reservoir flow and temperature confirmation 

Phase 111- Wellfield Development 
Objectives: wellfield financing; production and injection 
well drilling; reserVOlr testing; power sales agreement 
with utility 

Section I, Page 1 
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Phase I V- Power Plant Construction 
Objectives: power plant financing; power plant 
construct i on; power p I ant acceptance test i ng and 
commissioning 

Phase V- Operations 
Objective: long-term electricity sales and revenues 

There are some basic scientific and technical reports and data on the 
project area. These were produced by various private, state, and federal 
sources in the fie lds of surface and ground-water hydrology, soils, 
fisheries, and seismology. Although useful and of good quality, most of 
the information is of a reconnaissance nature. Little of the previous work 
is specific to the Needles. Those sources used in the preparation of this 
report are listed in the sect i on at the back ent it I ed Se I ected References. 

There has been previous interest in power generation at the Needles. In 
the early 1960s, Western Geothermal, Inc. obtained geothermal exploration 
rights in the Needles area and drilled one deep test well and two shallower 
wells which provide strong evidence of a low- to moderate-temperature 
geothermal resource of commercial significance. Only minor summary 
data is readily available on this important exploratory effort. 

In the mid-1970s, Albany Oil & Gas Ltd. held a permit to explore and 
deve I op the geotherma I resource at the north end of the Reservat ion. 
Albany contracted for geological and geophysical surveys over a broad 
area, but the results were not particularly useful for this report. 

This study is intended to provide the Tribe with facts and assessments 
which wi 11 enab Ie the Tribe to make an informed decision as to whether or 
not it should proceed with the project. We believe the findings are 
sufficiently favorable to go on to the next stage, as outlined in Section 
9.0, Findings and Recommendations. 

. Section 1 I Page 3 



2.0 GEOTHERMAL RESOURCE 

2. 1 I ntroduct ion 

In the United States, the region having the greatest potential for using 
geothermal heat energy to produce electricity is the Western States. 
Within this region, Nevada and adjacent northeastern California have 
recently emerged as the most rapidly growing geothermal power producing 
area in the Nation (Figure 2.1). There are currently nine power plants 
on-line (including one expansion) and two under construction. The Needles 
geothermal resource is within this prime region, where the natural heat of 
the earth is both higher than normal and close to the surface where it can 
be tapped and put to beneficial use. 

These localities all lie within the Basin and Range geological province 
which is characterized by numerous, deep penetrating, high-angle faults 
wh i ch intersect sha 11 ow crusta I heat sources. Groundwater, heated 
several thousand feet underground, rises along the faults which act as 
conduits (i.e. a piping system), until they reach the near-surface rock 
strata. 

It is the objective of exploration to locate these hot water-bearing faults 
and associated fractures at a shallow depth, where they can be tapped by 
wells and the fluid brought to the surface, and from there piped to the 
power plant. Intersecting these faults at reasonable depths is the highest 
risk phase of any geothermal power project. To be successful, wells used 
for production of hot water for a power plant, and injection wells, which 
are used for disposal of the water after it has passed through the power 
plant, must intersect good fault/fracture zones. Drilling these wells is 
the most costly part of wellfield development. 

In order to increase the likelihood of drilling successful wells, and 
thereby lowering the risk of drilling unsuccessful wells, an exploration 
phase must be carried out in an orderly, fashion using exploration 
techniques suitable to the specific geothermal resource. At the Needles, 
these techniques would include photogeologic and field geologic mapping, 
followed by two or more geophysical surveys. The information obtained 
from these surveys will provide a better understanding of the geologic 
environment at the surface and at depth. 

Section 2, Page 1 
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Figure 2. L Geothermal power plants in Nevada 
and Northeast California. 
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Knowledge of the two basic components of geology) the stratigraphy (i.e. 
the nature of the rocks) and the structure (i.e. the faults and fractures)) is 
necessary for: (1) understanding and interpreting groundwater movement, 
pressures, temperatures) and other factors; (2) designing and budgeting for 
the drilling and completion of all wells; and (3) establishing and 
maintaining efficient we llfie ld operating procedures. 

The geology in the area from the northern Pyramid Lake shoreline at the 
Needles, inland for about two miles) is covered by soils) which are 
generally sand) or coarse sand and gravel at varying depths, (Sol1 
Conservation Service, 1988). The only rock outcroppings are tufa (The 
Needles Rocks)) which are surface and near-surface geo logic features) and 
a narrow ridge of volcanic rock which extends northward from the Needles 
(Plate I). Therefore) greater knowledge of the subsurface enVironment, 
including the geothermal reservoir) must be obtained. 

The assessment of the geology and geothermal resource of the Needles 
area) as presented in this report, has been determined by a combination of 
four main data sources: 

o Published geologic maps of the surrounding mountain slopes. 

o Geology from previous drilling records of Western Geothermal) Inc. 

o Photogeologic and reconnaissance field checking by GDA. 

o Geophysical surveys by previous investigators. 

Data from each of these sources is presented be low and in accompanying 
Plates and Figures) with the more detailed descriptions presented in 
Appendix A. 

2.2 Geology of the Northern Pyramid Lake Region 

2.2.1 Stratigraphy 

Pyramid Lake Valley to the north of Anaho Island is bounded on the 
east by the Lake Range with Tohakum Peak at 8)075 feet; the Virginia 
Mountains with Tule Peak at 8,722 feet on the west; and the lower, 
broken) Terraced Hills at 5)483 feet directy north of Needles (Figure 
2.2a) Geologic Map and 2.2b Explanation). 
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Geologic map of northern 
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r. ?I: .:1 Lake deposits, clay, silt, gravel and calcareous tufa. 
Includes some areas thinly veneered by eolian sand. 

.~ Landslide Deposits 

~ Stream deposits, talus, slope wash, 
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D downthrown side 

Figure 2.2b. Explanation to geologic map of 
northern pyrami d Lake area. 
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The Needles area as shown on the geologic map of Figure 2.2a is at the 
north end of the valley which is largely covered by Pyramid Lake, and 
underlain by young unconsolidated sediments of Quaternary age. 
These sediments are largely comprised of interbedded layers of 
sands, silts, clays, and gravels of up to several hundred feet in 
thickness in some areas. Coarser sediments are more prevalent near 
the edges of the basin, and with the finer sediments more dominant at 
some distance from the mountain ranges. Refer to Stratigraphy of the 
Needles Area, Appendix A.l, for additional information. 

The surrounding mountains are almost entirely made up of a series of 
volcanic strata of varying compositions and appearance which are 1.5 
to 10 million years old. These rock units were laid down over much of 
western Nevada and adjacent California, and today form the main 
mass of the mountain ranges as well as the foundations of the 
va lleys, upon which the younger sediments have been depOSited. 

2.2.2 Structure 

The Pyramid Lake basin lies near the western periphery of the Basin 
and Range province, which is characterized by extensive faulting 
having major vertical displacements. It has produced the present day 
north-south trending mountains of Nevada, and was structurally 
active before and during the deposition of the volcanic rock strata of 
the mountains around Pyramid Lake. 

The Lake Range and the Virginia Mountains are uplifted massive 
mountain blocks, separated by major faults from the downdropped 
basin in which Pyramid Lake I ies. The primary trend of these faults 
is to the northwest, and the vertical movement along some of them 
can be on the order of hundreds or thousands of feet. Refer to 

. Structure of Northern Pyramid Lake Basin and the Needles Area, 
Appendix A.2, for additional information. 

Linear disturbances in the surficial basin sediments, and 
displacements in the lake shoreline, are evidence that movement 
along some of the faults continues today (Plate I). 
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2.3 Geology of The Needles Area 

2.3.1 Stratigraphy 

The Needles lie within the western half of the ~yramid Lake basin, a 
complexly faulted, downdropped section of the earth's crust, which is 
12 miles in width at the northern end of the lake. The volcanic rocks 
which are present in the adjacent Terraced Hills immediately to the 
north, extend southward in a finger-shaped outcrop which terminates 
at the northern end of the Needles (Plate D. These volcanics are 
recognized as the uppermost basalt of the Canyon Assemblage W.· 
Miocene! Pliocene) by Bonham (1969). The prominent calcareous tufa 
deposits that make up The Needles, and from which this locality 
receives its name, are believed to have formed along steeply dipping 
fault zones, up which hot solutions passed to the surface. Although 
the volcanic strata is known to be several thousand feet thick at 
depth below the Needles, the Needles tufa pinnacles themselves do 
not extend very far in depth. Refer to The Needles Tufa Pinnacles, 
Appendix A.3, for additional information. 

In and around the Needles, the beach-type soils are generally sands, or 
coarse sand with gravel at varying intervals (Soil Conservation 
Service, 1988). These soils serve to hide the underlying rock strata 
and associated fault structure which is known to be Similar to the 
surrounding hills and mountain ranges. The geothermal reservoir, 
which will be the objective of all exploratory activity, will be found 
in these older, fractured, volcanic strata which are known to be 
present beneath the Needles from about 350 feet to over a mile in 
depth. 

2.3.2 Structure 

It is due to the size and linear extent of the Needles tufa deposits, 
and their association with hot spring activity, as described in 
Appendix A, that Western Geothermal Company drilled test wells at 
this site in the 1960s. 

Plate I is a photogeologic interpretation of the surface structure of 
the Needles and vicinity, with the geo logy of the nearby Terraced 
Hi lls taken, in part, from Bonham (1969). The major northwesterly 
-trending faults which have shaped the configuration of Pyramid Lake 
valley and the adjacent mountain ranges to the east and west, are 
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strongly represented in the Needles area where the faults and 
landforms show a similar trend. 

The Needles tufa formations occur in two northwest-southeast 
parallel lines about one half mile apart, and extend about a mile 
inland from the lakeshore (Plate I). The southeastward extens10ns of 
these deposits occur in Pyramid Lake, and it is probable that other 
similar deposits are present under the lake on a line between the 
Needles and the Pyramid. Photogeo logic study of the other tufa 
pinnacles and landforms at the Needles strongly suggests that there 
is also important east-west to northeast-southwest faulting. 

Most of the commercially viable geothermal resources . developed for 
electrical power generat10n in recent years are known to be 
intricate ly faulted and fractured. The resulting vo lume of broken rock 
is the geothermal reservo1r into which the production wells are 
eventually drilled and completed. It 1s highly probable that a 
favorable geothermal reservoir is located at the Needles where this 
condition exists at the intersection of the main and secondary 
structural trends discussed above. 

2.4 Geophysics 

It is the objective of the geological studies, geophysical surveys, and 
small diameter (low cost) test wells, to gain a good understanding of the 
subsurface geologic environment; that is, the location of the different 
rock strata) the fault/fracture systems, and the hot water. These 
exploration rrethods are less costly than the drilling and completion of 
just one large-diameter production well . It is therefore important to 
maximize the likelihood of drilling successful wells by planning and 
completing a number of pre-drilling studies and surveys. In reality there 
is a continuing reevaluation of reservoir data throughout a project, as data 
becomes available from each new well that is drilled. 

2.4. 1 Previous Surveys 

Since the early 1960s, there have been a number of companies which 
have completed exploratory activites over a wide area at the north 
end of the Reservation. A review of these geophysical surveys) and 
the analysis of each, was undertaken in order to obtain an 
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understanding of which surveys previously carried out were deemed 
to be successful and which ones were not. 

Within the last five years, several projects have been developed on 
resources once thought to be too small and to low in temperature for 
power production. Today there are power generation projects on-line' 
using geothermal resources below 225°F. 

Although there have been numerous regional surveys of various types 
carried out by federal agencies, all of these appear to be of too little 
detail to be of practical use in the development of the present 
pro ject. 

There are no readily available records of geological or geophysical 
surveys that were performed by Western Geothermal, Inc. in 
conjunction with the drilling of their three exploration wells. 
Summary reports by Western Geothermal consultants indicate that 
the site of their deep well (the geysering well) was incorrectly 
picked for this well to intersect the geothermal reservoir, which in 
this case was a hot water-bearing fault zone. The same may be said 
for the two shallower, small-diameter drill holes that followed in 
1966. Refer to Geophysics, Appendix A.4, for additional information. 

The mid-1970s surveys by Albany Oil and Gas Ltd. consultants, 
Geothermal Kinetics, Inc. and Group Seven, Inc., expended their 
greatest effort on regional-scale surveys, with the exception of a 
3-foot depth temperature gradient hole survey. This latter survey in 
the Needles area clearly indicates that shallow thermal anomalies are 
associated with each of the two northwest-trending tufa/fault zones. 

2.4.2 Surveys at The Needles 

The exploration plan for this project will be designed to locate 
optimum production and injection well locations in the vicinity of the 
Needles over an area of under two square miles (Plate II). Should the 
areal extent of the reservoir extend beyond this proposed geophysical 
survey working area, a future survey may be outlined in order to 
define it. 

The geophysical methods that are recommended to gain additional 
subsurface information are: 
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1. orav/tv._r;(jrvey' to better define the location of significant fault 
• . w 

zones} 1nclud1ng the1r d1rect1on and magn1tude of vert1cal 
disp lacement. 

2. Ground t1agnetic Survey to be used in conjunction with gravity 
for structural interpretations. This method is anticipated to be 
useful where the volcanic rocks are faulted against the basin 
sediments} since volcanic strata normally has a contrasting 
(higher) magnetic susceptibility as compared to the sediments. 

3. Temperature Grad/ent (TGH) Hole Survey with probes set at a 
depth of ten feet. The 3-foot depth TGH survey of Albany 
indicated that favorable results will be achieved. Measurements 
taken at 10 feet will be much less affected by near-surface and 
weather variations. 

4. Spontaneous Potential Survey is an electrical method that can 
locate the direction and movement of water along the faults. In 
this case} any rising waters would probably be thermal waters. 

2.5 Geothermal Test Wells 

Exploration for geothermal resources on the Reservation commenced in the 
early 1960s when Western Geothermal} Inc. obtained the rights to drill and 
develop the geothermal resource at the Needles. The data of record for the 
three wells drilled by this firm} while somewhat sparse} is the best 
information available on the geology} hydrology} geochemistry} and the 
potential geothermal reservoir. The existing records for of each of these 
wells is summerized below from Hall (undated) and Geothermal KinetiCS 
I nco and Group Seven} Inc. ( 1976). 

2.5.1 Paiute Nos. I} 2 & 3. 

Paiute No. I Well. This large-diameter we II on the lake shore among 
the easternmost pinnacles} has been geysering since it was completed 
in 1964 at a depth of 5}930 feet (Plate I; Figure 2.3). The first 350 
feet of strata dri II ed encountered ami xture of clay, sand, and grave I 
before it went into so I id rock} which has been described as a series of 
volcanics} including flows and tuffs. 
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The original logs and records that are believed to have been kept for 
this deep well, have not been located. What information is available, 
is largely from a few summary-type reports written by technical 
consultants to Western Geothermal, Inc. Except for the summary 
record of the shallower (upper 2,000 feet) strata drilled, there is 
little information that is of value to the present project. Refer to 
Geothermal Test Well Summary Data, Appendix AS, for additional 
information on Paiute No.1, 2, and 3. 

Any porous and permeable zones that would serve as good shallower 
productive horizons were not noted. Attempts to flow-test the well 
from several deep intervals were not successfu1. A temperature test 
of October, 1963, indicated relatively uniform down-hole 
temperatures of 242°F and an estimated flow of about 400 gpm 
(gallons per minute). It is mentioned that cooler waters closer to the 
surface maybe causing "interference" (mixing?) with the thermal 
waters. 

The "art" of comp leting geothermal we lls to prevent the mixing of 
coo 1 surface waters with the geothermal waters was not we II 
developed in the early 1960s, so surface flowing temperatures may 
well include unwanted cooler groundwater. In addition, there is no 
mention of, or interest in, a shallow reservoir, which is the target of 
this project. 

Additional data on the Paiute No. 2 and NO. 3 wells from Hall and 
Decius (undated) is also sketchy. 

Paiute No.2 Wei! This was a small diameter well drilled and 
comp leted to a depth of 1,488 feet in one week in 1966, two years 
after the final completion of the Paiute No.1 deep well (Plate I; 
Figure 2.4). Attempts to flow this we II from the open ho le be low 
surface casing at 305 feet to total depth were unsuccessful, 
indicating that the well did not penetrate shallow reservoir 
fractures. 

Static (non-flowing) temperatures, however, were very encouraging, 
with maximum reading thermometer measurements of 174°F at 500 
feet, 203°F at 1,000 feet, and 245°F at 1,470 feet. Experience 
suggests that flowing temperatures would probably be considerably 
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higher than these, if good fracture permeability was intersected by 
the well. 

Paiute NO.3 Well The second small diameter well was also drilled 
and completed in about seven days during January 1966, this time to a 
depth of 1,206 feet. The location of this well is about 3,000 feet 
west of Paiute No.1, near the east side of the westernmost line of 
tufa pinnacles, and close to the shoreline. 

Sparse records on this well indicate that the drill bit twisted off in a 
"lost circulation zone" (a highly permeable zone into which the 
drilling fluid is lost). The bit was not recovered, thus causing the 
well to be abandoned. Normally a "lost circulation zone" is also a 
potential production zone in a geothermal well. But this well had a 
very minimal recorded flow, which may have been due to the 
obstruction of the lost drill bit. Casing was cemented from the 
surface to 28S feet. In the open hole below this depth, a temperature 
of 20S"F was measured at 550 feet. 

The conclusion of Western Geothermal, Inc. conSUltants was that the 
temperatures in all three wells were too low to encourage further 
exp lorat ion, and that temperatures of 350"F would not be achieved. 
This was the minimum resource temperature at this date and even \ 
throughout the 1970s, that was believed to be necessary in order to 
generate electricity. It was not until 1984 that commercial 
product ion was achieved in Nevada for geothermal resources be low 
3S0°F. 

2.S.2 Geothermal Wells: Status and Condition 

The physical condition and access to the three Paiute exploration 
wells is of interest in planning for the future development of the 
resource. One or more of the wells may provide access to the 
subsurface for the measurement and on-gOing observation of static 
water level, temperature, pressure, and water chemistry. 

It is of practical interest to have knowledge of each well, including: 
wellhead and casing description and physical condition, accessibility, 
method of abandonment (e.g., cement plugs, etc,), and practicality to 
re-enter in order to carry out samp I ing, surveys, or to flow-test. The 
we lIs could possib ly be converted for future use as observation, 
in j ect i on or product i on purposes. 
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The Paiute No.1 well is currently open and continuously geysering 
about 15 to 25 feet into the air (Figure 2.3). Although the we llhead is 
about 30 inches above lake level and perhaps 30 feet from the lake's 
edge, less than 12 months ago the wellhead was beyond the lake's 
edge and less than 12 inches above lake level. The boiling water being 

. emitted does not allow close examination of the wellhead and gate 
valve, which are highly corroded and encrusted with mineral 
prec i p i tates. 

Records do not provide information on the downhole status of this 
well, but it is assumed that no procedures were taken for the plugging 
and abandoning of the we 11. I t could probab ly be reentered if it were 
deemed necessary, though at present there are no plans to do so. In 
part this is due to the presence of well casing which does not allow 
access to the near-surface formations that are the objective of any 
future dri 11 i ng and test i ng program: 

Paiute No.2 is on firm ground (Figure 2.4). The wellhead valve was 
recently removed from the well, which appears to be in reasonably 
good condition, but an irregular obstruction in the annulus at about 18 
feet below ground level, prevents access to the wellbore at depth. 
There is a rapid, but minor pressure buildup in the wellhead, which 
indicates the wellbore is not completely plugged. 

If closer exam i nat i on proves that the obstruct ion is not a seri ous 
(costly) one, it may be advisable to reenter this well if no further 
problems are encountered. Temperature measurements would be 
useful, since the interval from the base of casing at 305 feet to total 
depth at 1,488 feet is within the proposed objective shallow 
geothermal reservoir interval. It is also a good candidate for a 
permanent observation (monitoring) well. 

The location of Paiute NO.3 is now under water according to maps 
constructed at the time of drilling (Plate I). An attempt to see the 
wellhead from an elevated vantage point was unsuccessful. The 
method of plugging and abandoning this well is not known. 

2.5.3 Other Wells and Drill Holes 

There are no other exp I orat i on or research dri 11 ho I es or well s of 
record in the Needles area, with the exception of a few water wells. 
The wells drilled in the four townships around the Needles, 
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T26N-R20E, T26N-R21 E, T27N-R20E, and T27N-R21 E are 1 isted in 
Tab Ie 2.1. The Whlttey and Southern Pacific wells, at the foot of the 
Terraced Hills more than two miles northerly from the Needles, are 
the only wells in the northern Pyramid Lake area which fall within 
the area of Plate I. 

2.6 Hydro logy and Geochem i stry 

Study of the hydrology and chemistry of the Needles thermal springs and 
test wells provides a rUdimentary insight into the Needles geothermal 
reservoir, as well as providing essential information for power plant 
design. The relationships of the thermal groundwater, the non-thermal 
groundwater, and the water of Pyramid Lake are an important facet of 
project planning and decision making. Freshwater resources are discussed 
in Section 3.0 of this report. 

2.6.1 Thermal Springs 

Thermal springs present at the Needles, the Pyramid, and Anaho Island 
provide evidence of probable major, deep-seated faulting connecting 
these features, along which the thermal waters rise. It is the 
presence of these thermal waters which observers believe is the 
source of the precipitated minerals at these localities -- foremost 
being the large tufa depOSits. 

The location, chemistry, and other characteristics of the Needles 
thermal springs are listed in Tables 2.2 and 2.3. One springe?) 
measured 3,770 ppm (parts per million) TDS (total dissolved solids) 
with sodium and chlorides making up about 75 percent of the total. 

A thermal spring is reported to be present approximately 330 feet 
from the geysering Paiute No. 1 well. It has a discharge of 220 gpm 
and temperature of 14rF. Both sources flow into the lake and show 
no evidence of mineral precipitation in the streams or when entering 
the lake, according to Desert Research Institute (1977); but silicious 
sinter is being depOSited on the wellhead according to Bonham (1964). 

Other hot springs have been observed in the past, approximately 4,000 
feet to the southwest in three separate sites where the tufa 
pinnacles were on or close to the water's edge. Grose and Keller 
( 1975) reported that spring temperatures range from 151°F to boiling 
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l Table 2.1 Geothermal and water well data for the Needles area. 

l Page 1 of 2 

-, LOCATION OWNER YEAR DEPTH DIAMETER YIELD (gpm) WATER LEVEL GEOLOGY THCKNS DEPTH CASING SURF. DRILLER 

DRILLED (f t.) (Inches) USE Drwdwn (ft) Elev. Depth (ft.) Date Measured REMARKS (f t.) (ft.) RECORD SEAL 

S1,T26N,R20E Western Geothermal, Inc. 1966 1206 10-5 1/2 Unused -- 3800 flows 815171 Temp. 205°F at 550 
SE/4SE/4SEl4 Exploratory and 850 ft, 202"F 

at 1,155 ft. 
: 

S26, T26N,R20E Southern Pacific Co. about 1914 210 8 Unused 801-· 3900 22 about 1914 Layer of oil atop Gravel 38 38 l 
( Industrial 98.28 214170 water; chemical Sand 20 58 

public supply) 96.83 7110170 analysis, Table Sand,blck & mud 45 103 
Gravel 32 135 
Boulders & gravel 10 145 

-1 
Sand 27 172 
Gravel & boulders 15 187 
Boulders 17 204 

S35,T26N,R20E. James Whittey July, 1969 125 6 Stock 20 July, 19G!l cold Top Soil Boulders 12 o to 12 6-5/8" x 101' 00 Clay A & B Contractors 

-1 

Brown Clay 18 12 to 30 13 Ibltt. 
Brown Sandy Clay 30 30 to 60 
Blue Clay 10 60 to 70 
Soft Brown Rock 30 1 CO to 115 
Blue Clay 10 115 to 125 

S6,T26N,R21 E Western Geothermal, Inc. 1964 5930 16·7 Unused 710 3815 flows 214170 Lakebed sedimentary deposits. Volcanic rocks, 350 I 350 

NW/4SW/4SW/4 Exploratory varying from highly altered rhyolitic tuffs I 
to andesite flows of varying porosity; well I J 
was closed in for almost 1 year, after which I 
down-hole temperatures were about 117°C, 
and flow was about 400 gpm. Rock (probably I 
volcanic), extremely hard, with few 3858 , 4208 

J 
permeable zones, but one zone of rather 
intense hydrothermal alteration; this interval 
was drilled 18 months after completion of 
top 4,208 It; maximum bottom-hole J 
temperature 113°C, flow about 7 gpm. 1722 5930 

I 

S12,T26N,R21E Western Geothermal, Inc. 1966 1488 10-5 1/2 Unused -- 3825 a few 1-29-66 Max. down-hole Clay, bentonitic 50 50 
NW/4NW/4NE/4 Exploratory temp. 245°F. Clay, light brown 55 105 J 

Clay, blue 10 115 
Sand and gravel, waterbearing 14 129 
Clay, blue 6 135 

S22,T26N,R21E. 
I 

Bader Construction Jan, 1979 350 6 Domestic 1001-- 100 1-79 Coarse sand wlgravel 25 2()5 to 230 230' of 6-518" 00 Cement Wayne Drilling Inc. 

Cemented sand - med. hard 120 2:lO to 350 125' of 5" 

J 
i , 

J 
I 

, 

J 
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Table 2.1 - continued. 

Page 2 of 2 

LOCATION OWNER YEAR DEPTH DIAMETER YIELD (gpm) WATER LEVEL GEOLOGY THCKNS DEPTH CASING SURF. DRILLER 
DRILLED (f t.) (Inches) USE Drwdwn (ft) Elev. Depth (ft.) Date Measured REMARKS (f t.) (f t.) RECORD SEAL 

S28,T27N,R20E. Pyramid Lake Paiute Tribe 1958 135 6 Unused (stock 201- - 3994 35 11-58 J/)0 

S29,T26N,R20E. Mrs. A. V. Heller 1961± -- 6 Stock -- 4009 24± 214170 I 
I 

I 
I 

I 

( 
~ ) S8, T27N,R21 E. Art Stadtmiller April, 1982 265 6 Domestic 20 with air/-- 115 4-82 Top Soil 1/2 o to 1/2 265' Cement Wayne Drill ing Co. 

~ 
Brown volcanic rock 95 1/2 1/2 to 96 
White sandy clay 14 96 to 110 
Purple volcanic rock 55 110 to 165 
Light green rock 21 165 to 176 I 

Black volcanic rock 58 176 to 234 ! 

Black volcanic rock fract. 12 234 to 246 
Black volcanic rock 19 246 to 265 

S9,T27N.R21 E. U.S.G_S. test well 2 1967 47 2 Unused -- 3845 5.90 7/28167 USGS Ob. Well. 
Exploratory 6.68 3131/69 Cased to 47 ft., I 

I 6.79 8122169 screened 45-47 ft . 
I 6.71 1/3170 

6.92 10124170 

S16,T27N,R21 E. U.S.G.S. test well 1 1967 44 2 Unused -- 3837 16.63 7/28167 USGSOb. Well Sand, medium-grained, with shells 3 3 
Exploratory 17.18 3131/69 Cased to 47 ft ., Sand with wet clay content increasing to 

17.00 8122169 screened 45-47 ft . about 50% at 7'. 4 7 
17.51 1/3170 Clay, brown & block mottled 3 10 
17.39 10124170 Clay, greenish black 2 12 

Clay, black with greenish cast, high water 
content. 20 32 
Same as above, but greener 5 37 

~ 
Same, but clay drier, more cohesive 10 I 47 

) OM"II $0011 ,S31, T27N,R21E. April , 1978 240 6 Domestic Clay 20 o to 20 6" Cement Suclito Well Dring. 

~ DG soft 60 20 to 80 
DG broken 5 ao to 85 
DG soft 60 95 to 145 
DG broken 3 145 to 148 
DG soft 72 148 to 220 
Some water 23 2:20 to 243 

S21, T28N,R20E. Ball Well June, 1964 138 8 Domestic 401-- 28 June, 1964 Cold Surface rock & clay 5 o to 5 6-518 ODx 190' Smith-Pulati , Inc. 
Hard pan 25 5 to 30 12.89 Ibllt. 
Pale yellow rock 40 30 to 70 
Gray rock 30 70 to 100 
Gray rock bottom 36 100 to 136 
Turn ing bright yellow 2 136 to 138 

- ----
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Table 2,2 Geothermal and Water Well Chemistry for the Needles Area 

Source Date Temperature Calcium Magne.lum Sodium Pota .. ium~Ucarbon.te Ca rbonate Sulfate Chloride Nitrate Silica Fluoride Boron Ar •• nlc Specific Conductance ~ardne •• a Total Iron 
Loca ti on (Well Depth) Sampled Analvst OF (Ca) 11.401 INal (K) (HC03) (C03) (S04) (CII (N031 (SI02) (F) (B) (Ao) "mhoo/cm ITDSI (pH) (CaC03) (Fe) 

S12,T26N,R20E Spring 7 2/14/69 USGS 132· 152 16 1210 220 0 307 1830 . • -- -- -- .. 6300 - a. l 446 --

S12,T26N,R20E Spring 7 Aug·75 141· 198 0. 3 1040 120 110 0 350 1760 -- 110 -- -- -- 5800 3770 7.8 -- --

S12,T26N,R20E Well? Aug·75 1800 163 0. 1 1040 120 50 0 335 1950 -- 117 -- -- -- 7100 4615 7.4 -- --

S12 ,T26N ,R20E -- Feb·69 132· -- -- -- -- -- -- 1830 -- -- .. -- -- 6300 -- -- 446 --

S12,T26N ,R20E Needle. 112(7) Doc. 71 -- 191 0 Remarks: Geothormal oWl oration woll . Depth ± 400 It. Temperature of woter oscapinq trom capped woll . -- -- -- -- -- -- -- -- --
CW1I2,NE1/4 

S12,T26N,R20E -- -- -- 208· -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NE1I4,NW1I4 

S26,T26N,R20E We. ? 9/26/52 Southorn -- 3.2 1.4 85 193 0 16 17 -- - -- \ 272 7 14 
(210 Fl) Pacific 

S25,T26N,R20E Big C...yon 2/14/69 43· 20 11 12 114 0 15 8 -- -- -- -- -- 250 -- 8.1 94 
Creek 

S6,T26N,R21E Wa" Apr·68 Brown & -- 250 6.3 0 26 351 2100 -- -- -- -- -- 6050 3940 9 .2 651 --
(5.930 Fl ) Caldwell 

SS,T26N,R21 E Paluta No, 1 1973 133· 260 0.1 1100 160 24 0 340 1900 -- 110 3 -- 0 .02 6200 -- 8.4 -- --
NW1/4SW1/4SW1I4 Wo" Remarks: Unsurvevod (Plo 'octod from we,O U=O.61 

SS,T26N,R21 E Paluta No. 1 - -- about 240· -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

SS,T26N,R21E PalutaNo. ll0/12/73 153· 282 0.1 1080 3111.5 0 338 1841 <0.1 95 3 __ 1.1ug/l 6072 3676 8 .1 -- 0.02 
SE1/4SE1I4 won 

S6,T26N,R21 E Paluta No. 1 Aug·75 151· 260 0.1 1100 160 22 0 340 1880 -- 110 3 6.1 -- 6500 4225 8 .4 -- --
SE1/4SE1I4 Stm. Goy ... r Well 

SS,T26N,R21 E -- -- -- -- -- 1160 37 -- -- -- . • -- -- 8.8 -- -- -- -- -- -- --

S6,T26N,R21 E The Needles -- -- hot -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NW1I4SW1I4SW1I4 Spring I 

S7,T26N,R21E spring? Aug ·75 150· 315 0 .4 1150 280 100 0 3:10 1850 -- 82 -- -- -- 7200 4680 7 .6 -- --

_ - - 4 - --

_ ~9,T27N,R20E ./ Woll 2/4/70 USGS 59· P0 33 16 1060 420 0 568 1070 -- -- -- -- -- 5200 -- 8.2 150 --
--- - 0 

S16,T27N,R21E W.N 10/24/70 USGS -- 31 61 2100 1620 172 190 2200 -- -- -- __ __ 9580 -- 8.6 330 --
(44Ft.) 

S6,T26N,R21E Paiute No. 1 4/16/68 250 6.3 1100 37 0 26 351 2100 -- -- -- -- -- 6034 3939 -- 650 --

~ S9,T27N,R21E PalutaNo. 2 4/16/68 118 1.5 1570 74 49 2 26 2950 -- -- -- -- -- 7243 4765 -- 300 --

S6,T26N,R21E Paluta No.1 lMay.sept '78 230 40 1000 18 -- -- 37 2510 -- 96 -- 4.5 <0.050 __ 3915 7 .a -- <0 .030 

SS,T26N,R21E Paluta No.1 May·Sapt '78 2200 0.34 1120 45 -- -- 45 2200 -- 76 -- 5.35 <0 .050 -- 4185 7.3 -- <0.03 

S6,T26N.R21E PalutaNo. l 1972 Barno. Grp. 56· 260 0.1 1100 160 -- -- 340 1900 -- 110 3 6.1 0.02 6200 -- a .4 -- <0.02 
_ __L.. ______ ~ ________ -L ______ ___ 

Source : Garsido & Schilling (1979); Oonb<.rg" Lamka & HUg,os (1973) ChamicaJ constibJants in ppm 

Section 2. Page 18 






































































































































































