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LOH-TEM:’ERATUFE GEOTHERMAL ASSESSMENT
CF THE JORDAN VALLEY
SALT LAKE COUNTY, UTAH

ABSTRACT

The Utah Geological and Mineral Survey (UGMS) has been conducting research
to identify low-temperature geothemmal resources in Utah as per U.S.
Department of Energy (DOE) Contract DE-ASO7-77ET28393. This report, which is
part of an area-wide geothermal research program along the Wasatch Front, is
the culmination of the study conducted in the Jordan Valley, Salt Lake County,
Utah.

Two known low-temperature geothermal areas (Warm Springs fault and Crystal
Hot Springs) are located in the Jordan valley, but the primary purpose of this
report is to locate other low-temperature resources not previously identified.
Geothermal reconnaissance technigues utilized in this study include a tempera-
tufe survey and chemical analysis of wells and springs, and temperature-depth
measurements in "“holes of opportunity.”™ Also, further site speéific gravity
modelling for the Warm Springs fault geothermal area and initial modelling for
the entire valley were also conducted.

Areas identified as having potential low-temperature geothermal resources
at depth are: (1) the north—central valley area; (2) an east-west portion of
the central valley; and (3) a north-south oriented area extending from Draper
to Midvale. Each of these areas exhibits ground-water temperatures 20°C or
greater. FEach area also has thermal wells with common ion characteristics
similar to both Crystal Hot Springs and the Warm Springs fault geothermal
systems. Significant concentrations of Sr, Li, B, and F are present in many
of these wells,

Thermal reservoir temperatures were calculated using silica and Na-K-Ca

geothermometers. Results indicate reservoir temperatures for thermal waters
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range fram 60° to 100°. Reservoir temperatures for non-thermal water are
generally less than s0°c.

Gradients calculated from temperature-depth measurements logged in "holes
of opportunity” indicate one definite area of aonormally warm temperatures.
Gradients of 102° and 103°C/km calculated for two holes located nartheast
of Draper, Utah are significantly greater than the 57.89C/km gradient
considered to be normal for the Jordan Valley by Costain and Wright (1973),
and most significantly greater than the 35°C/km considered average for the
Basin and Range.

The areas delineated have low-temperature geothermal potential. However,
more site specific exploration must be conducted to detemmine the structural
controls on each system, the size and depth of any target reservoirs, and

temperatures to be expected in these reservoirs,

INTRODUCTION i

The Utah Geclogical and Mineral Survey (UGMS) has been conducting research
to identify low-temperature geothermal resources in the State of Utah as per
U.S. Department of Energy (DOE) contract DE-ASO7-77ET28393. Prior to this
study, UGMS was concentrating its investigations on known geothermal areas
along the Wasatch Front from Utah County north to the Idaho/Utah State line.
The concentration of the study in this region was due primarily to the number
of known geothermal resources near major population centers, hopefully
resulting in timely resource development.

In February, 1980 it was detemined that efforts should begin in the
evaluation of the area-wide geothermal resource potehtial for the following
Wasatch Front areas: (1) Utah and Goshen Valleys in Utah Canty, (2) the

Jordan valley in Salt Lake County, (3) the East Shore area in Weber and Davis
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Counties, (4) the lower Bear River drainage basin in Box Elder County, and (5)
Cache Valley in Cache County. These areas were chosen because of inherent
low-temperature geothermal potential near major population centers of the
State. This report represents the study conducted in the Jordan Valley. It
should be noted, however, that this study is limited in scope, and the absence
of evidence for additional resources doesn't eliminate the possibility they
exist. Additional exploration may establish the existence of a deep

resource(s).

PHYSIOGRAPHIC SETTING

The Jordan Valley encompasses an area of approximately 400 square miles
(1024 km%) in central Salt Lake County (fig. 1). This valley has
substantial relief, ranging in elevation from 4200 feet (1280 m) at the Great
Salt take to approximately 5200 feet (1585 m) where it adjoins the mountains.
The east side of the valley is a transition zone between two major
physiographic provinces: the Rocky Mountain province to the east and the
Basin and Range province to the west.

The Jordan Valley is bounded to the east, south, and west by the Wasatch,
Traverse, and Oquirrh mountain ranges, respectively, while the north end is
open to the East Shore area in Davis County. An arbitrary northern boundary
is an extension, to the west, of the Salt Lake salient. The wasatch
Mountains, including the Salt Lake salient, are in the Rocky Mountain
physiographic province while the Traverse and Oquirrh Mountains are part of
the Basin and Range.

A principal source of water to the valley is the Jordan River which flows
north from Utah Valley through a gap in the Traverse Mountains referred to as

the Jordan Narrows. The river continues through the entire length of the
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valley, eventually entering into the Great Salt Lake. In addition to the
Jordan River, other prihcipal water sources are the creeks draining the

Wasatch Mountains.

REGIONAL GEOLOGIC SETTING

Rocks of Precambrian through Pliocene Age are exposed in the mountains
bordering the Jordan Valley (plate 1l). In the Wasatch Mountains, sedimentary
and metamorphic rocks consist of Precambrian, Paleozoic, Mesozoic, and
Cenozoic sandstone, limestone, shale, conglomerate, siltstone, tuffaceous
clay, tillite, quartzite, schist and gneiss. Intrusive rocks consist of early
Tertiary monzonite, diorite, and granodiorite. In places these rocks are
covered by Pleistocene glacial deposits as well as alluvium.

The core of the Traverse Mountains is primarily composed of the
Pennsylvanian Oquirrh Fommation consisting of quartzite with some calcareous
sandstone and limestone. In some areas the quartzite has been broken and
cemented in place - Marsell (1932) referred to this as‘"autoclastic breccia.”
Also, some Mississippian-Pennsylvanian age Mannning Canyon shale and
Mississippian Great Blue Limestone are present, Tertiary rocks consist of the
Salt Lake Group of Slentz (1955) which generally is composed of marlstone,
mudstone, siltstone, travertine, and fanglomerate. Tertiary volcanics,
consisting primarily of andesite and augite-andesite porphyry composition, are
also present.

Rocks of the Paleozoic Oquirrh Mountain facies are the primary units
exposed in the Ogquirrh Mountains., The following formations, according to
Crittenden (1964), comprise the Oquirrh Mountain facies: the Great Blue
Limestone, the Manning Canyon Shale, the Oquirrh Fommation, the Kirkham

Limestone, and the Diamond Creek Sandstone. These formations are somewhat
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different in the central and northern parts of the range; units in the central
area are referred to as the Bingham sequence and units to the north are the
Rogers Canyon sequence. Tertiary rocks are also exposed in the Oquirrhs,
These include: (1) Harker's fanglomerate of Slentz's (1955) Salt Lake Group,
(2) andesite and lafite—andesife flows, and (3) intrusive stocks, sills and
dikes of granite, monzonite, granite porphyry, and rhyolite—guartz latite.
Generally, the sediments exposed in the Jordan Valley consist of
unconsolidated deposits of bcoulders, gravel, sand, silt, and clay deposited by
streams, lakes, glaciers, wind, and mass wasting during Guaternary and Recent
time. Isolated outcrops of pre-Quaternary rocks are found in areas where
pediments extend from the bordering mountains. Subsurface sediments are
greatly different from surface sediments in the valley. These sediments
comprise the aguifers investigated as part of this study and, therefore, will

be described later in detail.

REGIONAL STRUCTURAL SETTING

The Jordan Valley is at the intersection of three major tectonic
elements: (1) the north-trending thrusts and folds known as the Sevier
orogenic belt which extends from southern Nevada to the northwest corner of
Alaska (Crittenden, 1976), (2) the east-trending Uinta Arch, and (3)
north-south trending Basin and Range faulting.
Thrusting

Three episodes of thrusting have been identified in the Wasatch Mountains
east of the Jordan Valley. The first two are known as the Alta and Mount
Raymond thrusts and are dated at 125 and 85-90 million years old, respectively

(Crittenden, 1964), The third, and most extensive, is the Charleston-Nebo
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Thrust, reported to have a displacement of 40 miles (64 kmz) or more from
the west and is dated at 75-80 million years (Crittenden, 1964). The inferred
trace of this thrust fault has been extended westward between the east
Traverse Mountains and the Little Cottonwood Stock, disappearing beneath the
Jordan Valley sediments where it is believed to continue to the northwest
passing between Antelope and Fremont Islands, eventually connecting with its
northern counterpart, the willard-Paris thrust, east of Ogoen (Crittenden,
1964). The identification of this fault explains why the Pennsylvanian rocks
of the Oguirrh and Traverse Mountains differ from the rocks of the Wasatch
east of the Jordan valley and also explains why there is no visible
continuation of the Uinta anticline in the Cguirrhs.
Uinta Arch

The Uinta arch is the largest structural feature within the Wasatch Range
(fig. 2). It consists of a broad anticline oriented in an east-west direction
forming the axis of the Uinta Mountains, East of the Jordan Valley, the
anticline is exposed at the mouth of Little Cottonwood Canyon where the axis
plunges approximately 30 degrees east.

Basin and Range Faulting

Another significant structural event, block faulting of the Basin and
Range, occurred in the late Tertiary with the Jordan Valley being part of the
eastern border. The Wasatch fault zone, which extends along the east side of
the valley, separates the Basin and Range from the Wasatch Mountains. This
fault zone is part of the Intermountain seismic belt, a 62.5 mile (100 km)
wide zone of high seismic activity extending from northern Arizona to

northwestern Montana (fig. 3).

GEOQLOGY OF THE JORDAN VALLEY

Marine and Price (1964) divided the Jordan Valley into six ground-water
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districts, three of which are divided into subdistricts, based on geologic
characteristics of driller's logs and well cuttings (fig. 1). The following
is a brief description of the geologic materials characteristic for each of
these areas:

East Bench District

The Fast Bench district is bounded to the north, south, and west by the
East Bench fault and to the east by the Wasatch Mountains (fig. 1). South of
Emigration Creek, a pediment extends approximately 1 mile (l.6 km) west of the
range front and is primarily composed of sandstone, limestone, and shale of
Jurassic and Triassic age. In most areas, this pediment is only a few feet
below the surface ana is covered by channel sands and gravels. In other areas
of the district the sediments consist predominantly of bculders, gravel, sand,
silt, and clay. The sources of this material are primarily mudflows as well
as channel, colluvial and flood-plain deposits. Thicknesses range from less
than 3.28 feet (1 m) in the area 6? the pediment to as much as 700 feet (213
m) in the alluvial fans at the mouths of Parleys and Mill Creek Canyons.

East Lake Plain District

The East Lake Plain district is bounded to the east by the East Bench
fault, to the west by the Jordan River, to the north by the Salt Lake salient
and to the south by an abandoned channel of Big Cottonwood Creek (fig. 1).
This district is divided into three subdistricts which are as follows:

East Lake Plain Subdistrict--The East Lake Plain subdistrict is composed

principally of lake bottom clays with intercalated, discontinuous lenses of
gravel. In places, these sediments are modified by recent flood-plain
deposits of the Jordan River as well as by the broad alluvial fans of City,
Emigration, Parleys, and Mill Creeks, These deposits are underlain at depth

by sediments of the lLake Bonneville Group which, in turn, are underlain by
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pre-Lake Bonneville deposits, Underlying these unconsolidated sediments are
Tertiary limestone or shale. Shale was encountered in a well in sec. 12, T. 1

S., R. 1vi, at 1,168 feet (356 m).

City Creek Fan Subdistrict--The City Creek Fan subdistrict sediments are

pre-Lake Bonneville alluvial fan material consisting primarily of well-sorted
boulders and gravel. The Wasatch Formation underlies this subdistrict at a
depth of approximately 50U feet (152 m).

North bench Subdistrict-~The North Bench subdistrict consists of

interfaced pre-Lake Bonneville mud-rock flows, Lake Bonneville deposits, ana
Recent mud-rock flows. To the east and south, these deposits grade into the
City Creek Fan subdistrict and Lake Plain subdistrict deposits, respectively.
Generally, the deposits consist of boulders, gravel and clay.

Cottonwoods District

The Cottonwoods district is bounded to the north by an abandoned channel
of Big Cottonwood Creek and the East Bench fault, to the east by the Wasatch
fault zone, to the south by Dry Creek, and to the west by the Jordan River
(fig. 1). Sediments in the district have been derived from a number of
sources, which are as follows: (1) glacial outwash and till, (2) lake
deposits, including spit3 and deltas, and (3) alluvium and colluvium, The
sediments consist of gravel and sand which predominate near the mountain front
with clay increasing toward the Jordan River. Depth to bedrock ranges from a
few feet at the Bonneville shore level to more than 3000 feet (915 m) beneath
the Jordan River (Everitt, 1979; and Meiiji Resource Consultants, 1983).
Southeast District

The Southeast district is bounded to the north by Dry Creek, to the east

by the Wasatch fault zone, to the south by the Traverse Mountains and to the
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west by the Jorcan River (fig. 1). A pediment, formed on the Oguirrh
Formation, extends northwest from the East Traverse Mountains into the valley
and is covered by lakeshore sand and ygravel. In the Jordan Narrows, gravel
and clay have been logged to a depth of approximately 150 feet (46 m), and are
underlain by the Salt Lake Group of Slentz (1955). 1In most other areas of the
gistrict, unconsolidated sediments consist of Lake Bonneville spit sand and
gravel and alluvial fan gravel, sand, and clay. Depth to bedrock is from less
than 1000 feet (305 m) on the pediment to greater than 2000 feet (710 m) at
the Jordan River (Everitt, 1979; and Meiiji Resource Consultants, 1983).

West Slope Oistrict

The West Slope district is bounded to the south by the Traverse Mountains,
to the west by the Oguirrh Mountains, to the north by a physiographic break in
slope, to the northeast by the Granger fault scarp, and to the east by the
Jordan River (fig. l). This district includes a broad alluvial-pediment slope
formed primarily on rocks of the Salt Lake Formation and has been divided into
two subdistricts which are as follows:

North Pediment Subdistrict--The North Pediment subdistrict consists of a

thin layer of alluvial or lacustrine deposits overlying the lower units of the
Salt Lake Group. Bedrock is considered to range from less than 1000 feet (305
m) to more than 3000 feet (915 m) in this subdistrict (Everitt, 1979; and
Meiiji Resource Consultants, 1983).

South Fan Subdistrict--Deposits in the South Fan subdistrict consist

primarily of gravel, boulders, and clay of the Harker's fanglomerate and the
Camp Williams units of the Salt Lake Group (Slentz, 1955). The two units are,
in turn, underlain by the Jordan Narrows unit. Oepth to bedrock varies from

less than 205 meters (1000 feet) to more than 915 meters (3000 feet) in this
area (Everitt, 1979).
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Northwest Lake Plain District

The Northwest Lake Plain aistrict is bordered to the east by the Jordan
River, to the south by the Oguirrh Mountains and the change in slope caused by
the north boundary of the pediment extending east from the Oquirrhs, to the
west and northwest by the Great Salt Lake, and arbitrarily to the north by the
Salt Lake/Davis County Line (fig. 1). The district is covered by Lake
Bonneville bottom ceposits. The underlying sediments are such that the
district is divided into four subdistricts which are as follows:

Northwest Lake Plain Subgistrict--The Northwest Lake Plain subdistrict

consists of several thousang feet of lake clays with interbedded thin sand
lenses. This unit is generally thougnht to extend to a depth aof 2300 feet (700
m) at which point appraximately 500 feet (152 m) of interbedded sand and
andesite could be encountered which, in turn, is underlain by sand to 3500
feet (1067 m)., The Wasatch Formation is thought to be present below this
depth.

North Oguirrh Subdistrict--The North Oquirrh subdistrict consists af lake

clay and silt, which thickens from a feather edge at the Ggquirrh Mountains to
approximately 450 feet (137 m) at the Great Salt L.ake. The clay and silt are
underlain by a coarse angular gravel ranging from 150 to 450 feet (46 to 137

m) in thickness. The gravel is, in turn, underlain by the Qguirrh Formation.

South Margin Subdistrict-—The South Margin subdistrict is underlain by

approximately 100 feet (30 m) of lake clay which, in turn, is underlain by 200
to 300 feet (61 to 91 m) of alternating and variable thicknesses of gravel and
clay beds which are underlain by Oquirrh Formation.

Mid-Jordan Subdistrict—The Mid-Jordan subdistrict is underlain primarily

by flood plain deposits of the Jordan River., The maximum thickness of
unconsolidated deposits penetrated is 775 feet (236 m). No wells are known to

have penetrated bedrock.
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STRUCTURE CF THE JCRUAN VALLEY
Faulting

The Joroan Valley is part of the Wasatch Front Valley physiographic
subprovince of the Basin and Range physiographic province. The initial
episode of block faulting which resulted in the elongated, parallel,
north-south oriented mountain ranges with intervening basins, of which the
Jordan Valley is one, occurred in Late Eocene (Eardley, 1955)., Eardley (1955)
has reported a second episode of block faulting which occurred in the
Pliocene. A number of faults in the surficial valley deposits indicate that
faulting has also occurred in Recent time although no major earthquakes have
been recorded since historical time.

The Wasatch fault zone (the major zome of recent faulting) separates the
Jordan Valley from the Wasatch Range from Corner Creek, sec. 3, 7. 3 5., R. 1
E., to Mount Olympus, sec. 14, T. 2 S, R. 1 E., (plate l).. North of this
location the Recent faulting (East Bench fault) extends to the northwest to
sec, 33, T. 1 N., R. 1 E. (van Horn, 1969) (plate 1). A number of faults have
been located in excavations in northern Salt Lake City which indicate a
possible continuation of a branch of the East Bench fault to the northwest,
eventually adjoining the wamm Springs fault system located at the base of the
Salt Lake Salient. Van Horn (1972) has mapped another fault that continues
around the base of Mount Olympus and then northwest along the base of the
range front approximately 4 miles (6.4 km), to sec. 15, 7. 1 S., R. 1 E.
(plate 2). Movement on this fault is thought to have occurred more than 5000
years ago (Van Horn, 1972). North of this point, Van Horn (1969) considers
the faulting to have occurred prior to 3,000,000 years ago. An older branch
of this fault (pre-5000 years old according to van Horn, 1972) continues from
sec. 3, 7. 1 S., R. 1 E., northeast to sec. 33, T. 1 N., R. 1 E., there

rejoining the younger fault segment.
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The East Bench fault forms the eastern boundary of a visible inner graben
in the Jordan valley. The western boundary of this inner graben is what
Marine and Price (1964) have mapped as the Jordan Valley fault zone, which is
approximately 1 mile (l.62 km) wide, and includes the Granger fault to the
west ang the Taylorsville fault to the east (plate 2). This fault zone is
oriented northwest-southeast and extends from approximately sec, 11, T. 2 S.,
R. 1 W., in the south to sec. 17, 7. 1 S., R. 1 W., to the north.

Evidence of other faulting that occurred prior to Recent time is also
apparent in the Jordan Valley. The Traverse Mountains are separatea from the
valley by a normal fault referred to by Marine and Price (1964) as the Steep
Mountain fault (plate 2). Normal faulting has also been mapped by Slentz
(1955) along the base of the Oquirrh Mountains between the Pennsylvanian
Oguirrh Formation and the Tertiary Harker's fanglomerate from the Traverse
Mountains to just south of Bacchus (plate 2). Slentz (1955) reports that, in
places, the fanglomerate is downfaulted to the east and in other areas the
fault is buried beneath the fanglomerate. Tooker and Roberts (1961) have
mapped Sevier Orogeny thrust faulting at the north end of the Oguirrh
Mountains (plate 2). Also, van Horn (1975) has located a number of additional
faults beneath the valley sediments based on geophysical investigations; these
fault locations are speculative and have not been included on plate 2.

Geophysical Investigations

Site Specific Gravity Surveys--Detailed gravity surveys were conducted by

UGMS on two known low- temperature geothemmal resource areas in the Jordan
Valley: the warm Springs fault geothermal system and Crystal hot Springs.
The Warm Springs fault geothermal system is located at the western edge of the
Salt Lake Salient at the northern end of thé valley (fig. 4). The gravity

survey consisted of 12 east-west oriented gravity lines with individual
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station spacings of 500 to 1l0UU feet (152 to 304 m). Individual gravity lines
were spaced from 0.25 to 0.75 miles (0.4 to 1.2 km) apart, One gravity
profile was modeled using a three dimensional program., The modeling
indicates, from east to west, two faults, a deep alluvium-filled graben and a
horst block; the easternmost fault corresponds to the Warm Springs fault. The
model indicates the downthrown block of the Warm Spring fault to the west is
covered by approximately 328 feet (100 m) of alluvium (Murphy and Gwynn,
1979b). The Hobo Springs fault (the second fault to the west) is also
downthrown to the west and borders the aforementioned graben. This graben has
an estimated depth of 40GU feet (1220 m).

Crystal Hot Springs is located in southern Jordan Valley, southwest of the
town of Draper (fig. 4). An area-wide gravity survey was conducted by
orienting profiles perpendicular to the East Traverse and Wasatch Mountain
ranges. Profiles were spaced at nearly 0.5 mile (0,8 km) intervals with
approximately 1000 feet (304 m) intervals between individual stations. The
area-wide survey provided a regional setting upon which to base a more
detailed gravity grid to better delineate the structure beneath the springs
(Utah Energy Office, 1981). The detailed grid consisted of 250 gravity
stations, spaced at 350 feet (107 m) intervals, centered on the thermal
Springs.

The regional gravity surface resulting from the area-wide gravity survey
indicates normal range-front fault segments bordering the west and north edges
of the Wasatch and Traverse Mountain ranges, respectively (Utah Energy Office,
198l1)., Furthermore, this report states that in the vicinity of the thermal
springs, these faults trend almost east-west and abruptly terminate at a
gravity high to the south. 1In other areas, the presence of northeast trending

faults is indicated.
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Modeling of the data suggests Crystal Hot Springs is located between two
range front faults striking roughtly east-northeast, and dipping to the
northwest (Utah Energy Office, 1981)., Drill hole data have indicatea a third
range front fault to the northwest. The report also points out that the
structure between tne southernmost two range front faults is quite complex,
consisting of a number of small, tilted fault blocks.

The detailed gravity surveys indicate that the Jordan Valley is very
complex structurally, consisting of smaller scale bedrock horsts and grabens
beneath unconsolidated valley sediments within the valley-wide graben. Work
by Meiijli Resource Consultants, (1983), Everitt (1979), and Arnow and Mattick
(1968) also indicate a complex graben system within the Jorocan Valley.

Valley-Wide Gravity Surveys--A gravity survey over the entire study area

which consisted of 800 stations along 40 profiles at 0.25 to 0.5 mile (0.4 to
0.8 km) intervals was conducted adue to the structural complexity of the Joraan
valley. This survey was adesigned to compliment the two site specific surveys
and the work previously conaucted by Cook and Berg (1961). The result of
incorporating this acata with the work previocusly cane can be seen in the
"Complete Bouguer Gravity Anomaly Map" of Jordan Valley, Utah by Adhidjaja and
others (198l1). This map indicates a number of major bedrock fault blocks may
be present in the Joraan valley. This could be significant because the
borders of these fault blocks could provide conauits for geothermal water.

valley-Wide Gravity Moceling--Meiiji Resource Consultants (1983) were

contracted by the UGMS to model existing gravity data for the Jordan Valley to
Detter cetermine the structural regime throughout the valley as well as to
further investigate the warm Springs fault geothemmal system., Major buried
features in the valley include: (1) the downfaulted western extension of the

Cottohwood Stock in the southern valley; (2) an east-west oriented mid-valley
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pedrock riaoge; and (3) Precambrian bearock high at the northern end of the
valley. Further modeling of the warm springs fault zone indicates this area
may represent the western boundary of a gyravity slide block.,

Aeromagnetic Surveys--An aeromagnetic survey, 9.5 miles (15.4 km) in

length (north-south), 6 miles (9.7 km) in width (east-west) and centered on
Crystal Hot Springs, was flown to detail the complex magnetic surface of the
area. The Utah Energy Office (198l1) report concluded that the observed
magnetic anomaly results from a series of intrusive and extrusive bodies that
trend east-northeast and range in depth from 7500 feet (2887 m) to within 3250
feet (107 m) of the surface. These bodies are thought to be intrusive at
depth, but shallower levels may be either intrusive dikes and sills or
extrusive flows (Utah Energy Office, 198l1). The report also noted that many
of the stacked prisms used to model the intrusives shared common edges which
could indicate the presence of deep seated structures. One of these deep
seated structures is present just north of the thermal springs and may be
coincident with faults delineated on the basis of gravity data (UtahlEnergy
Office, 1981). Results of this survey ang preliminary modeling provide an
understanding of the distribution of the magnetic susceptibility in the
subsurface and a major normal range front fault north of the springs (Utah

Energy Office, 198l).

GROUND WATER
Ground water in the Jordan Valley occurs in: (1) a large artesian
aguifer, (2) a deep unconfined aquifer, (3) a shallow unconfined aquifer
overlying the (artesian) confined aquifer, and (4) in local, perched
unconfined aquifers (fig. 5). All are hydraulically interconnected to some

extent, but the deep unconfined aquifer directly recharges the large artesian
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aguifer forming the principal grounc-water reservoir (Hely and others, 1%71).
The shallow unconfined aquifer overlies the confining layer for the artesian
aguifer while the locally perched aquifers are in areas overlying the ceep
unconfinea reservoir. This confining layer generally consists of clay, silt
and fine sand, ranging in thickness from 40 to 100 feet (12 to 30 m)}, and
lying between 50 and 150 feet (15 ana 46 m) below the surface (Hely and
others, 1971). The shallow, unconfined agquifer extends over the same area as
the confined aquifer while the perched aguifers are found primarily east of
Migvale and west of Riverton overlying the deep unconfined aguifer (fig. 6).

Principal Aquifer

The deep unconfined aguifer in the Jordan Valley is a principal rechafge
source for the artesian aguifer. The line dividing these two aquifers can
only be approximately located due to shifts caused by response to changing
rates of recharge and discharge (Hely and others, 1971) (fig. 6).

The artesian aquifer consists of Quaternary deposits of interbedded clay,
silt, sand, and gravel, all hydraulically interconnected; thin beas ana lenses
of fine-grained material up to 20 feet (6 m) thick tend to confine water in
each of the many individual beds of sand and gravel. The fine-grained
material is slightly to moderately permeable and discontinuous, thereby
allowing movement of water between the various permeable beds of sand and
gravel (Hely and athers, 1971). This confined aquifer attains a maximum
thickness of more than 1000 feet (305 m) in the northern part of the valley
(Hely and others, 1971). For the most part this aquifer is underlain by
Tertiary and pre-Tertiary deposits. In some areas the Tertiary deposits are
permeable enough to yield water to wells (Hely and others, 1971).

Recharge and Movement

Recharge to the Jordan Vélley ground-water system comes from the following

sources: (1) seepage from Dedrock fractures in the adjoining mountains, (2)
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underflow in channel fill draining the adjacent canyons, (3) underflow from
Utah valley to the south through the Jordan Narrows and the Egét shore area
to the northwest of the Salt Lake salient, (4) seepage from creek channels and
the Jordan River, (5) seepage from unlined canals, (6) migration upward
through fault systems, (7) direct precipitation, (8) seepage from irrigation,
ana (9) seepage from tailings ponas.

Ground-water movement in the principal aquifer is generally northward
toward the Great Salt Lake. Ground water migrates laterally toward the Jordan
River from both the east and west sides of the valley and, subsequently,

migrates to the north (fig. 6).

WARM SPRINGS FAULT GEOTHERMAL SYSTEM

The Warm Springs fault geothemal system is represented by an area
approximately 3 miles (4.9 km) in length and U.75 miles (1.2 km) in width,
‘Included within this strip are Beck Hot Springs, Wasatch warm Springs, Hobo
Warm Springs, and Clark wWarm Springs as well as two shallow warm water wells
pumped by the Monroc Corporation. Oischarge temperatures in this system range
from 27°C (Clark Warm Springs) to 55°Q (Beck Hot Springs).

Murphy and Gwynn (197%b) report this geothermal system is controlled by
water circulating to depth and, subsequently, migrating up the Wamm Springs
and Hobo fault systems. This repﬁrt also indicates that major springs tend to
occur at the intersections of these major faults with older, minor structures
striking roughly perpendicular (east-west). Meiiji Resource Consultants
(1983) indicate the Salt Lake salient may be a gravity slide block with the
warm Springs fault zone representing the western boundary of this block.
Meliji Resource Consultants (1983) also suggest the glide plane could provide

conduits for recharge to the geothermal system.
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CRYSTAL HOT SPRINGS GEOTHERMAL SYSTEM
The Crystal Hot Springs geothermal system has been investigated and
reported on by Murphy and Gwynn (1979a), the Utah Energy Office (1$81), and
Morrison-Knudson Company, Inc. (1982). Results of these studies indicate
Crystal Hot Springs is located between two range-front faults with fractured
Paleozoic quartzite (at depth) leaking warm water into the springs througn
overlying unconsolidated material. Temperatures between 55° ang 84°C have
been measured at the springs. A geothermal production well for the Utah State
prison, drilled into the fractured Paleozoics, encountered temperatures from
85° to 90°C. Morrison-Knudson (1982) reports that isotopic data indicate
the geothermal water is meteoric in origin, from moderate to high elevations
within the Wasatch Range; this water circulates to depth, is heated ang rises

toc the surface by convection.

UTAH ROSES FILORAL GREENHOUSE GEOTHERMAL PROJECT

Utah Roses, Inc., greenhouse facility is located, 14 miles (22.6 km) south
of Salt Lake City, in Sandy, Utah. The high cost of heating this facility
initiated an effort to develop a low-temperature geothermal resource at this
location, Utah Roses, Inc. appliea for and was selected to receive funding
for such a project under the Department of Energy Project Opportunity Notice
(PON ET-78-N-03-2047) .

Initially, a target well depth of 4000 feet (1220 m) was envisioned to
intercept a hot water aguifer thought to exist between 3000 and 4000 feet (915
and 1220 m). Hopefully, 50°C water at 600 gpm (37.8 1/s) could be
produced. Actually, the hole was extended to 5009 feet (1527 m) and 49°C
water at 200 gpm (12.6 1/s) was achieved. Lawrence Berkeley Labbratory sand

the Idaho National Engineering Laboratory (198l1) indicate the problems which

were encountered with this project:
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"The Utah Roses project illustrates problems that can be expected when
small-scale projects are implemented with a limited bugget in a highly
developed area. The site selection was based on space heating
reguirements at an existing greenhouse structure. This limited site
selection to an economical piping distance from the greenhouse. In
adoition, land ownership further restricted site selection to the
developer's existing property. No surficial manifestation of a geothermal
resource was evident on the Utah Roses property reducing the odds of a
usable shallow depth resource. The geology, hydrology, and geophysical
surveys were oriented toward a regional interpretation. No site-specific
surveys to delineate lithology, structure, or hydrology were
accomplished. (One site was considered as good as any other, since
exploration and drilling was restricted to the Utah Roses property.
However, this approach should be questioned, since any geothermal system
at this locale would be fracture controlled. A site-specific-resistivity
survey and local-gradient drilling should bave been the minimum
accomplished. A target model was apparently not developed due to land
ownership restrictions and the limited site-specific data. The

probability of drilling one well to successfully find a resource was low."

TEMPERATURE SURVEY
An attempt was made to measure temperatures in wells that intercepted the
principal aquifer. Where no wells intercepting the principal aguifer were
available or accessible, shallower wells were used, although these are few in
number. Temperatures were recorded at 214 locations by UGMS personnel with a
Yellow Springs Instrument (YSI) Model 33 Temperature- Conductivity meter. An

additional 9 temperatures were obtained from local municipal water
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departments, and 15 temperatures were provided by the Kennecott Copper
Corporation. Of the 214 locations measurea by UGMS, five were springs with
the balance consisting of pumped or flowing wells. Temperatures ranged from
7.5° to 85°C.

Nathenson and others (1982) define low-temperature geothermal resources as
Deing no lower than 109 above the mean annual air temperature at the
surface, increasing by 25°C/Km with depth tc a maximum of 90°C. The mean
annual air temperature in the Jordan Valley is considered to be 10% and the
average Basin and Range.temperature gragient is considered to be 359C /Km.
Therefore, temperatures 20°C and greater are considered to have
low-temperature geothemal potential and will be referred to as thermal
water, BHBased on this criterion, six general areas as well as three isolated
wells have recorded water temperatures indicative of possible low-temperature
resources. Two of these areas, the Warm Spring fault geothermal area and
Crystal Hot Springs are previously known because of warm water at the
surface. The remaining four general areas are not evident at the surface.
These areas are: (1) the north-central valley area, (2) the area immediately
north of the Oquirrh Mountains, (3) an east-west oriented portion of the
central valley in the vicinity of Taylorsville, Murray, and Hollacay, and (4)
a north-south oriented area extending from Draper to Midvale, Utah. These
areas can be identified in plate 3,

Temperatures in the northcentral valley area range from 20° to 28%C
and are spread over a fan=shaped area covering approximately 33 square miles
(85 kmz). The north Oguirrh area, located immediately north of the Qguirrh
Mountains, has temperatures ranging from 21° to 29°C. Themmal
temperatures were measured in three wells located north and northwest of

Taylorsville in the central valley area. These wells produced temperatures
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ranging frecm 20° to 219%. Two wells with temperatures of 24° ang 22°%
are lccatea in Hollacay.

A temperature of 24°C was measured in a well in the Miavale area. Two
wells in the Sanoy City area had temperatures of 21° ana 26%. A third
well drilled by Utah Roses to a depth of 5009 feet (1527 m) proguced a
temperature of 48°C. Wells in Draper and 1.7 miles (2.8 km) to the
northwest in Crescent have temperatures of 26o and 2200, respectively.

Other Isolated Warm Temperatures

A temperature of 219C was recorued for a well approximately 1.25 miles
(2 km) southwest of Kearns, Utah. A temperature of 219C was also recorded
for a well at the mouth of Rose Canyon in southwestern Jordan Valley. Both of

these wells are located on plate 3,

WATER CHEMISTRY

One hundred and ninety-nine water samples were collectea and analyzed in
the Jordan Valley as part of this study. See plate 4 for sample locations.
The on-site analyses consisted of: (1) pH, (2) alkalinity, ana (3)
conductivity. A Corning-Orion Model 407A/F specific ian meter in conjunction
with an Orion gel-filled Model 91-05 combination pH electrode was used to
measure pH, Three readings were taken and the average was recorded as the
final value. A YSI Model 33 Temperature-Conductivity Meter was used to
measure conductivity. Alkalinity was measured using a Hach Alkalinity Model
AL-AP test kit.

Three (two 570 ml. and one 65 ml.) polyethylene bottles were filled at
each sampling location with water filtered through a GeoFilter Peristaltic
Pump - Model #004 using a 0.45 micron filter paper. This water was

subsequently analyzed at the University of Utah Research Institute/Earth
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Science Laboratory (LWURI/ESL). The 65 ml. bottle was acidified with reagent
ygrade HNU3 to a final concentration of Z0% HNO3 for cation analysis of
elements presented in table 1 by an APL Inductivity Coupled Plasma Quantometer
(ICPQ). A 570 ml. bottle was acidified with concentrated HCl to a final
concentration of 1% HCl for SO, analysis. The remaining bottle was
unacidified and the water was analyzed for Cl, F, and total dissolved solids
(TDS). Results of the analyses are presented in table 2.

The Jordan Valley exhibits complex ground-water chemistry which is
attributable to complicated stratigraphy, structure, irrigation and mining
practices, as well as geothermal activity. This chemistry is further
complicated because samples were collected at the well head and many times
indivicual wells were screened and/or completed at or to various depths within
the aquifer. However, some general chemical characteristics are evident.

The total dissolved solids (TDS) content of ground water in the principal
aquifer in the Jordan valley is composed primarily of four common cations,
three common anions, and silica (SiOz). The cations consist of calcium
(Ca), sodium (Na), potassium (K), and magnesium (Mg); the anions are
bicarbonate (HCO3), sulfate (soa), and chloride (Cl)., Other elements
present within detectable limits in at least some samples were: iron (Fe),
boron (B), lithium (Li), fluorine (F), zinc (zZn), phosphorous (F), tin (Sn),
lead (Pb}, chromium (Cr), barium (Ba), tungsten (W), and manganese (Mn).

The chemical quality of ground water depends on the gquality of recharge,
composition and physical properties of sediments through which it passes, ana
the duration of the contact with such sediments (Hely and others, 1571).
Generally, ground water in the principal aquifer east of the Jordan River is
of lower TDS (higher quality) than to the west. This results from recharge

with lower TDS from streams and bedrock in the Wasatch Mountains to the east
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Table 1: Limits of guantitative cetection (LQD) for solution analysis by
the University of Utah Research Institute/Earth Science Lab

Inductively Coupled Plasma Quantometer.,

Element Concentration (mg/l)
Na— 1.25
K 2.50
Ca 0.250
Mg 0.500
Fe 0.025
Al 0.625
Si U.250
Ti : 0.125
P 0.625
Sr 0.013
Ba U.625
v 1,25
Cr 0.050
Mn 0.250
Co 0.025
N1 0.125
Cu 0.063
Mo 1.25 .
FPb . 0.250
Zn 0.125
Cd 0.063
As : 0.625
Sb 0.750
Bi 2.50
Sn 0.125
W 0.125
Li 0.050
Be 0.005
B 0.125
Zr 0.125
La 0.125
Ce 0.250
Th 2.50

LWD concentrations represent the lowest reliable analytic values for each
element. Precision at the LQD is approximately X 100% of the given value

with a confidence level of 95%.



Table 2, Water analysls from wells and springs in the Jordan valley, Salt Lake County, Utah.
(u - elepents not present or not present in detectable concentrations.)
Sample # A-1 R-2 R-3 R-4 R-% R-& R-7
Location {D-1-1)7aca {D~-1-1)200ab {D~1-1)3%50bb {D~1-1}10dab {D-1-1)%ab (D-1-1)22coa {D-1-1)19mac
40085101 47043 3" 40041043 4D0s3 147 40951 1gm 40042153 400431220
111952138 111951'57= 111%8'47" 111049108" 111050+49= 1110491 25" 111053047»

Tesp. ° 13 17 14 13 14 13 14
H 7.32 &£.92 7.05 7.15 £.90 7,15 7.1%
D5 mg/1 &34 718 562 210 448 580 &9
I-IJU} ag/1 295 243 243 leg 268 435 55
Na ng/l 45 40 15 9 25 46 25
K mg/1 u 3 u u u u 3
Ca mg/1 g2 96 105 52 17 103 106
Mg ng/l 38 40 3 10 28 29 35
Fe g/l u u 0.03 u u u u
si0,, ng/1 7 15 11 3 13 13 13
Ti my/1 u u u u u u u
P mg/1 u u u u u u u
Sr mg/l 06,590 1.64 1.11 0.24 0.65 1.43 1.46
Ba mg/1 u u u u u u u
Cr mg/l u u u u u u u
M mg/] u u u u u u u
b ng/1 u u u u u u 0.4
Zn mg/1 u u u u u u u
sn »g/1 u u u u u u u
| mg/l u u u u 0.1 u u
Li mg/1 u u u u u u u
B g/l u u u u u u u
F my/ L 0.2 0.4 0.3 0.2 0.2 0.2 0.4
ci 0/l 53 35 24 23 38 99 28
S0 ag/1 164 279 198 31 102 94 278

o€



Table 2.

{continued.)

Sample # R-8 R-9 R-10 R-11 R-12 R-13 R-14
Locatlon (D-1-1)4cbd (D-1-1}28dca {D-2-1)5dca (D-2-1)4cda {D-2-1)4ach (D-1-1)31&ad (D-3-1)1%bba
4045 12" 40P4]1 59 P40 17" 40P40" 14= 40240'4]" 40041 1 35" 40M33:03"
11105055 111950 22= 111951 *29= 111950+ 37+ 111950'32° 111952+21" 1119530] 27
Tesp. % 13 1¢ 24 e 15 13 22
pH 7.28 6,96 6.91 6.%2 7.02 7.30 6.75
TS mg/1 552 686 £18 554 902 552 2022
HCO, ag/l a7 278 a2 330 452 330 400
Na ng/l 3 23 45 39 17 32 20
K g/l u 3 3 u 3 u 24
Ca ng/l -3 105 97 &2 11 B4 252
Mg /1 32 4l 31 £l 46 32 &9
Fa mg/1 u u u u u u 0.22
slo, ng/l 13 13 11 L] 11 11 19
T4 ng/1 u u u u u u u
P g1 u u u u u u u
Sr =g/l 0.88 1.68 1.12 1.03 1.33 1.14 3.54
Ba ng/l u u u u u u u
cr g/l u u u u u u u
Mn mg/1 u u u u u u u
Fb mg/1 u u 0.7 0.7 0.6 u u
Zn ng/1 u u 0.2 0.4 0.3 u 0.3
sn B/l u u u u u u u
L] ngsl u u u u u u u
Li [ 1)} u u u u u u 0.37
B ng/l u u u u u u 0.3
F ng/1 0.2 0.4 0.3 0.3 0.3 0.3 0.6
cl g/l &6 2 el 67 121 56 350
50 gyl 128 293 139 135 227 154 736

LE



Table 2. (contlrued.)
Sample # R-15 R-16 F=17 R-18 R-19 R-20 R-21
Locatfon (D-3-1)Z9che {D-3-1)31abb (C-2-1)35ddD {D-2-1}30dbe (D-3-1)7ace (D-3-1)6c0c {D=2-1)33dca
40P31'38 40P31'18", 40P35 49 4093652 40P34° 267 apP3s o7 400351550
1119527 15= 1110521487 111053 4]" 111952150 111057 47 11195416 111950 21"

Tesp. = 24 15 15 14 15 18 12
H 7.15 7.00 7.18 7.27 7.16 7.20 7.30
D5 ag/l 1002 282 246 152 704 00 236
HCO, ag/l 295 330 157 122 313 153 168
N4 mgy/1 287 la 20 3 88 1a7 12

K /1 1a 9 u u ] ] u
Ca ny/l s 42 36 23 92 75 a7
] g/l 11 20 11 g 31 2] 12
Fe /1 0.37 l.a2 u u u u u
1o, ng/l 24 30 11 11 13 13 9
1 ng/l u u u u u u u
P my/l u 0.9 u u u u u
sr ng/l 1.13 0.43 0.29 0.1s 0.38 0.80 0.28
Be ag/l u u u u u u u
cr g/l u u u u u u u
M ®g/1 u 0.5 u u u u u
Po mg/l u u u u u u u
2n ng/l 0.7 0.1 u u u 0.2 0.1
sn ng/l u u u u u u u
w mg/l u u u u u u u
Ll ng/l 0.38 u u u u u u
B &g/l 0.5 u u u 0.1 u u
F mg/1 0.8 0.4 0.3 0.3 0.3 0.2 0.6
cl ng/l 400 14 41 15 121 290 12
s =g/l 58 u 27 15 159 16 24

4>



Table 2,

{continued, )

Sample # R-22 R-23 R-24 R-25 R-26 R-27 R-28
Location (D-3-1)adbe (D-2-1)3acd (D-2-1)4adc (D-3-1)cbad (D-3-1)12bdc (D-3-1)15cce (D-2-1)3adba
40735 8~ 40060 a6m 40%40" 35~ 40M3503]" 40034 24" 40733 100 40035 07"
11165034~ 111%49711" 111950 1¢m 1110521 54= 111047+ 18" 11184915]= 111091 1¢v
Tewp. ° 11 12 14 13 10 11 12
-] 7.38 6.98 7.24 7.50 6,58 6,98 1.16
DS ng/l 192 384 558 02 178 184 170
II:U3 =g/l 137 278 295 138 138 153 1z
Na ng/1 12 16 26 12 11 12 8
K mg/1 u u 3 3 u u u
Ca mg/] 48 &5 93 49 32 32 35
Mg ny/1 3 26 39 11 7 g 8
Fe mg/1 0.17 0.03 u 0.04 u U u
sio, ug/l 13 & 11 11 9 13 g
11 [ 74 1 u u u u u u u
P ng/1 u u u u u u u
Sr ag/l 0.21 0.87 1.30 0.30 0.29 0.23 0.27
Ba »g/1 u u u u u u u
cr =g/l u u u u u u u
o =yl u u u u u u u
Pb mg/l u u u u u u u
In mg/1 1.2 u u u u u u
Sn g/l u u u u u u u
| | =g/l u u u u u u u
Li mg/1 u u u u u u u
2] mg/1 u u u u u u u
F ng/1 0.2 0.4 0.4 0.2 0.3 0.2 0.2
cl ng/1 15 24 37 [ 3] 21 12 15
50 mg/1 10 94 213 12 7 14 Fa

€€



Table 2. (continued.)
Sample # R-29 R-30 R-31 R-32 R-33 R-3 R-35
Locatlon {D-2-1)5%bd {D-3-1)4bbb (D~2-1)30dda {C-3*1)lcac (C-2-1)2&nca {D-d-1)5bcd {D-4-1)8bch
A0P34 ™ 40035139 D034 A3 4003507 40P371 570 Flags illpg 40829157
111050' 17 11105107 111052 1= 1110547167 111954117 111952103~ 111953 pg=

Tewo. % 12 12 1a 26 16 13 16
pH 7.25 7.15 7.25 7.35 7.15 7.35 6.98
o5 ag/] 1sa 218 182 4722 393 r20 1582
PCCI._,’ ag/] 153 r) 138 142 173 330 4N0
N2 a1 9 14 13 121 56 az 07

K mg/l u u u 4 u 1 15
Ca ag/] 33 3% 28 2l 43 112 174
Mg ng/1 8 v 10 8 19 3l 64
Fe ag/] u u u u u u u
5102 ng/] 11 11 9 11 11 30 34
T ng/1 u u u u u u u
P m/1 u u u u u u u
Sr ng/1 0.23 0.25 0,23 0.52 0.&0 1.07 1.28
Ba ng/1 u u u u u u u
cr g/l u u u u u u u
M ng/l u u u u u u u
Pb ng/l u u u u u u u
n ag/] u u u u u u 0.2
Sn mg/l u 1] L u u u u
W mg/1 u u u u u u u
Li ags1 u u u u u u 0.15
B mg/l u u u u u u 0.3
F mg/1l Q.3 0.3 0.3 0.4 0.3 0.3 0.7
cl ng/l 13 18 22 160 B 154 92
S0 ng/1 23 lg 23 20 76 126 5011

vE



Table 2, (continued.)
Sample § R-36 R-37 R-38 R-39 R=40 R-4l R-42
Locatlon {0-2-1)31lbdc (D-3-1}Bacc (D-3-1)&bc (D-3-1)8baa {D-3-1)17aac {D-3-1)32aaa (c-1-1)35caa
40036 13° 40P34125 407340 42 40034" 507 40°33" 50~ 40°31'1L7e 40011 19=
11195307 1119511 4ge 111052'15" 111951451 11195) +23# 111951 *10# 111955'14=

Tesp. ° 13 18 7 16 18 14 20

3] 7.25% 7.34 £.95 7.36 7.28 £.96 7.45
TS m/1 5365 428 1688 186 262 s 374
HCD, mg/l a8 168 184 168 184 330 295
M ng/l 58 77 354 12 40 59 36
K mg/1 3 u 7 u u 5 u
Ca my/1 72 44 123 27 37 126 48
Mg mg/1 27 9 27 7 8 26 16
Fe mg/1 u u u u u u 0.15
5102 mg/l 11 15 13 13 15 17 17

Tl mg/1 u u u u u u u
P mg/l u u u u u u u
ar ag/l 0.42 0,48 1.92 D.21 0.%8 0.78 0.83
Ba mg/1 u u 0.8 u u u u
cr ng/l u u u u u u u
Hn ag/l u u u u u u u
Pb mgy/l u u u u u u u
n mg/l u u u u u u u
sn ng/l u u u u u u u
] /1 u ‘u u u u u u
Li =g/l u u u u u u u
B my/1 u u 0.3 u u u u
ng/1 0.7 0.2 0.2 0.2 0.2 0.2 0.4

cl g/l 78 134 [-To ] 21 59 134 35
S0 ag/l 1oz 15 27 [ 10 152 Bl

=)



Table 2. (continued,)

Sample ¢ R-43 R4 5 R-45 R-47 R-48 R-4% R-50
Location (C-2-1)1dbb (0~2-1)70d> {C-2-1)12ccd (D-2-1)170aa (D-2-1)22cac (D-2-1)230bc (C~2-1)23dad
40P40' 24 40P35°02]1" 4003971 3= 40381 57= 4007 41 A0P38'07 apP37'87m
111953¢55= 111952 2%" 111054248 111951" 49" 1119541 111P4p 43" 11195440
Tesp. fc 18 13 17 1z 10 1] 15
pH 7.35 7.3% 6,45 £.52 7.05 7.05 £.9%
05 ag/1 324 420 212 124 154 245 454
HL'O., mg/1 173 122 100 1o 123 lan . 192
Na mgy/l 34 35 35 7 6 8 59
K mg/1 u 3 u u u u 3
Ca mg/l A8 66 25 26 3l 5% 64
Mg ng/l 17 25 1 ¢ ¢ 18 28
Fe mg/1 0,03 : u u u u u u
sio, mg/1 17 11 9 5 6 6 11
Ti ag/l u u u u u u u
P =g/l u u u u u u u
sr mg/1 0.84 0.46 0.3% a.1% 0.20 D.48 0.71
Ba ng/1 u u u u u u u
Cr mg/l u u u u u u u
| 4] mg/1 u u u u u u u
Pb &g/l u u u u u u u
n mg/l u u u u u u u
sn mgsl u u u u u u u
] mg/1 u u u u u u u
LE ag/l u u u u u u u
B mg/ 1 u u u u u u u
F g/l 0.3 0.3 0.3 0.2 0.2 0.1 0.2
cl mg/1 23 12 L] 9 12 26 127

S0 mg/1 109 82 45 19 25 S0 93

=1



Table 2.

{cont 1nued. )

Sample #= A-51 R-52 R-53 R-54 n-55 R-56 R-5B
Location {0-2-1)20cab (C-2-1)13dbd (C-2-1}12bag (C-2-1)12aaa (0-2-1)17ch (0-1=1)4che (0-3-1]l4caa
40037153 40038'41" 40P39 56= 40039' 5g¢ 40938' 31" 400451 32% 40033 29m
11195) *56" 1119534 530 111954+ 05= 1110534 33» 11195]1"52% 1119501 580 111948 24=
Tewp. % 15 16 17 17 1 13 11
pH 6.91 6.90 6,57 6,55 6.39 6,80 6.66
DS g/l 138 15¢ 154 216 180 524 250
HCO, /1 120 144 143 143 lee 327 192
Na g/l 9 12 17 22 10 30 10
K /1 u u u’ u u u u
Ca g/l 19 22 3 34 40 99 4%
() ng/1 8 9 12 13 12 39 9
Fe mg/1 u u u u v u u
sinz wy/l 9 4 1 13 9 13 13
T g/l u u u u u u u
P /1 u u u u u u u
Sr w1 0.18 0.21 0.4 0.45 0.27 1.13 D.42
Ba g/l u u u u u u u
cr /1 u u u u u u u
Hn /1l u u u u u u u
Pb /1 u u u u u u u
n g/l u u u u u u u
Sn ng/l u u u u u u u
L] /1 u u u u u u u
L g/l u u u u u u u
B g/l u u u u u u u
F g/l 0.3 0.2 0.2 0.2 0.2 0,2 0.1
cl g/l 12 17 17 16 15 67 16
S0 g/l 16 22 44 64 3z 172 23

LE



Table 2, {continued.)
Sample # R-53 R-60 R-£1 R-62 R-&3 R-54 R-&5
Location {D-3-1)1lachb (B-2-2)3xcm (8-1-2)2dac (B-1-2)8abc (B-1-2)36tda (B-1-2)28ddd (B-1-2)21acd
40P33 28" a0P5) 26" AP50 47 40°50'18 40047+ 00 a0Pa7i 0 400481230
111048°1]= 112%2'13" 12°%01' 407 112%5 207 112°00 5¢= 112903 a5 112%4 0g=
Tesp. % 1 15 22 15 2% 2 22
pH 6.590 8.39 8.05 8.00 7.40 7.62 7.90
TDS g/l 178 1158 52 w28 3812 1950 654
I'I'.TD3 g/l 200 751 Ferd 234 234 217 317
Na mg/l 11 3 147 262 990 B4 205
K g/l u u 3 u 17 12 5
Ca gl 52 4 11 2 180 73 la
Mg my/1 10 [ 3 16 57 42 6
Fe ng/l u 0.1s u 0.24 0.51 0.19 0.12
smz, mg/l 13 21 24 13 X 47 4l
Tl ng/1 u u u. u u u u
P ng/1 u u u u u u u
Sr =g/l 0.53 0.1a 0.4l D.82 6.37 3,46 0.50
Ba mg/1 u u u u u u u
cr ng/1 u u u u u u u
Hn g/l u u u u u u u
2] mg/1 u u u 7} u u u
2n ag/l 0.6 u u u u u u
sn mgy/1 u -u u u u u u
W mng/l u u u u u u u
Li mg/l u 0.07 0.08 0.1a 0.35 0.19 0.07
) ng/l u 0.7 0.3 0.5 0.5 0.4 0.4
F ng/l 0.2 3.6 2.1 1.6 1.3 1.2 2.1
cl ng/ 1 17 287 124 432 2060 989 22
S0 ag/l 25 u u 4 42 1 u

8t



Table 2, (contined.)
Sample # R-66 R-67 R-68 R-69 R-70 R-71 R-73
Location (D-4-1}écab {B-1-1)5a0d (D-4~1)6caa {D-4-1)6aad (D-1-1)7aac (C-1-1)8ada (C-1-1)14abd
40P29'59= 400501 354 a0P25' 59 400307 16+ 4004 5107= 40%5102= 40%44 1 14
11105255 111858+ 0g= 111052455~ 111952+ 23% 111052135= 111958 0g" 1118541579
Tesp. % 16 28 e 13 15 14 12
pH 7.3 7.0 7.0l N 7.20 6,99 6.92
S mg/l 1060 1047 1242 242 735 344 428
rm, ag/l 359 259 334 234 376 351 317
Ha ag/l 178 298 79 46 55 a £5
K mg/l 16 12 17 10 3 3 3
ta ng/l 92 43 185 23 123 32 45
Hg ag/l 43 10 45 é a4 13 22
Fe mg/1 u 0.08 0.05 0,03 0.04 0.31 0,21
5‘“2 ag/l 34 51 33 30 15 18 15
Tl mg/l u u u u u u u
P /1 u u u u u u u
Sr ag/l 0,50 1.51 1.74 0.41 1.16 0,50 0.62
Ba ag/l u u u u u u u
cr mg/l u u u u 0,10 u u
] ag/l u u u u u u u
Pb mg/1 v u u u u u u
n /1 1] u 0.2 u u u u
sn mg/1 u u u u u u u
" my/1 u u u u u 7] u
L g/l 0.11 0.14 0,13 0.11 u u u
B ag/l 0.3 0.4 0.1 u u u u
F mg/l 0.4 1.4 0,2 0.6 0.3 0.2 0.3
ci &g/l 212 482 721 29 96 26 22
50 =g/l 96 u 354 14 158 25 Ll

6¢



Table 2. (continued.)
Sample R-74 1-1 1-3 T-4 -5 T-& -7
Location {B-2-2)36bad (C-1-1)1adca {C-1-1)15cad {C-1-1)23cba (C=1-1)26cce (C-1-1)25cca (C-1-2)36bbt
40P46153= 40P43140m 4Py 45m 40042' 540 400411 53= 4004] 1 54m 4004] ' 4l
111954'08" 111054+ 57= 1110561 26" 111P55024= 1119551 3¢n 1119541 )= 117%z121=

Temp. % 17 13 14 13 15 14 14

[+ ) 7.40 6,90 b.GH 6.89 .85 7.45 6.70
TDS g/l 538 362 638 1052 1244 284 1212
H:O} g/l 401 259 217 217 334 217 476
Na g/l 686 39 51 52 172 13 185
K »g/1 18 u 4 9 3 u 4
Ca 8y’ 238 53 m 126 130 56 160
g gl &7 21 32 55 59 19 58
Fe mg/l u 0,39 0.1% 1.21 0.04 0.24 u
510, a1 14 13 15 18 14 11 35
TL ng/l u u u u u u u
P ng/l u u u u u u u
5r g/l 2.87 0.73 0.95 l.42 1.30 0.66 1.00
Ba ng/l u u u u u u u
Cr g/l u u u u u u u
N ng/1 u u u 0.3 u u u
Pt ng/l u u u u u u u
In g/ u u u u u u u
sn a/] u u u u u u u
w mg/ 1 u u u u u u u
Ll a1 0.18 u u 0.06 u u 0.11
-] g/l 0.4 u u u u u 0.4
F ag/l 0.3 0.4 0.3 0,2 0.3 0.3 0.4
cl ag/l 1417 17 178 20 276 15 235
S0 ag/1 455 104 101 314 360 &9 317

or



Table 2, (continued.)

Sanple # T-8 T-$ T-10 T-11 T-12 T-13 T-14
Locat fon {C-1-2}22aac (C-1-2)21bcd (C-1-1)2430a (C-1-1)2%cce {C-1-1)2%abc (C-1-1)2cda (C-1-1)7abc
4ra 31207 ata 307 404305 40041 45+ agta3e 27 40Py 5 307 agP4 507"
112002* som 112004 459 111953+27= 111056 49" 111953 5a= 111955415+ 1119591250
Temp. %t n 14 13 13 16 12 17
pH 7.20 6,72 7.05 7.12 7.18 .65 .22
S mg/l 982 1272 652 1632 332 ala 3%4
H.‘.I‘J3 ny/l 284 351 317 417 250 484 200
Na ny/l 269 331 35 281 28 S4 6l
K /1 9 13 u 7 u 5 3
Ca mgy/]l 34 56 109 129 48 25 59
Mg ng/1 17 27 37 77 15 15 15
Fe g/l 1.58 0.04 0.1% 0.04 0.12 0.2 0.14
sia, ny/) a4 35 1n 25 14 1s 17
Ti mg/l u u u u u u u
P my/1 u u u u u u u
St ng/1 0,63 o.79 1.51 1.40 D.68 0,37 0.7%
Ba my/1 u u u u u u u
cr =g/l u u u u u u u
L] mg/1 u u u u u u . u
Pb ny/l u u u u u u u
n mgy/1 7] u u u u u u
sn my/1 u u u [t u u u
] ny/1 u 4 u u u u u
i /1 0.11 0,13 u 0.13 u u u
B my/1 0,3 0.3 u 0.4 u 0.2 U
F w1 0.9 0.5 0.3 . 0.3 0.3 0.5 0.%
Cl mg/l 36 324 4l 366 15 28 39

S0, ng/l 136 249 238 433 2 u 125

84



Table 2. (continued.)
Sample § T=15 1-18 1-17 1-18 D-1 D-2 D-3
Location (C-1-2)31aaa (C-1-2)3%ad (C-1-1)&bce (C-1-1)30adc (C-3-1)31baa (C-3-1)3Zaba (C-3-1)34bda
4(P4] 45 %0041 a0 ADP45 507 400421 19" AL L™ 40731 ge 031 0sm
112%0¢ 04" 112002 05~ 112900 16= 1119581 24= 1119591 47m 11195g1] 5= 111955121

Tesp. ° 16 15 20 13 14 15 16
m 7.35 7.D4 8.00 .29 7.28 7.71 7.22
TOS ng/1 926 1432 1160 1738 430 714 1070
PI:O3 ngy/l 259 401 167 376 292 459 292
Ma gyl 132 185 321 348 38 74 T4
K ng/l 1 13 4 15 5 7 4
Ca ng/l 60 106 48 107 BD 129 155
Mg gyl 48 56 25 86 23 33 46
Fe myl 0,17 0.16 0.18 0.03 0.24 u u
sia, ng/1 14 37 21 38 36 36 28
L} ! ny/l u u u u u u u
P ng/l u u u u u u u
5r ngy/l 0,80 1.08 l.68 1.68 0.46 0.&7 D.84
Ba ng/l u u u u u u u
Cr ny/1 u u u u u u u
Mn g/l u u u u u u u
Pb ng/l u u u u u u u
n ng/l 0.8 u u u u u u
sn mg/l u u u u u u u
] g/l u u u u u u u
L w1 0.09 0.07 0.07 0.1¢ u u u
B ngy/l 0,2 0.3 0.3 0.4 u 0.2 u
F mg/1 0.5 0.2 0.9 0.4 0.2 0.3 0.13
Cl mg/1 24l 350 512 az1 111 95 244
50 ng/1 219 359 20 449 40 135 160

A4



Table 2. (contimmed.)

.

Sanple # D4 D5 D6 p-8 b9 o0 p-11
Location (C-~4~1}120xca (C-4=-1)12tca {C~4~1)12bbd (C=3-2)33ddd (C-4-2)3cac {C-4-2)3ccd {C-3-2)2%0d

40P29' 207 AOR29 22" 400291 257 40030 347 a0Pz9* 36" aoz9 3T aP31e e
1110541 24" 11195421 111954 20~ 11200351~ 112%03° 24m 112%3° 300 112%00'19=

Temp. % 85 38 54 18 8 14 14
pH 7.60 7.26 6.1 7.28 6.85 6.85 1.26
T0S mp/1 1710 1720 1700 316 712 646 610
I{:U, mp/l 355 459 4B0D 213 aly 313 292
Na mp/l 376 347 370 46 &2 52 37
K mg/l L 53 55 5 i0 8 4
Ca /1 133 146 13% 43 122 11% 90
My ng/l 33 32 32 & 3 27 32
Fe /1 u u 6.9 u u 0.07 u
Sl[l2 mg/1 47 " 45 20 a7 a7 24
T ng/l u u u u u u u
P ny/] u u u u u u u
Sr mp/l 3.69 3.86 3.72 0.82 0,74 0.65 1.0l
Ba np/l u u u u u u u
cr mp/l u u u u u u u
L m/1 0.4 1.0 0.4 u u u u
Pb mp/1 u u 1] u u u u
n my/1 u u u 0.2 ] 0.9 u
Sn =g/l u u u u u u u
¥ g/l 7] u u u u u u
Li ag/] 1.7 1.34 1.58 u u u u
2] »y/l 1.3 1.1 l.4 u 0.1 u u
F g/l 2.6 2.5 2.4 0.2 0.3 0.3 0.1
cl np/l 722 673 708 54 131 140 117
S0 /1 &7 74 62 25 85 45 €5

114



Table 2. (continued.)

D-12 D-13 D-la D-15 D-16 D-17 D-18
{C~4-2)2cbe (C-4-2)1bbb (C-2~1)3lcch (C-21)3cad {£-3-1)31chb (C—4-1)5bhb {C-3-1)31bad
ApPZSISL” ADP307 26 4IP30 380 40°35'05= 4TF30L 50 40°301 268 arfsiioam
112%02'3]" 117%0) * z4m 112900'16% 11195621= 1129007 16" 111°5807= 111959 56=
Temp, ( la 15 14 13 la 13 14
H 7.16 7.17 7.14 7.28 1.2 7.23 7.13
™5 /1 636 988 80 B46 1020 802 864
H:Cls ng/l 355 334 3l 230 271 376 293
Ha g/l 51 58 59 59 sl 7 49
K ng/l 7 8 8 3 8 7 3
Ca ng/l 114 153 133 121 166 130 132
Mg ng/l 31 39 13 45 4l 32 35
Fe ng/l 0.04 u u u u u u
SiD? ng/l 43 4l 39 20 39 39 34
¢ | ag/l u u u u u u u
P ag/l u u u u u u u
5r mg/l 0.67 0,91 0.74 0.62 0.87 0.70 D.68
Ba mg/l u u u u u u u
cr ag/l u u u u u u u
M og/l u u u u u u u
Pb g/l u u u u u u u
In Bg/1 0.4 u u u u u u
5n ag/l u u u u u 0.1 0.1
[ ] mg/l u u u u u u u
el mg/1 u u u u u u u
B ag/l u . u u u u 0.2 u
F no/l 0.3 0.3 0.3 0.2 0.1 0.3 0.2
cl g/l 136 246 156 193 273 159 232
) ng/l 54 74 69 171 88 93 %0

vy



Table 2. (continued.)
Saaple §# D19 0z
Locatl ! b-z2 0-23 D-25 0-26 D27
il {€~3-1)30daa (C-3-1)27.
ae3) ':D' hEP31'51-) acd mogi:f;)l?caa mo;g:;;)ldauc Dn(C:Z-lJZScDu {C-2-1)28bce (€-3-1)
H1%s8aze 11195607 111954 1q7= osaisgn o 4093704 40%34104m
54" 30 111957159 1119581 gam
Tewp. S 14
15
) . 7.13
05 ag/1 8ls 1262 1060 -~ 6.55
400 1510 2695
HO, ay/1 334 p» 253 - o
: 459
Na ag/l 54 o3 124 730
K /1 u a s P , a7
7
Ca 1 125 4
g/ 178 129 o5 a5 105 -
W ag/1 37 53 as 2% 20 P pd
Fe g/l u u u 0.03 u u u
sdo, ng/1 15 22 15 24 1 30 28
Tl g/l u u u u u u u
P g/l u u u u u u u
Sr ag/1 0.65 0.92 0.57 0.90 0.4] 0.54 1.46
Ba g/l u u u u u u u
Cr /1 u u u u u u u
[ ng/l u u u u u u u
2] g/l u u u u u u u
n [T ] u u u u u u 4.3
sn a1 0.2 u 0.3 0.3 u u u
o [ 789 u u u u v u u
L1 /1 u u u 0.05 u 0.1l u
B mg/1 u 0.1 0.2 0.2 u 0.5 u
. .1
F mg/1 0.2 0.2 0.2 0.3 0.3 0.3
237 185
cl g/l 108 all 204 144 3 l
489 258
so »g/l 162 247 1) 105 93

514



Table 2. {contimued.)
Sample # D28 0-29 D-30 D-31 032 p-33 D-35
Location {C-3-1}16by {C-3-1)20abb {C-2-1)5acc {C-3-1)1cbb {C-3-1)16bch {C-3-1)20cca (C-3-1)2%abc
409330380 a0@33:01" a0P39112m aP35r 12" 40033041 agP32r2e 40P32'01
11105713 1119581 26¢ 1119571 25¢ 111054 130@ 1119571 55= 11105815 111958 324
Temp. % N 18 17 48 15 14 14
3] 7.05 7.00 7.13 7.5 6,85 6.85 7.0%
108 mg/1 1558 1296 1978 2609 1754 1518 1458
I'ﬂlj ng/l 438 417 27 147 438 370 459
N g/l 115 145 238 754 8 53 7
K g/l 7 3 13 5 4 3 3
Ca ag/1 a8 1ag 161 55 267 @062 261
™) ng/1 91 51 116 17 94 3] 78
Fe mg/) 0.04 u u 0.04 0.07 u u
s1o, ng/1 26 13 30 19 21 19 19
Tt ng/l u u u u u u u
P /1 u 1] u u u u u
Sr g/l 1.23 0,51 2.07 2.18 1.06 0.8% 1.01
Ba g/l u u - u u u u u
cr ng/l u u u u u u u
1] g/l 1] 1] u u u u u
Pb g/l u u u u u u u
n ng/l 0.2 u u u 0.5 u u
5n mg/l u u u u u u u
w ny/1 u 0.3 u u u u u
LE ag/1 0.07 u D.16 0.07 u u u
B my/1 0.2 0.3 0.3 2.3 u u u
F ng/1 0.2 0.1 0.5 0.8 0.1 a.l 0.2
cl mgy/l 205 * 71 536 654 201 28 237
5(]‘ oyl 590 529 517 934 (53] 532 521

oy



Table 2, (contlnued.)
Sanple # D36 0-37 0-38 -39 D40 D-al D42
Location (C-3-1}30aba {C~3-1)30bah (C-3-1)22ada (C-3-1)labhc (C-3-1}26aad (C=3=1)25bbb (C-3-1)24bac
407321 12# 40P32'09° agP32123% 40F33047m 4003] + 52 apP32'1]e 432 567
1119591 30m 111959 51" 11195545+ 1119551 40" 112054'37" 111954 2¢= 111954715

Teap. % 14 14 16 17 15 17 17
[+ 4] £.95 7.1% 7.20 7.35 7.45 7.26 5.9%
05 ag/l 1328 loBs 576 672 204 576 2130
I'I'.'I;I3 g/l 355 292 15 145 313 250 355
N ag/l 55 44 73 53 229 78 246
K ng/l 3 3 i 3 12 s 28
Cca mg/1 230 179 72 B2 a7 57 240
Mg my/1 8 a7 29 36 13 25 a0
Fea ng/1 a.a03 u u u 1.00 0.05 1.09
S.lﬂz /1 21 19 19 15 21 19 19
T my/1 u u u u u u u
P mgy/1 u u u u u u u
Sr mg/l l.07 0.87 0.60 i 0.61 0.7z 0.74 3.42
Ba mgy/l u u u u L u u
cr my/1 u u u u u u u
L] mg/1 u u u u 0.3 u 1.1
Pb og/1 u u u u u u u
n wg/l 0.2 0.1 u 0.9 0.1 0.7 0.z
Sn /1 u u u u u u u
| ] /1 u u u u u u u
Ll my/l u u u u 0.32 u 0.25
B ng/l u u u u 0.4 u 0.4
F mg/1 0.2 0.1 0.2 0.2 0.6 0.3 0.6
cl mg/1 199 267 184 191 317 126 385
50 =g/l 464 20 80 BE B5 94 780

VA 4



Table 2. (contimed.)
Saaple # D43 Dth D—&5 D46 D48 D-A9 D-50
Location (C-3-1)7cbb (C-2-2)25cha (C-2-1)xmab (C-2-1)8abc (C-3-1)31aaa {c-3-1)32cdc {C-4-1)5ach
4P34'16° 40°P36" 597 a0P38' 17 ADP4n' 45 400311 16" At - AP30 10
1120007 13" 11290 '16" 1110581 45= 111059141= 111959'1p= 111058% 44" 111958+ 33~
Temp. ° 16 15 18 13 12 16 13
H 7.3 1.18 1.25 7.13 1.2 7.22 125
DS my/l 452 930 584 1628 688 532 788
rco, mg/l 230 205 252 09 326 250 376
Na mg/l 44 98 &4 158 &9 3z 75
K ng/l 3 3 & 8 3 9 7
Ca mg/l 61 102 66 167 117 (=] 125
Mg mg/1 2 48 38 10z 27 25 31
Fe syl 0.13 u u u u u u
5102 mg/l 21 21 28 30 24 54 36
1 ng/l u u u u u u u
P mg/l u u u u u u u
=g/l 0,41 0.66 0.59 3.54 0.55 0.50 0.65
Ba mg/l u u u u u u u
cr my/1 u u u u u u u
o mp/1 u u u u u u u
PD ng/l 1] u u u u u u
Zn ngy/l 0.5 0.6 u u u u u
5n mg/l u u u u u u u
[ mg/l u u u u u u u
Li mg/1 u u 0.06 u u u u
B mg/l u u a.l u u u 0.2
F mg/1 0,3 a.3 0.5 0.7 0.1 0.2 0.3
Cl ng/l 112 320 104 542 98 113 h
Sﬂa ag/l 52 55 90 254 138 26 124

214



Table 2. (cont{nued.)
Sample # D-51 D-52 D53 055 D-56 D-57
Location (C—4-1)4aaa (C=-2-2)16adc (C-32}2ca (C-4~2)5abc (C-3-1)25aba (C-4-1)15chc
40P30' 27 a0P381 46 agP3a'09m ancz9 23" afP32112e 4028 08" '
111954157 112%031 355+ 112%0] 03" 112%41 1" 111953143" 111956 45~
Teap. ° 15 14 17 21 19 19
™ 7.15 7.30 7.24 7.3% 7.24 7.65
TDS /] 1132 456 374 310 lor2 278
HCO, ng/) 326 21% 215 191 263 191
Ha ng/l 77 37 32 26 209 48
K ng/1 5 4 3 7 25 8
ca g/l 176 =8 59 46 &5 a6
Hy ng/l 48 1% 23 17 22 10
Fe mg/l u u u u 0.34 0.18
Slﬂ.‘, =/l 28 39 24 19 21 19
T =g/l u u u u u u
P =/l u u u u u u
Sr mng/l 0.87 0.32 0.24 0.96 1.69 0.29
Ba mg/l u u u u u u
cr =g/l u v] u u u u
L] mg/1 u u u u u 0.3
PO =g/l u u u u u u
n ag/1 u 0.4 u u u u
sn o)/l u u u u u u
w mg/1 u u u u u u
L1 By/1 u u u u 0.31 u
B mg/l u u u u 0.3 u
F mg/l 1} 0,3 0.2 0.4 0.8 0.3
cl g/l 263 99 50 &0 365 99
so ng/1 187 30 48 24 129 10

6%



Table 2, {contirued.)
Sample # D-58 D59 D60 b-61 D62 D54 D65
lLocation (C-3-1)2adc (C-2-1)2tce {C-3-2)2cda (C-2-1)3ébac (C-2-1)25dac (C-2-1)2daa (C-2-1)12bbb
4035 22" a0040 350 40035103 40035173 40P364 L0040 288 40PAD" 0O
111054 49" 111055138= 11200200~ 111054111 111053139 1110547 38= 111054127
Temp. % 21 15 16 17 24 15 18
pH 7.65 7.34 7.28 7.05 7.35 7.38 7.24
oS g/l ase 1676 666 340 148 234 348
I'CU:, ng/l 167 326 181 151 143 167 167
Ha syl 219 188 42 42 33 b 34
K mp/1 7 3 3 3 u u u
Ca ng/l 35 212 89 4l 18 41 42
Mg /1 15 7 1] 15 8 16 1€
Fe g/l u 0.13 u u u u u
540, mp/) 9 15 24 1 11 13 13
Tl g/l u u u u u u u
e ng/l u u u u u u u
Sr gyl 0.%6 2.39 0.39 0,37 0.30 0.52 0,66
Ba »g/l u u u u u u u
Cr og/l u u u u u u u
4] m/l u Y u u u u u
Ph | 741 u u u u u u u
n /1 u u u u u u u
sn my/l u u u u u u u
¥ my/1 u u u u u u U
L1 mp/l 0,1 u u u u u u
B g/l 0.2 0.2 u u u u u
F ag/l 0.4 0.l 0.2 0.? 0.3 0.3 0.3
cl my/l 336 360 134 63 19 14 36
Sﬂd ng/l 94 572 38 [ 29 37 100

0s



Yable 2,

{contimsed. )

Smmple # D86 D67 068 D69 D-70 D-71 D-72
Location {C-2-1)3cad (C=2=1)1lcee (C-2-1)17bab (C-2-1)18cbb {C-2-2)24bbb (C=4-2) 10dhg (€-3-2)36Dch
40P40' 05" a0P39'14m 40P39°08n a3 43" 40P3pr 16m aP29 e 4031 " 06"
11105g+23= 111955 41 111058143n 112%00° 10~ 112%1 24" 112002 59% 112%0121%
Tesp. % 2 19 17 16 2 15 19
H 7.17 7.13 7.31 7.09 7.04 7.03 .72
DS g/l 756 312 a34 80?7 499 588 562
rm, [ T3] 143 143 151 239 239 21% 215
Na ags1 117 35 64 95 52 38 34
K ag/l 5 u 5 7 10 7 4
ca g/l 66 a3 43 50 56 91 56
Mg ag/l 38 16 21 4é 27 z1 27
Fe »y/1 u u u u 0,03 u u
sig, ag/l 34 13 32 36 58 43 34
" /1 u u u u u u u
P mp/l u u u u u u u
sr agsl 1.38 0.67 0.37 D.74 0.79 0.%5 0.4%
Ba ap/l u u u u u u u
cr ag/l u u u u u u u
N g/l u u u u u u u
P 8/l u u u u u u u
mn agy/l u u u u u 0.4 0.2
Sn ag/l u u u u u u u
L] ngy/l u u u u u u u
Li [ 1) u u 0.05 0.07 u u u
2] g/l u u u b.1 u u u
ag/1 0.3 0.3 0.6 D.5 0.5 0.2 0.7
cl ng/1 255 4D 85 250 103 163 83
50 g/l 157 100 54 80 40 37 13%

1S



Table 2, (contimed.)
Sample # D-73 D-74 D80 D81 D-82 D83 D-84
Location {C=2-2)13cad (C—4=-1}14edc (C-3-2)3baaa (C-3-2)3a0ch (C-2-1)Zanc (C-2-1)10aad {C-2-1)13dag
40038 200 adP27' 58" 40P31117= ADY3G A0 aPsnt 47 a40P39 5= anP3p 3gm
112%00! 53 11105524~ 11280z 35" 112003 08" 111955 oa= 111955 44= 111953 2g"
Tesp. ° 15 15 12 12 12 19 14
M 1.2 7.43 7.25 7.15 1.70 7.0 7.21
s a1 724 884 1450 1460 2080 &50 824
Hn, /1 215 353 357 355 397 129 313
Na ng/l 66 127 23 76 282 108 115
K g/l 5 9 5 3 8 3 5
cs ng/1 76 loz 753 238 222 &4 101
Mg ag/l 51 4l &8 0 95 27 34
Fe ag/l 1) u u u 0.45 0.11 u
510, ag/l 28 24 24 17 1% 17 13
1 ng/l u u u u u u u
P mg/l u u u u u u u
sr ag/l 0.88 0.8l 0.94 0.62 2.21 1,25 0.50
Ba wg/l u u u u u u u
Cr (7)Y u u u u 0.02 0.10 u
n g/l u u u u u u u
PD ng/1 u u v u u u u
m g/l u u u u u u 0.3
sn o/ u u u u u u u
w mp/1 u u u u u u u
L1 my/ 1 0.05 0.08 u u 0.11 u u
B 8g/1 u 0.2 u u 0.4 u 0.2
F /1 0.4 0.5 0.2 0.2 0.2 a.4 0.5
£l mg/l 230 a? 239 69 433 park 159
S0 mg/1 6l 217 Ch 642 &B5 164 188

L

2G



Table 2. (continued.)
Sample # D-85 D-84 D-87 D-88 D-89 0-90 091
Locatlon (C-2-1)21aa0 {€-2-1)27cac {C-2-1)33cad (C-2-1)34daa {C~2-1)35ddd (C-4-2)10aab (C-2-2)1cab
40P38'07 40036151 40F35' 5= 4P3s g™ 40P354 6" 400291359 40%0' 24"
< 11195659 111056428~ 1119571 29= 111955744" 111054°35% 112002141 112%1 08"
Temp, % 1 15 14 15 16 15 1S
o £.590 (& 7.21 7.04 7.50 7.26 7.26
05 ng/l 3055 1360 £95 1250 430 584 610
HCO, g/l 438 o2 357 292 184 250 313
Na g/l 334 140 121 128 67 » 92
K g/l 40 9 4 5 3 5 5
Ca ng/l 345 174 92 164 57 96 &5
Mg g/l 134 &4 31 53 14 21 31
Fe ng/1 0.04 0.03 u u u 0.03 0,03
sto, a1 30 26 24 26 13 36 34
Tl g/l u u u u u u u
P g/l u u u u u u u
sr g/l 2.40 0.76 0.39 0.68 0.50 0.40 D.50
Ba my/1 u u u u u u u
cr /1 0.0% u u u u u 0.0%
N g/l 1} u u u u u u
Pb /1 u u u u u u u
Zn /1 0.3 0.2 0.1 0.1 u 0.6 u
Sn ng/l u u u u u u u
[ ] my/l u u u u u u u
Ll 7} 0.32 0.10 u D006 u u 0.08
B my/l 0.6 0.2 0.2 u u u 0.2
F mg/l 0.2 0.2 0.3 0.2 0.2 0.3 0.6
tl mg/1 526 356 123 292 13 120 143
S0 g/l 1200 293 149 280 &l 29 8}

€S



Table 2. (continued.)
Sample # D-52 D-93 D-96 D-57 D-58 D-100 D-101
Location (C-2-2) laab (C-2-2)11aac {C~->1)2bcc (C-3-1)3adc (C-3-1)2&3a {C-3-1)32dch (C-3-1)32a0c
40040 547 400391 43" 4Ue3 L 2 4D°35 18" 40P32 e 0P 36= 4
11290 26" . 112003 111055 40m 111058113~ 1119557 )5= 111058133« 111958+ 14"
Teap % 16 15 15 15 16 12 13
o] 7.21 7.62 7.05 7.53 7.16 7.3 7.53
DS mg/l 880 405 1045 680 1115 a04 630
I'C[L’ mg/1 250 202 230 376 08 397 355
Ma ng/l 103 L 76 1ab 11 18 90
K mg/1 1 4 4 4 5 5 3
Ca mg/l 104 . 51 147 &l 157 149 108
Mg ng/l a7 20 49 16 50 3 26
Fe mg/1 0.07 0.08 0.10 u u u u
S.l(.'!2 ng/l 34 26 19 30 28 26 19
T mg/1 u u u u u u u
P ng/l u u u u u u u
Sr ng/l 0.77 0.25 0.5%9 0.21 D.68 0.61 0,44
Ba mg/1 u u u u u u u
cr mg/1 u 0.11 u u u u u
Hn mg/1 u u u u u u u
PD mg/1 u u u u u u u
n ag/1 n.a u u 0.3 0.4 0.2 0.2
Sn g/l u u u u u u u
L mg/1 u u u U u u u
L mg/ 1 0.0% u u u u u u
B ny/l 0.2 0.2 u 0.3 u u 0.1
F ng/l 0.5 0. 0.2 0.4 0.2 0.1 0.z
cl ng/l arne 20 262 93 334 170 100
S0 ag/1 102 69 155 146 159 107 134

14°]



Table 2,

(cont lnued. )

Sample ¢ D-102 0-103 D-104 D-105 D-10¢ D-108 D-1029
Locatlon {C=3=1)35cab (C-3-1)35bbb (C-4-1)4bda (C=4=1)adec (C-4-1}5add (C-4-1)5bcd (C-4-1}8bab
40P30 48" 400310164 409307 15= 4293 40030'02 400307 04" a0%291 32
111955 20" 11108554 40m 111957'2¢= 111857°24° 111958 p4= 11195852+ 111958744~
Tesp, % 15 16 13 15 14 1a 16
o 7.2% 7.06 7.26 ?7.25 7,35 7.16 7.4
TDS o/l 1450 1010 788 716 T8 692 532
I"CD, /1 501 230 376 480 397 397 230
Na ag/1 217 73 62 77 68 97 51
K ag/1 17 5 3 8 6 7 8
Ca ag/1 179 169 157 111 132 96 77
[ ¢] my/1 T3 52 38 34 35 25 20
Fe g/l 2.08 u u u u u u
5102 mg/1 36 25 19 4l 34 39 49
T ag/1 u u u u u u u
P /1 u u u u u u u
s ag/1 D.74 0,74 0.55 0.54 0.5 0.41 0,39
Ba ng/1 u u u u u u u
cr ng/l u u u u u u u
Mn p/1 0.8 u u u u u u
Pb [_Th ] u u u u u u u
Zn g/l 0,2 u u u u u 0.2
Sn ng/l u u u u u u u
L] mg/1 u u u u u u u
Li ng/l 0.15 u u u u u u
B »y/1 0.4 u u 0.3 0.2 0.4 u
/1 0.3 0.1 0.1 0.2 0.3 0.3 0.3
cl ag/1 347 51 134 83 104 47 147
S0 »g/1 435 184 152 125 144 165 33

1}



Table 2. (continued,)
Sample # 0-110 0-111 D-114 0-115 0-117 0-118 0-119
Location (C—4-1)8add (C-4-1)Babb (C—4-1)9cce {C-4-1)100da {C-4-1)10ckx {C-4-1)10cee (C-4-1)1lacc
4go29r11" 40029134 i 40P29' 1gw A28 Se= ap2g 4 40P29r)2=
1110587 10= 11105813 1110571 58= 11195¢22= 111956+ 5= 111956'45= 111955 0g=

Temp. % 17 16 15 16 17 17 17
pH 7.34 2.26 7.03 7.14 7.05 7.64 7.34
s ag/1 484 628 462 1000 1330 36 8y2
HCO, w1 250 397 zz0 3% 355 292 355
Na g/l ag 57 &% 77 139 100 119
K w1 7 10 6 1a 17 11 9
Ca [T 70 112 T 126 193 116 100
g ng/l 26 30 20 52 80 38 46
Fe =g/ u u 0.04 u 0.14 0.04 1.07
5102 g/l a7 &7 42 47 34 45 1%
Ti my/l u u u u u u u
P /1 u u u u u u u
sr /1 0.37 0.51 0.35 1.45 2,20 0.64 0.77
] g/l u u u u u u u
cr [ u u u u u u u
Hn g/l u u u u u u u
Pb »g/1 u u u u u u u
n g/l u 0.4 u 0.2 1.8 u u
5n ag/l u u u u u u u
" mg/1 u u u u u u u
L1 )/l u u u 0.07 0.12 0.07 0.09

B mgy/1 u 0.2 u u 0.3 0.2 0.2

F ng/1 0.3 0,2 0.3 0.4 0.4 0.3 0.7
W} mg/1 126 8 122 213 319 176 169
50& mg/1 L] 100 [ 160 295 168 195

oS



Table 2, (contirwoed.)

Sample # b-120 p-121 D-122 . D=12% D-124 b-125 D-126
Location (C-4-1)1ladc ' (C—4-1)1ldab {C-4-1}12daa (C=4-1}13cch (C-4-1)15bch {€—4-1)15aad (C-4-1)22dba
icrs UL 40°29' 08~ 40729105 407277 5 400281 27~ 400281 33= 400291 4o
111054745" 111055'00" 1110534 34= 1119541 25= 111955 48m 1119551 50= 1119561 30

Temp, % 29 38 17 17 17 16 15
pH 7.15 6.30 7.46 7.64 7.28 7.1% 7.35
Tas my/l 1560 1308 286 312 545 1090 520
HCO, »y/1l 355 520 165 2N 20 438 52
Na /1 316 257 - il 23 » 194 50
K /1l 47 39 u 5 7 12 5
ca my/1 124 143 40 46 7 o7 8l
Mo w1 LT3 35 18 el 19 62 23
Fe /1 u 14,36 u 0.04 u u u
sio, my/1 42 24 15 15 50 24 as
Ty my/l u u u u u u u
P 8g/1 u u u u u u u
sr my/1 3.87 3.40 0.1% 0.45 D.43 1.40 D.51
Bs [ 7] u u u u u U u
Cr o/l u u u u u u u
[ »g/1 u 0.3 u u u u u
Pb 374 u u u u u u u
n [T u u t 0.3 0.3 u 0.4
sn /1 u u u u u u u
W g/l u u u u u u u
(K} mg/l 0.93 0,53 u u 0.06 0.1z u
] g/l 0.8 0.5 U u u 0.3 u
F my/l 2.3 1.8 0.2 1.0 0.6 0.4 0.%
cl /1 618 531 3% 38 93 233 12
SIJ‘ (573 74 45 25 48 82 777 8l

1S



(continued,)

Sample # D-127 XS HOBO NRSATCH
Location (C—4~1)230ac (B-1-1) l4och {B-1-1}23acc (B-1-1)250
41027039 40048057 &0P481 24" 40Py 7 32m
1110551 }5 1119551 5= 1110550 (5= 11105403
Temp. e 15 55 32 B
H 7.50 6.45 .89 7.78
05 a1 510 15750 13365 4116
I'i.'lf.l3 my/1l 223 313 313 33
Na [ 73 5167 3999 977
K g/l 5 172 137 a0
Ca =yl 60 727 606 24D
o agy/l 3% 103 101 52
Fe oo/l u 0.1¢ .03 0,05
slo, »g/l 19 28 26 11
Ti mng/l u u u u
P g/l u u u u
3 g/l 6.73 17.60 14,20 4.66
Ba g/l u u u u
cr »y/l u 0.06 0.06 v
M mg/1 n u u u
Ph g/l u u u u
n mg/1 u u u u
sn mg/1 u u 1] o
) mg/1 u u 1] u
Li my/ 1 0.06 2.63 2.04 0.4%
B mg/1 0.1 2.9 2.4 0.7
F mg/1 0.8 2.9 2.5 1.5
cl mg/l 90 Bl50 BE60 1781
S0 my' 1 116 936 500 489

85
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relative to recharge from bedrock, streams and irrigation canals in the
Oguirrh Mountains to the west. Tables 3, 4, and 5 from Hely and others (1971)
exhibit this fact.

Due to the complex chemistry, the volume of samples collected, and the
basis for this report, the Jordan Valley has been divided into six areas
irrespective of ground-water divisions mentioned previously. Each area
includes warm water sampled, to provide comparisons for evaluation of the
aqueous chemistries with cold aquifer waters. Plate 4 depicts the six areas
designated A, B, C, D, E, and F.,

Area A

Area A is located in northern Jordan Valley and comprises parts of the
Northwest Lake Plain, East Lake Plain, and East Bench ground-water districts.
Included in area A are the north central valley, north Oquirrh, and wamm
Springs fault warm areas (plate 4), Pemission was not obtained to sample thé
wells in the north Oquirrh area, therefore no cheﬁistry values are available.

Total dissolved solids--Analysis of water samples collected in area A

indicate the ground water is quite diverse. Total dissolved solids (TDS)
concentrations range from 344 to 15,730 mg/l. The wide rénge of values is
indicative of the complicated hydrologic regime. The Warm Springs fault
geothermal area has values ranging from 4116 to 15,740 mg/l, which are
considered to be the result of deep circulation of the source water (the warm
water being more chemically reactive with the reservoir rocks), the chemical
makeup of the reservoir rocks, as well as the residence time of the water.
Sample R-74 is not in the warm springs area but the high TDS values (3338
mg/l) may be influenced by the wamm springs regime. Low TDS values from wells
sampled in the East Bench and East Lake Plain districts of area A (210/735

mg/l) are closer to the recharge areas allowing for less residence time within
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Table 3: Total dissolved solids (TDS) content from major Wasatch streams
in Salt Lake County, utah (from Hely and others, 1971).

Dissolved solids (milligrams per liter)

-

Stream or Average Average
area of recharge high flow low flow
Little Cottonwood Creek 99 137

Big Cottonwood Creek 153 227

Mill Creek 345 458
Parleys Creek 312 414
Emigration Creek 378 520

Red Butte Creek 305 440

City Creek 209 245

L

Low flow is considered to be indicative of bedrock recharge water guality.

Table 4: Total dissolved solids (TDS) content from major streams and
canals draining the Oquirrh Mountains in Salt Lake County, Utah
(from Hely and others, 1971),

Dissolved solids
(milligrams per liter)

¥y

Utah Lake Distributing Co. and

Utah and Salt Lake Canals) 1,120
Provo Reservoir Canal? - 231
Rose Creek 426
Butterfield Creek 985
Keystone Guleh? 1,310
Bingham Creek 44,400

"

lThese canals divert water from the Jordan River in the Jordan Narrows.
2Diverts water from the Provo River in Utah County.

3Mascotte Tunnel is the source of this water.

2l
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Table 5: Total dissolved solids content of water from wells near
Herriman, Lark, Copperton, and in Barneys Canyon thought to
be indicative of recharge through bedrock from the Oquirrh
Mountains (from Hely and others, 1971),

Dissolved solids
(milligrams per liter)

(C=3-2) 4adb-=1 1,120
Saac-~-l 636

S5acb-1 719

17cac-1 1,070
20bdd-1 1,460
32baa-1 408
34daa-1 533

(C-4-2) sacc-l 870
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the agquifer. The remaining samples located within the Nerthwest Lake Plain
district have TDS values ranging from 344 to 3012 mg/l. This is the major
ground-water discharge area for the Jordan Valley, therefore waters are from a
number of sources and residence times are quite varied. A number of wells
have water temperatures above 20°C which could also contribute to the highly

variable TDS values.

Common Ion Analyses--Common ion analyses indicate two main types of water

are present in area A (fig. 7). Type 1 waters are themmal and consist of
Becks, Hobo and Wasatch Hot Springs as well as samples from six water wells.
Type I waters are sodium-calcium chloride-sulfate-bicarbonate (Na-Ca
C1-50,~HCO5) and sodium-calcium chloride (Na-Ca Cl) in character, slightly
acidic to basic, and slightly to very saline with respect to TDS. All samples
are enriched with Na and K with respect to o;her cations and Cl with respect
to other anions present. Type Il waters are calcium-sodium
chloride-sulfate-bicarbonate {Ca-Na €1-S0,-HCO3), and calcium-sodium
bicarbonate-chloride-sulfate {(Ca=Na HCOB-Cl-SOA) in character, slightly

acidic to slightly basic, and dilute to slightly saline. Type 1I waters are
enriched in Ca with respect to other cations and Cl or HCO3 with respect to
other anions present., Type II waters are reflective of recharge from the
Wasatch Mountains to the east and the relatively short residence time in the
hydrologic regime. Eight other samples were collected and analyzed which are
not included in either type I or type II. These samples are sodium-calcium
chloride-sulfate-bicarbonate {(Na-Ca Cl-SOa-HCO3), sodium=calcium
bicarbonate-chloride-sulfate (Na-Ca HCOB—Cl-SOa) and sodium
bicarbonate-chloride-sulfate (Na HCO5-C1-50,) in character, slightly

acidic to basic, and dilute to slightly saline. The diversity of these waters

are reflective of the long residence time within the aquifer, the various
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Figure 7. Piper diagram of common ions from samples collected in area "A" on
plate 4 in the Jordan valley, Salt Lake County, Utah. Chemical constituents
are plotted as percentage of total millieguivalents. Darkened symbols indicate
samples with temperatures = 20°C. Roman numerals indicate classification

of water types.
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recharge areas within the valley and underflow through the Jordan Narrows from
ytah valley to the south.

Sodium is a common ion which can be indicative of thermal waters as is
demonstrated by samples collected at Becks, Hobo and Wasatch Hot Springs.
Sodium concentrations for these three wamm springs are 5167, 3999, and 977
mg/l, respectively. Sodium concentrations for the remaining samples included
in type I are from 262 to 990 mg/l. Concentrations for type II range from 9
to 65 mg/l (significantly lower than type I) and are considered indicative of
non-thermal water. The remaining samples have Na concentrations which are
quite varied, ranging from 70 to 377 mg/l.

Chloride is a second common ion which, in significant concentrations, can
be indicative of thermal water. This is demonstrated by the concentrations of
Cl in Becks, Hobo and Wasatch Hot Springs which were 8150, 6660, and 1781
mg/l, respectively. In other samples included in type I Cl values range from
432 to 2080 mg/l. Concentrations of Cl for type II range from 17 to 220 mg/l;
concentrations in the remaining samples range from 26 to 421 mg/l. It should
be pointed out that 421 mg/l of Cl for sample T-18 is less than the 432 mg/l
concentration of Cl in sample R-62 for type I.

Silica--Silica concentrations in area A ranged 6 to 51 mg/l and are
irrespective of temperature. Wasatch Warm Springs has a temperature of 39%

with a SiO2 value of 11 mg/l while water sample T-8 had a temperature of

119 and a 5102 content of 44 mg/l.

Trace Elements--Certain elements may be helpful in qualitatively distin-

guishing thermal from non-themmal water in area A. These elements are Li, B8,
and F. Only F was present in detectable limits in all samples. However, all
three elements are present in detectable concentrations in sufficient samples

to indicate some trends possibly related to thermal sources.
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Lithium values range from undetectable to 2.63 mg/l for all samples
collected. For those samples included in type I in figure 7, Li values range
from 0.07 (T-17) to 2.63 mg/l (Becks Hot Spring). Concentrations for all type
I samples, excepting T-17, are 0.18 mg/l or greater, Lithium is undetectable
in all samples included in type II with the exception of T-4 (0.06 mg/l).
Lithium values for all remaining samples range from undetectable to 0.16 mg/l.

Boron ranges from undetectable to 2.9 mg/l for all samples collected.
Concentrations for type I waters range from 0.3 to 2.9 mg/l; concentrations
for type II are all below detectable limits, if present. All remaining
samples had values ranging from undetectable (R-?i) toc 0.7 mg/l (R-60).

Fluorine concentrations range from 0.2 to 3.6 mg/l. Type I concentrations
range from 0.3 to 2.9 mg/l; type II are from 0.2 to 0.5 mg/l. The highest
concentration is 3.6 mg/l for sample R-60 not included in types I or II.
Samples R-61 and R-65, also not included, have 2,1 mg/l of F which ié
significant. Concentrations for all other samples range from 0.3 to 0.9 mg/l.
Area B

Area B is located in western Jordan Valley and comprises part of the west
slope ground-water district. Included in area B is one themmal well (D-70)
with a water temperature of 21%,

Total Dissolved Solids-=Total dissolved solid concentrations for D-70 is

499 mg/l. Concentrations for waters less than 20%C range from 374 to 2895,
indicative of recharge from the Oquirrh Mountains increasing in TDS further
from the recharge area.

Common Ion Analyses--Common icn analyses indicate one general type of

water in area B with a calcium-sodium bicarbonate-chloride-sulfate (Ca-Na
HCOB—Cl-SOA) to calcium~sodium chloride-sulfate-bicarbonate (Ca-Na

Cl—SOa-HCCB) character (fig. 8). This water is slightly acidic to
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Figure 8. Piper diagram of common ions from samples collected in area "B" on

plate 4 in the Jordan Valley, Salt Lake County, Utah.
are plotted as percentage of total milliequivalents.
samples with temperatures = 20°C.
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slightly basic, dilute to slightly saline, enriched in Ca or Ca plus Mg to
other cations present, and enriched either in HEO; or SO, to other
anions. Interestingly, D-70 is included with this water.

Two samples were collected in this area, however, which are not included
within type I. Sample D-26 is sodium-calcium chloride-sulfate-bicarbonate
(Na-Ca C1-S0,-HCG) in character, slightly basic, slightly saline, and
enriched in Na and HCO3 to other cations and anions present, respectively.
Sample D-97, by comparison, is sodium-calcium bicarbonate-chloride-sulfate

(Na=Ca HCO4-C1-S0,) in character, slightly basic, dilute, and enriched in

3
Na and HCQO..

3

Sodium concentrations range from 32 to 285 mg/l but are not correlative
with temperature. The higher concentrations, however, are located in the
central valley areas and could be indicative of residence time and mixing with
other waters, Chloride concentrations range from 70 to 542 mg/l and, as with
Na, are not correlative with temperature.

Silica--Silica concentrations for non-thermal waters in area B range from
19 to 36 mg/l. The concentration for thermal sample D-70 is 58 mg/l. The
significantly nhigher concentration of SiO2 in D-70 could be indicative of a
thermal source., The significant decrease of 3102 in D-73 may be indicative
of dilution resulting from mixing with non-themmal waters downgradient from
0-70 which also reduced the temperature from 21° to 195%.

Trace Elements~-Lithium concentrations for non-thermal water in area B

range from undetectable to 0.1l mg/l. Lithium is undetectable in D-70, as is

B. Boron concentrations range from undectable to 0.5 mg/l for all non-thermal
water in area B. However, F is present within detectable limits in all wells

sampled and ranges from 0.1 to 0.7 mg/l. D~70 exhibited no anomalous

concentration of F (0.5 mg/l).
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Area C

Area C is located in east-central Jordan Valley and includes portions of
the East Lake Plain, East Bench, Cottonwoods, Northwest Lake Plain and West
Slope ground-water districts (plate 4). Included in area C is the central
valley warm area with wells ranging in temperature from 20° to 2400, and
extending from the Taylorsville area on the west into the Holladay area to the
east.

Total Dissolved Solids--Total dissolved solid concentrations for samples

in area C range from 124 to 3055 mg/l. The wide range is indicative of low
TDS waters from the east mixing with waters higher in TDS that have either
been in the ground-water system for a longer period of time and/or migrated
from the Oguirrh Mountains where initial concentrations are greater. Total
dissolved solid concentrations for waters from wells being recharged from the
East Bench area and located primarily east of the Jordan River range from 212
to 902 mg/l; the remaining wells in the area located primarily west of the
Jordan River have concentrations ranging from 756 to 3055 mg/l.

Common Ion Analyses—~Common ion analyses indicate two main types of water

in area C (fig. 92). Type I consists of water relatively low in TDS located
east of the Jordan River and originating primarily in the Wasatch Mountains.
These waters are calcium-magnesium chloride-sulfate-bicarbonate (Ca-Mg
Cl-SOa—HCO3), calcium~sodium chloride-sulfate-bicarbonate (Ca-Na
Cl-SOa-HCO3), and calcium-sodium bicarbonate-chloride-sulfate (Ca-Na
HCO3-SOQ) in character, slightly acidic to slightly basic, and dilute.

All samples are enriched in Ca with respect to other cations present and in
HCO3 or Cl with respect to other anions. Type II waters are primarily
higher in TDS and are located west of the Jordan River. These waters are

calcium-sodium chloride-sulfate-bicarbonate (Ca-Na Cl-SOa-HCO3) in
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Figure 9. Piper diagram of common ions from samples collected in area "C" on
plate 4 in the Jordan Valley, Salt Lake County, Utah. Chemical constituents
are plotted as percentage of tcotal milliequivalents. Darkened symbols indicate
samples with temperatures = 20°C. Roman numerals indicate classification

of water types.



character, slightly basic with the exception of sample D-85 which is sligntly
acidic. All type II water is dilute to moderately saline. Type II water is
enriched in Ca plus Mg with respect to other cations and with Cl with respect
to other anions. In addition to the two major types of water, one other
sample (0-58) exhibited a significantly different chemistry (fig. 9). Sample
D—SB is sodium~calcium chloride-sulfate-bicarbonate (Na-Ca Cl—SOa—HCO3) in
character, basic, and dilute. 0-58 is enriched in Na and Cl with respect to
cations and anions present, respectively. This sample is 21°,

Sodium concentrations for samples from this area have no direct
correlation with temperature with the exception of D-58 (219 mg/l). Type I
samples have MNa concentrations that range from 7 to 115 mg/l, indicative of
dilute waters récharged from the wasatch Mountains, Sodium concentrations for
type I1I range from 108 to 334 mg/l, indicative of the higher TUS waters commbn
west of the Jordan River.

Other than sample D-58 (336 mg/l), chloride concentrations also are not
indicative of warmer waters. Chloride concentrations for type I ranged from 9
to 159 mg/l, representative of dilute, low TDS waters from the Wasatch.
Concentrations for type II range from 205 to 526 mg/l, significantly higher .
than type I, but not unexpected for high TDS waters.

Silica~--Silica concentrations in area C range from 6 to 34 mg/l. Sample
D-66 has a concentration of 34 mg/l with a 21°% temperature. However, all
other 5102 concentrations are irrespective of temperature. Silica values
are higher for type II water where concentrations range from 15 to 34 mg/l;
type I silica concentrations range from 6 to 17 mg/l; D-58 has a concentration

of 9 mg/l,

Trace Elements--Lithium is present in detectable limits in samples D-85,

0-30, D-82, T-1l and D-58, whereas B is present in all of the aforementioned
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samples as well as D=-59 and D-84, Lithium concentrations range from 0.1 to
0.32 mg/l. All of the samples above, excluding D-84, are locatea west of the
Jordan River and with the exception of D-58 (2l°C) are less than 15°C.
Fluorine is present in all samples in relatively low concentrations (0.1 to
0.5 mg/l), No correlation between F concentrations and temperature is evident,
Area D

Area D is located in the east-central portion of the Joragan Valley, immedi-
ately south of area C, and includes portions of the Cottonwoods and West Slope
ground-water districts (plate 4). Area D includes a portion of the wamm area
extending from Draper to Midvale (plate 3). Included are two wells with tem-
peratures of 21° (R-38) and 26°C (R-32) near Sandy City, a 5009 foot (165
m) deep geothermal well (D-31) with a recorded temperature of aBOC, and an
isolated well with a temperature of 24%C (D-62) located in Midvale (plate 4).

Total Dissolved Solids--Total dissolved solids for water well samples in

area D range from 138 to 1688 mg/l; the geothermal well (D-31) produced a
concentration of 2609 mg/l. The range of values is indicative of low TDS
waters from the wasatch (178 mg/l for R-26) migrating downgradient,
subsequently increasing in concentration due to residence time within the
aquifer as well as mixing with higher TDS waters in the central part of the

valley.

Common JIon Analyses--Common ion analyses indicate three main types of

waters are present in area D (fig. 10). Type I consists of those waters low
in TDS, originating in the wWasatch Mountains, and located primarily east of
the Salt Lake Meridian (State Street). These waters are primarily
calcium-sodium bicarbonate-chloride-sulfate (Ca-Na HCO3—Cl-SOa) in
character, the exception being R—49 which is calcium-magnesium

bicarbonate-chloride-sulfate (Ca-Mg HCO3-Cl-Soa) in character., Type I
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Figure 10.

Piper diagram of common ions from samples collected in area "D" on
plate 4 in the Jordan Valley, Salt Lake County, Utah.
are plotted as percentage of total milliequivalents.

Chemical constituents
samples with temperatures = 20°C.

Darkened symbols indicate

Roman numerals indicate classification
of water types.
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water is slightly acidic to slightly basic, dilute ranging in TDS from 138 to
536 mg/l, and enriched in Ca and HCO to other cations and anions present,
respectively.

Type II water located downgradient from type I is calcium~sodium
chloride—sulfate-bicarbona;e (Ca-Na Cl—SOa-HCO3) in character, slightly
acidic to slightly basic, and dilute to slightly saline with TDS
concentrations ranging from 393 to 1060 mg/l. All type II water is enriched
in Ca with respect to other cations and Cl1 with respect to anions.

Type III water is located west of the Jordan River in a zone of mixing
with water from the south and west. This water is also calcium-sodium
chloride-sulfate-bicarbonate {(Ca-Na Cl-SOa-HCO3) in character but is
higher in TDS, with concentrations ranging from 672 to 1360 mg/1 (dilute to
slightly saline). All type III water is slightly basic as well as enriched in
Ca and Cl with regard to other cations and anions present, respectively.

Thermal water exibited chemistries not consistent with types I, I1I, or III
(fig. 10). Sample D-62 is calcium- sodium bicarbonate-chloride-sulfate (Ca-Na
HCO3-Cl-SDa) in character, slightly basic, and dilute. Unlike type I,
however, this sample is enriched in Na with respect to other cations present.
Samples R=-32 and R-38 are both sodium~calcium chloride-sulfate-bicarbonate
(Na-Ca C1-5S0,-HCO,) in character. R-32 is slightly basic, dilute and
enriched in SOa with respect to other cations. With respect to anions,
however, R-32 is enriched in Cl. Sample R-38 is slightly acidic, slightly
saline, and enriched in Na and Cl with respect to other cations and anions
present. However, D-31, the deep (5009 ft or 1527 m) well, is sodium-calcium
chloride-sulfate (Na~Ca Cl-SOa) in character and is considered indicative of
deep basin chemistry, Wwater from D-31 is basic, slightly saline with a TDS

value of 2609 mg/l, highly enriched in Na and Soa with respect to other

cations and anions.
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Sample R-37 is non-thermal but also is not included in types I, II, or
I1II. This sample is sodium-calcium chloride-sulfate-bicarbonate (Na=-Ca
Cl—SOa—HCO3) in character, slightly basic, dilute, and enriched in Na and
HCOB with respect to cations and anions.

Sodium concentrations are somewhat indicative of warmér waters in this
area. With the exception of D~-62 (33 mg/l), Na concentrations range from 121
to 754 mg/l for all thermal water. Sodium concentrations for all other
samples range from 8 to 128 mg/l.

Chloride concentrations are not as indicative of thermal water. Again,
not including D-62 (19 mg/l), water 20°C and warmer has Cl concentrations
ranging from 19 to 800 mg/l. Sample R-38 provides the greatest concentration
of Cl. Concentrations of Cl for type I range from 12 to 78 mg/l indicative of
recharge from the wWasatch Mountains. Concentrations for types II and III
range from 63 to 356 mg/l; these higher values are to be expected in the
central valley due to longer residence times for the water as well as mixing
with waters from other recharge areas.

Silica--Silica concentrations in area C range from 6 to 26 mg/l.
Concentrations for thermal samples range from ll to 19 mg/l. No correlation
with temperature is evident, but higher values are noted for water in types II
and II1I.

Trace Elements--Lithium and B are present within detectable limits in only

four samples. Fluorine is present in all samples but only ranges from 0.l to
0.7 mg/l.
Area £

Area E is located in southwestern Jordan Valley and is included in the
West Slope ground-water district (plate 4). Included within area C is one

thermal well identified as D-55 with a temperature of 21%%.
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Total Dissolved Solids--Total dissolved solids (TDS) concentrations for

the thermal well is 310 mg/l. Concentrations for the non-thermal wells range
from 462 to 5262 mg/l.

Common Ion Analyses-~Common ion analyses for area & indicates one general

type of water, including D-55, ranging from calcium-sodium
bicarbonate-chloride-sulfate (Ca-Na HCO3—Cl-504) to calcium-sodium
chloride-sulfate-bicarbonate (Ca-Na Cl—SOa-HCO3)in character (fig, 1ll).
This water is slightly acidic to slightly basic, dilute to slightly saline,
and enriched primarily in Ca with respect to other cations and either HCO5,
SOa, or Cl to other anions present,

Sodium concentrations range from 34 to 93 mg/l; concentrations of Cl are
from 47 to 273 mg/l. Concentrations of Na and Cl for D-55 are 26 mg/l and 60
mg/l, respectively, indicating no apparent relationship exists between
concentrations of these ions and thermal water.

gigiggf-Silica concentrations range from 17 to 54 mg/l for all non-thermal
water. The concentration for D-55 is 18 mg/l, indicating no difference
between thermal and non-thermal water,

Trace Elements—Lithium is undetectable in all samples analyzed. Of the

nine samples with detectable B, concentrations range from 0.1 to 0.4 mg/l,
Sample D-55 contains no detectable B. Fluorine, however, is detectable in all
samples. Concentrations for non-thermal samples range from 0.1 to 0.3 mg/l.
The concentration for D-55 is 0.4 mg/l can be indicative of warmer water at
depth. This 1s, however, the only chemical constituent that even slightly
indicates some thermal potential for the area.
Area F

Area F is located in southeastern Jordan Valley and comprises parts of the

Southeastern and West Slope ground-water districts (plate 4). Included in
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area F is Crystal Hot Springs and two isolated thermal water wells. The
samples from these wells are designated R-l14 and R-15 (plate 4).

Total Dissolved Solids--Total dissolved solid concentrations for waters in

area F range from 242 to 2130 mg/l. Total dissolved solids for those waters
designated as thermal range from 278 to 2130 mg/l. Concentrations for all
other water in the area range from 242 to 1330 mg/l. Total dissolved solids
are generally greater than for areas C and D to the north due primarily to
significant mixing in this part of the valley; recharge occurs from the east
and west Traverse Mountains, the Wasatch Mountains, the Oguirrh Mountains,
underflow from Utah Valley, inflow from a number of irrigation canals and the
Jordan River, and from Crystal Hot Springs. Total dissolved solid
concentrations for Crystal Hot Springs and vicinity (892 to 1720 mg/l),
however, are quite low when compared to concentrations at the Warm Springs
geothermal area.

Common Ion Analyses--Generally, common ion analyses indicate two main

types of water, thermal and non-themmal (fig. 12). Non-thermal waters can be
divided into two groups. Type I is calcium-sodium bicarbonate (Ca-Na HCO3)

and calcium-sodium bicarbonate-—chlorige-sulfate (Ca-Na HCO -Cl-SOa) in

3
character, slightly acidic to slightly basic, and dilute. All samples are
enriched in Ca and HCO3 with respect to all other cations and anions
present. Type 1I is calcium=-sodium chloride-sulfate-bicarbonate (Ca-=Na
Cl-SOa-HCOB) and calcium-sodium chloride (Ca-Na Cl) in character, slightly
acidic to slightly basic, and dilute to slightly saline. All samples are
enriched in Ca + Mg with respect to all other cations. Anion enrichment
consisted of either Cl or Cl + SOQ. All thermal waters, with the exception
of R=14, are sodium-calcium chloride-sulfate-bicarbonate (Na-Ca

Cl-SOa-HCOB) in character, acidic to basic and slightly saline. Thermal
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Figure 12. Piper diagram of common ions from samples collected in area "F" on
plate 4 in the Jordan Valley, Salt Lake County, Utah, Chemical constituents
are plotted as percentage of total milliequivalents. Darkened symbols indicate
samples with temperatures = 20°C. Roman numerals indicate classification

of water types.
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waters are enriched in Na with respect to other cations and Cl with respect to
other anions. Sample R-14 is somewhat anomalous with a temperature of 22%
and a calecium-sodium chloride-sulfate-bicarbonate (Ca-Na Cl-SOa-HCO3)
character. This sample is slightly acidic, slightly saline, and enriched in
Ca and HCO5 to other cations and anions present, respectively. Three other
samples, D-56, D-40, and R-69, are not included with the aforementioned
types. Samples D-56 and D40 are similar chemically to R-15, but are not
thermal. Sample R-69, being not chemically similar to any other waters
sampled in this area, is sodium-calcium bicarbonate-chloride-sulfate (Na-Ca
HCO5-C1-S0,) in character, basic, dilute, and enriched in Na and HCO5 to
other cations and anions present, respectively.

Sodium for thermal waters in area F ranges from 48 to 376 mg/l, the
highest concentrations being associated with Crystal Hot Springs. Sodium
concentrations for non-themmal water ramnge from 12 to 207 mg/l.

Chloride concentrations range from 99 to 722 mg/l for thermal waters.
Again, higher values are associated with Crystal Hot Springs. Non-thermal
waters have Cl concentrations ranging from 12 to 411 mg/l.

Silica--Silica concentrations for thermal waters in area F range from 19
to 77 mg/l. The highest value is detected in sample D-5, one of the Crystal
Hot Springs. Silica concentrations for non-thermal waters range from 15 to 50
mg/l; generally, these values are higher than most non-thermal waters from the
remainder of the valley.

Trace Elements—Lithium is not presesnt within detectable limits for all

themal waters sampled from area F. However, in those warm waters where Li is
detectable, concentrations range from 0.36 to 1.58 mg/l. Where Li is detected
in non-thermal waters, concentrations range from 0.08 to 0.32 mg/l.

Boron is also not detectable in all thermal waters; where detected,
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however, concentrations range from 0.3 to l.4 mg/l. In non-thermal water, B
is present in concentrations up to G.4 mg/l.

Fluorine is present in all samples tested. Concentrations for thermal and
non-thermal waters range from 0.3 to 2.6 mg/l and 0.1 and 1.0 mg/l,
respectively. All F concentrations greater than 1.0 mg/l are for samples

collected in the vicinity of and including Crystal Hot Springs.

CHEMICAL GEOTHERMGME TRY
Chemical geothermometers have been calculated for all water samples
collected and analyzed in the Jordan Valley. Geothermometers considered
applicable and used in this study are: 1) silica (guartz conductive and
chalcedony)}; and 2) sodium-potassium-calcium (Na-K-Ca). Equations, from
Fournier (1981), expressing the tempefature dependence of selected
geothermometers, are presented below:

Quartz (conductive):

t(ec) = 1309 - 273.15
5.19-log 5i0;
Chalcedony: -
t(eC) = 1032 - 273.15
%4.89-Tag 510y
Na-K-Ca: t(°C) = 1647 - 273.15
log (Na/K) + B [log Cal/2/Na) + 2.061 + 2.47
where: B = 1/3 for t greater than 100°C
B = 4/3 for t less than 100°C

Sigy, Na, K, and Ca concentrations are in mg/ 1
Th? reliability of 5102 and Na-K-Ca geothermometers depends upon five
assumptions (Fournier and others, 1974). These assumptions are:

1. temperature-dependent reactions occur at depth,
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2. all constituents involved in the temperature-dependent reactions are
sufficiently abundant,

3. water-rock chemical equilibrations occur at the reservoir
temperature,

4, little or no equilibration or change in composition occurs at lower
temperatures as the water flows from the reservoir to the surface,
and

5. the hot water coming from deep in the system does not mix with
cooler, shallow ground water.

Realistically, most low temperature thermal systems occur in hydrologic
regimes which preclude all/some of these assumptions. Also, Fournier and
Potter (15759) present data which indicate the Na-K-Ca geothermometer gives
anomalously high results for waters rich in Mg. They derived a temperature
correction to accomodate this occurrence. The conditions which dictate when
this correction can be used are as follows:

(1) Na-K-Ca temperature equal to or greater than 709C, and

{(2) R equal to or less than 50
R = M x 100
Flg+ﬁ+R’

Mg, Ca, and K are in equivalent units of concentration. When these conditions
are met, a graphical method presented in their paper is used to obtain a
corrected temperature.

Congitions in most of the Jordan Valley are not favorable for at least
some of the above assumptions and, therefore, expected geothermometer
temperatures at depth could be somewhat spurious. This is especially true of
mixing; identified warm water areas in the Jordan valley, with the exception
of Crystal Hot Springs, result from mixing of hotter water with cool water

from near-surface aquifers. The effect of dilution on Na-K-Ca geothermometer
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is generally negligible if higher temperature geothermal water is much more
saline than the diluting water (Fournier, 198l1). Fournier (1981) also
indicates, however, that if the warm water component is 30 percent or less,
the effects of mixing should be considered. Anomalous results with the
Na-K-Ca geothermometer can also be expected if the waters are rich in Mg
(Fournier and Potter, 1979). Therefore, the Mg-correction must be utilized in
this situation, However, as with other geothermometers, the Mg-corrected
Na-K-Ca geothermometer is subject to error related to possible continued
water-rock reaction as ascending water cools and, therefore, must be used with
caution (Fournier, 1981).

Quartz is the most stable and least soluble polymorphic form of silica
within the temperature and pressure range found in low-temperature geothermal
systems (Fournier, 198l). Fournier (198l) also states that ground waters,
which have not attained temperatures greater than 80° to 90°C, have silica
concentrations greater than those predicted by the solubility of guartz which
could indicate these low-temperature waters have equilibrated with
chalcedony. Fournier (1977) suggests that if the Na-K-Ca geothermometer
indicates a temperature of less than lOOOC, the silica content of the water
is a function of chalcedony solubility. For temperatures greater than
lOOOC, the silica temperature should be calculated assuming the silica
content is a function of guartz solubility. In Iceland, Arnorsson (l1975)
found that when undissociated silica is less than 60 mg/l, the silica
temperature refers to eguilibrium with chalcedony and between 60 and 2%0 mg/l,
it has not been determined whether chalcedony or quartz governs the amount of
silica in the system. Due to the lack of consensus regarding which form of
silica governs concentrations from temperatures between 100° and 180°C,

both chalcedony and quartz temperatures will be given. When ascending warm
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water becomes diluted by cooler water, a new water rock chemical equilibrium
may or may not be attained after mixing. If chemical equilibrium is not
attained, direct application of the silica geothermometer will give a
temperature that is too low and, therefore, mixing must be accounted for
(Fournier, 198l1). To bLe compatible with the chemical analysis, the
geothermometry results will be discussed within the framework of the six areas
(A, B, C, D, E, and F) depicted in plate 4.
Area A

Na-K-Ca (Mg corrected) temperatures for those waters designated as
non-thermal in area A range from 199 to 50°C and are presented in table
6. A number of samples contain no detectable K which precludes this method.
fwo samples, T-8 and T-9, have R values greater than 50 which suggests that
water temperatures at depth at these locations are similar ta the recorded
temperatures of 11° and laOC, respectively. Chalcedony values range from
-39 to 66°C for all samples. Good agreement between the two
geothermometers has not been obtained on all samples, but the range of
temperatures is similar, suggesting that, with depth, non-thermal water in
this part of the Jordan Valley is less than 50°C. .

Temperatures calculated by the Na-K-Ca (Mg corrected) method for thermal
waters range from 33° to 92%. 1In sample R~-62, K is ungetectable,
therefore precluding this method. Becks and Hobo hot springs provide the
highest expected temperatures with depth. Chalcedony temperatures range from
10° to 73°C, but only R-63 and R-67 provide good agreement with the
Na-K-Ca geothermometer. Good agreement with the quartz geothermometer is
obtained for samples from Becks and Hobo hot springs as well as water well
samples R-61, T-17, and R-51. This may indicate these waters equilibrated

with quartz and not chalcedony. Mixing models (Fournier, 1977; Truesdell and
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Table 6: Chemical geothermometers with magnesium correction where applicable and
surface temperatures for fluids in (©C) for samples in area ™A"™ on
Plate 4 in the Jordan Valley, Salt Lake County, Utah.

' TZ (COND CHAL CEDONY Na-K-Ca Na—K-Ca
SAMPLE TEMPERATURE QTZ ( ) o mcarection)

T-1 13 48 15 * *
T-3 14 53 21 39 +
T-4 13 &0 27 30 +
T-8 1l 96 66 112 R=>50
T-9 14 86 55 99 39
T-10 13 42 10 * *
T-13 12 62 29 41 +
T=14 17 57 25 43 +
T-18 13 a9 535 89 R>50
R-1 13 53 21 * *
R-2 17 53 21 25 +
R=4 13 24 =9 » »
R-5 14 48 15 * »
R=-7 14 48 15 20 +
R-8 13 48 15 * *
R=9 le 48 15 19 +
R-56 13 48 15 * *
R-60 16 " 65 33 * *
R-62 19 62 29 * *
R=70 15 53 21 23 +
R-71 14 55 23 48 +
R=-73 12 53 21 41 +
R-74 17 51 18 85 64
Hecks H.S. 55 77 45 178 95
Hobo H.S. 32 74 42 168 87
Wasatch H.S. 39 42 10 113 70
R=-61 27 70 39 76 73
R-63 26 85 54 94 56
R-64 23 99 69 94 33
R=65 22 93 62 92 48
R-67 28 103 73 98 78
T-17 20 65 33 63 63

* K not present or not present in detectable concentrations which precluges the use
of the Na-K-Ca geothermometer.

R=>50 indicates the underground water temperature is probably equal to the measured
temperature.

+ Na-K-Ca temperature less than 709C; therefore, the Mg correction does not apply.
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Fournier, 1977) have been applied to all thermal samples as well as R-74 in an
effort to determine what temperature could be expected if mixing is taken into
account. Reasonable results have been achieved for Becks and Wasatch hot
springs as well as JVR-Gi. The mixing model (Fournier, 1977) for Becks Hot
Spring indicates a maximum temperature of 110°%C can e expected with the

cold water component being 59 percent. This revised quartz temperature is in
agreement with the Na-K-Ca temperature of 92°C. wasatch Hot Springs mixing
model provided a temperature of 50°C to be expected at depth and a 30

percent cold water component. Again, the second confirmation mixing model
(Truesdell and Fournier, 1977) indicates quartz equilibrium and not chalcedony
with a maximum temperature of 549C. The Na-K-Ca temperature of 66°C is
consistent. The mixing model (Fournier, 1977) for sample R-61 provides a
temperature of 80°C with an 85 percent cold water component. This is
comparable with the Na-K-Ca (Mg-corrected) temperature of 73°%. The second
mixing model (Truesdell and Fournier, 1977) indicates a temperature of 53%
can be expected at depth but with chalcedony as the equilibrium phase.

Mixing models conducted on all other samples were inconclusive. Either
unreasonably high temperatures and fractions of cold water resulted or
concentrations of 5102 are such that the method cannot be implemented.

Area B

Na~K-Ca (Mg-corrected) temperatures for non-thermal waters in area B range
from 15 to 62°C (table 7). Sample T-15 has an R value greater than 50 which
indicates the temperature at depth is similar to the recorded temperature of
16°c. Chalcedony values range from 18° to 57°C and exhibit, with the
exception of samples D-27 and D-51, good agreement with the Na-K-Ca

temperatures, indicating non-themmal waters at depth in this area are less

than 60°C.
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Table 7: Chemical geothermometers with magnesium correction where applicable and
surface temperatures for fluids in (9C) for samples in area "B" on
Plate 4 in the Jordan valley, Salt Lake County, Utah.

SAMPLE TEMPERATURE QTZ (COND) CHALCEDCNY Na-K-Ca Na-K-Ca )
(Mg-correction)

T-7 14 86 55 44 +
T-15 16 51 18 8l R =50
T-16 15 88 57 77 42
D-26 16 79 48 62 +
p-27 16 77 45 15 +
D-28 14 74 42 42 +
D=29 14 62 29 28 +
D-32 15 65 33 21 +
D=43 16 79 18 33 +
D-44 15 65 33 31 +
D-45 18 77 45 53 +
D-46 19 79 48 52 ¥
D-52 14 Sl 59 43 +
0-53 17 70 39 31 +
p-60 16 70 39 26 +
D-68 17 82 51 56 +
D-69 lé 87 56 55 +
D-73 19 77 45 46 +
D-87 14 70 39 42 +
D-91 15 85 54 52 +
0-92 16 85 54 49 +
D-93 15 74 42 43 +
D-97 15 85 51 51 +
D-70 21 109 79 €9 +

R>»50 indicates the underground water temperature is probably egual to the measured
temperature.

+ Na-K-Ca temperature less than 709C; therefore, the Mg correction does not apply.
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The Na-K-Ca (Mg-corrected) temperature for D-70 (thermal sample) is
69°c. The chalcedony temperature for D-70 was 79°C and is in concordance
with the Na-K-Ca geothermometer. Silica mixing models attempted on D-70,
proved inconclusive because of non-agreement between the two methods applied.
Area C

Na-K-Ca (Mg-corrected) temperatures for norn-thermal waters in area C range
from 15° to 52°% (table 8). A number of samples contain no detectable K
which precludes this method. Sample D-30 has an R value greater than 50,
ingicating the temperature to be expected at depth at this location is similar
to the recorded temperature of 17%. Although chalcedony temperatures range
from 3° to ABOC, agreement is not obtained with Na-K-Ca temperatures for
all individual samples, The range of temperatures; however, is similar,
suggesting, as in area A, that non-thermal water at depth in this part of the
Jordan Valley is less than 50%. 1In certain samples, quartz and Na-K-Ca
temperatures are similar.

Potassium is not detectable in two of the five thermal samples in area C,
therefore precluding the use of the Na-K-Ca geothermometer. Temperatures for
the remaining three samples are 260, 490, and 54°%C. The 54%
temperature determined for D-66 is consistent with the 54%% chalcedony
temperature determined for this sample. Chalcedony temperatures for the
remaining samples range from 3% to 25°C while quartz temperatures range
from 36° to 85°C; the 85°C temperature is for D-66. The mixing model
(Fournier, 1977) applied to the thermal samples indicate all samples have a
greater than 90 percent cold-water component. This could affect the Na-K;Ca
temperatures significantly, resulting in lower computed temperatures
(Fournier, 1981). None of the mixing models provide temperatures considered

reasonable. The mixing model (Fournier, 1977) applied to two non-thermal but
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Table 8: Chemical gecthermometers with magnesium correction where applicable and
surface temperatures for fluids in (OC) for samples in area "C" on
Plate 4 in the Jorcan Valley, Salt Lake County, Utah.

SAMPLE TEMPERATURE QTZ (COND) CHALCEDONY Na-K-Ca Na-K-Ca ‘
{Mg-correction)

T-5 15 51 18 47 +
T-6 14 : 42 10 * *
T-11 13 72 40 59 +
T-12 16 51 18 * *
R-3 14 42 10 * *
R-9 16 48 15 19 +
R-12 15 42 10 28 +
R-13 13 42 10 * *
R=23 12 24 -9 * *
R-24 14 42 10 * *
R=43 18 57 25 * *
R=45 13 42 10 31 +
R-46 17 36 3 * *
R=47 12 36 3 * *
R~52 16 36 3 * *
R=53 17 42 10 * *
R~54 17 48 15 * *
R-55 11 36 3 * *
D-20 17 79 48 71 R>50
D-59 15 53 21 25 +
D-64 15 48 15 * *
D-65 18 48 15 * *
D-67 19 48 15 * *
D-82 12 53 21 52 +
D-83 19 57 25 40 +
D-84 14 48 15 46 +
D-85 24 42 10 26 +
R-11 22 36 3 * *
R-42 20 57 25 * *
D-58 21 36 3 83 49
D=66 21 85 54 54 +

* K not present or not present in detectable concentrations which precludes the use
of the Na-K-Ca geothermometer.

R>50 1indicates the underground water temperature is probably equal to the measured
temperature,

+ Na-K-Ca temperature less than 70°C; therefore, the Mg correcticn does not apply.
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fairly warm samples (D-65 and D-67) result in temperatures of 110° and
lOOOC, respectively, Again, the mixing model indicates cold-water
components in excess of 90 percent. A second mixing model (Truesdell and
Fournier, 1977) is in agreement with these temperatures and indicates the
Sig, equilibrated with quartz. Both samples contain no detectable K, so use
of the Na-K-Ca geothermometer is not possible.
Area D

Na-K-Ca (Mg-corrected) temperatures for those non-thermal waters with
detectable K range from 242 to 61% (table 9). It should be noted that 19
out of the 31 non-themmal samples collected in this area have K concentrations
below detectable limits. Chalcedony temperatures for those samples with
undetectable K range from o to 21°C; temperatures for the remaining
non-thermal samples range from 10° to 42°C. As with other areas, good
agreement is not obtained between the two geothemometers for each individual
sample, but the range of temperatures is fairly consistent, indicating
non-thermal water temperatures at depth are not more than 50°C, and at most
locations are much less.

Four samples collected in area D had temperatures 20°C or greater.
Sample D-31 is somewhat anomlacus aside from the fact that a 489
temperature was recorded at the well head. This sample is from the Utah
Roses, Inc. well and the temperature is to be expected considering the normal
geothermal gradient (35°%/km) for the Basin and Range physiographic
province. The chemistry from this well may be indicative of deep basin
water. Therefore, geothermometer results for this sample are somewhat
spurious. The Na-K-Ca (Mg-corrected) temperature is 62°C; the chalcedony
and quartz temperatures are 29° and 6200, respectively. These

temperatures are not unreasonable, and indicate the 48°C measured
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Table 9: Chemical geothermameters with magnesium correction where applicable and
surface temperatures for fluids in (9C) for samples in area "D" on
Plate 4 in the Jordan valley, Salt Lake County, Utah.

SAMPLE TEMPERATURE QTZ (COND) CHALCEDONY Na-K-Ca Na-K-Ca
(Mg-correction)

R=-17 15 42 10 * *
R-18 14 42 16 * »
R=20 18 48 lé& 44 +
R-21 12 36 3 * »
R=22 11 48 16 * *
R=25 13 42 10 26 *
R~26 10 36 3 * #*
R=-28 12 36 3 * *
R~29 12 42 10 * *
R=30 12 42 10 * *
R-31 14 36 3 * »*
R-33 lé 42 10 »* *
R-36 13 42 10 * *
R=37 18 53 21 * #*
R=39 ls 48 16 * *
R=40 18 53 21 * *
R-48 10 24 -9 #* »
R=49 11 24 -9 * *
R-50 15 42 10 35 +
R=51 15 24 3 * *
R=-58 11 48 ls * *
R=59 11 48 16 » *
0-15 13 62 29 24 +
D=-22 17 53 21 47 +
0-23 15 70 39 6l +
D=-25 16 42 10 40 +
0-39 17 . 53 21 30 +
0-61 17 42 10 39 +
C-86 15 74 42 54 +
0-88 15 74 42 - 38 +
D=-89 ls 48 lg 38 +
0-96 15 62 29 30 +
R=32 26 42 10 70 +
R-38 yal 45 15 62 +
0=31 48 62 29 76 64
0-62 24 42 10 * *

* K not present or not present in detectable concentrations which precludes the use
of the Na-K-Ca geothermometer.

+ Na-K-Ca temperature less than 700¢; therefore, the Mg correction does not apply.
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is near to the maxmimum temperature. A silica mixing model (Truesdell and
Fournier, 1977} indicates a maximum temperature of 72°% and equilibration
with quartz.

Of the three remaining thermal samples, D-62 has undetectable K which
precludes use of the Na-K-Ca geothermometer. The chalcedony and quartz
geothermometers provide temperatures of 10° and 42°C, respectively but the
low concentration of SiO

2
and R-38 have Na-K-Ca (Mg-corrected) temperatures of 70° and 62°C,

precludes the use of mixing models. Samples R-32

respectively. Chalcedony temperatures are 10° (R-32) and 15°C (R-38);
both are below actual measured temperatures which eliminates use of this
geothermometer. The quartz geothermometer provides temperatures of 420 and
48°C for R-32 and R-38, respectively. These temperatures are more
realistic, and are more consistant with the Na-K-Ca temperatures, The very
low silica value for R-32 precluded the use of mixing models. Mixing models
{Truesdell and Fournier, 1977; Fournier, 1977} applied to R-38, however,
result in temperatures of 53° and 60°C, 85 percent dilution from
non-thermal water, and equilibration with quartz. These temperatures are
reasonable, but indicate only moderate thermal waters are to be expected at
depth.
Area E

Na—K-Ca (Mg-corrected) temperatures for non-thermal waters in area E range
from 12° to 56°C (table 10). 1In sample D-19 the K concentration is below
detectable limits, thereby eliminating this geothermometer. Chalcedony
temperatures range from 25° to 76°C, a slightly higher range than
determined with the Na-K-Ca geothermometer. This higher range is a reflection
of greater concentratipns of silica for this area as compared with other parts

of the valley, Although agreement is not achieved between geothermometers for
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Table 10: Chemical geothermometers with magnesium correction where applicable and
surface temperatures for fluids in (OC) for samples in area "E" on
Plate 4 in the Jordan Valley, Salt Lake County, Utanh.

SAMPLE TEMPERATURE WTZ (COND) CHALCEDONY Na-K=Ca Na-K-Ca
{Mg=~correction)

-1 14 87 56 40 +
D=2 15 87 56 46 +
D-8 18 63 31 53 +
D-9 8 99 69 56 +
D=10 14 99 69 49 +
D-11 14 70 39 32 +
D-12 14 95 64 45 +
D-13 15 93 62 45 +
D-14 14 91 60 47 +
D=16 14 91 60 42 +
D-17 13 91 60 47 +
D-18 14 as 54 34 +
D-19 14 62 29 * *
0-33 ls 62 29 12 +
D-35 14 62 29 14 +
D-36 14 65 33 14 +
D=-37 14 62 29 1ls +
D-48 13 70 39 26 +
D-49 16 105 76 59 +
D-50 13 87 56 47 +
D-72 19 88 54 30 +
D-80 12 70 39 28 +
D-81 12 57 25 16 +
D-90 15 88 57 37 +
D=-100 13 74 42 36 +
D-101 13 62 29 29 +
0-104 13 Y 29 23 +
D-10s 14 85 54 41 +
D-108 14 91 60 i 54 +
0-109 ls 101 71 58 +
D-110 17 99 69 53 +
D-11 16 99 69 56 +
D-114 15 95 64 47 +
D=55 yal 62 29 56 +

* K not present or not present in detectable concentrations which precludes the use
of the Na-K-Ca geothermometer.

+ Na-K-Ca temperature less than 70°C; therefare, the Mg correction does not apply.
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all samples, generally a similar trend is evident; higher temperatures with
one geothermometer compared with higher temperatures for the other
geothermometer within respective ranges.

Sample 0-55 is the only thermal sample from area E. The Na-K-Ca
(Mg-corrected) temperature of 56°C is not indicative of any significant
low-temperature resource in the area. Furthermore, the 29°C chalcedony
temperature is at the lower end of the non-thermal temperature range. The
guartz temperature of 62°C, however, indicates silica within this sample may
have equilibrated with quartz and not chalcedony. Mixing models are not
feasible because the low SiO2 concentration.

Area F

Na-K-Ca (Mg cofrected) temperatures for non-thermal waters in area F range
from 29° to 75°C (table 11). Samples R-27, D-105, and D-122 have K
concentrations below detectable limits, precluding the use of this
geothermometer. Chalcedony temperatures range from 16° to 72°. Agreement
between geothermometers is not obtained on'all samples, but as with other
areas previously discussed, the range of temperatures is similar. The upper
limits of the range of these temperatures are higher than in other parté'of
the valley which may be a result of the interaction with the material through
which the water migrates and not a result of mixing with thermal waters at
depth.

Temperatures calculated with the Na-K-Ca (Mg-corrected) geothermometer for
thermal waters in area F range from 61° to 81%. with the exceptions of
R-14 and R-15, these samples are all from Crystal Hot springs or wells in the
immediate vicinity. Sample D-4 is, in fact, from a well that intercepts the
geothermal reservoir that feeds the springs. The reservoir temperature

measured in this well is 85°C. This temperature is consistent with the
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Table 11: Chemical geothemometers with magnesium correction where applicable and
surface temperatures for fluids in (OC) for samples in area "F" on
Plate 4 in the Jordan Valley, Salt Lake County, Utah.

SAMPLE TEMPERATURE QTZ (COND) CHAILLCEDONY Na-K-Ca Na-K-Ca
(Mg-correction)

R-16 15 79 48 59 +
R-27 11 48 ls * *
R-34 13 79 48 55 +
R=35 le 85 54 57 +
R-41 14 57 25 36 +
R-66 16 85 54 41 +
R-68 15 91 60 64 +
R-69 13 79 48 87 74
D=3 16 77 45 29 +
D=-21 15 67 35 29 +
D=-38 ls 62 29 30 +
D-40 15 65 33 96 65
D-41 17 62 29 58 +
D-42 17 62 29 88 56
D-51 15 77 45 33 +
D-56 19 65 33 181 60
D=57 1 62 29 66 +
D=74 15 70 39 63 +
D-98 16 78 47 37 +
0-102 15 87 56 34 +
D-103 16 74 42 33 +
D=105 15 93 62 53 +
D=-115 le 99 69 67 +
D-117 17 85 54 70 54
D-118 ls 97 67 64 +
D-119 17 62 29 63 +
D-122 17 53 21 * *
D-123 17 53 21 45 +
D-124 17 102 72 175 60
0D-125 16 70 39 75 39
D-126 15 97 67 42 +
D-127 15 62 29 68 +
R-14 22 62 29 86 65
R=15 24 70 39 159 8l
D—4 85 99 69 200 73
D=5 38 123 95 199 79
D-6 54 97 67 199 77
D=120 29 94 63 197 6l
D-121 38 70 39 ' 193 68

* K not present or not present in detectable concentrations which precludes the use

of the Na-K-Ca geothemometer,

+ Na-K-Ca temperature less than 70°C; therefore, the Mg correction does not apply.
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Na-K-Ca (Mg-caorrected) and chalcedony temperatures for this sample and also
with the spring sample (D-5) and State forestry well sample (D-6). See table
11 for these calculated geothemmometer temperatures. Two other samples, D-120
from a small pond formed from the same geothermal system and D-121 from a
water well removed from the actual system, have geothermometer temperatures
somewhat lower. However, mixing models for D-121 resulted in temperatures of
95° (Fournier, 1977) and 94° (Truesdell and Fournier, 1977), which are

very close to the maximumn detemmined temperature for the reservoir. These
mixing models also indicate silica has equilibrated with quartz and fluids
sampled contain 70 percent cool water. Mixing models applied to D-120, D-5,
and D-6 also provide unacceptable results.

Na-K-Ca (Mg~corrected) results for R-14 and R-15 are 65° and 81°C,
respectively. Chalcedony temperatures are exceptionally low, but quartz
temperatures are similar to the Na-K-Ca (Mg-corrected) results, with values of
62°C (R-14) and 70°C (R-15). Mixing models applied to sample R-l4 result
in a temperature of 82°C, 90 percent mixing of non-thermal water, and
equilibrium with quartz., Applying the same mixinglmodels to R-15 results in
temperatures between 135° and 145°C and 94 percent mixing with non-thermal
waters, However, the chalcedony modifications of Sonderegger and Donovan

(1981) provide a more reasonable temperature of 85°C.

TEMPERATURE-DEPTH MEASUREMENTS
Temperature-depth measurements, and the subseguent temperature gradients
derived thereof, are useful in exploration for geothermal resources since they
can allow for detection of thermal anomalies (Laughlin, 1982). Temperature
gradients are affected by heat flow and thermal conductivify. Heat flow 1is

the conductive transfer of heat from the earth's interior and, therefore, the
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surface expression of geothermal conditions at depth. For a given heat flow,
the temperature gradient is inversely proportional to the thermal conductivity
of the material through which the heat is being transmitted by conduction
(Kappelmeyer and Haenel, 1974). At shallow depths,-temperature gradients are
affected by surface conditions such as temperature and precipitation, These
effects are eliminated below 98 ft (30 m) in depth (Kappelmeyér and Haenel,
1974). Also, temperature measurements are strongly influenced by the movement
of ground water (sometimes to depths of hundreds of feet or meters) and it
should always be recognized that temperature gradients are meaningful only for
conductive heat transfer and that vertical, as well as horizontal, convection
can upset the extrapolation of temperature infommation (Laughlin, 1982; and
Lumb, 1981). |

The Jordan valley is an area of highly convective heat flow due to the
influx of cool water from the mountainous recharge areas. Stable, conductive
thermal gradients are difficult to obtain in such areas, and results must be
considered local rather than regional. Although the average Basin and Range
gradient is considered to be approximately 35°C/km, Costain and wright
_(1973) calculated a gradient of 57.7°C/km from a gradient hole drilled in
the Jordan Valley near Salt Lake City. Costain and Wright (1973) attributed
this high gradient to what is bDelieved to be the low themmal conduction of the
relatively unconsolidated Lake Bonneville deposits encountered in the hole.
Because all of the holes logged for this study are in these relatively
unconsolidated deposits, only gradients greater than 60°C/km are considered
anomalous.

Temperature-depth measurements have been completed in 30 "holes of
opportunity®™ in the Jordan Valley (plate 5). "Holes of opportunity™ are

pre-existing holes available and conducive to temperature-depth logging.
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unfortunately, as can be seen plate 5, good coverage is not obtained
throughout the valley because of the non-availibility of suitable holes,
Location of these holes by longitude and latitude, elevation interval of
gradient calculation, and calculated gradient are presented in table 12.
Temperature-depth profiles are presented in figures 13 to 25. Logs of each
hole are presented in Appendix C. Temperatures in these holes were measured
with a thermistor probe connected by a four-wire configuration to a digital
ohmmeter. A Fenwal K212E thermistor probe with a nominmal resistance of 10,0CO
ohms at 20°C, power dissipation of 50 m wL in still waters, and a

response time of 5 seconds, was used. Temperature readings were taken at 5
meter intervals in air and 2.5 meter intervals in water, after the temperature
stabilized at each position. Gradients were calculated Qsing linear
regression with standard error.,

Gradients resulting from these temperature-depth measurements range from
negative to 103°C/km. Comparison with the background gradients indicate one
definite area of elevated temperature and a second area that may be indicative
of abnormally warm temperature,

The area of most significant elevated temperature is located northeast of
Draper, Utah and is delineated by temperature-depth hole locations JVG-19,
JvG-17, and JVG-5 (fig. 16 and plate 5). Gradients calculated for JVG-19 and
JvG-5 were 102° and 103°C/km, respectively (table 12), These gradients
are significantly greater than the 57.89C/km gradient determined by Costain
and Wright (1973), and most significantly greater than the 35°C/km
considered average for the Basin and Range. The third gradient (JvG-17) is
only 47°C/xm between the depths of 129 and 159 meters. However, last two
data points (at 149 and 159 meters) indicate an increase in the gradient to

more than BOOC/km. All three of these temperature-depth profiles are, to



Table 12: Geothermal gradient data for 30 "holes of opportunity" logged in the Jordan Valley, Salt Lake

County, Utah

Depth Depth Gradient Gradient

Site N. Lat. W. Long. Elev (m) Water (m) Range (m) (OC/km) Class
IVG-1 40039107 111052+29" 1311 + 2 flowing 30 - 83 13 +2 isothermal
JVG-2 400361'06" 111049+ 20" 1424 + 2 122 24 - 268 26 + 3 tentative
JVG-3 40034 19" 1110521 22" 1370 + 1 15 43 - 65 23 + 6 tentative
JVG-4 400321377 111050" 39" 1453 + 2 100 64 - 218 4 + 6 isothermal
JVG-5 40031'48" 11105151 1384 + 2 34 20 - 43 103 + 51 air
JVG-5 4003412 111055'11" 1332 + 1 5 20 - 45 47 + 2 good
JVG-7 40026'56" 11105611 1445 + 3 16 20 - 95 33+ 5 good '
JVG-8 40029027 11200417 1646 + 6 33 18 - 57 58 + 16 fair %
JVG-9 4003047 112004 129" 1598 + 3 41 19 - 128 64 + 7 good
JVG-10 4003940 1120p51 12 1503 + 3 30 24 - 79 18 + 5 fair
JVG-11 40028127" 1120041 20™ 1659 + 6 30 49 - 159 46 + 9 good
JIVG-12 40040104 111058'11" 1334 + 1 11 19 - 89 34 + 6 good
JVG-13 40039'48" 11200443 1486 + 3 29 19 - 49 18 +7 tentative
JVG-14 40039116 111057158" 1360 + 1 less than 29 29 89 16 + 5 tentative
JVG-15 40041'07" 11105542 1296 + 1 1 19 - 57 24 + 2 fair



Table 12 (Continued)

Depth Depth Gradient Gradient
Site N. Lat. W. Long. Elev (m) Water (m) Range (m) (OC/km) Class
JVG-16 40035158" 11105]130m 1398 + 6 no water 99 - 145 negative
JVG-17 40032 44" 111052' Q4" 1384 + 2 45 129 ~ 159 47 + 22 tentative
JVG-18 40935'55" 111050'22" 1433 + 3 115 99 -~ 217 negative
IVG-19 400331267 1110521 56" 1348 + 1 21 29 - 89 102 + 6 good
JVG-20 40037 129m 112002t 40" 1540 + 3 80 99 - 179 40 + 4 good
JVG-21 40032'0p8" 111956152 1364 + 1 15 39 - 68 27 + 1 tentative
JVG-22 400348 55" 111055%48" 1438 + 1 38 39 - 159 65 + 10 geod
JVG-23 40037151 111055123" 1303 + 1 4 29 - 65 25+ 5 fair
IVG-24 40040 06" 111958 23" 1348 + 1 26 29 - 219 56 + 6 good
JVG-25 40029'54" 112003'41" 1585 + 6 105 29 -~ 159 52 + 7 good
JVG~-26 40036'16" 1110491 19" 1415 + 2 9l 19 - 169 negative
IvG-27 40°46'521 11105312 1335 + 3 82 19 - 89 negative
JVG-28 40°41'01" 111048* 14" 1463 + 6 115 29 - 119 50 + 9 air
JVG=29 40041153 111048'G0" 1476 + 2 88 2% - 79 80 + 31 air
JVG-30 400401 55" 111048'20" 1421 + 6 na water 18 - 95 negative

=66~
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Figure 13. Temperature~depth profiles logged in "holes of opportunity" in the
Jordan Valley, Salt Lake County, Utah. Locations are presented on Plate 5.
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Figure 14. Temperature-depth profiles logged in "holes of opportunity" in the
Jordan Valley, Salt Lake County, Utah. Locations are presented on Plate 5.
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Jordan Valley, Salt Lake County, Utah. Locations are presented on Plate 5.
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Temperature-depth profiles logged in "holes of opportunity” in the

Jordan Valley, Salt Lake County, Utah. Locations are presented on Plate 5.
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Figure 19. Temperature-depth profiles logged in “holes of opportunity" in the
Jordan Valley, Salt Lake County, Utah. Locations are presented on Plate 5.
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Figure 20. Temperature-depth profiles logged in "holes of opportunity" in the

Jordan VYalley, Salt Lake County, Utah. Locations are presented on Plate 5.

I~
-~

2014



DEPTH (METERS)

A |

1B 1

1B |

20 |

TEMPERATURE (* ©)

— — — — e —— — — - I~ I~ ™ ™2
(g o o o o ~3 a0 L [ —a I~ LB
~— - % + ¢ - b —— — D S
+
IVG-15 L yemtn
L CLQ -i\ .
TSR g
= P I
 » ek
(@ b e
o o
#
W
S
~
"
. R
T+

Figure 21. Temperature-depth profiles logged in “holes of opportunity" in the
Jordan Valley, Salt Lake County, Utah. Locations are presented on Plate 5.
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Figure 22, Temperature-depth profiles logged in "holes of opportunity" in the
Jordan Valley, Salt Lake County, Utah. Locations are presented on Plate 5.
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Jordan Valley, Salt Lake County, Utah. Locations are presented on Plate 5.
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some extent, affected by near surface disturbance.

The second area that has some indications of a thermal anomaly is depicted
by gradient hole locations JVG-9, JVG-25, JVG-1ll and JVG~8 located west and
southwest of Herriman, Utah (figs. 18 and 20; plate 5). Locations JVG-8 and
JVG-9 resulted in gradients of 58° and 6&°C/km, respectively (table 12).
JVG-11 and JVG-25 have gradients of 46° and 52°C/km which are not
significant when compared to the suggested background gradient of 57.8%/km
(table 12). Also, the profiles from which these two gradients are derived
indicate a significant amount of convective interference, possibly due to the
near surface cold water aquifer. However, these two profiles have bottom hole
temperatures of 20.27° (JVG-11) and 19.77°C (JVG-25), which indicate some
low-temperature geothermal potential.

Four other "holes of opportunity" have characteristics that merit
discussion, JVG-22, located approximately 6 miles (9.7 km) west of Sandy
City, Utah has a gradient of 65°C/km (table 12; fig. 22; plate 5).
Furthermore, this well has a bottom hole temperature of 20,44°C. A second
hole, JVG-24, located approximately 1 mile (1.6 km) northwest of Kearns, Utah
has a gradient of 56°C/km and a bottom hole temperature of 23,70°C (fig.

21, table 12; plate 5). A second hole, JvG-12 (fig. 21), located
approximately 0.6 miles (1 km) to the east, has a bottom hole temperature of
17.6°C at 91 meters of depth; the gradient for this hole projected downward
results in a temperature of nearly 249C at 219 m which is consistent with
JVG~24, JIVG-29 located between the mouths of Parleys and Mill Creek canyons
on plate 5 has a calculated gradient of 80°C/km down to a depth of 79 meters
(table 12; fig, 25). Temperatures, however, were measured in air which makes
this gradient highly speculative, The remaining two temperatures logged in

this hole were measured in water, but indicate an isothermal gradient possibly
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reflecting convection from recharge in the Wastach Mountains. The bottom hole
temperature of 17.8% is higher, however, than expected from an area So near
the wasatch Mountains. The remainder of the holes logged in the Jordan Valley
reflect low or negative gradients and/or isothermal conditions which indicate
no thermal potential or themmal conditions that are totally maskea by near

surface aquifers and/or convection between aquifers at the well site.

SUMMARY AND CONCLUSIONS

Prior to this study, two low-temperature geothermal systems were known to
exist in the Jordan valley: (1) the Warm Springs fault geothermal system, and
(2) Crystal Hot Springs. Furthermore, Utah Roses, Inc., drilled a 5009 ft
(1527 m) geothermal well in Sandy, Utah and encountered 48°C water at 200
gpm (12.6 L/S)., Both the Warm Springs fault system and Crystal Hot Springs
manifest themselves at the surface as springs. Utah Roses, Inc.'s well
attempted to intercept a fracture-controlled system at depth which had no
surface expression. The purpose of this study is to detect other
low-temperature geothermal systems nof presently known and to, if possible,
expand the infomation on the two known systems.

Results of the studies previously conducted in the Warm Springs fault area
and at Crystal Hot Springs, as well as other sites along the Wastach Front,
indicate low-temperature thermal systems are convective, resulting from deep
circulation of meteoric water. Site specific gravity surveys and modeling at
both Crystal Hot Springs and the Warm Springs fault systems further enhance
this theory. The Crystal Hot Springs results are presented in a report
published by the Utah Energy Office (1981) and will not be elaborated on

further in this report. Further modeling of the gravity survey conducted at
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the warm Springs fault Qéotnermal system, indicates the Salt Lake salient may
be a gravity slide block with the slide plane possibly providing a permeanle
conduit within the deep convective system. Figure 26 presents a proposed
model for this system.

Water temperatures measured throughout the valley indicate four areas of
themmal ground water that may De indicative of low-temperature thermal
anomalies at depth, These areas are: (l) the north-central valley located in
area A on plate 4; (2) the area immediately north of the Oguirrh Mountains
also found in area A; (3) an east-west oriented portion of the central valley
located in area C; and (4) a north-south oriented aréa extending from Oraper
to Midvale located in areas D and F,

The elevated temperatures recorded for the area north of the Oguirrch
Mountains are provided by the Kennecott Copper Corporation. Permission was
not received, however, to sample these wells for chemical analysis and,
therefore, no further information can be presented at this time,

Chemical analysis of both the Wam Springs fault and Crystal Hot Springs
geothermal systems indicate themal waters in the Jordan Valley are either
.sodium-calcium chloride (Na-Ca Cl) or sodium-calcium chloride-sulfate-
bicarbonate (Na-Ca Cl—SOa-HCO3) in character. Chemical analyses of these
systems indicate thermal waters are slightly to very saline, have elevated
concentrations of Sr, and have significant concentrations of Li, B, and F.
Each thermal area has certain wells with chemical characteristics that are
similar to the wamm Springs and Crystal Hot Springs areas. Results of common
ion analyses of thermal samples from area A indicates R-63, R-64, and T-17 are
similar to themmal waters in the Wam Springs fault geothermal system. These
waters are sodium-calcium chloride (Na-Ca Cl) to sodium=calcium chloride-

sulfate-blcarbonate (Na-Ca Cl-SOa-HCO3) in character, slightly to
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moderately saline, and have significant concentrations of Sr, B, Li, and F.
Samples R-63 and R-64 have high concentrations of Mg, indicating water-rock
reactions may be occurring during upward flow as the water cools (Fournier,
1981). Therefore, the Mg corrected Na-K-Ca temperature faor these two samples
may be low. The Na-K-Ca temperature of 94°% may be more accurate., T=17
proviced a temperature of 63°C. All of these temperatures indicate
low-temperature geothermal potential at depth.

Samples R-63, R=64, and T~l17 are located 5 to 8 miles (3.1l to 4.9 km) west
of the Warm Springs geothemal system., These wells are in an area where two
faults are indicated to exist (Van Horn, 1975). The similarity, chemically,
with the Warm Springs system inaicates these waters may be from the same
source but migrated further west, possibly along a thrust plane, eventually
moving up nomal faults as presented by Van Horn (1975). A model of this
proposed system is presented in figure 26,

Sample R-74 is less than 2000 but is sodium-calcium chloride-
sulfate-bicartonate (Na-Ca Cl—SOa-HC03) in character, mocerately saline,
and contains significant concentrations of Sr, Li, B, and F. ‘This well may be
receiving lateral flow from the Warm Springs system to the north or may be
part of a southern extension of this system. The low temperature can be
accounted for by dilution from cool water flowing out of City Creek Canyon.
The high Mg concentration in this sample indicates the Mg-correction for the
Na-K-Ca temperature may be low and the 85°¢C temperature more realistic.

Sample R-67 is also sodium-calcium chloride-sulfate-bicarbonate (Na-Ca
Cl-SOa-HCO3) in character, slightly saline, with significant
concentrations of Sr, Li, B, and F. Na-K-Ca (Mg-correction) geothermometer
results indicate a reservoir temperature of 78°C can be expected, which is

consistent with other thermal samples from the area.
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The two remaining thermal samples, R-61 and R-65, as well as sample R-60
(16°C) are significantly different chemically from all other waters in area
A. The reason for this has not been determined at this time and is beyond the
scope of this report.' Possibly, as suggested by Marine and Price (1564), the
heat warming these waters may be the result of exothemic reactions within the
organic clays in the area.

Five samples have temperatures greater than 20% in the central valley
in area C, but only sample D-58 is chemically similar to the other known
geothermal systems in the valley. Sample D-58 is sodium-calcium
chloride-sulfate- bicarbonate (Na-Ca Cl—SOa—HCOB), in character, dilute,
with significant concentrations of Li. The well is located immediately east
(< 0.25 miles or 0.40 km) and downgradient from the Jordan Valley fault zone
(plate 2). Therefore, the warm water may be migrating from depth through this
zone and mixing with cooler, shallower, ground water prior to being
intercepted by the well. A temperature-depth hole located approximately 3
miles (4.9 km) to the west provides a 56°C/km gradient with a bottom hole
temperature of 23.7°C. Chemical geothermometry provides no significant
temperatures for D-58 or any other themal sample from this area. A model
depicting the geothermal system is presented in figure 27. The source of heat
for the other themmal samples in area C is not understood at this time,

Temperatures greater than 20°%C were recorded for 6 wells located between
Draper and Midvale in areas D and F on plate 4, Four of these samples are
included in area D, but only 3 have chemical characteristics similar to the
known geothermal systems. Utah Roses, Inc,.'s geothermal well is included with
these three wells.

Utah Roses' (D-31) sample is sodium-calcium chloride (Na-Ca Cl) in

character, slightly saline, with a significant concentration of B, and
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detectable concentrations of Sr, Li, and F. Sample R-32 is located a few
hundred feet southeast of D-31 but was only drilled to a depth of 800 feet
(244 m) whereas D-31 was drilled to 5G09 feet (1527 m). Chemical analysis
indicates R-38 is sodium-calcium chloride-sulfate-bicarbonate (Na-Ca
Cl-SOa-HCO3) in character, slightly saline, with detectable concentrations
of Sr, B, and F. Chemical geothernometry indicates a reservoir temperature of
62°C. The structural control on tnhis system is not understood at this
time. The third well in area D with some low-temperature thermal
characteristics is R-32. This water is also sodium~calcium chloride-sulfate-
bicarbonate (Na-Ca Cl—SOa—HCO3) in character, but is dilute with low
concentrations of Sr and F and non-detectable concentrations of Li and B.
Geothermometry, however, indicates a 70°¢ expeéted reservoir temperature.
Again, the structural controls for this system are not understood at this time.
Sample R-15, one of two themmal samples not included with Crystal Hot
Springs and vicinity measured in area F, exhibits significant low-temperature
geothemal chenical characteristics., Sample R-15 is sodium-calcium
chloride-sulfate-bicarbonate (Na-Ca Cl-SO4—HC03) in character, slightly
saline, with significant comcentrations of Sr, Li, 8, and F. The 81%
Na-K-Ca (Mg-corrected) temperature is reasonable and higher than most
non-thermal geothemwometer temperatures for samples from this area, Two other
non-thermal samples (D-40 and U-56) located in the same general area as R-15,
exhibit certain chemical characteristics which can be indicative of
low-temperature geothermal potential. Both samples are sodium~calcium
chloride-sulfate-bicarbonate (Na-Ca Cl—SOa—HCOB) in character, and have
significant concentrations of Li, B, and F. Geothermometers indicate
reservoir temperatures of 65° to 67°C can be expected., The low

temperatures for these samples may be the result of dilution and cooling from
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cooler aquifers. The other thermal sample (R-1l4), also located in this area,
has a high concentration of Mg which precludes use of the Mg-corrected Na-K-Ca
geothermometer. The 86°C pre-Mg-corrected temperature, however, is
significant, and agrees with the Na-K-Ca temperature for R-15. According to
Fournier (198l), dilution.has little effect on the Na-K-Ca geothermometer if
the thermal water is much more saline than the diluting water, R-l4 has a TDS
concentration of 2022 mg/l, whereas TDS for a well further up-gradient is only
184 mg/l. Therefore, the 86 C Na-K-Ca temperature may be realistic. Sample
R-1l4 also has significant concentrations of Sr, Li, B, and F. This area,
characterized by sample locations R-14, R-15, D-4U, and D=-56, also has two
temperature-depth holes with calculated yradients of 102° and 103°C/km.
Structural controls for this area are not fully understood at this time, but
speculation indicates the source of the wamm water is the result of a deep
convective system.

All of the areas discussed have characteristics which indicate
low-temperature geothermal potential. However, much more site specific
exploration must be conducted to determine the structural controls on each
system, the size and depth of target reservoirs, and temperatures to be
expected in these reservoirs. Furthermore, this study is limited in scope.
Only geothemmal anomalies affecting the near-surface unconsolidated aguifers
are identified. The absence of evidence does not eliminate the possibility
additional resources exist. Further exploration may establish a deep

resource(s) heretofore not identified.
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APPENDIX A
WELL AND SPRING-NUMBERING SYSTEM

The system of numbering wells and springs in Utah is based on the
cadastral land-survey system of the U.S. Government., The number, in agdition
to designating the well or spring, describes its position in the land net. B8y
the land-survey system, the State is divided into four guadrants by the Salt
Lake Base Line and Meridian, and these guadrants are designated by uppercase
letters as follows: A, northeast; B, northwest; C, southwest; and D,
southeast, Numbers designating the township and range (in that order) follow
the quadrant letter, andg all three are enclosed in parentheses. The number
after the parentheses indicates the section, and is followed by three letters
indicating the quarter section, the guarter-quarter section, and the
guarter-quarter-quarter section, — generafly 10 acres (a-hmz); the guarters
of each subdivision are designated by lowercase letters as follows: a,
northeast; b, northwest; c, southwest; and d, southeast, The number after the
letters is the serial number of the well or spring within the l0-acre
(a-hmz) tract; the letter "S" preceding the serial number denoies a spring.
Thus (C-36-16) 36abd-l designated the first_well constructed or visited in the
SEl/4 SE1/4 NE1/4 sec. 36, T. 36 S., R. 16 W, If a well or spring cannot be
located within a 10-acre (a-hmz) tract, one or two location letters are used
and the serial number is omitted. Other sites where hydrologic data were
collected are numbered in thg same manner, but three letters are used after
the section number and no serial number is used. The numbering systems is

illustrated in figure Al.
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CONVERSION FACTORS

Water temperatures are reported in degrees centigrade (%) in the
report. Water temperatures can be converted from (%) to (%) by the
following equation: O = 1.8 (%) + 32.

Chemical concentrations are given in milligrams per liter (mg/l) which is
a unit expressing the solute per unit volume (liter) of water.

Gradients are given in %/km and can be converted to (°F)/100 ft by
the following conversion: 18.22%/km = 19F/100 ft. Depths to logging
points are given in meters (m) and can be converted to feet by the following

conversion: 3.28 ft =1 m,
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Area
Cadastral

Site Name

lLatitude

lLongitude

Elevation
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Salt Lake County, Utah
T25/R1E/S7dab
Jordan Valley JVG-1

400 39' Q7" N, Depth to Water Flowing

1110 527 29v W, Depth Range 30 =83 m
(Grad. Calc.)

1311 + 2 meters Gradient 13 + 2 OC/km

Drilling Completed By: 6=20-20

Thermal Logging Cate: 5-23-80

Depth
(m)

0

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
a0
a3

T Depth T Depth T
(€) (m) (€) {(m) (C)

11.79
11.82
11.72
11.72
11.73
11.74
11.85
11.92
12,00
12.08
12.06
12,20
12.24
12.32
12.39
12.44
12.50
12.52



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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Salt Lake County, Utah
T25/R1E/S34
Jordan Valley JvG-2

409 36" 06" N, Depth to Water

1119 45 20" W, Depth Range
(Grad. Calc.)

1424.1 2 meters Gradient

Drilling Completed By: 4-23-80

Thermal Logging Date: 11-3-8C

Depth
(m)

15.2
30.5
45.7
61.0
76.2
91,5
109.8°
122.0
128.0
134.1
140.2
149.4
158.5
167.7
176.8
186.0
195.1
204.3
213.4
222.6
231,7
240.9
250.0
259.1
268.3
277.4

T Depth T Depth
(C) (m) (C) (m)

15.36
13.55
12,33
11.9%9
11.81
11.76
11.62
11.08
11.05
ll.0l
10.90
10.90
10.90
10.91
10.51
10.51
10.91
10.51
10.91
10.92
10.92
10.93
11.11
11.35
1l.63
1l.63

122 m

240.9 - 268.3 m

26 + 3 OC/km

(C)
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Area Salt Lake County, Utah

Cagastral T3S/R1E/S7caa

Site Name Jordan vValley JVG=3

Latitude 400 34' 19" N. Depth to Water 15 m
Longitude 1110 52 22" W, Depth Range 42.7 - 65.1 m

(Grad. Calc.)

Elevation 1370 + 2 meters Gradient 23 + 6 OC/km

Drilling Completed By: 10-10-52

Thermal Logging Date: 10-23-80

Depth T Depth T Depth T
(m) (C) (m) (C) (m) (C)
6.1 15.49

9.1 13,95

12.2 13.84

15.2 14.04

18.3 14,19

21,3 14.21

24.4 14,18

27.4 14.08

30.5 14,06

33,5 14,04 "

36.6 13,95

39.6 13.79

42.7 13.79

45,7 13.87

48,8 15.84

51.8 13.87

54,9 13.94

57.9 14,08

61.0 14,17

64.0 14.25

65.1 14.27



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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Salt Lake County, Utah
T3S/R1E/S21caa
Jordan Valley JVG-4

400 32" 37" N, Depth to Water

1119 50 39" W. Depth Range
(Grad. Calc.)

1453 + 2 meters Gradient

Drilling Completed By: 1lU~28-61

Thermal Logging Date: 10-8-80

Depth
(m)

36.5
45,7
64.0
73.2
82.3
$1.5
94.5
97.6
99.4
102.4
105.5
108.5
11l.6
117.7
126.8
13¢6.0
145.1
154.3
163.4
172.6
181.7
190,9
200.0
209.1
218.3

T Pepth T Depth
(C) (m) (C) (m)

11.27
11.67
11.93
11.83
12,17
12.27
12,32
12.324
12,37
12.44
12.44
12.45
12.46
12,47
12,51
12.63
12.61
12.62
12,62
12.62
12,62
12.62
12,75
12.63
12.65

100 m
64.0 - 218.2 m

4 + 2 9C/km

(c)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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salt Lake County, Utah
T3S/R1E/S250db

Jordan Valley JVG-5

400 31' 48" N, Depth to water

1119 51" 51" W, Depth Range
(Grad. Calc.)

1384 + 2 meters Gradient

Drilling Completed By: 10-23=62

Thermal Logging Date: 7-17-80

Depth
(m)

hd

- L] L]
WM OEVWUSN

EWOWNNN -
um::-\o}noml—-m

T Depth T Depth
(©) (m) () (m)

14.20
12.77
15.01
16.24
16,93
18.22
18.90
19.01
19.04
19,72

345 m
20,4 = 43,3 m

103 + 519C/km

T
(<)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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Salt Lake County, Utah
T3S/R1W/S1llcad
Jordan Valley JVG-6

400 34" 12" N. Depth to water

1110 55 11" W, Depth Range
{Grad. Calc.)

1332 + 1 meters Gradient

Drilling Completed By: 7-8-78

Thermal Logging Date: 6-17-80

Depth
(m)

T Depth T Depth
(c) {(m) (C) (m)

12,12
12.42
13.04
13.41
13,67
13,92
14,17
14.328
14,59

5m
20 - 45 m
47 + 29C/km

(c)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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Salt Lake County, Utah
T4S/RIW/S27atb

Jordan valley JVG-7

409 26' 56" N, Depth to Water

111° 5¢' 11" W, Depth Range
(Grad. Calc.)

1445 :_3 meters Gradient

Drilling Completed By: 8-=16-72

Thermal Logging Date: 7-10-80

Depth
{m)

10.7
15.2
19.8
24.4
30.5
35.1
39.6
45.7
50,3
54,9
59.5
65.5
70.1
74.7
79.3
85.4
94.5

~
%
O
g
—‘
o]

pth
)

o
—r

(m) (C) (m

CErEREEERGOUGUEURRUG
L

L] L] - L] -
HFYO-NUENHFHFYODULWHWEONKF

l6 m
l9|8 - 95.5 m
33 + 59C/km

T
(c)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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Salt Lake County, Utah
T45/R2W/S9caa
Jordan valley JVG-8

40P 29' 02" N. Depth to Water

1120 04' 17" W. Depth Range
(Grad. Calc.)

l646 1_6 meters Gradient

Drilling Completed By: 4-14~76

Thermal Logging Date: 6-27-80

Lepth
(m)

12.2
18,3
24.4
30.5
35,1
39.6
45.7
50.2
54.9
57.0

T Depth T Depth
(C) (m) (C) (m)
13.1

15.3

13,7

14.0

14.3

14,4

15.1

15.2

15.3

15.8

32 m
18.3 - 57.0m

58 + 169C/km

T
(C)



Area
Cadastral

Site Name

Latituae

Longitude

Elevation
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Salt Lake County, Utah
T3S/R2W/ S33cad
Jordan valley JVG-9

400 30' 47" N. Depth to Water

1120 g4' 25" W, Depth Range
(Grad, Calc.)

1598 + 3 meters Gradient

Orilling Completed By: 7-8-71

Thermal Logging Date: 5-29-81

Depth
(m)

T Depth
(C) (m) (C) {m)

10,53
1G6.58
10.98
1l.64
12.22
12.79
13,27
13.60
14,21
15.35
16.23
1s.92
17.52

41
19

64

-.128 m

+  79C/km

y
(C)



Area
Cadastral

Site Name

Latitude

Longitude

Flevation
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Salt Lake County, Utah
T2S/R2W/S8acd

Jordan Valley JVG=10

400 39t 40" N. Depth to Water

1120 (05' 12" W. Depth Range
(Grad. Calc.)

1503 + 3 meters Gradient

prilling Completed By: 6-81

Thermal Logging Date: 7-10-81

Depth
(m)

24
29
34
39
44
49
54
59
64
&9
74
79

T Depth T
(C) {m) () (m)

1z.58
12,57
12,60
12.68
12.78
12.51
12.84
13.07
15.14
15.21
13.29
15.39

30m
34 -79m

18 + 50C/km

T
(C)
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Area Salt Lake County, Utah

Cadastral T4S/R2W/S%bad

Site Name Jordan Valley JVG-ll

Latitude 400 28" 27" N. Depth to Water 30m

Longitude 1129 04' 20" W. Depth Range 49 - 159 m
(Grad. Calc.)

Elevation 1659 + 6 meters Gradient 46 + 99C/km

Drilling Completed By: 6&-81 (cleaned)
Thermal Logging Date: 7-13-81

Depth T Depth T Depth T
(m) (€) (m) (c) (m) (C)
9 22.77
19 17.36
29 14.39
39 15.27
49 15.13
59 15,21
69 15.41
79 15.64
89 15,92
99 16.26
109 16.62
119 17.09
129 17.76
139 18.51
149 19.55

159 20.27



Area
Cadastral

Site Name

tatitude

tongitude

Elevation
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Salt take County, Utah
T2S/R1W/S5dac
Jordan Valley JVG-12

400 40' 04" N. Depth to Water

1120 Q47 20" W. Depth Range
(Grad. Calc.)

1324 * 1l meters Gradient

Drilling Completed By: 11-20-77

Thermal Logging Date: 7-22-81

Depth
(m)

9
19
29
39
49
59
69
79
as
91

T Depth T Depth
(C) (m) (c) (m)

16.97
15.17
15.32
15.51
15,68
16.02
1l6.50
17.02
17.53
17.67

1l
19

34

89 m

69C/km

T
(C)



Area
Cadastral

Site Name

Latitude

Loengitude

Elevation
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Salt Lake County, Utah
T2S/R2w/S%bca
Jordan Valley JVG-13

400 39' 48" N,
1120 04t 43" W,

Depth Range

Depth to Water

(Grad. Calc.)

1486 :_3 meters Gradient

Drilling Completed By: 5-39

Thermal Logging Date: 8-4-81

Depth
(m)

9
19
29
39
49

T Depth T
(c) (m) (€
12,78

12,63

12.84

12,91

13,22

(m

pth
)

29 m

19 = 49 m

18_:

70C/km

T
(C)
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Area Salt Lake County, Utah

Cadastral T25/R1W/59cce

Site Name Jordan Valley JVG-14

Latitude 409 39' 16" N. Depth to Water less than 29 m

Longitude 1110 57' 58" W, Depth Range 29 - 89 m
(Grad. Calc.)

Elevation 1360 + 1 meters Gradient 16 + 5°%C/km

Drilling Completed By: 1966

Thermal Logging Date: 8-6-81

Depth T Depth T Depth T
(m) () (m) (C) (m) (C)
29 15.58

39 15.61

49 15.67

59 15,77

69 15,97

79 16.22

89 16.56

99 16.54
109 16.54
119 16.56
129 16.56

129 16.57



Area
Cadastral

Site Name

Latituge

Longitude

Elevation
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Salt Lake County, Utah
T1S/R1W/S34dda

Jordan Yalley JVG-15

40° 41' Q7" N,

Depth to water

1110 55' 427 y, Depth Range
(Grad. Calc.)

1296 + 1 meters Gradaient

Orilling Completed By: 1-31-71

Thermal Logging Date: 8-7-81

Depth
(m)

9
19
29
39
49
57

T Depth T
(C) (m) (c)

12,11
12.55
12.75
13.01
13,28
15.45

Cepth
(m)

lm

19 = 57 m

24 + 20C/km
T
(C)



Area
Cadastral

Site Name

Latituge

Longitude

Elevation
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Salt Lake County, Utah
T25/R1E/S32dbd
Jordan Valley JVG-16

400 35 58" N, Depth to Water

1119 51t 30v W. Depth Range
(Grad. Calc.)

1398.1 6 meters Gradient

Drilling Completed By: 1-22-68

Thermal Logging Date: 8-11-81

Depth
{m)

99
109
119
129
139
145

T Depth T Depth
(C) (m) (C) {m)

12.11
11.86
11.57
11.53
11.50
11.49

No water f

99 - 145 m

Negative

ound

T
(c)
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Area Salt Lake County, Utah

Cadastral T3S/R1E/S20bcd

Site Name Jordan valley JVG-17

Latitude 400 32' 44" N, Depth to Water 45 m

Longitude 1119 52' 04" W. Depth Range 129 - 159 m
(Grad. Calc.)

Elevation 1384 + 2 meters Gradient 47 + 220C/km

Drilling Completed By: 7-21-76
Thermal Logging Date: 8-12-8l

Depth T Depth T Depth T
(m) (C) (m) (C) (m) (C)
49 16,75

59 17.19

69 17.20

79 17.18

as 17.17

99 17.19
109 17.19
119 17.19
129 17.20
139 17.27

149 17.75

159 18.59



Area
Cadastral

Site Name

Latitude

Lengitude

Elevaticn

-148-

Salt Lake County, Utah
T2S/R1E/S33dca
Jordan Valley JVG-18

400 35' 55" N,
1110 50" 22" W,

1433 :_3 meters

Drilling Completed By: 9-~1-77

Thermal Logging Date: 8-13-81

Depth
(m)

99
109
119
129
139
149
159
169
179
189
199
209
217

T Depth
(C) (m)

13.26
12.94
11.66
11.62
11.23
11.21
11.20
11.20
11.20
11.20
11.20
11.17
11.13

Depth to wWater

Depth Range
(Grad. Calc.)

Gradient

T Depth
(C) (m)

115 m
99 - 217 m

Negative

T
()



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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Salt Lake County, Utah
T3S/R1E/S18cha
Jordan Valley JVG-19

40° 33' 26" N. Depth to Water

1110 52' 56" W, Depth Range
(Grad. Cale.)

1348 + 1 meters Gradient

Drilling Completed By: 3-9=59

Themmal Logging Date: 8-14-81

Depth
(m)

19

T Depth T Depth
© (m) (C) (m)

13.58
13.86
15.60
16.43
17.46
18,51
15.58
20.73
21.50
21.68

2l m

29 = 89 m

162 + 69C/km

T
(€)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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Salt Lake County, Utah
T25/R2W/522dad

Jordan valley JVG-20

400 37' 29" N.
1120 Q2 40" W.

1540 + 3 meters

Drilling Completed By: 1-12-63

Thermal Logying Date: 8-17-81

Depth
(m)

9
19
29
39
49
539
69
79
89
99

109
119
129
129
149
159
169
179

T Depth
(C) {m)

13,99
12.70
12.72
12.96
13.25
13.46
12.59
13.70
13.70
13.70
14,19
14.57
15.15
15.46
15.80
16.21
16,62
16.88

Depth to water

Depth Range
(Grad. Calc.)

Gradient

T Depth
(C) (m)

B0 m
99 - 179 m

40 + 40C/km

T
(C)
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Area Salt Lake County, Utah

Cagastral T3S/R1W/S21daa

Site Name Jordan valley JVG-21

Latitude 400 32' 08" N. Depth to water 15 m

Longitude 1120 58 52" W, Depth Range 39 -68m
(Grad, Calc.)

Elevation 1364 + 1 meters Gradient 27 + 1°C/km

Orilling Completed By: 1933
Thermal Logging Date: 8-18-8l

Depth T Depth T Depth T
(m) (C) (m) (C) (m) (C)
9 19,13

19 14,35

29 12.63

39 12,44

49 12,69

59 12.96

68 15,22



Area
Cadastral

Site Name

Latitude

LLongitude

Elevation

-152-

Salt Lake County, Utah
T3S/R1W/Sécdd

Jordan valley JvG-22

409 341 55" N, Depth to water

1110 59 58" w. Depth Range
(Grad. Calc.)

1438 * 1l meters Gradient

Orilling Completed By: 3-15-78

Thermal Logging Date: 8-19-81

Depth
{m)

231

T Depth T Depth
(C) (m) (c) (m)

19.10
14,55
12.%96
13,17
13.48
15.8%9
14.32
14.89
15.82
1l6.83
18.09
18.79
19.07
19.37
19,70
19.96
20.10
20.15
20.20
20.25
20.30
20,33
20.41
20.44

38
39

65

159 m

109C/km

T
(C)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation

-153-

Salt Lake County, Utah
T2S/R1W/S23cab

Jordan Valley JvG-23

400 37! 51" N, Depth to water

1119 55 23" w, Depth Range
(Grad. Calc.)

1303 + 1 meters Gradient

Drilling Completed By: 7-6-72

Thermal Logging Date: 8-19-81

Depth
(m)

9
19
29
29
49
59
65

T Depth
(C) (m)

13.54
13.55
13.97
14.23
14,59
14,72
14.88

©

am
29 - 65m
25 + 50C/Km

I
(©)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation

=154~

Salt Lake County, Utah
T25/R1v/S5¢ced

Jordan Valley JVG-24

409 40' 06" N. Depth to Water

1110 s8' 23" W, Pepth Range
(Grad. Calc.)

13aa.1 1 meters Gradient

prilling Completed By: 4-4-78

Thermal Logging Date: 8-25-81

Depth
(m)

9
19
29
39
49
59

179
189
199

219

T Depth T
(C) (m) (C) (m)

20.18
15.88
14.05
14,28
14,60
14.95
15.03
15.22
16.20
17.22
17.99
18.70
19.31
19.88
20,43
20,92
2l.44
21.92
22.41
22,82
23.17
23.70

26

29

56

m

- 219 m

+ 60C/km

T
(C)
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Area Salt Lake County, Utah

Cadastral T4S/R2W/S3cbe

Site Name Jordan Valley JvG-25

Latitude 400 29' 54" N, Depth to Water 105 m

Longitude 1129 03 41" W, Depth Range 29 - 159 m
(Grad, Calc.)

Elevation 1585 + 6 meters Gradient 52 + 79C/km

Drilling Completed By: 7-2-79

Thermal Logging Date: 8-26-81

Depth T Depth T Depth T
(m) (©) (m) (c) (mg (C)
9 13.34
15 13.43
29 13,60
39 12.71
49 13,95
59 14,27
69 14,55
79 14,92
89 15.41
99 15.94
109 16,67
119 17.49
129 18,48
139 18.89
149 15,37
159 19,72

160 19,77



Area
Cadastral

Site Name

Latitude

Longitude

Elevation

-156~

Salt Lake County, Utah
T2S/R1E/S34ach
Jordan Valley JVG-26

400 36' 16" N.
1120 49* 19" W.

Depth to Water

Depth Range

(Grad. Calc.)

1415 + Z2 meters Gradient

Drilling Completed By: 5-1-78

Thermal Logging Date: 8-31-8l

Depth
(m)

g
19
29
39
49
59
69
79
89
99

109
119
129
139
149
159
169

T Depth T
(C) (m) (C)

15.42
11.35
10.73
10.60
10.47
10,39
10.34
10.30
10,26
10,04
10.08 -
10.15
10.16
10.04
9.93
9.99
10.00

De
(m

pth
)

91 m

19 - 169 m

Negative

T
(c)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation
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Salt Lake County, Utah
TIN/R1E/S31lcca

Jordan Valley JVG-27

409 46' 21" N, Depth to Water

1110 53 12v W, Depth Range
(Grad. Calc.)

1335_: 3 meters Gradient

Orilling Completed By: 1-81

Thermal togging Date: 9$-3-81

Depth
(m)

g
19
29
39
49
59
69
79
a9

T Depth T Depth
(C) (m) (c) (m)

16.72
15.62
15,09
14.64
la '28
14,17
14.12
14.06
14,05

82 m

19 = 895 m

Negative

T
()



Area
Cadastral

Site Name

Latitude

Longitude

Elevation

-158~

Salt Lake County, Utah
T1S/R1E/S35dce

Jordan Valley JvG-28

40° 41 01" N. Depth to Water

111° 48" 14" w, Depth Range
{(Grad, Calc.)

1463 + 6 meters Gradient

Drilling Completed By: 1-65

Thermal Logging Date: 9-3-81

Depth
(m)

9
19
29

T Depth T Depth
(C) (m) (C) (m)

14,53
12.72
12.66
12.83
13.08
13.46
13,68
14,02
14.77
15.71
16.42
17.13
17.24
17.28
17.39
17.28

115 m
29 - 119 m
50 + 90C /km

T
(C)



Area
Cadastral

Site Name

Latitude

Longitude

Elevation

=159~

Salt Lake County, Utah
T1S/R1E/S26ddc
Jordan Valley JVG-29

400 41 53" N. Depth to Water

1110 48" Q0" W. Depth Range
(Grad. calc.)

1476 + 2 meters Gradient

Crilling Completed By: 6=52

Thermal Logging Date: 9-4-81

Depth
(m)

9
19
29
39
49
59
69
79
89
99

T Depth T Depth
(c) (m) (C) (m)

13,42
13.28
15.38
13.58
13.99
l4.56
15,71
17.60
17.79
17.80

88
29

80

79 m

319C/km

(C)
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Area Salt Lake County, Utah

Cadastral T2S/R1E/ S2bbb

Site Name Jordan Valley JVG=30

Latitude 409 40' 55" N, Depth to Water No water found

Longitude 1110 48" 20" w. Depth Range 18 - 95m
(Grad. Calc.)

Elevation 1421 + 6 meters Gradient Negative

Orilling Completed By: 12-17=50

Thermal Logging Date: 9-4-81

Depth T Depth T Depth T
(m) (C) (m) (C) (m) (C)
8 13.33
18 13.14
28 15.02
38 12.66
48 . 12.328
- 58 12,10
68 11.87
78 11.60
88 11.42

95 11.41

NN
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