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EVALUATION OF LOW-TEMPERATURE GEOTHERMAL POTENTIAL

IN CACHE VALLEY, UTAH

Janet L. de Vries

ABSTRACT

The purpose of this research was to continue the assessment of
the low-temperature geothermal resources of Cache Valley, Utah
initiated by the Utah Geological and Mineral Survey under U. S.
Department of Energy (DCE) contract DE-AS07-77ET 28393. Field work
consisted of locating 90 wells and springs throughout the study |
area, collecting'water samples for later laboratory analyses, and
field measurement of pH, temperature, bicarbonate alkalinity, and

2 2 510, , Fe, $072,

electrical conductivity. Na+, K+, Ca+ s Mg+

Cl™, F , and total dissolved solids were determined in the laboratory.
Temperature profiles were measured in 12 additicnal, unused

wells. Thermal gradients calculated from the profiles were approxi-

mately the same as the average for the Basin and Range provirnce,

about 35°C/km. One well produced a gradient of 297°C/km, most

probably as a result of a near-surface occurrence of warm water,
Possible warm water reservoir temperatures were calculated using

both the silica and the Na-k-Ca geothermometers, with the results

averaging about 50-100°C. If mixing calculations were applied, taking
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into account the temperatures and silica contents of both warm springs
or wells and the co;d groundwater, reservoir temperatures up to about
200°C were indicated.

Considering measured surface water temperatures, calculated
reservoir temperatures, thermal gradients, and the local geology,
most of the Cache Valley, Utah area is unsuited for geothermal
development. However, the areas of North Logan, Benson, and Trenton
were found to have ancmalously warm groundwater in comparison to
the background temperature of 13.0°C for the study area. The warm
water has potential for isolated energy development but is not warm

enough for major commercial development.



EVALUAIION OF LOW-TEMPERATURE GEOTHERMAL POTENTIAL IN

CACHE VALLEY, UTAH

STATEMENT OF THE PROBLEM

The last decade has seen a massive increase ia research directed
towards alternate forms of energy. The area of geothermal resources
is one of those areas which has gained renewed attention. The Utah
Geological and Mineral Survey is presently conducting an inventory
and assessment of the state's low-temperaturevgeothermal resources,
and>this report is a continuation of that project.

The following objectives were accomplished in the process of
evaluating the low-temperature geothermal occurrences in Cache
Valley, Utah for energy development:

1. Collection and chemical analyses of 90 water samples from
wells and springs distributed throughout the study area;

2. Measurement of temperature profiles and calculation of
thermal gradients for 12 irrigation and culinary water wells;

3. Use of Na-K-Ca and silica geothermometers, Na-K-Ca ratios,
and mixture calculations as tools in evaluating the low-temperature
geothermal potential of the study area; and

4. Development of models to explain the occurrences of warm

water in certain areas.



STUDY AREA

Cache Valiey, Utah is located in the north central portion of
the state (Fig. l) and is bounded by the Idaho border on the north,
the Wellsville Mountains, Junction Hills, and Malad range on the
west, and the Bear River range on the east. Cache Valley lies in
both Utah and Idaho; however this research deals only with the
Utah portion of the valley. The approximate boundary of the valley
floor was defined by Bjorklund and McGreevy (1971, Plate 2).

Cache Valley, Utah is approximately 56 kilometers long and 26
kilometers wide at the state boundary, covering about 1,165 square
kilometers (Williams, 1958; Williams, 1962). It lies completely
within the boundaries of Cache County, Utah.

Agriculture and associated businésses are the primary industries
in the valley. Much of the land below the Lake Bonneville shoreline,
elevation 1,565 meters (5,135 feet), is farmed (Williams, 1958).
Cheese production, vegetable canning, trout fishing, and Utzh State
University also play important rolés in the local economy. Logan

is the largest city in Cache Valley, Utah.
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FIG. l.-—Location of study area, Cache Valley, Utah (adapted
from Beer, 1967).



PREVIOUS WORKS

The literature review involved compiling iuformation pertinent
to the hydrology and geothermal occurrences of Cache Valley, Utah.
Other reports, especially Klauk et al. (1981) and persomal
communications (Darling; Klauk; Kroneman; and.Kolesar) concerning
analogous investigations were reviewed to establish methods cf
investigation, presentation, and interpretationm.

The groundwater conditions of Cache Valley, Utah have been
described by several workers. Peterson (1946) studied the ground-
water supply in Cache Valley, Utah and collected data on 1,065 wells
in Cache Valley from 1925 to 1943. Data included owners, locality,
year in which the well was drilled, depth of the well, size of the
pipe, flow rate, height of head, and elevation. Israelson (1952)
studied drainage in the Lewiston area of Cache Valley. .Williams
(1962) mentioned groundwater briefly in his description of the
Quaternary geology of Cache Valley, Utah. Beer (1967) conducted
extensive research on the groundwater hydrology of southera Cache
Valley, Utah, made interpretations about the source and recharge to
the Cache Valley groundwater basin, water-level patterns and fluctu-
ations, and calculated a water budget of Cache Vailey. McGreevy and
Bjorklund (1970) published selected hydrologic data from Cache
Valley, Utah and Idaho, and Bjorklund and McGreevy (1971) published
an interpretive report providing information for water users and

managers in Cache Valley to develop, conserve, and administer their



water resources. Stanley (1971) made an integrated geophysical study

(gravity, magnetic, seismic reflection, and DC resistivity techaiques)
related to groundwater conditions along the Utah-Idaho state line in
Cache Valley.
@ _ Milligan et al. (1966) and Mundorff (1970) studied mineralized
and thgrmal springs in Utah respectiveiy. Milligan et al. (1966)
mentioned three springs just north of the Idaho-Utah state line.
Energy Services, Inc. (1980) and the Idaho Department of Water
Resources (Eastlake, personal communication) have described those
hot springs and wells for the purpose of developing the geothermal
@ resources for space heating in the city of Preston, Idaho. Beer
(1967) and Bjorklund and McGreevy (1971) briefly discussed ground-
water temperatures in Cache Valley in their respective reports.
Goode (1978) published a comprehensive report on thermal waters in
Utah, with data from 454 wells and 80 springs in Cache Valley. He
noted 24 wells with temperatures of 20 to 28°C in the areas of
Amalga, Benson, and northwest of Logan, and 50 wells in the Benson
area and northwest of Logan having temperatures of 16 to 19°C.
One well south of Trenton was reported to have a temperature of
- 49°C at a depth of 1,587 meters (5,208 feet). Utah Geological and
Mineral Survey (1980) located‘and measured water temperatures of
326 wells and springs in Cache Valley, Utah as their initial assess-
ment of the geothermal potential in the area. The following report

is a continuation of that study.



GEOLOGY OF CACHE VALLEY

Cache Valley is a narrow, north-trending basin which lies in

north central Utah and southeastern Idaho, on the northeastern edge

of the Great Basin. Structurally, the valley is a graben bounded
by high-angle normal faults similar to those of the Basin and Range
province (Williams, 1962). Cenozoic rocks and sediments up to 2,438
meters thick cover the valley floor, and mountain ranges, formed
by the uplifted blocks of Paleozoic rocks, surround the valley.
Williams (1958, 1962) summarized the regional and local
geology of Cache Valley. The evolution of the present features of
the valley apparently began in the Middle Tertiary and has continued
since then, although earlier folding and -faulting in the surrounding
mountains is assumed (Williams, 1962). Cache Valley was born during
the Late Mesozolc Laramide orogeny as a sinking, faulted area
between adjacent blqcks that continued to stand relatively high.
The present valley is underlain by marine and non-marine Paleozoic
sedimentary rocks. |
The Paleozoic section in the mountains adjacent to Cache Valley,
Utah is over 9,144 meters thick and contains no Permian units. Most
of the Tertiary and Quaternary deposits in the valley were derived
from these rocks, with sandstone, limestone, and dolostone being the
most abundant rock types in the Paleozoic section: A considerable

thickness of Triassic and Jurassic rocks was eroded as northwest

Utah rose-during the Late Jurassic, leaving little or no Mesozoic



sediments behind in the wvalley or on the adjacent mountain blocks
(Williams, 1962).

Peterson and Oriel (1970) estimated that 2,134 to 2,438 meters
of Cenozoic fill lie in two fault-bounded troughs in Cache Valley
near the ldaho-Utah state line. Two o0il and gas wells show depths:
to pre—Cenozoic rocks of 1,486 and 1,586 meters (Bjorklund and
McGreevy, 1971).

The Tertiary system includes the Wasatch and the Salt Lake
Formations. The Early Tertiary Wasatch Formatiom is unimportant
in groundwater consideraticns in the valiley, and is exposed in only
‘a few small areas on the western side of the valley. The Late
Tertiary Salt Lake Formation, compcosed of a lower conglomerate unit,
middle tuff unit, and an upper conglomerate and sandstone unit, is
widely exposed on the edges of the valley and serves as a confining
layer on the sides and bottom of the groundwater basin.

The Quaternary age sediments, predominantly seaiments of Lake
Bonneville and younger alluvium, serve as groundwater aquifers and
as sources of recharge to the groundwater system of Cache Valley.
Pre-Lake Bonneville deposits of alluvial fan gravels and landslides
are exﬁosed at the edges of the valley. About 100 meters of
fluviatile and lacustrine sediments, indicated by well logs, are
located in the basin interior, underlying the Lake Bonneville Group.
These thick, clay zones are interbedded with gravel and sand zones.

The Lake Bonneville Group consists of the Alpine and Bonmneville
Formations, undifferentiated, and the Provo Formation, each represent-

ing different stages of deposition by Lake Bomneville. The Alpine



Formaticn consists of lacustrine gravel, sand, silt, and clay,
whereas the overlying Bonneville Formation is mostly gravel. The
Alpine Formation éas deposited while the lake was at the 1,554-meter
(5,100 foot) level, and the Bonneville Formation was deposited
during the 1,565-meter (5,l135-foot) stage, the highest level of
the lake (Beer, 1967). The outcrop pattern resembles a modified,
discontinuous, concentric band, lying within the Tertiary Salt Lake
Formation (Beer, 1967, p. 24). This pattern is modified by the
overlying alluvial deposits occupying the central part of the valley
along active streams. The Alpine and Bomneville gravels are found
as local, discontinuous patches along both sides of the basin,
deposited as shore-terrace embankments. The finer sand, silt, and
clay formed current-built embankments between the Provo and Bonneville
stages of Lake Bonneville.
The youngest formation in the Lake Bonneville Group is the Provo
Formation, which was deposited during the Provo stage of Lake
Bonneville. It is the most extensively exposed Quaternary formation
in Cache Valley and is composed of two informal members, the sand
and gravel member and the silt and clay member, which are inter-
tonguing and intergrading lithofacies units of approximately the
same age. The gravel and sand member forms many deltas, bars, and
spits near the valley's edges. These deltas form important ground-
ﬁater recharge zones, cover an area of 38.8 square kilometers (15
square miles), and are up to 21 meters (70 feet) thick (Williams,
1962). The silt and clay member was formed by sediment settling

from suspension onto the lake bottom, and is exposed mainly in the



lowland areas of the valley, especially along the flood plain of
the Bear River.

Post-Lake Bonneville deposits, the youngest Quaternary deposits
in the valley, include fan gravels, flood-plain alluvium, alluvial
sand, and spring tufa cones. The fan gravels are coarse, angular,
poorly sorted sediments which have been deposited along the mountain
fronts, overlying the silt and clay member cf the Provo Formation
(Williams, 1962). The flood-plain alluvium, generally sandy, is
exposed along the major streams‘of the valley. The alluvial sand
deposits are exposed in the natural levees of the Bear River and
constitute some of the best farm land. The spring tufa cones,
located west of Trenton, were deposited by warm springs aligned along
the face of Little Mountain (Newton Hill) and trend north-northwest
for about 1.6 kilometers (1 mile) (Williams, 1982) (Fig. 9). The

alignment is probably associated with the Dayton fault zone.

Structural Geology

Williams (1962) inferred Cache Valley to be a graben bounded by
north-striking, high-angle normal faults (Plate 1) similar to those
of the Basin and Range physiographic province produced by Middle
Tertiary faulting. Along the west side of the valley, the Wellsville
fault and the Dayton fault zone were located using physiographic
evidence (Williams, 1958) and gravity survey data (Peterson and

Oreil, 1970). The Wellsville fault is located in the southwesterm

part of the valley along the mountain front. The Dayton fault zone

extends south from Red Rock Pass in Idaho and borders on Bergeson
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Hill and Little Mountain (Newton Hill) near Trenton. The Clarkston
fault zone is located in the west-central part of the valley at the
base of Cache Butte and trends north to Cutler Reservoir.

The East Cache Valley fault zone, composed of north-striking,
high-angle normal faults (Williams, 1962), extends along the full
length of the east side of the valley. It is inferred to be a graben
boundary fault.

Mullens and Izett (1963) mapped a small fault and the axis of an
anticline on the Eyrum Bench on the southwestern edge of the valley.
These structures do not appear tc be part of the East Cache Valley

fault zone.
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GROUNDWATER OF CACHE VALLEY, UTAH

The Lake Bonneville Group and pre-Lake Bomnneville sediments of
Quaternary age constitute the groundwacter reservoir of Cache Valley.
The groundwater basin is lined with moreihighly consolidated and less
permeable rocks of the Tertiary Salt Lake Formation. The two
principal aquifers, composed of sand and gravel in the form.of
ancient deltas and fans, are separated by relatively impermeable lake-
bottom clays and silts. These confining layers cause widespread
artesian conditioms.

The confining beds extend from the center of the valley to the
sides, and retard upward movement of the groundwater. Because the
confining layers are thiﬁ or discontinuous in some areas, leaky
aquifer conditions exist. Unconfined aquifers are located along the
margins of the groundwater basin where the confining layers are
absent. Because the water table is very close to the ground surface
and the hydrostatic pressure pushes water through the semi-confining
layers, water-logged soil conditions also occur, especially in the
central part of the basin. Two thirds of the valley is under
artesian conditions (confined aquifer), and the remaining one third
has water-table conditions (unconfined aquifer) (Beer, 1967).

Local perched groundwater bodies are also éommon in many parts of
the valley (Bjorklund and McGreevy, 1971).
. Recharge of the principal groundwater reservoir occurs by inflow

from the bedrock aquifers of the watershed, infiltration from streams,
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canals, and irrigation ditches, and from precipitation. The most
important recharge area is along the valley margins where confining
layers do not exist. Water entering along the mountain front of the
Bear River range moves westward toward discharge areas in the lower
part of the valley. Water entering the valley fill along the south-
western margin discharges from large springs near Wellsville and
Mendon (Bjorklund and McGreevy, 1971). |

The valley is generally an overflowing basin with apparently
stabilized water levels. The equilibrium water-level configuration
is saucer-shaped and generally parallels the valley perimeter. This
shape reflects the variability of the aquifer permeability and the
rate of recharge (Beer, 1967). Seasonal fluctuations in the
groundwater level occur due to irrigation and snow melt, although

the change from abnormal to equilibrium conditions is rapid.

Groundwater Districts

Bjorklund and McGreevy (1971) divided Cache Valley, Utah and
Idaho into 11 areas where groundwater conditioms are generally
similar. Seven of those districts are located in the study area and
will be described here. Outside the individvally discussed areas,
groundwater occurs in slope wash and alluvium, in the sandstone and
conglomerate of the Salt Lake and Wasatch(?) Formations, and in
fractures and solution openings in older rocks.

A single, complex aquifer system in the Smithfield-Hyrum-
Wellsville area (Area 1, Fig. 2) was formed by coalescing coarse

fan and delta deposits of Summit Creek, Logan River, Blacksmith Fork,
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FIG. 2.--Groundwater districts in Cache Valley, Utah.

Areas 7-10 are located

in Cache Valley, Idaho (Bjorklund and McGreevy, 1971).

correspond to areas discussed in the text.
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and Little Bear River. WNear Logan the aquifer is almost 305 meters
thick, with coarse materials near the mountain front becoming finer
toward the center of the valley. This aquifer system is the largest
and most productive in Cache Valley and has exhibited little long-
term change over 34 years of record (Bjorklund and McCreevy, 1971),
although seasonal fluctuations do occur as a result of irrigation.
The quality of the water is generally good.

The Little Bear River Area (Area 2, Fig. 2) is located aloung
the flood plain and terrace of the Little Bear River, south of Hyrum.
Thin deposits of gravel, less th;n 10 meters thick, overlie fine-
grained material, and these unconfined aquifers are recharged by
seepage from streams and canals aﬁd from irrigation. The chemical
quality of the water is good.

The groundwater conditions from Wellsville to Newton (Area 3,
Fig. 2) on the west side of the valley are poorly known. The
Quaternary £ill, of variable thickness, is mostly underlain by
Tertiary rocks. The fill is generally fine grained with low
permeability and yield. Groundwater is both confined and unconfined.

Area 4 (Fig. 2) covers the central part of the valley along
the lower part of the Little Bear River, the Benson area, as well
as the Barrens. The Quaternary sediments are primarily clay and silt
with some thin, confined beds of sand and gravel. Most wells in the
Benson area produce from a depth of 91 to 283 meters and have high
artesian pressures (up to 19 meters above the ground_surface). Total
dissolved solids (TDS) in the Little Bear River area range from 400 to

800 mg/l, similar to that of the Wellsville to Newton area. In the
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Benson and Barrens areas, the concentration of TDS is as high as

1,200 mg/1.
The Cub River subvalley (Area 5, Fig. 2) aquifer system extends

along the Cub River from Franmklin, Idaho to Richmond, Utah. The

* Quaternary deposits of interbedded clay, silt, sand, and gravel overlie
Tertiary conglomerate in most of this area. The gravel and sand beds
® are thin and moderately permeable. The groundwater is mostly confined,
and water levels are fairly stable.
The sand and gravel deposits in the Clarkston area (Area 6,
® Fig. 2) yield water to very few wells. Little is known about the
water-bearing materials.
The principal water bearing materials ir the Fairview-Lewiston-
® Trenton area (Area 11, Fig. 2) are reworked sands and silts from
the Bear River delta. Groundwater is unconfined and near the land
surface, necessitating the installation of drains at some locations.
@ Many shallow wells were once used for culinary water, but most have
been destroyed in favor of public-water systems.
®
®
®
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DATA COLLECTION

Purgose

Chemistry.--Water samples were collected from wells and springs
throughout Cache Valley, Utah (Plate 1) for the purpose of chemiéal
analysis. The chemistry of the water may be used as a tool in
evaluating low-temperature geothermal occurrences for energy
development by applying the silica ard Na-K-Ca geothermometers.

. Previous chemical analyses of groundwater in Cache Valley are avail-

able (McGreevy and Bjorklund, 1970), however, these data are

inconsistent in their collection and analytical procedures.

»

Thermal gradients.--Because there were no thermal gradient data

available for Cache Valley, Utah and because heat flow data is

useful for geothermal evaluation, thermal gradients were measured in
selected wells in various parts of the valley (Plate 1). The thermal
gradient data collected in Cache Valley; Utah will provide some

insight into local thermal gradients.

.Field Sampling Procedures

Wells and springs chosen for sampling were selected primarily
on the basis of two factors: (1) known temperatures; and (2) data
collected by the Utah Geological and Mineral Survey during 1980 for
the initial assessﬁent of groundwateé temperatures with regard to

geothermal potential in Cache Valley, Utah. The warmest wells found
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in the 1980 survey were selected for sampling in this study. Water

sampling and on-site analyses were done in accordance with Utah
Geological and Mineral Survey field procedures (Darling, 1981;
Xroneman, 198l) in order to insure consistency with the on-going
investigation of 1ow4temperature geothermal ressources in the state
of Utah presently being carried out by the Ttah Geological and Mineral
® Survey.
Samples were collected as close as possible to the wellhead

or spring orifice. In the case of wells, care was taken to assure
® that the water was fresh from the aquifer, avoiding water which had

been standing in the casing for a long period of time. A total of

90 samples was collected,
® fhe on-site analyses and data collection comsisted of: (1) pH;

(2) alkalinity; (3) temperature; (4) conductivity; and (5) Eh.

Pressure filtration of the water was accomplished with &

® GeoFilter Peristaltic Pump, Model #004, using a 0.45 micron pore size
filter membrane. Three 570 ml polyethylene bottles were f£illed with
filtered water at each location. Ome bottle was acidified with
reagent grade HNO3 to a final concentration of 202 HN03 for later
analysis of Na+, K+, Mg+, and Fe; a second bottle was acidified
with concentrated HCl to a final concentration of 1% HC1l for Ca+2

2

and SO, “ analyses; the third bottle, used for Si, C1 , F , and

4
ﬁotal dissolved solids (TDS) determinations, had no additives. The
concentrations of the additives were consistent with those required
by the Earth Science Laboratory (ESL), Salt Lake City, Utah, where

‘ﬁi : the Utah Geological and Mineral Survéy water samples are analyzed

(Kroneman, 1981).
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- A Markson Digital pH/Temperature Meter and an Orion gel-filled
combination pH electrode, Model 91-05, were used to measure pH. The
average of three readings was recorded as the final value.

Alkalinity in water is the ability to neutralize acid and is
reported in terms of eguivalent amounts of calcium carbomate (CaC03)
when uéing the Hach Titration Method of Alkalinity (Hach Chemical
Company, 1975). Alkalinity is primarily a function of carbonate
(003-2), bicarbonate (HCOS), and hydroxidg (OH ) concentrations,
although the amount of hydroxide present rarely affects alkalinity
determinations (Rainwater and Thatcher, 1960).

The Hach Titration Method of Alkalinity (Alkalinity Test Kit,
Model ALAP) was used to analyze for alkalinity at each location.
Brom cresol green-methyl red was used as an indicator, and a standard
solution of 0.030 N sulfuric acid w;s titrated directly into 15 ml
of sample. The indicator changed from green to red when the
alkalinity was neutralized, and the number of drops of acid equaled

alkalinity expressed as grains CaCO, per gallouns of solution, + 5%.

3
The preferred expression for alkalinity is mg/l1 HCO

3 -
" is derived from the following relationship:

The

value mg/l HCO3

+2 -
CaC03 + HZO + CO2 -+ Ca " + ZHC03

and 1s calculated as:

- =2
Alkalinity (expressed as HCO3 , but also including H2C03 and CO3 ) =

grains/gal CaCO3 17.1187 mg/l 122.0122 g/2 moles HCO,
volume factor 1 grain/gal 100.0782 g/l mole CaCO3
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A volume factor of 2.5 was used to calculate zlkalinity. A 15 ml
sample, rather than the standard 6 ml sample, was required to

minimize the error at the relatively low concentration levels

3
Finally, the above quantity was adjusted for the effect of pH,

observed, i.e., 150 to 400 mg/1 HCO

because the concentrations of carbonate species vary with pH
(Krauskopf, 1979, p. 42). The alkalinity values in this report
are expressed as mg/l HC03- and have been adjusted for the pH at
each location.

A YSI Model 33 Temperature-Conductivity Meter was used to
measure temperature and conductivity. Measurement uncertainties
due to the meter are estimated to be * 0.6°C and 4.5% of the
conductivity measurement. Conductivity (electrical conductance)
is the ability of a substance to conduct an electrical current and
is measured in micromhos. The presence of charged ionic species
in a solution makes the solution conductive, therefore, the
conductance measurement provides an indication of ion concentration
(Hem, 1970). In Cache Valley, the raFio of total dissoived solids
in mg/l to conductivity in mmhos is 0.6:1 (Bjorklund and McGreevy,
1971). This ratio is dependent upon the aquifer and chemical
constituents in the water.

Eh measurements were taken at 42 locations using an Orion
Platinum Redox Electrode, Model 96-78, with a Markson Digital
pH/Temperature Meter, Model 90. A dirgct measurement in millivolts
was recorded. Eh values are necessary for water-rock equilibrium

calculations. This information was collected at only 42 of 90
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locations because the equipment was not available when the research

commenced.

Thermal Gradients

Temperé:ures in unused water wells were measured with a
thermistor probe in combination with a Digital Multimeter, Model
2530-A2, essentially the same as described for the portable mode
in Sass et al. (1971). The resistance (R) of the thermistor

varies with temperature (°C) according to the equation:
log R = A + B/T + C/T?

where A, B, and C are calibraticn coﬁstants.

Measurement uncertainties resulting from the equipment and
techniques are estimated to be * 1 ohm and * 0.01°C in resistance and
temperature values respec ively (Sass et al., 1971).

It was difficult to find deep (greater than 300 m), nonflowing,
unused wells in Cache Valley, especially since most of the wells
toward the center of the valley are artesian. Artesian flow causes
the water to be isothermal throughout the well. All of the wells
used in this investigation were drilled in Quatermary alluvium or
the Tertiary Salt Lake Formation with the intention of ianter-
secting aquifers. Perforations in the caéing at the aquifers can
cause disturbed water, resulting in isothermal temperature profiles.

Temperature surveys were taken in 12 unused, cased irrigation and
culinary water wells throughout Cache Valley, Utah dqiing September,

1981 and February, 1982. Temperatures were measured at 10 m
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intervals. The probe was allowed to equilibrate with its surroundings

for 5 to 20 minutes before recording the thermistor resistance.

Laboratory Analyses and Procedures

Concentrations of Na+, Kf, Mg+2, Ca+2, Si and Fe in mg/l were

determined with a Perkin~Elmer Atomic Absorption Spectrophotometer,
Model 303, using standard methods (Perkin-Elmer Corp., 1973).

Na+, Kf, Mg+2, Ca+2, and Fe were determined using an air-acetylene
flame, whereas Si was determined using a nitrous oxide-acetylene

flame. Fe was reported as total iron content because the oxidation

state could not be determined.

Chloride.--The chloride activity of the water samples was
determined using an Orion Chloride Electrode, Model 94-17, with
a Markson Digital pH/Temperature Meter, Model 90. The direct
measurement method was used by preparing a set of 10, 100, and 1000
mg/1 Cl™ standards and plotting their electrode potentials
(millivolts) on a semilogarithmic scale. One milliliter of ionic
strength adjustor was added to each 50 ml of standard and sample
to maintain a constant background ionic strength, and the electrode
potential for each sample was recorded. Activities of Cl” in mg/l

were then determined from the curve derived from the standards.

Fluoride.-~The fluoride activity in the water samples was
measured using an Orion Fluoride Electrode, Model 94-90, and a Markson
pH/Temperature Meter, Model 90. The method of known additions was

used. The electrode potential (activity) of the free fluoride ioms



in the sample was measured in millivolts (mv), then 5 ml of 10
4mg/l F standard were added to 50 ml of the sample, and the new
electrode potential was recorded. The change in potential, AE
corresponded to a concentration ratio, Q, given in the known
additions table provided with the probe. The o?iginal total sample

activity, Co, was calculated as follows:

CO = QCS

where C° = total sample activity in mg/l, Q = value from the known
additions table, and Cs = activity of added standard.
Approximately 1 gram of ammonium citrate, (NH4)2HC6H507, was
added to 50 ml of sample as an ionic stremgth adjustor. The main
purpose was to decomplex the fluoride, because only the electrode

potential of free fluoride ions can be measured. The ammonium citrate

also helped to maintain a constant background ionic strength.

Sulfate.--Concentrations of sulfate ion, SO4 2, were determined
using the standard Turbidimetric Method using SulfaVer IV Sulfate
Reagent by Hach Chemical Company (1975) and a Varian Series 634
UV-Visible Spectrophotometer. A 2,000 mg/l SO4°2 solution was

prepared by dissolving 1.4797 g of dried, anhydrous NaZSO4 in 500 ml

of 12 HCl. A series of standards containing 10, 25, 50, 75, and 100

4
A premeasured packet of SulfaVer IV Sulfate Reagent was dissolved in

mg/1 SO was prepared by diluting portioms of the original solution.
each sample and standard, and after 5 minutes, the absorption was
measured at a wavelength of 450 nm. Absorption of each of the

standards was plotted on standard graph paper, and with the measured
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absorption of each water sample, concentratioms of SO4 were read

from the graph.

Total dissolved solids.—Total dissolved solids (TDS) were

measured by ‘evaporating 50 ml of untreated, filtered sample. Empty
beakers were labeled and dried in a drying oven at approximately
110°C for an hour, cooled in a desiccator, then weighed. Fifty ml
of sample were pipetted into a beaker, and the beaker was placed in
the drying oven at less than 90°C until all of the water had
evaporated. The beaker was then heated to aﬁproximately 110°C for
another hour to insure that the glassware had not adsorbed any water.
After cooling in a desiccator, the beakers were weighed. The
difference in weight was the TDS expressed as grams TDS/50 ml water.

This value was converted to mg/l by multiplying by 20,000.
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RESULTS

Temperature

Temperatures of the 90 wells and springs sampled.ranged from
9.9°C to 50.1°C, with a mean of 14.4°C. The mean of 313 wells and
springs collected by the Utah Geological and Mireral Survey (1980)
is 13.5°C. The temperatures of known warm springs and temperatures
of questionable reliability were exclﬁded when the mean calcula-
tions were made. The mean temperature for the data in this report
is higher than that of the Utah Geological and Mineral Survey's
data due to the biased selection procedure used for this study.
fhe warmest wells and springs in each area were selected for sampling
based on the Utah Geological and Mineral Survey temperatures. The
background temperature for groundwater in Cache Valley, Utah is
about 13.0°C. This temperature was derived from a histogram of the
study data and the Utah Geological and Mineral Survey values, and it
can be used for determining anomalous water temperatures. The
temperature of each well or spring is listed in Appendix III; Plate 1
(p. 98)-sho§s gréundwater temperatures in the study area.

The three areas in Cache Valley, Utah with anomalous water
temperatures are: (1) North lLogan, where temperatures range from
16.0°C to 25.1°C; (2) Benson, where temperatures range from 13.5°C
(Utah Geological and Mineral Survey, 1980) to 23.0°C; and
(3) Trenton, which has evidence for past and present warm spring

activity, with temperatures ranging from 22.9°C to 50.1°C.



Thermal Gradients

Gradients were calculated using linear regression, and
topographic corrections wefe not employed. Figures 3 and 4 show
the measured temperature profiles. Table 1 gives an overview of
the thermal gradient data, and Appendix II includes the details of
each location. The locations of the gradient wells are shown in
Plate 1.

The 12 thermal gradients ranged from 15°C/km to 297°C/xm.
Three of the wells yielded isothermal temperature profiles,
indicating primarily convective heat flow. Lower gradients
(15-29°C/km) and isothermal temperature profiles appear to be
grogped in the southern parf of the valley (Paradise, Hyrum, Mt.
Sterling, and River Heights).

The higher gradients (31-297°C/km) are located in the northernm
part of Cache Valley, Utah (Smithfield, Logan, Richmond, Clarkston,
and Trenton). The highest gradient measured was 297°C/km in a well
in Logan. This anomalous gradient correlates positively with the
warm water found in the North Logan area.

The reliability of several gradients, especially those in the
southern part of the valley, is questionable due to shallow depths
of the wells. Water and air entering through the perforations in
the casing mﬁy cause disturbances in the temperature profile, making
gradient calculations difficult. These disturbances are consistent
with the findings. of Darling (1982), who found that thermal gradients

from irrigation wells in northwestern Utah varied greatly in quality '



