s —

F S Y
AL *«{u 4 W@—"ﬂ:ﬁﬁ“‘ el

:

GEOTHERMAL INVESTIGATIONS
IN IDAHO

PART 9

POTENTIAL FOR DIRECT HEAT APPLICATION
OF GEOTHERMAL RESOURCES

Divsllers fintsh work on the fivs

of severad geothermal wells .

being plunned for the Capited Mall -
complex in Botse where it is

hoped that enough hot water

will be fornd 10 heat

several state buildings,

IDAHO DEPARTMENT OF WATER RESOURCES
WATER INFORMATION BULLETIN NO. 30
JUNE 1980



WATER INFORMATION BULLETIN NO. 30

GEOTHERMAL INVESTIGATIONS IN IDAHO

Part 9

Potential for Direct Heat Application of
Geothermal Resources

by

John C, Mitchell
Linda L. Johnson
John E. Anderson

With a section on Preliminary Environmental Assessment
of Idahco Geothermal Resource Areas

by

Susan G. Spencer
Jacquelyn F. Sullivan

Work performed under U.S. Department of Energy Contract
No. DE-AS07-77ET28407
Modification No. AQ00L
Designation UC-66-2

Idaho Department of Water Resources
Statehouse
Boise, Idaho

June 1980







NOTICE

This report was prepared as an account of work sponsored
by the United States Government. Neither the United States
nor the United States Department of Energy, nor any of their
employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, expressed or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness or usefulness of any information,
apparatus, product or process disclosed, or represents that
its use would not infringe privately-owned rights.

The information is the result of tax-supported research
and as such 1s not <c¢opyrightable, It may be freely
reprinted with the customary crediting of the source, The
Idaho Department of Water Resources would appreciate notifi-
cation of any reprinting of this information.
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PREFACE

Geothermal energy (the natural heat enerqgy of the earth)
18 receiving nationwide attention. Increasing involvement
of many parties in the exploration for and development of
this energy source has been accelerated by four factors:

1. Ecoleogically, geothermal energy appears to be a
better alternative than other methods of power
generation such as nucleayr, tossil fuel or hydro-
electric,

2. Economically, it competes favorably with hydro-
electric and fossil fuel power generation and may be
less expensive than nuclear methods.

3. Enormous reserves of geothermal resources have been
identified and can be developed 1if the effort 1is
made to utilize them.

4, Efficient use of all energy sources 1s recognized as
necessary if present energy shortages are to be
alleviated and future shortages avoided.

Published information on the geothermal potential in
Idaho consists mostly of numerous reports that briefly
describe or mention thermal water occurrences in particular
areas or regions of the state. Seven published reports
{Stearns and others, 1937; Waring, 1956; Ross, 1971; Nichols
and others, 1972; Warner, 1972 and 1975; Young and Mitchell,
1973) have been written on Idaho's geothermal potential on a
statewide basis. Three o©f the reports are mainly con-
pilations of pre-existing data collected by variocus investi-
gators over an extended time interval of approximately 50 to
60 years, Waring (1965, p. 26—31) essentially updates the
data of Stearns and others (1973, p. 136-151). Godwin and
others (1971) classified approximately 6,075,000 hectares
{15 million acres) of land in Idaho as being prospectively
valuable for geothermal exploration. Ross (1971) published
geologic and chemical information on about 380 thermal water
occurrences, and presented brief evaluations of the geother-
mal potential of different regions of the state. Nichols
and others (1972} identified nonpower uses and the economic
impact of these uses on Idaho. Warner {1972 and 1975%) dealt
with Idaho's geothermal potential based on 1its regional
geologic setting. Other reports deal with localized areas.
Young and Whitehead (1975a, 1975b) wrote on the geothermal
potential of the Bruneau-Grand View and Weiser areas.
Mitchell (1976a, 1976b, 1976c) published information on the
northern Cache Valley, Blackfoot, and Camas Prairie areas,.
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Wilson and othexrs (1976) reported on geothermal investiga-
tions of the Cascade, Idaho, area. Mink and Graham (1977)
reported on the geothermal potential of the west Boise area,
In addition to the above published reports, there are geven
unpublished open-file reports prepared by the U.S. Geologi-
cal Survey (USFS) that are listed in the gelected
references. These are available for public review.

In 1Idaho, the ©prospects for early development of
geothermal energy as an energy source appear excellent., The
regional geologic setting appears favorable for the
existence of large geothermal fields, although 1little 1is
known of the full potential of this resource. A great deal
more must be learned of geothermal occurrence and util-~
ization, The Idaho Department of Water Resources (IDWR)
initiated a study of geothermal potential to generate
interest 1in development of the resources and to properly
perform the department's regulatory function (Water Infor-
mation Bulletin No. 30. Part l, Young and Mitchell, 1973).
The study, prepared jointly with the USGS, located 25 areas
in Idaho where indications of potential power development

utilizing geothermal energy were found. Parts 2, 3, and 4
of Water Information Bulletin No. 30, prepared by the USGS,
studied areas in southwest Idaho. Parts 5, 6, and 7,

prepared by the IDWR, studied areas in south-central and
southeastern Idaho. Part 8, prepared Jjointly by the IDWR
and the Southern Methodist University, describes the heat
flow regime in and around the Snake River Plain.

There are four objectives common to each of the studies:
(1) to encourage the development of the resource through
public knowledge of its occurrence, characteristics, origin,
and properties; (2) to develop the expertise within the IDWR
to properly perform 1its function of regulation of the
resource; {3) to protect the ground and surface waters of
the state from deleterious effects that might be brought
about by large-scale geothermal development efforts by
public or private parties; (4} to protect the geothermal
resource from waste and mismanagement bkecause of lack of
knowledge of its occurrence, characteristics, and prop-
erties,

This study (Part 9 of Water Information Bulletin
No. 30), prepared by IDWR, summarizes a part of the effort
to obtain additional data on the properties, origin, occur-
rence, and characteristics of this resource in Idaho, it
contains information on 899 thermal water occurrences with
surface temperatures of 20°C or higher from both springs and
wells. Chemical analyses of 357 of the 899 total thermal
water sites are also contained herein, as well as previously
published and unpublished geophysical, geological and hydro-
logical information.




Thirty-six of the 44 counties in Jdaho are discussed in
separate chapters of this report. The eight counties not
discussed in the report contain no known geothermal water
discharges and little is known of their geothermal

potential. Six of the eight counties not discussed are in
northern Idaho: Bonner, Boundary, Kootenai, Benewah,
Clearwater and Lewis counties. The other two {(Lincoln and

Minidoka counties) are within the eastern Snake River Plain
aquifer, which may mask deep thermal anomalies in these
counties.
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ABSTRACT

There arg¢ 899 thermal water occurrences known in Idaho,
including 258 springs and 641 wells having temperatures
ranging from 20 to 93°C. Fifty-one cities or towns in Idaho
containing 30 percent of the state's population are within 5
km of known geothermal springs or wells, These include
several of Idaho's major cities such as Lewiston, Caldwell,
Nampa, Bolise, Twin Falls, Poctelleo, and Idaho Falls.

FPourteen sites appear to have subsurface temperatures of
140°C or higher according to the several chemical geother-
mome ters applied to thermal water discharges. These include
Weiser, Big Creek, White Licks, Vulcan, Roystone, Bonne-
ville, Crane Creek, Cove Creek, Indian Creek, and Deer {(reek
hot springs, and the Raft River, Preston, and Magic Reser-
voir areas.. These sites could be 1industrial sites, but
several are in remote areas away from major transportation
and, therefore, would probably be best utilized for electri~
cal power generation using the binary cycle or Magma Max
process.

Present uses range from space heating to power
generation. 8ix areas are known where commercial greenhouse
operations are conducted for growing cut and potted flowers
and vegetables. Space heating 1is substantial in only two
places {Boise¢ and Ketchum) although numercus individuals
scattered throughout the state make use of thermal water for
space heating and private swimming facilities. There are 22
operating resorts using thermal water and two commercial
warm-water fish-rearing operations.

The geothermal potential in Idaho's future c¢an be most
beneficial, providing the resource 1s utilized in an
environmental and economical manner. While some thermal
waters are being used to their maximum, mest heat 1is
dissipated through irrigation practices or is discharged
unused.

It appears that the greatest potential for rapid on-line
industrial process heat 1is in the Boise, Nampa-Caldwell,
Pocatello, and Weiser areas where geothermal discharges from
several wells are known. Existing industry in these areas
could possibly be induced to retrofit to geothermal process

~or space heat if sufficient temperatures and flow rates can

be found,




GENERAL INTRODUCTION

PURPOSE AND SCOPE

This report was prepared in response t0 the many re-~
quests from Idaho's citizens and industries for authorita-
tive information pertaining to the state's geothermal re-
sources. The report primarily outlines the characteristics,
occurrences, and uses (present and potential) of low tem-
perature (<150°C) thermal waters, with minor emphasis on
high temperature (>1509C) waters. The information presented
in this report is designed to expand the IDWR data bank,
enabling the IDWR to better serve the public and private
sector while enhancing the department's regulatory
responsiveness. In addition, computerized well and spring
data were supplied to the National Oceanic and Atmospheric
Administration for the development of the first state
geothermal map (Plate 1 in pocket) and to the U.S. Geo-
logical Survey for supplementing the geotherm data bank.

The general objectives of the study and report are as
follows: (1) describe, in a single reference, the thermal
water chemistry and quality from existing and newly acquired
data on thermal springs and wells; (2) evaluate the state-
wide geothermal potential from the standpoint of direct heat
application; (3) pinpoint specific areas and general uses
for direct heat application; (4) provide basic data on low
temperature resources for potential uses; {5) give
recommendations about areas of the state that could receive
large benefits from detailed study.

Most 1locations were field checked to confirm the
reported thermal discharge. Several occurrences reported in
other publications were looked for but not found. These are
not included in this report. Others in remote areas were
not field checked but are included and labeled "not field
checked"” in the basic data tables in the appendix,

WELL- AND SPRING-NUMBERING SYSTEM

The numbering system used by the IDWR and the USGS in
Idaho indicates the location of wells or springs within the
official rectangular subdivision of the public lands, with
reference to the Boise pbase line and nmeridian, The first
two segments of the number designate the township and range.
The third segment gives the section number, followed by
three letters and a numeral, which indicate the qguarter
secticon, the 40-acre tract, the 1l0-acre tract, and the
serial number of the well within the tract, respectively.
Quarter sections are lettered a, b, ¢, and d in a counter-
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clockwise order from the northeast quarter of each section
{figure 1}. Within the quarter sections, 40-acre and
l0~acre tracts are lettered in the same manner. Well
18-17E-23aabl 1is in the NW1l/4 NE1/4 NE1/4 of Section 23,
T.1l 8, R.17 E, and was the first well inventoried in that
tract. Springs are designated by the letter "8" following
the last numeral; for example, 15-13E-34bchlS.

USE OF METRIC UNITS

The metric or International System (SI) of units are
used 1in this report to present water chemistry and most
other data. Concentrations of chemical substances dissolved
in the water are given in milligrams per liter (mg/l) rather
than in parts per million (ppm) as in some previous Water
Information Bulletins. Numerical values for chemical con-
centrations are essentially equal, whether reported in mg/l
or ppm for the range of values reported in this report.
Water temperatures are given in degrees Celsius (°©C).
Figure 2 shows the relation between degrees Celsius and
degrees Fahrenheit.

Linear measurements (inches, feet, miles) are given in
their corresponding metric units (millimeters, meters, kilo-
meters). Weight and volume measurements are also given in
their corresponding metric units. Area measurements are
also listed in SI units. Table 1 gives conversion factors
for these units.

TABLE 1
ENGLISH METRIC CONVERSION FACTORS
To Convert from To Multiply by
acres hectares 0.405
inches centimeters 2.540
feet meters 0.305
yards meters 0.914
miles kilometers 1.609
sq. miles sqg. kilometers 2.589
gallons liters 3.785
ounces grams 28.349
hectares acres 2.471
pounds kilograms 0.454
tons {short) tons {(metric) 0.907
centimeters inches 0.394
meters feet 3.281
meters yards 1.094
kilometers miles 0.621
sq. kilometers sq. miles 0.386
liters gallons 0.264
grams ounces 0.035
kilograms pounds 2.205
tons (metric) tons {short) 1.102
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CHEMICAL GEOTHERMOMETERS

In this report, the geothermal potential of various
areas 1in Idaho has been evaluated from five factors, in-
cluding several chemical geothermometers, water temperature

at surface, geoclogy, geophysical, and hydrology. As the
chemical geothermometers are original interpretations, they
are discussed to c¢larify their meaning. Much of the

geology, geophysics and hydrology is from published reports
and 1s not discussed here,

Preliminary evaluations of geothermal systems are being
successfully conducted using chemical geothermometers. In
the Raft River Valley of southeastern Idaho, the reliability
of these chemical geothermometers has been tested by deep
drilling. The guartz and sodium-potassium-calcium (Na-K-
Ca) estimated aquifer temperatures (Young and Mitchell,
1973) and sgilica mixing model <c¢alculations (Young and
Mitchell, 1973, unpublished data) agreed very closely
(within 109C) with temperatures found in depth (Xunze,
1975}, This proven reliability in the Raft River Valley
gives some nmeasure of confidence in applying the same
methods to other similar areas of the state.

The degree of reliance to be placed on a chemical geo-
thermometer depends on many factors. The basic assumption
is that the chemical character of the water obtained by tem-
perature dependent equilibrium reactions in the thermal
aquifer 1s conserved from the time the water leaves the

aquifer until it reaches the surface, The concentration of
certain chemical constituents dissolved in the thermal
waters can, therefore, be used to estimate aquifer

temperatures.

Aquifer temperatures, calculated from the quartz,
Na-K-Ca chemical geothermometers and mixing models as well
as the atomic ratios of selected elements found in the ther-
mal waters of Idaho, are given in basic data table 2 in the
appendix. These were calculated from wvalues of con-
centration found in basic data table 1.

In basic data table 2, there are 10 columns which repre-
sent aquifer temperatures. ‘These 10 columns of basic data
table 2 were derived using different assumptions as to phys-
ical controls governing dissolved chemical constituents in
thermal water. In most cases, it appears that the chalced-
ony ({column Tg4) or Na-K-Ca (column Tg) chemical geother-
mometers may be the most accurate for thermal water 1in
Idaho. However, 1in many cases these differ by as much as

20-309cC. Chalcedony generally estimates temperatures
somewhat higher than Na-K-Ca, particularly for high pH
waters issuing from granitic terrains. It is not presently

known which 1s c¢losest to the actual aquifer temperature.
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However, as drilling has confirmed the reliability of
Na-K-Ca in Raft River Valley in Cassia County and for other
reasons, the authors have more confidence stating that
Na-K-Ca may be the more accurate. 1In any case, best corre-~
lation is obtained generally between Na-K-~Ca and chalcedony
chemical geothermometers. In several areas where high water
temperatures at the surface (>65°9C) have been measured, good
agreement Dbetween gquartz and Na-K-Ca chemical geother-
mometers indicates temperatures may be high enough for wet
steam or binary cycle power generation.

PRESENT AND POTENTIAL GEOTHERMAL USE IN IDAHO

Geothermal energy has been used in Idaho for a 1long
time, Figure 3 is a map of Idaho showing locations and
current uses of geothermal energy in the state. Uses have
been made ranging from electrical generation using pelton
wheels to catfish farming. Present uses of geothermal
energy are tabulated in table 2 (modified from Nichols, et.
al., 1972).

Geothermal energy has been used for space heating 1in

Boise since 1893 and in Retchum, Currently several
greenhouse operations are conducted near Boise for fresh and
cut flowers. Other greenhouse operations using geothermal

energy are located at Weiser, Grand View, White Arrow Ranch
near Bliss, Banbury Hot Springs area in the Hagerman Valley,
and on the South Fork Payette River and at Raft River.

Irrigation has been a long-standing use of thermal water
in Idaho, although most irrigators consider hot water a
nuisance as it must be cooled before being applied to crops.
Some report heavier first and last cuttings of alfalfa as
the growing seasons may be somewhat extended; however, the.
effect of the heat may be quite minor as opposed to the
effect of the water from an extra early and a late season
irrigation.

Stock watering in winter is another beneficial use which
creates increases in weilght gain on less feed with geother-
mally watered livestock compared to cold watered livestock.

The Department of Energy's Idaho Raft River Project is
designed to gather information on various uses and applica-
tions of geothermal energy, including binary cycle power
generation, reinjection of geothermal fluids, space heating,
and c¢ooling, potato processing, manure and cattle feed
processing, irrigation, and aguaculture. In addition,
environmental related studies of subsidence, micro-
seismicity, flora and fauna, water quality, and groundwater
levels are being made.

Many resorts using thermal water are operated in Idaho.
These are listed in table 2 and locations shown in figure 3.
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TABLE 2

GEOTHERMAL DEVELOPMENT IN IDAHO ~ HOT WATER USES (1978)
(Table modified from Nichols, Brockway & Warnick, 1972)
Approximate Approximate Length of Approximate Water Supply
Type of Years in Dollar Value Season Number of Approximate  Temper-
Name of Faciiity County Development Operation 1973 in Months Employees Discharge ature °C
Warm Springs Water Ada Space heating 18001 s Public suppiy 12 5 6400 |pm & 72
District
Edwards Greenhouse Ada Greenhouse 56 100,000 12 4 1400 Ipm @ 47
Hunt Brothers! Floral Ada Greanhouse 40 120,000 12 4 100 (pm & 47
Zim's Resort Adams Resort 51 120,000 4 6 380 Ilpm 8 63-66
Starkey HeS. Adams Resort 1900 70,000 4 4 490 Ipm @ 56
White Licks H.S. Adams Baths & camping - 1,000 Summer e 110 ipm & 60-68
Downata He5. Bannock Resort 2 120,000 Summer - 1900 Ipm & 43
Lava H.Se Bannock Resort & health spa 15 1,500,000 12 20 5700 lpm & 45
Bear Lake H.S. Bear Lake Resort 80-100 60,000 4-5 3 @ 48
Easley Store & Plunge Bialne Resort & camping 30 Church prop. 3 70 ipm @ 37
Brandt's H.S5. Blaine Motel & pool space 1800ts 180,000 12 1 3800 lpm & 70
heating
Claredon H.S. Blaine Resort 4050 160,000 i2 2 380 fpm @ 52
Twin Falis H.S. Bolse Resort 40 100,000 12 1900 fpm @ 67
Warm Springs Resort Boise Resort 1800t s 120,000 Summer 4 HOO ipm @ 42
Donlay lodge H.S. Boise Gresnhouse @ 200,000 12 6 265 1pm @ 55
Haven lLodge H.S. Boise Space heating & 20 300,000 i2 z 75 ipm @ 48-64
resort
Wards Greenhouse Boise Greenhouse 9 100,000 12 4 5700 ipm @ 75
Terrace Lakes Resort Boise Space heating & 13 1,500,000 12 20 190C ipm @ 5
resort
Kirkham HaS. Boise Forest campground - UeS. Forest Sersa Summer — 950 lpm 8 65
Bonnevillie H.S. Boise Forest campground —— UaSe Forest Ser. Summer - 1375 Ipm @ 85
Baumgartner H.S. Camas Forest campground - U.S. Forest Ser. Summer e 75 Ipm 8 44
Oakley H.S. Cassia Resort & health spa 15 10,000 12 2 40 lpm @ 47
Sunbeam HaSs Custer Bath house — UeS. Forest Ser. Summer 2 1700 Ipm @ 61-76
Snake River Boy Scout Custer Camp & peo! - - 3 — 40 lpm @ 35
Counci |
Beardsley H.S. Custer Resort & pool 92 20,000 12 3 5700 Ipm @ 43
{(Chaltis HaSe)
Campground H.S. Custer Forest campground 5 10,000 Summer -— 330 Ipm @ 56
Robinson Bar Custer Resort 20 60,000 Summer - 260 ipm @ 55
Middle Fork Lodge Custer Resort 5 270,000 Summer - 260 Ipm @ 43
ldaho Rocky Mtn. Ranch  Custer Resort - 130,000 Summer - — a 50
Sawtooth Land Corp. Custer Resort - 10,000 - -— 380 Ipm @ 41
Paradise H.S. Elmore Resort & space 50-60 100,000 Summer - 950 lpm @ 53
heating
White Arrow Ranch Gooding Greenhouse, space 1G 100,000 12 15 3100 ipm @ 65

heating, fish
farming



Table 2+ Geothermal Development in ldaho - Hot Water Uses (continued)

Approximate Approximate Length of Approximate Water Supply
Type of Years in Dollar Value Season Number of Approximate — lemper-

Name of Facility County Development Operation 1973 in Months Employees Discharge ature °¢

Heise Hot Springs, Jefferson Resort & pool 80 200,000 12 12 225 1pm 8 49
Ince

Green Canyon Mad i son Pool - 50,000 -— -~ e 44

Natatorium
Cooke's Greenhouse Owyhee Greenhouse 7 30,000 12 2 1700 Ipm & a3
Given's H.S. Owyhee Pool 80 80,000 12 2 130 (pm @ 47
Jacobson's Feed Lot Owyhee Steck Watering 10 270,000 12 10 1700 Ipm & 37
Bybea's Pool Owyhee Pool 20 30,000 12 2 1000 Ipm @ 60
Indian Springs Power Resort [5%] 100,000 5 8 5800 Ipm @ 32

Natatorium
Siigar's Resort Twin Falls Resort 25 100,000 8 4 450 [pm @ 63
Salmon Falls H.S. Twin Falls Pool - - - - -= e 67
Miracle H,S. Twin Falls Health spa - 50,000 12 2 1325 lpm @ 54
Banbury Ha.S. Twin Falls  Resort 60 70,000 5 5 2300 Ipm @ 57
Archibald!s Greenhouse Twin Falls Greenhouses 5 20,000 12 - 1300 Ipm @ 45
Lunty's Tropical Fish Twin Falls Test project i — - - 1500 Ipm @ 32
Nat-Soo-Pah H,.S. Twin Falls Resort 60 70,000 6 — 115 ipm @ 36
Weiser H.S. Washington Resort & greenhouse 1900's 130,000 12 — 20 lpm @ 70
Midvale City Wall Washington  Pool 20 City property Summer - 7600 lpm @ 28




The most famous 1s probably Lava Hot Springs, a state-owned
natatorium and health spa.

Potential uses for geothermal energy in Idaho are many
and varied. Figure 4 shows minimum temperatures necessary
for agricultural and industrial uses in which geothermal
energy has been used or proposed, Many of these uses are
related to agriculture, forest products, or tourism—--three
of Idahe's principal industries. The greatest potential, as
far as present Knowledge of the resource in Idaho 1s con-
cerned, is for space heating and greenhouse use. In rapidly
growing areas, such as WNampa, Caldwell, Boise, Pocatello,
and Twin Falls, thermal water of sufficient gquantity might
be discovered and used for space heating large buildings and
new subdivisions. Groundwater heat pumps generally would
give a large energy savings over present heat sources if the
water temperature was less than desgsirable for direct space
heating use. Groundwater heat pumps used both for heating
and cooling also have a large potential even in areas that
have a normal cool groundwater temperature.

The area of greatest potential for greenhouse operation
is the Bruneau-Grand View area where high yield irrigation
wells tap thermal aquifers where water temperature ranges
from 20-84°cC. The area 1is far from markets and major
transportation routes but so 1is most other farmland in
Idaho. Winter crops could conceivably be grown in this area
for use in Idaho rather than shipping crops in from states
with more favorable climates.

Table 3 and figure 5 show 14 areas in Idaho where poten-
tial exists for power generation where subsurface tem-
peratures might be greater than 1409C, based on the Na~K-Ca
and gquartz chemical geothermometers. The Blackfoot Reser-
voir area was chosen on the basis of geology. The 140°C
temperature was chosen as the lower limit as it appears that
technology and rapidly escalating energy costs may make this
limit economically attractive in the foreseeable future.
Five locations appear to have aquifer temperatures high
enough for wet steam generation. The highest estimated
aquifer temperature expected from any of the 14 listed areas
appears to be 175°C at Big Creek and Crane Creek hot springs
areas in Lemhi and Washington counties. The upper limit
given for Battle Creek-Squaw Hot Springs area in Franklin
County may or may not be valid, because of uncertainties in
interpretation due to travertine (CaCO3) deposition at some
spring vents. The Crane and Cove creeks to Weiser area have
received initial evaluation by the USGS. Blackfoot
Reservoir area and Battle Creek-Squaw hot springs areas have
received initial evaluation by IDWR. The other areas need
initial assessment work to more accurately determine their
thermal potential. Many of these areas are remote and in
rugged terrain. Assessment will, therefore, be somewhat

-11-




[ F2 O o

Framte dry cnifor, tmitos and onions

SBL

300

SHT
; H4G 4
; -2 812
: 220
556 b 250
480
apd 20
440
j- 220
470
( 400 ] .
; L 200 Zimsanraian process wagiy ireatiment)
38
f Elgios power ganptatien
¥ = 360

L1 Weou chumionl pronpssing dligain end segarst

raft puip/oomar procassing/diving
Heztingfdrying nf Diatomageous earth

Dy sl ring
T mzﬁv
Dtying oi Fgk sext
Hagena O Bracass [Binary eyelat 325 e Chustic wrdd from disshoggm cells
pawer gensrabiont Sody axs s Sosna proves
Bigming via Baydls procaw
: 3 Bur 4ger BroSaR
Garg progects syr, slarch, sugse, el
; o det i
: L. zac ;4 Potato denvdeton
i Eadhestrit processing — Frapre drying
260 Evsporation il ciystallizssion of it
: Litsium-Bromide shprsiion rafngucation PO a AdaHa andt smar heat pulp dshydratian
20 Drestation for fresh wimer
T Albr condiniting
High snnigy preciasiag ki fimbar
ey Drying and curing of waht sggregse
220 - fSinming snt! prazarving
E e L 100 Vaaking and drying of wool
; 205
» Sracs huating ——
: 180 -
: ,_EG b B Feapa Jahydraion
: #aevamrizad ik provess
y Qaian, seeret, poar, peach debytration
B4 Retriga-ation (kewar femparaturs Jiss]
: Dirying rangs Appia daivgsdraiisn
-1s) &0 Animst hasbanely, dairy, pouliry & game bird barhary
H Hat wate: haating Grophoysis - 5PECH and hnthed Reating
; L aundy @sws
] N 120 4 Eegin-hay Azying, mushireos growing
= Swimnrieg ponls, Halneologleal haths
Henling conifarty
. — o Gl warmiod, siuek witedh
g tated usus 00 40 H\:&rm“;:f i
Tzwinf}? Fishr, shrimp, 86yt and Aegerscyltarn
rpguiiis tarming M Hindegradatinn, ftestation
A0 - Dhe-lzing sidawa iy, drivewsys, couthways
+ Catfish farming
Figh tarming 2nd hatching b2 Flaat purmps for Baating and 40oling
3
&) o4 Cald woragh
-G
20~
3
b - 20
- Z G
—~30 - o B0 Frozan storagy
{APPROX.}

PIGURE 4. Required temperatures for geothermal fluids.

-]

nm ey b bt

i
L




.-.E“[.—

TABLE 3

AREAS IN IDAHO MOST FAVORABLE FOR POWER GENERATION BASED ON SURFACE MANIFESTATIONS, GEOLOGY AND GEOTHERMOMETERY (1978
Measured Princi~
Surface *Best Estimate pal Type of Area
Tempera—  Subsur. Temp. °C  Land Genera- Number
Area Location County ture °C Na-K-Ca Quartz Qwner tion fFigure Remarks
Battle Creek-Squaw H.S. 1535~-39E-8Ldcl1S & Franklin 84 250 150 Private Wet steam i Could be mixed water -
155-39E-17bed 15 geothermometers dif-
ficult to interpret.

Big Creek HaS. 25N-19E-22¢15 Lemhi 93 175 175 USFS Wet steam 2 Ridge top discharge,
silica & carbonate
deposition, boiliing
at surface.

Blackfoot Reservoir 65~41E-19bac! Caribou 42 ? ? Private, ? 3  Picked on basis of

BLM, BIA favorable geology
& geophysics.

Bonneviile HaS. 1ON-10E-31cls Boise 85 142 137 USFS Binary cycle 4 Used for a steam
bath and bathing by
camperss

Crane Creek HaS. TIN=3W~7bdb1S Washington 92 166 176 Private Wet steam 5 Near boiling at the
surface.

Cove Creek H.S. 10N-3W~9cccl S Washington 74 172 i52 Private Wel steam 6 11 km southeast of

' Crane Creek H.S.
Deer H.S. IN-3E-25baclS Boise 80 139 147 Private Binary cycle 7 Siticecus sinter
deposits.
Indian Creek H.S. 1IN~-11E-15acd15S Yalley a8 137 142 USFS Binary cycle 8 In wilderness area.
Magic Reservoir 15-17E~23aabl Blaine-Camas 72 i74 139 Private Wet steam 9  Chemistry of waters
somewhat simiiar to
Raft River.
Raft River 155-26E=23bbel Cassla 4 i47 i35 Bl.M Binary cycle 10 Plant under construc-
tion. Geothermometers
confirmed by driiling
Na-K-Ca most accurate.
Roystone H.S. TN-1E~8ddals Gem 54 150 147 Private Binary cycle 11  Presently a natatorium.
Vulcan H.5S. 14N-B6E-11bdals Valley B4 147 135 USFs Binary cycle 12
Private

White Licks H.5. 16N~2E-33bce1S Adams 65 145 145 USFS Binary cycle 13  Bath houses for
Private campers.

Weiser H.S. 11N-6W~10ccal Washington 75 141 156 Private Binary cycle 14 Presently a natatorium,

*See first footnote in Tablie 4.

with greenhouse opera-
tion.
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difficult and expensive, but if geothermal energy is going
to make an impact on Idaho's electrical power base, and it
appears to have potential to do so, the initial assessment
will have to be made.

ORGANIZATION OF DATA

This report has been organized into £four subregions
within the state boundaries due to thermal waters 1in the
separate subregions having different characteristics or
modes of occurrence. Individual counties within a specific
subregion are discussed 1in separate chapters. Figure 6
shows the approximate subregion boundaries and the counties
they encompass.

Bagic data tables containing information on the known
springs and wells comprise a major section in the appendix
of this report. The appendix also contains preliminary
environmental assessments of several geothermal resource
areas,
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GEOTHERMAL POTENTIAL
OF THE NORTHERN IDAHO "“PANHANDLE" REGION
INCLUDING SHOSHONE AND NEZ PERCE COUNTIES

There are noe known thermal anomalies located in the
eight counties that make up the Northern Idaho Panhandle
area with the exception of some hot rock material deep in
the mines in Shoshone County (figure 7) and one warm well in
NezPerce County (figure 8)., Generally very little is known
of the geothermal potential of this area. Specific
information known and relating to the dgeothermal potential
in NezPerce and Shoshone counties follows.

SHOSHONE COUNTY

Shoshone County, located in the Panhandle area, is known
for its silver, lead, and zinc deposits.

The generalized geologic framework of the area consists
of Precambrian metasediments of the Belt Supergroup
formations. These formations have undergone slight meta-
morphism and are composed primarily of quartzites,
argillites, shales, and impure limestones,

The Belt metasediments {undifferentiated) consist of the
Prichard, Burke, Revett, St. Regis, Wallace, and Spruce for-
mations with the ore being mainly contalned in the lower
Burke and upper Prichard formations.

The structure of the area is relatively complex with two
major fault trends; one trending northwest-southeast and the
other trending northeast-southwest.

Mining has taken place in the Coeur d'Alene mining
district since the middle 1800's. Currently the Bunker
Hill, Sunshine, Crescent, Galena, and Star Morning mines are
just a few of the deeper active mines located in Shoshone
County. Most of the mines in the area are relatively water
barren and diamond drilling and/or mining excavation has not
encountered a significant geothermal anomaly. Any water
needed for drilling or mining purposes is piped into these
mines from surface sources.

Thermal gradient studies of the rock temperatures in the
mines show temperatures increase from a normal temperature
at the surface to those exceeding 40°C at deeper levels
within the mines.

In the Star Morning Mine, rock temperatures were
recorded to bhe 420C at the 7300 £t level. In the Galena
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Mine, rock temperature at the 1600 ft level is 229C and
increases with depth.

Surface water brought into a mine is subseqguently heated
through use to the existing rock temperature at the level at
which it is utilized. Excess water that accumulates is then
pumped out of the mine and discharged at the surface or used
in a surface facility.

For the last three years, the Bunker Hill Mine has
expelled excess water at the surface at rates of 4393 liters
per minute {(1/m) to 7153 1/m at temperatures near 22°9C. The
Crescent Mine expels excess water at the rate of 719 1/m at
temperatures near 379C. The Galena Mine in 1978 pumped
excess water out of the mine at the rate of 397 1/m at tem-
peratures near 24°C. Waters expelled from the Galena Mine
are very low in dissolved solids, have a pH of 7.6 + 0.2 and
are reused 1n the beneficiating plant. see figure 7 for
mine locations.

Certain areas of these mines at some future date may
have the potential to store and naturally heat a sufficient
amount of water to be used for large scale thermal space
heating.

Presently, any excess water that 1s pumped out of the
mines not being utilized in their surface facilities could
possibly be utilized for local space heating.

NEZ PERCE COUNTY

Llittle interest has been expressed in the geothermal
potential of Nez Perce County and nothing has been pre-

viougly written on its potential. One thermal well,
however, has been drilled near Lewlston by the city of
Lewiston (figure 8). This well has a surface temperature of

2009C, discharges 4500 1l/min and is 183 m deep. No chemical
analysis 1is available for the well and, consequently, it is
impogsible to determine the possibility of hotter water at
depth., This well and other wells drilled in the future
could, however, be used at this temperature for space
heating and c¢ooling using groundwater heat pumps provided
sufficient flow rates are available. A water sample Ffrom
this well should be chemically analyzed and aquifer tem—
perature estimates should be made. It is pessible that more
and hotter thermal water might be found in the Lewiston
area.
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GEQTHERMAL POTENTIAL OF THE CENTRAL IDAHO REGION
INCLUDING IDAHO, ADAMS, VALLEY, LEMHI, BOISE, CUSTER,
NORTHERN ELMORE, CAMAS AND
NORTHERN BLAINE COUNTIES

The vast region of central Idaho, including the Idaho
batholith, 1s discussed as a separate section due to simi-
larities 1in geology, deochemistry, structurally related
occurrences, and the depositional features thermal springs
in this region have in common.

Most of the thermal water found in this region appears
as springs, which range in temperature from 20-93°C.
Locally, several wells have encountered thermal water. It
is commeonly known that these thermal springs and wells are
located along the major and minor streams and rivers in the
area. . They thus emerge at the lowest possible elevation,
although many are found in the upper reaches of drainages.
An example are 18 thermal springs that occur along the
Middle Fork of the Bolse River alcong a 45 km stretch between
Arrowrock Reservoir and Atlanta. However, a more detailed
examination vreveals that thermal springs in this region
appear rather evenly spaced along narrow arcuate zones or
trends, some of which cut across drainage divides (figure 9

in pocket). Other zones follow major drainages, as in the
Boise and Payette river systems. In some cases, mostly
along the longer zones, the spacing tends to increase regu-
larly in one direction. In some cases, where zZones

intersect, as at Indian Creek and Middle Fork Salmon River,
two springs occur near the zone intersections. The arcuate
zones range in length from 20 to 80 km and appear to be very
narrow. These arcuate zones are most numerous and well
defined in the central batholith region in Idaho. Well
drilling and spring locations in other regions of Idaho have
revealed similar zones. The regular spacing of springs
along these zones appears to result from the regular spacing
of linear features associated with them. Why the springs
occur at nearly the same point on separate parallel
lineaments is unknown but probably is the result of another
lineament or structure {not visible on Landsat images) which
cross the regularly spaced linears. The springs occur at
the intersections.

Springs along these arcuate zones tend to occur (1) near
the confluence of streams and/or rivers, such as at Pistol
Creek Hot Springs (16N-10E-14dbclS) and Little Pistol Creek
Hot Springs (16N-10E-14dbcl8S); Riggins (24N-2E-14dbdls),
Loon Creek (17N-14E-19bdblS) and Hailey Hot Springs (2N-18E-
18dbb1lS): or (2) near where a drainage 1s diverted around a
large promontory or rock outcropping which projects into the

-]~




stream and around which the stream was forced to make a
horseshoe or U-shaped bend. Mormon Bend (11N-14E-20aabls),
Riverside (16N-12E-16cbblS), Sheepeater (15N-10E-24bbbls),
Sunflower Flat {l6N-12E-8bbbls), Thomas Creek Ranch
{leN-12E-17dadlS), Lightfoot Hot Springs (3N-13E-7dcalS) and
Warfield (4N-17E-31bbclS) Hot Springs are examples of the
second type of occurrence (see figure 10). It 1is
conceivable that many undiscovered thermal springs 1issue
from the bottoms of river channels where the flowing water
masks the thermal water.

Figure 9 (in pocket) is a superposition of linears from
Day (1974) and circular features of Haskett (1974) on a
spring and well location map of Idaho. This figure shows
that many o©f the thermal springs and wells are associated
{found on or very near) with large linear features that are
seen on high altitude U-~2 and satellite photos. Few of
Day's linears are found to fit the curvilinear zones defined
by the spring occurrences, but data strongly suggest struc-
tural control for most thermal water in the region. Al-
though the exact nature of the linears is not known, they
could represent joints or faults or some other type of rock
fracture. One theory of the origin of these thermal springs
is that  they occur where ancestral joints, formed by
shrinkage or contraction of deeply buried, c¢ooling igneous
or metamorphic rock complex intersects faults, or other
fractures allowing circulation of meteoric (rain and snow)
water to depths where the water is heated by hot rock. The
hot water being less dense than the colder water rises along
the same or other joints, faults or fractures to form a
thermal spring. Thus, most of the thermal springs in this
region of Idaho probably represent deep circulation of
meteoric waters to depths where the water 1is heated by
contact with hot rock in a region or along zones of above
normal geothermal gradient or heat flow.

These types of occurrences appear typical. Perhaps the
localized geothermal anomalies--those associated with high
intensity shallow seated heat sources (intrusions)--might be
those which are not associated with arcuate belts or zones.
Alternatively, at least some of the =zones could represent
fractures or other structures into which magma has intruded
to shallow depths producing high intensity shallow seated
heat sources.

IDAHO COUNTY

Thirteen thermal springs are known to occur in Idaho
County (figure 11). They are fairly uniform in temperature,
ranging from 41 to 590C, They are not limited to any one
locality or rock type, but are found sparsely distributed
over a large area. Four springs, Wier <Creek (36N-11E-
13bcclS), Colgate Licks (36N-12E-15abdls), Jerry Johnson
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FIGURE 11. Index map of Idaho County showing locations of thermal water occurrences
with surface temperatures of 20°C or higher.
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(36N-13E-18addlS), and an unnamed spring occur within a
small area in northeastern Idaho County on or near the

Lochsa River. Most of the other springs are 1in remote
locations, wilderness or recreational areas, accessible only
by pack trail. This, along with restricted use of these

areas, precludes large scale development. Riggins (24N-2E-
14dbdls), Burgdorf (22K-4E-1bdclS), and Red River Hot
Springs (25N-12F-3dddl3} are popular resort areas and bocast
improvements, although the Red River Resort recently burned
down and the Burgdorf Resort pools have been officially
closed by the district health officials. Jerry Johnson Hot
Springs 1is used for informal bathing by campers and back-
packers.,

Most thermal springs in Idaho County occur within grani-
tic rocks or near contacts of other rock types with granitic
rocks. All are assoclated with known faults or 1linear
features. The best defined arcuate trend in the region is
represented by Stanley (34N-10E-6caalS), Stewart (32N-1llE-
4caals), Martin (31IN-11E-24dcdlS} hot springs and Running
Springs (29N=-12E-14abbls) in east-central Idaho County
{figure 9 in pocket).

Water guality chemical data from thermal water occur-
rences in Idaho County are given in basic data table 1.
These analyses provide a chemical comparison of thermal
water in the area and were used to calculate selected
chemical-constituent ratios and to estimate aguifer
temperatures.

Chemical analyses are available for only six of the
fourteen hot springs found in Idaho County. All of the ana-
lyzed springs are low in total dissolved solids, ranging
from 582 mg/l at Riggins Hot Springs to 133 mg/l at Wier
Creek Hot Springs. The pH of these waters 1s alkaline,
ranging from 8.1 to 9.0, except for Red River Hot Springs.
These springs have a flouride content of 23 mg/l1 whereas
other sampled springs in the county have a flouride content
of less than 6 mg/l. Typically, the waters in Idaho County
are similar to most other thermal waters throughout central
and southwestern 1Idaho that issue from granitic rock or
areas thought to be underlain by granitic type rocks.

Aquifer temperatures calculated from the silicia and
Na-K-Ca chemical geothermometers and mixing models, as well
as selected atomic ratios, are given in basic data table 2.
Maximum subsurface temperature expected from wells drilled
in the area of springs £for which chemical analyses are
available probably would not exceed 1009C and may be most
closely approximated by the chalcedony or Na~X-Ca
temperature, columns T4 and Tg, basic data table 2.
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ADAMS COUNTY

Seven thermal springs and two wells are known in Adams
County with measured surface temperatures exceeding 20°C
{figure 12}. The two wells are located near the town of
Council. Both are fairly low temperature at 229C. Several
other wells in the Council area have above normal tem-
peratures of up to 179C (10°C above mean annual
temperature). Well 16N-1W-15bacl 1is 35 m deep and was
drilled within 0.4 km of the Hornet Creek-Weiser River
confluence. The other well, 16N-1lW-llacdl, was drilled to a
depth of 64 m near the valley-mountain boundary fault zone
near Grossen Canyon. No chemical analyses are available
from these wells. Samples should be collected to help
determine their geothermal potential.

Starkey Hot Springs (18N-1W-34dbbls), an attractive
resort area, discharges 500 1l/min of 56°C water near the
confluence of Warm Springs Creek and Weiser River where the
Weiser River bends north and abruptly turns south again in
the steep-walled canyon surrounding Fort Hall Hill. Starkey
Hot Springs appears structurally typical of the thermal
spring occurrences in central TIdaho. Aguifer temperatures
indicated by Na-K-Ca and chalcedony chemical geothermometers
are 70 and 77°9C, respectively, These temperatures could
have uses up to and including the lower temperature limit of
refrigeration (see figure 4)., Dissolved solids and flouride
concentration are low, being 348 mg/l and less than 1 mg/l1,
respectively. The pH is 8.6. The chemistry of the water
suggests a source rock not similar in chemical or minera-
logical constituents to granitic rocks.

Councii Mountain Hot S8Springs (15N-1E-2bdblS) is located
2.5 km up Warm Springs Creek from its confluence with the

Middle Fork Weiser River southeast of Council. It issues at
68°C and 190 1l/min from Quaternary alluvium near Jgranitic
rock. No other information is available on this thermal

spring. Its location appears atypical of most springs in
central Idaho.

White Licks Hot Springs (16N=-2E~33bcclS) is located in
the Middle Fork Weiser River drainage and issues from
Quaternary alluvium near Miocene basalt and Cretaceous gra-

nitic rocks. Ross (1971, p. 9} reported that White Licks
Hot Springs occurred on a relatively short north trending
fault and had an abnormally high mineral content. Water

issues from numerous spring vents at 63 to 6592C (Young and
Mitchell, 1973, p. 9) and has a slight sulfur odor. The
quartz and Na-K-{Ca chemical geothermometers estimate aquifer
temperatures of 142 to 1459C, the lower limit of binary
cycle power dgeneration, might be found in the area by deep
drilling.
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FIGURE 12. Index map of Adams County showing locatilons of

thermal water occurrences with surface tempera-
tures of 209C or higher.
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zims Resort (20N-1E-26ddalS) issues at 65°C and about
380 1/min from alluvial f£ill near the fault contact between
Tertiary basalt and Cretaceocus granitic rock. Dissolved
solids are fairly low for this part of Idaho at 666 mg/l and
the flouride content is 2.3 mg/l. Good aygreement between
Na-K-Ca and chalcedony chemical geothermometers indicate
aquifer temperature may be about 83 to 84°C.

Krigbaum Hot Springs (19N-2E-22ccalS) near Meadows,
issues from a northeast trending normal fault in Cretaceous
granitic rocks near Miocene basalt from two separate spring
vents at 40 and 42°C at 150 1/min. The chalcedony and
Na-K~Ca chemical geothermometers indicate subsurface tem-—
peratures of 91 and 96°C, respectively.

The other springs are located on the Little Salmon River
north of Meadows Valley (22N-1E-34dadlS and 21N-1E-23abals}.
The springs have fairly low temperatures (26 and 30°C) and
low discharges.

The chalcedony and Na-K-Ca chemical geothermometers seem
to be more consistent in Adams County (at least for springs
and wells for which analyses are currently available) than
anywhere else in the state,

The geophysics which have been done in Adams County are
reported on by Donaldson and Applegate (1979). . They
reported that:

++.the preliminary map ({(figqure 13} of southern
Idaho shows the Council-Cambridge area being
dominated by a distinct gravity high with a
residual magnitude of nearly 40 mgal (milligal)
near Council (figure 14). The gradient of the
anomaly 1s enhanced to the east where the dense
basalts 1lie adjacent to relatively low density
intrusives. This steep gradient indicates a sharp
contact between basalt and batholith rocks and a
faulted contact is certainly possible. The gravity
profile as a whole indicates that these plateau
basalts are considerably thickened in this area.
The anomaly may represent a local embayment on the
plateau-basalt depositional surface or perhaps
subsidence and filling during the volcanic
activity.

Bond (1975) shows many faults 1n this area and
Witkind (1975) classifies several faults as active
(figure 15). The faulting patterns (Bond, 1978)
suggest that alluvial-filled river cut valleysgs in
this area may be fault controlled. Unfortunately,
the gravity data is very sparse and does not define
the valley margins or allow any estimation of their
depthe or structural controlis.

-28-




FIGURE 13. Gravity map of Council-Cambridge area, contour
interval is 5 milligals. (Mabey, Peterson, and
Wilson, 1974).
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