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ABSTRACT

The Idaho Water Resources Research Institute has compiled available geothermal
resource data for the State of Idaho generated since the last state assessment published
in 1980 by the Idaho Department of Water Resources. Data sources include state and
federal agency reports, organizations under contract with the U. S. Department of
Energy, company reports, research theses, and Idaho Department of Water Resources
Well Driller’s Report forms. This report summarizes the characteristics, occurrences
and uses of thermal waters in Idaho which are documented by resource investigations
conducted since 1980. Recommended areas for further investigation are briefly
discussed.

Additional products of this compilation include a DBase III Plus data set, a
bibliography of Idaho geothermal resources, and a 1:1,000,000-scale geothermal
resource map of Idaho. The data set includes 1554 entries for 1537 individual wells
and springs; this information was derived from a variety of reports on geothermal
investigations, from previous compilations and from well drillers’ reports filed with
the state between 1979 and 1993. The bibliography lists over 750 references on
Idaho geothermal resources. The map presents the distribution of geothermal wells
and springs included in the data set of this report.
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OVERVIEW OF GEOTHERMAL INVESTIGATIONS IN IDAHO,
1980 TO 1993

INTRODUCTION

The Idaho Water Resources Research Institute (IWRRI) has compiled available
geothermal resource data for the State of Idaho focusing on data generated since the
last state assessment published by the Idaho Department of Water Resources
(IDWR)(Mitchell and others, 1980). Sources of information include state and federal
agencies, organizations under contract to the Department of Energy, and individual
authors. The report outlines the characteristics, occurrences and uses of thermal

waters in Idaho which are documented by resource investigations conducted since
1980.

In addition to well data from other reports, the DBase files include data from nearly
200 water wells as much as 924 meters (3030 feet) in depth, drilled in Idaho from
1979 to 1993, for which drillers logs have been filed with the Idaho Department of
Water Resources (IDWR). Temperatures in these wells range from 20°C to 82°C
(68°F to 180°F). Approximately 50% of these wells were drilled for geothermal
applications including municipal and domestic heating, greenhouses, fish farming, and
bathing resort facilities; the remainder were domestic and irrigation wells that
encountered warm water. Seventy-five percent of the warm-water wells drilled in
Idaho since 1979 are located in Twin Falls, Boise, Owyhee, and Ada counties.

Funding for this project was provided by the United States Department of Energy,
Geothermal Division under subcontract with EG&G Idaho, Inc., Task Order No. 77,
Subcontract C85-110544.

Report Scope and Format

The scope of this report is to present a summarization of geothermal data in Idaho
compiled by various individuals, companies and organizations since publication of the
IDWR report (Mitchell and others, 1980); the reader is referred to the cited
references for detailed information. Attached to the report is a diskette containing
data on 1537 thermal wells and springs (GEOTHERM.dbf) and a bibliography of over
750 references compiled on Idaho geothermal investigations (GEOTHERM.bib). Also
attached is a geothermal map of Idaho (in pocket), compiled at a scale of
1:1,000,000, that presents locations for thermal wells and springs. Identifier numbers
for each site on the map correspond to the county (CO) and identifier (ID) fields in
the DBase file.

In this report, geothermal resources are discussed by county in alphabetical order.
Named wells or springs are listed by name and/or township, range, section and
subsection; their county and DBase identifiers (field 2, CO; and field 3, ID,
respectively) in bold parentheses. Unnamed wells and springs are given location
identifiers following the format used by the U. S. Geological Survey and IDWR (see



Figure 1) and also identified with the DBase ID. Units of measurement are presented
as metric units with English Standard units in parentheses.

Compiled geothermal data have been entered in DBase III Plus in the data set
GEOTHERM.dbf (attached diskette). This file contains information for wells and
springs from published reports or unpublished documents. The focus of this
compilation is on information developed since 1980; however, basic information on
name, location, type, and temperature has been included for all thermal wells and
springs in Idaho. Reference sources (field 25) for data are designated by an asterisk
(*) in the References Cited section of this report. Fifty-seven data fields are
contained in file GEOTHERM.dbf; these fields are listed in Table 1. Counties (field
2) are listed by a two-digit numeric code corresponding to their alphabetical order as
shown in Table 2. Subsections (field 7) for some wells or springs may differ slightly
from some published locations in other reports. Generally this is the result of
different subsection listings for the same well or spring described in different
publications. Whenever possible, the discrepancy was resolved by locating the
thermal occurrence on a 7.5-minute quadrangle topographic map and determining the
subsection position. Published latitude-longitude positions were used when available.
When published positions were not available or when errors were apparent in
published locations, the geothermal occurrence was located on a 1:100,000-scale
topographic map and its position was measured manually. A list of the geothermal
sites, locations and temperatures included in the DBase III file is printed on the
reverse side of the accompanying map (in pocket).

This report and the accompanying Bibliography of Idaho Geothermal Resources
(Dansart and others, 1994) have been composed in WordPerfect for Windows 5.2.
The report and bibliography are available in either hard copy or diskette format; the
DBase file is available only on diskette. The map accompanying the report is also
available separately. Requests for all these items may be made through the Idaho
Water Resources Research Institute, University of Idaho, Moscow, Idaho 83844-3011,
(208) 885-6429.

Record Checking

Some duplication of geothermal sites in the DBase file is inevitable when dealing with
different reference sources and sometimes incomplete location information. We have
attempted to minimize duplication by sorting routines designed to identify sites with
identical locations, and by cross-checking names/locations from different sources.
However, unnamed sites, particularly from Parliman and Young (1992), may
duplicate some named sites from earlier reports which have slightly different
subsection and/or latitude-longitude designations; this is especially true in the Boise
area. When sites with slightly different locations were determined to be the same,
they were given the same identifier (ID field) number in the DBase file; otherwise
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Table 1.

Field #
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Name

NAME
co

ID

TWN

RNG

SEC

SUB

LAT

LONG
DATE

TYPE
TEMP_C
TEMP _F
SAMPLE_C
TEMP_TYPE
FLOW_GPM
FLOW_LPM
FLOW_LPS
DEPTH_FT
DEPTH_M
DEPTH_OF_C
M_TO _H20
ELEV_FT
ELEV M
REFERENCE
PH

SPCOND
TDS_MGL
NA

K

CA

CACO3

MG

FE
FE_MICRO
AL

SI02

B

B_MICRO

LI

DBase file GEOTHERM.dbf data fields.

Description

well/spring name or location code
county code #; see Table 2

site identifier

township

range

section

subsection(s); see Figure 1
latitude, in decimal degrees
longitude, in decimal degrees
date of information source or sample
well (W) or spring (S)
temperature in °C

temperature in °F

water sample temperature in °C
surface or downwell water
flow rate in gallons per minute
flow rate in liters per minute
flow rate in liters per second
well depth in feet

well depth in meters

depth of circulation in meters
depth to water in meters
elevation in feet

elevation in meters

source of information

pH

specific conductance in micromhos (pmhos)
total dissolved solids in milligrams per liter (mg/1)

sodium (mg/1)

potassium (mg/1)

calcium (mg/1)

calcium carbonate (mg/1) (hardness)
magnesium (mg/1)

iron (mg/1)

iron in micrograms per liter (ug/1)
aluminum (mg/1)

silicon dioxide (mg/1)

boron (mg/1)

boron (ug/l)

lithium (mg/1)



Table 1. (continued)

Field #

41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57

Name

LI MICRO
HCO3

S04
NO2_NO3

CL

F

AS_MICRO
RESTEMP
RS_NA K CA

LOG_ARAG
LOG_CALC
LOG_DOLO
LOG_TALC
LOG_TREMOL
CL_TO_NA
SILICA_DEG
PCO2

Description

lithium (ug/1)

bicarbonate (mg/1)

sulfate (mg/1)

nitrite plus nitrate (mg/1)

chloride (mg/1)

fluoride (mg/1)

arsenic (ug/l)

reservoir temperature in °C

reservoir temperature with Na/K/Ca geothermometer
in °C

log saturation index - aragonite

log saturation index - calcite

log saturation index - dolomite

log saturation index - talc

log saturation index - tremolite

Cl:Na molar ratio

silica geothermometer temperature in °C
partial pressure of CO, gas (atmospheres)



Table 2. County codes used in DBase files (after Parliman and Young, 1992, Table

2, p. 10).
County Numeric code
Ada 01
Adams 03
Bannock 05
Bear Lake 07
Bingham 11
Blaine 13
Boise 15
Bonneville 19
Butte 23
Camas 25
Canyon 27
Caribou 29
Cassia 31
Clark 33
Custer 37
Elmore 39
Franklin 41
Fremont 43
Gem 45
Gooding 47
Idaho 49
Jefferson 51
Jerome 53
Latah 57
Lemhi 59
Lincoln 63
Madison 65
Minidoka 67
Nez Perce 69
Oneida 71
Owyhee 73
Payette 75
Power 77
Teton 81
Twin Falls 83
Valley 85
Washington 87



they were entered as separate sites with different identifier numbers. When duplicate
sites are suspected or when the name is uncertain, the name field (NAME) is queried.

Previous Compilations

Water Information Bulletin No. 30, Part 9 (Mitchell and others, 1980) is a compilation of
Idaho geothermal resource data available at that time. The publication contains
information on the properties, characteristics, and origins of 899 thermal water
occurrences with surface temperatures of 20°C (68°F) or higher within the state. Included
with this study is a state geothermal resource map (NOAA, 1980). The report lists
chemical analyses of 357 sites. Other reports on statewide geothermal potential include:
Stearns and others (1937); Waring (1965); Ross (1971); Nichols and others (1972);
Warner (1972; 1975); and Young and Mitchell (1973).

Since publication of Water Information Bulletin No. 30, Part 9, in excess of 350 papers
have been written addressing Idaho geothermal resources. Notable assessments which
encompass areas hosting most geothermal occurrences in Idaho include those by
Blackwell (1988) and Mabey (1983). In addition, a compilation of data from Idaho
thermal water [sample] analyses performed at USGS laboratories between 1921 and 1991
is presently available (Parliman and Young, 1992); this reference was used extensively to
compile data for our study.

Regional studies include: Blackwell and others (1992) and Smith (1980), Snake River
Plain; Lewis and Young (1980b), Payette River Basin; Lewis and Young (1982b), Boise
River Basin; Young and Lewis (1982b), Salmon River Basin; Young (1985), Idaho
batholith; Batdorf and others (1980), Ralston and others (1981) and Souder (1985),
southeast Idaho; Young and Lewis (1982a) and McClain (1980), southwest Idaho.

Environmental assessments of seven Known Geothermal Resource Areas (KGRA’s) were
conducted by EG&G, Idaho (Spencer and Russell, 1979a-e; Spencer and others, 1979a-
b). Areas evaluated are: Vulcan Hot Springs, Crane Creek, Castle Creek, Bruneau,
Mountain Home, Raft River, and Island Park/Yellowstone KGRA’s.



SUMMARY OF GEOTHERMAL STUDIES SINCE 1980

Geothermal resources are discussed below by county whenever practical. The scope of
some reports extends across several counties; in these instances, the reports are discussed
under the county in which the geothermal resource dominates. Associated geothermal
sites that occur in adjacent counties are noted by their ID code. Portions of some reports
are excerpted in their entirety for summary purposes; these have been referenced for
proper credit.

Ada County (01)
Boise Area

Hot springs on the north side of Boise near the base of the foothills were the earliest
indicators of a geothermal resource in the Boise area. The City of Boise has been
utilizing geothermal resources since the 1890’s for heat and hot water. The first
commercial district heating system was built in Boise in the 1890’s and supplied the state
penitentiary facilities with geothermal water for space heating, showers, and a laundry
complex for over 80 years. Warm water was supplied by two 122 m (400 ft) wells drilled
in 1890 (1-90, 1-91); this venture eventually became the Boise Warm Springs Hot Water
district. In the 1930’s hot water was provided to approximately 400 residences, small
commercial businesses, and a well-known natatorium (swimming and health facility).
Use of geothermal heat from the system began to decline in the late 1930’s when low
cost natural gas and electricity became readily available. In 1974 the State of Idaho
initiated a study of heating ten State office buildings in downtown Boise. Shortly
thereafter, the City of Boise, in cooperation with the United States Department of
Energy, formed the City Energy Office and began developing feasibility studies for a
major downtown district heating system. Major expansion of Boise’s geothermal
resource use began with a successful retrofit of the State Health Laboratory, as a pilot
project, in 1977. In 1979, a new agency was created called Boise Geothermal to
coordinate activities between the City of Boise and Boise Warm Springs Water District.
In 1980 and 1981, the State of Idaho drilled two wells to service the Capitol Mall heating
system. One of these became the production well (1-76); the other became the injection
well. The 71°C (160°F) water heated over 74,320 m? (800,000 ft?) of office space
(Austin and others, 1984), flowing at a maximum rate of 3028 1/min (800 gpm) during
peak heating system (Berkeley Group, 1990). In 1981, Boise Geothermal drilled three
production wells (BGL-2, BGL-3, and BGL-4)(1-80, 1-82, and 1-83) to service a 7.2 km
(4.5 mi) heat distribution system in downtown Boise. Through the cooperative efforts of
the City of Boise, the Boise Warm Springs Water District, the Department of Energy,
and the Economic Development Administration, a major refurbishing of the Warm
Springs pipeline system was completed and a new district heating system was built in
order to serve downtown Boise (Mickelson, 1985). The Boise City District Heating
system became operational in 1983, and in 1985 was capable of delivering 15,140 I/min
(4000 gpm) or 2.2 million therms to the heating system (Mickelson, 1985). Twenty-one



buildings were connected by March, 1985. These buildings represent 77,107 m?
(830,000 ft?). The 21 buildings include private offices, a library, a hospital, several
public buildings, a veteran’s home, and a commercial laundry. The system has the
capacity to service four to five times the connected area (Mickelson, 1985).

In addition to space-heating, the geothermal system is used to treat tree root infestation
within the sewer system. Geothermal water is also used by the local highway district to
clear inlets and drains; and to melt ice at stream undercrossings (Mickelson, 1985).

The Boise project is a technical success having completed several heating seasons.
Buildings formerly heated with oil, natural gas and electricity have been converted to
geothermal heat. The resource appears to have a bright future in Boise.

An extensive review of data and evaluation of the Boise Geothermal Aquifer was
conducted by the Berkeley Group (1990) under contract to the Idaho Department of
Water Resources. The Berkeley Group evaluated an area extending from approximately
2.4 km (1.5 mi) southeast of the State Capitol building to 0.8 km (0.5 mi) northwest
along the Boise Front. Pressure and temperature response modeling was conducted. The
report concluded that: 1) geothermal production wells along the Boise Front fault
communicate readily and 2) interference occurs between production wells and affects
water levels along the fault in general. The effects of development on the geothermal
aquifer and aquifer longevity cannot be predicted without further hydrologic, geophysical
and geochemical investigation. The report outlined needed monitoring and recommended
methods for further investigation.

Locations of slim hole observation wells were proposed, along with identification of
existing wells for temperature and water level monitoring. Recommendation of a long-
term flow test was also made, along with installation of accurate total flow devices on
selected production wells. Regular geochemical sampling of major pumping wells and
tracer testing of injection wells was also suggested (Berkeley Group, 1990).

Geologic mapping and data from geothermal water wells have provided information to
delineate late Cenozoic geologic units and structures important to understanding the
geothermal system of Boise as it is currently being developed (Wood and Burnham,
1983). The main geothermal aquifer is a sequence of rhyolite layers and minor arkosic
and tuffaceous sediments of the Miocene Idavada Group. The aquifer is confined by a
unit of impermeable basaltic tuffs. The aquifer has sufficient fracture permeability to
yield 65-77°C (150-170°F) hot water at a rate of 2271 to 4542 1/min (600 to 1200 gpm)
from wells drilled in the metropolitan area north of the Boise River. In this area the
rhyolite lies at a depth of 274 to 610 m (900 to 2000 ft). A conceptual model of
recharge assumes percolation to a depth of 2.13+ km (7000+ ft) beneath the granitic
highlands northeast of the city driven by topographic head. Heated water convects
upward through the northwest-trending range-front faults.



Underlying the Idavada Group, granitic rocks of the Idaho batholith have been intersected
by at least two deep wells; one of these wells has the highest flowing temperature, at
82°C (180°F)(1-98), of any well in the Boise area. The granite is not usually a drilling
target because of assumed low permeability. However, along the Boise Front fault zone,
the granite can be relatively shallow and exhibit a high degree of fracture permeability.
An unconformity separates the Idavada Group from the overlying sediments and basalts
of the Idaho Group. Wells completed within the Idaho Group provide domestic water for
Boise residents; water temperatures and chemistry from the lower portions of the Idaho
Group indicate that some leakage from the underlying geothermal aquifer is occurring
(Berkeley Group, 1990).

An analysis of drawdown and production data by Waag and Wood (1987) suggests that
the Boise Geothermal Aquifer system was at or near equilibrium prior to 1983. A
decline in water levels was recognized in the vicinity of production wells. The rate of
decline appeared to be increasing without a coincident increase in production. The main
unreinjected production comes from wells owned by Boise Warm Springs Water District
and Boise Geothermal Limited. These two well fields are completed within fractures of
the Boise foothills fault zone (Bffz) along the boundary between the Boise foothills and
the SRP. Capitol Mall, owned by the State of Idaho, produces from and reinjects fluid
into fractured rhyolites and interbedded sediments beneath the SRP approximately 914 m
(3,000 ft) southwest of the Bffz. Water levels within the system are cyclical and
fluctuate between a low in late February and a high in early September. Although other
factors may play a minor role, the principal cause of the cyclicity is withdrawals from the
aquifer in response to demand for hot water. In the late 1890s the artesian head in the
Warm Springs area was at approximately 858 m (2815 ft) elevation (Lindgren and Drake,
1904). By 1983, maximum recovery declined to approximately 843 m (2,765 ft) and in
1987 to 832 m (2,730 ft). Prior to 1982-83 the system seems to have been at or near
equilibrium. However, in 1983-84 unreinjected production peaked at approximately 1722
million liters (455 million gallons) and equilibrium was disturbed. Although withdrawals
by the two major producers which do not reinject have decreased to an average of 1514
million I/yr (400 million gal/yr) recovery levels in the Boise vicinity have declined at
rates increasing from 0.4 to 3.65 m/yr (3 to 12 ft/yr). The evidence suggests
interconnection and interference between the wells of the major producers (Waag and
Wood, 1987).

In addition to investigations previously cited, other evaluations of the Boise Geothermal
Aquifer include those by Wood and Burnham (1983), Mayo and others (1984), Young
and others (1988), and Mariner and others (1989).

Other areas in Ada County

A study was conducted for Boyd Anderson near Mora, Idaho to assess the technical and

economic feasibility of integrating a geothermally heated anaerobic digester with a fuel
alcohol plant and cattle feedlot. It was determined that sufficient quantities of biogas can

10



be produced through the anaerobic digestion of tillage and manure collected from a cattle
feedlot to provide approximately 14,000 of the 30,000 Btu required to produce each
gallon of alcohol (Austin, 1981).

The geothermal potential of the Mora area is probably similar to that of the Nampa-Boise
area. Information on the temperature potential at depths greater than 610 m (2000 feet)
was obtained by an analysis of the well logs from the J.N. James No. 1 well (1-111)
(T4N, R1W, section 27), a 4.27 km (14,000 ft) oil test well drilled about 24 km (15 mi)
northwest of Mora. The bottom hole temperature in this well (recorded 11.5 hours after
circulation) was 177°C (350°F), yielding a gradient of about 40°C/km (2.5°F/100 ft).
Whether or not sufficient quantities of water are available at these greater depths is
questionable.

Bannock County (05)
Tyhee Area

According to Corbett and others (1980) it appears that warm water suitable for space
heating may be available in the Tyhee area if structures controlling thermal water
movement can be identified at depth. Highest estimate of subsurface temperature at
drillable depth is 80°C (176°F); a low of 41°C (106°F) is represented by surface discharge
in the area.

The area studied by Corbett and others (1980) includes approximately 72 km? (28 mi®) of
the Tyhee portion of Bannock County,immediately northwest of Pocatello, Idaho. The
Tyhee area is marginal to the SRP and located at the main boundary separating the SRP
from the adjacent Bannock Range block. Gravity and magnetic studies, geochemical
surveys, temperature gradient measurements, well log compilation, geologic mapping and
Landsat imagery interpretation was conducted. These data were used to create a model
for the Tyhee area.

Temperature gradient measurements were made in seven unused wells in the Tyhee and
adjacent areas. These wells ranged in depth from 30 to 230 m (98 to 754 ft). The
temperature gradients measured were inconsistent and variable; reliable overall
temperature gradients for the Tyhee area could not be determined. The gradients range
from nearly isothermal to a maximum of 190°C/km (11.4°F/100 ft). Most gradients were
above normal (33°C/km [2.8°F/100 ft]). Four of the wells from which gradients were
obtained exhibited a lower gradient in the upper section of the well and a steeper gradient
in the deeper parts of the well bores. Possible causes include thermal conductivity
changes in underlying sediments and rock, vertical or lateral groundwater movement,
topographic effects, seasonal fluctuations and/or irrigation practices.

Hot waters of the area appear to be both spatially and genetically related to the major
faults present, primarily at fault intersections. Recurrent fault movement probably
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created permeable zones for water circulation; these zones most likely control hot water
occurrence. The quartz chemical geothermometer and a mixing model indicate that
thermal water equilibrated last at a temperature of between 63°C and 80°C (145°F and
176°F). Geothermal gradient measurements indicate a gradient of 60°C/km (4.3°F/100 ft)
and speculative thermal conductivity values indicate heat flow of from 1.2 to 3.0 HFU
with a probable value of about 3 HFU for the area.

Pocatello

Trans Energy Systems (1981) studied the potential application of low temperature
geothermal heat to a barley malting process. The study focused on the Great Western
Malting Company facility at Pocatello, Idaho; the plant utilized natural gas. Trans
Energy Systems estimated the presence of a geothermal resource yielding 3785 to 5678
I/min (1000 to 1500 gpm) at 65.5°C to 121°C (150°F to 250°F) in the area. Based on this
estimate, the viability of seven different processing systems utilizing geothermal heat was
evaluated. Preliminary analysis indicated payback on the installation of a system to
utilize the resource would occur in under 2 years.

Bear Lake County (07)

A hydrogeologic investigation of geothermal systems in the vicinity of the Bear River
Range was conducted by Baglio (1983). This was a reconnaissance level examination of
regional geologic controls and hydrochemical characteristics of thermal and nonthermal
groundwater systems in the area. Fifty three selected springs and shallow wells were
characterized. These sites are located in Bear Lake, Caribou and Franklin counties but
are discussed here because the majority of the area examined is in Bear Lake County.

Thermal springs in the vicinity of the Bear River Range occur in the Bear Lake, Gem,
and Cache valleys and the Blackfoot Lava Field. Limited, small scale use of the
geothermal resources has occurred; development has been primarily at discharge sites.

Baglio’s (1983) research was conducted within the region bordered by the Blackfoot
River to the north, Gem and Cache valleys to the west, and the Idaho state line to the
south. The eastern boundary extends from the Blackfoot River Reservoir to the
southeastern corner of the state. This 4,700 km? (1815 mi?) area of southeastern Idaho is
characterized by north- and northwest-trending mountain ranges and valleys. Linear
ranges of predominantly Paleozoic and Mesozoic marine carbonate strata are separated by
wide intermontane basins filled with thick deposits of continental ash, conglomerate, and
limestone. The surfaces of the basins are covered by Quaternary basalt, alluvium,
colluvium, and lacustrine sediments.

Three regional hydrochemical groups were identified: two groups represent thermal
ground water systems and the other includes the nonthermal ground water systems of the
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area. The following description of the geothermal systems is excerpted from Baglio’s
report (1983).

Geographical and geological similarities of the springs and wells sampled were examined
to understand physical conditions that control the ground water discharges. The
hydrochemical data were examined statistically to group the springs and wells by
chemical characteristics. The resulting hydrochemical groups were then compared with
physical settings to identify and conceptualize regional ground water flow systems,
specifically geothermal flow systems.

The sites selected for analyses represent thermal and selected nonthermal hydrogeologic
regimes in the area. Temperatures measured ranged from 5°C (41°F) at Trout Creek
Spring in Caribou County to 75°C (167°F) at Maple Grove Hot Spring (41-6) in Franklin
County.

Conclusions drawn by Baglio (1983) are:

1. The locations of nonthermal ground water discharges, particularly in the Bear River
Range, appear to be controlled chiefly by stratigraphic relationships; the locations of
thermal discharges throughout the area appear to be controlled by predominantly major
normal or tear faults.

2. Thermal spring and well discharges with surface temperatures contribute a negligible
volume of water to the overall hydrologic budget of the area.

3. The ground water flow systems emanating at the surface as both nonthermal and
thermal discharges are probably meteoric in origin.

4. The thermal systems probably derive heat by thermal conduction from rock at depth;
the depths of ground water circulation are estimated from 300 m to 3,000 m.

5. Two end-members of hydrochemical types present within the study area are: a) water
with calcium or magnesium and bicarbonate as dominant ions; and b) water with sodium
and chloride as the dominant ions.

6. Three hydrochemical groups of ground waters delineated by the chemical
characteristics represent: a) nonthermal ground water systems throughout the area; b)
thermal systems in the Soda Springs/Blackfoot Lava Field area; and c¢) thermal systems in
the lower Gem Valley area.

7. Nonthermal ground water systems throughout the area have cold surface temperatures,

low dissolved solids concentrations, and are chemically uniform with calcium and
bicarbonate as the dominant ions. Nonthermal systems specifically within the Bear River

13



Range are controlled by predominantly karstic conditions and discharge from carbonate
formations located stratigraphically above the Brigham Quartzite.

8. Thermal systems in the Soda Springs area have warm surface temperatures, high
dissolved solids concentrations, and have primarily calcium and bicarbonate as dominant
ions. The unique chemical characteristics of these discharges appear, in part, to be the
result of external inputs of CO, into the flow systems at some depth. The variations in
temperature and dissolved solids concentrations appear to be related to differences in the
structural controls of the discharges.

9. Thermal systems in lower Gem Valley have warm to hot surface temperatures,
moderate dissolved solids concentrations, and evolve hydrochemically from having
calcium and bicarbonate as dominant ions to having sodium and chloride as dominant
ions. This evolution occurs from north to south along the trace of the West Gem Valley
fault. The cause of the hydrochemical evolution is suspected to be the dissolution of
halite.

Blaine County (13)

The geology of several hot spring sites has been mapped in varying detail by Anderson
and others (1985); Blackett (1981b); Struhsacker and others (1983) and Leeman (1982).
Individual systems that have been investigated are Magic Hot Springs (13-3)(Struhsacker
and others, 1983; 1984) and Guyer Hot Springs (13-17)(Blackett, 1981b; Burkett and
Litke, 1989). Assessments that include the geothermal resources of Blaine County have
been made by personnel from the U.S. Geological Survey (Sammel, 1978; Mariner and
others, 1983).

Geochemical studies of thermal springs in Blaine County were conducted by Zeisloft and
others (1983) and Foley and others (1983). Foley and Street (1985a-b; 1986; 1988)
discussed the nature and occurrence of the thermal resources and associated elevated
fluoride levels and have prepared a field guide addressing individual spring sites and
regional geothermal potential.

Zeisloft and others (1983) integrated the results of previous geological and geochemical
studies with the results of their study to develop a target model for hydrothermal
resources on the margin of the Idaho batholith. Samples of thermal and non-thermal
water were collected from selected springs and wells during this study, and analyzed for
major and trace element constituents.

Several studies have described the individual hot spring or well sites in detail (Anderson

and others, 1985; Blackett, 1981b; Mitchell, 1976; Mitchell and others, 1980;
Struhsacker and others, 1983; and Foley and Street, 1988).
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Wood River Drainage

The Idaho Department of Water Resources studied hydrothermal systems in the Wood
River drainage (Anderson and others, 1985; Street, 1990). Anderson and others (1985)
concluded that geothermal resource potential in the Wood River Drainage is limited to
isolated thermal water reservoirs in the vicinity of fault controlled hot springs. None of
the rock units in the area have the necessary permeability and transmissivity to serve as
thermal water aquifers. Water temperatures indicate suitability for direct uses like space
heating, bathing and fish culture, but elevated fluoride concentrations will complicate
commercialization of the resource.

A geochemical investigation of both thermal and nonthermal springs in the Wood River
area by Street (1990) was conducted to determine possible flowpaths, ages of the waters,
and environmental implications of development. Seven thermal springs and five cold
springs were sampled for major cations and anions along with arsenic, lithium, boron,
deuterium and oxygen-18. Eight rocks, representative of outcrops at or near the thermal
occurrences were sampled and analyzed for major and trace elements. Street (1990)
reported that Wood River area hydrothermal springs are dilute Na-HC0;-Si0, type
waters. Calculated reservoir temperatures do not exceed 100°C (212°F), except for
Magic Hot Springs Landing well (13-2)(108°C [226°F] with Mg correction). The isotope
data suggest that the thermal water is not derived from present-day precipitation, but
from precipitation when the climate was much colder and wetter.

Anderson and others (1985) studied a 3626 km? (1400 mi?) area within the Wood River
Drainage with emphasis on seven different sites with thermal springs. In addition to the
surface and subsurface geologic surveys, a limited geochemical and isotope survey was
conducted in order to obtain more information on thermal history. Shallow subsurface
geologic and hydrologic data were obtained from existing well logs to determine aquifer
potential and shallow geologic structure. Temperature gradient profiles were obtained
from measurements taken in existing unused drill holes to assist in determining potential
aquifer temperatures.

Anderson and others (1985) discuss the geology and related geothermal systems for each

hot spring area proceeded by geographic location from south to north within the study
area as follows:

Magic Hot Springs (13-3)

The Magic Hot Springs area is located in the southern portion of the study area on the
north edge of Magic Reservoir in TIS, R17E, section 23aab. The geothermal
development at this location presently consists of a 79 m (259 ft) well (13-2) that has an
artesian flow of 57 /min (15 gpm) of 74°C (165°F) water. This well was drilled near the
former site of Magic Hot Springs, which had a surface discharge of 492 1/min (130 gpm)
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at a temperature of 36°C (97°F) (Ross, 1971). As a result of the drilled well, the springs
ceased flowing.

Another well located approximately 400 m (1312 ft) due east of the Magic well, in TIS,
R17E, section 23aaa (13-1), was drilled to a depth of 117 m (384 ft). This well,
penetrated granite from 96 m (315 ft) to total depth, does not flow, and has a temperature
of 37°C (98.6°F).

The rocks exposed at or near the surface in the immediate area of the Magic Hot Springs
are mostly basalt, rhyolite, and rhyolitic ash-flow tuff that are in places covered by
Quaternary sediments. The youngest rocks in the area are Quaternary-age basalt flows.
Leeman (1982) suggests rhyolite is the "basement” rock for much of the Magic Reservoir
area. Quaternary sediments are locally exposed in the area, and may have a combined
thickness of nearly 80 m (262 ft) as indicated by water well data at the hot springs site.

The area is cut by numerous, normal faults that trend northeast, northwest, and west.
The northwest- and west-trending faults appear to be the dominant structures, forming a
horst block in the hot springs area. Data from water well logs in the area and
temperature gradient profiles suggest the resource is fault controlled. Those wells not
intersecting major structural features or related permeable zones have isothermal
temperature gradients and yield little water. Those wells drilled on or near major
structural features have higher temperature gradients and higher water yields.

The geothermal resource at Magic Hot Springs is probably controlled by deep, convective
circulation of waters along major faults, being heated by an unknown heat source at
depth, eventually migrating upward and discharging at the surface at or near the
intersection of these major structures.

Hailey Hot Springs (13-10)

Hailey Hot Springs is located about three kilometers west of Hailey on the north side of
Croy Creek in Democrat Gulch, T2N, R18E, section 18dbb. The geothermal resource at
this location consists of several tightly grouped spring discharges, with a cumulative flow
of 265 1/m (68 gpm) at 59°C (138°F). Prior to their development, these springs
discharged through the alluvial material of Democrat Gulch. Just a few feet west of the
springs is an exposure of highly jointed Milligen Formation carbonate rocks which
presumably is an outcrop of the thermal water conduit.

Much of the area of spring discharge has been enclosed by a concrete headbox with the
hot water funneled into a buried pipe distribution system for swimming pool and space
heating use in Hailey at the Hiawatha Hotel. The hotel burned leaving the subsequent
use of the resource questionable.
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The rocks exposed in the area of Hailey Hot Springs are carbonate and argillite of the
Milligen and Wood River Formations overlain on the west by Challis Volcanics. The
alluvium-covered valley floor is nearly 210 meters wide at the springs and is flanked on
the east by a narrow deposit of elevated terrace gravels. The subsurface geology in the
area of the hot springs is relatively unknown as only limited well drilling has been done
in the area. This resource appears to be structurally controlled because rock
permeabilities are generally low.

McLain and Eastlake (1979) conducted a site specific analysis of Hailey for the Idaho
Office of Energy in order to characterize its suitability for space heating systems. They
identified three practical space heating applications: 1) spaceheating of greenhouses at
the hot springs location; 2) spaceheating a new subdivision development somewhere
between the hot springs and the city of Hailey; and 3) spaceheating residential and
commercial buildings in Hailey. They concluded a city owned district heating system had
the highest potential for economic success, with start up capital being the biggest
obstacle.

Clarendon Hot Springs (13-13)

Clarendon Hot Springs is located in T3N, R17E, section 27dcb. The spring is located on
the west side of Deer Creek, just above the Clarendon Hot Springs Resort. The
geothermal resource at this location consists of a spring discharging 378 1/m (100 gpm) at
47°C (116.6°F) (Mitchell and others, 1980). This spring is currently utilized at the
adjoining ranch which includes swimming facilities. It was proposed to use these waters
for space heating at an adjoining recreation area under development.

Rocks exposed in the Clarendon Hot Springs area are Cretaceous granitic intrusives,
sandstone and quartzite of the Wood River Formation, and argillite of the Milligen
Formation. Alluvium covers the narrow valley floor. The subsurface information and
surface geology indicate rock and formation permeabilities are low with the thermal
occurrence most likely structurally controlled.

Limited shallow well drilling in the area has met with varied success. Producing wells
are used to support the resort facilities.

Guyer Hot Springs (13-17)

Guyer Hot Springs are located on the south side of Warm Springs Creek near the western
city limits of Ketchum in T4N, R17E, section 15aac. The geothermal resource at this
location is privately owned, and consists of several springs with a cumulative discharge
of about 3,780 1/m (1,000 gpm). Temperatures vary from one discharge point to
another ranging from 55°C to 70°C (131°F to 158°F). Much of the spring area has been
capped by enclosed concrete headboxes. The thermal water is funneled into a single
distribution system for local space heating and swimming pool use in Ketchum. Sifford
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(1984) reported approximately 60 homes and businesses utilizing this warm water
distribution system.

About 640 m (2100 ft) east of Guyer Hot Springs is Grayhawk Hot Springs (13-16)
which discharges at nearly 8 I/min (2 gpm) through the alluvium-covered valley floor at
55°C (131°F).

Rocks exposed at Guyer Hot Springs are folded, faulted, and locally highly jointed
Paleozoic sediments of the Wood River Formation. Just east of the hot springs, the
narrow valley floor broadens significantly, forming wide alluvial flats flanked by terrace
gravels. Faulting appears to control the migrating thermal waters. Secondary
mineralization found along a northwest-trending fault system just east of the intersection
with a north-south-trending fault system suggests previous migration of thermal waters.
The subsurface geology in the area of the hot springs is relatively unknown as only
limited drilling has been done in the area.

This resource seems to be structurally controlled because formation permeabilities are
generally low. Water chemistry data suggest Guyer and Greyhawk Hot Springs may
originate from the same source.

Warfield Hot Springs (13-15, 13-19)

Warfield Hot Springs, also known locally as Frenchman’s Bend Hot Springs, is located
west of Ketchum about 17.5 km (10.9 mi) up Warm Springs Creek. The geothermal
resource at this location consists of two main spring discharges and several minor
discharges. One spring (13-15) located in T4N, R16E, section 36aac, discharges from
locally highly jointed granitic rock at about 378 1/min (100 gpm) at 65°C (149°F). This
spring, like the others, discharges below the high water mark of Warm Springs Creek
and flows directly into it. The other spring (13-19), located in T4N, R17E, section
31bbc, is a major seep. This seep discharges through highly fractured carbonate rocks at
62°C (143.6°F) and is approximately 305 m (100 ft) downstream from the spring. Other
smaller seeps, discharging through a thin veneer of alluvium covering the carbonate
rocks, are visible for a short distance (90 m [295 ft]) south of the main seep along Warm
Springs Creek. The area is easily accessible from Ketchum by an improved gravel road.
Facilities at the site consist of several hand-dug bathing pools and a small change house.
A few summer recreation cabins are located nearby.

Rocks exposed in the Warfield Hot Springs area consist of a moderately weathered and
jointed Cretaceous granite and highly jointed carbonate rocks of the Wood River
Formation. A veneer of alluvium covers the narrow valley floor. The thermal surface
discharges of the area appear controlled by the major jointing found in the granite and
dolomite. Discharges appear to occur along northwest- and northeast-trending joint sets
which create enough permeability to allow migration of thermal waters. Major faulting
in the area is not well defined. As no wells have been drilled in this area, the subsurface
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geology is unknown. Rock permeabilities appear to be low. The thermal occurrences
seem to be structurally controlled and confined to avenues of fracture permeability.

Easley Hot Springs (13-22)

Easley Hot Springs is located in the northern portion of the study area in TSN, R16E,
section 10dbc (Mitchell and others, 1980). The spring occurs on the south side of the Big
Wood River valley floor very near the southern boundary of the Sawtooth National
Recreation Area.

The geothermal resource at this location consists of a spring with a discharge rate of
approximately 68 I/min (18 gpm) at 37°C (98.6°F). The spring is located just a few feet
above the valley floor, discharging from a highly jointed exposure of Tertiary Challis
Volcanics. Just below the spring, within the alluvium-covered valley floor, a shallow
marshy pond is fed by thermal water migrating upward through what appears to be the
same joint system. Presently, the spring is almost fully diverted for use.

Facilities at Easley Hot Springs consist of a large camping area including a modern
outdoor swimming pool fed by the spring. This area, along with newly constructed
support facilities, is managed by the First Baptist Church of Idaho.

The rocks exposed in the Easley Hot Springs area are primarily Challis Volcanics and
Quaternary alluvium. Angular volcanic float and remnant terrace gravels cover much of
the steep slopes flanking the valley floor.

The surrounding area has not been drilled, and subsurface geology is relatively unknown.
Easley Hot Springs is likely structurally controlled as rock permeabilities are low.

Russian John Hot Springs (13-23)

Russian John Hot Springs lies within the Sawtooth National Recreational Area. The
specific location is unsurveyed, but has been reported as T6N, R16E, section 33cca
(Mitchell and others, 1980). The area is just west of State Highway 75 and Russian John
Guard Station.

The geothermal occurrence at this location consists of a seep of about 4 1/min (1 gpm)
with a surface temperature of 35°C (95°F). This spring discharges from Quaternary
alluvial material; there are hand-dug shallow bathing pools constructed at the site. About
245 m (804 ft) to the east, in the valley plain, there are some shallow marsh-like ponds
that have a surface temperature of 18-20°C (64.4-68°F). The ponds appear to be
connected to the system as they rarely freeze during winter.

The main rocks exposed in the immediate area of Russian John Hot Springs are
Quaternary alluvium and terrace gravels. Many of the stream valleys in the area have
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fragmental gravel terraces at different elevations along their flanks with extensive
floodplain deposits in the bottom. These deposits primarily consist of quartzite,
sandstone, and volcanic rocks with minor fragments of porphyritic volcanic units. The
gravels are generally well rounded and contain some boulders up to three feet in
diameter.

Little is known about the subsurface geology; no wells have been drilled in the area.
Surface geology indicates that rock permeabilities are low. The thermal occurrence found
here is most likely controlled by the convective circulation of water, heated at depth,
migrating upward along structurally controlled avenues of higher permeability.

Anderson and others (1985) concluded that the chemistry and temperature of thermal
water occurrences in the Big Wood River drainage generally are typical of other thermal
waters found in or near rocks associated with the Idaho batholith. These waters likely
originated as precipitation 11,000 to 22,000 years ago. The narrow range for oxygen-18
depletion shown by the thermal waters suggests very similar thermal histories. Meteoric
water likely occurred during a cooler period and was elevated to similar temperatures at
depth. Variations in deuterium may indicate separate recharge areas and flow systems for
the thermal springs in the area. Other published data indicating specific water chemistry
and thermal histories for individual hot springs associated with the Idaho batholith support
this theory.

The standard geothermal model for the area and similar thermal water occurrences along
the northern edge of the SRP suggests recharge in the upland with downward migration
of water along deep faults to depths of 2 to 3 km (6560 to 9840 ft). The heat source at
these depths is generally considered to be related to the granitic rocks of the Idaho
batholith. The water is probably heated by simple conductance prior to its return to the
land surface through fault generated permeable zones. The upward rate of flow is
controlled by thermal gradients and hydrostatic pressure as well as the transmissivity of
the permeable zone. The limited data in the Wood River drainage area suggest a
geothermal gradient of approximately 30°C/km (2.6°F/100 ft).

It is likely that the resource consists of relatively small isolated thermal water reservoirs
with limited development potential. None of the hot springs in the area have large
discharges.

None of the rock units in the area, except the recent alluvium and Quaternary glacial
deposits, have the necessary permeability and transmissivity to serve as thermal water
aquifers. Production wells in the Wood River drainage have to intersect the fault that
controls the upward movement of thermal water. Mapping fault traces at the surface is
the logical first exploration step. Infrared aerial photography may be useful in identifying
fault traces associated with thermal water. Resistivity profiles taken at right angles to
fault traces may be an appropriate geophysical tool. Correlation testing should be
conducted along faults known to be associated with hot water (Anderson and others,
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1985). Published geochemical thermometer data for the region (Mitchell and others,
1980) indicate water of moderate temperature suitable for direct uses such as space
heating, bathing, and fish culture. The elevated fluoride concentrations (> 12 mg/l) in
the thermal water will complicate commercialization of the resource. These waters do
not meet state or federal standards for drinking water, so regulatory agencies are unlikely
to approve surface discharge of spent thermal water in amounts greater than the existing
spring flows.

Ketchum

A site-specific analysis of Ketchum was initiated by the Oregon Institute of Technology
(OIT) Geo Heat Center (Dellinger and others, 1982). It was later determined that the
analysis could not contribute to further geothermal development due to several physical,
legal, and institutional factors that included limited resource quantity, ownership
considerations, and environmental concerns. Sifford (1984) reported approximately 60
homes and businesses utilizing a warm water distribution system originating at Guyer Hot
Spring, a 70.5°C (159°F), 3785 1/min (1000 gpm) resource.

Warm Springs Creek

During 1987, ground water and surface water studies were conducted in the Warm
Springs Creek area by Burkett and Litke (1989) for the Idaho Department of Health and
Welfare. The ground water research was designed to characterize the valley aquifer and
ground water flows, to assess background fluoride levels and sources of fluoride to the
aquifer, and to determine the effect of pipeline leaks on the ground water and domestic
well contamination. Surface water research was designed to assess water quality impacts
due to existing geothermal discharges as well as to evaluate potential impacts from
proposed geothermal developments. Warm Springs Creek, Trail Creek, and the Big
Wood River were included in this research. Ground water monitoring documented
fluoride levels in excess of the current state Maximum Contaminant Level (MCL) of 2.4
mg/1 at several public and private wells. The research indicated that leakage from the
pipeline does enter the Warm Springs Creek valley aquifer, and that it has a demonstrated
effect on fluoride levels in several public community drinking water systems. Removal
of the leakage was projected to reduce fluoride levels in these wells by 1-2 mg/l on
average, and possibly as much as 5 mg/1 during periods when the pipeline is pressurized.
The report recommended that this leakage be eliminated to protect public health from
fluoride impacts. The report also made recommendations for surface and ground water
quality protection of the Warm Springs Creek area relative to future geothermal
development.

Boise County (15)

According to Blackwell and others (1992), in the southern part of the Idaho batholith
there are major effects on the heat flow regime associated with deeply circulating ground
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water. Hot springs are common in the southern part of the Idaho batholith and occur
along major topographic lows, spaced a few kilometers apart. Estimates of heat loss
from the hot springs within this area correspond to 10 to 20% of the regional heat flow,
significantly affecting the conductive transport pattern. The average "background" values
for gradient and heat flow are about 26°C/km (2.4°F/100 ft) and 75SmWm, respectively;
this is due to heat generation in the granitic rocks in the batholith. High heat-flow values
(greater than 85mWm2) coincide with hot spring locations, lineations, or the margin of
the SRP. These hot springs have been described by Ross (1971), Mitchell and others
(1980), and Lewis and Young (1980b, 1982b). Heat-flow losses from these hot springs
have a major effect on the conductive transport pattern of regional heat flow.

Garden Valley Area

Several greenhouses, resort facilities, and numerous homes use geothermal resources to
provide hot water and space heating needs in Boise County, particularly in the Garden
Valley-Crouch area. Logs for 31 warm water wells (15-17, 15-21, 15-23, 15-24, 15-26
through 15-44, and 15-46 through 15-53) were filed with the Idaho Department of
Water Resources for the period 1980 to 1992. Water temperatures recorded ranged from
27°C to 84°C (81°F to 183°F); 24 of the wells showed temperatures greater than 55°C
(131°F).

According to Blackwell (1988), the area with the most well documented geothermal
gradient and heat-flow data is just west of Garden Valley along the South Fork of the
Payette River. The hot springs all exit along the banks of, or in, the South Fork of the
Payette River at elevations of about 1000 m (3280 ft). Measured spring temperatures
range from 41-61°C (105.8-141.8°F)(Mitchell and others, 1980). Detailed geochemical
information for the springs have been discussed by Lewis and Young (1980b). High heat
flow values are found 3-4 km (1.9-2.5 mi) from the Payette River near Grimes Creek
(T8N, R6E) in mineral exploration holes at elevations of over 1800 m (5900 ft). Even
higher heat flow is found at Reservoir Creek (reported as T8N, RSE, section 16bcc but
shown in section 21 on Figure 8 [Blackwell, 1988}]) about 1.5 km (0.9 mi) from the river
and its topographic lineament. Blackwell (1988) also reports that four holes were drilled
along Wash Creek (T8N, R4E) approximately perpendicular to, and south of, the Payette
River to explore the size of the thermal anomaly [no temperature information could be
located for the these wells or the well on Reservoir Creek and therefore they are not
included in the accompanying data base]. Results clearly indicated an area of several tens
of square kilometers in size that has anomalous temperature gradients and heat flow.
Estimated reservoir temperatures of the hot springs sampled range from a low of 56°C
(132.8°F) to a high of 122°C (251.6°F). The existence of high heat flow values over such
a broad area rules out the theory of very local circulation systems around hot springs or
lineaments. Lewis and Young (1980b) found no simple geochemical correlation between
thermal and nonthermal water. The nature of the geothermal system is still unknown and
further studies are needed. There may be significant potential for development of some
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of these systems for space and/or process heating where nearby developments exist
(Blackwell, 1989).

Payette River Basin

Lewis and Young (1980b) characterized 31 thermal springs in the Payette River basin.
Water temperatures ranged from 34°C to 86°C (93.2°F to 186.8°F), with estimated
reservoir temperatures of 53°C to 143°C (127.4°F to 289.4°F). Tritium analysis indicated
that sampled geothermal waters are at least 100 years and possibly more than 1000 years
old.

Six hot spring areas along the South Fork of the Payette River were examined in detail by
two Washington State University graduate students, Reed (1986) and Dingee (1987).
Geothermometers give estimated reservoir temperatures of 68°C to 150°C (154.4°F to
302°F). Reservoir volume and temperature appear sufficient to support localized direct-
use applications.

Much of the study area(s) is underlain by plutonic rocks of the Cretaceous Idaho
batholith. Tertiary dike swarms and granitic plutons transect the areas. Northeast- and
northwest-trending major fault zones cut this lithology and control the course of the South
Fork of the Payette River.

West of Lowman

Reed (1986) studied four hot spring areas located along the South Fork of the Payette
River, between the towns of Lowman and Banks. The purpose of this investigation was
to determine the detailed geologic, geochemical, and hydrologic setting of the thermal
springs.

According to Reed (1986) the four thermal spring areas are located along major fault
zones and were divided into two types. The Goller (15-6), Corder (15-7), and Pine Flat
(15-14) Hot Spring areas are associated with Tertiary dike swarms related to the Idaho
porphyry belt. Hot spring vent locations are controlled by the dikes having the highest
hydraulic conductivity. SiO, and Na:K:Ca geothermometry yielded source temperatures
of 71°C (159.8°F) which, combined with a measured geothermal gradient of 80°C/km
(5.4°F/100 ft), suggests a 1 km (3280 ft) circulation depth. The Deer Creek Hot Spring
(15-15) area is distinct geologically and geochemically from the other three areas.
Situated in an area lacking dikes, the hot water rises 2 km (6560 ft) along the intersection
of two major faults from a thermal aquifer at 142°C (287.6°F). The two types of
geothermal systems share several common features. Recharge, with cold meteoric water,
occurs along the major fault zones with long (9,000-28,800 years) residence times for
waters in the system. Little or no mixing of thermal and nonthermal waters occurs
during ascent. Recurrent fault movement has maintained open conduits otherwise
plugged by the gradual precipitation of minerals by the rising thermal water.
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Reed states that residents of the study area use the hot spring water for bathing, space
heating of homes and greenhouses, and for medicinal purposes. The few wells drilled for
hot water in the study area have been shallow (<75 m [ <246 ft]) and flowrates (up to
240 V/min [62.4 gpm]) of water at temperatures similar to nearby springs have been
obtained. It appears that sufficient hot water is present in this sparsely populated area to
accommodate increased development of this resource for most direct use applications. In
addition, the scenic setting of the hot spring areas and their proximity to a major
population center (Boise) suggests that careful development of these areas for tourism and
recreation may ultimately yield the greatest economic returns from this resource.

East of Lowman

Dingee (1987) investigated three hot spring areas--Kirkham (15-22), Bonneville (15-54)
and Sacajawea (15-55) hot springs--located east of Lowman, Boise County, Idaho along
the South Fork of the Payette River. The objectives were to determine the detailed
geologic, hydrologic and geochemical setting of these hot spring areas. A summary of
Dingee’s report follows.

The SiO,, Na/K and Na:K:Ca geothermometers were applied to hot spring waters from
each of the areas. Estimated aquifer temperatures for Bonneville and Sacajawea hot
springs are 130-150°C (266-302°F), while those of Kirkham Hot Springs are 70-90°C
(158-194°F). Using the silica heat flow method, an average geothermal gradient of
50°C/km (3.7°F/100 ft)was calculated. The Bonneville and Sacajawea hot springs areas
have an estimated aquifer source about 2-3 km (6560-9840 ft) below the surface while the
Kirkham Hot Springs reservoir is about 1-2 km (3280-6560 ft) deep.

Hot spring vents in all areas are located along faults and fault zones and discharge from
fractures in granite/granodiorite; they are frequently associated with dikes. On a regional
basis, each geothermal area occurs where northwest-trending Basin-Range style faults
terminate against the trans-Challis fault system. Recharge is thought to occur along
Basin-Range faults; thermal waters migrate in a northerly direction along these faults and
ascend to the surface when the trans-Challis fault system is encountered.

Hot spring waters from the area of investigation are moderately alkaline (pH 9.2 to 9.4);
temperatures range from a low of 50°C (122°F)(Kirkham Hot Springs) to a high of 85°C
(185°F)(Bonneville Hot Springs). Temperatures are uniform for the larger discharge
vents at each hot springs area. Discharges are variable at each hot spring; vents with
larger discharges usually have the highest temperatures for each hot springs complex.

The geothermal systems examined in Dingee’s (1987) study produce waters suited for
direct use applications. The geothermal system may be quite large and possess quantities
of hot water able to sustain direct use development. The hot springs areas are located on
U.S. Forest Service land, precluding commercial development, in sparsely populated
areas with relatively low energy requirements. The hot springs of the area are presently
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used for recreational bathing and swimming. They will remain a recreational resource
unless there is a change in local energy demands and U.S. Forest Service policies.

Bonneville County (19), Caribou County (29), Jefferson County (51), and Madison
County (65)

Unlike the SRP ground water system, there has been relatively little study of the
hydrology of the southeastern Idaho Basin and Range province. Ralston and Mayo
(1983) summarized geothermal gradients from temperature logs and bottom hole
temperature (BHT)measurements in oil wells. The BHT data is of questionable quality
but gives some idea of geothermal gradients. Blackwell and others (1992) collected BHT
data from wells drilled since 1983. Well sites are both north and south of the SRP and
estimated BHT values range from just over 100°C (212°F)at 4 km (13,120 ft) to almost
180°C (356°F) at 5 km (16,400 ft) depth. One well studied, the Gentile Valley #29-1
(19-18)(shown as GENVA1-9 in Table 3b, Blackwell and others, 1992), was drilled by
CONOCO in 1979 and was later taken over by Phillips Geothermal. The well has an
average gradient of 60°C/km (4.3°F/100 ft) to a depth of 3 km (9840 ft) with a bottom
hole temperature of 190°C (374°F). This BHT is best fit by a heat flow of 127 mWm?
for the whole well. The heat flow is significantly above the expected Basin and Range
background in this area 50 km (31 mi) from the edge of the SRP.

Based on sketchy data, there may not be significantly elevated heat flow in the area north
of the South Fork of the Snake River. Two unidentified wells south and east of the South
Fork of the Snake River have apparent average geothermal gradients of over 50°C/km
(3.7°F/100 ft) to depths of 3-4 km (9840-13,120 ft); these values are considered
anomalous for this area. Available information suggests highly variable heat flow in
southeast Idaho. There is a very large area of elevated geothermal gradient in the
vicinity of Grey’s Lake and Blackfoot Reservoir. The Gray’s Lake/Soda Lake area heat
flow in deep wells ranges from 50 to 120 mWm™. The area has been thought to have
significant geothermal potential based on the geologic setting. Gradients in this area are
distinctly anomalous with respect to those elsewhere in the southeastern Idaho Basin and
Range province (Blackwell and others, 1992).

The Hubbard #25-1 (SUNHUB 25) well (29-18)(T7S, R41E, section 25) is near Blackfoot
Reservoir. Numerous Quaternary rhyolite and basalt volcanoes are found in this vicinity.
Geochemistry of ground water shows no evidence of high temperature geothermal
systems. Maximum temperature recorded on a poor quality temperature log is 68°C
(154.4°F) at 2300 m (7544 ft). Based on a typical limestone thermal conductivity of 2.7
Wm'K! an upper limit for the heat flow is 82 mWm? (Blackwell and others, 1992).

Caribou Range Area

Hubbell (1981) described geothermal flow systems in the vicinity of the Caribou Range in
southeastern Idaho. He characterized 23 springs and two wells in addition to describing
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area geology. The study analyzed thermal and nonthermal flow systems based upon
hydrogeologic and chemical data collected at selected spring and well sites.

The springs inventoried in the study area are divided into three groups for discussion
purposes: 1) thermal springs that discharge highly mineralized water; 2) thermal springs
or wells that discharge water with relatively low concentrations of dissolved solids; and
3) nonthermal springs. Descriptions of thermal occurrences by Hubbell (1981) follow.

Heise Hot Spring (51-1, 51-2)

This 48°C (118.4°F) spring is located at the foot of a 300 m (984 ft) escarpment. It has
deposited a 10-m (33-ft) high travertine mound which is being eroded at its base by the
Snake River. Heise Hot Springs resort, located 0.2 km (0.1 mi) northeast of the springs,
has used water from this spring since the late 1800’s for recreational purposes.

Heise Hot Spring is located in a structurally complex area. This spring is associated with
two faults. The Heise fault, a major northwest-trending normal fault, runs through the
spring site, and a smaller fault intersects the Heise fault less than 100 m (328 ft) to the
east of the spring. The area south of the Heise fault is covered by alluvial sediments
deposited by the Snake River. The smaller northeast-trending fault north of the Heise
fault separates Tertiary rhyolitic tuff to the northwest and undifferentiated Mesozoic and
Paleozoic rocks to the southeast. The spring flows from the Tertiary rhyolite covered at
this site by a mantle of travertine and colluvium (Proskta and Embree, 1978). The spring
site is located near older sedimentary rocks as indicated by a 100-m (328-ft) deep well
drilled about 100 m north of the springs in limestone (Stearns and others, 1937).

Heise Hot Spring deposits travertine, gypsum, and free sulfur and has a hydrogen sulfide
odor. The mineralized water has a specific conductance of 6500 mhos/cm and a pH of
6.7 (Young and Mitchell, 1973). Sodium and chloride are the dominant ions in this
water. A subsurface temperature of 79°C (174.2°F) was estimated using a silica
geothermometer (Mitchell and others, 1980).

Fall Creek Mineral Springs (19-2, 19-3)

Several springs and seeps discharge water along a 1.2 km (0.75 mi) reach of Fall Creek.
The warmest spring is 24°C (75.2°F) and flows from a travertine deposit located next to
the creek. Travertine deposits fill the valley floor along the entire length of the springs.
The springs discharge from the Mission Canyon Limestone and are associated with the
northwest-trending Snake River fault.

The springs deposit free sulfur and travertine and give off a strong hydrogen sulfide odor.
Two other large deposits of travertine are located at a higher elevation on a ridge 0.5 and
1.6 km (0.3 and 1.0 mi) west of the springs. There are no springs associated with these
deposits and their surface elevation ranges from 1680 to 1840 m (5510 to 6035 ft). The

26



waters from Fall Creek Mineral Springs have specific conductance values of 7800 and
6800 mhos/cm and a pH of 6.2. The dominant ions are sodium and chloride. The
subsurface temperature may be as high as 40°C (104°F) as indicated by the quartz
geothermometer (Mitchell and others, 1980).

Alpine Hot Springs (19-13)

These springs were located on both sides of the former channel of the river but are
presently submerged in Palisades Reservoir. The data presented are based upon an
investigation of the site prior to the creation of the reservoir and during a visit when the
water level was low in the reservoir. The springs flow from Quaternary alluvium and are
associated with the Snake River fault (Gardner, 1961).

Six springs on the west side of the river had temperatures ranging from 31°C to 62°C
(87.8°F to 143.6°F). This cluster of warm springs formed calcareous, sulphurous, and
saline deposits. Many small springs escaped along the bank for a distance of 90 m (295
ft) or more; the deposits varied in color. The highest temperature observed here was
62.2°C (144°F); low temperature was 31.1°C (88°F). On the east side of the river there
were two main springs and several smaller ones with temperatures ranging from 49°C to
66°C (120.2°F to 150.8°F)(Stearns and others, 1937). The wide range of temperatures in
these springs indicate that warm and cold ground water is mixing before reaching the
surface.

Unnamed Springs, TIN, R40E, section 4abc (19-4)

These springs are located in the bottom of a canyon formed by Willow Creek. The
springs discharge water at a temperature of 21°C (69.8°F) from rocks of the Gannett
Group. They flow from fractures in an outcrop of chert pebble conglomerate at the base
of the Ephriam Conglomerate. A northeast-trending fault intersects this site from the
north displacing the Peterson Limestone, placing Bechler Conglomerate against the
Ephriam conglomerate. The geology is complicated by rhyolite tuff, basalt, and Salt
Lake Formation units, which together conceal most of the older sedimentary rocks except
where they have been exposed by erosion along Willow Creek.

Travertine deposits are located in rocks of the Bechler Formation west of the present
springs. Saline deposits surround the springs. These springs have a high specific

electrical conductance of 11,000 mhos/cm and a pH of 6.6. The dominant ions are
sodium and sulfate.

Brockman Hot Springs (19-10, 19-11)

These springs flow from several small seeps and a 1.2-m (4-ft) diameter pool into
Brockman Creek. The springs have a temperature of 35°C (95°F). Travertine deposits
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surround the springs and an inactive travertine mound is located a short distance to the
south.

The area around the springs is folded and faulted. The springs flow out of Quaternary
alluvium overlying Bechler Conglomerate or Peterson Limestone. Several minor faults
cross the area, the nearest of which is 200 m (656 ft) to the north (Gardner, 1961). A
major northwest-trending fault is located 1.7 km (1.1 mi) northeast of the spring.

The major spring has a specific electrical conductance of 8,800 mhos/cm and a pH of
6.6. The dominant ions in this water are sodium and sulfate. The subsurface
temperature may be as high as 38°C (100.4°F) as indicated by the chalcedony
geothermometer (Mitchell and others, 1980).

Elkhorn Warm Spring (65-1)

Elkhorn Warm Spring is located 2.8 km (1.7 mi) northwest of Heise Hot Springs (51-1,
51-2). This spring is located on the escarpment formed by the Heise fault at an elevation
of 40 to 70 m (131 to 230 ft) above Heise Hot Springs. The intrusive body suggested by
Mabey (1978) to be under Heise Hot Springs is also believed to underlie Elkhorn Warm
Spring. The spring emerges from relatively flat-lying rhyolite tuff on the southern edge
of the Rexburg Caldera Complex (Proskta and Embree, 1978). The spring does not have
associated travertine deposits and does not give off any gaseous odors.

Elkhorn Warm Spring has a specific conductance of 390 mhos/cm, a temperature of 20°C
(68°F), and a pH measurement of 6.6. The dominant ions are calcium and bicarbonate.

Unnamed Spring, T3N, R41E, section 32bbd (19-15)

This 23°C (73.4°F) spring discharges from a densely welded ash-flow tuff. This tuff may
only form a thin covering overlying older Mesozoic and Paleozoic rocks. A 9.3-km (5.8
mi) long, northeast-trending fault is located 0.2 km (0.1 mi) to the south of this spring
site (Protska and Embree, 1978). This spring has a specific electrical conductance of 650
mhos/cm and a pH of 7.2. The dominant ions in the water are calcium and bicarbonate.

Dyer and Anderson Wells (19-5 and 19-6)

These two wells are representatives of a group of warm water wells located in a
subdivision called Rim Rock Estates on the bench east of Idaho Falls. The wells are
located 1.6 km (1.0 mi) apart with the Dyer well located northeast of the Anderson well.
They have temperatures of 21°C and 20°C (69.8°F and 68°F), respectively. Tertiary Salt
Lake Formation is mapped at the well sites with outcrops of rhyolite welded tuff and
associated ash nearby (Mansfield, 1952). The Salt Lake Formation mapped in this area
appears to be a thin covering overlying the welded tuff. The drill log for the Dyer well
indicates that the water is obtained from fractured rhyolite. There is a northwest-trending
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fault mapped 0.2 km (0.1 mi) west of this well. In the Anderson well, the driller’s log
reports that the water is coming from sandstone or rhyolite.

The chemistries of these wells are similar. The specific electrical conductivity values are
520-530 mhos/cm and the pH is 7.7. The dominant ions present are calcium and
bicarbonate.

Conclusions

The major thermal discharges within Hubbell’s (1981) study area are located along
structural features with the hottest water associated with deep normal faults along the
Swan, Grand, and Star valleys. The combination of their locations relative to major
faults, elevated temperatures, and high total dissolved solids lead to the following
hypotheses for ground water flow:

1) Recharge occurs in the mountain ranges and moves vertically downward facilitated by
the intense structural deformation in these areas. The ground water moves laterally along
bedding planes to the faults bordering the Swan, Grand, and Star valleys. The faults
allow upward migration of the thermal ground water to the surface.

2) Recharge occurs along some portions of the fault systems along the Swan, Grand, and
Star valleys that allow deep migration of the ground water. The thermal ground water
then moves upward along the fault zones to the surface some distance from the recharge
site.

3) Thermal springs with high total dissolved solids are located in the Willow Creek Hills.
Their high temperatures, high total dissolved solids, and location relative to minor faults

suggest that the ground water supplying these springs circulates to depths where they are

heated, then move upward to the surface following minor faults.

4) Thermal flow systems associated with caldera structures in this area have temperatures
less than 24°C (75.2°F) and low specific electrical conductivities indicating shallow
ground water flow systems. Recharge in surrounding areas moves to shallow depths
where it is heated. The ground water then moves to the surface following minor faults.
Nonthermal springs in the area probably represent relatively shallow ground water flow
systems controlled by the complex lithology and structure in the area.

5) The chemistry and physical setting of Heise Hot Springs relative to Elkhorn Warm
Spring indicates that the ground water flow system represented by Heise Hot Springs is
unrelated to Elkhorn Warm Spring. Heise Hot Springs appear to be closely related to the
springs controlled by normal faults in the sedimentary system and not to the rhyolite
caldera system to the north and west.
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6) The small total discharge of springs with temperatures above 39°C (102.2°F) indicates
there is very little deep movement of ground water.

7) Temperature data in three of the four oil exploration wells drilled in this area indicate
a higher than normal geothermal gradient. The maximum depths of circulation for
thermal springs with high specific electrical conductivities are estimated to be from 600 to
2400 m (1968 to 7872 ft). The maximum depths of circulation for thermal springs with
low specific electrical conductivities are estimated to be 200 to 300 m (656 to 984 ft).

Camas County (25)

The Camas Prarie/Mt. Bennett Hills area is not clearly part of the Idaho batholith or the
SRP terrains. Walton (1962) calculated an average gradient for the area of 92°C/km
(6.4°F/100 ft). Holes sampled are in low thermal conductivity clays, but estimated heat
flow values (100-123 mWm™) are significantly above those in the adjacent Idaho
batholith. Faulting of Quaternary basalt in the province demonstrates active volcanism
and tectonism within the last few million years. Mitchell (1976) reports geochemical data
from a 79 m (259 ft) well with a flowing temperature of 74°C (165.2°F) near Magic
Reservoir; he suggests a possible subsurface temperature as high as 200°C (392°F).
Gradients of over 125°C/km (7.8°F/100 ft) occur along the west side of Magic Reservoir
over a 7 km (4.35 mi) stretch; the area may contain a major geothermal system at depth.
Unfortunately all holes examined by various investigators are relatively shallow; little is
known about deep thermal conditions. The heat source appears to be either deep ground
water circulation in the typical SRP margin thermal setting, remnant heat associated with
the young basaltic volcanism, unusually deep circulation associated with the most recent
faults, a very young silicic intrusion with no surface manifestations, or some combination
of these possibilities (Blackwell and others, 1992).

The Camas Prairie, especially the Magic Reservoir area, has above average geothermal
potential. Temperatures are certainly in the range of 30-40°C (86-104°F) at depths of
3004 m (984t ft) and may be high enough for commercial electric power production in
the most favorable case. High gradients are also indicated along the north and south
edges of the Mount Bennett Hills (Blackwell, 1989).

An evaluation of the Magic Reservoir area was conducted by University of Utah
Research Institute (Struhsacker and others, 1983). The authors attempted to place the
Magic Reservoir volcanic rocks in the regional stratigraphic framework and heat flow
regime of the SRP and identify the structures that control geothermal fluid circulation.
The Magic Reservoir area straddles the Camas-Blaine county line in south-central Idaho
and is described under the Blaine County section of this report.
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Fairfield

The Fairfield area was selected for a site development analysis by the Idaho Office of
Energy (McClain and others, 1979) regarding potential for spaceheating public buildings
and industrial applications. Three locales with good geothermal potential were identified;
recommendations for exploration and potential applications were made. Five sites on the
Camas Prairie were selected by the Idaho Office of Energy for the purpose of estimating
cost of geothermal development. A summary of the report follows.

Fairfield, Idaho, is a small agricultural community located on the Camas Prairie in
central Idaho. The community is located at an elevation of 1544 m (5,065 ft) in an
east-west-trending intermountain basin which is surrounded by mountains of the Idaho
batholith and Mt. Bennett Hills. The area is a transition zone between the granitic rocks
of the batholith and the volcanic rocks of the SRP. The Camas Prairie area has been
classified by the Idaho Department of Water Resources as a Geothermal Resource Area.
Hot springs located in the area vary in temperature from 32.2°C to 71°C (90°F to 160°F).

The Camas Prairie consists of poorly sorted sediments of Pliocene to Holocene age
derived from the mountains to the north and ranging in size from clay to boulder. A
bedrock of Cretaceous granite exists at a depth of 152 to 167 m (500 to 550 ft) near the
center of the prairie. The Soldier Mountains to the north and part of Mt. Bennett Hills to
the southwest are made up of Cretaceous granitic rocks of the Idaho batholith whose main
body lies further to the north. Part of the Soldier Mountains consists of Challis
Volcanics which crop out along the north-central part of the basin. These volcanic flows
and lower Pliocene volcanic rocks are also found along southern portions of Camas
Prairie. Other basalt flows are found along the southeastern and western edges. The
structural control of the Camas Prairie Basin is to a large extent unknown.

The movement of ground water in the Camas Prairie generally parallels Camas Creek and
its tributaries. The major source of ground water is the Soldier Mountains to the north
with minimal input from the Mt. Bennett Hills to the south. Two major aquifers
composed of fine-grained sand and gravel exist in the valley fill at depths of
approximately 61 to 121 m (200 to 400 ft).

Geothermal Potential

There are several hot springs in and around the Camas Prairie. Barron’s Hot Springs
(25-16, 25-18) are located approximately 12 km (7 mi) southwest of Fairfield. A surface
temperature has been recorded of 72°C (163°F) with a predicted reservoir temperature of
125°C (257°F). The springs issue from the valley fill material. Two other hot springs in
the area show strong evidence of a moderate temperature geothermal resource existing
below the valley fill. Hot Springs Ranch (Wardrop Hot Springs)(25-1 through 25-4) and
Elk Creek Hot Springs (25-5 through 25-7) both have discharge temperatures above 54°C
(130°F).
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Most of the irrigation wells in the area have higher than normal water temperatures.
Two areas stand out as geothermal anomalies. One is the area southwest of Fairfield,
just north of Barron’s Hot Springs. Wells with temperatures near 21.1°C (70°F) are
common in this area and Barron’s Hot Spring is the high point at 71.1°C (160+°F). A
temperature gradient of 146°C/km (8°F/100 ft) has been calculated for the area to the
southwest of Fairfield around Barron’s Hot Springs. The second anomalous area is
centered approximately 3.2 km (2 mi) south of Fairfield. Temperatures at 91.4 m (300
ft) below ground level above 21.1°C (70°F) occur in an area 9.6 km (6 mi) long (E-W)
and 1.6 km (1 mi) wide (N-S).

McLain and others (1979) concluded geothermal resources of Fairfield and the Camas
Prairie area can be developed economically if the specific development site can be located
reasonably close (3.2 to 4.8 km [2 to 3 mi]) to a large user facility. Camas Prairie
appears to be a shallow depression, but the shallow geothermal fluids appear to be
dependent upon faults for their upward migration. There is likely lateral movement of
the geothermal water whenever permeable beds are encountered by the zones. However,
for maximum production and highest temperature, the area faults zones should be
explored by drilling.

There are three areas around Fairfield that appear to offer excellent geothermal
exploration targets. The area around Barron’s Hot Springs, on the downdip (east) side of
the fault, appears an excellent target for both shallow and deep exploration. This
includes the area between Barron’s Hot Springs and Hot Springs Ranch. A second area,
also rated excellent for shallow exploration is located south of Fairfield and enclosed by
the 21.1°C (70°F) contour shown on Figure 3.4 of McClain and others (1979). The third
area rated as a very good locality for deep exploration is along the downdip (east) side of
the north-south-trending inferred fault passing just to the east of Fairfield. Fairly deep
(244-610 m [800 to 2000 ft]) geothermal exploration wells must be drilled into fault
zones in order to encounter permeable zones that will result in maximum production and
temperature. Geophysical (electromagnetic VLF radio and earth magnetic) surveys
should be conducted to pinpoint the existence and attitude of faults in the valley that
extend into the granitic basement (McLain and others, 1979).

Canyon County (27)

Numerous warm water wells and favorable geologic conditions indicate that the Nampa
area has good potential for using geothermal energy in direct applications. Many existing
warm water wells are in the 24-38°C (75-100°F) temperature range. Nampa is an
agricultural service center 28.8 km (18 mi) west of Boise with a population of about
25,000 people. There are numerous warm water wells in the town and the surrounding
areas. The combination of a thermal water resource matched with a community of
considerable size spurred an investigation of the geothermal energy potential.
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The rock units in the Nampa area are composed of basalt of Miocene to early Pliocene
age. Several widespread sandstone aquifers overlie the basalt. These sandstone aquifers
are projected to yield good flows of 30°C (86°F) to 60°C (140°F) water from depths of
305 to 670 m (1,000 to 2,200 ft). The sandstone aquifers are better targets than the
basalt because of greater anticipated permeability (Dellinger and others, 1982).

Two analyses of potential direct resource use in the Nampa area were performed by OIT
Geo Heat Center (Dellinger and others, 1982). One evaluation dealt with retrofitting of
Parkview and Lakeview schools to use an existing hot water source of 32°C (90°F) for
heat pump conversions; in this particular instance, the conversions were not economically
practical relative to cheap coal prices. The second evaluation examined a geothermal
conversion for Mercy Medical Center; the economic feasibility looked favorable.

The Idaho Department of Water Resources (IDWR) conducted an integrated geological,
hydrological, geochemical and geophysical survey for the purpose of evaluating the
geothermal potential of the Nampa-Caldwell area (Mitchell, 1981a-b). Recommendations
for resource definition and development were outlined. A summary of the report follows.

The area studied by the IDWR included approximately 925 km? (357 mi®) of the Nampa-
Caldwell portion of Canyon County, an area within the central portion of the western
SRP immediately west of Boise, Idaho. Geologic mapping, hydrologic, geochemical, and
geophysical surveys were run. In addition, existing magnetotelluric and reflection
seismic data were purchased and incorporated into the investigation.

Shallow subsurface geologic and hydrologic data were obtained from existing water well
logs to determine the number and extent of shallow aquifers and shallow subsurface
structural configuration. Enhanced Landsat false-color infrared imagery was also studied
to detect evidence of major structural features which could control thermal water in the
area and provide possible migration paths for recharge to thermal and nonthermal water.
Temperature gradients and heat flow data were obtained from existing unused drill holes.

Within the graben-like basin known as the western SRP geophysical studies have revealed
complex basin structures. A large basin exists in the Nampa-Caldwell area, and another
in the Meridian-northwest Boise area. These basins are separated by a structural high.

Idaho Group and Snake River Group rocks of Pliocene-Pleistocene age are exposed
within the Nampa-Caldwell area. These rocks consist of terrace gravels of the Boise
River drainage, basalt of the Pleistocene Snake River Group and basalt, sand, silt, and
claystone of the Pliocene Glenns Ferry Formation.

The Glenns Ferry Formation is underlain by the lower Idaho Group in the subsurface
beneath the western SRP in the Nampa-Caldwell area. Beneath the Idaho Group is a
thick section of basalt and sediments. Silicic volcanic rocks of the Idavada Group are
notably absent to a depth of 4.3 km (2.7 mi) in a deep well just east of Nampa. Three
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geologic units have been identified as important cold water aquifers within the middle to
upper Glenns Ferry and overlying formations. Within the middle Glenns Ferry
Formation, a "blue clay" unit acts as an aquitard that separates the three upper cold water
aquifers from lower aquifers containing warm water (>20°C [>68°F]). Unconformities
within the upper Glenns Ferry Formation may mean this formation is thin, or absent in
the Boise front area.

Six permeable zones which may contain hot water are suspected to exist at depths of
approximately 91-213 m (300-700 ft), 457 m (1,500 ft), 640 m (2,100 ft), 1037 m (3,400
ft), 1311 m (4,300 ft) and 1677 m (5,500 ft). Oil company logs for many of the oil and
gas wells in the area indicate subsurface temperatures for the six suspected permeable
zones to be 30°C, 43°C, 49°C, 58°C, 66°C and 75°C (86°F, 109.4°F, 120.2°F, 136.4°F,
150.8°F and 167°F), respectively. These temperatures are thought to be minimum due to
cooling effects of drilling fluids circulated within boreholes during drilling operations.
Thicknesses of the permeable zones probably vary but estimates are, respectively, about
15 m (50 ft), 40 m (131 ft), 31 m (100 ft), 100 m (330 ft), 61 m (200 ft) and 75 m (245
ft).

Geochemical studies using stable isotopes of hydrogen and oxygen show that thermal
water in the Nampa-Caldwell area is depleted in deuterium and in oxygen-18 relative to
cold water. Indications are the water may be either rain or snow water that fell more
than 11,000 years ago or evaporated river water which has undergone isotopic exchange
of oxygen with aquifer minerals. The geothermal parent water in the Nampa-Caldwell
area appears, from isotope data, to be identical to parent geothermal water in the
Bruneau-Grand View and Boise areas of the western SRP, or to have a similar source(s)
and/or age. Little is known about present day recharge. Chemical data and mixing
models, which correlate well with isotope data, indicate geothermal waters may be
migrating upward from deeper permeable zones with 75°C to 95°C (167°F to 203°F)
temperatures.

A detailed heat-flow contour map of the western SRP was produced from 65 temperature
gradients measured in the region. The western SRP is a region of recognized
convectively induced high heat flow outlined by a 3.0 HFU contour. Thermal
conductivities of 247 samples, selected from well cuttings, drill cores and rock outcrops,
were determined to calculate heat-flow values. In addition, 60 previously measured
temperature gradients and 85 previously determined thermal conductivities from
surrounding areas and from within the area were used. Measurement sites were
relatively evenly dispersed, averaging one per 43 km (17 mi).

The average thermal conductivities determined for the major rock units were: granite =
6.01 + 0.50 TCU; sand and clay = 3.49 + 0.90 TCU; clay = 2.79 + 0.51 TCU;
silicic volcanics = 4.54 + 0.24 TCU; basalt = 3.62 + 0.85 TCU. The average
temperature gradient for the area was 78°C/km (4.29°F/100 ft) and the average heat-flow
value was 2.55 HFU.
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The oil well survey in the Nampa-Caldwell area shows that high temperatures can exist
near the surface where there are no visible structures and in areas of low heat flow. This
area’s low heat flow is caused by infiltration of irrigation water which masks shallow (to
91 m [300 ft]) temperature gradient measurements.

Geothermal gradients in the Nampa-Caldwell area are consistently in excess of 30°C/km
(2.6°F/100 ft)down to a depth of at least 3 km (10,000 ft). At a depth of 1,000 m (3,300
ft), temperatures in excess of 45°C (113°F) are expected over most of the area.
Development of commercial amounts of geothermal water will be limited by the presence
of good intergranular or fracture permeability at depth. Subsurface geological and
geophysical data suggest two situations which might yield good flows to wells: 1)
Youthful major fault zones which cut the uppermost part of the stratigraphic section and
have the largest displacements should retain good fracture permeability, particularly
where they cut hard brittle formations at depth. These fault zones are known as the
"Eagle-West Boise fault zone, the Middleton fault zone, and the Lake Lowell fault zone."
2) Deep sand aquifers within the lower Idaho Group, and possibly within the older basalt
section, may also be good producers of hot water. None of these confined sand aquifers
have been tapped by wells for water, but it is likely they would yield hot artesian waters.
Sand aquifers of the lower Idaho Group were encountered in two deep wildcat wells in
the Meridian area, but have not been encountered in more recently drilled geothermal
wells in the Boise area, nor do they occur in the deep wells between Meridian and
Middleton. These sand aquifers are probably best developed in the area northwest of
Nampa, but their extent is not known. Electrical log interpretation suggest good
permeability in these deep sand units.

In summary, geothermal waters of moderate temperature suitable for space heating can be
expected at depths of 450 to 1200 m (1,500 to 4,000 ft) over most of the Nampa-
Caldwell area. Oil and gas wildcat wells have explored the subsurface, but the deep
water-bearing units have not been tested to assess their water producing capacity. The
most favorable drilling targets are along the major youthful faults detected by a seismic
reflection survey. Areas of proven warm water wells at shallower depths, 200 to 300 m
(600 to 1,000 ft), generally lie in the area around Lake Lowell and south to the Snake
River. North of this area few warm water wells have been drilled, and locations of
warm water wells are spotty. These anomalously warm wells are probably located near
fault zones with fracture permeability that serve as conduits for ascending warm waters.

Cassia County (31)

The Raft River Known Geothermal Area (KGRA) in southern Idaho has been the subject
of more evaluation than any other area in Idaho. A geothermal exploration program was
begun during 1973 by the U.S. Geological Survey in cooperation with the U.S.
Department of Energy. Results of these early programs were summarized by Williams
and others (1975). Covington (1980) later described the subsurface geology and factors
contributing to the convective hot water system based upon drilling data from deep
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exploration and production wells. A report presenting and interpreting the geological,
geophysical, geochemical, and hydrologic data was subsequently compiled by Dolenc and
others (1981). Startup of a SMW(e) pilot geothermal plant occurred in the fall of 1981;
final shutdown occurred during June 1982 (Bliem and Walrath, 1983). The plant, built
by the Idaho National Engineering Laboratory, successfully demonstrated the technical
feasibility of using a moderate temperature (135-149°C [275-300°F]) to generate electrical
power in an environmentally acceptable manner. The plant used a dual-boiling binary
cycle with isobutane as the working fluid. Seven deep geothermal wells were drilled to
support the project, including five production and two injection wells (31-91, -94, -97, -
98, -106, -107 and -108) in addition to several geothermal gradient and monitor holes.
A vast amount of information was obtained on the characteristics of a fracture-controlled
geothermal system with respect to production and injection. Fracture-flow analysis was
conducted by Rashrash and Ralston (1988) utilizing borehole televiewer logs to identify
fractures. Blackett and Kolesar (1983) described geological and mineralogical data from
the Raft River geothermal system. The purpose of the study was to characterize the
subsurface stratigraphy and geothermal mineral assemblages present in the Raft River
system that could ultimately affect the results of injection research studies. Successful
non-electric experiments included agriculture, aquaculture, biomass production, wetland
studies, and space conditioning (Mink and others, 1982). Reports generated are too
numerous to list, but are included in the Idaho geothermal bibliography available through
IWWRI (Dansart and others, 1994).

The Raft River KGRA lies in south-central Idaho, near the Utah border, in a valley
bounded by mountains on three sides and opening northward to the SRP. The KGRA is
located near the south end of the valley. The Raft River Valley is a down-dropped
sedimentary basin composed primarily of Tertiary-age siltstone, tuffaceous sandstone, and
conglomerate units of the Salt Lake Formation. The overlying Pleistocene Raft River
Formation consists of several hundred meters of alluvium and lacustrine sediments. The
Bridge fault, trending northward along the west side of the valley, is believed to control
upward migration of thermal fluids. The Bridge fault, which dips 60°to 70°, is cut off to
the north by the younger Narrows fault zone.

The geothermal reservoir is fracture dominated; hydraulic conductivity is greatest parallel
to the Bridge fault zone. Tritium data indicate very young (60 to 70 years old) thermal
fluids. Water chemistry indicates the deep geothermal system is hydraulically connected
with the shallow aquifer system.

Experiments related to direct and secondary geothermal fluid utilization were conducted
at Raft River. The effects of using expended geothermal water for irrigation on selected
crops was studied; these crops showed growth rates, yields, and nutritional values
comparable to those irrigated with non-geothermal waters (Stanley and Schmitt, 1980).
Fluidized bed potato waste drying experiments demonstrated the feasibility of using low-
temperature (< 145°C [ <293°F]) geothermal water as a heat source to dry slurry-like
industrial products; the system could also be modified to dry solid vegetable products

36



(Cole and Schmitt, 1980). Biomass production and chemical cycling were studied in a
man-made wetland utilizing geothermal water (Breckenridge and others, 1983).
Successful experiments raising catfish, carp, and shrimp in geothermal waters were also
completed (Mink and others, 1982). Wells RRGP-4 (31-98) and RRGP-5 (31-91) were
selected for hydraulic fracture stimulation experiments, but the desired results were not
achieved.

Custer County (37)
Stanley

The Idaho Energy Office completed a site specific development report for Stanley in
1979. The results of this study were favorable for development of a district heating
system. The OIT Geo Heat Center (Dellinger and others, 1982) conducted a site specific
development analysis of the Stanley area. It was concluded that a geothermal district
heating system for Stanley was technically feasible and economically attractive. The
reservoir area has significant potential for production of large amounts of thermal water;
silica geothermometer estimated temperature is 75°C (167°F). A synopsis of this study
follows.

Stanley is situated in a valley surrounded by the Sawtooth and White Cloud mountains in
central Idaho. Elevations range from 1865 to 3000 m (6,120 to 9,840 ft). The
community is contained within the Sawtooth National Recreation Area which is managed
by the U.S. Forest Service. Summers are cool and winters are cold with heavy snowfall
(239 cm [94 in] average annual). The temperature falls below 0°C (32°F) more than 300
days a year. This climate necessitates space heating year round. A geothermal district
heating system in Stanley would displace some use of electricity, propane, and wood.

The Stanley Basin is a structurally controlled intermountain valley which trends northwest
and contains the upper watershed of the Salmon River. The White Cloud Range to the
east of Stanley is composed primarily of Cretaceous granite of the Idaho batholith.
Younger granite of the Sawtooth batholith is found along the western margin of the
valley. The contact between these two batholiths strongly controls the structure of the
valley.

A major structure that influences the location of a series of thermal springs known as the
Sunbeam Hot Springs district has been named the Mormon Bend fault. The fault lies
along the northern boundary of the Stanley Basin and is east-west trending. The fault
also controls the course of the Salmon River east of Stanley. Several thermal springs that
occur along the Salmon River Canyon, including Sunbeam Hot Springs (37-17), Slate
Creek Hot Springs (37-10), Sullivan Hot Springs (37-21), Mormon Bend Hot Springs
(37-16), and USFS Campground Hot Springs (37-15), all discharge along the Mormon
Bend fault. Many of these springs occur near drainage confluences or ridge points that
protrude into a stream.
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Stanley Hot Springs (37-9) is just north of town at the confluence of Valley Creek and
the Salmon River. The spring discharges about 150 gpm of water ranging in temperature
from 31°C to 41°C (88°F to 106°F). The water quality of Stanley Hot Springs is good.
The spring water is low in total dissolved solids, but relatively high in fluoride (14 mg/l).
The drinking water standard for fluoride is 2 mg/l. This fluoride level may limit the
available disposal options for a geothermal application. The potassium level at Stanley
Hot Springs is significantly lower than most other thermal springs in the area. The low
potassium level affects some geochemical measurements which are used to predict
reservoir temperatures. The most reliable geothermometer under these conditions is the
silica geothermometer which predicts a reservoir temperature of 75°C (167°F). The
reservoir area appears to have significant potential for production of large amounts of
thermal water.

Based on Stanley’s character and the nature of the geothermal resource, potential
applications include a spa complex to complement other tourist facilities, greenhouses for
local produce, and space heating for homes and businesses. Private interests have
discussed developing a spa near Stanley Hot Springs. The community has expressed
strong support for the development of a district heating system, and an interest in
greenhouses.

Stanley offers the opportunity to develop an existing geothermal resource for the benefit
of a community and to serve as an educational tool for the thousands of people who visit
the city each year. Numerous other communities in the Northwest have geothermal
district heating potential, but few are as advanced in planning as Stanley. Financing is
the key to implementing the development of Stanley’s geothermal district heating system
(Dellinger and others, 1982).

Mackay

Water samples from springs in the Mackay, Idaho area were collected by the University
of Utah Research Institute (UURI) to investigate potential of a direct-heat geothermal
resource. Geothermometry results suggested that subsurface temperatures for spring
waters is not significantly above the measured surface temperatures. The potential for
finding a shallow geothermal reservoir with temperatures much above 22°C (71.6°F)
appears slight (Sibbett and Capuano, 1984).

Other Sites

The Challis subsection of the southern Idaho batholith appears to have 10-20% higher
heat flow than the main portion of the Idaho batholith. Gradients are also significantly
higher because the volcanic rocks in the Challis subsection have lower thermal
conductivity than the main batholith granite. Significant high heat-flow anomalies occur
in the Bayhorse Mining District and along the Salmon River. This part of the Salmon
River flows along a major hot springs lineament. Geothermal heat-flow and gradient data
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of the Bayhorse Mining District suggest the presence of a blind geothermal system
(Blackwell and others, 1992).

Elmore County (39)
Mountain Home

The 37 km? (14.3 m?) Mountain Home Known Geothermal Resource Area (KGRA) is
located in Elmore County in south-central Idaho about 80 km (50 mi) southeast of Boise
and about 16 km (10 mi) east of Mountain Home (Spencer and Russell, 1979d). The
KGRA is located between Tertiary and Cretaceous granitic rocks to the east, and the
Tertiary and Quaternary rocks of the SRP to the west. Mountain Home lies on the
northwest-southeast-trending fault that marks the relatively abrupt transition zone
northwest of the KGRA. The major hot springs in the area are controlled by faulting.

Although there are many permanent streams in the area, almost all of them have been
diverted for agricultural use. Thermal water is abundant in the area. Temperatures
range from 57-68°C (134.6-154.4°F) in springs and in irrigation wells 150-300 meters
(492-984 ft) deep. The water is fresh with a TDS content of about 300 ppm.

The OIT Geo Heat Center (Dellinger and others, 1982) conducted a site specific analysis
of the Mountain Home Air Force Base. The study was an investigation of the
engineering and economic feasibility of developing a heating system to service 1500
housing units on the base. The report concluded more resource assessment was needed to
define the limits of resource capability. A summary of the OIT (Dellinger and others,
1982) study follows.

Mountain Home Air Force Base is about fifty miles south and east of Boise, in Elmore
County. The base is bordered to the northeast by the Mountain Home KGRA and on the
southwest by the Bruneau-Grand View KGRA. The City of Mountain Home had a 1981
population of 7,000; approximately 10,000 people lived on the Air Force Base.

The geologic setting in the area of Mountain Home Air Force Base is favorable for the
existence of geothermal resources. This potential has yet to be proven. The geology in
the area of the base consists of Pliocene and Pleistocene sediments, Pleistocene basalt and
Tertiary rhyolite. These units overlie Cretaceous granite. The rhyolite and granite may
have significance in the search for geothermal resources, but their suitability as thermal
water reservoirs is unknown. The rock units mentioned above are underlain by the
Idavada Volcanics, about 914 m (3,000 ft) thick in the area, which may be a source of
hot water.

There are numerous thermal wells and a few hot springs near Mountain Home Air Force

Base. Several warm wells are situated just to the west and several miles to the east of
the base. Surface temperature of the wells range from 20-25°C (68-77°F). The deepest
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known well in the area is the Bostick 1-A (39-71). The well was drilled by Union Oil to
almost 2743 m (9,000 ft) before casing problems halted further work. It produced 3785
/min (1,000 gpm) of flowing 132°C (270°F) water. Geothermal gradients indicate that
temperatures suitable for space heating could be obtained at depths between 914 and 1219
m (3,000 and 4,000 ft).

Water quality analysis from thermal wells in the area show low levels of total dissolved
solids, but somewhat high levels of fluoride. The fluoride may restrict a geothermal
project from surface disposal of waste water.

A 1342 m (4403 ft) test hole (39-52) was subsequently drilled by the Air Force on the
Mountain Home Air Force Base for geothermal exploration. The purpose was to
determine the availability of water from geothermal aquifers to supply energy for space
heating of military housing and other base facilities. A temperature of 45°C was
recorded during sampling; maximum temperature recorded during temperature logging
was 93°C (199.4°F) at a depth of 1207 m (3960 ft)(Lewis and Stone, 1988).

Evaluation of an area near Mountain Home as a hot dry rock prospect was performed by
Arney and others (1980). A favorable target was identified. Temperatures of 200°C
(392°F) were projected at 3 km (9840 ft) depth, with granitic rocks to be intersected at a
depth of 2 to 3 km (6560 to 9840 ft). Geothermometry data from nearby shallow wells
give predicted reservoir temperatures of 127°C (260°F); this indicates that the water
sampled had not been in contact with the higher temperature rocks reported in the Bostic
1-A well (195°C [383°F] BHT). Wells along fracture systems in the area flow at rates up
to 18,925 I/min (5000 gpm) with temperatures to 60°C (140°F), indicating a highly
productive and permeable zone in the upper portion of the reservoir.

Franklin County (41)

The geology and hydrology of the southeastern Idaho Basin and Range province is
complicated. Relatively little study of the ground water system has occurred. It is an
area of high topography and extensively faulted, predominantly carbonate rocks. There
are several hot springs in Franklin County, most notably Cleveland (41-4), Maple Grove
(41-6), Squaw (41-15), and Battle Creek (Wayland)(41-13) hot springs (Mitchell and
others, 1980). Geochemistry of the thermal water suggests reservoir temperatures of
150-200°C (302-392°F) for some of the hot springs; however, the chemistry of the water
is not the most suitable for applications of chemical geothermometers and these estimates
are likely high. There have been several geothermal test wells drilled in this province.
Well 15S-39E-6¢ca (SUN-1001)(41-11) is about 2 km (1.2 mi) from Battle Creek Hot
Springs and about 3.5 km (2.2 mi) from Squaw Hot Springs. The temperatures in this
well are dominated by shallow lateral flow of hot water (almost 110°C [230°F] at this
location) in the shallow ground water aquifer recharged by upflow of hot water
(Blackwell and others, 1992).
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Fremont County (43)

Hoover and others (1985) postulated that the Island Park area is underlain by a solidified
but still hot pluton that represents a significant hot dry rock resource. Exploration and
development activities have been retarded by a lack of surface thermal features, evidence
of hydrothermal systems, and environmental concerns. Deep drilling is necessary to
substantiate the interpretation and provide heat-flow data.

The Island Park-Yellowstone National Park region comprises a complex caldera system
which has formed over the last 2 million years. The caldera system has been estimated
to contain 50% of the total thermal energy remaining in all young igneous systems in the
United States. The Island Park system contributes 32% of the total thermal energy
remaining in the complex and contains twice as much energy as the next largest system,
the Valles caldera in New Mexico. These considerations make the Island Park region an
excellent site for geothermal exploration, yet there is essentially no activity in the region
today. Although development is not permitted within Yellowstone National Park, neither
exploration nor development is progressing in the caldera complex outside the park.
Environmental concerns have in part caused this, but the lack of surface thermal
manifestations and the lack of evidence for hydrothermal systems within the Island Park
part of the caldera complex is also responsible. As the result of a reexamination of the
data and recent electrical work in the area, Hoover and others (1985) postulate that much
of the area where the first- and second-stage calderas developed is underlain by a
solidified but still hot pluton. That pluton represents a significant hot dry rock resource
for the United States.

Thermal manifestations are notably absent within the Island Park region. Only a few
minor warm springs are known; the nearest flowing warm spring is at Ashton Hot Spring
(43-21), 20 km (12.5 mi) south of Henrys Fork caldera. Ashton Hot Spring has been
measured at 41°C (105.8°F), and is the only spring where geochemical thermometers
indicate reservoir temperatures over 90°C (194°F)(Hoover and others, 1985). A 300 m
(984 ft) test hole, HFT-19 (OXY-19)(43-25), was drilled near the center of the caldera,
reported to be in T12N, R42E, section 36¢ccb (Blackwell, 1988). In this hole the gradient
increases systematically from 27°C/km to 66°C/km (2.5°F/100 ft to 4.6°F/100 ft) with
increasing depth; heat flow of the lower half of the hole is 109 mWm?2. These data
suggest areas of high heat flow in the caldera. A significant geothermal anomaly may be
located at the northwestern edge of the caldera in T13N, R42E, sections 24 and 25. Two
38 m (125 ft) holes near the shores of Island Park Reservoir show uniform and high
gradients. Hole WW-IPB2 in section 24 has an average gradient of 189°C/km
(11.3°F/100 ft), while hole WW-IPB1 in section 25 has an average gradient of 102°C/km
(6.6°F/100 ft). These gradients imply heat-flow values of about 310 and 200 mWm?,
which are distinctly anomalous with respect to regional values and document the presence
of a geothermal anomaly in the area. The wells were so shallow that the area had not
been recognized to have anomalous temperatures; bottom hole temperatures were below
13°C (55.4°F). A high gradient was encountered just south of the caldera rim in hole
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OXY-8, TON, RA43E, section 11bda; a gradient of 155°C/km (9.5°F/100 ft) was measured
between depths of 60 and 135 m (197 and 640 ft); bottom hole temperature was below
11°C (52°F)(Blackwell, 1988, 1989; Blackwell and others, 1992).

The absence of surface thermal features at Island Park has been cited as evidence for lack
of a hot dry rock resource. According to Hoover and others (1985), this has little
significance relative to the presence or absence of a geothermal resource at depth. Large
volumes of ground water flow occur in the Island Park area. In the porous upper
volcanic units the ground water flow would mask any thermal anomaly associated with
conductive cooling of an unfractured pluton. The lack of seismicity of the region also
indicates that no major brittle fracturing is occurring by which hydrothermal systems
might gain access to the central and hottest part of the pluton.

Active volcanic systems similar to Island Park and in which no thermal manifestations are
present within the calderas have been recognized. The existence of systems with no
surface expression has been documented at Magic Reservoir, Butte City, and in the
vicinity of the Champagne Mine. Data support mostly high heat-flow values (many over
120 mWm) on the margins and low values (mostly in the range of 30 to 20 mWm?) in
the SRP aquifer. Low heat-flow areas result from crustal thermal conductivity contrasts
as well as from regional aquifer motion. Geothermal and ground water aquifer systems
have a major effect on the distribution of surface heat flow along the margins of the SRP
aquifer. Based on evidence, geothermal systems appear to be as common along the
northern edge of the SRP as along the southern margin (Hoover and others, 1985).

The size (500 km? [193 mi?]) of the possible hot dry rock system present at Island Park
implies a significant geothermal heat source. If the heat source is present in Island Park
then development of the resource should pose little risk to Yellowstone National Park
because of the lack of permeability in the Island Park pluton, the presence of an apparent
structural boundary along the Madison fault zone, and a ground water flow direction
toward the south and west away from the park.

Idaho County (49)

Kuhns (1980) and Youngs (1981) studied geothermal areas in the Bitteroot lobe of the
Idaho batholith and integrated geologic and hydrologic investigations.

Lochsa Geothermal System

Kuhns (1980) outlined the structural and chemical aspects of the Lochsa geothermal
system near the northern margin of the Idaho batholith. Heat-flow data suggest a
geothermal gradient of 50°C/km (3.7°F/100 ft)with circulation depth estimated at 3 to 4
km (9840 to 13,120 ft). Kuhns postulated a potential geothermal reservoir 300 to 400
km?® (72 to 96 mi®) in size exists along the Lochsa River.
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The geothermal system investigated is located near the northern margin of the Idaho
batholith (Bitterroot Lobe), north of the Selway-Bitterroot Wilderness Area about 32 km
(20 mi) west of Lolo Pass, Idaho. U.S. Highway 12 and the Lochsa River traverse the
area.

Hot spring vents are found where a northeast-trending dike intersects north- or northwest-
trending shear zones. This suggests that circulating thermal fluids moving along the
shear zone intersect an impermeable barrier (dike) and ascend along this barrier. All hot
spring vents in the study area follow this pattern. Main hot spring vents are located
along Weir Creek at Colgate Licks (49-14), and on Warm Springs Creek at Jerry Johnson
Hot Springs (49-16). The springs are currently used for recreation and bathing by people
traveling along U.S. Highway 12. Eight water samples were collected at vent sites.

According to Kuhns (1980), maximum source temperatures of 170°C to 200°C (338°F to
392°F) are predicted from the chemistry of thermal waters using cation ratios (Cl, Mg,
Fe, Mn, Mg/Ca, Na/Ca, Na/Li, CI/F, C1/B) and geochemical thermometers (SiO,, Na/K
and Na:K:Ca). Heat-flow data suggest a gradient of 50°C/km (3.7°F/100 ft) exists in the
Lochsa area. Geothermometer and heat-flow data combined indicate a reservoir depth for
circulating thermal fluids of three to four kilometers. The depths, temperatures, and the
low chloride concentrations suggest that a wet steam geothermal field exists under the
Lochsa River area. Presently the remoteness and ruggedness of the study area, coupled
with the low population density make the area a low priority geothermal resource. Space
heating and domestic uses are certainly possible and could benefit local residents along
the Lochsa and Clearwater Rivers.

Running Springs Geothermal System

Youngs (1981) characterized the geology and geochemistry of the Running Springs
geothermal area. The maximum temperatures indicated by geothermometry are in the 80-
90°C (176-194°F) range. Given the low temperature, small probable size and relative
isolation of the system, there is little immediate economic potential. A summary of
Youngs’(1981) report follows.

The Running Springs geothermal system consists of two major vents (discharge above
100 I/min [25 gpm]) and three minor vents (discharge below 20 1/min [5 gpm]) in the
drainages of Warm Springs Creek and Running Creek. Youngs’ (1981) investigation
encompasses the petrologic, structural, and geochemical aspects of these springs and the
30 km? (11.6 mi®) surrounding area. The study area is located within the central portion
of the Bitterroot Lobe of the Idaho batholith, on the eastern margin of the
Selway-Bitterroot Wilderness Area. The major thermal springs examined are located
approximately 40 km (25 mi) east of the town of Elk City, Idaho, in section 14, T29N
R12E, (49-8) along the drainage of Warm Springs Creek. One additional thermal spring
vent is located in the same section.
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The most widespread rocks in the study area are Cretaceous quartz monzonite and
Tertiary granite of the Idaho batholith; some Precambrian gneiss is also exposed. Three
varieties of rhyodacite dikes and two varieties of rhyolite dikes have intruded the granitic
rocks. One of the minor and both of the major thermal spring vents were located in
rhyodacite dikes.

The geochemical survey of the Running Springs area consisted of sampling the water at
each of the five recognized thermal springs at the same time discharge measurements
were made. One nonthermal spring was also sampled.

Application of Si0O,, Na:K, and Na:K:Ca geothermometers indicate maximum source
temperatures of 40°C to 80°C (104°F to 176°F). This, combined with a geothermal
gradient of 40°C/km (3.2°F/100 ft)(calculated from the heat generation traits of local
rocks), suggests a depth of circulation of 1 to 2 km (3280 to 6560 ft). The low source
temperatures and geographic isolation of the Running Springs geothermal system suggest
little economic development potential.

Jefferson County (51)

Heise Hot Springs (51-1, 51-2)

See discussion under Bonneville County.
Lemhi County (59)

Big Creek Hot Springs (59-15)

An evaluation of Big Creek Hot Springs as a source of electrical power for the Blackbird
Cobalt Mine was conducted by Struhsacker (1981a-c). Big Creek Hot Springs is one of
the hottest known geothermal systems in Idaho, with a surface temperature of 93°C
(199°F). Geothermometer estimates of reservoir temperature range from 137°C to 179°C
(279°F to 354°F). It was concluded that Big Creek Hot Springs is an excellent
geothermal prospect. A suggested exploration program, engineering and economic
analyses, and appraisal of institutional factors was outlined.

Big Creek Hot Springs is located approximately 13 miles north of the Blackbird Mine.
Reservoir rocks are likely competent Precambrian metamorphic and metasedimentary
rocks, with fractures serving as hot water conduits. The system consists of a linear set of
spring vents trending N40-45W that intersect Hot Springs fault. The heat source is
probably deep circulation of meteoric water. There may be potential for buried thermal
anomalies along the entire length of Hot Springs fault.

Several institutional factors complicate the development potential of Big Creek Hot
Springs; it lies on U. S. Forest Service land and is close to the River of No Return
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Wilderness Area. The distance from population centers precludes development at present
of electrical generation potential.

The engineering feasibility study modeled an 11 MWe binary power plant, utilizing
propane (95%) and hexane (5%) as the mixed working fluid. It was determined a power
plant could be located along Panther Creek; power would be transmitted 20.8 km (13 mi)
to where it would tie into the Idaho power grid that services the town of Cobalt
(Struhsacker, 1981a-c).

Shoup Geothermal Area

The geology and geochemistry of three hot springs systems in the Shoup geothermal area
was investigated by Vance (1986). The study area is located in the region adjacent to the
southeastern border zone of the Bitterroot Lobe of the Idaho batholith and west of Shoup,
Idaho. Big Creek Hot Springs (59-15) is 9.6 km (6 mi) southwest of Shoup, at latitude
45°18°37"N and longitude 114°20°17"W, along Hot Springs Creek. Owl Creek Hot
Springs (5§9-14) is 16.1 km (10 mi) west-southwest of Shoup, at latitude 45°20°40"N and
longitude 114°27°44"W, along Owl Creek. Horse Creek Hot Springs (59-16) is 20.9 km
(13 mi) northwest of Shoup, at latitude 45°30’12"N and longitude 114°27°46"W, along
Horse Creek.

In addition to structural and petrologic analysis, Vance’s study determined physical and
chemical conditions for waters from the thermal vent systems and for local and regional
nonthermal spring sites. The data obtained from the thermal waters were used to
compute temperature of equilibration using various geothermometers.

The geothermal convection systems are contained in permeable fracture zones within
impermeable crystalline country rocks. Big Creek Hot Springs and Owl Creek Hot
Springs are located in Precambrian rocks. Horse Creek Hot Springs is located in the
Tertiary Painted Rocks Lake pluton.

The use of various chemical geothermometers give reasonable agreement and indicate
temperatures of equilibration for the three systems studied as follows: Big Creek Hot
Springs, 181°C (357.8°F); Owl Creek Hot Springs, 127°C (260.6°F); and Horse Creek
Hot Springs, 40°C (104°F) for the vents on Horse Creek and 70°C (158°F) for the vents
on Lindgren Creek. The estimated geothermal gradients at Hot Springs Creek, Owl
Creek, and Horse Creek of 51°C/km (3.8°F/100 ft), 44°C/km (3.4°F/100 ft), and
51°C/km (3.8°F/100 ft), respectively, give depths of circulation for the thermal waters of
3.4 and 2.4 km (11,152 and 7872 ft) at Hot Springs Creek and Owl Creek, respectively.
The shallow high-flow portion of Horse Creek extends to a depth of 0.5 km (1640 ft) and
the low-flow portion along Lindgren Creek to a depth of 1 km (3280 ft)(Vance, 1986).
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Due to the isolation of the area and the location in National Forest ladn adjacent to
primitive areas, economic development of the existing hot spring systems does not appear
to be practical.

Lemhi Range

The central Idaho Basin and Range province differs geologically and tectonically from the
remainder of the provinces north of the SRP. Heat-flow values in the bedrock of the
Lemhi Range are 55-59 mWm™, significantly below average values elsewhere in the
greater Northern Rocky Mountain province. On the other hand the gradient in a deep
hole in the adjacent Lemhi River valley is 84°C/km (5.6°F/100 ft) and the estimated heat
flow is greater than 105 mWm™. As is the case with the southeastern Idaho Basin and
Range province, deep drill holes are needed to evaluate the intrinsic thermal
characteristics of this province. The only deep thermal data are bottom-hole temperature
measurements from several hydrocarbon exploration wells drilled near the Idaho/Montana
border in the vicinity of the Lima Anticline and two wells drilled in Birch Creek and
Lemhi valleys. Unlike some of the wells described in the southeastern Idaho Basin and
Range province, none of these wells appear to have gradients in excess of 40°C/km
(3.2°F/100 ft). The deepest well, the EXXON Meyers Federal Unit #1 (33-8), located in
adjacent Clark County, reaches an uncorrected bottom-hole temperature of 197°C
(386.6°F) at 5.7 km (18,696 ft)(Blackwell and others, 1992).

Madison County (65)

Madison County has an agricultural environment in the upper Snake River valley of
eastern Idaho. Rexburg, the county seat, has a population of approximately 11,000, plus
6,000 students that attend Ricks College (Kunze and Stoker, 1979).

In the summer of 1980, a 1202 m (3943 ft) well (65-10) was drilled at the edge of
Rexburg in a region that had been tested by shallower holes. The goal of the project was
to identify a geothermal resource suitable for heating several large buildings in the
Rexburg area (Kunze and Marlor, 1982) as well as supply industrial food processing
energy for a large potato granule plant. Temperatures measured near the bottom of the
hole were far below what was predicted or needed and drilling was halted.

The area investigated is within a 30 km (19 mi) radius of Rexburg roughly outlined by a
complex of about eight Pliocene calderas known as the Rexburg Caldera Complex
(Prostka and Embree, 1978). The complex straddles the northeast-trending boundary
between the eastern SRP and the Basin-Range province. The calderas were the source of
several major rhyolitic volcanic deposits along the southeast margin of the eastern SRP.
Rhyolite flows of the Rexburg Caldera Complex unconformably overlie highly deformed
miogeosynclinal sedimentary rocks of Paleozoic and Mesozoic age that are well exposed
in the Snake River Range, the Caribou Range, and in the Big Hole Mountains. The
rocks apparently do not play an important role in the geothermal system of the area. The
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rhyolite flows are unconformably overlain by tuffaceous clastic sediments, basalt lava
flows, pyroclastic deposits, and rhyolitic ash flow tuff. The various rock types (mainly
basalt, rhyolite, and interbed zones) which lie beneath Rexburg act as a common aquifer,
although individual well performance varies considerably in different rock types.

No surface manifestations of a geothermal resource exist in the local Rexburg area. A
higher than normal geothermal gradient is suggested on the Rexburg Bench, a structural
and topographic feature. Thermal springs and anomalies are located along the eastern
edge of the SRP. Several geologic features of the Rexburg area constitute evidence for
geothermal potential (Prostka and Embree, 1978). High precipitation in the mountains
recharges the ground water system which eventually discharges into the Snake River
aquifer. The Rexburg Caldera Complex is ideally situated to intercept ground water flow
and channel it downward along fault zones. Water may then be heated and stored in
closed-basin reservoirs related to caldera subsidence and/or faults of the Basin and Range
type. Secondly, continuing tectonic extension may reactivate faults, many of which
constitute channels for circulating geothermal water. Finally, the high regional heat flow
of the SRP and Basin and Range provinces (Sass and others, 1976) is augmented by
Pliocene and Pleistocene rhyolitic volcanism and continuing Quaternary basaltic
volcanism, and has facilitated transfer of mantle heat to high crustal levels.

The distribution of hot wells and springs in the Rexburg area is concentrated along major
late Cenozoic linear and arcuate fault zones, and especially at the intersections of these
zones.

Estimated aquifer temperatures were calculated by using the silica and Na-K-Ca
geothermometers of well water samples. The water chemistry and temperature data
indicate the existence of a reservoir with a probable temperature in the range of
100-200°C (212-392°F)(Stoker and Kunze, 1980).

Relatively high thermal gradients are to be expected in the Rexburg area at depths where
the movement of ground water is not affecting the temperatures. Reported gradients
range from 47.8°C/km to 86°C/km (3.6°F/100 ft to 5.7°F/100 ft)(Blackwell and others,
1992).

Elkhorn Warm Spring (65-1)

See Bonneville County discussion.

Owyhee County (73)

According to Blackwell and others (1992), thermal data collected within the western SRP
generally fall into two categories. These categories correspond to areas of relatively high

gradient and heat flow (approximately 100°C/km [6.4°F/100 ft] and 120 to 150 mWm™?),
and areas of moderate gradient (about 40°C/km [3.2°F/100 ft]) and average heat flow
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values (60-80 mWm?2). Most of the gradients range between 45°C/km and 85°C/km
(3.4°F/100 ft and 5.6°F/100 ft). Heat-flow values range from 50-150 mWm? with a
100410 mWm? average. Areas of high heat flow are distributed in two bands along the
northern and southern margins of the western SRP. Lower gradients and heat flow are
found along the axis of the SRP between Caldwell and Mountain Home. Deep drilling in
the Boise area and in the Bruneau-Grand View region has demonstrated that the high
heat-flow values there are related to intermediate temperature (40-80°C [104-176°F])
geothermal systems and relatively local geothermal anomalies. Typical temperature-depth
curves in the Boise front geothermal system and in the Bruneau-Grand View geothermal
system show isothermal or low gradient sections starting between 80 and 280 m (262 and
918 ft) with temperatures of 40°C to 80°C (104°F to 176°F). Geochemistry suggests that
maximum temperatures in the geothermal systems are 70-100°C (158-212°F). This
accounts for the high gradients and heat flow that are measured in holes 50-200 m (164-
656 ft) deep and range up to 80°C (176°F). This pattern of heat flow and gradient is due
to systematic regional flow of ground water toward the edges of the SRP from the higher
elevation margins. Very low heat flow that may represent part of the recharge system
occurs south of the Bruneau-Grand View area. At the edge of the SRP hydraulic
boundaries cause upflow, which gives rise to the geothermal systems at the various
locations. Average heat-flow values are on the order of 50-100% above regional
background values. Outside the areas of most active fluid flow, temperature-depth curves
are linear to depths of at least 400-500 m 1312-1640 ft).

High gradients and heat flows are also found in holes drilled in granitic rocks on both
margins of the SRP. The high heat flows are related to crustal deformations along the
SRP margins. Heat flow is 25% to 50% higher along the margins of the SRP than at the
center. The regional heat flow south of the SRP is about 100 mWm?, about 75 mWm?
north of the SRP and approximately 60 to 75 mWm? in the central SRP (Blackwell and
others, 1992).

Large areas of the western SRP have temperatures of over 50°C (122°F) at depths of 500
m (1640 ft) or less. Within the lowest gradient areas of the western SRP a temperature

of 40°C (104°F) can be expected at a depth of 500 m (1640 ft). Fluids and temperatures
suitable for many low temperature geothermal resource applications exist in most places.

The Owyhee Uplands province is south of the SRP. It is a low relief volcanic plateau
built on a largely unknown basement. Its boundary with the SRP is marked by
subsurface faults, but is not abrupt at the surface. Gradients range from 16°C/km
(1.8°F/100 ft) to over 75°C/km (5.1°F/100 ft); average geothermal gradient is
5144°C/km (3.8+1.2°F) and the average heat flow is 98+7 mWm>. These values are
significantly above those in central and northern Idaho; the low values may be due to
regional downflow. The gradient average for the Owyhee Plateau is less than the western
SRP, but the difference in heat flow is not significant. The rocks encountered in the drill
holes are mostly silicic volcanic rocks with higher average thermal conductivity values
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than the sedimentary rocks in the western SRP, thus lower gradients for a similar heat
flow (Blackwell and others, 1992).

Bruneau-Grand View Area

According to Mabey (1983), the largest hydrothermal system in Idaho is in the Bruneau-
Grand View area of the western SRP with a calculated reservoir temperature of 107°C
(225°F). More information is needed to define the extent of the system and source of hot
water; no evidence in the existing data indicates that large volumes of water hotter than
that indicated by geothermometers will be found within 3 km (9840 ft) of the surface.

The Bruneau-Grand View area occupies about 2850 km? (1,100 mi?) on the southern
margin of the SRP in northern Owyhee county. The area has a rural population
dependent on ground water for irrigation. Temperature of the ground water ranges from
15°C (59°F) to more than 80°C (176°F). Ground water for irrigation is obtained from
flowing and pumped wells. Discharge of thermal ground water from 104 irrigation wells
and 5 hot springs in 1978 was about 62,266,500 m® (50,500 acre-ft)(Young and others,
1979).

Young and others (1979) divided the Bruneau-Grand View area into four geographic
units: Castle Creek, Grand View, Little Valley, and Bruneau Valley. The investigators
inventoried 104 irrigation wells and 5 hot springs, made measurements or estimates of
their discharges and pumping levels, and measured or reported water temperatures
throughout the 1978 irrigation season.

According to Young and others (1979), heat from the Bruneau-Grand View system is
discharged convectively by hot water which discharges naturally from hot springs or
artificially through pumped or flowing wells. Prior to any development in the area, all
convective heat flux was by hot spring discharge. Presently, almost all convective heat
flux is by hot water discharge from irrigation wells.

Historic data from Stearns and others (1937, p. 148) show 11 hot springs or groups of
hot springs within the boundaries of the four geographic units included in the Young and
others (1979) study. Temperatures of the springs ranged from about 38°C to 49°C
(100.4°F to 120.2°F), and discharges ranged from about 95 to 6814 I/min (25 to 1,800
gpm). From these data, the natural convective heat flux from the Bruneau-Grand View
area was estimated to be about 9x10° cal/s. Total convective heat flux from the
Bruneau-Grand View area was about 4.97x107 cal/s in 1978. Only about 1 percent of
this total was natural discharge from the hot springs in the Bruneau Valley unit; 99
percent was contained in water pumped or flowing from wells (Young and others, 1979).
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Bruneau Known Geothermal Resource Area (KGRA)

According to Spencer and Russell (1979a), the Bruneau KGRA is located in eastern
Owyhee County on the Bruneau River. This KGRA is part of the large thermal anomaly
that includes the Castle Creek KGRA. Fluoride levels are high in thermal waters, even
in waters of low total dissolved solids.

Bruneau lies just north of the fault zone forming the southern edge of the Snake River
graben. Miocene silicic volcanic rocks form the Owyhee Plateau and underlie the
KGRA. These may be related to the Idavada Volcanics exposed north of the Snake River
graben. Surface geology consists of interbedded lava flows, lacustrine and fluvial
sedimentary deposits of the Idaho Group dating from early Pliocene time. Upper
Pleistocene terrace gravels are exposed along the margins of the Bruneau Valley, and
alluvial deposits form the valley flood plain.

Castle Creek KGRA

The Castle Creek KGRA, as described in Spencer and Russell (1979b), is part of the
Bruneau-Grandview thermal anomaly. The area may have potential for greenhouse
operations and other low-temperature, direct-heat applications, utilizing warm water from
shallow depths. Water from sedimentary aquifers is generally higher in total dissolved
solids and has low fluoride levels, while that water produced from the volcanic aquifers
has significantly higher levels of fluoride but lower total dissolved solids.

The Castle Creek KGRA lies on the downthrown side of the southern margin of the
western SRP graben. The KGRA is associated with the western Idaho fault zone which is
suspected to have been recurrently active since middle Miocene. Miocene silicic volcanic
rocks occupy the region of the fault zone south of the KGRA in the foothills of the
Owyhee Mountains. Idaho Group formations, dating from the Pliocene, constitute most
of the rocks exposed at the surface and form badland topography over much of the area.
Rock units include basalt lava flows and consolidated lacustrine and fluvial facies. Faults
in these formations apparently serve as conduits for the geothermal anomaly (Spencer and
Russell, 1979b).

Grand View

OIT Geo Heat Center (Dellinger and others, 1982) conducted an analysis of the Grand
View area. A number of thermal wells, ranging from 25°C to 83°C (77 °F to 181°F), are
situated within a 4.8-km (3-mi) radius of the town. Several buildings were already
heated by warm water. The study concluded that Grand View has good geothermal
energy potential, but the economics of a district heating system were not very attractive.

Grand View is a small community along the Snake River, located in Owyhee County at
the junction of State Highways 67 and 78 in the Bruneau-Grand View KGRA. The
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climate is classified as semi-arid, having warm summers and cold to moderate winters.
The area around Grand View has been designated as a Known Geothermal Resource Area
(KGRA) by the U.S. Geological Survey.

The geology of the Grand View area has been analyzed by a number of authors. The
youngest lithologic unit in the area is the Idaho Group. It consists of poorly to
well-stratified deposits of unconsolidated to semi-consolidated gravel, sand, silt and clay
with numerous layers of ash, basaltic tuff, and thin basalt flows. In the Grand View
area, the unit is about 518 m (1,700 ft) thick. The oldest formation within the Idaho
Group is the Banbury basalt, 91 to 152 m (300 to 500 ft) thick in the Grand View area.
Another important unit is described as consisting of Tertiary silicic volcanic rocks and
silicic latite; it underlies the Banbury basalt. The unit has been jointed and fractured near
the contact zone with the Banbury basalt.

The consolidated volcanic units are the targets for obtaining thermal waters. Wells in the
Grand View area that penetrate the Banbury basalt and the Tertiary silicic volcanics
commonly have high artesian pressures. The upper portion of the Idaho Group acts as a
cap rock on the ground water system that occurs in the two consolidated lower volcanic
units. Wells in the area commonly produce 60°C (140°F) water from depths of 762-915
m (2,500-3,000 ft). Artesian shut-in pressures in some wells are as high as 94 psi at the
surface.

Many geologists believe that recharge to the thermal ground water system occurs as
precipitation on the plateau and mountains to the south and southwest.

Dellinger and others (1982) report that water quality analyses were performed for six
thermal wells in the Grand View area that range in depth from 396 to 732 m (1,300 to
2,400 ft). However, only five wells are listed with depths from 494 m to 905 m (1620 ft
to 2970 ft) (Dellinger and others, 1982, p. 135, Table 1)(73-89, -91, -95, -97, and -98).
Overall, the water quality is good. The only constituent which exceeds drinking water
standards is fluoride.

Indian Bathtub Area

The Indian Bathtub area is about 96 km (60 mi) southeast of Boise in southwestern Idaho.
Young and Parliman (1989) presented physical, chemical and isotopic data collected from
86 thermal water wells and S springs in the Indian Bathtub area. These data were
collected as part of a study to determine the cause of decreased discharge at Indian
Bathtub Hot Springs (73-273, 73-277) and other thermal springs along Hot Creek. The
data include well and spring locations, well construction and water level information,
hydrographs of water levels in 9 wells, hydrographs of discharges in 4 springs, and
chemical and isotopic analyses of water from 33 thermal water wells and 5 springs. In
addition, Young and others (1990) presented results of test drilling and hydrologic
monitoring of the Indian Bathtub area.
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More recently, interest in the decline of thermal spring flow and its impact on the
threatened Bruneau Hot Springs snail has resulted in studies of the thermal system.
Berenbrock (1993) studied the effects of well discharges on hydraulic head and thermal
spring discharge in the Indian Bathtub area and determined that a hydraulic head/spring
discharge relation exists for two sites at Indian Bathtub Spring and a nearby test hole (73-
273).

Twin Falls County (83)

Twin Falls County is located in south-central Idaho between the Snake River and the
Nevada border. Surface geothermal manifestations near Twin Falls are limited to three
hot springs issuing from faults: Miracle Hot Springs (83-21) and Banbury Hot Springs
(83-33) in western Twin Falls County near the Snake River, and Nat-Soo-Pah Warm
Spring (83-153) south of Twin Falls. Magic Hot Springs (83-181, 83-182) occur in the
southeastern corner of the county near the Idaho-Nevada border. Except for development
of the Banbury Hot Springs spa around 1910, little use was made of the thermal resource
until the 1970’s. During the mid-1970’s, western Twin Falls County began using the
resource, tapped by relatively shallow wells, for aquaculture and space heating. In the
late 1970’s an increasing number of residents installed wells to utilize the thermal water
(Lewis and Young, 1989).

Banbury Hot Springs Area

Lewis and Young (1982a) characterized geothermal resources in the Banbury Hot Springs
area. An inventory of wells and 2 thermal springs in the area was completed. Water
levels and discharge rates were measured, and chemical analyses were conducted.
Estimated age of geothermal water is at least 100 years and possibly more than 1000
years. Reservoir temperature is estimated between 70°C and 100°C (158°F and 212°F).

A summary of the Lewis and Young (1982a) report follows.

The Banbury Hot Springs area is located immediately south of the Snake River between
Salmon Falls Creek and Deep Creek in Twin Falls County, south-central Idaho. In the
early 1970’s, several wells that produce thermal water were drilled. Successful use of
these wells led to increased development of the resource. In 1982, 26 wells that produce
thermal water had been completed. Many residents were concerned that continued
development could limit geothermal water available to current users. If continued
development reduces flow or causes heads to drop below land surface, the economic
advantage of using the resource will be impaired.

Thermal water in the Banbury area is used for residence heating, catfish and tropical fish
production, greenhouse operation, swimming pools, and therapeutic baths. In 1979,
12,699,900 m® (10,300 acre-ft) of thermal water was utilized. The thermal waters
sampled are sodium carbonate or bicarbonate in character and slightly alkaline. Mixing
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of hot (72°C [161.6°F]) water with local cooler ground water can be shown from various
relations among stable isotopes, chloride, and enthalpy.

Lewis and Young’s (1982a) study included: 1) inventory of 50 thermal and nonthermal
wells and 2 thermal springs in the Banbury Hot Springs area; 2) collection of water level
or pressure information and discharge measurements, where possible, at the time of
inventory; 3) collection of water samples from 21 thermal wells and 2 thermal springs for
chemical analyses, including common ions, silica, and the minor elements of arsenic,
boron, lithium, and mercury; and 4) collection of water samples from nine wells and two
springs for deuterium and oxygen-18 analyses, four wells and one spring for tritium
analysis, and two wells and one spring for sulfate-water isotope analysis. Water level
measurements were used to compile a generalized potentiometric map. Discharge
measurements and water temperatures at land surface were used to determine the present
quantity of thermal water being utilized and the associated convective heat flux.
Reservoir temperatures were estimated for all sampled thermal water in the Banbury Hot
Springs area and for selected thermal water in the nearby areas using the silica and
Na-K-Ca geothermometers. Reservoir temperatures for two wells and one spring were
estimated by using the sulfate-water isotope geothermometer. Relations of selected
chemical constituents to deuterium and oxygen-18 isotopes and concentrations of tritium
were used to distinguish and define the approximate areal extent of the Banbury Hot
Springs geothermal reservoir.

Rocks underlying the Banbury Hot Springs area are volcanic and sedimentary in origin
and range in age from late Miocene to Holocene. They are divided into: 1) Tertiary
silicic volcanics; 2) Tertiary basalt; 3) Quaternary and Tertiary sedimentary rocks; and 4)
Quaternary basalt and sedimentary rocks. A large number of the springs in the canyon
walls at Thousand Springs occur at the contact between the Tertiary and Quaternary
basalt units. Permeability appears to decrease drastically at the contact betweeen the
older and younger basalt.

Tertiary silicic volcanics consist chiefly of welded tuff of the Idavada Volcanics of late
Miocene age and are exposed locally in the canyon of Salmon Falls Creek and in the
uplands southwest of the Banbury Hot Springs area. Total thickness of the Idavada
Volcanics in the vicinity of Banbury Hot Springs exceeds 610 m (2,000 ft)(Malde and
Powers, 1962). Tertiary basalt, consisting chiefly of olivine basalt flows of the Banbury
Basalt of late Miocene age, is the predominant rock unit in the area. This unit is
reported to be about 198 m (650 ft) thick. Quaternary and Tertiary sedimentary rocks,
consisting chiefly of detrital basin fill deposits of the Glenns Ferry Formation of late
Pliocene and early Pleistocene age, are also exposed throughout the area.

Several northwest-trending normal faults have been mapped in the area studied. Most
faults have their downthrown side on the northeast. Some graben and horst structures
occur southwest of the study area. Most of the faulting probably occurred in late
Miocene time, although some faulting continued through Pleistocene time.
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Most wells are located in a narrow belt centered along the extension of a northwest-
trending fault. Other northwest-trending faults southwest of the study area act as barriers
to ground water movement from the southwest. Artesian heads in wells at the time of the
study were as much as 110 m (360 ft) above land surface. The hottest water
(temperature near 72°C [161.6°F]) occurs in the vicinity of Salmon Falls Creek (83-12).
On the basis of available heat-flow data, depth of circulation in the system required to
attain water temperatures near 70°C (158°F) is about 1341 m (4,400) feet. Because these
temperatures occur in water from wells 128 to 213 m (420 to 700 ft) deep, some
convective transport of heat, probably upward along faults, is indicated.

A general increase in concentrations of chloride, fluoride, and boron occurs with an
increase in temperature. Indications are that of a mixing of hot water from a single deep
source with shallow cooler local ground water to give the range of temperature and
chemical makeup evident in the Banbury thermal waters. Concentrations of tritium in
samples indicate that most thermal water contains little or no post-1954 water and is
probably at least 100 years old and perhaps more than 1,000 years old (Lewis and
Young, 1982a).

The Earth Science Lab Division of the University of Utah Research Institute (UURI)
provided geologic assistance to Fishbreeders of Idaho, Inc. to locate a thermal well for
operation expansion. The study area was located near Banbury Hot Springs in the
Hagerman Valley, about 32 km (20 mi) west of Twin Falls (Blackett, 1981a).

Hagerman Valley is the site for much of Idaho’s commercial fish industry. Cold water
fish species are raised from numerous cold springs that discharge from the canyon wall
on the northeast side of the Snake River. Warm water fish species are raised in thermal
water produced from wells located southwest of the Snake River. No thermal wells or
springs are known to occur on the northeast side of the Snake River and therefore the
general course of the river has been considered as the approximate boundary to the
geothermal system (Lewis and Young, 1980a).

Goldman (1982) documented the development of the Leo Ray fish farming operation near
Buhl, which utilizes geothermal energy (83-53, 83-54). History of development is
described and recommendations for future resource evaluation are presented.

UURI conducted an evaluation of exploration methods useful for low-temperature
geothermal systems in the Artesian City area (Struhsacker and others, 1983). Each
technique was critiqued and an exploration strategy outlined.

Central Twin Falls County

Lewis and Young (1989) characterized the hydrothermal system in central Twin Falls
County. The report described the areal extent and thickness of the hydrothermal
reservoir and proposed a conceptual model of the system. They concluded the reservoir
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is approximately 1000 km? (240 mi®), with aquifers contained primarily in the Idavada
Volcanics. Aquifer thickness ranges from 213 to 610 m (700 to 2000 feet). Estimated
reservoir temperature is 70°C to 80°C (158°F to 176 °F); carbon-14 age dates place
samples from 1000 to 10,000 years old. Net heat flux is about 2.2 HFU.

An investigation of the thermal resource in central Twin Falls County was conducted by
the Idaho Department of Water Resources. The initial part of the study, completed by
Street and DeTar (1987), provided baseline data on geology, historic pressure and
temperature fluctuations in the system, and thermal water geochemistry. The second part
of the study included continued monitoring of system temperatures and pressures,
additional water chemistry and rock geochemistry. This portion of IDWR’s investigation
was completed by Baker and Castelin (1990); a conceptual model was proposed.

According to Baker and Castelin (1990), the Idavada Volcanics and Paleozoic
sedimentary rocks east of Hollister act as part of the geothermal aquifer. A north to
northwest flow pattern is implied. Although water level decline is apparent in developed
areas, discharge due to pumping does not exceed natural recharge.

Mariner and others (1991) investigated the chemical, isotopic, and dissolved gas
compositions of the hydrothermal system in Twin Falls and Jerome counties. It appears
thermal waters range in age from 2000 to 26,000 years. Westward-flowing older water,
north of the Snake River, may join younger northward-flowing water; main direction of
flow in the hydrothermal system seems to parallel surface drainage.

According to Lewis and Young (1989), the artesian pressure of the geothermal system in
Twin Falls county has been used to generate electricity for sale to power companies.
Low hydraulic head hydrogenerators have been installed on some flowing warm water
wells. Discharge from these wells is generally sufficient to produce some electricity, but
the heat content of the resource is not efficiently used. Increased utilization of the
thermal water has caused aquifer pressures to decline in recent years. Near the city of
Twin Falls, pressure declines of up to 15 pounds per square inch since 1984 have been
documented, and water levels in some formerly flowing thermal wells have declined to
below land surface.

Lewis and Young (1989) state that the thermal water occurs primarily in the silicic
volcanic rocks of the Idavada Volcanics. Electrical resistivity soundings indicate that the
Idavada Volcanics are continuous beneath most of the area; thickness ranges from about
213 to 915 m (700 to 3,000 ft) and averages about 610 m (2,000 ft). Reservoir volume
is about 1000 km® (240 mi*). Temperatures of water sampled range from 26°C (78.8°F)
to nearly 50°C (122°F) in wells completed in the upper part of the reservoir; the warmest
temperatures occur near Twin Falls.

Most of the thermal water is a sodium bicarbonate type. Carbon-14 concentrations in
selected thermal water samples indicate ages of 1,000 to 15,000 years. The water
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becomes progressively older northward along proposed ground water flowpaths.
According to Baker and Castelin (1990), the chemistry of the thermal water appears to be
strongly governed by the chemical composition of and exposure time to the rocks that it
comes in contact with. The shorter flow paths to the south appear to occur entirely
within the Paleozoic rocks, as indicated by the calcium bicarbonate chemistry of the
thermal water. As the flow paths become progressively longer towards the north, the
thermal waters apparently encounter the silicic volcanics during their ascent. The
chemistries of the thermal waters gradually equilibrate to the new host rock conditions
and lose their Paleozoic signatures as exposure time increases. Ultimately, the chemistry
of the thermal water changes to a sodium bicarbonate type.

The net heat flow for the area is between 2.2 and 3.7 HFU’s, depending on variables
assigned. The 3.7 HFU is an anomalously high heat flow for south-central Idaho and
would be more representative for heat flow in an active geothermal area. The 2.2 HFU
is more compatible with values for margins of the SRP published by Sass and others
(1971) and Brott and others (1976, 1978) and probably is a better estimate for the Twin
Falls area. The more credible lower value requires a system older than 5,000 years and
recharge rates considerably less than 0.31 m*/sec (11 ft*/sec)(Lewis and Young, 1989).

The mountainous terrain to the south and southeast of the study area is thought to be the
recharge area for the geothermal system. Natural discharge from the system occurs
primarily through upward leakage to the overlying cold-water system. Where
topographic and geologic conditions are favorable, thermal water flows at land surface as
springs and seeps. Based on the relative positions of the presumed recharge and
discharge areas of the system, a north to northwest direction of flow is implied.

Significant declines have been observed in the potentiometric surface in areas where
development of the thermal resource has been most concentrated. Based on observed
water-level trends, it appears total discharge does not exceed recharge. Apparently, the
amount of upward leakage that naturally took place in these areas has been reduced by
approximately the amount of discharge from wells (Baker and Castelin, 1990).

A monitoring network of five wells in the Banbury Hot Springs area was established in
the fall of 1983. A similar network of four wells was established for the Twin Falls area
in the spring of 1984. Tt is Street and DeTar’s (1987) opinion, based on well testing,
similarity of monitoring results, responses to changes in discharge and water chemistry,
that there seem to be no barriers to thermal water movement within or between the Twin
Falls and Banbury portions of the system. While the Twin Falls and Banbury portions of
the system appear hydrologically connected, the source of the heat component at Twin
Falls is not clear.

Monitoring of the aquifer has shown that temperatures have remained constant while

water levels are still declining and have not reached equilibrium. The seasonal
fluctuations indicate response to the decrease in discharge, not necessarily to recharge.
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The monitoring also demonstrated that the aquifer responds rapidly to the development
and usage of new wells or to the repair and shut-in of existing wells; this indicates good
hydraulic interconnection between the Banbury and Twin Falls portions of the system
(Street and DeTar, 1987).

Valley County (85)

An environmental analysis of the Vulcan Hot Springs KGRA was completed by EG&G,
Idaho (Spencer and Russell, 1979¢) as part of a preplanning environmental program
related to Known Geothermal Resource Areas in the Snake River Basin. A second
report, USGS Open-file Report 80-518, consists of a telluric profile and location map for
Vulcan Hot Springs KGRA (Christopherson and others, 1980).

The Vulcan Hot Springs KGRA is one of the more remote KGRA’s in Idaho. Vulcan
Hot Springs (85-21) are composed of 13 vents with a combined discharge of 32 1/sec
(507 gpm) and a surface temperature of 84°C (183.2°F). The chemistry of Vulcan Hot
Springs indicates a subsurface resource temperature of 147°C (296.6°F). The resource
may be a candidate for power generation. Geologically, the Vulcan Hot Springs KGRA
is located a few kilometers east of the western margin of the Idaho batholith. The KGRA
follows a north-trending lineament which probably controls the presence of the hot
springs (Spencer and Russell, 1979¢).

Washington County (87)

Washington County has attracted geothermal exploration activity due to the presence of
Weiser (87-18) and Crane Creek (87-7) hot springs. The thermal values from shallow
holes are quite scattered with gradients and heat flow values ranging from 20.4°C/km
(2.1°F/100 ft) and 32 mWm? to 84°C/km (5.6°F/100 ft) and 102 mWm?. The average
heat flow value is 57 mWm? and the average gradient is 45°C/km (3.4°F/100 ft). A
nonequilibrium bottom hole temperature for the Christiansen #A-1 well (87-10) is 130°C
(266°F), resulting in an estimated gradient of greater than 48°C/km (3.6°F/100 ft), and an
estimated heat flow of 76 mWm™, Heat flow and gradient are significantly lower than
those found in the western SRP (Blackwell, 1989).

Crane Creek KGRA

The Crane Creek KGRA is located in Washington County in southwestern Idaho.
Estimated resource temperature is 166°C (330.8°F)(Na-K-Ca) to 176°C (348.8°F)(quartz).
The KGRA is situated along the west side of the north-south-trending Idaho fault zone.

An environmental assessment of the area was performed by EG&G, Idaho (Spencer and
Russell, 1979¢).

Cretaceous Idaho batholith rocks are exposed approximately 20 km (12.5 mi) east of the
Crane Creek KGRA. Older Mesozoic and Paleozoic metavolcanic and metasedimentary
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rocks are exposed approximately 11 km northwest of the KGRA. These rocks are
believed to form the basement complex under the Crane Creek KGRA.

The dominant structures in the Crane Creek KGRA are a series of north-northwest-
trending high-angle faults that form a narrow structural zone that trends across lower
Crane Creek and parallel to the Weiser River. This fault zone coincides with a steep
gravity gradient that is suggestive of a major structure in basement rocks at depth. Hot
springs along Crane Creek are located on the east side of the fault zone and may be
related to hot water rising along a deep-seated basement fault and into younger faults in
the overlying lavas. The overlying sandstone units are fractured and displaced by minor
faults. Small faults in the sediments may have resulted from continued movement on
older faults in the underlying lavas or from subsidence related to hot spring activity. The
hot springs in the Crane Creek area are located along the margin of a siliceous sinter
terrace or in adjacent sediments covering part of a sinter apron (Spencer and Russell,
1979¢).

Weiser and Little Salmon River Drainages

Fifteen thermal springs, two thermal wells, and eight cold springs in the Weiser River
and Little Salmon River drainages were sampled for deuterium and oxygen-18 analysis
during the fall of 1981 by the Idaho Department of Water Resources (Mitchell and
others, 1984). The analysis suggests that thermal waters might be Pleistocene age.
Isotopic data indicate little evidence for mixing of thermal and nonthermal waters. A
summary of the IDWR study follows.

A high-angle fault east of the hot springs area is a possible source for the thermal water.
The high-angle faults associated with a graben structure believed to exist near the western
margin of the study area may also provide conduits for the movement of thermal water.

Most thermal water occurrences in west-central Idaho are confined to arcuate zones
defined by the general courses of the South Fork of the Salmon and the Weiser rivers.
Springs that do not lie on this arcuate trend are generally found east of this zone and
include Cove Creek Hot Springs (87-1) and Crane Creek Hot Springs (87-7) in
Washington County, and White Licks Hot Springs (3-6) in adjacent Adams County.

Samples were taken along the length of two of the arcuate zones defined in the Weiser
River and Little Salmon River drainage basins to determine isotopic compositions of
thermal water along their lengths. Sites for isotopic sampling along the arcuate trends
were chosen on the basis of surface temperature and geographic location. All springs
were sampled during the fall of 1981 to insure sampling of perennial discharge. A total
of 24 samples were collected.

Many of the thermal springs and wells are found on or near major mapped faults or near
contacts of different rock units. Thermal wells generally have been drilled into Miocene
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stream or lake deposits or Quaternary alluvial deposits close to their contact with basalt
rocks or with each other.

Only a few deep wells have been drilled in the Weiser Hot Springs-West Weiser Flat
area. These include: a 244 m (800 ft) deep well (87-22)(1IN-6W-10cca2) drilled near
Weiser Hot Springs (87-18), from which thermal water flows, that was formerly used for
greenhouse space heat and for a natatorium; Weiser Strat No. 2 well (11N-6W-15aal),
drilled by Phillips and then plugged, was 209 m (658 ft) deep and encountered 64°C
(147°F) water near the bottom; Weiser Strat No. 3 well, drilled to 437 m (1550 ft) again
by Phillips, that bottomed in basalt and had no water reported in the well; and well
11IN-5W-33bcl, drilled by the City of Weiser for municipal use [no temperature is given
for this well and therefore it is not included in the data base]. An interesting aspect of
the logs from these wells is the association of thermal water (< 100°C [ <212°F]) with a
lithologic unit identified by a water well drillers’ term "blue clay”. "Blue clay" is
associated with thermal water in the Crane Creek, Parma, Nampa-Caldwell, and Boise
areas of the western SRP and has been noted in drillers’ logs in thermal wells as far east
as Bannock County. In the Nampa-Caldwell area a "blue clay" acts as an aquitard or cap
rock, separating nonthermal water from thermal water found below the "blue clay”
[(Anderson and Wood, 1981)](Mitchell and others, 1984).

In the Weiser Hot Springs area, based on geologic data, there is no obvious reason for
the hot springs occurrence. Therefore, it is assumed that the hydrothermal water is
generated elsewhere and brought to the surface through some minor structure.

The isotope data gathered indicate that recharge to the thermal systems is from ancient
(Pleistocene) precipitation which fell in proximity to the thermal discharges on adjacent
slopes or in adjacent mountain ranges. Thermal waters issuing from Weiser, Crane
Creek, Cove Creek, and White Licks hot springs have been enriched in oxygen-18,
indicating that these waters have been at higher temperatures than other thermal waters
sampled from the study area. There is little or no evidence in the isotope data to indicate
that sampled thermal waters are mixtures of thermal and nonthermal waters. Possible
exceptions might be water issuing from Stinky (also spelled Stinkey) Warm Springs (3-19)
in Adams County, and the Glen Hill well (87-16)(Mitchell and others, 1984).
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RECOMMENDED FUTURE STUDY AREAS

Introduction

Site specific studies of the economic potential for geothermal development were
conducted during the period from 1978 to 1982 for several Idaho communities. Most of
these investigations show the need for further exploration of the geothermal resources for
many areas in Idaho. Areas that should be further investigated are discussed below by
county. The Twin Falls area is considered the highest priority for immediate study due
to the heavy use of the resource that has caused a significant local water level decline, as
well as underutilization of the resource that is withdrawn from the aquifer. Other areas
of interest have not been prioritized.

Ada County (Boise area)

An extensive review of data and evaluation of the Boise Geothermal Aquifer was
conducted by the Berkeley Group (1990) under contract to the Idaho Department of
Water Resources. The Berkeley Group evaluated an area extending from approximately
2.4 km (1.5 mi) southeast of the State Capitol building to 0.8 km (0.5 mi) northwest
along the Boise Front. Pressure and temperature response modeling was conducted. The
report concluded that: 1) geothermal production wells along the Boise Front Fault
communicate readily and 2) interference occurs between production wells and affects
water levels along the fault in general. Further hydrologic, geophysical and geochemical
investigations are needed to predict the effects of development on the geothermal aquifer
and its longevity.

The report outlined needed monitoring and recommended methods for further
investigation. Locations of slim hole observation wells were proposed, along with
identification of existing wells for temperature and water level monitoring.
Recommendation of a long-term flow test was also made, along with installation of
accurate total flow devices on selected production wells. Regular geochemical sampling
of major pumping wells and tracer testing of injection wells was also suggested. Details
of the proposed follow-up studies are contained in the report (Berkeley Group, 1990).

Bannock County (Pocatello-Tyhee and Lava Hot Springs areas)

Corbett and others (1980) believed that warm water suitable for space heating may be
available in the Tyhee area if structures controlling thermal water movement can be
identified at depth. Highest estimate of subsurface temperature at drillable depth is 80°C
(176°F); a low of 41°C (105.8°F) is represented by surface discharge in the area.

Additional data collection is necessary before a realistic assessment of the geothermal

resource can be made. Corbett and others (1980) recommended the following additional
studies:

60



1) Flow tests on the known warm water wells to determine sustainable yield and
well interference potential.

2) Seismic and electrical prospecting to delineate locations of controlling geologic
structures.

3) Monitoring holes drilled and aquifer tests conducted to determine aquifer
characteristics and well interference potential. Monitoring holes would help better
determine structural and stratigraphic controls on thermal and nonthermal water in
the area.

4) Hydrogen-deuterium and oxygen 18-oxygen 16 isotope ratios should be
determined for both thermal and nonthermal water in the Tyhee area to indicate
origin of the thermal waters.

In the Lava Hot Springs area, McClain (1978) described investigations undertaken to
determine the feasability of designing a district heating project. Flow potential,
temperatures, and low likelihood for interference with existing wells appeared to favor
the project. A follow-up investigation in the near future may be warranted.

Boise County (Garden Valley area)

Several greenhouses, resort facilities, and numerous homes use geothermal resources to
provide hot water and space heating needs in Boise County, particularly in the Garden
Valley-Crouch area, a major developing area for space heating. The combination of
relatively high temperatures at shallow depth, moderately productive domestic wells,
nearby developments, and a user base make this an attractive area for further
investigation. The geothermal reservoir is a fracture-controlled granitic aquifer.

According to Blackwell (1988), the area with the most documented geothermal gradient
and heat flow data is just west of Garden Valley along the South Fork of the Payette
River. The nature of the geothermal system is still unknown and further studies are
needed. There may be significant potential for development of some of these systems for
space and/or process heating where nearby developments exist (Blackwell, 1989).

Further detailed study of the geothermal reservoir should be conducted. Well inventory,
current water level measurement, and determination of historic water level decline
patterns should be carried out. Aquifer tests and heat hole drilling should be conducted
to determine potential size of geothermal aquifer and temperature expected. Other
aquifer characteristics such as recharge and discharge areas, hydrologic boundaries, and
structural controls should be investigated.
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Camas County (Camas Prairie area)

The Camas Prairie, especially the Magic Reservoir area, has above average geothermal
potential. Temperatures are certainly in the range of 30-40°C (86-104°F) at depths of
300+ m (984+) and may be high enough for commercial electric power production in
the most favorable case. High gradients are also indicated along the north and south
edges of the Mount Bennett Hills (Blackwell, 1989).

The three areas around Fairfield discussed by McClain and others (1979) that appear to
offer excellent geothermal exploration targets should be considered for future study.
These include: the area around Barron’s Hot Springs, on the downdip (east) side of the
fault, which appears to be an excellent area for both shallow and deep exploration; the
area south of Fairfield, also rated excellent for shallow exploration; and the area along
the downdip (east) side of the N-S trending inferred fault passing just to the east of
Fairfield, rated very good for deep exploration. Fairly deep geothermal exploration
wells must be drilled into fault zones in order to encounter permeable zones that will
result in maximum production and temperature. Geophysical (electromagnetic VLF radio
and earth magnetic) surveys recommended by McClain and others (1979) should be
conducted to pinpoint the existence and attitude of faults in the valley that extend down
into the granitic basement. Based on funding available, some follow-up characterization
of the geothermal resource in the area is likely warranted.

Canyon County (Nampa-Caldwell area)

Numerous warm water wells and favorable geologic conditions indicate that the Nampa
area has good potential for using geothermal energy in direct applications. Many existing
warm water wells are in the 24°C to 38°C (75°F to 100°F) temperature range.

Nampa is an agricultural service center 28.8 km (18 mi) west of Boise with a population
of about 25,000 people. The combination of a thermal water resource matched with a
community of considerable size makes this an attractive area for geothermal energy
development in the future.

The rock units in the Nampa area are composed of basalt of Miocene to early Pliocene
age. Several widespread sandstone aquifers overlie the basalt units. These sandstone
aquifers are projected to yield good flows of 30°C (86°F) to 60°C (140°F) water from
depths of 305 to 670 m (1,000 to 2,200 ft). The sandstone aquifers are better targets
than the basalt because of greater anticipated permeability (Dellinger and others, 1982).

The Idaho Department of Water Resources (IDWR) conducted an integrated geological,
hydrological, geochemical and geophysical survey for the purpose of evaluating the

geothermal potential of the Nampa-Caldwell area (Mitchell, 1981). The area studied by
the IDWR included approximately 925 km? (357 mi?) of the Nampa-Caldwell portion of
Canyon County. Geologic mapping, hydrologic, geochemical, and geophysical surveys
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were run. In addition, existing magnetotelluric and reflection seismic data were
purchased and incorporated into the investigation. Their recommendations for resource
definition and development are outlined below.

1) Investigations of effects of widespread artificial aquifer communication by well
drilling on the thermal permeable zones and their use as a heat source should be
conducted.

2) Should large scale development take place, it would be advisable to establish a
geochemical sampling program whereby quarterly or even monthly samples are
obtained from production zones. Such information has been utilized in high
temperature fields for early detection of impending production changes (volume,
temperature, fluid characteristics) in geothermal wells.

3) Thief sampling of water from permeable zones, isolated by packers to prevent
mixing within the well bore of the Richardson No. 1 well should be made to
determine deep water isotope and geochemical characteristics.

4) Investigations to delineate possible recharge of the thermal aquifers should be
undertaken to determine if recharge is presently occurring. These could include
further stable isotope work in suspected recharge areas in the mountains on both
sides of the SRP, tritium age dating, dating using 12C, 13C, and 14C and inert
gas methods to determine absolute age of thermal water from various thermal
aquifers.

5) More work is needed to determine clay layer semi-permeable membrane effects
on the stable isotope ratios in the Nampa-Caldwell area.

6) Monitoring of potentiometric surfaces to detect stress effects in the aquifers and
permeable zones would provide early warning of water level declines should these
take place due to increased pumpage from geothermal development.

7) Stable isotope data should be incorporated as standard water quality data in
other areal investigations where deemed appropriate. Stable isotope studies should
be integrated in any groundwater study of the Boise front geothermal system.

8) Seismic risks associated with possible large scale dewatering of the geothermal
system should be assessed. A seismic net (3 stations) should be set up in the
Nampa-Caldwell area and another along the Boise front area to obtain background
data before large scale withdrawal of geothermal water begins, and should be
continued after production begins.
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9) Detailed petrographic and geochemical studies of well cuttings from deep wells
with comparisons to outcrops in and around the western SRP should be made for
correlation purposes.

10) More geophysical data within the western SRP should be purchased and
interpreted to help determine the boundaries of the geothermal system(s).

11) More detailed geologic mapping, particularly on the northern margin of the
western SRP is needed to unravel the stratigraphy and correlate units. A better
understanding of the geology, hydrology and geochemistry of groundwaters in and
near the plain will greatly expand geologists’ ability to locate and evaluate areas of
geothermal potential in this region.

Caribou County (Greys Lake and Blackfoot Reservoir area)

According to Blackwell and others (1992), there is a very large area of elevated
geothermal gradient in the vicinity of Grey’s Lake and Blackfoot Reservoir. The Gray’s
Lake/Soda Lake area heat flow in deep wells ranges from 50 to 120 mWm?. The area
has been thought to have significant geothermal potential from the geologic setting alone
(Leeman, 1985). Gradients in this area are distinctly anomalous with respect to those
elsewhere in the southeastern Idaho Basin and Range province. This vicinity is sparsely
populated, but temperatures reported in oil wells suggest this area may have temperatures
sufficient for electricity generation at depth. Extremely young rhyolitic rocks and
structures exist in the vicinity and the geologic framework favors the possibility of a
high-temperature reservoir at depths greater than 2 km (1.25 mi); exploration for this
resource will be expensive. However, Caribou County presents a unique opportunity for
low temperature resource prospecting by drilling into fault zones associated with
travertine deposits (Mitchell, 1976). Detailed delineation of these fault zones combined
with limited shallow test drilling should be conducted to evaluate this resource.

Fremont County (Island Park area)

The Island Park geothermal reservoir is at present off-limits to drilling activities due to
an unsubstantiated fear that development of the aquifer will endanger geothermal features
at Yellowstone Park. However, deep drilling is necessary to substantiate the
interpretation postulated by Hoover and others (1985) that the Island Park area is
underlain by a solidified but still hot pluton that represents a significant hot dry rock
resource. Deep drilling would also provide needed heat-flow data.

The Island Park-Yellowstone National Park region comprises a complex caldera system
which has formed over the last 2 million years. The caldera system has been estimated
to contain 50% of the total thermal energy remaining in all young igneous systems in the
United States. The Island Park System contributes 32% of the total thermal energy
remaining in the complex. The Island Park system, alone, contains twice as much energy
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as the next largest system, the Valles caldera in New Mexico. These considerations
make the Island Park region an excellent site for geothermal exploration, yet there is
essentially no activity in the region today. Although development is not permitted within
Yellowstone National Park, neither exploration nor development is progressing in the
caldera complex outside the park. Environmental concerns have in part caused this, but
the lack of surface thermal manifestations and the lack of evidence for hydrothermal
systems within the Island Park part of the caldera complex are also responsible.

Lemhi County (Big Creek Hot Springs)

An evaluation of Big Creek Hot Springs as a source of electrical power for the Blackbird
Cobalt Mine was conducted (Struhsacker, 1981). Big Creek Hot Springs is one of the
hottest known geothermal systems in Idaho, with a surface temperature of 93°C (199°F).
Geothermometer estimates of reservoir temperature range from 137°C to 179°C (279°F to
354°F). It was concluded that Big Creek Hot Springs is an excellent geothermal
prospect. A suggested exploration program, engineering and economic analyses, and
appraisal of institutional factors was outlined.

Big Creek Hot Springs is located approximately 20.8 km (13 mi) north of the Blackbird
Mine. Reservoir rocks are likely competent Precambrian metamorphic and
metasedimentary rocks, with fractures serving as hot water conduits. The system consists
of a linear set of spring vents trending N40-45W that intersect Hot Springs fault. The
heat source is probably deep circulation of meteoric water. There may be potential for
buried thermal anomalies along the entire length of Hot Springs fault.

Several institutional factors complicate the development potential of Big Creek Hot
Springs; it lies on Forest Service land and is near the River of No Return Wilderness
Area. The distance from population centers precludes development at present of
electrical generation potential.

The engineering feasibility study modeled an 11 MWe binary power plant, utilizing
propane (95%) and hexane (5%) as the mixed working fluid. It was determined a power
plant could be located along Panther Creek; power would be transmitted 20.8 km (13 mi)
to where it would tie into the Idaho power grid that services the town of Cobalt
(Struhsacker, 1981).

Follow-up studies suggested by Struhsacker (1981) include:

1) Thermal gradient measurements in existing accessible water or exploration
wells and mineral exploration holes; local gradient is unknown.

2) Mapping to define the nature of the Hot Springs Fault and to determine the role
the fault plays in controlling the geothermal system.
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3) Shallow (49 to 160 m [160 to 525 ft]) temperature gradient hole drilling.

4) Resistivity survey to identify buried structures and low resistivity zones that
may correspond with the presence of warm water and hydrothermal alteration.

5) After completion of work listed above, target modeling would indicate if
further, more detailed work was merited. Work would include detailed prospect
mapping, deeper drilling, and flow testing.

Twin Falls County (Twin Falls area)

The Twin Falls area should be given the highest priority for additional geothermal
assessment, exploration and development because of the potential size and temperature of
the geothermal reservoir, the close proximity to the population center of Twin Falls, and
the recent decline of water levels in several wells being used for space heating, including
the geothermal space heating system of the College of Southern Idaho. Recently the
college had to install pumps in their wells to maintain adequate flow for their system.
Other users have also expressed concern about pressure decline in the thermal system.

Although several investigations have focused on the Twin Falls area, the source of the
heat component of the Twin Falls system is not clear and the relationship of the Twin
Falls and Banbury systems is poorly understood. Lewis and Young (1989) estimated that
the reservoir is approximately 1000 km® (240 mi®) with temperatures of 70-80°C (158-
176°F). Additional studies should be conducted to assess the Twin Falls geothermal
system. These studies should be conducted to: 1) compile existing geologic, hydrologic
and geothermal information from local, state and federal sources; 2) develop a conceptual
model of the reservoir which could be used as the basis for future numerical modeling;
and 3) provide information for resource management decisions.
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SUMMARY

This report summarizes investigations of geothermal resources of Idaho that have been
conducted since the compilation by the Idaho Department of Water Resources in 1980
(Mitchell and others, 1980). The DBase file accompanying this report contains data for
all geothermal wells and springs we have been able to identify in Idaho with temperatures
above 20°C (68°F). Data sources include past compilations along with more recently
published reports and unpublished documents.

With over 1500 individual thermal wells and springs, Idaho has a significant potential for
further geothermal resource development. Because most thermal sites are relatively low
temperature, development of the resource for additional space heating and other low-
temperature uses appears promising. Several areas are recommended for further study,
including the Boise, Nampa-Caldwell, Twin Falls, Pocatello, Garden Valley and Camas
Prairie areas. Of these, the Twin Falls area should be given the highest priority.
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Printer out of paper.

Printer not sufficiently charged.

RAM Disk battery is low.

Station file on the RD is not of sufficient length to accommodate the
number of days you are trying to dump. In this case the message RAM
FULL will be displayed. @ The PCMTSTO program will update the
calculator read pointer and the RAM write pointer up to (but not including)
the last day printed. These days are also stored on the RAM DISK. Any
additional days of data will not be dumped. You will need to reformat the
RAM. Refer to the Office Manual to accomplish this.

Now you will have a hard copy of the data transfer, the data will be stored on the

RAM, and the RAM write pointer will have advanced 7 times the number of days you

dumped.

If you check the calculator R&W pointers after the transfer the read pointer

should be the same value as the write pointer.

DATA TRANSFER FROM RAM TO PC

To transfer data collected by the pump monitor and upload to the RAM disk unit

to a PC, the following items will be needed:

HP-41CX calculator and HP-IL (interface loop)
RAM disk

IBM compatible PC with serial port and GW-BASIC
Serial cable and connectors

HP to PC basic programs (see Appendix 3)

After the basic programs have been loaded into the PC, you should make the

following connections (see figure 3). Make sure that calculator, RAM disk, PC, and

printer are turned off before connecting.

1.

The RAM disk should be connected to the HP-41CX calculator by the HP-
IL cable.

Connect the serial port of the PC to the RAM disk using the serial cable.
Verify connections and turn on the PC and HP-41CX.

Execute the BASIC program, "HPINPUTO" on the PC. You should see a
title screen and instructions - - follow them.

To start the HP-41CX data dump, enter the following keystrokes: [XEQ]
[ALPHA] (RAMDUMP]} [ALPHA].

At the end of the transfer, the RD pointers will be updated.
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APPENDIX 1 — PUMP INITIALIZATION WORKSHEET

To the user: If you will take the time to fill out this worksheet you will find that it is in the
same format as the calculator will prompt you for input during the initialization process.

STATION NAME:

Enter the station name using up to 6 characters

NOTE: Turn to the appendices for instructions on how to calculate IP, OP coefficients
I-A?:

The calculator 1s asking you for the water level low pressure offset, ft

I-B?:
The calculator i1s prompting you for the water level low pressure slope, ft
D-AY:
The calculator 1s prompting you for the discharge pressure offset, ft head
D-B?:
The calculator 1s prompting you for the discharge pressure slope, ft head
O-1 ELEV?
The calculator 1s prompting you for the output / input elevation difference.
S-A:
The calculator is prompting you for the speed sensor offset, rpm
S-B:
The calculator 1s prompting you for the speed sensor slope, rpm
MAX EFF?
The calculator 1s prompting you for the pumps rated maximum efficiency. Enter
the number in the decimal form of percent (i.e. 65% = 0.65)
WM-A:
The calculator 1s prompting you for the watt meter offset
WM-B:
The calculator 1s prompting you for the watt meter slope.
KWH COST?
The calculator 1s prompting you for the current energy cost which can be
obtained from the local utility company, $/kw
PA:

The calculator is prompting you for the pipe area, sq ft.

SCAN H.MS?

The calculator is prompting you for the scan interval. EXAMPLE: For a scan
interval of every 30 minutes you would enter 0.3000

LOG H.MS

The calculator i1s prompting you for interval to summarize and log the scanned

data to EM. For example, logging interval of 4 hours would be entered as 4.000.
START M.DY?

The calculator 1s prompting you for the Month,Day,Year that you want the pump

monitor to start data collection. EXAMPLE: If you wanted the pump monitor to

start on January 1, 1999 you would enter 1.11999,

START H.MS?

The calculator 1s prompting you for the Hour,minute,second that you want the
scan interval to begin. EXAMPLE: If you wanted to start at 1:30 pm, you
would enter 13.0000 (Note: The time format is in 2400 hr.)
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APPENDIX 2.

HP41 pump monitor program listings, register maps and flag useage.

HP41 PUMP STATION MONITOR REGISTER MAP
Register
Number Contents of the register Units
1
2
3 Registers 00 thru 09 are used by several
4 of the subprograms in EMAIN. Depending on
5 which subprogram is being used at the time
6 will determine the contents of the
7 register(s).
8
9
10 Station name (i.e., Ketchum or Sun Valley)
11 Extended Memory Read Pointer registers
12 Extended Memory Write Pointer registers
13 Speed sensor offset rpm
14 Speed sensor coefficient rpm/£(x)
15 Output - Input elevation difference ft
16 Water level offset ft
17 Water level coefficient ft/f(x)
18 Discharge Pressure offset ft
19 Discharge Pressure coefficient fr/f(x)
20 Number of Flow meters
21 Flow meter offset cfs
22 Flow meter coefficient cfs/f(x)
23 Pipe area sq-ft
24
25 Extended Memory file size registers
26
27
28
29
30 Number of watt meters
31 Watt meter offset hp
32 Watt meter slope hp/f(x)
33
34
35
36
37
38
39 Energy cost $/kwhr
40 Date and time
41 Number of observations during a scan interval
42 Total input horsepower during a scan interval hp
43 Total flow during a scan interval cfs
44 Total water level during a scan interval ft
45 Total discharge pressure during a scan interval af
46 Total efficiency during a scan interval ]
47
48
49
50 Transfer date & time to ram disk
51 Transfer number of observations to ram disk
52 Transfer calculated input horsepower to ram disk hp
53 Transfer calculated flow to ram disk cfs
54 Transfer water level to ram disk fr
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55 Transfer calculated discharge pressure to ram disk ft

56 Transfer calculated speed to ram disk rpm
57 Transfer calculated efficiency to ram disk %
58

59

HP41 PUMP STATION MONITOR CALCULATOR FLAG USAGE

A flag has only two states, set or clear. These states can be interpreted as
"on/off" (like a switch), as "yes/no" (like a decision). The calculator has 56
flags. Also the first eight flags (00 thru 07) can be interpreted as the
eight bits in a byte, and that byte can be transformed into a number in the x
register.

FLAG MAP
Flag
Number Condition
1 Pump on, using power and flowing?
2 Water level scanned?
3 Efficiency calculated?
4 Hp scanned?
5 Flow scanned?
6 Water level (yes)
7 Discharge pressure (yes)
Is there discharge pressure at this time?
8
9
10 Set if pump is running

HP41 PUMP STATION MONITOR FIELD PROGRAM LISTINGS

Main Control Program

Program Name: EMAIN

01 LBL "EMAIN" Global label for main control program
02 GTO 00

03 LBL "AUTOS" AUTOMATIC SCANNING ENTERY POINT

04 XEQ "AUTOES" AUTOMATIC SCAN OF PUMP SENSORS

05 GTO 99

06 LBL "AUTOL" AUTOMATIC DAILY DATA POSTING

07 XEQ "AUTOEL" AUTOMATIC POSTING OF DATA REGISTERS
08 GTO 99

THE USER WANTS THE INPUT HORSEPOWER NOW
PRESS THE KEY WITH "A" ON IT

09 LBL 11
10 XEQ "ESCANP" SUBPROGRAM THAT CALULATES INPUT HORSEPOWER
11 GTO 00
THE USER WANTS THE FLOW NOW.
PRESS THE "B"™ KEY or 1/X
12 LBL 12
13 XEQ "ESCANF" SUBPROGRAM THAT CALULATES FLOW (CFS)
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14 GTO 00
THE USER WANTS INPUT/HEAD OR WATER LEVEL
PRESS THE "C" KEY or SQUARE ROOT

15 LBL 13

16 XEQ "LNOW"

17 GTO 00
THE USER WANTS THE DISCHARGE PRESSURE
PRESS THE "D" KEY or LOG

18 LBL 14

19 XEQ "HNOW

20 GTO 00
THE USER WANTS THE PUMPING STATION EFFICIENCY
NOW
PRESS THE "E" KEY or LN

21 LBL 15

22 XEQ "ENOW" SUBROUTINE THAT CALCULATES EFFICIENCY

23 GTO 00
THE USER WANTS THE PUMP SPEED NOW
PRESS THE "F" KEY or XY

24 LBL 21

25 XEQ "SPD"

26 GTO 00
THE USER WANTS THE CURRENT PUMPING COST
PRESS THE "G" KEY

27 LBL 22

28 XEQ "CNOW"

29 GTO 00
THE USER WANTS TO INITILIZE THE SYSTEM
PRESS THE "H" KEY or SIN

30 LBL 23

31 XEQ "EINT"

32 "DONE"

33 GTO 00
THE USER WANTS TO DUMP THE DATA FROM THE
CALCULATOR TO THE RAM DISK

34 LBL 24

35 XEQ "RAMSTO" GO DUMP THE DATA TO THE RAM DISK

36 LBL 00

37 AVIEW

38 FIX 2 FIX 2 DECIMAL PLACES

39 XEQ BEEP WILL CAUSE THE CALCULATOR TO BEEP

40 99 WAIT 99 SECONDS

41 GET KEY X GET USERS REQUEST

42 CLA CLEAR DISPLAY

43 XY EXCHANGE X REGISTER WITH Y REGISTER

44 4

45 XY

46 X<=Y

47 GTO 99

48 41 BREAK PROGRAM KEYCODE

49 X=Y? TEST FOR THE ENTER KEY

50 GTO 98 TURN ON THE NORMAL KEYBOARD

51 XY BRING BACK THE KEYCODE FOR ANOTHER TEST
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52 25 MAXTIMUM KEYCODE ACCEPTED

53 X>Y? CHECK FOR A VALID USER RESPONSE

54 GTO IND Y GO DO WHAT IS REQUESTED

55 "INVALID KEY" ERROR MESSAGE TO USER

56 GTO 00 RETURN BACK TO ENTERY POINT

57 LBL 99 ADDRESS OF SUBROUTINE TO POWER DOWN THE HP 41
CALCULATOR

58 0 POWER DOWN THE SYSTEM

59 XF

60 SF 11 SET CONTINUE FLAG

61 OFF SHUT THE CALCULATOR OFF

62 XEQ "SITRCL" RECALL SITE CONFIGURATION DATA

63 CLA CLEAR CALCULATOR DISPLAY

64 DATE SHOW TODAYS DATE

65 ADATE APPENDS CURRENT DATE IN ALPHA REGISTER

66 APPEND

67 TIME RECALL THE CURRENT TIME FROM THE CALCULATOR

68 ATIME SHOW ME THE CURRENT TIME

69 GTO 00

70 LBL 98 SHUT DOWN THE LOGGING SYSTEM

71 STOP

72 GTO 00

73 END

PROGRAM NAME: AUTOEL - - USED TO POST SUMMARY REGISTERS

01 LBL "AUTOEL" GLOBAL ENTERY POINT LEVEL

02 XEQ "SITRCL" RECALL SITE CONFIGURATION REGISTERS

03 DATE SHOW A NUMERIC EQUIVALENT OFTODAYS DATE

04 100

05 *

06 INT RETURN AN INTEGER PART OF A NUMBER

07 TIME RETURN NUMBER FOR CURRENT TIME

08 100

09 /

10 +

11 STO 40 STORE IT IN REGISTER 40

12 RCL 41 RECALL THE NUMBER OF SUCCESSFUL SCANS

13 X=0? DOES THE NUMBER IN REG. 41 EQUAL ZERO? SKIP THE
NEXT LINE UNLESS X EQUALS ZERO.

14 GTO 01 GOTO LABEL 01

15 042 .047

16 STO 48 STORE THE NUMBER FOR THE REGISTER BLOCKS 042.047

17 LBL 00

18 RCL 41 RECALL THE NUMBER OF SUCCESSFUL SCANS

19 ST IND 48

20 ISG 48

21 GTO 00

22 LBL 01

23 ARCL 10 RECALL THE STATION NAME

24 35 DECIMAL CODE FOR A NUMBER

25 XTOA CONVERT THE NUMBER IN THE X REGISTER TO
EQUIVALENT BYTE AND PUT IT IN THE ALPHA REGISTER

26 RCL 12 RECALL THE EXTENDED MEMORY WRITE POINTER

27 FILESIZE RETURN THE NUMBER OF FILES TO THE DISPLAY

28 MOD ADJUST THE POINTER

29 SEEKPTA SET THE FILE POINTER

30 040.047 REGISTER BLOCK

31 SAVERX SAVE THE REGISTER BLOCK TO THE FILE

32 8 LOAD X WITH THE RECORD LENGTH IN THE REGISTER
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33

34
35
36
37
38

PROGRAM NAME:

ST +12

040.047
CLRGX

XEQ "SITSTO"
RTN

END

LBL "AUTOES"
XEQ "SITRCL"
LBL 00

0

XF

XEQ "ESCANP"
XEQ "ESCANF"
FC? 00

GTO 01

XEQ "LNOW"
XEQ "HNOW"
XEQ "SPD"
XEQ "EFCALC"
RCL 27

RCL 09

X<=Y?

GTO 01
ISG 26

GTO 00

LBL 01

RCL 27

STO 26

FCc? 10

XEQ "SUMIT"
RIN

END

AUTOES

TAKE THE NUMBER IN THE X REGISTER AND ADD IT
THEN STORE IT IN REGISTER 12

REGISTER BLOCK IN MAIN MEMORY

CLEAR THE CONTENTS OF THE REGISTER BLOCK
UPDATE THE SITE CONFIGURATION FILE

- CONTROL THE AUTOMATIC SCANNING OF THE PUMP SENSORS

GLOBAL ENTERY LABEL
RECALL SITE CONFIGURATION DATA

CLEAR

CLEAR ALL FLAGS SET

GO GET THE CURRENT FLOW

GO GET THE INPUT HORSEPOWER
IS FLAG 00 CLEAR

GO GET THE WATER LEVEL

GO GET THE DISCHARGE PRESSURE HEAD

GO GET THE PUMP SPEED

GO GET THE PUMP’S CURRENT EFFICIENCY

RECALL THE MAXIMUM EFFICIENCY

RECALL THE CURRENT EFFICIENCY

IF THE NUMBER IN REGISTER 27, Y, IS GREATER THAN
THE NUMBER IN REGISTER 09 SKIP THE NEXT
INSTRUCTION

GO TO LABEL 01

CHECK THE NUMBER IN REGISTER 26. FOR A NUMBER
(ii.jjkk) IN REGISTER 26,INCREMENTS ii by kk AND
SKIPS THE XT PROGRAM LINE IF ii+kk>jj.

RECALL THE MAXIMUM EFFICIENCY
STORE THAT NUMBER IN REGISTER 26

GO ADD THE DATA TO THE APPROPRIATE REGISTERS
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PROGRAM NAME: ASCAN - - SCANS THE ANALOG CHANNELS

01 LBL "ASCAN" GLOBAL ENTERY LEVEL
02 INVON INVERT MODE ON
03 ODX THIS FUNCTIONS SETS THE 8 OUTPUT LINES ACCORDING

TO THE BINARY EQUIVALENT OF THE INTEGER IN THE X
REGISTER. FOR EXAMPLE IF THE NUMBER 130 IS IN
THE X REGISTER THE OUTPUT WOULD BE AS FOLLOWS:

1=CLOSED CIRCUIT 0=OPEN CIRCUIT

LINE #
STATE
DO7 1
D06 0
D05 0
D04 0
D03 0
D02 0
DO1 1
DOO 0
04 2 INPUT PRESSURE CONVERSION
05 -
06 ODX OUTPUT DATA FROM X
07 2 INPUT PRESSURE START CONVERSION
08 +
09 ODX OUTPUT DATA FROM X
10 LBL 00
11 ICX READS THE INPUT CONTROL LINE AND PLACES THE
RESULT (1 OR 0) IN THE X REGISTER
12 X NE 0? CHECK THE DONE STATUS
13 GTO 00
14 18 GET THE DATA CODE FOR THE OUTPUT
15 ODX TELLS THE MADD UNIT TO SEND IT
16 IDX GET A VALUE
17 256
18 / TRANSFORM THE NUMBER TO A DECIMAL NUMBER BY
DIVIDING BY 256
19 RTN RTN BACK WITH THE READING IN THE X REGISTER
20 END
PROGRAM NAME: DSCAN
FUNCTION: SCAN DIGITAL LINES
01 LBL "DSCAN" GLOBAL ENTERY LEVEL
02 INVON THIS FUNCTION INVERTS THE BITS OF EVERY BYTE
SENT TO THE OUTPUT LINES DO0O-DO7.
03 3 DIGITAL DATA INSTRUCTION CODE FOR THE MADD UNIT
04 ODX OUTPUT DATA FROM X
05 2 BUILD INPUT LINE MASK
06 RCL Z RECALL THE DIGITAL LINE TO SCAN
07 y'X RAISE Y TO THE X POWER
08 1500 BUMP MASK TO Y AND LOAD THE X REGISTER WITH 15
SECONDS
09 RATE COUNT THE NUMBER OF EVENTS IN THE TIME
INTERVAL X
10 X=07 IF NO PULSES WHERE COUNTED
11 RTN RETURN

12 30
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X<=Y?
GTO 05
RDN
RCL 2
20
BUFX
XY

8
TIMEI
2

X>PT
1.006001
STO 03

0

LBL 00
BUF>TX

+
IsG 03
GTO 00
300

/

1/X
RIN
LBL 05
/

RIN
END

PROGRAM NAME: ESCANP

FUNCTION:

MOVE STACK DOWN

RECALL THE DIGITAL LINE TO SCAN

NEED 20 BYTE TIME BUFFER

CREATE A BUFFER OF 20 BYTES

BRING BACK THE MASK

WILL RECORD THE TIME FOR 8 STATE CHANGES

TIME THE INPUT SIGNAL

WILL USE THE TIME INTERVALS BETWEEN THE 2nd AND
8th

USE X TO SET THE INPUT/OUTPUT BUFFER

PUT A ZERO IN THE X REGISTER FOR SUMMATION
COPY THE NEXT TWO BYTES IN THE BUFFER AS TIME

DATA TO X

GO DO IT AGAIN
2 STATE CHANGES /PULSE AND 1 SEC/100
(CENTISECOND)

PERFORM THE POWER SCAN ON THE WATT METER

LBL "SCANP"
"NO-HP"

0

STO 04

XEQ "DSCAN"GO

GLOBAL ENTER LEVEL

TELL THE USER THAT THE PUMP IS OFF
PUT ZERO IN THE X REGISTER

PUT ZERO IN REGISTER 04

SCAN THE DIGITAL LINES

06 X=0? DOES THE NUMBER EQUAL ZERO?

07 RTN

08 RCL 32 RECALL THE WATT METER SLOPE

09 *

10 RCL 31 RECALL THE WATT METER OFFSET

11 +

12 STO 04 STORE IT IN REGISTER 04

13 SF 04 SET THE FLAG TO INDICATE THAT THE PUMP IS ON

14 SF 00

15 "HP-IN:"

16 ARCL 04 RECALLS THE INPUT HORSEPOWER AND PUT IT IN THE
ALPHA DISPLAY (ie. HP-IN:98.654889)

17 RTN

18 END
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PROGRAM NAME: ESCANF

FUNCTION: PEFORM FLOWRATE SCAN ON THE HIGH AND LOW PRESSURE TRANSDUCERS

01 LBL "ESCANF" GLOBAL ENTERY LEVEL

02 "NO-Q"

03 0 PUT A ZERO IN THE X REGISTER

04 STO 05 CLEAR REGISTER 05

05 1

06 XEQ DSCAN GO SCAN THE DIGITAL LINE

07 X=0?

08 RTN

09 RCL 22 RECALL THE FLOW METER SLOPE

10 *

11 RCL 21 RECALL THE FLOW METER OFFSET

12 +

13 STO 05 STORE IT IN REGISTER 05

14 SF 03

15 SF 00

16 "Q-CFS:™"

17 ARCL 05 RECALL THE FLOW AND PUT IT IN THE DISPLAY (ie
Q-CFS: 1.788986)

18 RTN

19 END

PROGRAM NAME: SCANL

FUNCTION: CALCULATE THE INPUT PRESSURE HEAD

01 LBL "SCANL" GLOBAL ENTER LEVEL

02 23 REGISTER WITH FLOW METER OFFSET

03 XEQ "ASCAN" GO SCAN THE ANALOG CHANNELS

04 RCL 17 RECALL WATER LEVEL SLOPE

05 * MULTIPLY FLOW METER OFFSET BY THE WATER LEVEL
SLOPE

06 RCL 16 RECALL WATER LEVEL OFFSET

07 + ADD THE WATER LEVEL OFFSET

08 STO 06 STORE IT IN REGISTER 06

09 SF 02 SET FLAG 02 TO INDICATE A SCAN ON THE WATER
LEVEL

10 RTN THATS ALL

11 END

PROGRAM NAME: SCANH

FUNCTION: CALCULATE THE DICHARGE PRESSURE HEAD

01 LBL "SCANH" GLOBAL ENTERY LEVEL

02 27 REGISTER WITH MAXIMUM PUMP EFFICIENCY

03 XEQ "ASCAN" GO GET THE INPUT SENSOR READING

04 RCL 19 RECALL DISCHARGE PRESSURE SLOPE

05 * MULTIPLY THE MAXIMUM EFFICIENCY BY THE DISCHARGE
PRESSURE SLOPE

06 RCL 18 RECALL DISCHARGE PRESSURE OFFSET

07 + ADD THE DISCHARGE PRESSURE OFFSET

08 STO 07 STORE THAT NUMBER IN REGISTER 07

09 SF 01 SET FLAG 01. TELLS THE CALCULATOR THAT THE PUMP
IS RUNNING

10 RTN YOUR DONE
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11 END

PROGRAM NAME: EFCALC

FUNCTION: CALCUALTE THE PUMP EFFICIENCY

01 LBL "EFCALC" GLOBAL ENTERY LEVEL

02 RCL 05 RECALL VELOCITY HEAD

03 RCL 23

04 /

05 X*2 RAISE X TO THE SECOND POWER

06 64.4 2 TIMES GRAVITY (2G)

07 /

08 RCL 07 RECALL OUTPUT PRESSURE HEAD

09 +

10 RCL 06 RECALL INPUT PRESSURE HEAD

11 -

12 RCL 15 RECALL THE OUTPUT/INPUT SENSOR ELEVATION
DIFFERENCE

13 +

14 RCL 05 RECALL THE FLOW

15 *

16 RCL 04 RECALL THE INPUT HORSEPOWER

17 /

18 11.34545 62.4 DIVIDED BY 550 TIMES 100

19 *

20 STO 09

21 SF 09

22 RTN

23 END

PROGRAM NAME: SITSTO

FUNCTION: TRANSFERS SITE DATA FROM THE MAIN MEMORY TO THE EXTENDED MEMORY

01 LBL "SITSTO" GLOBAL ENTERY LEVEL

02 "LOGGER" SITE DATA FILE NAME

03 0 PUT A ZERO IN THE X REGISTER TO SET THE FILE
POINTER TO THE BEGGING OF THE FILE

04 SEEKPTA SET THE FILE POINTER TO ZERO

05 10.039 REGISTER BLOCK TO BE COPIED TO THE FILE

06 SAVERX SAVE THE REGISTERS

07 LBL "SITRCL"

08 "LOGGER" SITE DATA FILE NAME

09 0

10 SEEKPTA SET THE FILE POINTER TO ZERO

11 10.039

12 GETRX COPY THE REGISTER BLOCK

13 RTN

14 END

PROGRAM NAME: ESETLOG

FUNCTION: TO SET THE ALARMS FOR THE WANTED SCAN INTERVALS
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LBL "ESETLOG"

GLOBAL ENTERY LEVEL

02 CLRAIMS CLEAR ALL PREVIOUS ALARMS

03 "SCAN H.MS?

04 PROMPT TELLS THE CALCULATOR HOW MANY TIMES YOU WANT THE
MONITOR TO PERFORM SCANS

05 STO 01 STORE THAT NUMBER IN REGISTER 01

06 "START M.DY?"

07 PROMPT ASKS THE USER WHAT MONTH,DAY,YEAR THE SCANS ARE
TO BE PERFORMED

08 STO 02 STORE THAT NUMBER IN REGISTER 02

09 "START H.MS?"

10 PROMPT ASK THE USER WHAT HOUR,MIN,SECOND THE SCANS ARE
TO START (TIME FORMAT IS 2400 hr)

11 " *AUTOS" ENTERY POINT FOR SCANS

12 XYZAIM SETS ALARMS FOR DATE IN THE X REGISTER, THE TIME
IN THE Y REGISTER,THE SCAN INTERVAL IN THE Z
RESGISTER

13 HR

14 RCL Z RECALL THE REPEAT INTERVAL OF THE ALARM

15 HR

16 0.50

17 *

18 -

19 "1L.OG H.MS?"

20 PROMPT ASKS THE USER HOW MANY TIMES DO YOU WANT TO LOG
THE DATA THAT IS COLLECTED.

21 STO 03

22 HR

23 +

24 HMS CONVERTS THE NUMBER IN THE X REGISTER FROM
DECIMAL HOURS FORMAT TO HOURS, MINUTES, SECONDS
FORMAT

25 RCL 03

26 XY

27 ENTER

28 ENTER

29 24

30 /

31 INT

32 RCL 02

33 XY

34 DATE + CALCULATE A NEW DATE FROM THE DATE IN THE Y
REGISTER

35 XY

36 24

37 MOD

38 "  AUTOL"

39 XYZALM

40 RTN

41 LBL "SETCLK" GO SET THE CLOCK

42 FIX 6

43 CILK 24 SET THE CLOCK TO 24 HOUR FORMAT

44 DATE GO GET TODAYS DATE

45 "M.DY?"

46 ARCL X

47 PROMPT IS THE MONTH, DAY,YEAR CORRECT?

48 SETDATE SET THE CLOCK TO THE DATE IN THE X REGISTER

49 TIME

50 "H.MS?"

51 ARCL X
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52 CF 22

53 PROMPT IS THE TIME CORRECT?

54 FS? 22

55 SETIME SET THE CLOCK TO THE TIME IN THE X REGISTER
56 RTN

57 END

PROGRAM NAME: EINT
FUNCTION: INTILIZE THE DATA FILE CALLED LOGGER

REGISTER USE:
10 STATION NAME
15 OUTPUT/INPUT PRESSURE ELEVATION DIFFERENCE
16 INPUT PRESSURE SENSOR OFFSET
17 INPUT PRESSURE SENSOR SLOPE
18 OUTPUT PRESSURE SENSOR OFFSET
19 OUTPUT PRESSURE SENSOR SLOPE
20 TOTAL NUMBER OF FLOW METERS
30 TOTAL NUMBER OF WATT METERS
39 ENERGY COST

01 LBL "EPINT" GLOBAL ENTERY LEVEL

02 "LOGGER" NAME OF THE FILE THAT DATA WAS STORED IN

03 30

04 SF 25 SET FLAG 25.WITH FLAG 25 SET THE CALCULATOR WILL
IGNORE 1 ERROR

05 CRFLD CREATE A DATA FILE

06 CF 25 CLEAR FLAG 25

07 "STA: " SHOW THE STATION NAME

08 10 REGISTER 10 HAS THE STATION NAME

09 XEQ A

10 "IP-A?" WHAT IS THE WATER LEVEL OFFSET

11 16 REGISTER WITH WATER LEVEL OFFSET

12 XEQ B

13 "IP-B?" WHAT IS THE WATER LEVEL SLOPE

14 17 REGISTER WITH THE WATER LEVEL SLOPE

15 XEQ B

16 "OP-A? WATER IS THE DISCHARGE PRESSURE OFFSET

17 18 REGISTER WITH DISCHARGE PRESSURE OFFSET

18 XEQ B

19 "QP-B?" WHAT IS THE DISCHARGE PRESSURE SLOPE

20 19 REGISTER WITH DISCHARGE PRESSURE SLOPE

21 XEQ B

22 "0-1 ELEV?" WHAT IS THE OUTPUT / INPUT ELEVATION FERENCE

23 15 PUT IT IN REGISTER 15

24 XEQ B

25 "g-A " WHAT IS THE SPEED OFFSET

26 13

27 XEQ B

28 ng-B " WHAT IS THE SPEED SLOPE

29 14

30 XEQ B

31 "MAX EFF?" WHAT IS THE PUMPS MAXIMUM EFFICIENCY IN CENT

32 24

33 XEQ B

34 RCL 27

35 INT

36 ST027 PUT IT IN REGISTER 27

37 27

38 RCL 27
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39 ENTER

40 ENTER

41 2

42 +

43 1000

44 /

45 +

46 STO 26

47 STO 27

48 "WM-A " WHAT IS THE WATT METER OFFSET

49 31

50 XEQ B

51 "WM-B " WHAT IS THE WATT METER SLOPE

52 32

53 XEQ B

54 "S/KWH?" WHAT IS THE ENERGY COST (CALL YOUR UTILITY COMPANY FOR THE
CURRENT RATE)

55 39

56 XEQ B

57 "Q-A " WHAT IS THE FLOW METER OFFSET

58 21

59 XEQ B

60 "Q-B " WHAT IS THE FLOW METER SLOPE

61 22

62 XEQ B

63 "PA:-"

64 23

65 XEQ B

66 EMROOM GO GET THE NUMBER OF REGISTERS AVAILABLE FOR A
NEW FILE

67 8

68 /

69 INT

70 8

71 *

72 STO 25

73 CLA CLEAR THE DISPLAY

74 ARCL 10 RECALL THE STATION NAME

75 35

76 XTOA

77 RCL 25 RECALL THE NUMBER OF REGISTERS AVAILABLE

78 SF 25 SET THE ERROR IGNORE FLAG

79 CRFLD CREATE A DATA FILE

80 CF 25

81 XEQ "SITSTO" GO TRANSFER THE DATA FROM MAIN MEMORY TO THE
EXTENDED MEMORY

82 XEQ "SETCLK" GO SET THE CLOCK

83 XEQ "ESTLOG" GO SET THE ALARMS

84 XEQ "SITRCL" GO GET THE SITE CONFIGURATION DATA

85 RTN

86 END

PROGRAM NAME: RAMTSTO

FUNCTION: STORE DATA TO THE RAM DISK

01 LBL "RAMSTO" GLOBAL ENTRY LEVEL
02 SF 25

03 0

04 STO 05
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05 "MASTER"

NAME OF THE RECORD THAT CONTAINS FILE
NFIGURATION INFORMATION

06 SEEKR SEEK THE RECORD CALLED MASTER

07 "NO MASTER" ERROR MESSAGE IF THE MASTER FILE CANNOT LOCATED
08 FC? 25

09 GTO 99

10 LBL 05 SUBROUTINE ENTRY POINT

11 4 PUT 4 IN THE X REGISTER

12 ST+05 ADD THIS NUMBER TO 4 AND STORE IT IN REGISTER
13 6.009 REGISTER BLOCKS 06 - 09

14 READRX COPY THE DATA FILE USING REGISTERS 06-09

15 "EOF" ERROR MESSAGE IF THE FILE CANNOT BE FOUND

16 FC? 25

17 RTN

18 RCL 06 RECALL THE WATER LEVEL

19 RCL 10 RECALL THE STATION NAME

20 X NE Y?

21 GTO 05

22 4

23 ST-05

24 FIX 6

25 FC 557 IS THE PRINTER HOOKED UP

26 GTO 10

27 ADV ADVANCE THE PRINTER PAPER

28 "STA: "

29 ARCL 10

30 PRA PRINT THE STATION NAME IN THE ALPHA REGISTER
31 "DATE: "

32 DATE

33 ARCL X

34 PRA PRINT TODAYS DATE

35 ADV

36 LBL 10

37 CLA CLEAR THE DISPLAY

38 ARCL 10

39 35

40 XTOA

41 RCL 11 RECALL THE READ POINTER

42 RCL 25 RECALL THE EXTENDED MEMORY FILE SIZE

43 MOD CALCULATES THE REMAINDER OF Y DIVIDED BY X
44 SEEKPTA SET THE POINTER TO THE NUMBER IN THE X REGISTER
45 50.057 REGISTER BLOCK THAT CONTAINS THE DATA

46 GETRX COPY FILES 50 TO 57

47 FS? 55 IS THE PIRNTER CONNECTED

48 PRREGX PRINT REGISTERS 50 TO 57

49 ClLA CLEAR THE DISPLAY

50 ARCL 10

51 RCL 08

52 SEEKR POSTION THE WRITE POINTER TO THE CORRECT FILE
53 50.057

54 WRTRX COPY REGISTERS 50 TO 57 TO THE RAM DISK

55 8

56 ST +08

57 ST +11

58 RCL 12 RECALL THE EXTENDED MEMORY WRITE POINTER

59 RCL 11 RECALL THE EXTENDED MEMORY READ POINTER

60 X<Y? CHECK TO SEE IF ALL THE DATA HAS BEEN TRANSFERED
61 GTO 10

62 ISG 00

63 GTO 10

64 RCL 05
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65 "MASTER"

66 SEEKR

67 6.009

68 WRTRX

69 XEQ "SITSTO"
70 CF 25

71 "DONE"

72 RTN

73 END

PROGRAM NAME: SPEED (SPD)

FUNCTION: CALCULATES THE SPEED OF THE PUMP (R.P.M)

01 LBL "SPD"

02 0

03 STO 08 CLEAR REGISTER 08

04 RCL 13 RECALL SPEED OFFSET

05 RCL 14 RECALL SPEED SLOPE

06 X=Y?

07 RTN

08 55

09 ASCAN GO SCAN THE ANALOG CHANNELS
10 RCL 14 RECALL THE SLOPE

11 *

12 RCL 13 RECALL THE OFFSET

13 +

14 STO 08 STORE IT IN REGISTER 08
15 ClA

16 ARCL 08

17 "R.P.M: "

18 RTN

19 END

PROGRAM NAME: SUMIT

FUNCTION: CHECKS DATA THEN STORES IT

01 LBL "SUMIT"

02 RCL 04 RECALL THE INPUT HORSEPOWER

03 ST +42 ADD IT THEN STORE IT IN REGISTER 42

04 RCL 05 RECALL THE FLOW

05 ST +43 ADD IT THEN STORE IT IN REGISTER 43

06 RCL 06 RECALL THE WATER LEVEL

07 ST +44 ADD IT THEN STORE IT IN REGISTER 44

08 RCL 07 RECALL THE DISCHARGE PRESSURE

09 ST +45 ADD IT THEN STORE IT IN REGISTER 45

10 RCL 08 RECALL THE SPEED

11 ST +46 ADD IT THEN STORE IT IN REGISTER 46

12 RCL 09 RECALL THE EFFICIENCY

13 ST +47 ADD IT THEN STORE IT IN REGISTER 47

14 1 PUT 1 IN THE REGISTER

15 ST +41 ADD 1 TO THE TOTAL OBSERVATIONS OF THE SCAN
PERIOD

16 RTN

17 END
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The following is the copy of the HP41CX program, RAMDUMP, which transfers data
to a PC running the BASIC program found in Appendix 3.

PROGRAM NAME: RAMDUMP

FUNCTION: USED TO TRANSFER DATA FROM THE RAM DISK TO THE P.C.

01 LBL "RAMDUMP" GLOBAL ENTERY LEVEL
02 "CMTDISK1" ADDRESS OF
03 SF 25

04 FINDID
05 "NO RAM"
06 X=0?

07 GTO 99
08 FC? 25
09 GTO 99
10 1

11 +

12 STO 04
13 SF 17

14 AUTO I/0
15 0

16 STO 05
17 LBL 00
18 "MASTER"
19 SF 25

20 RCL 05
21 SEEKR
22 FC? 25
23 GTO 15
24 006.009
25 READRX
26 FC? 25
27 GTO 15
28 CF 25

29 RCL 09
30 RCL 08
31 X<=Y?

32 GTO 12
33 RCL 07
34 9

35 +

36 .01

37 +

38 1000

39 /

40 10

41 +

42 STO 02
43 RCL 07
44 100

45 /

46 RCL 08
47 1
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48 -

49 +

50 1000
51 /

52 RCL 09
53 +

54 STO 01
55 ClA

56 ARCL 06
57 SEEKR
58 XEQ 50
59 13

60 XTOA
61 FIX O
62 CF 29
63 ARCL 07
64 13

65 XTOA
66 SCI 9
67 OUTA
68 LBL 05
69 XEQ 60
70 RCL 02
71 STO 00
72 READRX
73 XEQ 50
74 LBL 10
75 ClLA

76 ARCL IND 00
77 32

78 XTOA
79 OUTA
80 I1SG 00
81 GTO 10
82 CLA

83 13

84 XTOA
85 ouTA
86 ISG 01
87 GTO 05
88 ClA

89 35

90 XTOA
91 13

92 XTOA
93 OUTA
94 XEQ 60
95 RCL 08
96 STO 09
97 'MASTER'
98 RCL 05
99 SEEKR
100 006.009
101 WRTRX
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102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

THE

STA:
DATE
R50=
R51=
R52=
R53=
R54=
R55=

R56=
R57=

" READY"
AVIEW
STOP
LBL 12
4

ST+ 05
GTO 00
LBL 15
CLA

33
XTOA
13
XTOA
OUTA
"DONE"
LBL 99
AVIEW
RTN
LBL 50
RCL 04
SELECT
MANIO
RTN
LBL 60
AUTOI0
END

FOLLOWING IS A EXAMPLE OF THE OUTPUT THAT WAS OBTAINED FROM THE PROGRAM

NWOODS
:11.201989
1,107.175234
16.00
78.796363
0.720638
-12.024179
199.940469

1,324.951172
20.467971

THIS IS THE STATION NAME

IS THE DATE THAT THE DATA WAS TRANSFERED TO THE
RAM DISK WHICH WAS NOVEMBER 20,1989

REGISTER 50 CONTAINS THE

DECIMAL EQUIVALENT OF

THE CURRENT DATE AND TIME
SHOWS THE NUMBER OF SUCCESSFUL SCANS DURING A

SCAN PERIOD. (i.e If the
REGISTER 52 CONTAINS THE
REGISTER 53 CONTAINS THE
REGISTER 54 CONTAINS THE
SIGN INDICATES THE DEPTH
THE WATER LEVEL
REGISTER 55 CONTAINS THE
PRESSURE

REGISTER 56 CONTAINS THE
REGISTER 57 CONTAINS THE
FOR THE SCAN PERIOD

pump was on)

INPUT HORSEPOWER
CURRENT FLOW IN CFS
WATER LEVEL THE MINUS
FROM THE PUMP BASE TO

CURRENT DISCHARGE

PUMP SPEED IN RPM'’S
AVERAGE PUMP EFFICIENCY
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APPENDIX 3

The following are the MICROSOFT QUICK BASIC programs that you will need to put
on your PC in order to transfer data from the RAMDISK to your PC, also will
allow you to print the data from your PC to your printer.

01 DECLARE SUB READMAST (STANUM!)

02 DECLARE SUB HEADER (N!, DS, X$, PAGE!, T$)

03 DECLARE SUB PUMPHEAD (DS, X$)

04 DECLARE SUB LEVELHEAD (D$, X$)

05 DECLARE SUB XCHNGHEAD (D$, X$)

06 DECLARE SUB EFFMON (DS, TS, X$)

07 ' PROGRAM HPOUTPUT.BAS

08 1

09 ’ This program is for output of data gathered by HPINPUT.BAS from
10 ’ HP41CX monitors. The program, for each data file stored, identifies
11 ' type of file; prints a header for the file; and then prints the data
12 '’ in tabular fashion.

13 7

14 ' Microsoft QuickBASIC v. 2.0

15 ¢ IBM Personal Computer

16 !

17 OPTION BASE 1

18

19 7 Arrays to Store Master database file - GLOBAL

20

21 DIM SHARED STA$(40), LENR(40), DESCRP$(40), TYPE$(40), CODES(40)
22

23 ' variables for temporary storage of data

24

25 DEFDBL 2

26 DIM ZNUM(13)

27

28 ' Open output device

29

30 OUTDEVS = ®LPT1:v

31 OPEN OUTDEVS FOR OUTPUT AS #5

32 CALL READMAST(STANUM)

33 PICK:
LOCATE 20, 10
35  PRINT * "

36 LOCATE 20, 10

37 INPUT “SELECT STATION TO PRINT: ", P$

38 FOR N = 1 TO STANUM

39 1F (P$ = STAS(N)) GOTO PRTIT:

40 NEXT N

41 LOCATE 20, 10

42 INPUT “NOT FOUND, DO YOU WISH TO QUIT: “, PS$
43 IF (P$ = “YES") GOTO QUIT:

44 GOTO PICK:

45

46 PRTIT:

47 LOCATE 20, 10

48 PRINT "Printing Station "; N; ": " + STAS(N)
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49 OPEN STAS(N) + " .DAT" FOR INPUT AS #1

50 PAGE = 0

51 NEWPAGE:

52 PAGE = PAGE + 1

53  CALL HEADER(N, DS, X$, PAGE, T$)

54 I1=0

55 WHILE (1 < 45) AND (NOT EOF(1))

56 I=1+1

57 INPUT #1, MM, DD, YY

58 PRINT #5, USING DS; MM; DD; (YY MOD 100);

59 IF (NOT (TS = “NO")) THEN

60 INPUT #1, TT

61 PRINT #5, USING TS; TT;

62 END IF

63 IF LENR(N) = 14 THEN

64 FOR J =1T0 8

65 INPUT #1, ZNUM(J)

66 IF (ZNUM(J) > B.999999E+09) THEN

67 PRINT #5, USING X$; 0!;

68 ELSE

69 PRINT #5, USING X$; ZNUM(J);

70 END IF

7 NEXT J

72 PRINT #5, : PRINT #5, SPC(38);

73 I=1+1

74 FOR J = 9 TO (LENR(N) - 1)

75 INPUT #1, ZNUM(J)

76 PRINT #5, USING X$; ZNUM(J);

77 NEXT J

78 ELSE

9 FOR J = 1 TO (LENR(N) - 1)

80 INPUT #1, ZNUM(J)

81 PRINT #5, USING X$; ZNUM(J);

82 NEXT J

83 END IF

84 PRINT #5,

85 WEND

86 PRINT #5, CHR$(12);

87 IF NOT EOF(1) GOTO NEWPAGE

88 CLOSE #1

89 GOTO PICK:

90 QUIT:

91 cLS

92 END

93

94 SUB EFFMON (DS, TS, X$) STATIC

95 PRINT #5, © <€CLLLLLLLLC<<<<<<<<< AVERAGE 101>>>>>>>>>>>>>>>>>> 1
96 PRINT #5, n Number  Input Water Output 103Pump Energy"
97 PRINT #5, » Date Time of Energy Flow Level Head 105Speed Eff"
98 PRINT #5, » Scans ¢thp)  (cfs) (ft) (ft) 107(rpm) "
99 PRINT #5, " = --cccemcccccccccccccccdccccccccecccaecccccnnccmce e eeee 109--c-mccemun- "
100 p$ = R

101 T8 = " HE »

102 XS$ = “HHHE.4# "
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103
104
105
106
107
108
109
110
11
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

END SUB

SUB H

* Thi

EADER (N, DS, XS, PAGE, T$) STATIC

s subroutine uses the fite record length RLEN(N), and the station

! code (CDE) to determine which table header and output format is to

! be used. At the same time, data for the station is printed: name
! station type, description, and date.
PRINT #5, : PRINT #5,
PRINT #5, » University of Idaho"
PRINT #5, » Diversion/Pump Station Monitor/Efficiency Project"
PRINT #5,
PRINT #5, ¥ print date: " + DATES + » page: "; PAGE
PRINT #5,
PRINT #5, » Name: " + STAS(N) + " type: " + TYPES(N)
PRINT #5, » " + DESCRPS(N)
PRINT #5,
Ts = lINoII
IF LENR(N) = 14 THEN
CALL PUMPHEAD(DS, X$)
ELSEIF LENR(N) = 8 THEN
CALL EFFMON(DS, TS, X$)
ELSEIF CODE$(N) = "L™ THEN
CALL LEVELHEAD(DS, X$)
ELSE
CALL XCHNGHEAD(DS, X$)
END IF
PRINT #5,
END SuB
SUB LEVELHEAD (DS, XS$) STATIC
'This prints the column headers for level Stations
* and chooses the output format for printing.
[
PRINT #5, " cemecmcmccccm e cecaanes "
PRINT #5, =~ Level (ft) --- ---- Flow (cfs) ----0
PRINT #5, » Date min mean max min mean  max"
PRINT #5, B cceecaecccceacccrcceccceeacccccccenaans "
PRINT #5,
DS = ¥ LTk T2
XS = “HEE. M "
END SUB
SUB PUMPHEAD (DS, X$) STATIC
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157 PRINT #5, M oo ommmmm oo oo "

158 PRINT #5, » Min. Mean Max. Max/Min Elec. Input Output®
159 PRINT #5, @ Date Flow Flow Flow Eff. Power Flow Head Head"
160 PRINT #5, ® (cfs) (cfs) (cfs) %) (hp) (cfs) (ft) (fen
161 PRINT #5, ¥ -cco--coccocmoommcccccutoomcccceencooccccccacssrccmcacccmanocccnccnnan "
162 D$ =" #R/HE 4 "

163 XS = “HiH.## "

164

165 END SUB

166

167 SUB READMAST (STANUM) STATIC

168

169 ! Open and Read Master Storage file if it exists

170

171 STANUM = O

172

173 OPEN “MASTER.DAT" FOR INPUT AS #1

174 cLs

175 PRINT

176 PRINT » UNIVERSITY OF IDAHO PUMP MONITOR SYSTEM": PRINT

177 PRINT ® STATIONS ON FILE“: PRINT

178 PRINT " Sta. RL Description Type"

179 WHILE NOT EOF(1)

180

181 STANUM = STANUM + 1

182 LINE INPUT #1, X$

183 STAS(STANUM) = LEFT$(XS, 6): 'STA is the 6 letter name

184 XXX$ = MIDS(XS, 7, 2)

185 LENR(STANUM) = VAL(XXXS$): 'RLEN is the data/record

186 DESCRPS(STANUM) = MIDS(X$, 9, 30): ’DESCRP is a short description of the site

187 TYPES(STANUM) = MID$(XS$, 39, 15): 'TYPE is the type of station in words

188 CODES(STANUM) = RIGHTS(XS, 1): 'CODE is the type of station in code

189 ' L =level, P = pump, Q = pump - flow only, X = exchange
190

191 X$ = m\ \ ##\ A\ \ 1

192 PRINT USING X$; STAS(STANUM); LENR(STANUM); DESCRPS(STANUM): TYPES(STANUM); CODES(STANUM)
193 WEND

194 CLOSE #1

195 END SUB

196

197 SUB XCHNGHEAD (D$, XS$) STATIC

198

199 PRINT #5, ¥ = --ccccccmccccnnctcccnnecncccneencmmmccccccenmccmmeecon e oo an "

200 PRINT #5, » Total Percent Volume Last Last"

201 PRINT #5, ¢ Times Times Times for day Time Time"

202 PRINT #5, » Date ON Checked ON (cfs-day) ON OFF"

203 PRINT #5, # = -c----cccemmococcceeecccceccemeccceccnccecmecccccesecccnaae u

204 PRINT #5,

205

206 D$ = * W R

207 XS = “HHEN Wi "

208

209 END Sus

210
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21
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

DECLARE SUB SEPERTIME (Z#, MM!, DD!, TT!)
DECLARE SUB FIND (NAMES, STANUM!, I!)
DECLARE SUB NEWSTA (NAMES, TYP!, N!)
DECLARE SUB TRANSLAT (RECS, ZNUM#(), KIND!)
DECLARE SUB SEPERDATE (Z#, MM!, DD!, YYYY!)
! PROGRAM HPINPUT

! This is the Input Routine for retrieving data from the HP

' Ramdisk. Data is read in, station by station, from the

! RAMDISK. The first line is the station name, the second

! data per record. Based upon the data per record, the data

! records are transformed from characters strings into

! individual numbers. These numbers are stored in a database

! consisting of a Master file and a file for each station which

! has been dumped.

' William A. Perkins

! University of Idaho

! Diversion and pump station monitor project July 1987
! Microsoft QuickBASIC v. 2.0

! IBM Personal Computer w/ Asynchronous Port

OPTION BASE 1

! Arrays for master data file - Available to all routines
DIM SHARED STA$(20), DESCRP$(20), TYPE$(20), LENR(20), CODE$(20)

' Arrays for reading in data
DEFDBL 2
DIM LINS(180), ZNUM(14): * LIN = record ZNUM = data

4 hadadel FUNCTIONS DECLARED  #w#w

DEF FNRDCOM1S

! This reads a line of information from the COM port one
! character at a time. The COM port must be previously
' assigned as #1. Characters with ASCII codes above 90
! decimal are ignored.

X$ = un

BEGLOOP:

CHS = INPUTS(1, #1): ’ Read one character
IF ASC(CHS) > 90 THEN

GOTO BEGLOOP: 'Character is not readable, read another
ELSE
IF (ASC(CHS) = 13) THEN
GOTO ENDLOOP: 'Last char of line is a <CR> - finished
ELSE
X$ = X$ + CHS: 'Character OK, add to string
GOTO BEGLOOP:
END IF
END IF
ENDLOOP:
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265 FNRDCOM1S = X$

266 END DEF

267 ! *%%*%  END FUNCTION DECLARATION ***%

268

269 ' port for the computer

270 PORTS = "COM1:®

271 ' Display some Introductory Remarks

272 CLS

273 PRINT : PRINT

274 PRINT ® HP Monitoring Station Data Transfer®

275 PRINT

276 PRINT % This is the input routine for transferring data, gathered from the"
277 PRINT * various stations, from the HP RAMDISK to computer storage. You will®
278 PRINT " need the following equipment:®

279 PRINT

280 PRINT ™ the office HP 41CX calculator®

281 PRINT © * an HP-IL module"

*

282 PRINT © * the CMT RAMDISK where station data is"

283 PRINT ™ stored"

284 PRINT

285 PRINT " Be sure all equipment is hooked up properly, and the RAMDISK’s RS -232"
286 PRINT " port is connect to the proper port on the computer. The active port"
287 PRINT " here is " + PORTS + u.#

288 PRINT

289 PRINT "Press any key to continue, or @ to quit...";

290 xxx$ = INPUTS(1)

291 IF xxx$ = "Q" OR xxx$ = "q" GOTO ABORT

292

293 ' Open and Read Master Storage file if it exists

294 CLS : PRINT : PRINT * Reading Storage Data..."

295 STANUM = 0

296 ON ERROR GOTO NOMASTER: ’‘skip reading master if not found
297 OPEN "MASTER.DAT" FOR INPUT AS #1

298 ON ERROR GOTO 0

299 CLS : PRINT : PRINT ® UNIVERSITY OF IDAHO HP41 MONITOR SYSTEM"
300 PRINT ® STATIONS ON FILE™: PRINT
301 PRINT * Sta. RL Descrition Type*

302 WHILE NOT EOF(1) 'Read records from Master and list on screen.
303 STANUM = STANUM + 1
304 LINE INPUT #1, X$

305 STAS(STANUM) = LEFTS(XS$, 6): ‘STA is the 6 letter name
306 xxx$ = MIDS(XS, 7, 2)
307 LENR(STANUM) = VAL(xxx$): 'RLEN is the data/record

308 DESCRPS(STANUM) = MID$(X$, 9, 30): /DESCRP is a short description of the site
309 TYPES(STANUM) = MIDS(XS, 39, 15): 'TYPE is the type of station in words

310 CODES(STANUM) = RIGHTS(XS, 1): 'CODE is the type of station in code

3N ! L = level, P =pump, @ = pump - flow only, X = exchange E = Efficiency
312 X$ =M\ \ #\ ANEAN \ v

313 PRINT USING X$; STAS(STANUM); LENR(STANUM); DESCRPS(STANUM); TYPES(STANUM); CODES(STANUM)
314 WEND

315 CLOSE #1

316

317 NOMASTER: ’/ RESUME here if Master file not found

318
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