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CONVERSION FACTORS

Most values in this report are given in inch-pound units followed by
metric units. The conversion factors are shown to four significant figures.
In the text, however, the metric equivalents are shown only to the number of
significant figures consistent with the accuracy of the value in inch-pound
units.

Inch-pound Metric
Unit Abbreviation Unit Abbreviation

(Multiply) (by) (to obtain)

Acre 0.4047 Square hectometer hm?

Acre-foot acre-ft .001233 Cubic hectometer h?3

Cubic foot ft-/s .02832 Cubic meter per m°/s

per second second

Foot ft .3048 Meter m

Gallon gal 3.785 Liter L

.003785 Cubic meter m3

Gallon per gal/min .06309 Liter per second L/s

minute .-

Inch in. 25.40 Millimeter mm
2.540 Centimeter cm

Mile mi 1.609 Kilometer km

Square foot £t2 .0929 Square meter m

Square mile m12 2.590 Square kilometer km2

Chemical concentration and water temperature are given only in metric
units. Chemical concentration is given in milligrams per liter (mg/L) or
micrograms per liter (ug/L). Milligrams per liter is a unit expressing the
concentration of chemical constituents in solution as weight (milligrams) of
solute per unit volume (liter) of water. One thousand micrograms per liter is
equivalent to one milligram per liter. For concentrations less than 7,000
mg/L, the numerical value is about the same as for concentrations in the inch-
pound unit, parts per million.

Chemical concentration in terms of ionic interacting values is given in
milliequivalents per liter (meq/L). Meq/L is numerically equal to the inch-
pound unit, equivalents per million.

Water temperature is given in degrees Celsius (OC), which can be

converted to degrees Fahrenheit (OF) by the following equation:
o} o
F=1.8("C)+32.
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HYDROLNGLC RECONNAISSANCE OF THE SCUTHERN
GREAT SALT LAKE DESERT AND SUMMARY OF THE

;
TeCENTRAL UTAH

HYDROLOGY OF WE

This report is the last of 19 bydrosogls roconnalssances of the basins
in western Utah. The purposs: of thic neries o indies are {1) te analyze

available hydrologic data vie cvatem, (2) to evaluate
., and 13, to identify

existing and potential L)
additional studies that Fart 1 of this report gives an
estimate of recharge and wcut oot o0 the porential or water-
resources development®, and &a sual s of water in the southern
Great Salt Lake Degert pard S Pupn P odeals with the same
aspects of west-centra. Jtah asz o whole.,  ©aro  apoo summarizes the evidence
of interbasin ground-water ITlow in wesl-oo L Utan and presenta a theory for
the origin of the water discharged from iooh Springs.

spout 2,000 square miles

The southern Great Salt Lake Desert covers

(6,700 square kilometers) in the northeri puri i wast-central Utah. Average
annual precipitation ranges from less "han 5 inches {130 millimeters) in the

lowest part of the desert to more thar 24 inches (510 millimeters) in the

mountains on the southwest edge oif the dessar The total annual precipitation
is estimated to average about 880,000 acre-feet (1,085 hm [cubic
hectometers] ). No perennial streams originate in this area of internal

drainage and runoff reaches the desert 1loor oaly during or after intense
summer thunderstorms or during periods of rapid snowmelt. About 2,000 acre-
feet (2.6 hm>) per year of zurface flow wovi: nbo the southern desert from
Deep Creek Valley.

Ground water occurs in both consolidated and unconsolidated rocks in the
southern desert area. The largest quantities, ranging in quality from fresh
to briny, are in the unconsolidated to partiy consolidated basin-£111 aquifer
and the unconsolidated alluvial-fan aquifer. Large quantities of brine also
occur in the shallow-brine aguifer under the Bonneville Salt Flats near
Wendover and may occur under much of the 1,304 square miles (4,300 kilometers)

, G
of saline mudflats, which make up mest of the desert.

Many of the items in the ground-water bdudget are poorly known, but
annual recharge to and discharge trom the agui ers of ine southern desert is
about 84,000 acre-ft (104 hm”).

r

In general, watcr in the Vliow-biine aguifer of the southern desert
contains more than 100,000 wmiliigravs . 3 dismolved solids. Much of
the water in the basin-fill aquifer uader the mudflats likely 1is also briny.
Ground water in other parts of the basin-fill aquifer and in the alluvial-fan
aquifer ranges from fresh to very saline.

Litelr oL



West-central Utah includes about 10,300 square miles (26,700 square
kilometers) of basin lowlands and mountains, including part of the eastern
edge of Nevada. Annual precipitation ranges from less than 5 inches (130
millimeters) in the Great Salt Lake Desert to more than 30 inches (760
millimeters) in the Deep Creek Rgxge, and total annual precipitation is about
4.88 million acre-feet (6,020 hm~). No significant amounts of surface water
flow into or out of the area.

Ground water occurs in consolidated and unconsolidated rocks, with the
largest supplies in the unconsolidated basin fill. Reevaluation of data given
in the other reports in this series indicates that net annual _recharge to
ground-water reservoirs averages about 241,000 acre-feet (297 hm°), of which
on the order of 28,000 acre-feet (35 hm3) moves into the area from outside its
drainage, mostly through consclidated rock.

The total net discharge of ground water from individual basins in west-
central Utah in 1977 was about 2%9,000 acre-feet (319 hm3). 0f this amount,
about 186,000 acre~feet (229 hm-} is discharged by evapotranspiration and
about 73,000 acre-feet (90 hm”) is discharged by wells and springs.

An estimated 17.4 million acre-feet (21,400 hm3) of ground water, of
which possibly as much as two-thirds 1is fresh, could be withdrawn from the
upper 100 feet (30 meters) of saturated material in the basins of west-central
Utah, excluding the area under the saline mudflats of the southern Great Salt
Lake Desert. Most of this water is in Snake Valley.

Dissolved-solids concentrations in samples of water from west-central
Utah range from 38 to 258,800 milligrams per liter. The lowest concentrations
are in surface water and ground water in and near the higher mountain ranges,
and the highest concentrations are found in water at shallow depths below the
playas in the lowest parts of the basins.

Ground water flows into west-central Utah and between basins in the area
through consolidated rock. Most of the water discharged by Fish Springs,
26,000 acre-feet (32 hm3) per year, probably was recharged along the margins
of the Deep Creek Range and moved through Snake Valley either directly to Fish
Springs or to Fish Springs via Tule Valley.

INTRODUCTION

This report is the nineteenth and last in a series prepared by the U.S.
Geological Survey 1in cooperation with the Utah Department of Natural
Resources, Division of Water Rights, that describes the water resources of the
basins in western Utah. The purposes of this series of reconnaissances and of
this report are (1) to analyze available hydrologic data and describe the
hydrologic system, including estimation of ground-water budgets for each
basin, (2) to evaluate existing and potential water-resource development, and
(3) to identify additional studies that might be needed in the future to
provide a more complete understanding of the hydrologic system.

This report has two main parts. Part 1 is a report of the hydrologic
reconnaissance of the southern Great Salt Lake Desert and tributary areas not
included in other studies in this series, and it completes the studies of the
basins of western Utah. Part 1 gives an estimate of the recharge to and
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discharge from the ground-water system, an estimate of the potential for
water-resources development, and a statement on the quality of water in the
southern Great Salt Lake Desert.

Part 2 is a summary of the hydrology of west-central Utah, including the
southern Great Salt Lake Desert. This section includes revised ground-water
budgets for each basin, a statement on water quality, an estimate of the
potential for water-resources development, the evidence for interbasin ground-
water flow, and a theory for the origin of the water that discharges from Fish

Springs.

The data on which this report is based were obtained from previous
reports in this series, from field reconnaissance in the southern Great Salt
Lake Desert during the period October 1977 to July 1978, and from an earth-
resistivity survey of Fish Springs Flat (see fig. 1) done in cooperation with
the U.S. Bureau of Land Management. The resistivity survey, made mostly in
the western part of Fish Springs National Wildlife Refuge during May and June
1978, was to obtain data on the lithology of and quality of water in the
subsurface material of Fish Springs Flat, and to help determine the relation
petween faults and the discharge of water from Fish Springs.

Data for most water-budget items are incomplete, but estimates have been
made using available information. The methods used to make these estimates

are explained in the text.

Previous studies

The first hydrologic reconnaissance in west-central Utah was by Meinzer
(1911); and Snyder (1963) summarized stock-water development in western Utah.
Stephens (197la) described the hydrology of the northern Great Salt Lake
Desert and summarized the hydrology of northwestern Utah using eight other
reports in the reconnaissance series and part of a ninth. The present report
includes an area that extends south of the area covered by Stephens and
includes the areas covered by seven reports in the reconnalssance series.

Below is a list of the publications of the hydrologic reconnaissances in
this series that cover west-central Utah. Figure 1 shows the areas covered by
these individual reports, plus the location, physiography, and boundaries of
the hydrologic areas of west-central Utah. Table 1 is a general description
of the geologic and hydrologic characteristics of the rocks of west-central
Utah, and plate 1 is a generalized geologic map of the area. The units in the
table and on the plate are composed of rocks that have approximately similar
hydrogeologic characteristics.

Area Reference

Snake Valley, Utah and Nevada Hood and Rush (1965)
Deep Creek Valley, Utah and Nevada Hood and Waddell (1969)
Wah Wah Valley, Utah Stephens (1974b)

Pine Valley, Utah Stephens (1976)

Tule Valley, Utah Stephens (1977)
Dugway Valley-Government Creek

area, Utah Stephens and Sumsion (1978)
Fish Springs Flat, Utah Bolke and Sumsion (1978)
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Table 1.--General description of water-bearing characteristics of hydrologic units in west-central Utah

Hydrogeologic unit and
symbol on plate 1

Occurrence and lithology

Water-bearing characteristics

Alluvium and colluvium

(Qa)

Mainly sand and gravel but includes some intermixed
and interbedded clay and silt; forms sloping allu-
vial apron at base of mountains and grades later—
ally into fine-grained alluvium and thins toward
centers of valleys where it is present as a veneer
overlying and adjacent to fine-grained lakebed de-
posits. Includes coarse-grained colluvial deposits
adjacent to bedrock outcrops, sand and gravel in
stream channels in and near mountain areas, and
glacial-outwash deposits in Deep Creek Valley.

Slightly to highly permeable, but shallower parts of
this material are generally above the zone ol satur-
ation; water from surface runoff and direct precipi-
tation infiltrates these deposits and moves downward
and laterally into underlying aquifers. Stream-chan-
nel alluvium generally is moderately permeable; and
glacial-outwash deposits probably are highly perme-
able.

Lacustrine deposits

1)

Mainly lakebed clays and silts deposited in the val-
ley flats; locally includes surficial playa depos-
its, including crystalline salt; deposits of wind-
blown sand; and deposits of lacustrine beaches, bay-
mouth bars, and near-shore bars, compused mainly ol
sand but including considerable fine gravel, silt,
and clay.

Lakebed clays and silts and playa deposits generally
have low permeability; windblown sand and beach and
bar deposits are slightly to highly permeable. Pre-
cipitation on or surface runoff (o the lower valley
flats and playas remains ponded until it evaporates;
at such times the playa deposits are saturated to the
land surface. In basins that have no subsurface out—
flow, the water table in playa areas commonly is near
the land surface, and these arcas are a locus of
ground-water discharge. Most precipitation on or run
of f across the windblown sand and beach and bar de-
posits is absorbed and subsequently transpired by
vegetation (commonly dense on these deposits) or moves
downward and laterally into underlying aguifers. The
wind and beach and bar deposits commonly are above the
zone of saturation.

Older aliuvium and sedimen-
tary rocks undifferentiated,
and interbedded pyroclastics

(QTw)

Ranges in size from clay to boulders with clay, silt,
sand, and gravel intermixed and interbedded; uncon-
solidated to well-cemented. Tncludes some lacus-
trine deposits and colluvium, locally includes beds
of limestone and conglomerate of uncertain age, lo-
cally includes tuffaceous sedimentary beds and inter-
bedded pyroclastic deposits, and reportedly is inter-
bedded with extrusive igneous rocks in its deeper
parts. Underlies younger deposits in the valleys in
most of the area; maximum thickmess unkncwn but on
the order of thousands of feet.

Slightly to highly permeable, depending on grain size,
sorting of grains, and degree of cementation. Shal-
low deposits of sand and gravel probably are more per-
meable than deeper deposits which include consolidated
and volcanic rocks; probably contains most of the
ground water of usable quality in storage in west-cen-
tral Utah; crops out at scattered locarions along the
mountain fronts, in Deep Creek Valley, and in upper
Government Creek Valley.

Extrusive igneous rocks

(TMZe)

Includes ignimbrites, tuffs, lava flows, and breccias,
ranging in composition from mafic to felsic; also in-
cludes small outcrops of assoclated intrusive rocks.
Crops out extensively between Fish Springs Flat and
Dugway Valley and in the uplands flanking southern
Snake Valley, Pine Valley, and Wah Wah Valley; re~
portedly occurs at depth in the valley areas inter-
bedded with older alluvium; maximum thickness un-
known.

Primary permeablility generally low except locally in
breccias and in zones between lava flows; secondary
permeablility locally high where rocks are faulted
and (or) fractured or jointed.

Intrusive igneous rocks

(TMZpC1)

Mainly porphyritic quartz monzonite and granitoid
rocks; crops out at scattered locations in the
mountain areas and extensively in the Deep Creek
Mountains; thickness and subsurface extent unknown.

Primary permeability low; secondary permeability may
be moderate to high in surficial weathered zones and
in zones of faulting and fracturing and jointing.

Sedimentary and metasedi-
mentary carbonate rocks

(MZPZc)

Mainly limestone and dolomite with some beds of
shale, siltstone, sandstone, and conglomerate.
Locally altered by contact metamorphism where ad-
jacent to intrusive rocks, and locally overlain by
extrusive igneous rocks. Crops out extensively in
most of the mountain ranges of west-central Utah and
probably underlies younger rocks in most of the val-
ley areas.

Primary permeability generally low; secondary permea-
bility moderate to high where solution openings are
present, especially where solution has been enhanced
by bedding-plane weaknesses in the rocks, faults, and
fractures. Probably serve as the major condults for
subsurface movement of water between individual basins.
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Sedimentary and metasedi-
mentary quartzitic rocks

{PZpCq)

Mainly quartzites but includes phyllites, phyllitic
shales, and argillites. Crops out in most”of the
mountain areas, generally as resistant cliff-forming
strata; thickness and subsurface extent unknown but
likely underlies younger rocks at depth in most of
the area.

Primary permeability low; sccondary permeablility local-
1y modevate where faulted and (or) fractured or joint-
ed. Because these rocks are mostly of low permeabil-
ity, little infiltration occurs from precipitation

or surface runoff over their outcrops.




These reports are based on available data on geology, streams, wells,
springs, climate, and water use. These data were supplemented with field data
on wells, springs, water quality, and phreatophytic vegetation that were
collected during a brief reconnaissance of each area. Basic hydrologic data
for the southern Great Salt Lake Desert and supplemental data for other areas
in west-central Utah are at the back of this report (tables 8, 9, and 10).
The remainder of the basic data for the other areas in west-central Utah are
included in the report for each area.

In addition to the studies cited above, others of or related to the
hydrology of west-central Utah have been made and are included in the list of
references. Of special importance to this investigation are the study of the
Bonneville Salt Flats and Pilot Valley playa (Lines, 1978 and 1979), the study
of the brines of the Great Salt Lake Desert by Nolan (1928), and the study of
the Nevada part of the southern Great Salt Lake Desert by Harrill (1971).
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Well- and spring-numbering system

The system of numbering wells and springs in Utah is based on the
cadastral land-survey system of the U.S. Government. The number, in addition
to designating the well or spring, 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 meridian, and 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
acrea (4 hm2);1 the letters a, b, ¢, and d indicated, respectively the
northeast, northwest, southwest, and southeast quarters of each subdivision.
The number after the letters is the serial number of the well or spring within

L Although the basic land unit, the section, is theoretically 1 mi? (2.6
km2)) many sections are irregular. Such sections are subdivided into 10-acre
H—hmd) 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.
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Figure 2.— Well- and spring-numbering system used in Utah.



the 10-acre (U—hmg) tract; the letter "S" preceding the serial number denotSs
a spring. If a well or spring cannot be located within a 10-acre (4-hm“)
tract, one or two location letters are used and the serial number is omitted.
Thus (C-9-16)31becb-1 designates the first well constructed or visited in the
NWASWINWZ sec. 31, T. 9 S., R. 16 W., and (C-9-16)31a-S1 designates a spring
known only to be in the NEL of the same section. Other sites where hydrologic
data were collected are numbered in the same manner, but three letters are
used after the section number and no serial number is used. The numbering
system is illustrated in figure 2.

In Nevada, the well and spring numbers are referenced to the Mount
Diablo base line and meridian. A typical Nevada number consists of three
elements. The first is the township north of the Mount Diablo base line; and
the second element, separated from the first by a slant line, is the range
east of the Mount Diablo meridian. The third element, separated from the
second by a dash, is the section in the township, and the section number is
followed by lowercase letters that indicate the quarter section and the
quarter-quarter section.

Finally, the letters are followed by the serial number of the well
within the quarter-quarter section. The letters a, b, ¢, and d, respectively,
designate the northeast, northwest, southwest, and southeast quarters and
quarter-quarters of the section.

PART 1
HYDROLOGIC RECONNAISSANCE OF THE SOUTHERN GREAT SALT LAKE DESERT

Location and general features

The southern Great Salt Lake Desert (fig. 1) includes an area of about
2,600 mi= (6,700 kmz), more than 70 percent of which is barren, saline
mudflats or salt flats. Great Salt Lake is the remnant of Lake Bonneville of
Pleistocene age, which covered much of western Utah, including the Great Salt
Lake Desert (fig. 3). The drying up of this extensive freshwater lake left
the mud and salt flats--the salt on the salt flats and in the saline mud is
both a residue from the evaporation of the lake and salt left by evaporation
of ground water, as the mudflats are the locus of discharge of much ground
water in the Great Salt Lake Desert area.

The mountains around the southern Great Salt Lake Desert--the Cedar
Mountains, Dugway Range, Fish Springs Range, Deep Creek Range, and Goshute
Mountains-Toana Range (fig. 1)--are relatively upraised blocks of mostly
Paleozoic and Tertiary rocks (pl. 1). Isolated mountains and hills within the
desert, such as Wildcat Mountain, are geologically similar, although Granite
Peak 1is a block mostly of intrusive igneous rock. The basin areas are
relatively downdropped blocks covered with thick unconsolidated sediments
derived from the mountain blocks.

Hydrology
Climate and precipitation

The climate of the southern Great Salt Lake Desert is temperate, arid to
semiarid, with generally hot and dry summers and cold and moderately moist
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winters. Wendover (fig. 1) is the site of the only long-term weather station
(at an altitude of 4,237 ft or 1,291 m above mean sea level), in the Great
Salt Lake Desert--just north of the area of this investigation. The 1941-70
normal annual precipitation at Wendover is 4.88 in. (124 mm) and normal
average annual temperature is 52.2°F (11.2°C).

Gold Hill (fig. 1) has the only active weather station in the southern
Great Salt Lake Desert, at an altitude of 5,320 ft (1,620 m). For the period
of record (1967-77), annual precipitation averaged 9.45 in. (240 mm) and
annual temperature averaged 50.7°F (10.4°C).

During the period when data are available for both stations, the station
at Wendover averaged 110 percent of normal precipitation and 98 percent of
normal temperature. (U.S. Environmental Science Services Administration,
1968-70; and U.S. National Oceanic and Atmospheric Administration, 1971-78).

Annual precipitation averages less than 6 in. (150 mm) over most of the
southern Great Salt Lake Desert area, and less than 5 in. (130 mm) over its
lowest north-central part (pl. 2). In the higher parts of the Cedar Mountains
and Goshute Mountains-Toana Range and the parts of the Deep Creek Range
tributary to the study area, annual precipitation is estimated to exceed 16
in. (410 mm), and probably exceeds 20 in. (510 mm) in a small tributary area
in the Deep Creek Range.

Table 2, which uses data on plates 1 and 2, shows the estimated
precipitation and ground-water recharge in the southern Great Salt Lake
Desert. Total annual precipitation is estimated at about 880,000 acre-ft
(1,085 hm3) and total annual recharge at about 47,000 acre-ft (58 hm3).

Surface water

No perennial streams originate in the southern Great Salt Lake Desert--
only Jjust below perennial springs is there any flow in stream channels, and
this flow generally infiltrates within a short distance. Estimated surface
runoff is negligible over most of the basin lowlands, and even in the highest
parts of the tributary area in Utah in the Deep Creek Range, runoff is
estimated to be less than 8 in. (202 mm) (Bagley and others, 1964, p. 55). 1In
the Nevada part of the area, Katzer (in Harrill, 1971, p.16) estimated an
average runoff from areas above 7,000 ft (2,100 m) in the Goshute Mountains-
Toana Range to be ?bout 0.6 in. (15 mm). Most of the approximately 880,000
acre-ft (1,085 hm°) of precipitation that falls on the area annually is
quickly discharged by evapotransipration or is stored temporarily as soil
moisture to be discharged ultimately by evapotranspiration.

During and immediately after intense summer thunderstorms and during
periods of rapid snowmelt, some water runs off the steep consoclidated-rock
slopes of the mountains. Very little of this runoff reaches the basin lowland
areas, however, because it infiltrates the alluvial stream channels in and
below the consolidated rock areas. Locally, at times, ephemeral streamflow
reaches the basin areas where it spreads out on the flats and either
evaporates quickly or is stored as ice or soil moisture and evaporates at a

later time.
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Table 2.—-Estimated average annual volumes of precipitation and
ground-water recharge in the southern Great Salt Lake Desert
[ Areas of precipitation zones measured from isohyetal
and geologic maps, plates 1 and 2]

Precipitation Recharge
Precipitation
zone Area Percent of
(inches) (acres) Feet Acre-feet precipitation Acre-feet
Consolidated rocks
Less than 5 1,900 0.375 700 0 0
5-6 14,200 LU6 6,500 0 0
6-8 50,800 .58 29,500 1 300
8-10 44 800 .75 33,600 2 700
10-12 52,500 .92 48,300 6 2,900
12-16 55,700 1.17 65,200 10 6,500
16-20 10,200 1.5 15,300 20 3,100
More than 20 600 1.83 1,100 25 300
Subtotal 230,700 200,200 13,800
Unconsolidated rocks
Less than 5
Lacustrine
and other
unconsoli-
dated
deposits 509,800 0.375 191,200 - 32,000]
Salt flats 31,200 . 375 11,700 - -
5-6 496,600 L6 228,400 0 0
6-8 328,200 .58 190, 400 0 0
8-10
Lacustrine
deposits 4,300 .75 3,200 0 0
Other
unconsoli-
dated
deposits 42,800 .75 32,100 1 300
10-12 16,400 .92 15,100 2 300
12-16 10,000 1.17 11,700 5 600
Subtotal 1,439,300 683,800 33,200
Totals 1,670,000 880,000 47,000
(rounded)

1See pages 14-15 for discussion of recharge estimate for the crust
and mudflats.
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All drainage in the southern Great Salt Lake Desert, except for a small
area in the northeast corner that drains tc the northern part of the desert,
is internal. The lowest part of the area is the Bonneville Salt Flats near
Wendover (pl. 1).

Annual runoff in the southern Great Salt Lake Desert probably is on the
order of 1 percent of precipitation, or somewhat less than 10,000 acre-ft (12
hm3). Some surface flow reaches the southern Great Salt Lake Desert from
tributary basins--an average of 2,000 acre-ft (2.5 hm ) per year from Deep
Creek Valley (Hood and Waddell, 1969, p. 18), and in some years small amounts
from Snake Valley, Fish Springs Flat, and the Dugway Valley-Government Creek
area.

Ground water

Ground water occurs in both consolidated and unconsolidated rocks in the
southern Great Salt Lake Desert. The major ground-water reservoir, however,
is the unconsolidated to partly consolidated basin fill. The thickness of
this material is not known in most parts of the area--only in the Wendover
area have wells been drilled deep enough to penetrate a significant thickness
of this unit. The Shell 0il Co. Salduro No. 1 oil test (in sec. 4, T. 2 S.,
R. 18 W.) reportedly penetrated unconsolidated rocks (probably lacustrine and
alluvial deposits) to a depth of 1,375 ft (419 m) and volcanic rocks to a
depth of 2,742 ft (836 m) (Turk, 1969, p. 26). Several deep brine wells
drilled in T. 2 S., R. 19 W., by Kaiser Aluminum and Chemical Corp. and its
predecessor companies have penetrated up to 2,068 ft (630 m) of unconsolidated
and partly consolidated material--commonly lacustrine clays and gypsum to
depths of about 700 to 1,100 ft (200 to 340 m) and unconsolidated and semi-
consolidated sand and gravel and conglomerate below. Drillers' logs of two
brine wells are given in table 9.

Stephens (1974a, fig. 4) illustrated the relations between the three
aquifers--the shallow-brine, alluvial-fan, and basin-fill aquifers--in the
Wendover area. His sketch, as modified by Lines (1979, fig. 30) is included
in this report as figure 4. This illustration probably is most relevant in
the Wendover-Bonneville Salt Flats area. In the rest of the lowlands of the
southern Great Salt Lake Desert, the shallow-brine aquifer may not be present
because of the lack of crystalline salt and possibly a 1lack of Jjointed,
shallow carbonate muds. In addition, the lacustrine clays and gypsum beds
between the shallow-brine aquifer and the basin-fill aquifer are 1likely
thickest in the Bonneville Salt Flats area because this area probably has been
the lowest part of the basin for a long time.

Test hole 33/69-34d, drilled 7 mi (11 km) southwest of Wendover to a
depth of 838 ft (255 m), penetrated mostly alluvial-fan and basin-fill sands
and gravels with almost no lacustrine deposits (Harrill, 1971, table 11).

\

"In table 1 and on plate 1 of this report, the water-bearing basin fill
is primarily material classified as older alluvium and sedimentary rocks,

undifferentiated, and interbedded pyroclastics; although locally the ground-
water reservoir may include part of the alluvium or colluvium of Quaternary

age.
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Figure 4.— Diagrammatic sketch showing inferred
hydrogeology near Wendover {from Lines, 1979,
fig. 30, as modified from Stephens, [974a, fig. 4y.

Another test hole, 33/70-21b, drilled 2 mi (3 km) southwest of Wendover to a
depth of 750 ft (230 m), penetrated mostly sand and gravel to a depth of Lye
ft (136 m), where it probably encountered consolidated rocks (Harrill, 1971,
table 11). No other wells or test holes are known to have been drilled deeper
than 535 £t (163 m) in the southern Great Salt Lake Desert.

The following information on aquifers in the southern Great Salt Lake
Desert is compiled from data collected during this study and from data
summarized by Turk (1969, p. 64-159), Stephens (1974a, p. 11-22), and Lines
(1979, p. 56-96), mostly from the Bonneville Salt Flats-Wendover area. Very
few general data and no data on hydraulic properties of aquifers are available
outside of the Bonneville Salt Flats area.

Shallow-brine aquifer (saline mudflats)

The surficial lakebed clay and silt and crystalline salt comprise an
aquifer that yields brines used for potash production near Wendover. This
aquifer, which is included in material classified as lacustrine deposits in
table 1, underlies the Bonneville Salt Flats, and possibly similar beds
underlie about 1,900 square miles (4,900 km2) of the saline mudflats of the
southern Great Salt Lake Desert.

Nolan (1928) sampled brine in these beds over the entire Great Salt Lake
Desert, and selected data from his study were used to construct the map of
chemical quality of ground water in this report (pl. 3). However, whether
these beds are permeable enough to yield brines to wells over the entire area
is not known. Permeability at the Bonneville Salt Flats in the upper 15-25 ft
(5-8 m) of these beds is due to the presence of crystalline salt and joints in
the carbonate muds. The salt beds exist only in the salt-flats area and the
extent of the permeable, jointed carbonate muds is not known. However, Nolan
(1928, p. 34) did note the existence of several moist areas, some linear in
shape, on the west side of the salt flats, and he speculated that they might
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be caused by a rise of brine along joints in the compact clays beneath the
surface muds.

Aquifer properties.--Turk (1969, p. 115) gave a range, derived from
aquifer tests, in the coefficient of storage of the shallow-brine aquifer of
1.2 x 1071 to 5 x 10™2. Lines (1979, p. 69-70) _made four aquifer tests and
obtained storage-coefficient values of 3.8 x 1072 to 4.1 x 107". These data
indicate both unconfined and confined conditions--probably unconfined where
vertical joints penetrate the entire unit, confined where they do not or where

they are not present.

Lines (1979, fig. 33) constructed a map of transmissivity of the
shallow-brine aquifer, using both his and Turk's data. The map shows that
over most of the Bonnegille Salt Flats, transmissivities are between 500 and
6,000 ft2/d (46-560 m~/d). The higher values of transmissivity are found
where the crystalline salt is thickest.

Recharge.--Recharge and inflow to the shallow-brine aquifer are by
infiltration of precipitation and by lateral subsurface inflow, largely from
tributary basins. Brine-evaporation ponds may also contribute some recharge,
but the amount from this source was not estimated. The exact amount of
recharge to the shallow-brine aquifer is not known, but over a period of
several years it is equal to the average discharge, most of which is made up
of evaporation from the mudflats, or about 50,000 acre-ft (62 hm3) per year
(p. 34). Most of the recharge to the shallow-brine aquifer is from
precipitation, much of which discharges by evaporation within the same year
and within a short distance of where it is recharged.

Stephens (1974a, p. 13-14) estimated, using data presented by Turk
(1969), that recharge by precipitation to the 96,000 acres (390 km2) of salt
crust at the Bonneville Sal% Flats in the northern Great Salt Lake Desert is
about 20,000 acre-ft (25 hm°) per year. A proportional amount of recharge to
the 31,200 acres (126 km“) historically occupied by salt crust (as shown on
topograpgic maps) in the southern Great Salt Lake Desert is about 6,500 acre-
ft (8 hm”) per year.

However, Lines (1979, figs. 10 and 11) indicated that there currently is

no salt crust thicker than one-eighth of an inch (0.3 em) in the southern
Great Salt Lake Desert part of the Bonneville Salt Flats—--most of the area now

has gypsum and mud at the surface and is bordered by areas of carbonate muds.
He (p. 85-86) estimated that recharge to these surfaces is about 10 percent of
that to the salt-crust area, so perhaps this area receives 700 acre-ft (0.9

hm-) per year of recharge. Whether t?is lesser rate of recharge can be
applied to the entire 1,900 mi“ (4,900 km“) of saline mudflats in the southern
desert is not known. If this were the case, howeyer, recharge to the entire

mudflat area would be about 25,000 acre-ft (31 hm°) per year, about half of
the amount estimated to discharge from the mudflats by evaporation.

The lateral subsurface inflow from the alluvial-fan aquifer to the
shallow-brine aquifer probably is negligible, because recharge from
precipitation that falls in the mountains bordering the southern Great Salt
Lake Desert about equals the sum of evapotranspiration in a strip of land that
borders the desert and the discharge from wells and springs between the

14



uplands and the flats. However, about 18,000 acre-ft (22 hm3) per year of
ground water has been estimated to flow in the subsurface to the mudflats from
tributary basins, and most of this water eventually moves into the shallow-

brine aquifer or its equivalent.

Stephens and Sumsion (1978, p. 16) estimated that about 8,000 acre-ft
(10 hm3) per year of ground water moves from the Dugway Valley-Government
Creek area to the southern Great Salt Lake Desert. Most of this water
probably discharges by evaporation from the mudflats just northwest of where
the area drains to the desert. In addition, Hood and Rush (1965, p. 24)
estimated that about 10,000 acre-ft (12 hm3) of ground water flows annually to
the southern desert from Snake Valley, and this water also discharges by
evapotranspiration on the mudflats just northeast of Snake Valley.

If total annual recharge to the shallow-brine aquifer is on the order of
50,000 acre-ft (62 hm>), and annual subsurface inflow is 18,000 acre-ft (22
hmg), then the approximate recharge by precipitation is th difference between
these quantities, or on the order of 32,000 acre-ft (39 hm”) per year.

Ground-water movement.--Except on the Bonneville Salt Flats, where
withdrawals of brine have distorted the potentiometric and water-table
contours, water-level data to determine directions of movement are lacking.
Ground water probably moves from recharge areas on alluvial fans bordering the
mountain ranges toward the saline mudflats, where it discharges Dby
evaporation. Water that is recharged locally on the saline mudflats where the
surface is permeable, may also discharge locally by evaporation, although some
ground water probably moves toward lower areas on the flats. Whether most of
the ground water under the entire mudflat area discharges at the Bonneville
Salt Flats or discharges locally is not known.

Lines (1979, figs. 34, 35, 37, and 38) prepared maps of the
potentiometric surface on the Salt Flats which indicate that ground-water
movement is now from the salt crust toward manmade points of discharge--the
brine-collection ditches and wells along the western edge of the Salt Flats.
However, before brine was withdrawn by man, ground water in the shallow-brine
aquifer probably moved to the salt-crust area, where it discharged by
evaporation (Lines, 1979, p. 77).

Discharge.--The shallow-brine aquifer discharges ground water by
evaporation and by flow into brine-collection ditches. No wells or springs
are known to discharge water from this aquifer.

Lines (1979, p. 89) determined the rate of evaporation from the
carbo%?te muds on the Bonneville Salt Flats to be about 3.0 x 107- in./d (7.6
x 107° em/d). If evaporation occurs at this rate over the entire southern
desert mudflat agea, the annual ground-water discharge would be about 100,000
acre-ft (123 hm”). But because the average water-table depth probably is
greater than the depth at the salt flats, a better estimate may be half of
this figure, or 50,000 acre-ft (62 hm~) per year. This figure was used as the
total discharge from the shallow-brine aquifer. Ground water discharged by
the brine-collection ditches was not added to this amount because the ditches
divert water normally discharged by evaporation.

Stephens (197Ya, p. 14-15) summarized data that indicate that the brine-
collection ditches north of U.S. Highway 40 (now Interstate 80) in the
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northern Great Salt Lake Desert receive about 960 acre-ft (1.2 hm3) per year
of ground water from the shallow-brine aquifer. No data are available on
discharge to the more extensive ditch system south of the highway in the
southern Great Salt Lake Degert, but it probably is on the order of 1,000-
10,000 acre-ft (1.2 to 12 hm>) per year.

Storage.--No estimate was made of water in storage in the shallow-brine
aquifer. Not enough data are available on aquifer properties over the entire

mudflat area, and other than for mineral production, the brine has no uses.

Alluvial-fan and basin-fill aquifers

Unconsolidated alluvium, much of it sand and gravel, occurs between the
mountain areas and the mudflats in the southern Great Salt Lake Desert, and
underlies the mudflats at depth. This material, where it is saturated, is
part of either the alluvial-fan or basin-fill aquifers--because these aquifers
merge (fig. 4), it generally is not possible or particularly useful to
determine which aquifer is tapped by a given well.

Shallow wells close to the mountains probably tap the alluvial-fan
aquifer, and deep wells close to the mudflats probably tap the basin-fill
aquifer. The deep wells drilled to produce brine on the Bonneville Salt Flats
tap unconsolidated to semiconsolidated sand, gravel, and conglomerate in the
basin-fill aquifer. The basin-fill aquifer and deeper parts of the alluvial-
fan aquifer correspond to the upper or non-volcanic part of the unit "older
alluvium and sedimentary rocks, undifferentiated, and interbedded pyro-
clastics"™ of Tertiary and Quaternary age in table 1. The shallower parts of
the alluvial-fan aquifer correspond to the unit "alluvium or colluvium" of
Quaternary age in table 1.

Water in the basin-fill aquifer and in the deeper and downslope parts of
the alluvial-fan aquifer probably 1is under semiartesian or artesian
conditions. The clay beds and lenses that occur in these aquifers impede the
vertical movement of water and cause it to be under artesian pressure. Six
wells that were drilled to depths of from 45 to 77 ft (14 to 23 m) in T. 9 S.,
R. 16 W. (see table 8 and pl. 2) flow at land surface, at the toe of alluvial
fans east of the Deep Creek Range, proving that water occurs under artesian
conditions locally at shallow depths. Values of the coefficient of storage
obtained from aquifer tests near Wendover indicate that the water in the
basin-fill aquifer is under artesian conditions (Stephens, 1974a, p. 21),
although the wells do not flow. Wells drilled on the higher parts of alluvial
fans in the southern Great Salt Lake Desert probably tap water under water-
table conditions.

Aquifer properties.--Little 1s known about the hydraulic properties of
the alluvial-fan and basin-fill aquifers other than under and adjacent to the
Bonneville Salt Flats. Aquifer-test data from that area indicate that the
alluvial-fan aguifer has a transmissivity in the range of 20ﬂ000_70’000 ft2/d
(1,900-6,500 m“/d) and a storage coefficient of 1 to 5 x 10~7 (Turk, 1969, p.
70). The basin-fill aquif‘er2 in the vigcinity of Wendover, has a trans-
missivity of about 13,000 ft“/d (1,200 m2/d) and a storage coefficient of
about U x 10_4 (Stephens, 1974a, p. 21).

Recharge.--Recharge to the alluvial-fan and basin-fill aquifers of the
southern Great Salt Lake Desert originates from precipitation on the mountain
areas around the desert and on the upper parts of the alluvial fans. Recharge
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probably occurs mainly as infiltration of surface water as it flows out of the
mountain areas onto the fans, either as a result of snowmelt or summer
thunderstorms. This water moves down to the water table in the alluvial-fan
aquifer and then laterally into the basin-fill aquifer.

The annual amount of recharge to these aquifers is about 15,000 acre-ft
(18 hm3), which includes recharge derived from all areas above the saline
mudflats and salt flats--47,000_acre-ft (58 hm3) for the entire southern
desert less 32,000 acre-ft (39 hm”) to the salt and mudflats, (see table 2).

Ground-water movement.--Water infiltrates into the upper parts of the
alluvial fans along the mountains, moves down to the water table, and then
moves laterally in the alluvial-fan and basin-fili aquifers toward the saline
mudflats, and mostly discharges Dby evapotranspiration in areas of phreato-
phytes along the margin of the flats.

Plate 2 shows contours cof ground-water levels for west-central Utah.
The areas where data are available and contours are drawn are few in the
southern Great Salt Lake Desert, but they shcw the general movement from the
mountain areas toward the mudflats. Water-level data rear Clive Siding in the
northeastern part of the southern Great Salt Lake Desert, near Wendover in the
northwestern part, at the north =nd of the Deep Creek Range, and along the
southern edge of the desert from Callac to Dugway Valley, all show that ground
water moves from the upland areas toward the mudflats.

Discharge.--Most of the water moving toward the mudflats in the
alluvial-fan and basin-fill aquifers discharges by evapotranspiration along
the margin of the flats. A band of phreatophytes averaging about 0.5 mi (0.8
km) wide borders the mudflats east of the Goshute Mountains-Toana Range and
the Deep Creek Range and west of the Cedar Mountains. Species of
phreatophytes present include greasewood (Saz’cobat/ﬁw Ue‘mvﬁculatus), shadscale
(Atriplex confertifolia), and iodinebush (Allenrolfea oceidentalis), with some
saltgrass (Distichlis spicata, var. stricta), sagebrush (Artemisia tridentatq,
seepweed  (Cuaeda torreyana), rabbitbrush (Chrysothammus nauseosus),  and
saltbush (Atriplex truncata and Atriplex cf. tridentata (?)).

Mower and Nace (1957, table 6) 1list annual consumption of water by
phreatophytes in Malad Valley, Idaho, about 150 mi (240 km) northeast of the
southern Great Salt Lake Desert. They include four phreatophytes common
around the margin of the southern desert--greasewcod, iodinebush (pickleweed),
saltgrass, and rabbitbrush--with an average annual water consumption for 100~
percent density of 2.6 acre-ft/acre (0.79 mj/m“). The grea of the band of
phreatophytes around the southern desert is about 35 mi“ (90 km“), and the
plant density is about 20 percent. If the water used annually around the
southern desert is about 3 acre-ft/acre (0.9 m?/m“) for 100-percent density,
then the discharge fgom this zone by evapotranspiration is on the order of
13,000 acre-ft (16 hm”).

In addition to discharge by evapotranspiration, ground water in the
alluvial-fan and basin-fill aquifers is discharged by springs and wells. The
discharge from Redden Springs, (C-9-16)31ccd-S1, is about 800 acre-ft (1 hm-)
per year, and the flowing wells around the springs (also in sec. 31) discharge
about 700 acre-ft (0.9 hmj) per year. Irrigation well (C-6-18)5ddb-1 and the
few stock and domestic wells in the area probably discharged about 800 acre-ft
(1 hm°) in 1978. The total annual discharge from wells and springs in the
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alluvia%—fan and valley-fill aquifers is estimated to be about 2,300 acre-ft
(2.8 hm?).

Storage.--No estimates were made of the amounts of water stored in the
alluvial-fan and basin-fill aquifers because 1little is known of their
thickness, extent, and specific yield. A large quantity of water probably is
stored in the basin-fill aquifer, but much of the aquifer probably is fine
grained or partly cemented and has a low specific yield, which would result in
a smaller amount of recoverable water. Int addition, much of the water
probably is of poor quality and is unsuitable for most uses.

Only in the area north of Callao 1s there a known occurrence of fresh
ground water that could be tapped by wells. In the part of this area in the
southern Great Salt Lake Desert (around the southwest corner of T. 9 S., R. 16
W.), freshwater occurs in a sectioy that probably is at least 100 ft (30 m)
thick under an area of about 4 mi“ (10 km“). If the specific yield of tge
saturated material is 10 percent, then on the order of 26,000 acre-ft (32 hm”)
of recoverable fresh ground water is in storage.

Other aquifers

Other aquifers in the southern Great Salt Lake Desert area include
unconsolidated alluvial deposits in stream channels in the mountains and
consolidated rocks. Little is known of aguifer properties and recharge, move-
ment, and storage of ground water in these aquifers, although some data are
available on ground-water discharge.

On the west side of the Cedar Mountains, five springs (three are shown
in pl. 2) with small flow discharge about 10 acre-ft (0.012 hm~) per year from
quartzitic and carbonate rocks. On the east side of the Goshute Mountains in
Nevada, about 16 springs (five are shown on fl’ 2) with small to moderate
flows discharge about 80 acre-ft (0.098 hm”) per year from volcanic or
carbonate rocks. At the northeast end of the Deep Creek Range, about 12
springs (three are shown in pl. 2), most with small flows, discharge about 70
acre-ft (0.086 hm”) per year from carbonates and igneous rocks.

All these springs discharge water that has been recharged locally into
fractured and jointed carbonates, quartzites, volcanics, and igneous rocks,
and possibly into carbonates that contain solution openings. The total amount
discharged from springs of_this type in the southern Great Salt Lake Desert is
about 160 acre-ft (0.20 hm°) per year.

In addition, two spring areas are east of the Goshute Mountains at the
edge of the saline mudflats--Blue Lake Springs (also called Big Salt Springs),
(C-4-19)7abe-S1, and a smaller spring area 2 mi (3 km) to the south (sometimes
called Little Salt Springs),3 (C-4~19)20abb-S1. Blue Lake Springs discharge
about 17,000 acre-ft (21 hm”) per year, and the springs 2 mi (3 km) south
discharge about 1,700 acre-ft (2.1 hm”) per year.

Both spring areas are just east of outcrops of brecciated limestone of
Paleozoic age and probably represent discharge of water from the limestone
along fault zones. Water discharged from these springs likely is recharged
outside the drainage of the southern Great Salt Lake Desert (probably in
Nevada west of the Goshute Mountains) and moves into the basin by subsurface
flow through carbonate rocks.
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Harrill (1971, p. 17 and 23, table 7) prepared water budgets for the
basins in Nevada to the west and southwest of the southern Great Salt Lake
Desert. He estimated that annual amounts of 1,000 acre-ft (1.2 hm”) from
Goshute Valley and 5,000 acre-ft (6.2 hm°) each from Antelope and Tippett
Valleys flow in the subsurface through consolidated rock to the Utah part of
the southern Great Salt Lake Desert. Most of this 11,000 acre-ft (14 hm”) per
year likely discharges from the springs at and south of Blue Lake. The entire
19,000 acre-ft (23 hm”’) that is discharged by the springs probably enters the
southern desert from basins to the west in Nevada, although studies conducted
along the eastern border of Nevada do not indicate this amount of water moving
to Utah (Harrill, 1971, table T7; Nevada Division of Water Resources, 1971).

Summary of estimates of recharge and discharge

In this type of hydrologic reconnaissance, a precise hydrologic budget
is not possible; but a usable estimate can be made for most items.

The total discharge from wells springs, and phreatophytes above the
mudflats, about 15,500 acre-ft (19 hm3), is approximately equal to the 15,000
acre~-ft (18 hm®) of recharge. Therefore, most of the ground water recharged
in the uplands apparently is discharged before it reaches the mudflats.

If much of the mudflat area has low surface permeability, recharge to
the flats could be much less than the 50,000 acre-ft (62 hm3) per year
estimated.

The total annual recharge and inflow to the southern Great Salt Lake
Desert, as given above, is about 84,000 acre-ft (104 hm3), of which 19,000
acre-ft (23 kmg) flows into the area through consolidated rock and 18,000
acre-ft (22 hm’) through unconsolidated basin fill. Recharge and discharge
estimates, in acre-feet per year, for the southern Great Salt Lake Desert are

summarized below:

Water recharged to or entering the Water discharged from the southern
southern Great Salt Lake Desert Great Salt Lake Desert
Recharge to alluvium or basin Discharge from springs in
£fi1l above the mudflats-- 15,000 the uplands—-—=——-=====--= 160
Recharge to the mudflats by Discharge from wells and
precipitation---=-=—===--- 32,000 springs between the uplands
and the mudflats--—------ 2,300
Subsurface inflow to the .
mudflats through basin ‘ Discharge by evapotranspira-
fill from the Dugway tion in a band of phreato-
Valley-Government Creek phytes around the upper
Ar@A—————mmm e m e 8,000 margin of the mudflats--- 13,000
From Snake Valley--—-————= 10,000 Discharge by evaporation
from the mudflats-------- 50,000
Subsurface inflow through
consolidated rock from Discharge from the springs
basins to the west in at and south of Blue
Nevada—===—==m=m==——————— 19,000 Lake-—m====m=m=m===—=-==-= 19,000
Totals (rounded) 84,000 84,000
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Water quality
Ground water in the southern Great Salt Lake Desert ranges in quality
from fresh to briny, according to a classification commonly used by the U.S.

Geological Survey (Hem, 1970, p. 219):

Dissolved-solids concentration,

Classification in mikligrams per liter
Fresh Less than 1,000
Slightly saline 1,000~ 3,000
Moderately saline 3,000-10,000
Very saline 10,000-35,000
Briny More than 35,000

Plate 3 shows the locations where ground water was sampled in the
southern desert and shows the dissolved-solids content of the water. Complete
analyses for the samples are given in table 10. Where data are sufficient,
colors are used to show where the basin fill contains fresh, slightly saline,
moderately saline, very saline, and briny ground water.

Data collected by Nolan (1928) were used to indicate the quality of
shallow brine under the mudflats. The dissolved-solids content of selected
brine samples collected by Nolan from boreholes 3-10 ft (0.9-3 m) deep is
shown at the location of each hole. Contours are used to indicate the general
dissolved-solids content of the brine under the mudflats.

No samples of surface water were collected for chemical analysis in the
southern desert.

Plate 3 shows that most of the ground water in the southern Great Salt
Lake Desert is slightly saline to briny. Ground water in the shallow-brine
aquifer or its equivalent under the mudflats is briny, commonly containing
more than 100,000 mg/L dissolved solids, and samples from the basin-fill
aquifer under the Bonneville Salt Flats in the Wendover area show that the
deeper ground water there is also briny. The highest dissolved-solids content
in the brine, more than 200,000 mg/L, occurs in an elongate area on the west
side of the mudflats extending from Wendover southeast toward Fish Springs.
This is the last local area of ancient Lake Bonneville to dry up. It is the
lowest area of the flats, where surface water collects at times and where a
large proportion of the ground-water discharge from the flats occurs.

Ground water in the other parts of the basin-fill aquifer and in the
alluvial-fan aquifer ranges from fresh to very saline. The only area where a
large amount of fresh ground water occurs in the southern Great Salt Lake
Desert is just north of Snake Valley. This water is outflow from Snake Valley
and recharge from the east slopes of the Deep Creek Range. Slightly saline
ground water occurs at the north end of the Deep Creek Range where Deep Creek
recharges the alluvial-fan aquifer. Small volumes of fresh ground water
probably occur locally along the east margin of the Goshute Mountains,
although no data are available in this area to indicate such occurrences.

Springs in the upland areas yield freshwater on the east side of the
Coshute Mountains and the east side of the Deep Creek Range. Springs at
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the north end of the Deep Creek Range yield fresh to moderately saline water,
probably because some of the rocks have been hydrothermally altered and
include significant amounts of soluble material. Springs in the Cedar
Mountains yield slightly to moderately saline water. This water probably is
salty because salt and saline particles of sediment are deposited in the
mountains by the predominantly westerly winds and dissolved by precipitation
that ultimately recharges permeable zones in consolidated rocks.

Water from the large-yield springs discharging from consolidated rock at
and south of Blue Lake is moderately saline. This water likely has moved into
the southern Great Salt Lake Desert from outside the drainage basin. It
probably has traveled distances of up to several tens of miles at depths of up
to several thousands of feet and has dissolved soluble material in transit.

Potential for additional water-resources development

Large amounts of ground water occur in the southern Great Salt Lake
Desert, but most of it is of poor quality and much of it is in fine-grained
unconsolidated deposits that will not yield more than a few gallons per minute
of water to wells. Only in the area north of Snake Valley and in the area
where Deep Creek enters the southern desert are there large quantities of
fresh to slightly saline ground water that could be developed for irrigation
or stock supply. In addition, small volumes of fresh to slightly saline
ground water possibly occur locally along the east side of the Goshute
Mountains. These could be developed for stock supplies. Much of the mudflat
area may be underlain by deposits permeable enough to yield brine to wells for
mineral extraction.

Ground water presently discharged by evapotranspiration from areas of
phreatophytes and from the mudflats can be intercepted by wells between the
flats and the uplands, but because this discharge is at a small rate along the
entire margin of the mudflats, large-scale salvage in any one area is not
practical. The only possible exception is at the north end of Snake Valley
where Hood and Rush (1965, p. 24) estimated that 10,000 acre-ft (12 hm”) per
year of ground water flowed to the southern desert, and where additional fresh
ground water moves toward the mudflats from the east slopes of the Deep Creek
Range north of the area studied by Hood and Rush.
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PART 2
SUMMARY OF THE HYDROLOGY OF WEST-CENTRAL UTAH

Part 2 of this report is a summary of the hydrology of the entire west-
central Utah area. This section briefly discusses surface water, ground
water, and water quality; makes an estimate of the potential for water-
resources development; summarizes the evidence of interbasin ground-water
flow; and presents a theory for the source cof the water that discharges from

Fish Springs.

For the purpose of this report, west-central Utah (fig. 1) includes that
part of the State commonly termed the "Western Desert" south of T. 1 3. and
tributary areas on the eastern edge of Nevada. It includes the southern half
of the Great Salt Lake Desert, Dugway Valley, the Government Creek area, Fish
Springs Flat, and Tule, Wah Wah, Pine, and Snake Valleys (Snake Valley
includes Hamlin Valley and the Ferguson Desert). Parts of Snake Valley
(including much of Hamlin Valley) and the southern Great Salt Lake Desert are
in Nevada. Major mountain ranges within the area are the Dugway Range, Fish
Springs Range, Wah Wah Mountains, Confusion Range, House Range, and Deep Creek
Range; and major ranges bounding the area include the Cedar Mountains, Snake
Range, and White Rock Mountains.

Figure 1 shows the general physiocgraphy, plate 1 shows hydrogeologic
units, plate 2 shows annual precipitation and water-level contours, and plate
3 shows water quality. Table 1 is a general description of the lithology and
water-bearing characteristics of hydrogeologic units. These units are not
based on the standard stratigraphic classification, but consist of standard
units grouped together mostly because of similar hydrologic characteristics
and, to a lesser degree, because of age and lithology.

Faults are not shown on plate 1 because no general relation between
major faults and ground water is known for west-central Utah. Faults and
fractures likely affect ground-water occurrence and movement in the area, but
the relations probably are local and complex. More detailed descriptions of
the hydrology of individual basins are given 1in the publications listed on
page 3 and in the preceding part of this report.

Precipitation

Average annual precipitation over west-central Utah, an area of about
10,300 mi? (26,700 kmz), ranges from less than 5 in. (130 mm) in the Great
Salt Lake Desert to more than 30 in. (760 mm) in the Deep Creek Rangg. Total
average annual precipitation is about 4.88 million acre-ft (6,020 hm”) (table
3). Of this precipitation, an average of about 4 percent (211,000 acre-ft or
260 hm3) recharges the ground-water reservoir. Most of the remainder of the
precipitation is returned to the atmosphere by evapotranspiration before it
reaches the water table. A small percentage of the water runs off in streams
and also 1is eventually returned to the atmosphere by evapotranspiration
because west-central Utah is part of the Great Basin, which has no outlet to
the ocean. Ultimately, all the precipitation on west-central Utah, except for
minor amounts that may be lost by subsurface outflow from the area, returns to
the atmosphere by evapotranspiration--including precipitation that recharges

the ground-water reservoir.
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Table 3.--Summary of estimated average annual volumes of precipitation
and ground-water recharge in hydrologic areas of west-central Utah

Area Precipitation Recharge
Hydrologic (1,000s (1,000s of Percent 1,000s
area of acre-ft/yr) of of
acres) (rounded) precipitation  acre-ft/yr
Dugway Valley-
Government Creek
area 570 380 1.8 7
Fish Springs Flat 379 230 1.7 y
Deep Creek Valley 281 290 5.9 17
Wah Wah Valley 380 290 2.4 7
Pine Valley 466 410 5.1 21
Tule Valley 600 400 1.9 7.6
Snake Valley 2,230 2,000 5.0 100
Southern Great Salt
Lake Desert 1,670 880 5.3 7]
(table 2)
Totals (rounded) 6,600 I, 880 4.3 211

'Includes 32,000 acre-ft of local recharge on the mudflats of the Great
Salt Lake Desert (if this quantity is left out and only precipitation and
recharge above the mudflats are considered, the recharge and percentage of
precipitation for the southern Great Salt Lake Desert are 15,000 acre-ft/yr
and 3.4 percent, respectively).

Surface water

In addition to direct precipitation, one basin in west-central Utah
receives surface inflow from an adjacent basin. Surface flow of 2,000 acre-ft
(2.5 hm”) per year moves from Deep Creek Valley to the southern Great Salt
Lake Desert. (p.12). However, no surface flow moves to west~central Utah from
outside its drainage, and none moves out of west-central Utah.

Few perennial streams are in the area and very little streamflow reaches
the basin lowlands from the mountains. Only near the Deep Creek Range and
near the Snake Range in Nevada are there streams that have perennial reaches
in the basin lowlands areas. The only long-term record of flow in the area is
for Trout Creek near Callao (see pl. 2), where the average annual discharge
from October 1958 to October 1977 was about 3,800 acre-ft (4.7 hm3) (U.S.
Geological Survey, 1978). Other runoff occurs only as a direct result of
thunderstorms or during brief periods of spring snowmelt. Estimates of as
much as 2,590 ft3/s (73.3 m3/s) of peak flow due to thunderstorms have been
made for ephemeral streams in the area (Stephens, 1977, p. 1]1). Total annual
runoff in west-central Utah is about 110,000 acre-ft (140 hm°)~-of which more
than three~quarters is in the Snake Valley and Deep Creek Valley drainages.
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This figure was obtained by summing estimates of runoff from the reports
listed on page 3. Much of this runoff infiltrates unconsolidated deposits
Jjust below the mountain fronts.

Ground water

Ground water occurs in consolidated and unconsolidated rocks, with the
largest supplies in the unconsolidated fill underlying the basins. Estimated
ground-water budgets for each of the basin areas of west-central Utah, based

on the reports in this series, are given in table 4. The average annual
recharge to and discharge from the ground-water reservoirs of individual
basins are approximately in balance. In this and other reports in this

series, the budgets for individual basins have been balanced by assuming that
subsurface inflow or outflow exists equal to the difference between estimates
of recharge and discharge for each basin.

Only in Snake Valley is ground-water discharge greater than recharge,
and this is becguse of withdrawals of water from wells. In 1964 about 7,000
acre-ft (8.6 hm3) was pumped in the valley (Hood and Rush, 1965, p. 23), but
by 1977 the pumpage had increased to about 18,000 acre-ft (22 hm3) (Herbert in
Gates and others, 1978, p. 13), much of which probably was withdrawn from
storage.

The sums of average long-term annual pre-development recharge and
discharge to all the basins of west-central Utah, as based on this and
previous reports (including subsurface inflow and outflow), probably are about
equal at 324,000 acre~-ft (399 hws) . However, if the flow from springs at and
near Blue Lake represents underflow from outside west-central Utah, total
recharge from precipitation and subsurface inflow from outside the basins is
about 240,000 acre-feet (296 hm”) per year, as shown below.

Acre-feet
Annual recharge from precipitation within
west-central Utah 211,000
Annual inflow to the Dugway Valley-Government
Creek area from the Sevier Desert 5,000
Annual inflow to Snake Valley from
Spring Valley, Nevada 4,000
Annual inflow to the southern Great Salt Lake
Desert from areas to the west in Nevada 19,000
Total (rounded) 240,000

The difference between 324,000 acre-ft (399 th) and 240,000 acre-ft (296
hm-), or 84,000 acre-ft (104 hm-), results from subsurface flow between the
basins of west-central Utah. Part of the recharge to some basins discharges
to other basins and is included more than once in computations of recharge and
discharge.

The generalized water-level contours in plate 2 show the approximate
altitude and configuration of the potentiometric surface where the data are
available in the basin areas. Most of the water levels used to construct the
map were measured during 1964-78, although some water levels in stock wells
were measured prior to this. However, with the exception of parts of Snake
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Valley, where ground water is being withdrawn from storage, water levels
probably have changed little 1in west-central Utah since measurements began;
and the contours fairly well portray the current potentiometric surface.

The contours show that the general direction of ground-water movement is
toward the southern Great Salt Lake Desert, indicating that the desert, except
for any relatively small volumes of water that may be moving out of the area
by subsurface flow through consolidated rock, is the eventual discharge point
for much of the ground water in west-central Utah. Although data under the
mudflats are lacking, the potentiometric surface there probably is relatively
flat.

Table 5 gives estimates of volumes of ground water in storage that can
be withdrawn by wells from the upper 100 feet (30 m) of saturated uncon-
solidated aquifer material in six of the eight basins in west-central Utah.
The total volume of recoverable water is about 17.4 million acre-ft (21,450
hm>), of which possibly two-thirds is fresh. The total volume of ground water
in these six basins undoubtedly is several times this amount because much
ground water occurs below the upper 100 ft (30 m) of saturated material.
However, a significant amount of the deeper water likely is slightly saline or
of poorer quality. Insufficient data were available to make estimates of
water in storage in Wah Wah and Pine Valleys, although large amounts very
likely exist--even if they are partly of poor quality and in low-permeability
material.

Estimates of ground water in storage in the upper 100 ft (30 m) of
saturated material were made for six of the basins. In Fish Springs Flat, the
Dugway-Government Creek area, and Tule Valley, about 550,000 acre-ft (680
hm°), 3.8 million acre-ft (4,700 hm”), and 680,000 acre-ft (840 hm3), re-
spectively, is in storage; but much of this water is slightly to moderately
saline and much may occur in deposits of low permeability and specific yield.
In these basins, the amount of water of good quality that is easily
recoverable by wells probably is considerably less than the figures given.

In the southern Great Salt Lake Desert, large volumes of ground water
exist, but much of it is grine and may occur in material of low permeability.
The 26,000 acre-ft (32 hm®) of water estimated to be in storage is that which
is fresh and in relatigely permeable material. Deep Creek Valley contains
320,000 acre-ft (395 hm) in storage, most of which is fresh and in permeable
material. Snake Valley has the largest volume of ground water that is mostly
fresh and mostly in permeable material--12 million acre-ft (14,800 hm3).
Details of the estimation of the volumes of ground water are given in the
reports listed on page 3.

Water quality

Dissolved-solids concentrations in samples of ground and surface water
from west-contral Utah range from 38 to 136,000 mg/L. This does not include
samples of shallow brine collected from just below the surface of the southern
Great Salt Lake Desert by Nolan (1928), which contained as much as 258,000
mg/L dissolved solids. Concentrations in ground-water samples range from 94
to 136,000 mg/L (table 6). The 147 analyses summarized in table 6 are given
in reports listed on page 3, in table 10, and by the U.S. Geological Survey
(1977, 1978). The samples were collected from 72 wells (127 to 136,000 mg/L),
70 springs (94 to 22,000 mg/L), and five mines (130 to 3,240 mg/L). 1In
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Table 5.--Estimated volumes of recoverable ground water in storage
in hydrologic areas of west-central Utahl

Assumed
Area specific yield Volume in Remarks
or storage storage (1,000s
coefficient of acre-ft)

Dugway Valley-
Government Creek
area 0.10 3,800 Fresh to moder-

ately saline.

Fish Springs Flat .025 550 Mostly slightly to
moderately saline.

Wah Wah Valley - (2) Fresh to moder-
ately saline(?).

Pine Valley - (2) Mostly fresh(?).

Tule Valley .10 680 Fresh to slightly
saline.

Deep Creek Valley .10 320 Mostly fresh.

Snake Valley .10 12,000 Do.

Southern Great Salt
Lake Desert .10 26 Freshwater only,
north of Callao.

Total (rounded) 17,400
1Based on dewatering of the upper 100 ft (30 m) of saturated
material.
Insufficient data to use in estimating. >

addition, samples from nine streams in the area had a range of 38 to 407 mg/L
in dissolved-solids concentration.

Plate 3 shows the generalized occurrence of ground water classified by
salinity in unconsolidated deposits of west-central Utah. A1l the basins
(with the exception of Fish Springs Flat) have some known areas with fresh
ground water, and most of Snake and Deep Creek Valleys is underlain by fresh-
water. The Dugway Valley-Government Creek area and Fish Springs Flat have
large areas with slightly saline and poorer quality water, and most of the
southern Great Salt Lake Desert is underlain by brine. The water in the
southern desert is the poorest quality because it contained the last, and most
saline, local remnant of ancient Lake Bonneville, and the surficial sediments
are saline. In addition, the desert 1is the discharge area for much of the
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ground water in west-central Utah. The ground water discharges by evapo-
transpiration, leaving its dissolved salts on or adjacent to the mudflats.

Most of the surface water in upland areas and most water from springs in
the higher mountains is fresh because it has not been in contact with soluble
material for long periods of time.

Potential for additional water-resources development

The main source of water for additional development in the area is the
ground-water reservoir. The only surface-water flow that is reliable enough
for development occurs in the Deep Creek and Snhake Ranges. Most of this water
is currently used for irrigation in the bordering Deep Creek and Snake
Valleys. Other current uses of the water resources of west-central Utah are
for stock, domestic, mine, and mill supplies, and as a source of minerals.

As in northwestern Utah (Stephens, 1974a, p. 34), the major constraint
to the development of additional ground water in west-central Utah is chemical
quality. The water under most of the southern Great Salt Lake Desert and
under a large part of the Dugway Valley-Government Creek area is moderately
saline to briny, and much of the water in basin lowlands where data are
lacking probably is of poor quality. Another constraint to the development of
ground water is that large quantities probably occur in fine-grained material
of low permeability, resulting in low yields to wells in much of the southern
Great Salt Lake Desert and under many of the playas or lowest parts of the
basins. A third constraint is that along the margins of the upland areas,
where fresh ground water can occur, water levels commonly are deep, and
pumping for irrigation may not be economical.

In Deep Creek and Snake Valleys, however, most of the ground water is
fresh and much of it occurs in material of moderate to high permeability. In
Snake Valley, about 80,000 acre-ft (100 hm3 ) of ground water is discharged

gually by evapotranspiration from phreatophyte areas, and 10,000 acre-ft (12
) is discharged annually by subsurface flow to the southern Great Salt Lake
Desert (Hood and Rush, 1965, p. 24). A part of this water could be salvaged
on a sustained basis by pumping from wells. In fact, the annu%g pumping of
ground water in Snake Valley increased from 7,000 acre-ft (9 hm°) in 1964 to
18,000 acre-ft (22 hm3 ) in 1977 (see p. 24). In Deep Creek Valley, about
15,000 acre-ft (18 hm”) per year is discharged by evapotranspiration, some
beneficially by pastureland. Hood and Waddell (1969, p. 25) estimated that a
quantity somewhat 1less than the 4,000 acre-ft (5 hm’) per year of
nonbeneficial discharge could be salvaged on a sustained basis by pumping from
wells. Some potential also exists for pump%ng fresh to slightly saline ground
water to salvage the 40,000 acre-ft (49 hm”) of ground water per year lost by
evapotranspiration in Tule Valley (Stephens, 1977, p. 21).

In addition to salvaging water discharged by evapotranspiration and
subsurface outflow to the southern desert, fresh ground water could be
withdrawn from storage with resulting declines in water levels in Snake and
Deep Creek Valleys. Although few data are available in the other basins,
fresh ground water occurs and also could be withdrawn in Tule, Pine, and Wah
Wah Valleys and in the Government Creek area.
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Small supplies of ground water for stock and domestic use are available
in most of the basins of west-central Utah, although freshwater occurs only
locally in Dugway Valley, in the southern Great Salt Lake Desert, and
possibly in Fish Springs Flat.

Interbasin flow and the source of water
discharged from Fish Springs

One of the objectives of this study was to determine how the water
discharged from Fish Springs moves to Fish Springs Flat and, if possible, its
area of origin. Evidence of interbasin flow was evaluated and samples of
water from the springs were "age-dated" to determine the time since the water
was recharged. In addition, an earth-resistivity survey was made in the Fish
Springs area to locate faults along the east side of the Fish Springs Range
which may be related to the springs, and to determine the thickness and
lithology of, and the quality of water in, the basin fill under Fish Springs
Flat.

Evidence for interbasin flow

Several of the studies in west-central Utah have indicated that
subsurface flow occurs into and(or) out of individual basins. If the
estimated water budget of a basin has an excess of discharge over recharge,
subsurface inflow to the basin is assumed to balance the budget; if there is
an excess of recharge over discharge, subsurface outflow is assumed to occur.

The best examp%f is the Fish Springs Flat drainage, which has about
31,000 acre-ft (38 hm”) of discharge in excess of estimated recharge annual%y
(Bolke and Sumsion, 1978, p. 13), most of which is the 26,000 acre-ft (32 hm>)
per year discharged by Fish Springs. This water is assumed to be furnished by
subsurface inflow to the basin, but the source of this water is not known.

The imbalances in the budgets of individual basins in west-central Utah,
not accounted for in terms of disposition (excess recharge) or source (excess
discharge), are as follows:

Excess annual Excess annual
recharge discharge
{acre~feet) (acre~feet)
Tule Valley - 32,000
Fish Springs Flat - 31,000
Snake Valley 15,000 -
Pine Valley 11,000 -
Wah Wah Valley 8,500 -
Totals (rounded) 35,000 63,000

"From Hood and Rush (19653 p. 24). However, exact calculation of this
amount is 14,000 acre-ft (17 hm”) (see footnote 3, table 4).
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These data indicate that over the entire drainage area of west-central
Utah, there is an annual excess of internal discharge over internal recharge
for individual basins of about 28,000 acre-ft (35 hmd). This quantity of
water either results from overestimates or underestimates in water budgets for
individual basins, or this water enters west-central Utah by subsurface inflow
from outside. Even if estimation errors in individual basin water budgets
account for the overall recharge-discharge imbalance, subsurface flow between
basins must occur to account for the large discharge from Fish and Blue Lake
Springs.

A variety of other data suggest subsurface flow in consolidated rock in
west-central Utah. Hood and Rush (1965, p. 20) noted that water levels east
of Garrison in and near the Ferguson Desert of Snake Valley indicate ground
water moves from the basin fill eastward into consolidated rock toward the
southern end of Tule Valley. They also reported (p. 12) that permeable zones
in carbonate rocks were encountered in two oil-test wells east of Gandy and in
one oil test east of Garrison in Snake Valley.

In addition, fresh to slightly saline water and water with a low
chloride content were reported from depths as great as 5,777 ft (1,761 m) in
the three oil tests (Hood and Rush, 1965, p. 12). If water from these depths
is fresh or slightly saline, it probably is not stagnant, which suggests
movement of water in consolidated rock. A water sample from a depth of 6,060-
6,070 ft (1,847-1,850 m) in another oil test south of Garrison was also fresh
(table 10 and J. W. Hood, written commun., March 27, 1969), indicating
movement of ground water in consolidated rock.

The age of ground water discharging from the Fish Springs group of
springs, as calculated from carbon-14 analyses using the approach of Pearson
and Hanshaw (1970), indicates that this water is not recharged locally but has
moved a considerable distance, suggesting it 1as entered the Fish Springs Flat
drainage by subsurface flow. The age of water discharging from Cold Spring,
(C-11-14)4aab-S1 (pl. 4), is 8,30C (if from a temperate recharge area) to
11,400 (if from a semiarid to arid recharge area) years, and the age of water
from Percy Spring, (C-11-14)26daa-S1 (pl. 4), is 12,500 (temperate recharge
area) to 15,600 (semiarid to arid recharge area) years. Because much of this
water likely was recharged to carbonate rocks in mountain areas, the climate
in the recharge area would have been more temperate than arid, and the water
probably was recharged 9,000 to 14,000 years ago.

Winograd and Thordarson (1975, p. C114-C115) estimated interbasin
ground-water flow velocities in carbonate rocks in Nevada to be 6 to 600 ft (2
to 200 m) per year in one area and 600-60,000 ft (200-20,000 m) per year in
another area. If the average velocity of ground-water flow in the
consolidated rocks in west-central Utah is as low as 10 ft (3 m) per year,
then the water has moved distances on the order of 17-27 miles (27-43 km)
since it was recharged. Water discharged from Fish Springs could thus have
been recharged in the Deep Creek Range, 25 miles (40 km) to the west. The
range is a likely source of water because it is a major source of recharge to
Snake Valley, which has the largest estimated recharge of the basins of west-
central Utah (table 4). If the average velocities were assumed to be larger,
the distances of flow would be lenger.
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In summary, water budgets of individual basins, local hydraulic
gradients, data from oil tests, and the age of water from Fish Springs all
indicate that ground water moves into west-central Utah and moves between the
basins of the area. The water probably moves principally through solution-
enhanced fracture openings in carbonate rocks of Paleozoic age. These rocks
crop out in large areas of west-central Utah (pl. 1) and probably occur
extensively in the subsurface.

Earth-resistivity survey in the Fish Springs area

An earth-resistivity survey (Bisdorf and Zohdy, 1980) was conducted in
the Fish Springs area to help determine if the springs are associated with
faults and to obtain data on the thickness and lithology of, and the quality
of water in, the basin fill of Fish Springs Flat. This survey was made in
cooperation with the U.S. Bureau of Land Management to help that agency
classify Federal land between the Fish Springs National Wildlife Refuge and
the Fish Springs Range and to collect data to help the Geological Survey
evaluate the hydrology of Fish Springs Flat, including potential interbasin
flow discharging from Fish Springs.

The ease with which earth material transmits electrical current is a
function of its resistivity, and resistivity in turn can be related to
hydrogeologic properties, including lithology, porosity, permeability, water
salinity, and water temperature. The resistivity survey consisted of 43
vertical electrical soundings-~41 along six east-west profiles mostly in the
northwest part of - the flat in the Wildlife Refuge, one near the Refuge
Headquarters, and one in the Fish Springs Range. The 1location of the
soundings and computer-drawn sections of resistivity are shown on plate 4.

The Schlumberger electrode array (Zohdy, Eaton, and Mabey, 1974, p. 11),
which consists of a four-electrode array to measure voltage distribution for a
known input current, was used for the soundings. A sounding consists of (1)
applying a voltage to a pair of electrodes (current electrodes), which induces
direct-current flow and an electrical field in the earth; and (2) measuring
the resulting voltage at a second pair of electrodes (potential electrodes).
A succession of measurements are made with the current-electrode spacing
increased for each measurement, from a minimum of about 20 ft (6 m) to as much
as 24,000 ft (7,300 m). Resistivities for each spacing are computed from
formulas derived for the electrode geometry.

Earth resistivities as a function of depth are derived from a sounding
curve with the aid of digital-computer programs (Zohdy, 1975). Maximum
electrode half-spacings for the Fish Springs surveys commonly ranged from
4,000 to 8,000 ft (1,200 to 2,400 m), with two half-spacings to 12,000 ft
(3,700 m). The depth of investigation was from about 1,500 ft (450 m) to more
than 10,000 ft (3,000 m). Sounding curves for each vertical sounding, and 13
computer-drawn sections showing vertical variations in resistivity along each
of the six east-west sounding profiles and along seven north-south profiles
constructed using points on the east-west profiles, were given by Bisdorf and
Zohdy (1980). Nine sections are shown on plate 4;they were prepared by R. J.
Bisdorf but are interpreted to greater depths than the sections given in the
report by Bisdorf and Zohdy (1980).
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Plate 4 shows, both on the map and in the sections, approximate
positions of faults along both sides of Fish Springs Flat. The data indicate
that the west side has more than one zone of faulting. The resistivity data
also show that the basin fill of the northern end of Fish Springs Flat is
predominately fine-grained material, probably containing water poorer in
quality than slightly saline. These data suggest that beds in the basin fill
do not transmit the 1large quantities of mostly slightly saline water
discharged by the springs. The large flow of Fish Springs-~six springs of the
Fish Springs group yield from 1,100 to 5,400 gal/min (70 to 340 L/s) each
(Bolke and Sumsion, 1979, p. 20)--suggests the springs discharge from
carbonate rocks correlative with these exposed in the Fish Springs Range
rather than from basin fill.

Because faulting occurs along the west side of Fish Springs Flat, the
water likely rises in high permeability zones along faults or fault zones.
The faults shown on the map and resistivity sections do not coincide exactly
with the locations of the springs, probably because the resistivity data do
not locate the faults as precisely as do the springs. In addition, the faults
dip eastward, and the surface locations of the springs and fault traces are
not directly above the average subsurface position of the faults as indicated
by resistivitity data.

Resistivity and age-of-water data from the Fish Springs Flat area
indicate that the water discharged by Fish Springs is not recharged locally
along the east flank of the Fish Springs Range, but is recharged outside the
drainage basin of the flat. Data on the water budget of the flat, on spring-
water temperatures, and on variations in spring discharge (Bolke and Sumsion,
1978, p. 15, 10, and 14) also indicate that the water discharged by Fish
Springs is not recharged locally. Therefore, surface uses of land between the
Fish Springs Range and the Fish Springs National Wildlife Refuge probably will
not affect the springs. However, mining or drilling in exploration for
petroleum, natural gas, or geothermal resources between the Fish Springs Range
and the springs possibly could affect the springs if carried out at depths
more than 1,000 ft (300 m) below the elevation of the springs. Such effects
probably would be limited to minor changes in water quality, although if water
were pumped from mines or wells, the discharge of the springs could be
diminished.

Source of water discharging from Fish Springs
and of other interbasin flow

Although available evidence indicates that interbasin flow occurs to and
within west-central Utah and that it likely occurs through solution-enhanced
fracture openings in carbonate rocks of Paleozoic age, the exact source area
of all this water is not known. Water budgets of Fish Springs Flat, Tule
Valley, and the southern Great Salt Lake Desert require that large quantities
of water move to these basins by subsurface flow; and water levels in west-
central Utah (pl. 2) show that ground water potentially could move eastward
from Snake Valley and northward from Pine and Wah Wah Valleys to Tule Valley
and Fish Springs Flat. As sgown on page 31, there is an annual imbalance of
about 28,000 acre-ft (35 hm®) in the water budget of west-central Utah--
estimated discharge exceeds estimated recharge by that amount.

Possible explanations for the budget imbalance in west-central Utah
include (1) overestimation of discharge, and especially discharge by
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evapotranspiration, from individual basins; (2) underestimation of recharge to
individual basins; and (3) unknown subsurface inflow from outside west-central
Utah or underestimation of known flows.

Discharge of ground water by evapotranspiration is a large part of the
water budget of many of the basins in west-central Utah, and estimates of
evapotranspiration are approximate at best. Annual ground-water discharge by
evapotranspiration (other than evaporation from the mudflats of the Great Salt
Lake Desert) _is 15,000 acre-ft (22 hm3) or more in Sgake Valley (80,000 acre-
ft or 100 hm3), Tule Valley (40,000 acre-ft or 49 hm°), and Deep Creek Valley
(15,000 acre-ft or 22 hm°). If discharge by evapotranspiration from these
three basins has been overestimated, the overall annual excess of discharge
over recharge in west-central Utah would be much less.

Similarly, recharge from precipitation is an estimated quantity and is
only approximate. If annual recharge to the basin where this quantity is
largest--Snake Valley with 100,000 acre-ft (123 hm>)--has been underestimated
then the excess of discharge over recharge would be much less.

It is 1likely that the water-budget imbalance in west-central Utah
results mostly from an overestimation of discharge of ground water by
evapotranspiration in Snake, Tule, and Deep Creek Valleys; possibly from some
underestimation of recharge by precipitation in the Snake Valley drainage
basin; and from underestimation of the subsurface flow to the southern Great
Salt Lake Desert from Nevada. If evapotranspiration from Snake, Tule, and
Deep Creek Valleys were 20 percent lower than previously estimated, if
recharge to the Snake Valley drainage basin were increased by 2 percent, and
if the entire flow from springs at and near Blue Lake were assumed to flow to
the southern desert from Nevada, then the overall ground-water budget of west-
central Utah would balance. This would result in accounted-for imbalances in
budgets of individual basins as follows:

Excess annual Excess annual
recharge discharge
(acre-feet) (acre-feet)
Tule Valley - 24,000
Fish Springs Flat - 31,000
Southern Great Salt
Lake Desert - -
Snake Valley 32,000 -
Deep Creek Valley 3,000 -
Pine Valley 11,000 —
Wah Wah Valley 8,500
Totals (rounded) 55,000 55,000

The resulting changes in the ground-water budgets for the valleys of
west-central Utah, considered to be better estimates than the corresponding
figures in table U4, are shown in table 7.

Ground water probably moves northward in the subsurface from Pine and
Wah Wah Valleys to Tule Valley and eastward from the Deep Creek Range to Snake

35



“SIBlIPNW 8yl woiy uoneiodens Jo -aide OOQ’QG SAPN|oU| .
“SIB}pnuw ay1 uo uonedideid [B20] JO 1-a198 OOQ‘ZE SBPN[OU] °

“|1em se ainby siy1 01 Ajdde ¢ ajqe Ul Wall Syl uo syrewas ‘sjjam wouy sbieyosip 7 /61 s
"abJeydsip pue afiseysss usamiaq 9JUBI3LLIP 8Y3 SB PB1BW|1Sd MO|JIN0 8oepinsgng

904 palepijosuod ybnoiyr moj4
"UBIN |BJIUSD-1SBM SB PBUISaP BaLR aU) APISING sajeutblQ,
"Il utseq pajepijosuooun ybnoiyy moj4

See €L 98l 9L LlE €le 0l {papunou) sjeo)
8l
8 ¥4 €9 0 ¥8 ol ¢761 Hasaq axe
1{eS 1315 wI3YINOg
¢CE
el <8l V9 101 901 ot ezl As|lep axeug
4> gL’ ce 0 A 9L vl Asjlep ainy
lc 9'L G ebl lc 1 0 AsjjeA auid
0l 6’ 9 98 ol L e€ AsileA yem yem
Ll 2°'l cl v € LL Ll o] Asjjep a1 dasg
1 LC 8 b> sg 14 cl€ 1[4 sBuridg ysi4
4} 82 1> 18 4} L 15> Bale »001)
JuswiuIBAog) - Agjjlep AemBng
(Papunou) sdaas pue uoiesldsuesjodeny MO}jIno (papunou) uoneidioaud Mmojjul eaay
|e103gng ‘sBulids ‘syiap adeLINsgQng |eloigng wiol4 adeLInsgng
abieyoay

(s>}ewsau Joy ¢ a)qey des)
(4824 Jad 1234-a19€ JO Spuesnoy) Ul BJe SBWN|OA ||e)
UEIN [el3uad-1sam ul sease o160jolpAy Joy s3abpng ss3em-punodb Jo uoisiney—'7 ajqe]

36



Valley and then directly east to Tule Valley and Fish Springs Flat, and
possibly to Fish Springs Flat via Tule Valley. It also is possible that some
water moves north and northwest from the Deep Creek Range to furnish part of
the water discharged in the Blue Lake Springs area. However, it is more
likely that the discharge from the Blue Lake Springs area has only one source,
and this source is most likely to be the basins to the west in Nevada.

A less likely possibility is that the entire 28,000 acre-ft (35 hm3) per
year of excess discharge in west-central Utah is derived from subsurface flow
from outside its drainage basin. Current estimates of subsurface flow to
west-central Utah include: (1) 19,000 acre-ft (23 hm3) per year { p. 19, 24)
that moves to the southern Greaf Salt Lake Desert from basins to the west in
Nevada; (2) 4,000 acre-ft (5 hm3) per year (p. 24) tgat moves to Snake Valley
from Spring Valley, Nev.; and (3) 5,000 acre-ft (6 hm>) that enters the Dugway
Valley-Government Creek area from the Sevier Desert through basin fill (Hood
and Rush, 1965; Harrill, 1971; and Mower and Feltis, 1968) (p. 24). No
available data indicate that any more water moves as subsurface flow to west-
central Utah.

Other areas that also could be sources for subsurface flow to west-
central Utah include the Escalante Desert (Beryl-Enterprise and Milford areas)
and the Sevier Desert to the southeast and east. Water levels in these basins
are higher than levels in adjacent parts of Wah Wah and Tule Valleys (typical
water-level elevations are plotted on plate 2 east and southeast of the
drainage divide for west-central Utah) so there is potential for movement.
However, water-level contour maps prepared for the Beryl-Enterprise and
Milford areas (Sandberg, 1966, fig. 6; Mower and Cordova, 1974, pl. 4) do not
indicate any movement toward west-central Utah.

Mower and Feltis (1968, p.49) stated that less than 5,000 acre-ft (6
hm3) per year of ground water flows to the Dugway Valley-Government Creek area
from the northern part of the Sevier Desert at the "Old River Bed" (fig. 1),
and this amount is included in the water budget of west-central Utah (Stephens
and Sumsion, 1978, p. 15). Water-level contours in the central Sevier Desert
indicate that ground water flows west from the Delta area, but data are not
available to show direction of movement on the western side of the Sevier
Desert. However, data compiled by Mower and Feltis (1968, p. 48-59) indicate
that most of the ground water in the Sevier Desert 1is discharged by
evapotranspiration and by wells before it reaches the western side of the
area, so movement of large quantities of water from the Sevier Desert westward
to Tule Valley is not likely.

Ground water could also move from the Sevier Lake playa westward to the
southern tip of Tule Valley or southwest to Wah Wah Valley. A well 1 mi (1.6
km) west of the playa (table 8; pl. 2) has a reported water level about 90 ft
(30 m) below the water levels under the playa reported by Whelan (1969, table
2). The level in the well is in turn above the water level in a well in the
southern tip of Tule Valley. However, the existence of the saline Sevier Lake
playa suggests that all the ground water in the southwestern Sevier Desert
discharges at Sevier Lake.

At some locations, ground-water flow out of west-central Utah is
possible, such as in the southern parts of Hamlin Valley and Pine Valley,
where water levels are higher than in the adjacent Escalante Desert. However,
no available data indicate any movement of water out of these areas in west-
central Utah to the Escalante Desert.
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Summary

Although conclusive evidence does not exist to identify the source of
ground-water budget imbalances in west-central Utah, the most probable source
is overestimation of discharge by evapotranspiration in the water budgets of
individual basins; and to a lesser extent, underestimation of subsurface flow
from Nevada and underestimation of recharge from precipitation. The water
discharging from Fish Springs, which makes up a significant part of the
apparent excess water, probably moves eastward from Snake Valley by subsurface
flow through consolidated rock.

Revised ground-water budget for west-central Utah

Table 7 gives revised estimates of total ground-water recharge and
discharge for individual basins of west-gentral Utah. Although the total
annual recharge is 317,000 acre-ft (391 hm”), some of this water is included
under recharge to more than one basin because of interbasin flow through
consolidated rock. The net recharge to west- central Utah is 241,000 acre-ft
(297 hm3), of which 213,000 acre-ft (26§ hm3 ) originates as pre01p1tatlon
within the area and 28,000 acre-ft (35 hm”) moves into the area from outside
its drainage basin, mostly through consolidated rock.

Total estimated dlscharge in 1977 from individual basins was about
335,000 acre-ft (413 hm }. However, because part of this water is included in
discharge from more th ?n one basin, the net total annual discharge is about
259,000 acre-ft (319 hm Of this amount, about 186,000 acre-ft (229 hm ) is
dlscharged by evapotransplratlon and about 73, OOO acre-ft (90 hm3 ) is

gcharged by wells and springs, including the estimated 18,000 acre-ft (22

) withdrawn in 1977 from wells in Snake Valley. The 1mbalance between the

estlmated values of recharge and discharge from wells in Snake Valley is due

to the assumption that water discharged from wells in Snake Valley 1is

withdrawn from storage. It is likely, however, the part of this is water that
would have discharged naturally by evapotranspiration, but was intercepted.

Future studies

The only source of water in west-central Utah for large-scale future
development is the ground-water reservoir; and the most readily available
ground water is in the basin fill. Considerable data are already available on
the occurrence of water in the basin fill, and relatively inexpensive,
properly located wells will yield several hundred gallons per minute or more
of freshwater in several of the basin areas.

However, any attempt to develop large supplies of ground water for
irrigation or industry should begin with detailed hydrologic studies,
including test drilling, aquifer tests, and chemical analyses of ground water.
In some areas, pumping large volumes of ground water could induce the flow of
saline water toward wells and contamination of the water supply. Detailed
hydrologic studies should evaluate this possibility and propose well-spacing
and well-design that would minimize contamination by saline ground water.
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In addition to water in the basin fill, water also occurs in
consolidated rock and moves between the basins of west-central Utah through
this rock. Little information is available on this water--other than near
springs in consolidated rock, the areas and geologic units through which the
water moves and the depth to and hydraulic characteristiecs of permeable zones
are not known. At the two identified points of concentrated discharge of this
water in west-central Utah, at Blue Lake Springs and Fish Springs, the water
is mostly slightly to moderately saline, but few other data are available on
its quality. Before the water in consolidated rock can be developed, more
information on this resource will be needed.

Exploration for and extensive development of water in consolidated rock,
however, could be costly because many test holes likely would have to be
drilled to depths of several thousand feet. Even 50, because ground water in
the consolidated rock is hydraulically connected with water in basin fill,
points of recharge to and discharge from consolidated rock under the fill
should be identified in the near future in order to efficiently plan
development of water in the basin fill.
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Table 8.--~Records of selected wells and springs in the southern Great Salt Lake Desert and supplemental
data for other areas in and near west-central Utah

Location: See section on numbering systems for hydrologic-data sites. )
Altitude of land surface; Above mean sea level as interpolated from U.S. Geological Survey topographic maps.
Water level: Reported except M, measured

Geologle source of water: See table 1 for explanation of symbols.

Yield: Rate - Estimated except m, measured, r, reported.

Mcthod of Lift: F, flews; N, none; P, piston pump; S, submersible pump; T, turbine pump.

Use of water: H, domestic; T, irrigation; N, {(ndustrial; P, public supply; S, stock; U, unused.

Remarks and other data available: €, chemical-quality data in table 10; D, driller's log in table 9

Casing Water level Yield

Location

Owner, user, and
(or) local name

Year constructed

Depth of well (feet)

Diameter (inches)

Depth (feet below
land surface)

{feet)

Depth of perforated

interval

(feet)

Geologic source of

below land-surface
water

Feet above(+) or
datum

surface
Date

Altitude of land

Rate (gal/min)

Date

Method of lift

Use of water

Water temperature {°C)

Remarks and other data available

(C=2-10)16bbb-~1

(C-7-19)2cceb-1

2ecb-2

3bed-1

10cdd-1

llede-1

l4ada-1

(C-3-10)16abb-S1
(C4~10)18dbd-S1
(C-4-11)35ddd-S1

(C~4-19)7abe-S1

20abb-S1

(€-5-18)35dda-1

(C-5-19)33cba-1

(C-6-18)5dab -}

5ddb-2
(C-7-17)17ded-1
1y b

{e-7

{0 R 18)2abb-51

Libentvsl

lleca-1

tleca-§1

(-2 16) 11be
Al

3tbee=2

3lece-2

Skull valley Co.
(Deseret Livestock)

Kaiser Aluminum and

Chemical Corp.
do.

do.

do.

do.

do.

Quincy Spring
Browns Spring
Cedar Spring

Blue Lake Springs

Little Salt Springs

U.5. Bureau of Land
Management
("Jerry" well)
Lyle Bunker

da.

U.8. Bureau of Land
Management

.S, Bureav of Land
Management

(Cane Spring)
ASARCO Inc.

(Ochre Springs)

UV Industries

UV Industries
{Youngs Spring)

Gail parker
do.
do,

do.

1966

1951

1978

1950

1951

1950

1939

1961
1976

1976

1969

1958

1940
1976

1947

1976

1,126

1,370

1,540

1,200

305

210

182

240

50

55
72

50

62

16

16

8

1,030

1,365

930

1,015

1,118

1,175

210

182

50

55
72

50

62

965-
1,365

45+
70

45-
60

SOUTHERN GREAT SALT LAKE DESERT
Utah

5,235 - - -

4,215 44 9- 8-67 QTu

4,215 64 2-17-78  QTu

4,216 30 9- 50 QTu

4,216 - - qTu

4,216 40 1950 QTu

4,215 26 1- -48 QIu

6,110 - -
5,335 - -
4,950

MZPZc
PZpCq
PZpCq

4,260 - - MZPZc

4,275 - - MZPZc

4,262 8.63m
4,495 220

11-16-77  qa?
12-25-61 QTu

4,356 95.4m 11-16-77 QTu

4,356 93.0m 11-16-77 Qlu?

4,405  146.9m  5-26-78  QTu?

5,270 - MZPZc

5,400 - - MZPZc

5,835 - - MZPZc

5,832 5 8- -58 M2PZc

5,832 - - MZPZc

4,293 - - Qa?
4,293 - - Qa?

4,293 - - qa?

4,297 +5 10-10-76  Qa?
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L,750r 2-18-78

1,000r 9-16-50

1,000¢ 4-30-50

662r 4-15-48

11-15-77
LIm 10- 4-77
5m 10- 4-77

10,200 7-11-78

1,000 5-31-78

11-16-77

1.8m 11-16-77

Sr -

3 6-19-73

Sr -

100 5-24-78
150 5-24-78

90 5-24-78

2

]

29.0

27.0

18.0

12.0

Drilled for stock supply; in-
sufficient water (?), plugged,
and abandoned, D.

Abandoned brine-production well
No, 12.

Brine-production well No. 14;
drilled to 1,520 ft and comple-
ted te 1,365 ft; put in produc-
tion in 1978; yield from test;
reported specific capacity 37
(gal/min)/ft; brine contains
157,000 mg/L dissolved solids
estimated from specific gravity.
D

Abandoned brine-production well
No. 8; brine-bearing zone re-
ported at 1,040 ft; reported
specific capacity 25 (gal/min)/ft

,D.
Abandoned brine-production well
No. l1; 372 ft of perforated
12-in. casing reported at bottom
of hole.
Abandoned brine-production well
No. 5; brine-bearing zone re-
ported at 1,277 ft; reported
specific capacity 30 (gal/min)/ft.

Abandoned brine-production well

No. 1; drilled to 660 ft and
cased to 447 ft with 10-in,
casing in 1939, completed in
1942-43; reported specific
capacity 11 (gal/min)/ft.

Piped to mountain front. C,

C.

Two seepage areas, part of dis-

charge from upper area issues
from pipe; yield is discharge

from pipe. C.

Several springs and Blue Lake
(a large spring) located at and
east of an outcrop of brecciated
limestone; yleld is diacharge
of all springs estimated using
flow measurements with a current
meter and flow estimates; tem-
perature is of water from south
spring at outcrop; also calted
Big Salt Springs. C.

Springs at an outcrop of brec-
ciated limestone; yield is dis-
charge of all springs estimated
using flow measurements with a
current meter; temperature is of
water from north spring. €.

Unused stock well.
Intermittently used stock well;
reportedly bailed 30 gal/min
from well. D,

Data on yield reported by owner.

Ranch-house supply well. C,D.

Drilted for stock supply and
abandoned because water was too
saline; reportedly bailed 22
gal/min from well. D.

Drainage from mine tunnel
(locally called Berg Spring)
piped to tank and trough about
0.6 mi down the canyon. C.

Flow piped to storage tank. C.

Formerly used for public supply
at Gold Hill; tunnel driven a
springs to increase flow; re-
ported discharge for all
springs 25 gal/min. C.

Public supply for Gold Hill; flow
combined with flow from spring
(C-8-18)11lcca-81 in concrete
tank below land surface.

Public supply for Gold Hill;
yield includes an estimated 1.5
gal/min from well (C-8-18)
Heea-1. ¢,

C,D.
Yields on the order of 50

gal/min.
c.



Table 8.--Records of selected wells and springs in the southern Great $alt Lake Descrt and supplemental
data for other areas in and near west-central Utab--Continued
Casing Water level Yicld o
= o -
RN P I F ¢ % :
o I~ 0 3 k] o ] o
3 - £ 3 5C 5~ °% 3 - - i
ouner, uscr, and 3 - 2l 20 | v | -8 Ta ] ! R B
Lovation (or) local aame 5 H | 34 el I v A £ - 3 & Remarks and other data availahle
A I BV L T D e J 3 5 03| &
=1 2 3 -] 2 gy B~ B 2 - ~
M = v <2 £E i3 “ag e 3 3 o
= S 2 Sy S 3 s w25 M 23 o y £ : b
z e s RS ao o R = ] 2 5 B H 3
2 & a ] XE E R LES 2 3% & a ] E =
SOUTHERN GREAT SALT LAKE DESERT--(ontinued
Utah--Continued
(G=9=16) 3lecu-1 il parker 1949 45 8 45 - 4,297 - - Qa? 80m 5-31-78 r 1 17.5
Jleed-51  Gail Parker - - - - - 4,289 - - qa? 320m 5-31-78 - 1 - Yield measured from two main
(Redden Springs) pools; total discharge |rom
all springs probably about
500 gal/min; little variation
reported in flow of springs, €.
Jtedd-1 Gail Parker 1940 77 3 77 - 4,288 +5m 5-24-78  Qa? Sm 5-24-78 F s 14.0
(C-9-17)25dbd-1  Eugene [imm - 40 8 40 - 4,303 - - Qa? - - S NH - lsed at tungsten-ore mitl and
for demestic supplv; depth
and casing data reported by
owner, €.
{C-10-1h)6bcc-1 - - - 8 - - 4,306 1.7m 5-24-78 - - - N u -
Nevada
29/69-5abl Dead Cedar Spring - - . - - 6,095 - - MZPZc .09m 11-17-77 - 5 10.0  Piped to trough. Water tem-
perature may be affected by
air temperature. (.
30/69-33adl Ferguson Springs - - - - - 6,100 - - MZPZe 2lm 11-17-77 - 1,4, - Used by nearby highway main-
tenance station as well as
for stock. C.
32/68-22cal Summit Spring - - - - - 6,990 - - MzZPZc 1.5m 6- 2-78 - s 10.0  Piped to trough. C.
32/68-24bb1 Mud Spring - - - - - 6,350 - - TMZe - - - s 11.0 Total discharge in scepage
area around sprirg about
5 gal/min, C.
32/68-26adl Spring Gulch Spring - - - - - 6,255 - - TMZe 2 6- 2-78 - s 9.5 Piped to small pond. C.
32/69-2bal U.S. Bureau of Land 1940 h6 6 - - 4,575 326 - QTu? 25r - N u - Data on date constructed,
Management depth, diameter, water level,
(Wendover well) and yield from Rarrill (1971).
33/69-344 U.S. Army 1942 800 - - - 4,630 367 - QTu? - - N u - Abandoned test hole; data from
Harrill (1971); actual location
may be 33/69-35d. C.
SUPPLEMENTAL DATA FOR OTHER AREAS IN AND NEAR WEST-CENTRAL UTAH
Northern Great Salt Lake Desert
{C-1-10)5cab-1 Utah State Road 1969 420 8 390 - 4,596 360.6m  11- 9-71  QTu 50 9-10-69 N u - In Stephens (1974a, table 10);
Commission altitude corrected from recent
topographic map; drawdown 50 ft
after 6 hours pumping 50
gal/min.
(C-1-11)36bba-2 Skull valley Co. 1946 293 6 265 - 4,509 263 11-10-46  QTu - - P S - Located just north of boundary
(Deseret Livestock of southern Great Salt l.ake
Co.) Desert. In Stephens (1974a,
table 10); altitude corrected
from recent topographic map.
C.
Pine Valley
(C-28-17)1lcca-1 Phelps Dodge Corp. 1978 970 12 970 270- 5,680 367 1978 QTu - - - - - Drilled to 1,305 ft and completed
970 to 970 ft,
22dda-1 do. 1978 2,006 8 2,006 500- 5,780 386 1978 QTu - - - - - Bailed 25 gal/min with 75 ft of
2,006 drawdown in a test.
Sevier Desert
(C-23-12)6ced-1 U.S. Bureau of Land 1945 560 6 - - 4,632 204 1946 Qa? - - P s - Stock well just east of the divide
Management between Tule and Wah Wah Valleys;
(Black Hills well) dissolved solids 571 mg/L in 1963.
Snake Valley
(C-10-17)5add-S1  Eight-Mile Spring - - - - - 4,886 - - Qa? 5 5-26-78 - 8 - Actual spring location may be
upslope with water piped to the
tank at (C-10-17)5add. C.
(C-24-19)32dbd-1 State of Utah 1969 7,025 8 - - 6,362¢ - - MZPZc - - N v - Qil-test well, sampled when drill-
(W. J. Gould No. ing at and cased to 6,590 ft, per-
3 State) forated 6,060-6,070 ft; reportedly
in Guilmette Formation of Devonian
age; estimated water level 750 ft
below land surface; estimated yield
50 gal/min. C.
Wah Wah Valley
(€-28-14)3bd-1 Earth Sciences Inc. 1975 1,500 16, 1,500 700~ 5,180% 690 2-20-75 QTu 1,400r 2-16-75 T N 21.5 Locatien approximate; yleld reported
(well No. 29) 12 1,480 during test. C.
27aa-1 Earth Sciences Inc. 1974 - - - - 5,405¢ 535 3-21-74  QTu - - N o - Location approximate; test hole,

(well No. 2)

drilled to 750(?) ft and abandoned;
water level measured while drilling
at 563 ft; specific conductance

560 micromhos/cm (measured by
owner) .
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Table 9.--Drillers'

Altitudes are of land surface at well,

Thickness, in feet,
Depth to bottom of unit,

in feet above mean

in feet below land surface.

logs of selected wells in the southern Great Salt Lake Desert

sea level,

Material Thickness Depth Material Thickness  Depth Material Thickness  Depth
(C-2-10)16bbb-1. Log by J, C. (C-2-19) 2ccb-2--Continued (C-2-19) 3bed-1--Continued
Petersen. Alt. 5,235. Clay, gray. . e e e e 23 195 Clay; gravel showing in sample , 12 930
Sand and topsoil . . . . R 4 4 Clay with streaks of gypsum .. 21 216 Gravel . . . . . . . .., .. .... 14 944
Clay, light blow sand, and gravel . 12 16 Clay. . . . e e e e e e 89 305 Conglomerate . . . . . , . . ..., 95 1,039
Sand and loose, small gravel . . . 14 30 Clay, gray, with streaks of gypsum. . 23 328 Gravel . . . . . . . ..., ... 7 1,046
Blow sand. . . . . . . . 5 35 Clay. . . e e e e e e e e e 8% 417 Conglomerate, hard, brown. . ., . ., 14 1,060
Clay, thin layered, and Sl“ . 36 71 Clay, gray, with streaks of gypsum. . 22 439 Conglomerate . . . . . . . . . 66 1,126
Clay and sand, brown . . . . . . . . 16 87 Clay. . . . . . . . .. s e e e e . 133 572
Gravel, small and loose. . L. 1 88 Clay, gray, with streaks of gypsum. . 23 595 (C-5-19)33cba-1. Log by J. D, Hill
Blow sand and small gravel . . . 13 101 Clay. . . . . . .. .. e e e . 455 1,050 and U,5, Bureau of Land Management.
Blow sand with small gravel layer. 75 176 Gravel e e e e RPN 110 1,160 Ale. 4,495,
Gravel, limestone, small, with sand Conglomerate (hard cemented Silt, gray . . . . . . ... .. .. 15 15
layer . . . . 60 236 gravel), e e e . . 180 1,340 Gravel, cemented . . . . . , , . ., . 45 60
Cobbles, limestone L. L. 4 240 Gravel. . . . . . - e 14 1,354 Hardpan, red . . . . ., . . . ., .. 10 70
Gravel, quartzite, and cubbles .. 6 246 Gravel, hard. . . - ... . 22 1,376 Gravel, cemented, gray . . . ., . , 165 235
Clay and fine brown blow sand. . . . 5 251 No log. . . . .. .. ... .- 22 1,398 Sand, hard; water. . . .. ., ., ., . 5 240
Clay, sand, and gravel, mixed thin Gravel. . . . . . ... C e e 22 1,420 Gravel, cemented, gray . . . . . , , 10 250
layers. . . . . L. .. 15 266 Gravel, hard. . . .. PP . 22 1,442 Clay and water gravel. ., . , , . , . 5 255
Sand and gravel, medium to large .. 15 281 No log. . . . . . .. C e e e e 23 1,465 Gravel, cemented . . . . PP 20 275
Clay, sand, and gravel, layered. . . 2 283 Sand and clay . . . . e e e e 17 1,482 Gravel, water, and atreaks of clay . 5 280
Clay, white. ... . .. 2 285 No log. « . . . .. .. e e e e 38 1,520 Clay Emd gravel, . . . ., ., , ., 25 305
Clay, gravel, and cobbles, mixed and
layered . . . . e e e 7 292 (C-2-19)3bcd-1. Compiled by L. J. (C-6-18)5ddb-2, Log by Herald S.
Clay and sand, mixed . . . ... 4 296 Turk. Alt. 4,216, Petersen. Alt. 4,356,
Clay, silt, and sand, brown. . . . . 20 316 Clay. . v . . v o v v oo oo . ... 268 268 Conglomerate . , . . . . . ..., . 122 122
Sand and gravel, layered brown, and Gypsum. . . . . . . . . @ e e e e 4 272 Gravel . . . . . . . ., . . . .,. 5 127
clay. . . . . e e e e e e 10 326 Clay., . v v o v v v o . e e e e e 48 320 Conglomerate . . ., . , . ., . ... 33 160
Clay and sand, mixed PR TP 3 329 GYpsum. . o . . .o a0 3 323 Gravel . . . . . . . ... ..... 22 182
Clay, sand, and gravel, thin layers. 7 336 Clay. . . . . oo v v v ool 57 380
Limestone, quartzite gravel, and Gypsum. . . . . . . . .. 0. ... 1 381 (C-7-17)17dcd-1. Log by E. W. Hales.
clay. « v 4 v e e e e e e e 8 344 Clay. . . . . . o v v v v v vt 9 390 Alt, 4,405,
sand and gravel, small , . . . . . . 12 356 GYPSUM. . » & v 4 v 4 s i b e e . . 1 391 Sand, fine, gray . . ., .., .. . 10 10
Sand and gravel, large and coarse. . 8 364 Clay. . . . . v v v .. . PP 9 400 Sand, fine, gray, and clay . . , . 5 15
Sand, and one thin layer of medium Clay and gypsum . . . . e e e e 16 416 Sand, fine, gray . . .., . . . . . 15 30
to large gravel . . . . . . . . .. 7 371 Clay. « v v v v i v e i e e e e 44 460 Sand, fine, light-brown. , . . . . . 5 35
Sand, medium; some gravel. . . . , . 15 386 Gypsum, . . o . . . .. ... ... 3 463 Sand, fine, gray, and clay . . ., . . 5 40
Clay, sand, and medium to smAll Clay, sticky. . . . . . PR .. 12 475 Sand, fine, brown, and clay. . . . 5 45
gravel, brown . . . e e 15 401 Clay. C e e e e e e e e 10 485 Boulders . , . e e e e . 13 58
Sand, gravel, and cobbles. e e e 23 424 Gypsum, . . . . . . . . e e e e e 2 487 Sand, fine, brown. C e e e e ) 5 63
Cobbles, quartzite . . . . . . . . . 1 425 Clay, sticky. . « . . . v v o o ' 4 . 9 496 Boulders . . . . . . e 5 63
Gravel, large, layered, with seams Gypsum. . ., . . . .. e e e e 11 507 Sand, fine, brown. .. PR 2 70
of sand and clay. . . . . . . . 51 476 Clay. . v v v v e 6 513 Sand, fine, gray, and clay e e 26 96
Limestone and quartzite cobbles 1n Gypsum. . . . . . . . .. .. 2 515 Sand, fine, brown, . , . PR 8 104
clay. . . . .. e e . 11 487 Clay. . . . . . . P .. 50 565 Sand, fine, brown, and clay. C e 17 121
Clay and medium grnvel e e e e e 6 493 Cypsum. . , PPN e e e e 6 571 Sand and clay. . . . .. .., ., .. 33 154
Gravel, large. . . . . . . 3 496 Clay. C e e e e e c e e e 37 608 Gravel; salty water. . , . , ., . . . 4 158
Limestone, quartzite cobbles, And Gypsum., . . . . . .. PR 2 610 Sand, hard, brown. . . c e e 2 160
clay., . . . e e e e e e 5 501 Clay. c e e e e e e e e 18 628 Sand, fine, gray, and clay . 15 175
Clay and large gravel e e e e 32 533 Gypsum, hard, . . . . . .., . ... 6 634 Sand, fine, brown, and clay, . . 8 183
Cobbles, large . . . . . . . . . .. 2 535 Clay., . . . . .. .. e e e e 4 638 Sand and gravel; salty water . . 12 195
GYPSUM. & &« . v v 4 v e e e .. 7 645 Sand, fine, gray . . ., ., ..., ., . 38 233
(C-2-19) 2ceb-2. Log compiled by S, A, Clay. « v v v v v i b o v 53 700 Gravel; salty water. . , ., . . . 7 240
Kruer from notes and drilling re- Gypsum. . . . . . . . . L ] 4 704 o
port of the Thompson Drilling Co. Nolog. . . . . v v v v v v v v o 41 745 (€-9-16)31bcb-1. Log by Glen Mosely
Alt. 4,215, ClAY. + v v e e e e e e e 9 754 Alt. 4,293, ’
[ 63 63 GYPBUM. & v & o v ¢ 4w & 4 v 4 4« w . 3 757 Sil:............... 20 20
Clay, BTAY + v v o v v o o v u e w . 35 98 Clay. “ e e e e e e e 115 872 Clay and gravel. . . ., ., .., ., . 25 45
CLAY v v v e v e b e e e e e e e e 74 172 Gypsum. . . e e e e .. PR 22 894 Sand and gravel; water , , . , , . . 15 60
Clay. . e e e e e C e e e e 24 918 Hardpan and conglomerate . . . . . . 12 72

44



rable 10.--Chemical analyses of ground-water samples f
supplemental analyses for other areas in and near west-central Utah

Location: Sec secction on numbering systems for hydrologic-data sites.
specific conductance: Laberatory determinations except £, [leld measurement,
pH: Laboratory determinations except £, field measurement.

from the southern Great Salt Lake Desert and

Milligrams per liter
—_ Hardness Cissolved 5
— x _ ¥ < 3 oy as CaC03 solids 5 2
O o) @ < ~ = S o E o
“l s e & 2 £ < - e i
5 ® ~ £ 2 ~ 2 @ v 3 g | o £53 o
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= o) [e} ] Q o e Q < o Bl a o o o Rl Y 2
U @ @ @ @ w ) =y » 0 %) 1) e o TG O Pt
= o @ @ El @ w o n @ 0 — < o D g £ D _ o 9
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SOUTHERN GREAT SALT LAKE DESERT
Utah
(C-2-19)3bed-1 11-12-76  28.0 - 1,600 1,500 47,000 2,100 135 - 5,600 77,000 10,000 10,000 136,000 - - - - -
(C-3-10)16abb-51 11-15-77  13.5 15 110 47 630 5.9 190 - 190 1,100 470 310 - 2,190 3,960 7.8 74 13
(C-4-10)18dbd-S1 10- 4-77  16.0 18 350 200 860 13 230 - 390 2,100 1,700 1,500 - 4,040 7,200 7.6 52 9.1
(C-4-11)35ddd-S1 10- 4-77  16.0 36 250 60 230 6.0 230 - 110 800 870 680 - 1,610 2,940 7.8 16 3.4
(C~4—19)7abc-sl[ 10- 5-77 29.0 28 130 56 1,600 110 290 - 250 2,500 560 320 - 4,820 8,470 7.5 83 30
20abb-512 10- 5-77 27.0 28 140 60 1,400 110 300 - 240 2,300 600 350 - 4,430 7,920 7.7 81 25
(C~6-18)5ddb-1 6- 2-78 18.0 49 130 68 720 53 330 0 910 690 600 330 - 2,780 4,160 6.8f 70 13
5dab-2° 11-16-77 - 49 210 110 390 49 340 - 840 460 980 700 - 2,280 3,330 7.7 45 9.4
(C-7-18)2cdb" 11-16-77 11.5 11 60 39 150 2.5 220 - 72 260 310 130 - 703 1,300 8.4 51 3.7
(C-8-18)2abb-s1° 5-25-78 - 30 480 310 280 8.6 100 0 340 1,900 2,500 2.400 - 3,400 6,000 6.1f 20 2.5
11bcc-51° 6-19-73 12.0 15 160 57 190 3.7 155 0 210 500 630 510 - 1,210 2,030 7.3 39 3.3
licca-S17 5-26-78 - 15 170 57 190 3,6 220 0 130 550 660 480 - 1,220 2,030 6.1f 38 3.2
(C-9-16)31bcb-2 5-25-78 17.0 21 39 24 110 5,5 180 0 38 170 200 49 - 496 840 6.7f 54 3.4
3lccc-2 s 5-25-78 17.5 19 32 20 100 5.4 170 0 35 140 160 23 - 435 800 6,9f O 3.4
3iced-S1 5-25-78 - 18 23 14 82 4.2 150 0 25 100 120 0 - 340 600 0Tt 60 3.3
(C—9—l7)25dbd—13 5-26-78 - 29 23 10 190 9.5 150 o 59 240 99 0 - 634 1,010 7010 79 8.3
Nevada
9
29/69-5abl 11-17-77 10.0 17 88 42 99 2.3 280 - 120 170 390 160 - 676 1,170 7.9 35 2.2
30/69-33adl 11-17-77 - 15 52 22 28 2.0 150 - 55 60 220 97 - 308 550 8.1 21 &
32/68-22cal 6- 2-78 10.0 17 65 22 12 .8 280 Q0 22 9.7 250 23 - 287 480 7.0¢ 9 .3
24bbl 10~ 5-77 11.0 28 47 11 16 2.0 190 - 16 18 160 7 - 232 370 8.3 17 .5
26adl 6- 2-78 9.5 30 59 15 23 1.1 240 0 24 20 210 12 - 290 460 6.8f 19 7
33/69-34a 0 2-10-43 - 49 2,090 434 8,200 98 -~ 1,000 16,800 7,010 - 31,5001 - - 7.3 - 43
SUPPLEMENTAL ANALYSES FOR OTHER AREAS IN AND NEAR WEST-CENTRAL UTAH
Northern Great Salt Lake Desert
2
(G-1-11)36bba-2" 11-15-77 - 25 350 320 1,900 52 99 - 230 4,100 2,200 2,100 - 7,030 12,300 7.8 65 18
Snake valley
5
((,“10'17)33(!(1—51.13 5-26-78 - 16 60 24 38 0.9 250 0 22 63 250 44 - 347 520 6.6f 25 1.0
(C-24-19)32dbd-1 3-21-69 - 14 38 23 7.9 2.5 217 0 22 10 191 13 220 225 381 8.0 - .2
Wah Wah Valley
(C-28-14)3bdl 2-16-75 21.5 9.9 47 17 37 9.1 141 - 74 63 190 72 - 337 565f 8.1f 29 1.2
;Sampled from south spring at limestone ovtcrop.
3 Sampled from north spring.
. Sampled from pressure tank,

Drainage from mine tunnel.

Sampled overflow from tank.

F'Sampled second spring from north.

7Samp1ed from concrete collecting box; sample includes water from well (C-8-18)llcca-l.
Sampled outflow from the two main pools.
May be affected by air temperature.
Sampled from test hole when drilling helow 655 ft.
Residue on evaporation at 105°C.

12 Sampled from recently filled tank.

13Samplccl from 6,060 to 6,070 feet.

This and other analyses at other depths reported in Harrill (1971).

45



*¥No.

No.

*¥No.

¥No.

¥No.

*No.

No.

*No.

No.

No.

¥No.

10.

PUBLICATIONS OF THE UTAH DEPARTMENT OF NATURAL RESOURCES,

DIVISION OF WATER RIGHTS

(*¥)-0ut of Print

TECHNICAL PUBLICATIONS

Underground leakage from artesian wells in the Flowell area, near
Fillmore, Utah, by Penn Livingston and G. B. Maxey, U.S. Geo-
logical Survey, 1944,

The Ogden Valley artesian reservoir, Weber County, Utah, by H. E.
Thomas, U.S. Geological Survey, 1945,

Ground water in Pavant Valley, Millard County, Utah, by P. E.
Dennis, G. B. Maxey and H. E. Thomas, U.S. Geological Survey,
1946.

Ground water in Tooele Valley, Tooele County, Utah, by H. E.
Thomas, U.S. Geological Survey, in Utah State Engineer 25th
Biennial Report, p. 91-238, pls. 1-6, 1946,

Ground water in the East Shore area, Utah: Part I, Bountiful
District, Davis County, Utah, by H. E. Thomas and W. B. Nelson,
U.S. Geological Survey, 1in Utah State Engineer 26th Biennial
Report, p. 53-206, pls. 1-2, 1948.

Ground water in the Escalante Valley, Beaver, Iron, and Washington
Counties, Utah, by P. F. Fix, W. B. Nelson, B. E. Lofgren, and
R. G. Butler, U.S. Geological Survey, in Utah State Engineer 27th
Biennial Report, p. 107-210, pls. 1-10, 1950.

Status of development of selected ground-water basins in Utah, by
H. E. Thomas, W. B. Nelson, B. E. Lofgren, and R. G. Butler, U.S.
Geological Survey, 1952.

Consumptive use of water and irrigation requirements of crops in
Utah, by C. O. Roskelly and W. D. Criddle, Utah State Engineer's
Office, 1952.

(Revised) Consumptive use and water requirements for Utah, by
W. D. Criddle, Karl Harris, and L. S. Willardson, Utah State
Engineer's Office, 1962.

Progress report on selected ground water basins in Utah, by H. A.
Waite, W. B. Nelson, and others, U.S. Geological Survey, 1954.

A compilation of chemical quality data for ground and surface

waters in Utah, by J. G. Connor, C. G. Mitchell, and others, U.S.
Geological Survey, 1958.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Ground water in northern Utah Valley, Utah: A progress report for
the period 1948-63, by R. M. Cordova and Seymour Subitzky, U.S.
Geological Survey, 1965.

Reevaluation of the ground-water resources of Tooele Valley, Utah,
by J. S. Gates, U.S. Geological Survey, 1965.

Ground-water resources of selected basins in southwestern Utah, by
G. W. Sandberg, U.S. Geological Survey, 1966.

Water-resources appraisal of the Snake Valley area, Utah and
Nevada, by J. W. Hood and F. E. Rush, U.S. Geological Survey,
1966.

Water from bedrock in the Colorado Plateau of Utah, by R. D.
Feltis, U.S. Geological Survey, 1966.

Ground-water conditions in Cedar Valley, Utah County, Utah, by
R. D. Feltis, U.S. Geological Survey, 1967.

Ground-water resources of northern Juab Valley, Utah, by L. J.
Bjorklund, U.S. Geological Survey, 1968,

Hydrologic reconnaissance of Skull Valley, Tooele County, Utah, by
J. W. Hood and K. M. Waddell, U.S. Geological Survey, 1968.

An appraisal of the quality of surface water in the Sevier Lake
basin, Utah, by D. C. Hahl and J. C. Mundorff, U.S. Geological
Survey, 1968.

Extensions of streamflow records in Utah, by J. K. Reid, L. E.
Carroon, and G. E. Pyper, U.S. Geological Survey, 1969.

Summary of maximum discharges in Utah streams, by G. L. Whitaker,
U.S. Geological Survey, 1969.

Reconnaissance of the ground-water resources of the upper Fremont
River valley, Wayne County, Utah, by L. J. Bjorklund, U.S.
Geological Survey, 1969.

Hydrologic reconnaissance of Rush Valley, Tooele County, Utah, by
J. W. Hood, Don Price, and K. M. Waddell, U.S. Geological Survey,

1969.

Hydrologic reconnaissance of Deep Creek valley, Tooele and Juab
Counties, Utah, and Elko and White Pine Counties, Nevada, by J. W.
Hood and K. M. Waddell, U.S. Geclogical Survey, 1969.

Hydrologic reconnaissance of Curlew Valley, Utah and Idaho, by
E. L. Bolke and Don Price, U.S. Geological Survey, 1969.
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26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

4o.

Hydrologic reconnaissance of the Sink Valley area, Tooele and Box
Elder Counties, Utah, by Don Price and E. L. Bolke, U.S.
Geological Survey, 1969.

Water resources of the Heber-Kamas-Park City area, north-central
Utah, by C. H. Baker, Jr., U.S. Geological Survey, 1970.

Ground-water conditions in southern Utah Valley and Goshen Valley,
Utah, by R. M. Cordova, U.S. Geological Survey, 1970.

Hydrologic reconnaissance of Grouse Creek valley, Box Elder
County, Utah, by J. W. Hood and Don Price, U.S. Geological Survey,

1970.

Hydrologic reconnaissance of the Park Valley area, Box Elder
County, Utah, by J. W. Hood, U.S. Geological Survey, 1971.

Water resources of Salt Lake County, Utah, by A. G. Hely, R. W.
Mower, and C. A. Harr, U.S. Geological Survey, 1971.

Geology and water resources of the Spanish Valley area, Grand and
San Juan Counties, Utah, by C. T. Sumsion, U.S. Geological Survey,
1971.

Hydrologic reconnaissance of Hansel Valley and northern Rozel
Flat, Box Elder County, Utah, by J. W. Hood, U.S. Geological
Survey, 1971.

Summary of water resources of Salt Lake County, Utah, by A. G.
Hely, R. W. Mower, and C. A. Harr, U.S. Geological Survey, 1971.

Ground-water conditions in the East Shore area, Box Elder, Davis,
and Weber Counties, Utah, 1960-69, by E. L. Bolke and K. M.
Waddell, U.S. Geological Survey, 1972.

Ground-water resources of Cache Valley, Utah and Idaho, by L. J.
Bjorklund and L. J. McGreevy, U.S. Geological Survey, 1971.

Hydrologic reconnaissance of the Blue Creek Valley area, Box Elder
County, Utah, by E. L. Bolke and Don Price, U.S. Geological
Survey, 1972.

Hydrologic reconnaissance of the Promontory Mountains area, Box
Elder County, Utah, by J. W. Hood, U.S. Geological Survey, 1972.

Reconnaissance of chemical quality of surface water and fluvial
sediment in the Price River Basin, Utah, by J. C. Mundorff, U.S.
Geological Survey, 1972.

Ground-water conditions in the central Virgin River basin, Utah,

by R. M. Cordova, G. W. Sandberg, and Wilson MecConkie, U.S. Geo-
logical Survey, 1972.
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43.

Ly,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Hydrologic reconnaissance of Pilot Valley, Utah and Nevada, by
J. C. Stephens and J. W. Hood, U.S. Geological Survey, 1973.

Hydrologic reconnaissance of the northern Great Salt Lake Desert
and summary hydrologic reconnaissance of northwestern Utah, by
J. C. Stephens, U.S. Geological Survey, 1973.

Water resources of the Milford area, Utah, with emphasis on ground
water, by R. W. Mower and R. M. Cordova, U.S. Geological Survey,

1974.

Ground-water resources of the lower Bear River drainage basin, Box
Elder County, Utah, by L. J. Bjorklund and L. J. McGreevy, U.S.
Geological Survey, 197U4.

Water resources of the Curlew Valley drainage basin, Utah and
Idaho, by C. H. Baker, Jr., U.S. Geological Survey, 1974.

Water-quality reconnaissance of surface inflow to Utah Lake, by
J. C. Mundorff, U.S. Geological Survey, 1974.

Hydrologic reconnaissance of the Wah Wah Valley drainage basin,
Millard and Beaver Counties, Utah, by J. C. Stephens, U.S.
Geological Survey, 1974.

Estimating mean streamflow in the Duchesne River basin, Utah, by
R. W. Cruff, U.S. Geological Survey, 1974.

Hydrologic reconnaissance of the southern Uinta Basin, Utah and
Colorado, by Don Price and L. L. Miller, U.S. Geological Survey,
1975.

Seepage study of the Rocky Point Canal and the Grey Mountain-
Pleasant Valley Canal systems, Duchesne County, Utah, by R. W.
Cruff and J. W. Hood, U.S. Geological Survey, 1976.

Hydrologic reconnaissance of the Pine Valley drainage basin,
Millard, Beaver, and Iron Counties, Utah, by J. C. Stephens, U.S.
Geological Survey, 1976.

Seepage study of canals in Beaver Valley, Beaver County, Utah, by
R. W. Cruff and R. W. Mower, U.S. Geological Survey, 1976.

Characteristics of aquifers in the northern Uinta Basin area, Utah
and Colorado, by J. W. Hood, U.S. Geological Survey, 1976.

Hydrologic evaluation of Ashley Valley, northern Uinta Basin area,
Utah, by J. W. Hood, U.S. Geological Survey, 1977.

Reconnaissance of water quality in the Duchesne River basin and

some adjacent drainage areas, Utah, by J. C. Mundorff, U.S.
Geological Survey, 1977.
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Hydrologic reconnaissance of the Tule Valley drainage basin, Juab
and Millard Counties, Utah, by J. C. Stephens, U.S. Geological
Survey, 1977.

Hydrologic evaluation of the upper Duchesne River valley, northern
Uinta Basin area, Utah, by J. W. Hood, U.S. Geological Survey,

1977 .

Seepage study of the Sevier Valley-Piute Canal, Sevier County,
Utah, by R. W. Cruff, U.S. Geological Survey, 1977.

Hydrologic reconnaissance of the Dugway Valley-Government Creek
area, west-central Utah, by J. C. Stephens and C. T. Sumsion, U.S.
Geological Survey, 1978.

Ground-water resources of the Parowan-Cedar City drainage basin,
Iron County, Utah, by L. J. Bjorklund, C. T. Sumsion, and G. W.
Sandberg, U.S. Geological Survey, 1978.

Ground-water conditions in the Navajo Sandstone in the central
Virgin River basin, Utah, by R. M. Cordova, U.S. Geological
Survey, 1978.

Water resources of the northern Uinta Basin area, Utah and
Colorado, with special emphasis on ground-water supply, by J. W.
Hood and F. K. Fields, U.S. Geological Survey, 1978.

Hydrology of the Beaver Valley area, Beaver County, Utah with
emphasis on ground water, by R. W. Mower, U.S. Geological Survey,

1978.

Hydrologic reconnaissance of the Fish Springs Flat area, Tooele,
Juab, and Millard Counties, Utah, by E. L. Bolke and C. T.
Sumsion, U.S. Geological Survey, 1978.

Reconnaissance of chemical quality of surface water and fluvial
sediment in the Dirty Devil River basin, Utah, by J. C. Mundorff,
U.S. Geological Survey, 1978.

Aquifer tests of the Navajo Sandstone near Caineville, Wayne
County, Utah, by J. W. Hood and T. W. Danielson, U.S. Geological
Survey, 1979.

Seepage study of the West Side and West Canals, Box Elder County,
by R. W. Cruff, U.S. Geological Survey, 1980.

Bedrock aquifers in the lower Dirty Devil River basin area, Utah,

with special emphasis on the Navajo Sandstone, by J. W. Hood and
T. W. Danielson, U.S. Geological Survey, 1981.
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69.

70.

10.

Ground-water conditions in Tooele Valley, Utah, 1976-78, by A. C.
Razem and J. I. Steiger, U.S. Geological Survey, 1981.

Ground-water conditions in the upper Virgin River and Kanab Creek
basin area, Utah, with emphasis on the Navajo Sandstone, by R. M.
Cordova, U.S. Geological Survey, '1981.

WATER CIRCULARS

Ground water in the Jordan Valley, Salt Lake County, Utah, by Ted
Arnow, U.S. Geological Survey, 1965.

Ground water in Tooele Valley, Utah, by J. S. Gates and 0. A.
Keller, U.S. Geological Survey, 1970.

BASIC-DATA REPORTS

Records and water-level measurements of selected wells and
chemical analyses of ground water, East Shore area, Davis, Weber,
and Box Elder Counties, Utah, by R. E. Smith, U.S. Geological
Survey, 1961.

Records of selected wells and springs, selected drillers' logs of
wells, and chemical analyses of ground and surface waters,
northern Utah Valley, Utah County, Utah, by Seymour Subitzky, U.S.
Geologtcal Survey, 1962.

Ground-water data, central Sevier Valley, parts of Sanpete,
Sevier, and Piute Counties, Utah, by C. H. Carpenter and R. A.
Young, U.S. Geological Survey, 1963.

Selected hydrologic data, Jordan Valley, Salt Lake County, Utah,
by I. W. Marine and Don Price, U.S. Geological Survey, 1963.

Selected hydrologic data, Pavant Valley, Millard County, Utah, by
R. W. Mower, U.S. Geological Survey, 1963.

Ground-water data, parts of Washington, Iron, Beaver, and Millard
Counties, Utah, by G. W. Sandberg, U.S. Geological Survey, 1963.

Selected hydrologic data, Tooele Valley, Tooele County, Utah, by
J. S. Gates, U.S. Geological Survey, 1963.

Selected hydrologic data, upper Sevier River basin, Utah, by C. H.

Carpenter, G. B. Robinson, Jr., and L. J. Bjorklund, U.S. Geo-
logical Survey, 1964.

Ground-water data, Sevier Desert, Utah, by R. W. Mower and R. D.
Feltis, U.S. Geological Survey, 1964.

Quality of surface water in the Sevier Lake basin, Utah, by D. C.
Hahl and R. E. Cabell, U.S. Geological Survey, 1965.
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1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

Hydrologic and climatologic data, collected through 1964, Salt
Lake County, Utah, by W. V. Iorns, R. W. Mower, and C. A. Horr,
U.S. Geological Survey, 1966.

Hydrologic and climatologic data, 1965, Salt Lake County, Utah, by
W. V. Iorns, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1966.

Hydrologic and climatologic data, 1966, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,

1967.

Selected hydrologic data, San Pitch River drainage basin, Utah, by
G. B. Robinson, Jr., U.S. Geological Survey, 1968.

Hydrologic and climatologic data, 1967, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1968.

Selected hydrologic data, southern Utah and Goshen Valleys, Utah,
by R. M. Cordova, U.S. Geological Survey, 1969.

Hydrologic and climatologic data, 1968, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,

1969.

Quality of surface water in the Bear River basin, Utah, Wyoming,
and Idaho, by K. M. Waddell, U.S. Geological Survey, 1970.

Daily water-temperature records for Utah streams, 1944-68, by
G. L. Whitaker, U.S. Geological Survey, 1970.

Water-quality data for the Flaming Gorge area, Utah and Wyoming,
by R. J. Madison, U.S. Geological Survey, 1970.

Selected hydrologic data, Cache Valley, Utah and Idaho, by L. J.
McGreevy and L. J. Bjorklund, U.S. Geological Survey, 1970.

Periodie water- and air-temperature records for Utah streams,
1966-70, by G. L. Whitaker, U.S. Geological Survey, 1971.

Selected hydrologic data, lower Bear River drainage basin, Box
Elder County, Utah, by L. J. Bjorklund and L. J. McGreevy, U.S.
Geological Survey, 1973.

Water-quality data for the Flaming Gorge Reservoir area, Utah and
Wyoming, 1969-72, by E. L. Bolke and K. M. Waddell, U.S. Geologi-
cal Survey, 1972.

Streamflow characteristies in northeastern Utah and adjacent
areas, by F. K. Fields, U.S. Geological Survey, 1975.
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26.

27.

28.

29.

30.

31.

32.

33.

34.

Selected hydrologic data, Uinta Basin area, Utah and Colorado, by
J. W. Hood, J. C. Mundorff, and Don Price, U.S. Geological Survey,

1976.

Chemical and physical data for the Flaming Gorge Reservoir area,
Utah and Wyoming, by E. L. Bolke, U.S. Geological Survey, 1976.

Selected hydrologic data, Parowan Valley and Cedar City Valley
drainage basins, Iron County, Utah, by L. J. Bjorklund, C. T.
Sumsion, and G. W. Sandberg, U.S. Geological Survey, 1977.

Climatologic and hydrologic data, southeastern Uinta Basin, Utah
and Colorado, water years 1975 and 1976, by L. S. Conroy and F. K.
Fields, U.S. Geological Survey, 1977.

Selected ground-water data, Bonneville Salt Flats and Pilot
Valley, western Utah, by. G. C. Lines, U.S. Geological Survey,
1977.

Selected hydrologic data, Wasatch Plateau-Book Cliffs coal-fields
area, Utah, by K. M. Waddell and others, U.S. Geological Survey,

1978.

Selected coal-related ground-water data, Wasatch Plateau-Book
Cliffs area, Utah, by C. T. Sumsion, U.S. Geological Survey, 1979.

Hydrologic and climatologic data, southeastern Uinta Basin, Utah
and Colorado, water year 1977, by L. S. Conroy, U.S. Geological
Survey, 1979.

Hydrologic and climatologic data, southeastern Uinta Basin, Utah
and Colorado, water year 1978, by L. S. Conroy, U.S. Geological
Survey, 1980.

INFORMATION BULLETINS

Plan of work for the Sevier River Basin (Sec. 6, P. L. 566), U.S.
Department of Agriculture, 1960.

Water production from oil wells in Utah, by Jerry Tuttle, Utah
State Engineer's Office, 1960.

Ground-water areas and well logs, central Sevier Valley, Utah, by
R. A. Young, U.S. Geological Survey, 1960.

Ground-water investigations in Utah in 1960 and reports published
by the U.S. Geological Survey or the Utah State Engineer prior to
1960, by H. D. Goode, U.S. Geological Survey, 1960.

Developing ground water in the central Sevier Valley, Utah, by R.
A. Young and C. H. Carpenter, U.S. Geological Survey, 1961.
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10.

11.

12.

13.

4.

15.

16.

17.

18.

Work outline and report outline for Sevier River basin survey,
(Sec. 6, P. L. 566), U.S. Department of Agriculture, 1961.

Relation of the deep and shallow artesian aquifers near Lynndyl,
Utah, by R. W. Mower, U.S. Geological Survey, 1961.

Projected 1975 municipal water-use requirements, Davis County,
Utah, by Utah State Engineer's Office, 1962.

Projected 1975 municipal water-use requirements, Weber County,
Utah, by Utah State Engineer's Office, 1962.

Effects on the shallow artesian aquifer of withdrawing water from
the deep artesian aquifer near Sugarville, Millard County, Utah,
by R. W. Mower, U.S. Geological Survey, 1963.

Amendments to plan of work and work outline for the Sevier River
basin (Sec. 6, P. L. 566), U.S. Department of Agriculture, 1964.

Test drilling in the upper Sevier River drainage basin, Garfield
and Piute Counties, Utah, by R. D. Feltis and G. B. Robinson, Jr.,
U.S. Geological Survey, 1963.

Water requirements of lower Jordan River, Utah, by Karl Harris,
Irrigation Engineer, Agricultural Research Service, Phoenix,
Arizona, prepared under informal cooperation approved by Mr. W. W,
Donnan, Chief, Southwest Branch (Riverside, California) Soil and
Water Conservation Research Division, Agricultural Research
Service, U.S.D.A., and by W. D. Criddle, State Engineer, State of
Utah, Salt Lake City, Utah, 1964.

Consumptive use of water by native vegetation and irrigated crops
in the Virgin River area of Utah, by W. D. Criddle, J. M. Bagley,
R. K. Higginson, and D. W. Hendricks, through cooperation of Utah
Agricultural Experiment Station, Agricultural Research Service,
Soil and Water Conservation Branch, Western Soil and Water
Management Section, Utah Water and Power Board, and Utah State
Engineer, Salt Lake City, Utah, 1964.

Ground-water conditions and related water-administration problems
in Cedar City Valley, Iron County, Utah, February, 1966, by J. A.
Barnett and F. T. Mayo, Utah State Engineer's Office.

Summary of water well drilling activities in Utah, 1960 through
1965, compiled by Utah State Engineer's Office, 1966.

Bibliography of U.S. Geological Survey water-resources reports for
Utah, compiled by O. A. Keller, U.S. Geological Survey, 1966.

The effect of pumping large-discharge wells on the ground-water

reservoir in southern Utah Valley, Utah County, Utah, by R. M.
Cordova and R. W. Mower, U.S. Geological Survey, 1967.
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19.

20.

21,

22.

23.

24.

25.

26.

27.

Ground-water hydrology of southern Cache Valley, Utah, by L. P.
Beer, Utah State Engineer's Office, 1967.

Fluvial sediment in Utah, 1905-65, A data compilation by J. C.
Mundorff, U.S. Geological Survey, 1968.

Hydrogeology of the eastern portion of the south slopes of the
Uinta Mountains, Utah, by L. G. Moore and D. A. Barker, U.S.
Bureau of Reclamation, and J. D. Maxwell and B. L. Bridges, Soil

Conservation Service, 1971.

Bibliography of U.S. Geological Survey water-resources reports for
Utah, compiled by B. A. LaPray, U.S. Geological Survey, 1972.

Bibliography of U.S. Geological Survey water-resources reports for
Utah, compiled by B. A. LaPray, U.S. Geological Survey, 1975.

A water-land use management model for the Sevier River Basin,
Phase I and II, by V. A. Narasimham and Eugene K. Israelsen, Utah
Water Research Laboratory, College of Engineering, Utah State

University, 1975.

A water-land use management model for the Sevier River Basin,
Phase III, by Eugene K. Israelsen, Utah Water Research Laboratory,
College of Engineering, Utah State University, 1976.

Test diilling for fresh water in Tooele Valley, Utah, by K. H.
Ryan, B. W. Nance, and A. C. Razem, Utah Department of Natural Re-
sources, 1981.

Bibliography of U.S. Geological Survey Water-Resources Reports for
Utah, compiled by Barbara A. LaPray and Linda S. Hamblin, U.S.
Geological Survey, 1980.
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