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square mile (mi?) 2.59 square kilometer

Water temperature is reported in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by
the following equation:

°F=1.8(°C)+32.

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic
datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly
called Sea Level Datum of 1929.

Chemical concentration and water temperature are reported only in metric units. Chemical concentration
in water is reported in milligrams per liter (mg/L), micrograms per liter (ug/L), moles per liter, or millimoles per
liter (mmol/L). These units express the solute mass per unit volume (liter) of water. A liter of water is assumed to
weigh 1 kilogram, except for brines or water at high temperatures because of significant changes in the density of
the water. One thousand micrograms per liter is equivalent to 1 milligram per liter and one thousand millimoles
per liter is equivalent to 1 mole per liter. For concentrations less than 7,000 milligrams per liter, the numerical
value is about the same as for concentrations in parts per million. A mole of a substance is its atomic or formula
weight in grams. Concentration in moles per liter can be determined from milligrams per liter by dividing by the
atomic or formula weight of the constituent, in milligrams. Specific conductance is reported in microsiemens per
centimeter at 25 degrees Celsius (uS/cm). Stable isotope concentration is reported as per mil, which is equivalent
to parts per thousand. Tritium concentration in water is reported as tritium units (TU). The ratio of 1 atom of
tritium to 10'® atoms of hydrogen is equal to 1 TU or 3.2 picocuries per liter.

'Expresses transmissivity. An alternative way of expressing transmissivity is cubic foot per day per square foot, times foot of
aquifer thickness.
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Chemical Composition of Ground Water, Hydrologic
Properties of Basin-Fill Material, and Ground-Water
Movement in Salt Lake Valley, Utah

By Susan A. Thiros
U.S. Geological Survey

ABSTRACT

The chemical composition and movement of
ground water and hydrologic properties of the
basin-fill material were studied to better under-
stand the flow system in Salt Lake Valley, Utah.
Recharge sources and water-rock interactions
influence the water chemistry in the principal and
shallow unconfined aquifers. Chloride concentra-
tion in water from some wells has increased from
the 1950°s and 1960°s to 1992, possibly because
of the infiltration of water that contains dissolved
road salt and the movement of ground water with
relatively high chloride concentrations from volca-
nic rocks in the vicinity of these wells.

Hydraulic-conductivity values determined
from slug tests done on wells finished in the shal-
low unconfined aquifer and confining layers
ranged from 0.003 to 33.4 feet per day. Transmis-
sivity values determined for the principal aquifer
from four multiple-well aquifer tests ranged from
6,400 to 43,600 feet squared per day. Vertical
hydraulic-conductivity values estimated from
these tests are from 0.01 to 1 foot per day.

Water from 81 sites was analyzed for the sta-
ble-isotope ratios of oxygen and hydrogen to deter-
mine sources of recharge and mixing of water from
these sources. Water sampled from the principal
aquifer in the southeastern part of the valley is iso-
topically similar to water in Big and Little Cotton-
wood Creeks. Ground water sampled from the
shallow unconfined aquifer is generally enriched
in oxygen-18 and deuterium relative to other water
in the valley, except for water from the Jordan
River and its diversions, which are probable
recharge sources. Tritium concentrations ranging
from about 33 to 59 tritium units in water from the
principal aquifer in the southeastern part of the val-
ley are representative of concentrations in water
that was recharged in the 1960°s.

INTRODUCTION

Salt Lake Valley, north-central Utah, contains the
Salt Lake City metropolitan area and drains to the
southeastern end of Great Salt Lake (fig. 1). The valley
is at the eastern edge of the Basin and Range Physio-
graphic Province (Fenneman, 1931) and is bounded by
the Wasatch Range on the east, the Oquirrh Mountains
on the west, the Traverse Mountains on the south, and
an arbitrary boundary separating Salt Lake and Davis
Counties on the north. It also is known as Jordan Valley
because the principal stream traversing the area is the
Jordan River. The Wasatch fault zone is oriented in a
north-south direction and generally separates the con-
solidated rock of the Wasatch Range from unconsoli-
dated basin-fill material deposited in the valley.

An adequate supply of water that is suitable for
domestic use is one of the most important factors in sus-
taining the current population and in allowing for con-
tinued economic growth in Salt Lake Valley. Water
managers and suppliers are in need of detailed informa-
tion about the occurrence and possible flow of this
water caused by water-use practices of ground water
that is not suitable for domestic use.

Water in the principal aquifer is used for public
supply in many parts of Salt Lake Valley. Most of the
water that is suitable for domestic use is in the south-
eastern part of the valley, downgradient from the
mouths of Big and Little Cottonwood Canyons. Water
from the principal aquifer in parts of the northern and
western parts of the valley contains greater concentra-
tions of dissolved solids than water from other parts of
the valley.

The shallow unconfined aquifer is susceptible to
contamination from activities and processes that occur
at land surface. Relatively high concentrations of trace
metals, organic compounds, and dissolved solids were
found in water from some parts of the shallow uncon-
fined aquifer (Seiler and Waddell, 1984, p. 10). The
extent of the confining layers that separate the shallow
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unconfined aquifer from the principal aquifer and their
effectiveness as a barrier to the movement of contami-
nated ground water is not well known. Withdrawals
from the principal aquifer could alter hydraulic-head
gradients enough to induce the movement of water
with higher concentrations of dissolved solids or con-
taminants in the principal and shallow unconfined
aquifers into areas with water that is suitable for do-
mestic use. More information is needed about the
ground-water flow system so that future ground-water
withdrawals can be managed efficiently.

Ground-water flow and solute migration in Salt
Lake Valley was studied from 1990 to 1994 to better
define the ground-water flow system and to detemine
changes in water composition that could occur as a
result of increased withdrawals from the principal aqui-
fer. This study was done by the U.S. Geological Survey
in cooperation with the Utah Department of Natural
Resources, Division of Water Rights, and the Utah
Department of Environmental Quality, Division of
Water Quality. Several local water suppliers also coop-
erated in the study, including Salt Lake City Corpora-
tion, Salt Lake County Water Conservancy District,
Taylorsville-Bennion Improvement District, Granger-
Hunter Improvement District, Murray City, City of
South Salt Lake, and Kearns Improvement District.

Purpose and Scope

This report is the second in a series of reports pro-
duced from the study. The first report presented hydro-
logic data collected in Salt Lake Valley from 1990 to
1992. This report interprets those data and describes
selected chemical properties of water and hydrologic
properties of the basin-fill material in the valley.

This report defines the chemical composition of
water from the shallow unconfined aquifer, underlying
confining layers, and selected wells finished in the prin-
cipal aquifer; presents values for hydrologic properties
of the basin-fill material; and better defines ground-
water movement and the flow system using water-
chemistry, hydrologic-property, and isotopic informa-
tion. The methods used to estimate hydrologic-property
values of the basin-fill material and the results of these
methods are described. The stable isotopes of oxygen
and hydrogen were used to help determine recharge
sources, and tritium, a radioactive isotope of hydrogen,
was used to estimate ground-water-flow velocity values
and time of recharge.

Most of the data discussed in this report were col-
lected from wells in the valley from 1990 to 1992 (pl.
1). In June and July 1990, and March and May 1991,
36 monitoring wells were drilled to allow collection of
data on the shallow unconfined aquifer and, depending
on finish depth, an underlying or interbedded fine-
grained layer. Depths of the monitoring wells ranged
from 15.0 to 129.5 ft below land surface. Data also
were collected from public-supply wells and other
existing wells finished in the principal aquifer near a
monitoring well finished in the shallow unconfined
aquifer. Information from the shallow unconfined aqui-
fer was compared with information from deeper inter-
vals at these sites. Water levels, concentrations of
chemical constituents, selected hydrologic properties,
and other data from these wells are presented in a
hydrologic-data report for Salt Lake Valley (Thiros,
1992). Water samples from selected public-supply
wells in the southeastern part of the valley were ana-
lyzed for stable and radioactive isotopes of oxygen and
hydrogen. The numbering system used in Utah for
hydrologic-data sites is shown in figure 2.

Acknowledgments

The cooperation of property owners who granted
permission to drill monitoring wells on their property
and who allowed access to these wells and other exist-
ing wells is greatly appreciated. Thanks also are
extended to the public-water suppliers who provided
access to their wells for use in the aquifer tests done
during this study.

Concept of Ground-Water System

The saturated basin-fill material in Salt Lake Val-
ley has previously been described as being divided into
a deep unconfined aquifer near the mountain fronts, a
confined aquifer, a shallow unconfined aquifer overly-
ing the confined aquifer, and locally unconfined or
perched aquifers (Hely and others, 1971, p. 107-111).
The deep unconfined aquifer is composed of coarse-
grained unconsolidated sediments deposited during the
Quaternary and possibly late Tertiary periods. The con-
fined aquifer consists of interbedded deposits of clay,
silt, sand, and gravel of Quaternary and possibly Ter-
tiary age overlain by discontinuous layers of silt and
clay of Quaternary age. Thickness of the confined aqui-
fer exceeds 1,000 ft in the northern part of the valley.
The underlying unconsolidated to semiconsolidated



The system of numbering wells, springs, and other hydrologic-data sites in Utah is based on the cadastral land-survey system of
the U.S. Government. The number, in addition to designating the site, describes its position in the land net. By the land-survey system, the
State is divided into four quadrants by the Salt Lake Base Line and the Salt Lake Meridian. These quadrants are designated by the uppercase
letters A, B, C, and D, indicating the northeast, northwest, southwest, and southeast quadrants, respectively. Numbers designating the
township and range, in that order, follow the quadrant letter, and 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 quarter-quarter section, and the quarter-quarter-quarter
section — generally 10 acres for regular sections!. The lowercase letters a, b, ¢, and d indicate, respectively, the northeast, northwest,
southwest, and southeast quarters of each subdivision. The number after the letters is the serial number of the site within the 10-acre tract.
The letter S preceding the serial number designates a spring. Thus, (C-2-1)23dac-1 designates the first well constructed or visited in the
southwest 1/4 of the northeast 1/4 of the southeast 1/4 of section 23, T. 2 S., R. 1 W. The numbering system is illustrated below.

Sections within a township Tracts within a section

R.1W. Section 23

6543\<1

7891011ﬂ< b a
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(C-2-1)23dac-1

B A

Salt Lake Base Line

T2S,R1W —]

Salt Lake City

o

C D
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Salt

! Although the basic land unit, the section, is theoretically 1 square mile, many sections are irregular. Such sections are subdivided into
10-acre tracts, generally beginning at the southeast corner, and the surplus or shortage is taken up in the tracts along the north and
west sides of the section.

Figure 2. Numbering system used for hydrologic-data sites in Utah.



sediment and volcanic rocks of Tertiary age are gener-
ally less permeable than the sediment of Quaternary
age. The basin-fill material forms the ground-water
system in Salt Lake Valley (fig. 3). For the purpose of
this report, the deep unconfined and confined aquifers
are grouped together and referred to as the principal
aquifer.

The shallow unconfined aquifer in Salt Lake Val-
ley typically is present where confining layers overlie
the principal aquifer. The shallow unconfined aquifer
overlies these confining layers, which are typically
within 50 ft of land surface, although their depth, thick-
ness, and even presence in the valley is variable. Con-
fining conditions may exist at shallower depths if fine-
grained material is present, such as in the northwestern
and central parts of the valley. Major sources of
recharge to the shallow unconfined aquifer are upward
leakage of water from the principal aquifer and seepage
from surface-water bodies.

Primary recharge areas for the principal aquifer
are near the mountain fronts (fig. 3), where there are no
substantial layers of fine-grained material to impede
ground-water movement. Recharge to the principal
aquifer mainly is from infiltration of snowmelt runoff
from the mountain fronts in the spring, as subsurface
inflow from fractured consolidated rock, or as a combi-
nation of both. Ground-water recharge also comes
from the seepage of water from streams and canals,
infiltration of unconsumed irrigation water, and infiltra-
tion of precipitation on the valley floor.

Downward leakage of water from the shallow
unconfined aquifer to the principal aquifer is possible
where there is a downward hydraulic-head gradient
between the shallow unconfined aquifer and the princi-
pal aquifer. These conditions exist beneath the second-
ary recharge area, despite the presence of confining
layers. Ground-water movement from the principal
aquifer upward to the shallow unconfined aquifer is
possible where there is an upward hydraulic-head gra-
dient, such as in the discharge area in the valley. Water
in the principal aquifer typically moves from the moun-
tain fronts toward the center of the valley and eventu-
ally becomes confined by overlying fine-grained
deposits. The approximate boundary between the pri-
mary and secondary recharge areas and the extent of the
discharge area for the principal aquifer in the valley
(Anderson and others, 1994) are shown on plate 1. The
presence of confining layers more than 20 ft thick was
determined from drillers’ logs of wells in the valley and

the information was used to delineate the boundary
between the recharge areas.

Methods and Limitations

The types of data collected and the methods used
to analyze these data are described in the following sec-
tions. Some of the limitations associated with the data,
methods, and results also are presented.

Chemical Composition

Chemical analyses of water from public-supply
wells in Salt Lake County were obtained from the Utah
Department of Environmental Quality, Division of
Drinking Water (written commun., 1993). Most of the
wells used for public supply in the valley yield water
from the principal aquifer. Chemical analyses of water
from the principal aquifer in the southwestern part of
the valley were obtained from Kennecott Utah Copper
(1992) and were divided into two sets on the basis of
finish depth: wells with perforated, screened, slotted, or
open intervals from 100 to 300 ft below land surface,
and wells with perforated, screened, slotted, or open
intervals at depths greater than 300 ft below land sur-
face. Chemical analyses of water collected from 1988
to 1992, along with data collected by the U.S. Geolog-
ical Survey, were used to modify the previous distribu-
tion of dissolved-solids concentration in water from the
principal aquifer (Waddell and others, 1987, pl. 1).

Chemical analyses of water sampled from wells
finished in the basin-fill material in Salt Lake Valley
from 1982 through 1992 by the U.S. Geological Survey
were used to characterize selected chemical properties.
The basin-fill material was divided into three sections:
the shallow unconfined aquifer and confining layers,
intermediate depths that generally correspond to the
upper part of the principal aquifer, and the principal
aquifer. Chemical analyses of water are divided into
groups on the basis of well depths that generally corre-
spond to these sections. This grouping was made to
simplify analysis of the data and may not accurately
represent the appropriate aquifer in all areas of the val-
ley. The three groups represent intervals from 0 to 100
ft, 101 to 300 ft, and greater than 300 ft below land sur-
face, respectively.

The chemical-equilibrium model WATEQ4F
(Ball and Nordstrom, 1991) was used to determine the
state of saturation in water with respect to selected min-
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erals. The computer program uses analytical data to
calculate activities and mineral saturation indices.
Minerals have the potential to dissolve in a solution if
saturation indices are negative, precipitate if saturation
indices are positive, or remain at equilibrium with the
solution if saturation indices are equal to or near zero.
Limitations to the thermodynamic data used by the
WATEQA4F program and analytical errors affect the
degree of uncertainty associated with the calculated sat-
uration indices.

The computer program NETPATH (Plummer and
others, 1991) was used to model the geochemical mass-
transfer reactions that take place in ground water as it
travels along a flow path. The program requires the
specification of phases and chemical constraints that
occur within the ground-water system. A phase is any
mineral or gas that exists along a ground-water flow
path that can react with the water. Constraints are
selected from differences in concentrations of chemical
elements, redox state, temperature, and isotopic ratios
between upgradient and evolutionary downgradient
measurements. Constraints are used to limit the masses
of selected phases that can be added to or removed from
ground water along its flow path. NETPATH also can
be used to calculate the proportions of two waters in a
mixture and to quantify plausible chemical reactions
that account for changes in concentrations along a flow
path.

The modeling results report all the reactions pos-
sible and mainly are used to eliminate reaction models
that are not mass balanced from further consideration.
Limitations of geochemical mass-balance models are
imposed by the reliability and completeness of the
chemical, mineralogic, and isotopic data and also are
constrained by the reliability of choosing an actual flow
path. Analytical error or a lack of data on dissolved
species in a water affects mass-balance calculations.
Mineralogic and petrologic information for the system
is necessary to provide guidance in the selection of
appropriate phases to be used in the modeling process.

Hydrologic Properties

Core samples of basin-fill material were col-
lected from selected depths during drilling of the mon-
itoring wells in 1990 and 1991. The cores were
collected with a split-barrel sampler containing an
acrylic core liner that was pushed into previously undis-
turbed material at the bottom of the drill hole. Some of
the cores that contained mostly fine-grained material

may represent confining layers and were sent to a geo-
technical laboratory for measurement of selected
hydrologic properties. These samples of fine-grained
material were tested for hydraulic conductivity, com-
pressibility, porosity, dry density, moisture content, par-
ticle-size distribution, and void ratio. Values
determined for these properties are given by Thiros
(1992, tables 12 and 13).

Hydraulic-conductivity values determined by
falling-head permeameter tests done on fine-grained
material are influenced by the movement of water in the
vertical direction. In the falling-head permeameter test,
water must flow upward through the core sample in
order to determine the flow rate through the medium.
The core material tested generally represents sediment
that could impede flow between the shallow unconfined
aquifer and the principal aquifer. Drillers’ logs indicate
that fine-grained material typically is interlayered with
more permeable sediment and that layers are discontin-
uous. Permeameter tests do not account for flow
through the more permeable material interlayered with
the fine-grained material because of the small section of
material tested. Hydraulic-conductivity values deter-
mined by falling-head permeameter tests ranged from
about 5.1 x 10~ ft/d for clay from 38.5 ft below land
surface at well (C-1-1)15cad-2 to 2 x 107 ft/d for silt
from 19 ft below land surface at well (B-1-2)36baa-3.
This range in values determined by laboratory methods
is probably at the low end of the range in effective
hydraulic conductivity that exists at a confining-layer
scale. Limitations of the falling-head method are that
the material to be tested is not restored to the overbur-
den pressure that it was under prior to coring, the cored
sample may have been disturbed during sampling, and
the fluid being used in the test can leak around the sam-
ple along the core-barrel wall.

Specific storage is the volume of water that a unit
volume of saturated material releases from storage
under a unit decline in hydraulic head. Specific storage
can be expressed as:

Sg=v(@+np) (D

S, is the specific storage of the saturated
material, in ft*!,

v is the specific weight of water, typically
62.4 1b/ft3,

o is the vertical compressibility of the mate-
rial, in ft%/1b,

1 is the porosity of the saturated material,
dimensionless, and

B is the compressibility of water, in ft%/1b.

where



The specific storage of fine-grained material was
determined from consolidation tests done on the core
samples. If the compressibility of water (2.3 x 10
ft>/Ib) and porosity terms are disregarded, then S;=yo.

Vertical compressibility was determined from
consolidation-test data using:
o = (height,, - height,/ height ) / stress -stress, (2)
where  height is the initial height of the sample,
height, is the height of the sample at time,,
stress is the effective stress at heighto, and
stress, is the effective stress at height,.

The effective stress that the core material was
under prior to coring was calculated to be the total
stress exerted by the overlying water and material
minus the neutral pore pressure. The loads applied to
the cores used to calculate vertical compressibility were
in the range of values determined for existing overbur-
den pressure. Values of specific storage calculated
from consolidation-test data for this study ranged from
1.7x 10*t0 9.4 x 10 ft'!. These values are in the
range of values listed for loose sand to clay on the basis
of the determination of compressibility (Domenico and
Mifflin, 1965, p. 566).

Slug tests were done at 30 of the monitoring
wells installed in 1990 and 1991 to estimate the hydrau-
lic conductivity of the shallow unconfined aquifer and
confining layers (pl. 1). The hydraulic conductivity of
an aquifer open to a well can be estimated from the rate
in water-level decline or recovery after a cylinder with
a known volume (slug) has been added or removed
from the water. The slug tests were done by installing
a pressure transducer in a well to monitor water-level
changes at various time intervals. Water-level data were
stored in a data recorder. The slug was quickly lowered
below the water surface in the well and the water-level
response in the well was periodically measured until it
regained a state of equilibrium with the aquifer. This
process was repeated by raising the slug out of the
water and monitoring the recovery in water level with
time.

Methods for determining hydraulic conductivity
from slug tests have been developed for unconfined and
confined conditions. The Bouwer and Rice slug-test
solution is applicable to unconfined and confined con-
ditions. This method of analysis was used for all of the
tests and is discussed by Bouwer and Rice (1976) and
Bouwer (1989). The Cooper, Bredehoeft, and Papadop-
ulos method is applicable only to confined conditions
(Cooper and others, 1967) and requires matching

water-level change measured in a well with time to a set
of computed type curves.

The slug-test method has limitations in estimat-
ing the hydraulic conductivity of an aquifer. The value
determined is only representative of the aquifer near the
finish interval of the well being tested and is influenced
by the grain size of the material in the disturbed area
around the finish interval. Fine-grained material
around the finish intervals of the well can impede the
flow of water into and out of the well if it has not been
properly completed and developed. The thickness of
the developed zone is typically unknown. Both solu-
tions used to interpret the slug-test data assume that the
aquifer is isotropic and that leakage from above or
below the developed zone is not occurring.

Hydrologic properties were estimated from aqui-
fer tests incorporating multiple wells at three sites in
Salt Lake Valley during February 1991 and February
1992 and from data from another test that was reana-
lyzed as part of this study (pl. 1). The aquifer tests were
done to determine if significant leakage through confin-
ing layers was being induced by ground-water with-
drawals from the principal aquifer. The pumped wells
used to stress the system in each test were existing pub-
lic-supply wells with multiple finish intervals at vari-
able depths. Transmissivity and storage coefficient of
the pumped principal aquifer, and vertical hydraulic
conductivity and specific storage of confining layers
that separate the principal aquifer from the shallow
unconfined aquifer, were estimated from the results of
these tests.

Water-level changes were monitored with steel or
electrical tapes in the pumped wells and in nearby
observation wells completed in the shallow unconfined
and principal aquifers. Pressure transducers and data
recorders also were installed at some of the wells.
These data were compared with the measurements
made with the steel and electrical tapes to correct for
measurement error and instrument drift.

Prior to when the pumps were turned on or off,
water level was measured in the wells for a period last-
ing from 2 to 20 days. Water-level changes in wells
monitored during each test were corrected for pre-test
water-level trends and barometric-pressure effects if a
relation to water-level change could be determined.
Water-level declines in response to ground-water with-
drawals were calculated by subtracting the water level
measured while the pump was on from the water level
measured just before pumping began. Water-level
recovery in response to the end of pumping was calcu-



lated by subtracting water levels measured after pump-
ing had stopped from the water level measured just
before pumping began (residual drawdown). For most
of the tests analyzed, more water-level measurements
were available during the recovery period than during
the pumping period, although results from both sets of
measurements generally correspond.

Transmissivity of the principal aquifer was esti-
mated using the straight-line method (Cooper and
Jacob, 1946) derived from the Theis solution (Theis,
1935). Some of the assumptions of the Theis solution
are that the aquifer is infinite in lateral extent, is con-
fined above and below by impermeable material so that
no leakage can occur, and is homogeneous and isotro-
pic. Water-level recovery in the pumped well was plot-
ted on a linear scale and the corresponding time since
pumping had stopped was plotted on a logarithmic
scale. The straight-line method uses the equation:

T=230/47mAs 3)

T is transmissivity, in ft?/d,

Q is discharge rate of the pumped well, in
ft3/d, and

A s is the change in drawdown in the well
during one base 10 logarithmic cycle of time,
in ft.

The Hantush modified method (Hantush, 1960)
also was used to determine the hydrologic properties of
the principal aquifer. This method can be used to ana-
lyze leaky confined systems because the release of
water from storage in confining layers is accounted for.
A composite logarithmic plot of drawdown or recovery
from the pumped aquifer as a function of time since
pumping began or ended divided by the square of the
distance from the pumped well was constructed for data
from each aquifer test. If appreciable leakage from
confining layers to a confined aquifer is occurring,
water-level changes in observation wells with increas-
ing radial distances from the pumped well will deviate
from the Theis type curve that represents no leakage.
An indication of little to no leakage is if the data curves
for wells at different radial distances from the pumped
well are superimposable. The data curves were
matched to a set of type curves representing the Han-
tush function and values of a leakage parameter, 3
(Lohman, 1979, pl. 4).

Vertical hydraulic conductivity of the confining
layers (k') was estimated using the Hantush (1960)
modified method and the Neuman and Witherspoon
(1972) “ratio” method. These methods include an addi-
tional variable: specific storage of the confining layer

where

(8. Vertical hydraulic conductivity of the confining
layers can be estimated by the Hantush modified
method using the equation:

k'S{=16TSPB*/r 4)
k'is the vertical hydraulic conductivity of the
confining layers, in ft/d,
S 1s the specific storage of the confining
layers, in ft'!,
T is the transmissivity of the pumped aquifer,
in ft¥/d,
S is the storage coefficient of the pumped
aquifer, dimensionless,
B is a leakage parameter, dimensionless, and
r is the radial distance from the pumped well,
in ft.

where

A water-level change in response to pumping
was measured in some monitoring wells completed
near the base of the shallow unconfined aquifer or in a
confining layer. The “ratio” method of Neuman and
Witherspoon (1972) requires the ratio of drawdown in
a confining layer to that in the pumped aquifer at the
same radial distance from the pumped well and at the
same instant in time. The method provides the hydrau-
lic diffusivity of the confining layer from which vertical
hydraulic conductivity can be determined if the specific
storage of the layer is known or estimated.

Neuman and Witherspoon (1972, p. 1296) deter-
mined specific storage values for confining-layer mate-
rial from consolidation tests done in a laboratory. These
values are likely too large because they were deter-
mined from applied stresses greater than the maximum
past stress received by the material prior to coring
(Francis Riley, U.S. Geological Survey, oral commun.,
1992). Because the specific-storage values determined
in the laboratory for core material from Salt Lake Val-
ley are the same order of magnitude as those used by
Neuman and Witherspoon, they were not used to esti-
mate vertical hydraulic conductivity.

Isotopes

Because isotopes of an element have the same
number of protons but different numbers of neutrons in
the nucleus of the atom, all isotopes of an element have
the same atomic number but different mass numbers.
An isotope is stable if it does not undergo radioactive
decay. Water is composed of two atoms of hydrogen
and one atom of oxygen. The most abundant isotopes of
hydrogen and oxygen are 'H and °O. Small quantities



of deuterium (D or 2H) and oxygen-18 ('80) are incor-
porated into the water molecule in average proportions
of about 0.01 percent and 0.2 percent, respectively
(Hem, 1985, p. 162). Hydrogen and oxygen isotopic
ratios are reported in parts per thousand (per mil) devi-
ations from a reference standard called Standard Mean
Ocean Water (SMOW) (Craig, 1961). These devia-
tions from the SMOW standard are in the form

SR = [ Rsample
Rstandard

Rsample is equal to the ratio of 'O to '°0 or
of D to 'H, in a water sample,

Rstandard is equal to the ratio of '%0 to 10
or of D to 'H in a reference standard
(SMOW), and

SR is the 8'30 or 8D value of the water sam-
ple.

1] % 1,000 )

where

Isotopic fractionation occurs during physical and
chemical processes and results in phases or substances
with different isotopic ratios. Changes in isotopic ratios
in water can be primarily attributed to condensation and
evaporation processes, which are temperature depen-
dent. Heavier isotopes tend to remain in the condensed
phase, leaving the water vapor depleted in heavier iso-
topes. Because D and '30 are generally conservative in
low-temperature ground-water systems, water enters the
ground-water system with an isotopic signature
indicative of conditions at the time of recharge. This
signature can be altered by mixing with other sources of
water within the ground-water system.

The relation between 8'%0 and 8D values in
meteoric water is expressed by the equation

8D=88"%0+d (6)

where d is the deuterium excess parameter. This rela-
tion can be drawn as a straight line on a plot of 8D with
8180 values. The line generally represents precipita-
tion that has not undergone evaporation and is called
the meteoric water line. The mean value for d for
about 400 water samples from rivers, lakes, and pre-
cipitation from around the world is about 10 per mil
(Craig, 1961). The straight line produced using a
value of d equal to 10 is known as the global meteoric
water line.

Water from selected hydrologic-data sites in Salt
Lake Valley was analyzed for tritium to determine rel-
ative age and to assist in defining the direction of
ground-water flow in the southeastern part of the valley.
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Tritium is a radioactive isotope of hydrogen (*H) with
a half-life of 12.43 years.

Large quantities of tritium were added to the
atmosphere from above-ground nuclear-weapons test-
ing beginning about 1952. Tritium concentrations in
precipitation prior to nuclear-weapons testing have
been estimated to be about 8§ TU (Kaufmann and Libby,
1954). Tritium concentrations in water recharged to the
basin-fill material prior to 1952, assuming no mixing
with other sources of water, would have decayed to less
than 1 TU by 1992. Concentrations measured in pre-
cipitation in Salt Lake City by the U.S. Geological Sur-
vey peaked in 1963 at 8,230 TU, about three orders of
magnitude greater than estimated concentrations in pre-
cipitation prior to nuclear-weapons testing. Tritium
concentrations in precipitation have declined since
1963 and were about 10 to 15 TU during this study
(Bob Michel, U.S. Geological Survey, oral commun.,
1992). The presence and relative concentrations of tri-
tium in ground water can provide insight to when the
water last had contact with the atmosphere.

A limitation of using tritium to date water is the
variable nature of its production by nuclear-weapons
testing since 1952. Large seasonal fluctuations in tri-
tium concentrations also occur. Precise dating of
ground water is not possible when these limitations are
combined with radioactive decay and the possible mix-
ing of water of different ages.

CHEMICAL COMPOSITION OF
GROUND WATER

The chemical composition of ground water in
Salt Lake Valley varies with depth and location.
Recharge sources and water-rock interactions influence
the chemistry of water in the principal and shallow
unconfined aquifers. Results of analyses of water sam-
ples collected by the U.S. Geological Survey were
grouped together on the basis of well depth and are
listed in table 1. Information about the wells for which
water-chemistry data are available is listed in table 2.

Water in the Principal Aquifer

Water in the principal aquifer generally contains
a lower concentration of dissolved solids than water in
other parts of the ground-water system. Hely and oth-
ers (1971, pl. 2) and Waddell and others (1987, pl. 1)
mapped dissolved-solids concentration in water from



Table 1. Results of chemical analyses of water sampled by the U.S. Geological Survey from selected wells in Salt Lake
Valley, Utah, 1982—92

[mg/L, milligrams per liter; —, no data available; <, less than]

Map no.: Corresponds to number next to data point on figures 4, 5, and 8 for water samples from wells greater than 300 feet deep, on
figures 9-11 for water samples from wells 101 to 300 feet deep, and on figures 12 and 13 for water samples from wells less than
101 feet deep.

Location: See figure 2 for an explanation of the numbering system used for hydrologic-data sites in Utah.

Well depth: In feet below land surface.

Water temperature: °C, degrees Celsius. Measured in the field by U.S. Geological Survey personnel.

Specific conductance: pS/cm, microsiemens per centimeter at 25 degrees Celsius. Measured in the field by U.S. Geological Survey
personnel.

pH: Measured in the field by U.S. Geological Survey personnel except where noted L, laboratory value.

Alkalinity: Measured in the field by U.S. Geological Survey personnel except where noted L, laboratory value.

Solids, dissolved: Sum of constituents except where noted R, residue on evaporation at 180 degrees Celsius.

water oo P Catotum NEE soaum T U sure, TR RO S0 sonas,
Map . Well temper- con- field dis- dis- dis- dis- total dis- dis- dis- solved dis-
no. Location depth Date ature duct- (stand-  solved solved solved solved (mg/L solved solved solved (mg/L solved
(feet) o ard (mg/L (mg/l (mg/L
(°C) ance units)  as Ca) (mg/L as Na) (mg/L as as SO,) (mg/L (mg/L as (mg/L)
(uS/cm) as Mg) as K) CaCoO,) 4 asCl) asF) SiO,)
Water samples from wells greater than 300 feet deep
1 (A-l-1)3lcac-1 464 06-19-89 14.0 960 73 95 35 51 — 213 L 86 92 0.20 20 588 R
2 (B-1-1)19baa-5 645 07-31-84 19.0 1,390 8.0 25 16 240 1.9 262 3.6 300 1.0 22 767
3 (B-1-2)2dac-1 440 08-29-91 27.0 870 8.2 12 7.3 170 2.1 249 L 0.30 130 2.0 24 498
4  (B-1-2)7caa-1 735 08-01-84 17.5 5.780 7.8 92 91 960 35 240 22 1800 1.1 22 3,140
5  (B-1-2)7cce-1 389 07-19-84 13.5 8,710 8.0 73 83 1,700 4.2 177 L 340 2,600 1.0 21 4,930
6 (B-1-2)16caa-1 636 08-20-84 22.5 2,750 7.8 70 21 470 12 156 8.3 840 1.5 48 1,570
7 (B-1-2)19aca-1 450 08-05-91 17.5 2,350 8.4 7.0 6.9 480 25 380 110 400 2.6 23 1,260
8 (B-1-2)2lacd-1 600 08-20-84 21.5 1,070 8.0 16 5.9 210 6.1 224 1.9 220 1.9 53 649
9 (B-1-2)21cab-2 330 08-15-84 18.0 1,290 8.3 6.7 4.8 300 2.4 340 4.2 250 23 22 796
10 (B-1-2)21dcd-1 561 08-06-91 16.5 1,180 8.6 19 8.1 230 6.8 240 9.5 230 1.9 52 708 R
11 (B-1-2)23bbd-1 560 07-19-84 16.5 1,660 8.2 13 11 340 22 313 L 5.0 350 1.4 22 932
12 (B-1-2)32bcb-1 716 12-09-91 18.5 5,500 7.7 110 69 950 16 156 100 1,800 91 49 3,190
13 (B-1-2)36baa-1 464 08-29-91 27.0 6,180 7.7 180 60 1,000 19 118 45 1,900 1.2 53 3,570 R
14 (C-1-1)9bba-3 341 08-17-83 17.0 525 8.0 33 13 70 2.4 200 59 17 40 21 336
15 (C-1-1)15bdd-1 445 07-10-84 15.5 730 8.0 76 26 41 2.7 182 190 18 40 22 486
16 (C-1-1)23bcb-1 840 07-13-89 15.0 820 7.9 72 29 46 — 172 L 150 55 40 22 422 R
17 (C-1-1)25bdb-1 1,000 07-10-89 18.5 540 7.7 52 19 29 — 161 L 97 13 40 20 320 R
18 (C-1-1)25cca-2 345 07-07-83 14.0 405 7.6 50 18 11 1.5 161 L 55 11 .30 15 259
19 (C-1-1)27dac-4 308 07-08-83 15.0 510 7.9 50 17 35 1.7 173 L 97 11 40 22 338
20 (C-1-1)27dda-8 775 07-10-89 21.0 710 7.7 50 15 65 — 130 L 120 60 .50 25 416 R
21 (C-1-1)33ddd-1 886 08-06-92 19.5 1,520 7.6 76 51 160 6.4 149 L 250 280 40 49 969
22 (C-1-2)2aba-2 410 07-13-83 22.0 1,730 7.9 41 19 290 7.7 162 L 11 470 90 41 978
23 (C-1-2)6aaa-1 760 07-27-84 21.0 5,470 7.8 230 130 810 15 57 29 2,100 .60 24 3,370
24 (C-1-2)6aaa-3 825 07-27-84 23.0 3,370 7.9 110 55 520 83 91 35 1,100 .60 30 1,910
25 (C-1-2)6aaa-5 345 07-27-84 18.5 4,750 7.6 170 100 820 23 146 22 1,700 .80 31 2,960
26 (C-1-2)14cdd-1 480 08-19-91 21.0 3,420 7.8 95 43 550 17 124 200 900 79 48 1,990 R
27 (C-2-1)20aad-1 658 07-10-89 15.0 2,260 73 180 130 210 — 243 L 750 380 .30 43 2,070 R
28 (C-2-1)24bcd-1 370 02-10-92 15.5 650 7.8 57 24 35 2.6 129 70 72 .26 18 368 R
29  (C-3-1)7cbb-1 462 09-06-84 14.5 1,260 7.5 120 47 55 3.6 142 L 160 230 20 26 737
30 (C-3-1)14bbe-1 395 09-17-84 16.5 980 7.6 78 37 55 3.0 135 82 190 20 22 572
31 (C-3-1)15dda-1 360 07-12-84 14.5 1,220 7.6 120 41 57 3.1 146 130 240 .10 24 709
32 (C-3-2)12dbc-2 360 09-04-84 14.0 2,130 7.0 270 75 120 4.2 286 320 400 20 25 1,420
33 (C-3-2)33cac-1 350 09-19-84 15.0 1,290 7.2 170 50 44 4.4 266 200 200 20 34 782 R
34 (C-4-2)1bbb-1 540 07-20-89 14.5 1,300 73 140 35 57 8.6 191 L 73 220 20 49 705
35 (D-1-1)19¢db-17 500 08-18-83 14.0 950 75L 120 38 40 34 248 L 220 43 .30 16 643
36 (D-1-1)20bab-1 482 07-07-83 17.0 940 73 98 42 43 32 203 L 280 33 .30 18 640
37 (D-1-1)2lacc-2 576 06-28-89 14.0 950 7.6 100 36 44 — 245 L 150 59 20 22 616 R
38 (D-2-1)21dbe-1 740 07-21-92 11.5 275 8.1 31 10 9.0 1.5 102 L 24 11 20 10 161
39  (D-2-1)28cce-1 691 09-18-90 12.0 240 8.2 25 8.9 8.4 1.5 82 20 11 20 13 137
40 (D-2-1)29acb-8 500 09-17-90 14.0 225 8.3 23 8.5 7.7 1.4 78 19 12 .30 11 130
41 (D-2-1)30dda-1 1,002 02-10-92 14.0 295 7.9 28 11 14 1.8 91 34 18 27 13 174 R
42 (D-2-1)34cdc-1 875 09-18-90 12.0 375 7.6 44 9.9 19 2.4 138 31 14 .30 12 215
43 (D-3-1)4cad-1 938 09-17-90 11.5 310 8.1 37 7.9 12 2.4 121 16 12 .10 15 175
44 (D-3-1)6dad-1 1,000 09-17-90 17.0 415 8.1 42 10 19 2.8 93 6.8 66 .30 14 217
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Table 1. Results of chemical analyses of water sampled by the U.S. Geological Survey from selected wells in Salt Lake

Valley, Utah, 1982—92—Continued

Water i.‘;ﬁ: PH,  Calcium “"STSL',e Sodium F:I):I?ns ﬁr?ft? Sulfate, ?::I: t::: S:il: " Solids,
Map . Well temper-  con- field dis- dis- dis- dis- total dis- dis: dis- solved dis-
no. Location  depth  Date ature duct- (stand-  solved solved solved solved (mg/L solved solved solved (mg/L solved
(feet) o ard (mg/L (mg/L (mg/L
(°C) ance units)  as Ca) (mg/L as Na) (mg/L as as SO,) (mg/L  (mg/L as (mg/L)
(uS/cm) as Mg) asK) CaCoO,) 4 asCl) asF) SiO,)
Water samples from wells 101 to 300 feet deep
1 (B-1-1)9adb-1 255 05-25-89 18.5 4,520 6.9 170 53 630 — 322 L <1.0 1,300 0.80 30 2,460 R
2  (B-1-2)8abd-1 300 08-01-84 19.5 1,600 8.1 25 18 280 24 165 L 4.6 440 1.6 22 893
3 (B-1-2)15bcd-2 300 07-06-84  20.0 800 8.2 11 6.8 160 2.1 165 L 22 140 2.1 24 447
4 (B-1-2)22daa-1 148 08-07-91 155 1,670 8.2 18 16 290 2.9 261 13 330 1.2 22 878 R
5 (B-1-2)23cbd-1 270  08-07-91 17.0 1,780 8.0 23 18 310 33 222 1.2 400 1.0 24 978 R
6 (B-1-2)32bcb-2 248  08-06-91  20.0 13,000 7.8 81 92 3,000 23 253 510 4,100 1.2 25 8,160 R
7 (C-1-1)8aac-3 252  08-17-83  16.0 700 8.1 50 19 76 3.1 160 180 25 40 24 474
8 (C-1-1)23caa-1 175 08-19-83 13.0 1,540 7.6 150 83 56 13 170 340 250 20 15 1,010
9 (C-1-1)25bdc-1 135  03-30-83  13.0 503 8.0 45 20 31 11 243 L 33 10 .30 25 274 R
10 (C-1-1)26caa-1 115 07-12-84 125 1,940 7.4 220 90 87 23 213 490 320 .20 18 1,380
11 (C-1-1)26dba-5 129  05-23-83  12.5 1,740 7.4 180 76 48 15 158 L 360 270 .20 28 1,070
12 (C-1-1)35ddd-5 213 11-09-90 135 370 8.5 41 15 16 4.0 103 82 10 40 9.0 244 R
13 (C-1-2)22¢bb-1 110  06-01-89 14.5 2,160 7.7 66 29 380 — 286 L 310 320 .50 57 1,340 R
14 (C-1-2)3laaa-1 215 08-31-83 16.5 1,480 7.4 67 56 160 15 257 L 230 210 .50 20 917
15 (C-2-1)l1bad-1 273  07-05-83 16.5 518 7.8 50 17 32 2.0 109 L 75 61 .20 19 322
16 (C-2-1)12bac-1 157  09-15-82  13.0 250 7.9 27 9.2 8.5 1.6 82 L 23 54 .20 12 183 R
17 (C-2-1)33cad-1 216 09-18-84 14.0 1,110 7.3 85 32 130 4.4 303 140 130 .20 29 745
18 (C-2-2)laab-1 258  08-31-83 16.5 1,370 7.4 88 50 100 6.5 177 L 120 270 .50 44 811
19 (C-2-2)11lade-1 300  09-30-83 13.5 655 7.8 52 22 45 4.1 148 L 79 68 .30 34 408
20 (C-2-2)16aab-1 190  09-02-83 14.5 720 7.4 56 19 56 4.6 173 L 28 110 .30 53 442
21 (C-3-1)ldca-1 165 09-02-83 13.0 2,070 7.1 150 78 250 9.4 382 L 600 190 .80 21 1,540
22 (C-3-1)8cdd-2 265 09-25-84 135 4,660 8.1 610 440 130 8.5 790 2,500 160 1.6 33 4,380
23 (C-3-1)8cdd-3 294  (09-25-84 135 4,280 6.7 550 370 120 7.7 748 2,200 150 .20 38 3,890
24 (C-3-1)8dda-1 280  09-21-84 145 2,920 6.7 380 210 110 5.7 561 L 1,200 180 <.10 34 2470
25 (C-3-1)10acd-1 110  09-28-84 14.5 2,930 7.3 310 120 260 6.0 223 990 350 .10 26 2,220
26 (C-3-1)12ccb-1 118  07-21-92  20.0 950 7.6 63 31 81 8.3 191 L 110 120 40 32 562
27 (C-3-1)14adc-1 116  09-20-84 145 910 7.7 48 26 110 6.7 171 100 150 .20 31 576
28 (C-3-1)16bcb-1 265  09-18-84 15.0 1,970 6.9 260 89 89 4.8 333 590 220 <.10 29 1,490
29 (C-3-1)17ddd-1 205 09-19-84 14.0 2,270 7.1 260 100 190 5.1 287 950 130 .10 27 1,850
30  (C-3-1)20cca-1 180 09-21-84 145 1,850 7.0 250 77 55 3.7 258 470 250 .10 26 1,300
31 (C-4-1)4aaa-4 104 09-03-91 175 1,780 7.4 78 24 230 6.5 317 190 200 21 54 1,080 R
32 (C-4-1)23bac-1 260 06-02-89 15.0 740 8.0 53 29 57 — 172 L 90 79 .60 26 491 R
33 (C-4-1)23dbb-1 262  07-20-92 17.0 1,490 7.4 92 47 140 12 239 L 200 210 .60 26 876
34 (D-1-1)7abd-6 130  07-21-92 145 1,260 7.3 140 53 44 2.7 252 L 170 130 <.10 17 735
35 (D-1-1)19bac-4 105 07-05-83  13.0 930 7.2 110 35 45 34 254 L 180 46 .20 13 589
36 (D-1-1)20cbe-1 285  07-05-83  16.0 980 7.2 120 39 33 35 236 L 240 42 .30 14 647
37 (D-1-1)30bbc-9 285  08-18-83  13.5 850 75L 110 37 28 2.8 238 L 200 31 .30 15 580
38 (D-2-1)Saba-2 247  09-26-84 13.0 568 7.7 67 27 16 2.1 166 100 27 .30 12 355
39  (D-3-1)12bdd-1 171  09-17-90 14.0 345 7.0 37 7.3 15 23 93 27 32 .10 11 187
40 (D-3-1)14dbe-1 154  09-01-83 11.0 385 6.8 52 11 12 2.7 157 L 27 17 .20 17 243
41 (D-3-1)31abb-1 138  08-16-91 16.0 455 7.6 42 19 17 9.2 211 L 90 11 40 37 265
Water samples from wells less than 101 feet deep
1 (B-1-1)9adc-1 19.5  02-01-83 7.0 6,590 8.0 20 28 1,500 54 1,250 L 240 1,300 53 14 4,000
2 (B-1-1)26bad-1 18.5 02-07-83 9.0 2,530 7.0 390 80 110 77 424 L 980 120 53 50 2,070
3 (B-1-1)26cda-1 19.5 01-17-83  11.5 1,200 7.5 42 110 50 7.8 428 L 150 72 1.1 24 725
4 (B-1-1)35dcb-1 19.5 02-02-83  11.0 3,680 7.6 26 320 440 42 1,290 L 600 160 1.1 30 2,770
5 (B-1-2)19aca-2 86.0 08-05-91 22.0 3,550 8.3 32 4.5 830 12 874 130 500 4.6 22 2,030
6 (B-1-2)19aca-3 23.1 08-05-91 14.5 30,000 7.8 45 180 7,600 260 999 440 12,000 71 32 20,900
7 (B-1-2)22dad-1 15.5 08-07-91 14.5 2,270 8.5 4.0 7.4 450 19 483 21 340 1.8 15 1,150
8 (B-1-2)28aab-1 15.0 08-06-91 16.5 3,580 8.6 4.9 5.7 770 46 490 240 650 22 27 2,040
9 (B-1-2)32bcb-3 24.7 08-06-91 15.0 11,200 8.0 24 28 2,800 100 354 60 4,100 1.5 25 7,310
10 (B-1-2)36baa-2 83.0 08-29-91 16.0 890 8.1 23 13 150 39 163 66 130 .85 25 512
11 (B-1-2)36baa-3 19.0 08-29-91 15.0 6,780 8.6 44 28 1,500 38 334 83 2,100 32 20 4,060
12 (C-1-1)2dca-2  19.6 01-07-83 12.5 2,320 6.9 470 50 60 8.1 373 L 990 67 .70 19 1,950
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Table 1. Results of chemical analyses of water sampled by the U.S. Geological Survey from selected wells in Salt Lake Valley,
Utah, 1982—-92—Continued

Water oo PH. Calotum "GO sodium TR U surae, Tl R Sae® soas,
Map . Wwell temper-  con- field dis- dis- dis- dis-  total dis- dis- dis- solved dis-
no. Location  depth  Date ature duct- (stand-  solved solved solved solved (mg/L solved solved solved (mg/L solved

(feet) o ard (mg/L (mg/L (mg/L
(°C) ance . (mg/L (mg/L as (mg/L  (mg/L as (mg/L)
@S/cm) UNits) asCa) ooy aNA k) caco, 25500 asc) asF)  sioy)
Water samples from wells less than 101 feet deep—Continued

13 (C-1-1)I1bac-1  19.7 01-07-83 10.5 10,900 7.1 310 660 1,600 200 948 L 3,900 1,700 0.60 31 8,970
14 (C-1-1)I5cad-2  40.0 10-15-90 17.5 1,200 7.8 33 32 120 34 257 13 210 .53 42 643
15 (C-1-1)I5cad-3  16.0 09-03-91 22.0 2,940 7.3 180 170 190 60 499 840 270 91 47 2,060
16 (C-1-1)18bda-1 45.0 10-22-90 14.0 16,000 7.7 120 140 3,100 150 256 650 5,000 46 26 9,290
17 (C-1-1)23bed-2  66.1  11-08-90  13.0 720 8.1 22 27 71 32 343 8.0 21 .70 40 441
18 (C-1-1)26dba-4 38.0 06-01-83 13.0 19,200 6.8 430 1,300 3,200 170 967 L 7,900 3,200 .80 23 16,800
19 (C-1-1)26dba-6  60.0 05-06-83 12.0 1,080 — 100 54 75 26 444 L 96 42 .60 43 708
20 (C-1-1)26dba-7 72.0 05-06-83 12.0 521 — 44 24 29 19 297 L 3.8 10 40 46 355
21 (C-1-1)26dca-1  19.7 02-02-83 8.0 4,230 7.4 170 250 430 81 439 L 950 650 1.2 31 3,050
22 (C-1-1)28cab-1  20.0 02-02-83 13.0 1,030 8.0 40 34 120 20 185 L 95 170 .70 24 615
23 (C-1-1)30aca-1  19.7 02-07-83 9.5 4,640 7.6 51 120 920 44 1,050 L 870 540 2.6 32 3,250
24 (C-1-1)31abb-1 143 02-07-83 10.5 1,990 7.4 90 86 230 37 416 L 320 260 .70 39 1,340
25 (C-1-1)33ddd-2  51.5 10-23-90 14.0 3,580 7.3 100 86 450 38 381 92 850 .36 44 1,890
26 (C-1-2)l4cdd-2  49.5 08-19-91 20.0 1,690 8.0 31 21 270 26 176 130 310 71 11 901
27 (C-1-2)14cdd-3  17.7 08-19-91 15.0 6,980 7.6 48 73 1,400 74 897 1,000 1,200 1.0 14 4,340
28 (C-1-2)22bdd-4 35.0 08-24-90 14.0 2,070 7.7 63 38 320 25 261 L 250 320 .30 57 1,230
29 (C-2-1)I3abc-1  56.5 11-06-90 14.0 2,150 7.9 180 75 160 12 316 380 310 35 31 1,330
30 (C-2-1)14bdb-1 11.0 02-03-83 9.0 2,310 6.3 180 110 180 15 103 L 910 210 3.1 27 1,740
31 (C-2-1)I5abe-1  19.6 02-07-83 10.5 2,240 7.1 190 80 180 25 325 L 480 290 90 32 1,500
32 (C-2-1)20aad-2  61.0 10-29-90 15.0 3,970 7.1 520 160 120 120 404 1,800 210 40 52 3,230
33 (C-2-1)23ccb-1  41.0 10-23-90 16.0 1,850 7.4 110 57 170 18 311 230 240 .83 47 1,080
34 (C-2-1)23dac-1  85.0 10-29-90 13.5 1,490 7.4 90 47 120 5.0 315 210 160 41 20 850
35 (C-2-1)34bbd-2  41.5 10-23-90 145 2,310 7.2 170 66 230 12 295 450 300 34 32 1,450
36 (C-2-1)34dda-3 189 01-17-83 10.0 3,450 7.1 260 140 340 17 426 L 810 520 .50 33 2,440
37 (C-2-1)35baa-1  12.5 02-03-83 9.5 3,160 6.9 390 140 190 17 282 L 1,200 300 2.9 17 2,430
38 (C-2-1)35bab-1 19.7 01-17-83 12.5 2,500 7.0 170 87 250 12 332 L 450 370 .60 43 1,590
39 (C-2-1)36¢cdd-2  62.0 11-14-90 13.0 2,320 7.6 81 78 260 31 316 420 290 1.4 19 1,370
40 (C-2-2)1bcd-2 28.0 10-22-90 14.0 1,060 7.9 37 32 160 14 306 70 130 .76 50 701
41 (C-3-1)1bbe-1 16.2  02-04-83 10.5 2,340 6.7 200 110 200 32 892 L 180 250 90 39 1,550
42 (C-3-1)3acc-1 15.0 01-14-83 13.0 2,910 7.2 230 72 140 36 455 L 690 180 .30 30 1,770
43 (C-3-1)12cdb-1  41.0 11-13-90 12.5 2,310 7.3 100 73 260 10 464 330 300 .36 25 1,380
44 (C-3-1)14cba-1 100.0 09-26-84 13.5 3,760 7.4 460 150 260 5.3 133 750 860 <.10 23 2,630
45 (C-3-1)34aaa-1 194 01-17-83 125 3,470 7.1 420 98 280 33 316 L 1,300 340 .70 37 2,720
46 (C-4-1)4aaa-3 49.0 11-13-90 145 1,800 7.4 100 70 170 17 220 290 300 46 36 1,110
47 (D-1-1)17dab-2  68.5 10-16-90 14.0 810 7.4 70 32 38 4.0 254 120 41 29 20 482
48 (D-1-1)18dad-1 19.5 01-07-83 12.0 1,460 7.0 160 41 100 4.5 318 L 220 160 20 14 925
49 (D-1-1)19dbc-2  31.0 10-15-90 14.0 1,430 7.2 120 58 79 9.0 451 260 100 35 23 923
50 (D-1-1)30dcb-1  71.0 10-16-90 12.5 1,030 7.8 96 39 47 5.0 282 160 77 21 20 614
51 (D-1-1)31abc-2 100.0 08-19-83 13.5 1,080 7.6 110 41 65 35 280 190 92 20 19 690
52 (D-1-1)31dba-1 19.7 01-12-83 12.0 2,040 7.1 160 73 180 13 443 L 170 350 .60 22 1,240
53 (D-2-1)6dbb-12  85.0 07-08-83 12.0 600 7.5 74 24 25 2.0 174 L 100 41 20 12 387
54 (D-2-1)8bba-1 11.3  01-12-83 11.5 2,120 7.0 210 96 140 9.9 405 L 550 210 40 21 1,480
55 (D-2-1)9dca-1  100.0 07-10-84 16.0 670 7.6 81 21 21 23 151 L 79 83 20 11 393
56 (D-2-1)16bba-3  90.0 11-06-90 12.5 610 7.9 50 25 23 4.0 180 52 48 27 10 331
57 (D-2-1)17cda-2  28.5 10-30-90 15.0 1,180 7.4 77 36 110 7.0 277 140 130 57 18 688
58 (D-2-1)17cda-3  23.5 10-30-90 15.5 1,080 7.2 77 34 110 6.0 255 140 130 .56 17 669
59 (D-2-1)29acb-2  52.0 10-30-90 13.5 680 7.7 77 17 31 5.0 181 38 69 .36 16 370
60 (D-2-1)30dda-2 65.0 08-30-91 14.0 740 7.8 59 20 39 4.9 130 87 67 49 15 372
61 (D-2-1)30dda-3 21.4 08-30-91 145 1,340 7.6 110 28 110 5.8 189 80 200 39 30 779
62 (D-3-1)6bcd-1 19.5 01-12-83 145 1,560 7.3 95 63 150 14 322 L 180 230 .80 27 972
63 (D-3-1)29ddd-1 48.0 11-13-90 155 960 7.6 89 30 44 5.0 269 130 80 .30 39 580
64 (D-3-1)31cda-1 19.7 01-12-83 10.5 2,830 7.3 140 130 270 25 266 L 530 420 1.3 49 1,820
65 (D-3-1)32aaa-1 19.7 01-12-83 11.0 760 6.8 62 22 66 34 190 L 100 83 <.10 13 477
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Table 2. Records of selected wells that were sampled for chemical analysis of water, Salt Lake Valley, Utah, 1982—-92

[—, no data available]

Location: See figure 2 for an explanation of the numbering system used for hydrologic-data sites in Utah.
Use of water: P, public supply; I, irrigation; U, unused; S, stock; H, domestic or household; N, industrial.
Altitude of land surface: In feet above sea level. Surveyed altitudes are in feet and decimal fractions; altitudes interpolated from U.S.

Geological Survey topographic maps are to the nearest foot.

Depth of well: In feet below land surface.

Casing: Diameter: In inches, reported from drillers’ logs or measured in the field.

Finish: P, perforated or slotted; O, open end; S, screened; X, open hole extending below the bottom of open-ended casing. Upper and lower
limits of perforations, screens, or open hole are in feet below land surface, if known, and queried (?) if extent of perforated or screened
interval is unknown.

Altitude

Depth

Use Casing .
Location - Dewel, G ot of danel o
(feet) (feet)

(A-1-1)31cac-1 1943 P 4,400.86 464 20 P 162-216,231-280, 312-317, 380-420
(B-1-1)9adb-1 08-06-70 1 4210 255 2 P 251-255
(B-1-1)9adc-1 08-25-82 U 4,210 19.5 2 P 7.5-19.5
(B-1-1)19baa-5 1900 S 4,219.80 645 2 (6]
(B-1-1)26bad-1 08-31-82 U 4,216.39 18.5 2 P 6.5-18.5
(B-1-1)26¢da-1 08-19-82 U 4,217.69 19.5 2 P 7.5-19.5
(B-1-1)35dcb-1 08-25-82 U 4,221.40 19.5 2 P 7.5-19.5
(B-1-2)2dac-1 10-01-40 S 4,212 440 — —
(B-1-2)7caa-1 — S 4,210.89 735 2 O 480
(B-1-2)7cce-1 1959 S 4,210.10 389 2 P 379-2
(B-1-2)8abd-1 1920 S 4,212.15 300 25 O
(B-1-2)15bcd-2 1920 S 4,212.86 300 2 (6]
(B-1-2)16caa-1 06-01-66 S 4,213.98 636 2 S 626-636
(B-1-2)19aca-1 1915 S 4211.62 450 2 (6]
(B-1-2)19aca-2 03-14-91 U 4,210.1 86.0 2 P 75-85
(B-1-2)19aca-3 05-17-91 U 4,210.4 23.1 2 P 17.1-22.1
(B-1-2)21acd-1 04-01-66 S 4,219.76 600 — S 590-600
(B-1-2)21cab-2 1963 1 4,219.70 330 4 P 40-330
(B-1-2)21dcd-1 03-31-66 S 4,222 561 2 S 551-561
(B-1-2)22daa-1 08-09-56 S 4,215.22 148 2 P 145-148
(B-1-2)22dad-1 05-22-91 U 4,215.6 15.5 2 P 9.5-14.5
(B-1-2)23bbd-1 — S 4218 560 pJ—
(B-1-2)23cbd-1 08-13-56 S 4,219 270 2 P 165-?
(B-1-2)28aab-1 05-24-91 U 4,220 15.0 2 P 9.0-14.0
(B-1-2)32bcb-1 10-07-43 U 4,214 716 3 —
(B-1-2)32bcb-2 07-17-90 U 4,215 248 3 X 240-248
(B-1-2)32bcb-3 05-22-91 U 4,215 24.7 2 P 18.7-23.7
(B-1-2)36baa-1 1915 S 4,223.60 464 2 X
(B-1-2)36baa-2 03-13-91 U 4,223.6 83.0 2 P 72-82
(B-1-2)36baa-3 05-14-91 U 4,223.8 19.0 2 P 13-18
(C-1-1)2dca-2 07-21-82 U 4,222.18 19.6 2 P 7.6-19.6
(C-1-1)8aac-3 04-12-49 — 4,230 252 2 P 249-252
(C-1-1)9bba-3 03-20-54 — 4,230 341 2 P 339-341
(C-1-1)11bac-1 07-26-82 U 4,232 19.7 2 P 7.7-19.7
(C-1-1)15bdd-1 09-25-40 U 4,231.11 445 2 —
(C-1-1)15cad-2 06-27-90 U 4,232.6 40.0 2 P 29-39
(C-1-1)15cad-3 05-08-91 U 4,232.4 16.0 2 P 10-15
(C-1-1)18bda-1 06-28-90 U 4,237 45.0 2 P 34-44
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Table 2. Records of selected wells that were sampled for chemical analysis of water, Salt Lake Valley, Utah, 1982-92—

Continued
Altitude Depth .
Location Date well Uc’sfe of land oF; d(i:::llentgr Finish
completed water surface well (inches) (feet)
(feet) (feet)

(C-1-1)23bcb-1 02-25-83 P 4,227 840 30, 18, 16 S 145-160, 166-181, 220-240, 325-340,
375-390, 401-406, 498-508, 522-562,
620-630, 662-672, 760-804

(C-1-1)23bcd-2 06-08-90 8] 4,230 66.1 2 P 55.1-65.1

(C-1-1)23caa-1 10-28-77 S 4,230 175 2 P 168-175

(C-1-1)25bdb-1 07-14-67 H 4,236 1,000 — P 214-220, 440-445, 550-560, 588-592,
642-658, 746-778, 790-800, 980-1,000

(C-1-1)25bdc-1 1983 8] 4,238.47 135 2 S 119-129

(C-1-1)25cca-2 07-01-55 H 4,238 345 2 (0]

(C-1-1)26caa-1 1983 U 4,234.37 115 2 S 105-115

(C-1-1)26dba-4 05-21-83 8] 4,233.27 38.0 45 S 18.0-38.0

(C-1-1)26dba-5 1983 18] 4,233.73 129 10, 6 S 102-112

(C-1-1)26dba-6 05-01-83 18] 4,233.40 60.0 2 S 54.0-56.0

(C-1-1)26dba-7 05-01-83 8] 4,234.47 72.0 2 S  66.0-68.0

(C-1-1)26dca-1 08-26-82 18] 4,239.75 19.7 2 P 7.7-19.7

(C-1-1)27dac-4 01-01-54 — 4,250 308 — (0]

(C-1-1)27dda-8 04-01-58 P 4,237 775 — P 670-675, 690-702, 745-760

(C-1-1)28cab-1 07-08-82 18] 4,244.77 20.0 2 P 7.7-19.7

(C-1-1)30aca-1 08-12-82 8] 4,249.19 19.7 2 P 7.7-19.7

(C-1-1)31abb-1 09-02-82 18] 4,275.43 14.3 2 P 2.3-143

(C-1-1)33ddd-1 08-15-60 P 4,273 886 16, 12 P 638-645, 730-740, 746-755, 805-812,
840-847, 875-886

(C-1-1)33ddd-2 06-08-90 18] 4,270 51.5 2 P 40.5-50.5

(C-1-1)35ddd-5 07-17-90 8] 4,240 213 3 X 200-213

(C-1-2)2aba-2 03-25-66 S 4,230 410 2 S 399-410

(C-1-2)6aaa-1 1949 N 4,212.45 760 4 (0]

(C-1-2)6aaa-3 07-10-56 N 4,212.57 825 6 P 757-825

(C-1-2)6aaa-5 — N 4,210.97 345 2

(C-1-2)14cdd-1 01-04-80 H 4,233 480 8,6 S 380-480

(C-1-2)14cdd-2 03-16-91 8] 4,233 49.5 2 P 38.5-48.5

(C-1-2)14cdd-3 05-15-91 18] 4,233 17.7 2 P 11.7-16.7

(C-1-2)22bdd-4 1885 8] 4,233.26 35.0 1.25 —

(C-1-2)22cbb-1 — S 4,231.61 110 2 —

(C-1-2)31aaa-1 07-26-76 H 4,443 215 6,5 P 170-215

(C-2-1)11bad-1 1952 | 4,275 273 — (0]

(C-2-1)12bac-1 08-01-31 8] 4,255.86 157 4 (0]

(C-2-1)13abc-1 06-13-90 18] 4315 56.5 2 P 45.5-55.5

(C-2-1)14bdb-1 09-03-82 8] 4,263.85 11.0 2 S 7.0-11.0

(C-2-1)15abe-1 09-16-82 8] 4,331.36 19.6 2 P 7.6-19.6

(C-2-1)20aad-1 05-06-79 P 4,515 658 20, 16 P 240-355

(C-2-1)20aad-2 06-09-90 18] 4,514 61.0 2 P 50-60

(C-2-1)23ccb-1 06-19-90 8] 4,350 41.0 2 P 30-40

(C-2-1)23dac-1 06-18-90 8] 4,280 85.0 2 P 74-84

(C-2-1)24bcd-1 08-06-65 P 4,307 370 20, 16 P 179-300

(C-2-1)33cad-1 11-09-76 | 4,453 216 6 P 206-216

(C-2-1)34bbd-2 06-11-90 8] 4,384 41.5 2 P 30.5-40.5

(C-2-1)34dda-3 09-01-82 8] 4,347.07 18.9 2 P 6.9-18.9

(C-2-1)35baa-1 09-21-82 8] 4,288.98 12.5 2 P 0.5-12.5

(C-2-1)35bab-1 08-27-82 8] 4,304.41 19.7 2 P 7.7-19.7

(C-2-1)36¢cdd-2 07-25-90 8] 4,359 62.0 2 P 51-61

15



Table 2. Records of selected wells that were sampled for chemical analysis of water, Salt Lake Valley, Utah, 1982-92—
Continued

. Use o lene Depin Casing Finish
Location Date well of diameter
water surface well (inches) (feet)
(feet) (feet)
(C-2-2)1aab-1 04-06-78 H 4,413.38 258 6 (0]
(C-2-2)1bcd-2 06-29-90 U 4,496 28.0 2 P 17-27
(C-2-2)11adc-1 07-31-72 N 4,720 300 8 P 265-?
(C-2-2)16aab-1 02-11-77 H 5,150 190 8,6 P 145-165
(C-3-1)1bbe-1 07-22-82 U 4,298.03 16.2 2 P 4.2-16.2
(C-3-1)1dca-1 01-10-79 1 4,388 165 12 P 125-135
(C-3-1)3acc-1 08-03-82 U 4,391.28 15.0 2 P 3.0-15.0
(C-3-1)7cbb-1 1967 1 4,800 462 16 P 215-460
(C-3-1)8cdd-2 1984 U 4,650 265 05 O
(C-3-1)8cdd-3 1984 U 4,650 294 05 O
(C-3-1)8dda-1 07-06-78 H 4,587 280 6 P 200-280
(C-3-1)10acd-1 1972 1 4,425 110 6 (0]
(C-3-1)12¢cb-1 1900 S 4,321.54 118 3 (0]
(C-3-1)12cdb-1 06-12-90 U 4,358 41.0 2 P 30-40
(C-3-1)14adc-1 1969 H 4,350 116 4 P 96-116
(C-3-1)14bbc-1 1977 1 4,435 395 6 P 270-395
(C-3-1)14cba-1 1977 H 4,397 100 6 (0]
(C-3-1)15dda-1 — U 4,394.03 360 — —
(C-3-1)16bcb-1 1978 1 4,607 265 8 P 250-265
(C-3-1)17ddd-1 01-08-76 1 4,617 205 6,5 X 178-205
(C-3-1)20cca-1 04-19-77 1 4,618 180 6 (0]
(C-3-1)34aaa-1 08-05-82 U 4,410.76 19.4 2 P 7.4-19.4
(C-3-2)12dbc-2 09-01-64 N 4,862 360 4 P 200-280
(C-3-2)33cac-1 1961 1 5,262 350 12 P 80-350
(C-4-1)4aaa-3 06-20-90 U 4,478 49.0 2 P 38-48
(C-4-1)4aaa-4 03-09-91 U 4,480 104 2 P 93-103
(C-4-1)23bac-1 01-26-68 H 4,590 260 12 P 160-220, 244-254
(C-4-1)23dbb-1 1959 N 4,580 262 16 P 60-134, 152-182, 199-205
(C-4-2)1bbb-1 03-01-65 1 4,890 540 16 P 220-524
(D-1-1)7abd-6 1890 P 4,260.89 130 2 (0]
(D-1-1)17dab-2 07-21-90 U 4,390 68.5 2 P 57.5-67.5
(D-1-1)18dad-1 08-20-82 U 4,288.11 19.5 2 P 7.5-19.5
(D-1-1)19bac-4 1915 H 4,260 105 — (0]
(D-1-1)19¢db-17 1922 H 4,251.50 500 2 (0]
(D-1-1)19dbc-2 06-25-90 U 4,262 31.0 2 P 20-30
(D-1-1)20bab-1 1958 N 4,328 482 — P 468-475
(D-1-1)20cbe-1 1935 H 4,291 285 — (0]
(D-1-1)21acc-2 06-01-62 P 4,445 576 20 P 175-335, 360-430, 450-560
(D-1-1)30bbc-9 1931 1 4,249 285 — —
(D-1-1)30dcb-1 06-26-90 U 4,262 71.0 2 P 60-70
(D-1-1)31abc-2 1938 1 4,270 100 2 —
(D-1-1)31dba-1 08-10-82 U 4,277.26 19.7 2 P 7.7-19.7
(D-2-1)5aba-2 04-01-50 H 4310 247 2 —
(D-2-1)6dbb-12 1898 U 4,268.90 85.0 4 (0]
(D-2-1)8bba-1 08-05-82 U 4,285.04 11.3 2 P 0-11.3
(D-2-1)9dca-1 09-01-79 H 4,363.24 100 10, 6 P 80-100
(D-2-1)16bba-3 07-22-90 U 4351 90.0 2 P 79-89
(D-2-1)17cda-2 06-14-90 U 4,360 28.5 2 P 17.5-27.5
(D-2-1)17cda-3 06-14-90 U 4,360 23.5 2 P 12.5-22.5
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Table 2. Records of selected wells that were sampled for chemical analysis of water, Salt Lake Valley, Utah, 1982—-92—

Continued
Altitude Depth .
Location Date well Uosfe of land og d?:r:rsmlentgr Finish
completed water surface well (inches) (feet)
(feet) (feet)

(D-2-1)21dbe-1 09-29-61 P 4,453 740 24,20 P 210-244, 256-262, 312-344, 363-386,
444-584, 631-728

(D-2-1)28ccc-1 08-28-56 P 4,580 691 16 P 515-530, 535-585, 592-678

(D-2-1)29acb-2 06-23-90 U 4,467 52.0 2 P 41-51

(D-2-1)29acb-8 10-07-58 P 4,465 500 12 P 455-2

(D-2-1)30dda-1 09-22-60 P 4,453 1,002 20 P 560-580, 608-617, 620-630, 648-661,
687-689, 697-728, 734-742, 851-872,
890-934, 949-956, 963-965, 971-972,
978-981, 986-990

(D-2-1)30dda-2 03-12-91 U 4,453 65.0 2 P 54-64

(D-2-1)30dda-3 05-16-91 U 4,453 21.4 2 P 15.4-20.4

(D-2-1)34cdc-1 05-27-80 P 4,710 875 24,20 P 435-461, 595-650, 740-762

(D-3-1)4cad-1 02-11-78 P 4,720 938 24,20 P 500-518, 660-687

(D-3-1)6bcd-1 08-05-82 U 442691 19.5 2 P 7.50-19.5

(D-3-1)6dad-1 09-08-79 P 4,515 1,000 24,20, 16 P 473-535, 552-620, 650-1,000

(D-3-1)12bdd-1 02-17-62 P 5,280 171 20, 16 P 65-168

(D-3-1)14dbe-1 08-01-78 H 4,960 154 8,6 P 125-140

(D-3-1)29ddd-1 06-21-90 U 4,524 48.0 2 P 3343

(D-3-1)31abb-1 10-01-65 H 4,237 138 6 P 125-135

(D-3-1)31cda-1 07-26-82 U 443791 19.7 2 P 7.7-19.7

(D-3-1)32aaa-1 08-18-82 U 4,510.33 19.7 2 P 7.7-19.7

the principal aquifer without distinction to depth of
sample. These maps were modified with data collected
from 1988 to 1992, much of which was obtained from
Kennecott Utah Copper (1992) and the Utah Depart-
ment of Environmental Quality, Division of Drinking
Water (written commun., 1993) (pl. 2). Dissolved-sol-
ids concentration in water sampled from 1988 to 1992
from wells finished in the principal aquifer ranged from
110 mg/L on the east side of the valley to 48,100 mg/L
on the west side.

Water from the principal aquifer is divided into
somewhat distinct groups on the basis of location in the
valley and chemical composition (figs. 4 and 5). The
data set consisted of 44 chemical analyses of water col-
lected between 1983 and 1992 from wells greater than
300 ft deep (table 1).

Predominant ions in water from the southeastern
part of the valley are calcium, magnesium, and bicar-
bonate. The predominant cations present in the water
are listed in this report in order of decreasing abun-
dance, followed similarly by predominant anions. The
chemical composition of ground water in the southeast-

ern part of Salt Lake Valley is similar to that of water in
streams that drain the Wasatch Range (figs. 6 and 7).

Ground water sampled from the southeastern
part of the valley by the U.S. Geological Survey con-
tained dissolved-solids concentrations ranging from
130 to 217 mg/L (table 1). Water from the principal
aquifer is only slightly more mineralized than water
from Big and Little Cottonwood Creeks because the
recharged water cannot dissolve the relatively insoluble
minerals in the consolidated rocks of the Wasatch
Range to the east or in the basin-fill material derived
from these rocks. These rocks consist mainly of resis-
tant quartzite of Precambrian age and quartz monozo-
nite of Tertiary age (Davis, 1983, sheet 1). Ground
water in the principal aquifer with a dissolved-solids
concentration less than 500 mg/L extends from the
southeastern part of the valley northwest to beyond the
Jordan River (pl. 2). Most of this water originated as
precipitation on the Wasatch Range. Mixing with other
sources of water and reactions with the basin-fill mate-
rial along the flow path has resulted in the increase in
dissolved-solids concentrations relative to ground
water in the southeastern part of the valley.
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Figure 4. Location of wells greater than 300 feet deep in Salt Lake Valley, Utah, sampled for chemical analysis of
water, 1983-92.

18
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Figure 5. Chemical composition of water from wells greater than 300 feet deep in Salt Lake Valley, Utah.

Water from well (D-3-1)6dad-1 (map no. 44 in
table 1) contained more chloride and less sulfate than
other ground water in the area. Perforated intervals in
the well extend to 1,000 ft below land surface (table 2)
and the water temperature (17 °C) (table 1) is warmer
than that of water from other area wells. The differ-
ences in chemical composition between water from
well (D-3-1)6dad-1 and from other wells in the south-
eastern part of the valley indicate another source of
water to well (D-3-1)6dad-1 or other possible water-
rock interactions occurring at depth.

Information from well owners and Klauk (1984,
p. 118) indicate that warmer water (warmer than 17 °C)

occurs in other wells deeper than about 600 ft in an area
east of the Jordan River from about Murray to Draper.
Water from these wells generally has a higher dis-
solved-solids concentration than water from wells with
ambient ground-water temperatures (11.5 to 14 °C).
More information is needed on the source of the warm
water in this area because sustained or increased
ground-water withdrawals could affect water chemistry
by inducing vertical flow.

Much of the ground water in the northeastern part
of the valley originates from infiltrating precipitation in
the City Creek, Red Butte Creek, Emigration Creek,
and Parleys Creek watersheds. Dissolved-solids con-
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Data points represent the discharge-weighted average
chemical composition of water samples collected mainly during
the 1964—68 water years (Hely and others, 1971, tables 8 and
13). Samples from the Jordan River above 9400 South Street,
at 9000 South Street, and at 5800 South Street were collected
during the 1966-68 water years. The Jordan River at 1700
South Street was sampled on January 30, 1990.

EXPLANATION

Dissolved-solids
Site concentration, in
milligrams per liter

Jordan River at:

1

2
3
4
5
6
7

Jordan Narrows

Above 9400 South Street
9000 South Street

5800 South Street

2100 South Street

1700 South Street
Cudahy Lane

Other sites:

Surplus Canal at Cohen Flume
Goggin Drain near Magna
Little Cottonwood Creek

Big Cottonwood Creek

Mill Creek

Parleys Creek

Emigration Creek

Red Butte Creek

City Creek

1,120
1,620
1,330
1,370
1,180
1,050
1,080

1,180
1,740
120
187
380
401
464
393
272

CALCIUM
PERCENT

Figure 7. Chemical composition of surface water in Salt Lake Valley, Utah.

CHLORIDE
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centration in ground water from this area is greater than
500 mg/L, mainly because rocks in this part of the
Wasatch Range include less resistant shale strata of the
Triassic and Jurassic Periods. Generally, sulfate is a
predominant anion in this water (fig. 5). The presence
of sulfate probably is caused by dissolution of gypsum
and other sulfate-bearing minerals that are present in
the shale and limestone strata in the recharge area to the
east and in the unconsolidated basin-fill material
derived from these rocks. Ground water in the north-
eastern part of the valley has more dissolved sulfate rel-
ative to bicarbonate (fig.5) than does water in
upgradient mountain-front streams (fig. 7). Longer
contact time between the basin-fill material and the
water allows for increased dissolution of minerals.

Reactions between the basin-fill material derived
from the Oquirrh Mountains and the different types of
water being recharged result in a wide range of dis-
solved-solids concentrations in the southwestern part of
Salt Lake Valley (pl. 2). Much of the dissolved-solids
concentration data for the southwestern part of the val-
ley was collected by Kennecott Utah Copper (1992)
from wells with finish intervals in the principal aquifer.

Ground water sampled from seven wells deeper
than 300 ft in the southwestern part of the valley con-
tains primarily calcium, magnesium, chloride, bicar-
bonate, and sulfate ions. The Oquirrh Mountains to the
west are a recharge area for the basin-fill material in this
area and include carbonate rocks that have undergone
sulfide mineralization. Mine drainage and wastewater
from ore-leaching operations have been stored in two
unlined reservoirs near the mouth of Bingham Canyon
and in a series of unlined evaporation ponds on the
basin fill about 5 mi to the east. The ore-leaching pro-
cess used acidic mine water to dissolve and recover
minerals from mine tailings. The water stored in these
surface-water bodies remained acidic and contained
high concentrations of dissolved-solids and sulfate
resulting from the oxidation of the metal sulfides (Wad-
dell and others, 1987, p. 19). The distribution of water
levels in wells near the reservoirs and evaporation
ponds indicates that infiltration down into the basin-fill
material from these impoundments has occurred (Wad-
dell and others, 1987, pl. 3). As of 1992, the reservoirs
had been lined and the ponds were not being used.

Dissolution caused by undersaturation, precipita-
tion caused by supersaturation, or ion exchange can be
determined from an activity diagram (fig. 8). The activ-
ity of an ion is an idealized concentration that is the
product of the measured concentration (moles/liter) and
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a conversion factor called the activity coefficient. The
state of saturation with respect to aquifer minerals can
be used to evaluate chemical controls on a ground-
water system. Water sampled from wells deeper than
300 feet in the valley generally plot along or near the
equilibrium line for calcite, indicating saturation with
respect to calcite. Exceptions include water from wells
(D-2-1)30dda-1 and 34cdc-1 (map nos. 41 and 42 in
table 1) in the southeastern part of the valley, which are
slightly undersaturated, and water from the northwest-
ern part of the valley, where the ground water is super-
saturated with calcite.

The relation between log calcium and log car-
bonate activity in water from the southwestern part of
Salt Lake Valley is similar to that of water that contains
sulfate in the northeastern part (fig. 8) but is influenced
by oxidation of sulfide minerals and the reaction
between acidic water and carbonate minerals in the
basin-fill material. The grouping of ground water on
the basis of location in the valley and the relation of log
calcium and log carbonate activity indicates trends in
water evolution as the water moves through the flow
system. This relation between log calcium and log car-
bonate activity may be useful in identifying ground-
water movement in areas of changing chemical compo-
sition.

Ground water from the northwestern part of Salt
Lake Valley is clustered into two water types (fig. 5).
The sodium-chloride type water contained from 1,570
to 4,930 mg/L of dissolved solids and the sodium-chlo-
ride and bicarbonate type water contained from 498 to
1,260 mg/L (table 1). Temperature of the water sam-
ples ranged from 13.5 to 27.0 °C. The formation of the
two water types in this part of the valley may be depen-
dent on recharge sources. The sodium-chloride type
water is generally located west and south of the area
containing the sodium-chloride and bicarbonate type
water (fig. 4).

The relation between log calcium and log carbon-
ate activity for the sodium-chloride type water is con-
trolled by the solubility of calcite and temperature at
depth. Calcite dissolves to produce calcium and car-
bonate ions (CaCO, = Ca*" + C0,>) Bicarbonate is
produced (CO,* + H*=HCO,) at the pH value of
these waters. Ion exchange of calcium for sodium and
mineral dissolution provide the sodium and chloride
ions. Mixing of ground water in the principal aquifer
with pore water left from desiccated prehistoric Lake
Bonneville that covered the area also may provide
sodium and chloride ions.
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In the sodium-chloride and bicarbonate type
water, calcium concentration (activity) tends to
decrease as carbonate concentration (activity) increases
(fig. 8). Some of the calcium and bicarbonate ions are
likely the result of sulfate reduction. Sulfate reduction
is a process by which bacteria in the aquifer use the
oxygen in sulfate (SO,>) to oxidize organic matter to
carbonate (CO32‘) and bicarbonate (HCO;"). Sulfide
species (HS or H,S, depending on the pH value of the
water) form as a byproduct. The reduction process
would produce calcium ions if gypsum (CaSO, * 2H,0)
were the source of sulfate in the aquifer. The calcium

ions (Ca”") would react with bicarbonate to form calcite
(CaCO,) in a 1:1 ratio.

Sulfate reduction is probably occurring in the
northern part of the valley. Very low concentrations of
sulfate are present in the sodium-chloride and bicarbon-
ate type waters. Less sulfate is dissolved in this water
than in less mineralized water that occurs upgradient
along the regional flowpath. The ground-water system
in this area likely receives only a small amount of atmo-
spheric oxygen because of the upward hydraulic-head
gradient and the confined conditions, resulting in an
anaerobic system. Organic material probably is avail-
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able in the lake-deposited clays. Hely and others (1971,
p. 169) report that hydrogen sulfide is characteristic of
ground water sampled in the northern part of the valley.

Water from Intermediate Depths

Water from wells that range in depth from 101 to
300 ft below land surface in Salt Lake Valley was con-
sidered to be representative of water from intermediate
depths. This range in depth generally includes the
upper part of the principal aquifer and much of the fine-
grained sediments that divide the shallow unconfined
aquifer from the principal aquifer in the valley. Chem-
ical analyses were available for water from 41 wells
sampled between 1982 and 1992 (fig. 9 and table 1).
The composition of ground water from this depth inter-
val (fig. 10) is similar to water sampled by the U.S.
Geological Survey from wells greater than 300 ft deep
(fig. 5). Water from intermediate depths in the west and
central parts of the valley has more variation in water
chemistry than does water from deeper intervals.

Two types of ground water are present on the
west side of Salt Lake Valley in the 101 to 300-foot
depth interval. Most of the ground water in the area has
a sodium, calcium-chloride, bicarbonate composition,
similar to water from the Jordan River. Water with a
dissolved-solids concentration of less than 500 mg/L
was collected by Kennecott Utah Copper (Kennecott
Utah Copper, 1992) during 1988-92 from wells com-
pleted from 101 to 300 ft below land surface in an area
downgradient from a section of the Provo Reservoir
Canal (pl. 2). Prior to 1990, surface water with similar
dissolved-solids concentrations was transported in this
canal (see “Historical changes in chemical composition
of ground water” section of this report). Seepage from
canals and infiltration of unconsumed irrigation water
diverted from the river are large components of
recharge to the basin-fill material in the west-side area.

The other water type was sampled from the area
downgradient from Bingham Canyon. The predomi-
nant ions in water from eight wells in this area were cal-
cium, magnesium, and sulfate. The high dissolved-
solids concentration in ground water downgradient
from Bingham Canyon is a result of mining operations
and the presence of mineralized zones in the area (Wad-
dell and others, 1987, p. 16—-19). Water from wells in
the southwestern part of the valley with finish intervals
from 101 to 300 ft below land surface generally had a
higher dissolved-solids concentration than did water
from greater depths, except for a small area just to the
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east of the mouth of Bingham Canyon (pl. 2). In the fin-
ish interval from 101 to 300 ft below land surface, water
with a dissolved-solids concentration higher than 2,000
mg/L extends almost 9 mi to the east, near the Jordan
River. In the finish interval greater than 300 ft below
land surface, water with a dissolved-solids concentra-
tion higher than 2,000 mg/L extends only about 3 mi to
the east.

The high sulfate concentration in ground water
downgradient from Bingham Canyon is attributable to
the oxidation of sulfide ore from the Oquirrh Mountains
and associated mining processes. Acidic water that
contains high concentrations of sulfate and is stored in
the mine reservoirs and evaporation ponds recharges
the aquifer and reacts with carbonate minerals in the
aquifer to produce relatively high calcium activity in
the ground-water samples (fig. 11). Saturation indices
for gypsum are near zero in water sampled from wells
(C-3-1)8cdd-2 and 8cdd-3 (map nos. 22 and 23 in
table 1). Water from other areas in the valley is mostly
undersaturated with respect to gypsum. The gypsum
saturation in these two wells is the result of calcium
from the dissolving calcium carbonate type rocks react-
ing with sulfate ions in the water from the surface-water
bodies.

Three water samples collected in 1983 from
wells in the central part of the valley, (C-1-1)23caa-1,
(C-1-1)26caa-1, and (C-1-1)26dba-5 (map nos. 8, 10,
and 11 in table 1), also had high dissolved-solids and
sulfate concentrations relative to other wells in the area.
The wells are located in or downgradient from the Vitro
tailings site where uranium ore was processed from
1951 to 1964. Prior to the removal of the uranium mill
tailings in 1987, leaching of the tailings resulted in an
increase in dissolved-solids and heavy-metals concen-
trations in nearby ground water (Waddell and others,
1987, p. 29). Other localized areas near ore-processing
sites in the valley also may contain high dissolved-sol-
ids and heavy-metal concentrations in ground water.

Water from wells (D-3-1)12bdd-1 and (D-3-1)
14dbc-1 (map nos. 39 and 40 in table 1) near the
mountain front on the southeastern side of the valley is
undersaturated with calcite (fig. 11). These wells are
171 and 154 ft deep, respectively. Assuming the
recharge area is at the boundary between the consoli-
dated-rock and basin-fill material, there was probably
not sufficient time for water-rock interactions to satu-
rate the water with calcite.
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Figure 9. Location of wells 101 to 300 feet deep in Salt Lake Valley, Utah, sampled for chemical analysis of water, 1982-92.
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Figure 10. Chemical composition of water from wells 101 to 300 feet deep in Salt Lake Valley, Utah.

Water in the Shallow Unconfined Aquifer and
Confining Layers

Results of chemical analyses of ground water
from wells less than 101 ft deep were selected to repre-
sent water primarily from the shallow unconfined aqui-
fer and confining layers. In the northwestern and
central parts of the valley, confining layers are close to
land surface, and part of the principal aquifer may be
included in this depth interval. Samples listed in table
1 under the heading “Water samples from wells less
than 101 feet deep” from the northwestern and central
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parts of the valley might represent water from the shal-
low unconfined aquifer, underlying confining layers,
the confined part of the principal aquifer, or a mixture
of the three. Water samples were available from 65
wells sampled by the U.S. Geological Survey from
1983 to 1991.

The dissolved-solids concentration of water from
the shallow unconfined aquifer ranged from 331 mg/L
in the eastern part of the valley to 20,900 mg/L in the
northwestern part (table 1 and fig. 12). The range is
caused mainly by mixing and by the dissolution of min-
erals as ground water moves through the basin-fill
material toward the northwestern part of the valley.
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Figure 11. Relation between log calcium and log carbonate activity for water sampled from wells 101 to 300 feet

deep in Salt Lake Valley, Utah.

Seepage to the shallow aquifer of surface water that has
undergone some evaporation also causes an increase in
dissolved-solids concentration relative to water in the
principal aquifer in some areas of the valley. The Jordan
River and its diversions are sources of water that have
undergone some evaporation.

Water from the shallow unconfined aquifer has
more localized variation in chemical composition than
does water from the principal aquifer, primarily
because of the influence of activities at the land surface.
The shallow ground water is composed mainly of a
mixture of ground water that is recharged along the

mountain fronts and is similar in chemical composition
to water in mountain-front streams, upward leakage
from the confined part of the principal aquifer, and
water derived from the Jordan River. Water in Wasatch
Range streams is primarily a calcium, magnesium-
bicarbonate type, and water in the Jordan River at the
Jordan Narrows is a sodium, magnesium, calcium-sul-
fate, chloride, and bicarbonate type (fig. 7).
Predominant ions in shallow ground water sam-
pled from the northeastern and southeastern parts of the
valley are calcium, magnesium, sodium, bicarbonate,
sulfate, and chloride (fig. 13). This ground water prob-
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Figure 12. Dissolved-solids concentration in water from wells less than 101 feet deep in Salt Lake Valley, Utah, 1983-91.
The dissolved-solids concentration for water sampled from the shallowest well at each site was used.
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EXPLANATION
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Figure 13. Chemical composition of water sampled from wells less than 101 feet deep in Salt Lake Valley, Utah.

ably is a mixture of water from mountain-front streams
and water from the Jordan River. Shallow ground
water from the southern and western parts of the valley
contains more sodium and chloride ions than does
water from the eastern part. Many of the wells sampled
in the southern and western parts of the valley are near
canals that transport water from the Jordan River to irri-
gated fields. Water from wells (C-4-1)4aaa-3 and (D-2-
1)30dda-3 (map nos. 46 and 61 in table 1) is chemically
similar to water sampled from the Jordan River at the
Jordan Narrows. The specific conductance of water
removed during the final stages of development from
well (C-4-1)4aaa-4 in June 1991 was 1,640 pS/cm. The

well is perforated from 93 to 103 ft below land surface
and is near the Utah and Salt Lake Canal, which diverts
water from the Jordan River. The specific conductance
of water from the canal at that time was 1,600 uS/cm.
Stable-isotope data for ground water and water-level
fluctuations measured in monitoring wells finished at
different depths also indicate that the source of recharge
to the shallow aquifer in these areas is water diverted
from the Jordan River.

Ground-water samples from shallow wells in the
northwestern part of the valley were classified into two
types, sodium-chloride type and sodium-chloride and
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bicarbonate type. This is the same grouping deter-
mined for water from deeper intervals. Dissolved-sol-
ids concentration in the sodium-chloride and
bicarbonate type waters generally was less than in the
sodium-chloride type but greater than concentrations in
water from other parts of the valley.

Predominant ions in water from wells (C-1-
1)15cad-2, (C-1-1)23bcd-2, (C-1-1)26dba-7, and (C-1-
1)33ddd-2 near the Jordan River, with finished intervals
in or below fine-grained material, are sodium, calcium,
magnesium, bicarbonate, and chloride. These wells are
40 to 72 ft deep and contain very little sulfate dissolved
in the water. Sulfate is the most common anion in water
sampled from shallower depths and also is present in
higher concentrations in water from the principal aqui-
fer in the area. The low concentrations of sulfate in
water from confining layers may be the result of sulfate
reduction.

At selected locations in the valley, water sampled
from the shallow unconfined aquifer or confining layers
and from the underlying principal aquifer was com-
pared to determine water-chemistry variation with
depth. In almost all cases, the concentration of sodium
and chloride was higher in the shallow ground water
than in the water from deeper zones. This can be
caused by the dissolution of minerals at land surface,
such as road salt, seepage of water from the Jordan
River into the shallow unconfined aquifer, evapotrans-
piration, and in the northwestern part of the valley, by
the dissolution of minerals left by the desiccation of
Lake Bonneville.

Water from wells (B-1-2)36baa-2 and (C-1-
2)14cdd-2 in the northwestern part of the valley con-
tained substantially lower concentrations of dissolved-
solids than did water from deeper and shallower inter-
vals at the same areal location. Well (B-1-2)36baa-2 is
slotted from 72 to 82 ft below land surface (table 2) in
a silty sandy clay. Well (C-1-2)14cdd-2 is slotted from
38.5 to 48.5 ft below land surface in a clayey silt. Both
wells are finished in a zone that is about an order of
magnitude more permeable than the zone from about 12
to 18 ft below land surface, which contained higher
concentrations of dissolved solids (see “Slug tests” sec-
tion of report). Hydraulic conductivity is a factor in
controlling the time of contact between the water and
the aquifer material and the resulting chemical reac-
tions. Ground water from deeper intervals has been in
contact with the basin-fill material for a longer period
and also may mix with water from underlying deposits
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of Tertiary age that typically contain more dissolved
solids.

Ground-water samples collected in 1990 and
1991, mostly from monitoring wells completed in the
shallow unconfined aquifer and underlying confining
layers, were analyzed for selected volatile organic com-
pounds, organochlorine pesticides, and polychlorinated
biphenyls. The compounds analyzed, detection limits,
and the compounds detected are presented by Thiros
(1992, tables 5—7). Small quantities of chloroform were
detected in two monitoring wells, (B-1-2)19aca-2 and
(D-1-1)17dab-1. The chloroform may be from chlori-
nated drinking water used to drill and complete the
wells and not completely removed from the aquifer dur-
ing well development.

A small concentration of tetrachloroethylene
(0.23 pg/L) was detected in water from well (D-1-
1)1 7dab-2. Tetrachloroethylene, also known as per-
chloroethylene (PCE), is a relatively volatile chlori-
nated hydrocarbon that is used in the dry cleaning and
metal degreasing industries. The PCE most likely is
moving downgradient along the ground-water flow
path.

Historical Changes in Chemical Composition
of Ground Water

Results of chemical analyses of ground water
sampled in Salt Lake Valley were studied to determine
if changes in chemical composition have occurred.
Additional data were collected from 1989 to 1992 at 11
wells where water-chemistry changes were noted from
the 1960’s to the early 1980°s (Waddell and others,
1987, p. 9). The dissolved-solids concentration in
water increased at five wells, decreased at one well, and
varied with time at the other five wells (table 3).

The chloride concentration in water from well
(D-1-1)7abd-6 increased steadily from about 50 mg/L
in the late 1950’s to 130 mg/L in July 1992 (table 1).
The well is located in an area of the valley with artesian
conditions and had a water level of about 11.5 ft above
land surface in February 1992. Chloride concentration
increased in water from well (A-1-1)31cac-1, perfo-
rated at several intervals from 162 to 420 ft below land
surface. Chloride concentration ranged from 46 to 49
mg/L for yearly water samples from 1957 to 1962. The
chloride concentration in water sampled in 1989 was 92
mg/L (table 1). A trend of increasing chloride concen-
tration also was determined in water from well (D-2-
1)21dbe-1 from 1979 (7.2 mg/L) to 1992 (11 mg/L).



Table 3. Dissolved-solids concentration in water from 11 wells in Salt Lake Valley, Utah, sampled in 1960-66,

1981-84, and 1989-92

Dissolved-solids concentration: in milligrams per liter: determined as sum of constituents or as R. residue on evaporation at

180 degrees Celsius.
Well Year Disso_lved- Year Disso_lved- Year Disso.lved-
location sampled solids . sampled solids . sampled solids .
concentration concentration concentration
(B-1-2)2dac-1 1966 481 1981 491 1991 498
(B-12)19aca-1 1966 1,270 1984 1,240 1991 1,260
(B-1-2)36baa-1 1960 3,840 R 1982 3,700R 1991 3,570 R
(C-1-1)33ddd-1 1960 586 1981 905 1992 969
(C-1-2)22bdd-4 1961 972 1982 1,140 1990 1,230
(C-1-2)22cbb-1 1960 912 1983 1,350 1989 1,340 R
(C-3-1)12ccb-1 1960 554 1982 555 1992 562
(C-4-1)23dbb-1 1960 926 1981 740 1992 876
(C-4-2)1bbb-1 1966 619 1981 826 1989 705
(D-1-1)7abd-6 1961 581 1982 656 1992 735
(D-3-1)31abb-1 1966 260 1981 268 1991 265

These wells are finished in the principal aquifer and are
used for public supply. Waddell and others (1987, p.
11) suggested that a possible cause for the increase in
chloride is the storage and use of road salt in recharge
areas along the east side of the valley. The road salt dis-
solves in water and can infiltrate to the ground-water
system. If dissolved road salt is the cause for an
increase in chloride concentrations, the principal aqui-
fer in this area may be susceptible to other contami-
nants introduced at land surface in recharge areas as
well.

Dissolved-solids concentration in water from
wells finished in the principal aquifer west of Riverton
has increased since samples were collected in the late
1950°s and 1960’s. The area where an increase has been
measured includes Sections 31 and 32, Township 3
South, Range 1 West, and Sections 5 and 6, Township 4
South, Range 1 West. Ground water in this area con-
tained higher concentrations of dissolved solids during
1988-92 than did water front adjacent areas to the north,
west, and east (pl. 2). Water samples were not available
from the area to the south.

The dissolved-solids concentration in water from
well (C-3-1)31dcd-3 was 491 mg/L in August 1958.
Samples collected and analyzed by Kennecott Utah
Copper (1992) beginning in 1984 show that dissolved-
solids concentrations increased from 1,700 mg/L in
1984 to 2,840 mg/L in November 1991. The well is 625
ft deep and is used during the irrigation season to sup-
plement water from the Provo Reservoir Canal.

Water from well (C-3-1)31aaa-1 had a dissolved-
solids concentration of 691 mg/L in August 1965. The
concentration remained close to this value until Octo-
ber 1985, when 800 mg/L of dissolved solids were mea-
sured. By June 1992, the water contained 1,110 mg/L
(Kennecott Utah Copper, 1992, and Riverton City, writ-
ten commun., 1993). Well (C-3-1)31aaa-1 is 700 ft
deep and used for public supply. Reperforation of the
well in 1989 resulted in a slight decrease in dissolved-
solids concentration in the water.

Increases in dissolved-solids concentrations also
were measured in public-supply wells (C-3-1)32cdc-1
and (C-3-1)32dcc-1. Well (C-3-1)32cdc-1 was reperfo-
rated during November 1988 to May 1989 to include
the interval from 320 to 470 ft below land surface. The
original perforations were from 530 to 633 ft below
land surface. The dissolved-solids concentration in
water from the well was 459 mg/L in January 1955 and
398 mg/L in October 1987 (Kennecott Utah Copper,
1992). The dissolved-solids concentration was 665
mg/L in February 1989, the next available analysis, and
had increased to 994 mg/L in June 1992 (Riverton City,
written commun., 1993).

Work was done on well (C-3-1)32dcc-1 from
July to November 1987 to close off perforations from
155 to 174 ft below land surface. The remaining perfo-
rated interval extends from 187 to 420 ft below land
surface. The dissolved-solids concentrations in water
from the well ranged from 985 mg/L in August 1958 to
801 mg/L in September 1966. A measurement in Sep-
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tember 1984 was similar to measurements made in the
1960’s. The concentration increased from 1,155 mg/L
in October 1987 to 1,758 mg/L in June 1992 (Riverton
City, written commun., 1993). It is not known if the
increase in dissolved-solids concentration was caused
by changing the perforated interval in the well.

Hely and others (1971, p. 163) attributed the rel-
atively low concentration of dissolved solids in the area
during the 1950°s and 1960’s to the greater permeability
of nearby consolidated rocks and recharge from the
Provo Reservoir Canal. The Provo Reservoir Canal
transported water from Deer Creek Reservoir east of
Provo, Utah, for irrigation in Salt Lake Valley until
1990, when water from Utah Lake was used. The aver-
age discharge-weighted dissolved-solids concentration
from 1964 to 1968 in water from Deer Creek Reservoir
was 231 mg/L (Hely and others, 1971, p.74). The aver-
age discharge-weighted dissolved-solids concentration
from 1964 to 1968 in water from the Jordan River at the
Jordan Narrows was 1,120 mg/L (Hely and others,
1971, p. 90). A net loss of 2.1 ft3/s/mi was measured
from the canal in the area upgradient from well (C-3-
1)32dcc-1 (Herbert and others, 1985, p. 6). The change
in surface-water sources could not be the only reason
for increasing dissolved-solids concentration in ground
water in the area because the concentration began
increasing before the change occurred.

An increase in chloride concentration is the
major cause for the increase in dissolved-solids concen-
tration in water from the principal aquifer in the area
west of Riverton. The predominant anion in water from
Barneys Spring in the Oquirrh Mountains is chloride
(Dames and Moore, 1988, pl. 18c). Volcanic rocks of
Tertiary age are exposed near the spring and along the
mountain front and underlie the western and southern
extent of unconsolidated basin-fill material in this part
of Salt Lake Valley. Water from these rocks may be a
source of chloride to water in the principal aquifer.

Flow from Bingham Tunnel (pl. 1) and from sev-
eral unlined collection ditches on the Oquirrh Moun-
tains near Lark were redirected for use in mining
operations near Copperton in 1987 (Dames and Moore,
1988, p. 7 and 11). Prior to this, water from Bingham,
Butterfield, and Mascotte Tunnels was used for irriga-
tion in the Herriman area. The dissolved-solids con-
centration in water was 2,050 mg/L at Bingham Tunnel
(Kennecott Utah Copper, 1992), 838 mg/L at Butter-
field Tunnel (Kennecott Utah Copper, 1992), and 1,310
mg/L at Mascotte Tunnel (Hely and others, 1971, p.
164). The predominant anion in water from the tunnels
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was sulfate, with chloride constituting less than 10 per-
cent of the ions present.

Water levels in the principal aquifer declined in
the southwestern part of the valley from February 1988
to February 1993 (Batty and others, 1993, p.25).
Water-level declines greater than 20 ft were noted in
wells in the area of increased chloride concentration.
The drop in water levels is probably the result of
ground-water withdrawals from wells, the loss of
recharge from the mine tunnels, and generally less
than-average precipitation during 1988-92.

Many domestic-supply wells have been drilled in
an area south and west of Herriman since about 1985.
Fractured volcanic rock of Tertiary age occurs at most
of these wells near land surface. According to drillers’
logs, an increased quantity of water under hydraulic
pressure exists where the wells intersect fractures.
Water analyses provided to the Utah Department of
Environmental Quality, Division of Drinking Water, for
wells finished in these volcanic rocks indicate a cal-
cium, sodium to calcium, magnesium-bicarbonate,
chloride type water (Utah Department of Environmen-
tal Quality, Division of Drinking Water, written com-
mun., 1993). Water pumped from wells west of
Riverton that shows an increase in chloride and dis-
solved-solids concentration is similar in composition to
water sampled from volcanic rocks in the area. More
water-chemistry information is needed on water sam-
pled from different depths from volcanic rocks in the
area.

HYDROLOGIC PROPERTIES OF THE
BASIN-FILL MATERIAL

Data were collected from the monitoring wells
installed during this study to better estimate the hydro-
logic properties of the basin-fill material. Data also
were collected from existing wells in the vicinity of
selected monitoring wells.

Slug Tests

Hydraulic conductivity determined using the
Bouwer and Rice (1976) method ranged from 0.003 ft/d
at well (C-2-1)36¢dd-2, finished in an interval that was
not sampled, to 33.4 ft/d at well (D-2-1)17cda-3, fin-
ished in an interval of gravel that grades downward into
sandy clay. Each of the wells was tested as many as six
times to obtain some consistency for derived hydraulic-



conductivity values. The most representative values
for 30 wells are listed in table 4. Water-level changes
measured after raising the slug above the water surface
typically gave more uniform hydraulic-conductivity
values. Rapidly lowering the slug below the water sur-
face may cause a larger initial disturbance of the water
surface that takes longer for the effects to subside than
does removing the slug.

A representative set of data for each of the wells
also was analyzed with the Bouwer and Rice (1976)
method using the computer program AQTESOLYV from
Geraghty and Miller, Inc. (1991). The computer pro-
gram also was used to match Cooper, Bredehoeft, and
Papadopulos method (Cooper and others, 1967) type
curves to representative data sets for the wells. If the
slug-test data for a particular well could not be matched
to a type curve, the interval of aquifer open to the well
was probably unconfined and a value was not listed in
table 4 for the Cooper, Bredehoeft, and Papadopulos
method. Values of hydraulic conductivity determined
by the Cooper, Bredehoeft, and Papadopulos method
(Cooper and others, 1967) ranged from 0.003 ft/d at
well (C-2-1)36cdd-2 to 65.5 ft/d at well (D-2-
1)17cda-3, finished in an interval with gravel, cobbles,
and clay. These values are the same order of magnitude
as the values determined using the Bouwer and Rice
(1976) method.

Multiple-Well Aquifer Tests

Hydrologic properties were estimated from aqui-
fer tests done at four sites in Salt Lake Valley using a
pumped well and nearby observation wells. Transmis-
sivity values determined for the principal aquifer from
these tests ranged from 6,400 to 43,600 ft?/d, storage
coefficients were about 1 x 104, and vertical hydraulic-
conductivity values ranged from about 0.01 to 1 ft/d,
where determined. A description of each site and the
results of the aquifer-test analysis is reported in the fol-
lowing sections.

Aquifer Test at Well (C-2-1)23dad-1

Well (C-2-1)23dad-1 was pumped on February
13, 1991, for about 7 hours at a near constant rate of
about 1,600 gal/min. The pumped well is used for pub-
lic supply during the summer months and has three per-
forated intervals from 140 to 380 ft below land surface.
The Jordan River is about 3,500 ft west of the well.
According to the drillers’ log of well (C-2-1)23dad-1, a

12-foot-thick layer of clay begins at about 80 ft below
land surface. Although in the discharge area for the
principal aquifer (pl. 1), water levels measured in well
(C-2-1)23dac-1, about 300 ft from the pumped well and
finished at the top of the clay layer, are similar to those
in well (C-2-1)23dad-1 during the nonpumping season.

Water-level decline and recovery was measured
in the pumped well, in two observation wells finished in
the pumped principal aquifer, and in well (C-2-
1)23dac-1, finished above the principal aquifer (table
5). The water-level decline measured in well (C-2-
1)23cab-1 did not fit the Hantush (1960) modified
method family of type curves when plotted with the
water-level decline measured in well (C-2-1)24bcd-1.
The water-level decline in well (C-2-1)23cab-1 was not
as large as the type curves indicated. This indicates that
the aquifer was not responding as if it were homoge-
neous or that another source of water was available to
well (C-2-1)23cab-1 that was not available to the
pumped well or to well (C-2-1)24bcd-1. A possible
source for this other water is the Jordan River. The clay
layers above the principal aquifer thin west of the
pumped well (toward the Jordan River) and thicken on
the west side of the river, on the basis of drillers’ logs.
The clay layer nearest to land surface deposited by
Lake Bonneville may have been eroded by the Jordan
River between well (C-2-1)23cab-1 and the pumped
well, allowing surface water to recharge the ground-
water system. A delta-like escarpment just north of the
pumped well is composed of alluvium of Holocene age
deposited by an abandoned channel of Little Cotton-
wood Creek (Personius and Scott, 1990). This aban-
doned channel also could have eroded the uppermost
deposit of lacustrine clay in the area of well (C-2-
1)23cab-1.

Water-level recovery measured in observation
well (C-2-1)24bcd-1 through time and a leakage param-
eter of 0.1 indicate a transmissivity for the pumped
aquifer of about 43,600 ft?/d and a storage coefficient of
3.5 x 10"*. Transmissivity calculated by the Cooper
and Jacob (1946) straight-line method using water-
level recovery measured in the pumped well (C-2-
1)23dad-1 is about 48,500 ft?/d.

Changes in water level were measured in moni-
toring well (C-2-1)23dac-1 in response to pumping at
well (C-2-1)23dad-1. A water-level rise of 0.07 ft was
measured after pumping began. The reverse change in
water level is attributed to compaction of the aquifer
material during pumping and a corresponding increase
in pore pressure in the aquifer and adjacent layers. A
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Table 4. Hydraulic-conductivity values determined from slug tests done at selected wells in Salt Lake Valley, Utah

[ft/d, foot per day; —, no data available]

Location: See figure 2 for an explanation of the numbering system used for hydrologic-data sites in Utah.

-, Bottom Hydraulic Hydraulic Hydraulic
water  Length O~ conductivity  GORCRCUN e mined by
. level . o_f interval with the a computer a computer
Location (feet _finish (feet Bouwer and program using program using
Tona Mol below  Rice(iorg) eBeswer. theCooper
surface) sd?fg(c’: e) m(?ttlr";)’d method (1967) method
(ft/d) (ft/d)
(B-1-2)19aca-3 2.67 5 22.1 0.16 0.16 0.16
(B-1-2)22dad-1 7.01 5 14.5 .30 .26 45
(B-1-2)28aab-1 2.79 5 14.0 1.03 .85 1.64
(B-1-2)32bcb-3 3.49 5 23.7 .30 .39 —
(B-1-2)36baa-2 3.83 10 82.0 3.49 3.45 3.64
(B-1-2)36baa-3 5.92 5 18.0 .19 .20 24
(C-1-1)15cad-2 421 10 39.0 25 .26 —
(C-1-1)15cad-3 3.97 5 15.0 17.88 19.01 —
(C-1-1)18bda-1 7.60 10 44.0 17.39 18.56 —
(C-1-1)23bcd-2 2.81 10 65.1 .05 .05 .04
(C-1-1)33ddd-2 11.55 10 50.5 .007 .006 —
(C-1-2)14cdd-2 11 10 48.5 7.80 7.62 8.66
(C-1-2)14cdd-3 3.62 5 16.7 Sl 43 .53
(C-2-1)13abe-1 20.21 10 55.5 2.03 2.27 2.80
(C-2-1)20aad-2 43.37 10 60.0 .14 .10 —
(C-2-1)23ccb-1 13.55 10 40.0 2.15 2.16 2.67
(C-2-1)34bbd-2 27.06 10 40.5 12.63 12.40 20.61
(C-2-1)36¢dd-2 37.59 10 61.0 .003 .003 .003

(C-2-1)36c¢dd-3 69.47 10 128.5 1.45 1.40 1.33
(C-2-2)1bcd-2 6.37 10 27.0 8.21 9.17 13.29
(C-3-1)12cdb-1 8.59 10 40.0 41 34 0.36
(C-4-1)4aaa-4 52.49 10 103.0 27.32 24.25 35.69
(D-1-1)17dab-2 20.63 10 67.5 431 451 5.37
(D-1-1)19dbc-2 8.65 10 30.0 2.26 2.33 3.16
(D-2-1)16bba-3 21.46 10 89.0 10.09 11.50 10.82
(D-2-1)17cda-2 2.05 10 27.5 7.53 7.86 —
(D-2-1)17cda-3 2.00 10 22.5 33.40 33.21 65.54
(D-2-1)29acb-2 23.08 10 51.0 2.54 2.36 1.01
(D-2-1)30dda-3 11.47 5 20.4 10.58 10.43 16.86
(D-3-1)29ddd-1 5.66 10 43.0 .85 .86 .90
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Table 5. Records of wells monitored during four aquifer tests done in Salt Lake Valley, Utah

Location: See figure 2 for an explanation of the numbering system used for hydrologic-data sites in Utah.

Altitude of land surface: In feet above sea level. Altitudes are interpolated from U.S. Geological Survey topographic maps and are to the
nearest foot.

Depth of well: In feet below land surface.

Distance from pumped well: Radial distance in feet.

Finish intervals in well: Upper and lower limits of perforations, screens, or open hole in the well are in feet above sea level, if known, and
questioned (?) if extent is unknown.

Altitude Depth Distance Finish
Location Surface wel pumped el
(feet) (feet) well (feet) (feet)
Aquifer test at well (C-2-1)23dad-1

(C-2-1)23dad-1 4,280 391 0 4,140-4,060
4,043-4,000

3,910-3,900

(C-2-1)23dac-1 4,280 85 296 4,206-4,196
(C-2-1)24bcd-1 4,307 370 2,100 4,128-4,007
(C-2-1)23cab-1 4,285 600 3,600 4,045-4,023
3,992-3,948

(C-2-1)23ccb-1 4,350 41 4,480 4,320-4,310

Aquifer test at well (D-2-1)16bba-2

(D-2-1)16bba-2 4,351 604 0 4,098-4,046
4,022-3,956

3,870-3,852

3,846-3,810

3,806-3,796

3,792-3,766

(D-2-1)16bba-3 4,351 90 84 4,272-4,262
(D-2-1)16bba-1 4,351 285 500 4,201-4,143
4,138-4,113

4,103-4,096

4,090-4,067

(D-2-1)16aaa-1 4,396 600 4,125 4,106-3,981
3,931-3,891

3,881-3,864

(D-2-1)9abd-1 4,348 540 5,250 4,088-4,053
4,033-3,983

3,923-3,888

Aquifer test at well (D-2-1)30dda-1

(D-2-1)30dda-1 4,453 1,002 0 3,893-3,873
3,845-3,823

3,805-3,792

3,766-3,764

3,756-3,725

3,719-3,711

3,602-3,581

3,563-3,519

3,504-3,497

3,490-3,488



Table 5. Records of wells monitored during four aquifer tests done in Salt Lake Valley, Utah—Continued

Location

Altitude Depth Distance

of land of from

surface well pumped
(feet) (feet) well (feet)

Finish
intervals
in well
(feet)

(D-2-1)30dda-1—Continued

(D-2-1)30dda-2
(D-2-1)30dda-3
(D-2-1)29cdd-1

(D-2-1)32bce-1

(D-2-1)30cac-1
(D-2-1)29acb-8
(D-2-1)32caa-1

(D-2-1)28ccc-1

(D-2-1)20ccb-1
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Aquifer test at well (D-2-1)30dda-1—Continued

4,453 65 100
4,453 21.4 110
4,497 900 2,600

4,487 1,007 3,080

4,397 200 3,500
4,465 500 3,590
4,513 881 4,290

4,580 691 5,470

4,414 626 5,480

3,482-3,481
3,475-3,472
3,467-3,463
4,399-4,389
4,438-4,433
4,027-4,012
4,006-4,000
3,992-3,976
3,967-3,963
3,932-3,920
3,902-3,892
3,872-3,817
3,801-3,794
3,777-3,732
3,714-3,707
3,692-3,662
3,652-3,632
3,629-3,606
4,012-3,899
3,883-3,871
3,865-3,857
3,839-3,825
3,812-3,742
3,723-3,654
3,622-3,601
3,582-3,567
3,532-3,491
4212-4,197
4,010-2
4,038-4,003
3,973-3,933
3,893-3,643
4,065-4,050
4,045-3,995
3,988-3,902
4,134-4,124
4,104-4,044
4,019-3,954
3,914-3,894
3,884-3,799



Table 5. Records of wells monitored during four aquifer tests done in Salt Lake Valley Utah—Continued

Altitude Depth Distance Finish
Location Surtace well pumped el

(feet) (feet) well (feet) (feet)

Aquifer test at well (D-2-1)34dba-1

(D-2-1)34dba-1 4,675 700 0 4,400-4,247
4,175-4,155
4,045-3,995
(D-2-1)34acb-1 4,637 325 881 4,366-4,346
(D-2-1)34cab-2 4,655 411 1,762 4,330-4,245
(D-2-1)34bbb-2 4,590 692 3,550 4,312-4,304
4,228-4,186
4,098-4,060
4,040-3,988
(D-2-1)33abd-2 4,581 904 5,380 4,176-4,026
4,006-3,677

water-level decline in well (C-2-1)23dac-1 was
recorded 5 minutes after the pump was turned on.

The vertical hydraulic conductivity of the confin-
ing layer overlying the pumped principal aquifer was
estimated using the Hantush (1960) modified method
and the “ratio” method (Neuman and Witherspoon,
1972). Water-level changes measured in well (C-2-
1)23dac-1 were used to represent changes in the confin-
ing layer. A specific-storage value for the confining
layer of 9.5 x 107 ft'! was determined by solving k'S’
from the Hantush modified method and £ /S " from the
“ratio” method simultaneously. Substituting the calcu-
lated S’ value into these equations results in a k" of 0.06
ft/d. Vertical hydraulic conductivity of the confining
layer in this area probably ranges from 0.01 to 0.1 ft/d.

A typical value of S’ for alluvial material is
about 1 x 107 ft'! (Francis Riley, U.S. Geological Sur-
vey, oral commun., 1992). The S’ value determined
from consolidation-test data for material cored 83.5 ft
below land surface at well (C-2-1)23dac-1 was 2.2 x
10* ft!. This value is indicative of material that has
experienced stress that exceeded the maximum past
stress. The basin-fill material in this area has not under-
gone any significant changes in stress caused by
ground-water withdrawals or land-surface loading
since prehistoric Lake Bonneville. Therefore, the lab-
oratory determined S is considered to be too large,
probably because of disturbance during coring or dur-
ing the laboratory analysis.

Aquifer Test at Well (D-2-1)16bba-2

Well (D-2-1)16bba-2 was pumped for about 13
hours on February 20, 1991, at a near-constant rate of
1,400 gal/min. Water-level response was monitored in
three other wells completed in the principal aquifer and
in well (D-2-1)16bba-3, finished in the shallow uncon-
fined aquifer above a confining layer (table 5). Finish
intervals in the pumped well are from 253 to 585 ft
below land surface. The water level in well (D-2-
1)16bba-2 was 2.9 ft lower in February 1991 and 4.4 ft
lower in May 1992 than the water level measured at the
same time in well (D-2-1)16bba-3. The shallow well is
about 84 ft south of the deep well. The difference in
water levels in the two wells indicates that there is a
downward vertical hydraulic-head gradient between
the shallow unconfined and the principal aquifer in this
area. The transmissivity of the principal aquifer, deter-
mined by applying the Cooper and Jacob (1946)
straight-line method to water-level recovery in the
pumped well, is about 16,300 ft?/d.

On the basis of drillers’ logs that identify clay
layers above and below finish intervals in the observa-
tion wells, the principal aquifer in this area likely is
confined. No water-level decline was measured in well
(D-2-1)16bba-3 during the aquifer test. Water levels
were measured monthly at this relatively shallow well
from September 1990 to March 1992. Seasonal fluctu-
ations indicate that water levels in the well are affected
by ground-water withdrawals from the principal aqui-
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fer. The aquifer test was not long enough in duration to
quantify leakage but it did indicate that leakage through
the confining layer is relatively small.

Aquifer Test at Well (D-2-1)30dda-1

The aquifer test at well (D-2-1)30dda-1 was done
by monitoring recovery in nine observation wells fin-
ished in the principal and shallow unconfined aquifers
after pumping at well (D-2-1)30dda-1, which is fin-
ished in the principal aquifer, stopped (table 5). Well
(D-2-1)30dda-1 was turned off at 12:00 p.m. on Febru-
ary 10, 1992, after pumping at a near-constant rate of
about 2,300 gal/min since February 6, 1992. Records
supplied by the Salt Lake County Water Conservancy
District (written commun., 1992) show that the well
was pumped at about 2,600 gal/min from February 3 to
6, 1992.

Well (D-2-1)30dda-1 has several perforated
intervals from 560 to 990 ft below land surface. There
are several clay layers documented in drillers logs for
wells in the area above these intervals. The water level
in the pumped well was close to the prepumping level,
about 136 ft below land surface, 5 days after pumping
stopped. Well (D-2-1)30dda-2 is finished from 54 to 64
ft below land surface in silty clay. The water level in
well (D-2-1)30dda-2 ranged from about 52 to 53 ft
below land surface, according to measurements made
from July 1991 to February 1992. Well (D-2-1)30dda-
3 is finished from about 15 to 20 ft below land surface
in silty sand. Water levels measured in well (D-2-
1)30dda-3 fluctuated from a high of about 11.2 ft below
land surface in August 1991 to a low of about 14.6 ft
below land surface in February 1992. This fluctuation
is primarily in response to the presence of surface water
in the nearby East Jordan Canal. These observations
indicate a steep downward vertical hydraulic-head gra-
dient between the shallow unconfined aquifer [well (D-
2-1)30dda-3], an underlying confining layer [well (D-
2-1)30dda-2], and the principal aquifer [well (D-2-
1)30dda-1]. The downward vertical hydraulic-head
gradient probably exists throughout the year, regardless
of the ground-water withdrawals and diversions for irri-
gation that occur seasonally.

Transmissivity of the principal aquifer in this
area determined from the Hantush (1960) modified
method is about 6,400 ft?/d. The storage coefficient is
about 1.4 x 10*. A specific-storage value for the con-
fining layer of 1.3 x 10~ ft! was determined by solving
k'S * from the Hantush modified method and £7/S_ " from
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the “ratio” method simultaneously. Substituting the cal-
culated S, " value into these equations results in ax’ of
0.08 ft/d. The probable range in £’ in this area is from
0.01 to 0.1 ft/d.

Aquifer Test at Well (D-2-1)34dba-1

Well (D-2-1)34dba-1 was pumped for about 20
hours in May 1965. The well is finished in the principal
aquifer with perforated intervals from 275 to 680 ft
below land surface. The water level in the well prior to
the test was 290 ft below land surface. The area around
the pumped well is near the boundary of where the prin-
cipal aquifer changes from confined to unconfined con-
ditions. A downward vertical hydraulic-head gradient
exists between the shallow unconfined and principal
aquifers in this area.

Data from this aquifer test were reanalyzed in
1992 to account for substantial leakage through adja-
cent confining layers to the principal aquifer. Water-
level declines were measured in the pumped well and in
four observation wells completed in the principal aqui-
fer (table 5).

The transmissivity of the principal aquifer esti-
mated from the Cooper and Jacob (1946) straight-line
method and the Hantush (1960) modified method is
about 23,000 ft?>/d. The storage coefficient is about
1.4 x10*. The vertical hydraulic conductivity of the
confining layer that overlies the principal aquifer was
estimated using the Hantush (1960) modified method to
be in the range of 0.1 to 1 ft/d.

WATER-LEVEL FLUCTUATIONS AND
GROUND-WATER MOVEMENT

Water-level fluctuations and ground-water move-
ment in the saturated basin-fill material was studied
using water-level and water-chemistry data, geochemi-
cal modeling, isotope data, and vertical hydraulic-con-
ductivity values. These data and methods provide
insight to recharge sources, flow directions, and flow
velocities in some areas of the valley.

Water-Level Fluctuations in the Shallow
Unconfined Aquifer

Water levels were measured monthly in most of
the monitoring wells drilled during this study. The
changes in water levels tend to follow a seasonal pat-



tern that is dependent on water use and location in the
valley. Water levels in wells (C-2-1)20aad-2, (C-4-
1)4aaa-3, and (D-2-1)29acb-2 (fig. 14) are highest in
the late summer or fall in response to infiltration of
unconsumed irrigation water. Water levels measured in
these wells are lowest in the spring before irrigation
begins. These wells are near canals or ditches that
divert water for irrigation.

Wells (C-2-1)23dac-1, (C-2-1)36¢dd-3, and (D-
2-1)l6bba-3 are monitoring wells near public-supply
wells. The public-supply wells were pumped during
the summers of 1990 and 1991. Water levels measured
in the nearby monitoring wells were lowest during the
summer in response to ground-water withdrawals from
the confined part of the principal aquifer. Water levels
generally were highest in the early spring. Wells (D-1-
1)17dab-2 and (D-1-1)30dcb-1 are not close to any
wells that withdraw water from the principal aquifer,
but water levels in these monitoring wells responded in
the same way as in wells that are near pumping wells.
The confined nature of the principal aquifer in this area
of the valley and the large ground-water withdrawals
for public supply cause the effects of pumping to prop-
agate over a large area.

Monitoring well (D-2-1)17cda-2 is adjacent to
Big Cottonwood Creek and a public-supply well fin-
ished in the principal aquifer. Water levels measured in
the monitoring well fluctuated with flow in the stream.
A large rise in water levels was measured in May 1991
that corresponds with spring runoff in Big Cottonwood
Creek. Water levels were highest in June 1991 and
gradually declined the rest of the year. Water-level
changes measured in wells (B-1-2)31aaa-1, (C-1-
1)15cad-2, and (C-1-1)23bcd-2 do not seem to be as
greatly influenced by water use in the valley as those
measured in other monitoring wells, probably because
fewer wells in the area withdraw water from the princi-
pal aquifer.

A reverse water-level fluctuation was noted in
monitoring well (C-1-1)23bcd-2 in response to ground-
water withdrawals from a deeper part of the saturated
basin fill. The well was drilled to 66.1 ft below land
surface through interbedded clay, silt, and sand and is
near a public-supply well, (C-1-1)23bcd-1, which has
several screened intervals from 145 to 804 ft below
land surface. Several times in the fall and winter of
1990, pumping at the public-supply well resulted in a
water-level rise in the monitoring well (fig. 15). When
well (C-1-1)23bcd-1 was not pumping, the water level
in well (C-1-1)23bcd-2 declined. The water-level

changes measured in the monitoring well in response to
pumping from the underlying principal aquifer ranged
from 1.21 to 1.50 ft. This reverse fluctuation in water
level is thought to be caused by the redistribution of
stress that results when an aquifer is pumped. When a
pump is turned on, the aquifer material may be com-
pacted by the horizontal movement of water in the aqui-
fer toward the pumped well. A rise in water level is
caused by a corresponding increase in pore pressure in
the aquifer and adjacent confining layers.

Ground-Water Movement Indicated by
Geochemical Modeling

Chemical analyses of water from wells in areas
of Salt Lake Valley where vertical hydraulic-head gra-
dients were known were used to model possible reac-
tions between the water and basin-fill material. The
computer program NETPATH (Plummer and others,
1991) was used (see “Methods and Limitations” section
of this report). Surface water and water from wells
were specified as upgradient or downgradient (evolu-
tionary) waters along a flowpath, depending on the
direction of ground-water flow.

Water from well (C-4-1)4aaa-3 (table 1), 49.0 ft
deep and near the Utah and Salt Lake Canal, is similar
to water sampled from the Jordan River at the Jordan
Narrows. The Utah and Salt Lake Canal diverts water
from the Jordan River in the Jordan Narrows for irriga-
tion. A water level of about 40 ft below land surface
and the presence of unsaturated material above the
water table (Thiros, 1992, p. 24) indicates a downward
hydraulic-head gradient between land surface and the
finish interval in the well. Water from the canal prob-
ably seeps down to the shallow unconfined aquifer.
Concentrations of sulfate, sodium, total inorganic car-
bon, calcium, magnesium, and chloride are higher in
water from the well than in water from the Jordan
River. If water from the Utah and Salt Lake Canal is the
source of water in well (C-4-1)4aaa-3, then some of the
increase in dissolved-solids concentration must be
caused by reactions with basin-fill material in the sub-
surface.

Sulfur, carbon, calcium, and chloride were used
to constrain the modeling calculations. The mineral
phases assumed to occur in this system were calcite,
gypsum, halite, and carbon dioxide gas. The geochemi-
cal mass-balance model calculated for the specified
constraints and phases requires the dissolution of 0.63
mmol/L calcite, 0.52 mmol/L gypsum, and 2.7 mmol/L
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Figure 14. Seasonal water-level fluctuations in 12 monitoring wells completed in the shallow unconfined aquifer

or a confining layer in Salt Lake Valley, Utah 1990-92.
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Figure 14. Seasonal water-level fluctuations in 12 monitoring wells completed in the shallow unconfined aquifer
or a confining layer in Salt Lake Valley, Utah 1990-92—Continued.



42

WATER LEVEL, IN FEET ABOVE (—) OR BELOW LAND SURFACE

[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
Well (D—1—1)30dcb—1 ]
0 r o /I:|/|:|:l|:\:| D/D_’_D/D —
- /|:| /D/ 4
L O _
_ / \D_E‘/D 1
5 I II_. | | | | | | | | | | | | | | | | | ]
20 I [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ ]
: Well (I?j—\Z;D16bba—3 ]
22 | /D/ -
L O /D— |
24 -
I — ]
26 | | | | | | | | | | | | | | | | | |
2 [ [ [ [ [ [ [ [ )—‘\IE| [ [ [ [ [ [ [ [
g Wel (D—2-1)17cda—2 P A~p 0 g T
L - D\D\D -
I Lo
N D\D\D\\/D ]
6 | | | | | | | | | | | | | | | | | | | |
20 I [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ ]
[ Well (D—2-1)29acb—2 ]
22 __E"—JJ\ /D/D’_—D\ . __
e " NP
| DD\ / O—n ]
24 |- D\j/n/n -
26 i | | | | | | | | | | | | | | | | | | 1
S OND JFMAMJI J ASONDJFMA
1990 1991 1992

Figure 14. Seasonal water-level fluctuations in 12 monitoring wells completed in the shallow unconfined aquifer
or a confining layer in Salt Lake Valley, Utah 1990—-92—Continued.
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Figure 15. Reverse water-level fluctuations in monitoring well (C-1-1)23bcd-2 in Salt Lake Valley, Utah.

halite; and the release of 0.66 mmol/L carbon dioxide
gas from water sampled from well (C-4-1)4aaa-3. Sat-
uration indices calculated for the well water substan-
tiate the reactions proposed by the model for calcite,
gypsum, and halite.

Well (C-2-1)24bcd-1 (table 2) is finished in the
principal aquifer and overlying confining layers with
perforations from 179 to 300 ft below land surface. On
the basis of vertical hydraulic-head gradients and the
nature of confining layers in the area, water from this
well might be a mixture of water from the Jordan River
and water that exists in the principal aquifer farther up
the flow path. Vertical hydraulic-head gradients
between the shallow unconfined and principal aquifers
probably are downward during the summer months
when public-supply wells in the area are pumped.

The shallow unconfined aquifer can receive a
substantial part of its recharge as seepage from the Jor-
dan River and its diversions, and as infiltration of
unconsumed irrigation water in areas where a down-
ward hydraulic-head gradient and permeable material
exist. The Jordan River and Little Cottonwood Creek

probably have removed part of the shallow confining
layers deposited in the area around well (C-2-1)24bcd-
1. This assumption was made on the basis of the depos-
its identified in wells drilled near the edges of and on
benches above the Jordan River flood plain and the
depth to which the river has cut down into the basin-fill
material. Discontinuous confining layers do not tend to
impede vertical ground-water flow between the shallow
unconfined and principal aquifers as effectively as con-
tinuous confining layers, allowing the possibility for
the mixing of water, if hydraulic-head gradients permit.

Analyses of water sampled from the Jordan River
at 5800 South Street and from well (D-2-1)30dda-1,
upgradient from well (C-2-1)24bcd-1 with several per-
forated intervals from 560 to 990 ft below land surface,
were chosen to represent two waters from which the
water from well (C-2-1)24bcd-1 could be derived.
Concentrations of major ions are higher in water sam-
pled from the Jordan River than in water sampled from
the principal aquifer. Saturation indices indicate that
water from the principal aquifer upgradient from well
(C-2-1)24bcd-1 is undersaturated with calcite and gyp-
sum. Water from the river and well (C-2-1)24bcd-1 is
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at equilibrium and possibly slightly supersaturated with
calcite and is undersaturated with gypsum. Isotopic
concentrations for the Jordan River were determined
from a sample collected at 6400 South Street. The oxy-
gen-18 and deuterium ratios in water from well (C-2-
1)24bcd-1 are lighter than the ratios in water from the
Jordan River and heavier than the ratios in water from
well (D-2-1)30dda-1.

Chloride, 8!30, and 8D values were considered to
be conservative and were used separately as constraints
to determine the ratio of mixing waters needed to pro-
duce the evolved water. Similar mixing ratios of water
from the Jordan River and from well (D-2-1)30dda-1
were calculated using these constraints. About 75 per-
cent of the water sampled from well (C-2-1)24bcd-1 is
from the principal aquifer upgradient from the well and
about 25 percent is from the Jordan River, under the
assumptions previously listed.

The chemistry of water from some wells sampled
in the northwestern part of the valley might be con-
trolled by sulfate reduction reactions. Water from well
(B-1-2)21dcd-1 was used to represent the sodium-chlo-
ride and bicarbonate type waters in the area that have
relatively low sulfate concentrations. The chemical
analysis of water from well (C-1-1)9bba-3 represents
water from the principal aquifer upgradient from the
sodium-chloride and bicarbonate type water.

The constraints used in the geochemical modeling
process included total inorganic carbon, calcium,
sulfur, sodium, and redox state. The phases assumed
applicable in the subsurface were calcite, gypsum,
halite, pyrite, and carbon in the form of organic matter
(CH,0). The reactions needed to produce the evolu-
tionary downgradient water sampled from well (B-1-
2)21dcd-1 include the precipitation of calcite (0.77
mmol/L) and pyrite (0.47 mmol/L), the dissolution of
gypsum (0.42 mmol/L) and halite (7.0 mmol/L), and
the consumption of CH,O (1.4 mmol/L). Saturation
indices indicate that water from well (B-1-2)21dcd-1 is
saturated with calcite and undersaturated with gypsum
and halite. Sulfate reduction is a plausible explanation
for the relatively low sulfate and high bicarbonate con-
centrations in water from the northwestern part of the
valley on the basis of this model and other evidence
presented in the “Chemical composition of ground
water” section of this report.
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Isotopic Indicators of Ground-Water
Movement

The stable isotopes of oxygen and hydrogen
occur naturally in water and can be used to help deter-
mine sources of recharge and the extent of mixing in a
ground-water system. Water sampled from 81 hydro-
logic-data sites, mainly from the shallow unconfined
aquifer and underlying confining layers in Salt Lake
Valley, was analyzed for oxygen and hydrogen isotope
ratios (8'30 and D) from 1990 to 1992 (tables 6
and 7).

Water samples from four surface-water sites
(table 6) and 20 wells (table 7) were analyzed for tri-
tium in 1990 and 1991 to better understand ground-
water movement in the southeastern part of the valley.
Most of the water samples analyzed for tritium were
collected from sites along hypothesized flow paths
extending from the mountain front on the southeastern
side of the valley to the Jordan River in the valley cen-
ter (pl. 1). Some tritium data also were available for
water collected in 1989 from other areas in the valley
(table 7).

Oxygen-18 and Deuterium in Surface Water

Selected mountain-front streams and the Jordan
River at the Jordan Narrows were sampled for §'%0 and
oD at peak-flow conditions (June 1991) and what was
considered to be base-flow conditions (December
1991) (table 6) to better define two known sources of
recharge to the ground-water system. Values of 8'%0
and 8D were available for intermittent samples from
Red Butte Creek at gaging station 10172200 and the
Jordan River at 1700 South Street (gaging station
10171000) from 1984 to 1987 (Carol Kendall, U.S.
Geological Survey, written commun., 1991).

The water in mountain-front streams was
assumed to be representative of precipitation runoff,
and in addition to water in the mountain-front consoli-
dated rock, was assumed to be a primary source of
recharge to the basin-fill material. The consolidated
rock ground-water system is recharged by precipitation
and discharges partially to the mountain-front streams.
Water samples were collected from Red Butte Creek,
Mill Creek, and Big and Little Cottonwood Creeks in
the Wasatch Range, and from Butterfield Creek in the
Oquirrh Mountains. Values of 8'%0 and 8D ranged
from -17.15 per mil and -128.0 per mil, respectively, for
water from Mill Creek at the canyon mouth to -16.00



Table 6. Isotopic determinations and physical properties of water from selected surface-water sites in Salt Lake Valley, Utah

[—, no data available]

Location: Name of surface-water site and location relative to a canyon mouth or street. See plate 1 for location.
Site number: 15-digit U.S. Geological Survey site identification number based on latitude and longitude or an 8-digit station number assigned to streams
based on tributary rank and downstream order.

Tritium: TU, tritium units.

5180: Oxygen-18/oxygen-16 stable isotope ratio, in per mil.
dD: Hydrogen-2/hydrogen-1 stable isotope ratio, in per mil.
Temperature: °C, degrees Celsius, measured in the field.

Specific conductance: uS/cm, microsiemens per centimeter at 25 degrees Celsius, measured in the field.
Alkalinity: mg/L, milligrams per liter as CaCO,, measured in the field.
Streamfiow: ft’/s, cubic feet per second; M, measured in the field or reported from streamflow-gaging station records.

Temper- Specific pH Illl\rl'ull(tél Stream-
Location Site Date  Tritum 50 o ISHPET conduc-  (stan- oW o
number sampled (TU) (per mil) (per mil) C) (tasl7ce al_-d (mglL as (ft¥/s)
pS/cm) units) caco,)
Salt Lake City Aqueduct at Southeast 403234111485001  02-17-92  — -16.60 -124.0 — — — — —
Regional Water Treatment Plant!
East Jordan Canal at 7700 South 700 East 403642111521803  07-09-91 13.9 -8.60 -79.5 22.0 1,690 8.2 — —
Big Cottonwood Creek at 4500 South 300 East 208-04-92 19.7 — — — — — — —
Big Cottonwood Creek above water treatment 403706111463901  12-04-90 — -16.40 -122.0 6.0 315 8.5 — —
plant near canyon mouth
Big Cottonwood Creek downstream from 10168499  06-06-91 — -16.70 -122.0 8.0 155 8.0 52 269 M
canyon mouth 12-17-91 — -16.25 -120.0 4.0 315 8.0 96 11.6
Little Cottonwood Creek near canyon mouth 10167499  06-06-91 9.0 -16.60 -122.0 9.0 155 7.8 40 148 M
12-18-91  — -16.00 -118.0 4.5 410 7.7 110 .16
Mill Creek near canyon mouth 10169999  06-06-91 — -16.95 -123.0 7.0 435 83 154 41 M
12-17-91 — -17.15 -128.0 4.0 660 8.1 216 6.5
Red Butte Creek upstream from canyon mouth 10172200  11-15-90 — -16.60 -122.0 5.0 630 8.6 245 1.0M
Butterfield Creek 402922112092101  06-07-91  — -16.00 -118.0 14.0 320 83 135 1.4
12-16-91 — -16.45 -123.0 4.0 580 7.8 242 —
Jordan River at Jordan Narrows 402629111551201  06-07-91 12.7 -10.60 -89.5 18.0 1,470 8.3 227 —
12-18-91 — -15.00 -116.0 2.0 2,000 8.1 282 —
Jordan River at 12300 South 403138111550600  12-04-90 — -12.30 -103.0 6.0 2,000 83 — —
Jordan River at 6400 South 403750111552100  06-20-91 19.8 -12.55 -102.0 17.5 1,840 8.0 255 —
Jordan River at 1700 South 10171000  11-29-90 — -13.60 -108.0 — — — — 116
Jordan River at 500 North 404657111560801  11-29-90 — -15.10 -109.0 — — — — —

! Water enters Salt Lake City Aqueduct from Deer Creek Reservoir.
2 Data from Craig Forester, University of Utah (written commun., 1992).

per mil and -118.0 per mil, respectively, for water from
Little Cottonwood Creek at the canyon mouth and from
Butterfield Creek (table 6).

The variation in these values for water from
mountain-front streams probably is caused by differ-
ences in source-area altitude, temperature, and result-
ing type of precipitation, and the quantity and location
of infiltration into the consolidated-rock ground-water
system. Precipitation undergoes some degree of evap-
oration while falling from clouds, resulting in isotopic
enrichment. Values of 8D measured in precipitation
collected in the eastern part of Salt Lake Valley during

a 3-year period ranged from -11 per mil in July 1989 to
-213 per mil in March 1989 (Jim Ehleringer, University
of Utah, written commun., 1992). Evaporation of water
from sampled streams is probably negligible because of
the short transient times in the mountain watersheds.

Peak snowmelt runoff in the streams is likely a
mixture of precipitation accumulated during the winter
and discharge from the consolidated-rock ground-water
system. Ground-water discharge that contributes to
streamflow all year is probably a composite of winter
and summer precipitation recharged at a range of alti-
tudes. Water in Mill Creek and Butterfield Creek that
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Table 7. Isotopic determinations and physical properties of water from selected ground-water sites in Salt Lake Valley, Utah
[—, no data available]

Location: See figure 2 for an explanation of the numbering system used for hydrologic-data sites in Utah.
Site number: 15-digit U.S. Geological Survey site identification number based on latitude and longitude.
Tritium: TU, tritium units; <, less than.

8'80: Oxygen-18/oxygen-16 stable isotope ratio, in per mil.

dD: Hydrogen-2/hydrogen-1 stable isotope ratio, in per mil.

Temperature: °C, degrees Celsius, measured in the field.

Specific conductance: uS/cm, microsiemens per centimeter at 25 degrees Celsius, measured in the field.
Alkalinity: mg/L, milligrams per liter as CaCO,, measured in the field.

Depth _ Specific pH Alka-
Location Site number wal sa?:;?ed Tr(l'lt"lljj)m (p?rsrgil) (per mil) T:‘(rt::(‘z:r “ncs. S (n:tlgl%is
(feet) (uSfcm)  units) cgcoq)

(A-1-1)31cac-1  404627111532601 464  06-19-89  <8.1 — — 14.0 960 73 —
(B-1-2)19aca-1 ~ 404826112062201 450  08-05-91  — -1740  -131.0 17.5 2,350 8.4 380
(B-1-2)19aca-2  404829112062101  86.0  08-05-91  — -17.55 -135.0 22.0 3,550 8.3 874
(B-1-2)19aca-3  404829112062102  23.1  08-05-91  — -15.05 -120.0 145 30,000 78 999
(B-1-2)21ded-1 ~ 404754112040501 561  08-06-91  — -17.50  -136.0 16.5 1,180 8.6 240
(B-1-2)22daa-1  404815112024201 148  08-07-91  — -17.65 -135.0 15.5 1,670 82 261
(B-1-2)22dad-1  404812112024201 155 08-0791  — -17.00  -130.0 14.5 2,270 8.5 483
(B-1-2)23cbd-1 ~ 404810112021901 270  08-07-91  — -17.55 -134.0 17.0 1,780 8.0 222
(B-1-2)28aab-1  404753112040201 150  08-0691  — -11.80 975 16.5 3,580 8.6 490
(B-1-2)32bcb-1  404645112055401 716  11-29-90  — -1770  -136.0 — S — —
(B-1-2)32bcb-2 404643112060001 248 11-08-90 — -16.90 -134.0 11.0 14,000 7.8 240

08-06-91  — -16.95 -132.0 20.0 13,000 78 253
(B-1-2)32bcb-3  404643112060002  24.7  08-06-91  — -16.85 -131.0 15.0 11,200 8.0 354
(B-1-2)36baa-1  404659112005601 464  05-25-89  <8.1 — — 275 6,300 73 —

08-2991  — -17.30  -133.0 27.0 6,180 7.7 118
(B-1-2)36baa-2  404700112005701  83.0  08-29-91  — -17.25 -130.0 16.0 890 8.1 163
(B-1-2)36baa-3  404700112005703 19.0 082991  — -17.05 -132.0 15.0 6,780 8.6 334
(C-1-1)15cad-2  404351111562301  40.0  10-15-90  — 1610 -120.0 17.5 1,200 7.8 257
(C-1-1)15cad-3  404351111562302 160  09-0391  — -13.65 -106.0 22.0 2,940 7.3 499
(C-1-1)18bda-1  404406111594901  45.0  10-22-90  — -14.90 -116.0 14.0 16,000 7.7 256
(C-1-1)23bcb-1  404314111553601 840  07-13-89 9.1 — — 15.0 820 79 —
(C-1-1)23bed-2  404313111553202  66.1  11-08-90  — -1670  -125.0 13.0 720 8.1 343
(C-1-1)25bdb-1  404223111541201 1,000  07-10-89  <8.1 — — 18.5 540 77 —
(C-1-1)27dda-8  404156111554401 775  07-10-89  <8.1 — — 21.0 710 77 —
(C-1-1)33ddd-2  404057111565402  51.5 10-23-90  — -14.60  -122.0 14.0 3,580 7.3 381
(C-1-1)35ddd-5  404057111543901 213 11-0990  — -1670  -125.0 13.5 370 8.5 103
(C-1-2)14cdd-1  404335112020601 480  08-19-91  — -16.50  -125.0 21.0 3,420 7.8 124
(C-1-2)14cdd-2  404335112020501  49.5  08-19-91  — -14.95 -117.0 20.0 1,690 8.0 176
(C-1-2)14cdd-3  404335112020502  17.7  08-19-91  — -14.25 -112.0 15.0 6,980 76 897
(C-1-2)22cbb-1  404259112034301 110 06-01-89  31.2 — — 14.5 2,160 7.7 —
(C-2-1)13abe-1  403859111535601 565  11-06-90  — 1330 -108.0 13.0 2,150 79 316
(C-2-1)13dbb-1  403840111535301 445  06-20-91 4.7 -16.45 -122.0 16.0 280 8.2 87
(C-2-1)20aad-1  403810111580501 658  07-10-89  <8.1 — — 15.0 2,260 73 —
(C-2-1)202ad-2  403810111580502  61.0  10-29-90  — -11.10 -98.0 15.0 3,970 7.1 404
(C-2-1)23ccb-1  403737111554101  41.0  10-23-90  — 9.70 -90.0 16.0 1,850 7.4 311
(C-2-1)23dac-1  403742111544301 850 10-29-90  52.8 -13.00  -106.0 13.5 1,490 7.4 315
(C-2-1)23dad-1 ~ 403743111544000 391  06-20-91  57.0 -13.90 -109.0 15.5 1,110 76 165
(C-2-1)24bed-1  403756111542301 370 12-23-91  30.8 -15.15 -115.0 15.5 615 7.7 124
(C-2-1)34bbd-2  403624111563602  41.5  10-23-90  — -11.100 -100.0 14.5 2,310 7.2 295
(C-2-1)36cdd-2  403546111540601 62.0 11-14-90  — -9.60 -90.0 13.0 2,320 76 316
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Table 7. Isotopic determinations and physical properties of water from selected ground-water sites in Salt Lake Valley,

Utah—Continued

Alka-

D%'}th Date Tritium 5180 D Temper- cszgsdc g:g (s‘::n- Itigita):,

Location Site number well sampled (TU) (per mil)  (per mil) a(tolg)e tance dard (mg/L
(feet) (uS/cm)  units) as

CaCo,)
(C-2-1)36¢dd-3 403546111540602 129.5 11-06-90 — -14.60 -114.0 12.5 780 8.1 128
(C-2-2)1bcd-2 404029112011202 28.0 10-22-90 — -14.00 -116.0 14.0 1,060 7.9 306
(C-3-1)12ccb-1 403408111543201 118 06-06-89 <8.1 — — 20.0 970 7.4 —
(C-3-1)12cdb-1 403409111541501 41.0 11-13-90 — -9.90 -89.0 12.5 2,310 7.3 464
(C-4-1)4aaa-3 403027111565701 49.0 11-13-90 — -7.20 -78.0 14.5 1,800 7.4 220
(C-4-1)4aaa-4 403025111565801 104.0 09-03-91 — -12.00 -98.5 17.5 1,780 7.4 317
(C-4-2)1bbb-1 403027112012401 540 06-06-89 <8.1 — — 14.5 1,390 7.4 —
(D-1-1)11aac-S1 404505111475201 — 06-13-89 29.1 — — 11.5 970 7.2 —
(D-1-1)17dab-1 404355111511801 215 11-14-90 — -16.20 -122.0 13.5 360 10.9 70
(D-1-1)17dab-2 404355111511802 68.5 10-16-90 — -16.10 -126.0 14.0 810 7.4 254
(D-1-1)19dbce-2 404258111525102 31.0 10-15-90 — -16.10 -121.0 14.0 1,430 7.2 451
(D-1-1)21 acc-2 404312111502901 576 06-28-89 10.9 — — 14.0 950 7.6 —
(D-1-1)30dcb-1 404155111524601 71.0 10-16-90 — -15.20 -118.0 12.5 1,030 7.8 282
(D-1-2)36dab-S1 404121111395601 — 11988 — -17.60 -132.0 — — — —
(D-2-1) 2¢de-S1 404008111482601 — 07-10-89 <8.1 — — 10.5 490 7.5 —
(D-2-1)6dbb-2 404027111524701 590 05-31-91 — -16.15 -120.0 — — — —
(D-2-1)16bba-3 403910111505502 90.0 11-06-90 — -15.60 -119.0 12.5 610 7.9 180
(D-2-1)17cda-1 403829111514301 440 06-21-91 31.3 -16.25 -120.0 12.0 410 8.0 130
(D-2-1)17cda-2 403829111514401 28.5 10-30-90 — -12.90 -107.0 15.0 1,180 7.4 277
(D-2-1)17cda-3 403829111514402 23.5 10-30-90 — -12.90 -104.0 15.5 1,080 7.2 255
(D-2-1)21dbe-1 403742111503201 740 06-07-89  28.1 — — 12.0 260 7.9 —
(D-2-1)28cce-1 403638111511701 691 09-18-90 — -16.50 -122.0 12.0 240 8.2 82
06-20-91 1.9 — — 12.0 235 8.2 80
(D-2-1)29acb-2 403706111514201 52.0 10-30-90 15.9 -15.60 -115.0 13.5 680 7.7 181
(D-2-1)29acb-8 403706111514101 500 09-17-90 0.8 -16.40 -123.0 14.0 225 8.3 78
(D-2-1)30dda-1 403642111521701 1,002 10-22-91 8.2 -15.95 -119.0 17.0 330 8.0 93
(D-2-1)30dda-2 403642111521801 65.0 08-30-91 354 -14.85 -112.0 14.0 740 7.8 130
(D-2-1)30dda-3 403642111521802 21.4 08-30-91 16.2 -11.20 -93.5 14.5 1,340 7.6 189
(D-2-1)32add-1 403610111510901 685 05-31-91 — -15.70 -119.0 — — — —
(D-2-1)34cdc-1 403543111494801 875 09-18-90 — -16.10 -121.0 12.0 375 7.6 138
06-20-91 58.9 -16.00 -119.0 12.0 375 7.6 137
(D-2-1)34dba-1 403606111491601 700 06-20-91 33.3 -16.20 -120.0 11.0 320 7.5 88
(D-2-1)35bbb-1 403332111485000 238 06-21-91 283 -16.35 -120.0 14.0 320 8.0 134
(D-3-1)3cce-1 403451111495401 684 09-30-91 38.7 -15.75 -118.0 11.0 405 7.9 144
(D-3-1)4bbb-1 403540111510601 904 05-31-91 — -15.75 -119.0 — — — —
(D-3-1)4cad-1 403506111503601 938 09-17-90 — -15.80 -124.0 11.5 310 8.1 121
(D-3-1)Sbda-2 403523111514801 650 11-26-91 33 -16.00 -119.0 12.5 300 8.1 106
(B-3-1)6dad-1 403510111521801 1,000 09-17-90 — -16.20 -118.0 17.0 415 8.1 93
(D-3-1)9aab-1 403444111501601 950 06-20-91 14.8 -15.85 -118.0 12.0 340 7.7 126
(D-3-1)10dab-1 403423111490001 757 09-30-91 40.3 -15.75 -118.0 12.5 405 7.9 112
(D-3-1)12bdd-1 403426111471201 171 09-17-90 26.3 -15.90 -118.0 14.0 345 7.0 93
(D-3-1)15¢cbe-1 403323111495501 640 06-25-91 39.5 -15.85 -120.0 — 280 7.5 —

(D-3-1)29ddd-1 403126111511101 48.0 11-13-90 — -14.60 -114.0 15.5 960 7.6 269
2(D-3-2)7acd-S1 403426111454601 — 11988 — -15.45 -119.0 — — — —

! Water sample collected in the summer of 1988 and stored in sealed glass bottle (Alan L. Mayo and Mark Loucks, Brigham Young University, written

commun., 1991). The sample was sent to a U.S. Geological Survey laboratory for analysis in 1992.

2 Water sample collected from a borehole through granite at the Archive Vault of the Church of Jesus Christ of Latter-Day Saints in Little Cottonwood

Canyon.
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was sampled in December 1991 had lower 8'%0 and 6D
values than water from the same creeks that was sam-
pled in June 1991. The lower isotopic values measured
during base-flow conditions may be the result of
ground-water inflow to the stream from more perme-
able formations at higher altitudes. This water would
be isotopically lighter than snowmelt runoff that
occurred in June, which would be a mixture of precipi-
tation that has fallen over a range in altitudes.

Another major source of recharge to the basin-fill
ground-water system is seepage of water from canals
and from infiltration of unconsumed irrigation water.
This recharge source mostly originates from the Jordan
River. The outflow from Utah Lake in Utah Valley is
the Jordan River, which enters Salt Lake Valley at the
Jordan Narrows, an erosional breach through the
Traverse Mountains. Although Utah Lake receives
most of its water from central Wasatch Range streams,
the lake water undergoes some evaporation. The result-
ing increase in dissolved-solids concentration and
enrichment in the heavy isotopes of oxygen and hydro-
gen in water from Utah Lake is very different from that
of water in the mountain-front streams of Salt Lake Val-
ley. Water from the Jordan River at the Jordan Narrows
had a 8'%0 of -10.60 per mil and a 8D of -89.5 per mil
in June 1991 (table 6). Water from the same site col-
lected in December 1991 had a 8'%0 of -15.00 per mil
and a 0D of -116.0 per mil, indicating that the water
sampled in December had undergone less evaporation
than the water sampled in late spring. Streamfiow from
the East Jordan Canal sampled at (D-2-1)30dda in July
1991 also had more heavier isotopes of oxygen and
hydrogen relative to water in the surrounding moun-
tain-front streams. The canal contains water diverted
from the Jordan River near the Jordan Narrows.

Values of 8'®0 and 8D for mountain-front
streams in Salt Lake Valley produce a local meteoric
water line that is similar to the global meteoric water
line (fig. 16) in which the slope is 8 and the intercept is
10 per mil (Craig, 1961). The global meteoric water
line is used to represent the area because of a lack of
data. Water from different sites on the Jordan River in
Salt Lake Valley and from the East Jordan Canal at (D-
2-1)30dda plot on a line that diverges from the global
meteoric water line. The slope of this line is less than
the slope of the meteoric water line and may be indica-
tive of evaporation. Water from most sites on the Jor-
dan River has some component of ground-water or
mountain-front tributary inflow. The water sample
from the East Jordan Canal represents water from Utah
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Lake during the midsummer, a time of high evaporation
rates. Water from Great Salt Lake, the terminus of the
Jordan River, had a 8'%0 of -4.1 per mil and a 8D of -68
per mil on July 25, 1989 (Mayo and Klauk, 1991,

p- 317). Great Salt Lake has no outlet and discharges
water only through evaporation.

Oxygen-18 and Deuterium in Ground Water

Oxygen and hydrogen isotopic ratios were deter-
mined for ground water collected from the principal
aquifer and the shallow unconfined aquifer in Salt Lake
Valley (table 7). Values of 8'®0 and 8D for ground
water from the principal aquifer in the southeastern part
of the valley (Townships 2 and 3 South, Range 1 East)
plot near the global meteoric water line (fig. 17).
Ground water in this area is similar in isotopic compo-
sition to water sampled from Big and Little Cotton-
wood Creeks at the canyon mouths.

Ground water from wells completed in the prin-
cipal aquifer south of Little Cottonwood Creek is gen-
erally more enriched in oxygen-18 and deuterium than
water in wells closer to and north of the creek (pl. 1).
This may be an indication of where the ground water
was recharged along the Wasatch Front. The drainage
areas of Big and Little Cottonwood Creeks are much
larger, extend farther east into the Wasatch Range, and
include more area at higher altitudes than the smaller
mountain drainages to the south. Precipitation falling at
higher altitudes and toward the interior of the range is
more depleted in the heavier isotopes.

Precipitation falling on the mountain block is the
source of water in the streams and in the consolidated-
rock ground-water system. Recharge to the unconfined
part of the principal aquifer can occur as seepage at land
surface or as subsurface flow from consolidated-rock
fractures into the basin-fill material. Because of the
thickness of the unsaturated basin-fill material near the
mountain front, the relative quantity of water recharged
by each method is not known. Additional isotopic data
for precipitation falling on and water discharging from
consolidated rock in the mountains bordering the basin
fill, and for streamflow at the mountain front could help
define the mechanism of recharge.

On the basis of 880 and 8D values, water from
wells (C-2-1)23dad-I and (C-2-1)24bcd-1, finished in
the principal aquifer, contains a component of water
that has undergone some degree of evaporation. The
isotopic composition of a water that is a mixture from
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two or more sources with different isotopic composi-
tions can be determined by isotopic mass balance:

dn +0,m,+..=06(n +n,+..) (7)
9, is the 8 value of source 1,

n, is the number of milliequivalents per liter
of source 1, and n, +n,+...= 1, and

Of is the & value of the product.

where

Two possible sources of water that can mix to form the
water collected from well (C-2-1)23dad-1 (8'%0 =
-13.90 per mil, 8D = -109.0 per mil) (table 7) are water
from the Jordan River at 6400 South Street (8'%0 =
-12.55 per mil, D= -102.0 per mil) (table 6) and water
from the principal aquifer in the area near well (D-2-
1)29acb-8 (8'30 = -16.40 per mil, D= -123.0 per mil)
(table 7). If these two sources of water are assumed to
make up water from well (C-2-1)23dad-1, then the
isotopic mass-balance equation would indicate that
water from well (C-2-1)23dad-1 is a mixture of two-
thirds Jordan River water and one-third water from the
principal aquifer upgradient from the well. Downward
movement of water from the shallow unconfined
aquifer to the principal aquifer is occurring in this area
of the valley if these proportions are accurate. The
confining layer that separates the shallow unconfined
aquifer from the principal aquifer is relatively thin at
this location and may be laterally discontinuous,
resulting in the vertical movement of water between
aquifers.

Most of the ground water sampled from the
northwestern part of Salt Lake Valley, regardless of
depth, is more depleted in the heavier isotopes than is
water sampled from other wells in the valley and from
adjacent mountain-front streams (fig. 16). Values of D
for most of the ground water sampled in the northwest-
ern part of the valley are 8 to 14 per mil less than those
measured in Little and Big Cottonwood Creeks during
spring runoff. Two possible reasons for the lighter iso-
topic ratios of ground water from the northwestern part
of the valley are the source and the time of recharge.

Values of 8'80 and 8D similar to those of ground
water in the northwestern part of the valley were deter-
mined for water discharging from Thousand Springs
[(D-1-2)36dab-S1] (fig. 17), at an altitude of about
7,240 ft in Mill Creek Canyon in the Wasatch Range.
Similar 8D values also were measured for water from
springs discharging from consolidated rocks in Big
Cottonwood Canyon (Jim Ehleringer, University of
Utah, oral commun., 1992). Precipitation falling at the
higher altitudes in the Wasatch Range may seep into
fractures in the consolidated rock that extend beneath

the basin-fill material in Salt Lake Valley. The fractures
may intersect normal faults in the valley that are asso-
ciated with crustal extension in the Basin and Range
Province. The water may leak from the consolidated
rock into overlying basin-fill material along these
steeply dipping faults. This concept of water move-
ment was proposed for ground water warmer than 20°C
in the East Shore area of Great Salt Lake, north of Salt
Lake Valley, by Cole (1982, p. 592).

Warm ground water is present in the northwest-
ern part of Salt Lake Valley. Well (B-1-2)36baa-1 is in
the center of a series of fault scarps mapped at the
northern extension of the Granger fault (fig. 1) (Perso-
nius and Scott, 1990). The well is 464 ft deep with a
water temperature of 27.0 °C and lower values of 8'%0
and 9D relative to ground water sampled in the rest of
the valley (table 7). Water in this well may have moved
upward into basin-fill material along nearby faults.

Another possible reason for the lower values of
8'30 and 8D in ground water from the northwestern
part of the valley relative to water in the mountain-front
streams is that the water may have entered the basin-fill
material at the mountain fronts during climatic condi-
tions that were cooler and more humid than those of
today. Cool, wet conditions have occurred many times
in the past several thousand years. More information is
needed on the age of ground water in the northwestern
part of the valley to investigate this possibility.

On a linear plot of 3'%0 and 8D, the isotopic ratio
of mixtures with different proportions of two water
sources lie on a straight line between the 8'%0 and 6D
values of the sources. This is caused by the additive
relation between the isotopic ratios of the mixing and
evolutionary waters. Most of the ground water sampled
from the shallow unconfined aquifer in the valley had
8'30 and 8D values that plot along or near the evapora-
tion line that represents water from the Jordan River
and its diversions (fig. 16). This water is isotopically
heavier because of evaporation. On this basis, it is con-
cluded that the shallow unconfined aquifer receives
substantial recharge from water diverted for irrigation
from the Jordan River. The other major source of
recharge is upward leakage from the confined part of
the principal aquifer.

Water from wells (C-1-1)15cad-2, (C-1-1)23bcd-
2, (D-1-1)19dbc-2, (D-2-1)16bba-3, and (D-2-1)29acb-
2 (table 7) showed little or no shift from the meteoric
water line (fig. 17). The five wells range in depth from
31 to 90 ft. An upward hydraulic-head gradient exists
between the principal aquifer and the overlying confin-
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ing layers in which wells (C-1-1)15cad-2 and 23bcd-2
are finished. The vertical hydraulic-head gradient
between the shallow unconfined and principal aquifers
near well (D-1-1)19dbc-2 is reversed at times because
of ground-water withdrawals from the principal aqui-
fer. In this central area of the valley, water from the
shallow unconfined aquifer is typically recharged by
water moving up from the principal aquifer, and the rel-
atively lighter isotopic ratios are consistent with this
conclusion.

A downward hydraulic-head gradient exists
between the shallow unconfined and principal aquifers
at wells (D-2-1)16bba-3 and (D-2-1)29acb-2 in the sec-
ondary recharge area of the valley (pl. 1). Values of
3'80 and 8D in water from well (D-2-1)16bba-3 are
similar to those in water from the principal aquifer in
the area despite the downward vertical hydraulic-head
gradient between the shallow unconfined and principal
aquifers at the site. Big Cottonwood Creek may be the
source of recharge to both aquifers, resulting in similar
isotopic ratios.

Well (D-2-1)29acb-2 is upgradient from any
diversions that transport water from the Jordan River
but is next to a ditch that carries water from Little Cot-
tonwood Creek. The water sampled from this well is
slightly heavier in 8'%0 and 8D than is water from the
principal aquifer in the area but plots along the global
meteoric water line (fig. 17). This implies that the
source of recharge originated at lower altitudes and at
higher temperatures and may reflect more summer pre-
cipitation and base flow originating from consolidated
rocks.

The stable isotope ratios of oxygen and hydrogen
were used to determine if increases in dissolved-solids
concentration in ground water are caused by evapora-
tion, mineral dissolution, or both. The relation between
the oxygen isotopic ratio and chloride concentration in
water from selected wells in the valley is shown in fig-
ure 18. Water that plots on the left side of the graph
with 8'30 values ranging from about -16 to -7 per mil
and chloride concentrations from about 10 to 300 mg/L
is affected by either evaporation or mineral dissolution.
The points farthest to the left represent water from
wells greater than 100 ft deep in recharge areas near the
mountain front where dissolved-solids concentration is
low and the water has undergone little evaporation.
The points that indicate an increase in chloride concen-
trations and 8'30 values represent water recharged to
the ground-water system after some degree of evapora-
tion has taken place. The points that represent water
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from the shallow unconfined aquifer mainly indicate
enrichment in oxygen-18 with increasing chloride. The
points that indicate an increase in chloride concentra-
tion and no change in 8'30 represent water that has
undergone mineral dissolution and not evaporation.

Water that has undergone mineral dissolution is
grouped primarily in the lower center to lower right
side of the graph. This water has low 8'%0 values that
remain relatively constant and indicate that little evap-
oration has occurred, while chloride concentrations
increase almost two orders of magnitude. The high
concentrations of chloride coupled with the limited
effects of evaporation indicate that the increase in chlo-
ride is caused primarily by abundant chloride ions in
the basin-fill material and/or pore fluids that the water
has been in contact with. The increase in chloride ions
is evident in water from wells sampled in the north-
western part of the valley—the terminus of ground-
water flow. Two shallow wells sampled in the north-
western part show some enrichment in oxygen-18 val-
ues in addition to an increase in chloride concentration.
This may be caused by infiltration and subsequent dis-
persion of surface water that has undergone some evap-
oration into the shallow aquifer.

Tritium

Tritium concentration in surface water ranged
from 9.0 TU in water from Little Cottonwood Creek to
19.8 TU in water from the Jordan River at 6400 South
Street (table 6). This range is similar to the range in
concentration in present-day precipitation. Ground
water from four wells in the area that are completed at
depths less than 101 ft below land surface, wells (C-2-
1)23dac-1, (D-2-1)29acb-2, (D-2-1)30dda-2, and (D-2-
1)30dda-3, have tritium concentrations that ranged
from 15.9 to 52.8 TU (table 7). On the basis of tritium
concentration, most of the water from these wells was
recharged to the ground-water system between 1952,
the year above-ground nuclear-weapons testing began,
and 1992. These wells are near surface-water bodies,
and water from wells (D-2-1)29acb-2 and (D-2-
1)30dda-3 have tritium concentrations (15.9 and 16.2
TU, respectively) very similar to those measured in
water from area streams and ditches.

Ground-water samples were collected from eight
wells finished in the principal aquifer near Little Cot-
tonwood Creek and the area to the south. Tritium con-
centration ranged from 14.8 TU at well (D-3-1)9aab-1
to 58.9 TU at well (D-2-1)34cdc-1 (table 7). The per-
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forated intervals in well (D-3-1)9aab-1 extend from
570 to 925 ft below land surface, much deeper than
those of other wells in the area. Water entering the well
through the deeper perforations may have been
recharged to the ground-water system before 1952 and
would now have a tritium concentration near zero. The
measured tritium concentration may reflect mixing of
this deeper water with water from shallower perfora-
tions, which would have higher tritium concentrations.
The average tritium value for water sampled from the
principal aquifer in the area is 37.9 TU, if the sample
from well (D-3-1)9aab-1 is disregarded. Mixing of
water in well (D-3-1)9aab-1 from different depths is
supported by the fact that water from well (D-3-1)3ccc-
1, near well (D-3-1)9aab-1, comes from 520 to 670 ft
below land surface and has a tritium concentration of
38.7 TU.

The high tritium concentration in precipitation
that fell on the area in 1963 would have radioactively
decayed to about 1,700 TU in 1991. Hydrodynamic
dispersion and long-production intervals can cause suf-
ficient mixing to decrease the high tritium concentra-
tion that is indicative of the 1960°s. Tritium values
ranging from about 33 to 59 TU in water from the prin-
cipal aquifer in the southeastern part of the valley are
assumed to represent water that was recharged in the
1960’s, the period of peak nuclear-weapons testing.
Tritium concentrations in the ground-water system that
correspond with the concentration peaks that occurred
in the 1960’s can be used to determine the distance that
ground water has traveled since recharge occurred. On
the basis of a tritium concentration of 40.3 TU in 1991
(table 7), water from well (D-3-1)10dab-1, 1.5 mi west
of the mountain front, is assumed to have been
recharged in 1963. This assumption results in an aver-
age ground-water flow velocity in this area of about 280
ft/yr (7,900 ft in 28 years) if the recharge area is the
basin-fill/consolidated-rock boundary at the mountain
front.

The average ground-water flow velocity in the
area also was determined from estimated aquifer prop-
erties using the equation (Lohman, 1979, p. 10):

_ . hydraulic-
Average = — hydraul.zc conduc.tzvzty ¥ head
velocity effective porosity gradient (8)

The negative sign indicates that the direction of
movement is downgradient.
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Hydraulic conductivity for an aquifer is equal to
its transmissivity divided by its saturated thickness.
Transmissivity of the aquifer in the vicinity of these
two wells was estimated to be from 10,000 to 15,000
ft?/d (Price, 1988, pl. 1). The saturated thickness of the
aquifer in this area is not known. Well (D-3-1)10dab-1
is completed in saturated deposits of Tertiary age, if the
top of the Tertiary deposits are at 4,500 ft above sea
level (Arnow and others, 1970, fig. 1). Well (D-3-
1)2ccc-1, about 2,800 ft northeast of well (D-3-
1)10dab-1, is perforated in mostly saturated deposits of
Tertiary age from an altitude of about 4,500 to 4,000 ft.
Assuming that the saturated thickness at well (D-3-
1)10dab-1 is about 500 ft and the transmissivity is
15,000 ft?/d, hydraulic conductivity is 30 ft/d. The
hydraulic-head gradient between wells (D-3-1)10dab-1
and (D-3-1)3ccc-1, measured on December 30, 1992,
by the Salt Lake County Water Conservancy District
(1992), was about 29 t/4,767 ft (0.00608 ft/ft). Effec-
tive porosity of the aquifer was estimated at about 25
percent, on the basis of a sand and gravel composition
and some degree of sorting. On the basis of these esti-
mates, the average velocity of ground water in the
unconfined part of the principal aquifer is estimated to
be about 270 ft/yr.

The concentration of tritium in water from the
principal aquifer is influenced by the vertical hydraulic
head gradient between it and the shallow unconfined
aquifer. Water samples from wells (C-2-1)13dbb-1,
(D-2-1)28ccc-1, (D-2-1)29acb-8, (D-2-1)30dda-1, and
(D-3-1)5bda-2 were collected in 1990 and 1991 from
the principal aquifer where there was a downward
hydraulic-head gradient between the shallow and deep
aquifers. The wells are finished at depths greater than
395 ft below land surface, except for well (C-2-
1)13dbb-1, have perforated intervals from 140 to 401 ft
below land surface, and are used for public supply. Tri-
tium concentrations ranged from 0.8 to 8.2 TU, indicat-
ing that most of the water was recharged to the system
prior to 1952, but that a component of water is present
that was recharged during the nuclear-weapons testing
era. Water recharged during the nuclear-weapons test-
ing period may have been induced to move down from
shallower zones by the downward vertical hydraulic-
head gradient caused by ground-water withdrawals in
the area.

The Jordan River is assumed to be the terminus
of the hypothesized flow paths that originate at the
mountain front in the southeastern part of the valley (pl.
1). An upward hydraulic-head gradient is expected to



exist between the principal and shallow unconfined
aquifer at the Jordan River, resulting in discharge from
the principal aquifer. Because the Jordan River is about
2 to 3 mi downgradient from wells along the flow path
that contain water with tritium values less than 10 TU,
it was expected that concentrations near the river also
would be less than 10 TU. Tritium concentrations in
water from two wells finished in the principal aquifer
near the river were 57.0 and 30.8 TU in 1991. Well (C-
2-1)23dad-1 (57.0 TU) is perforated from 140 to 380 ft
below land surface and well (C-2-1)24bcd-1 (30.8 TU)
from 179 to 300 ft below land surface. Both wells are
used for public supply. Water from well (C-2-1)23dac-
1, 85 ft deep and finished above a clay layer near well
(C-2-1)23dad-1, had a tritium concentration of 52.8
TU. Leakage of Jordan River water and infiltration of
precipitation into the shallow unconfined aquifer and
underlying confining layers may be the source of these
high tritium concentrations in the principal aquifer.

Tritium values were determined for ground water
from different depths sampled from wells (D-2-
1)30dda-1, -2, and -3 and for surface water from the
East Jordan Canal at (D-2-1)30dda, in the southeastern
part of the valley. This site is in an area where a down-
ward hydraulic-head gradient exists between the shal-
low unconfined and principal aquifer. Ground water
sampled from about 15 to 20 ft below land surface [(D-
2-1)30dda-3] had a tritium concentration similar to
concentrations measured in water from the East Jordan
Canal, 16.2 TU and 13.9 TU, respectively. Ground
water sampled from 54 to 64 ft below land surface had
a tritium concentration of 35.4 TU [(D-2-1)30dda-2],
and water from several perforated intervals from about
560 to 990 ft below land surface had a concentration of
8.2 TU [(D-2-1)30dda-1]. On the basis of this profile
of tritium values and depths below land surface, water
recharged to the ground-water system during the 1960’s
presently is at depths greater than 20 ft below land sur-
face. Ground water recharged after 1952 is present at
depths greater than 500 ft below land surface, but this
may be caused by the downward movement of water
from shallower depths induced by withdrawals from
the well.

Vertical Ground-Water Movement Indicated by
Hydrologic Properties

Results of an aquifer test done at wells near the
Vitro tailings area were analyzed using the Hantush
(1960) modified method and the Neuman and Wither-

spoon (1972) “ratio” method to determine the vertical
hydraulic conductivity of the confining layer (k). A
value of 0.12 ft/d was calculated (Waddell and others,
1987, p. 30). Estimates of k£’ also were made by Hely
and others (1971, p. 118) for two areas of the valley. A
value of 0.016 ft/d was determined for an area near
Great Salt Lake (Township 1 North, Range 2 West) and
a value of 0.049 ft/d was determined for an area
between Holladay and Murray. These estimates were
made using the vertical hydraulic-head gradient
through the confining layers and the ground-water dis-
charge through a known area of the confining layers.
The range in k£’ determined by aquifer-test data analysis
is from 0.01 to 1.0 ft/d. Approximate vertical hydraulic-
conductivity values determined for confining layers
in the valley are shown in figure 19.

Vertical movement of water through confining
layers is dependent on vertical hydraulic conductivity;
therefore, the time of travel for water through confining
layers is dependent on k’, the confining layer thickness,
and the vertical hydraulic-head gradient. The first con-
fining layer encountered at well (C-2-1)23dad-1 is
about 12 ft thick. A downward vertical hydraulic-head
gradient exists between the shallow unconfined and
principal aquifers when well (C-2-1)23dad-1 is
pumped. The hydraulic-head gradient was estimated to
be about 0.1 from water-level declines measured at well
(C-2-1)23dac-1, finished in the shallow unconfined
aquifer, and a theoretical water-level decline calculated
for the pumped principal aquifer at that location. It
would take water 4,200 days, more than 11 years, to
move from the shallow unconfined aquifer above the
confining layer to the principal aquifer if £ is 0.01 ft/d
and effective porosity is about 0.35. The travel time
would be 420 days if k£ is 0.1 ft/d. This period of time
for water to move through the confining layer is in
agreement with the similarity in tritium values mea-
sured for water sampled from above and below the con-
fining layer in the area and the ages that they imply.

SUMMARY

Information on chemical composition and hydro-
logic properties of the ground-water system in Salt
Lake Valley, Utah, was collected and analyzed from
1990 to 1992 by the U.S. Geological Survey in cooper-
ation with the Utah Department of Natural Resources,
Division of Water Rights, and the Utah Department of
Environmental Quality, Division of Water Quality, to
better understand the ground-water flow system. The
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chemical composition of ground water in the valley
varies with depth and location. Recharge sources and
water-rock interactions affect water chemistry. Dis-
solved-solids concentration in water sampled from
wells completed in the principal aquifer from 1988 to
1992 ranged from 110 mg/L on the east side of the val-
ley to 48,100 mg/L on the west side.

Ground water from the principal aquifer in the
southeastern part of the valley has a composition simi-
lar to nearby Wasatch Range streams. Reactions
between basin-fill material derived from the Oquirrh
Mountains and different types of recharge water result
in ground water with a wide range in dissolved-solids
concentrations in the southwestern part of the valley.
Low concentrations of sulfate and relatively high con-
centrations of bicarbonate in some of the ground water
sampled from the northwestern part of the valley may
be caused by sulfate reduction.

Water from the shallow unconfined aquifer has
more localized variation in composition than does
water from the principal aquifer, primarily because of
its proximity to land surface. The dissolved-solids con-
centration in water ranged from 331 mg/L in the eastern
part of the valley to 20,900 mg/L in the northwestern
part. Evapotranspiration, dissolution of minerals, and
recharge of water diverted from the Jordan River con-
tribute to higher dissolved-solids concentrations in
water from the shallow unconfined aquifer.

Chloride concentration in water from the princi-
pal aquifer has increased steadily with time in some
areas of the valley. The storage and use of road salt in
recharge areas may be the cause for the increase on the
eastern side of the valley. Relatively high chloride con-
centrations in water from volcanic rocks of Tertiary age
beneath the basin fill may be the source of chloride in
water from wells west of Riverton.

Hydraulic-conductivity values determined from
slug tests done on wells completed in the shallow
unconfined aquifer and confining layers ranged from
0.003 to 33.4 feet per day. Transmissivity values deter-
mined for the principal aquifer from four multiple-well
aquifer tests ranged from 6,400 to 43,600 feet squared
per day. Vertical hydraulic-conductivity values esti-
mated from these tests are from 0.01 to 1 foot per day.

Water-level fluctuations measured in wells fin-
ished in the shallow unconfined aquifer are affected by
water use occurring near the wells. Generally, water
levels measured in wells near canals and irrigated fields
peak in the late summer or fall in response to seepage

of water used for irrigation. Water levels measured in
many shallow wells are affected by pumping in nearby
public-supply wells and were lowest in the summer
when withdrawals are the greatest.

Water from well (C-2-1)24bcd-1, finished in the
principal aquifer, was modeled as a mixture of water
from the Jordan River and from the principal aquifer
sampled upgradient from the well. Chloride, oxygen-
18, and deuterium were considered to be conservative
constituents and independently gave mixing ratios of
about 75 percent water from the principal aquifer and
25 percent from the Jordan River.

Water from 81 hydrologic-data sites was ana-
lyzed for stable-isotope ratios of oxygen and hydrogen
to determine sources of recharge and mixing of water
from these sources. Water sampled from the principal
aquifer in the southeastern part of the valley is isotopi-
cally similar to water in Big and Little Cottonwood
Creeks. On the basis of oxygen and hydrogen isotope
ratios, water from two wells near the Jordan River, fin-
ished in the principal aquifer, contains a component of
water that has undergone some degree of evaporation.
Most of the ground water sampled from the shallow
unconfined aquifer is more isotopically enriched than
other water in the valley because of the effects of evap-
oration. Water from the Jordan River and its diversions
is a probable source of recharge to the shallow uncon-
fined aquifer.

Tritium concentrations ranging from about 33 to
59 TU in water from the principal aquifer in the south-
eastern part of the valley probably are representative of
water recharged in the 1960’s. Relatively high tritium
concentrations measured in water from wells finished
in the principal aquifer and overlying confining layers
near the Jordan River indicate possible downward leak-
age of Jordan River water and infiltration of precipita-
tion through the shallow unconfined aquifer.
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