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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) program was started in 1978
following a congressional mandate to develop quantitative appraisals of the major
ground-water systems of the United States. The RASA program represents a
systematic effort to study a number of the Nation's most important aquifer
systems, which in aggregate underlie much of the country and which represent an
important component of the Nation's total water supply. In general, the
boundaries of these studies are identified by the hydrologic extent of each system
and accordingly transcend the political subdivisions to which investigations have
often arbitrarily been limited in the past. The broad objective for each study is to
assemble geologic, hydrologic, and geochemical information, to analyze and
develop an understanding of the system, and to develop predictive capabilities
that will contribute to the effective management of the system. The use of
computer simulation is an important element of the RASA studies, both to develop
an understanding of the natural, undisturbed hydrologic system and the changes
brought about in it by human activities, and to provide a means of predicting the
regional effects of future pumping or other stresses.

The final interpretive results of the RASA program are presented in a series of
U.S. Geological Survey Professional Papers that describe the geology, hydrology,
and geochemistry of each regional aquifer system. Each study within the RASA
program is assigned a single Professional Paper number, and where the volume of
interpretive material warrants, separate topical chapters that consider the
principal elements of the investigation may be published. The series of RASA
interpretive reports begins with Professional Paper 1400 and thereafter will
continue in numerical sequence as the interpretive products of subsequent studies
become available.

Thomas J. Casadevall
Acting Director



PREFACE

The Regional Aquifer-System Analysis of the Great Basin was conducted by U.S.
Geological Survey personnel in Nevada and Utah. A supporting contract to study recharge
processes was awarded to the Desert Research Institute of the University of Nevada. During
the initial years of the study, the U.S. Air Force conducted a siting investigation for the
proposed MX missile system in parts of Nevada and Utah. The Air Force allowed ready
access to this data, which provided much useful information for the RASA program. In
addition, valuable information was provided by many State and local agencies throughout
the Great Basin. Their contributions are an integral part of this investigation, and without
them this report would not have been possible.
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AQUIFER SYSTEMS IN THE GREAT BASIN REGION OF
NEVADA, UTAH, AND ADJACENT STATES—SUMMARY REPORT

By JAMES R. HARRILL and DAVID E. PRUDIC

ABSTRACT

The Great Basin Regional Aquifer-System Analysis (RASA) study
area encompasses about 140,000 square miles in parts of Nevada, Utah,
California, Oregon, Idaho, and Arizona. It contains numerous basins
that collectively constitute a regional ground-water resource. Included
are basins that have hydraulic continuity through permeable consoli-
dated rock, basins that are linked by river systems, and basins that func-
tion as independent hydrologic systems. A special situation exists in
western Utah and eastern Nevada where the basins are underlain and
bounded by thick sequences of permeable carbonate rocks.

The study area is characterized by generally parallel, north- to north-
east-trending mountain ranges separated by broad alluvial desert
basins. The higher ranges in central and eastern Nevada and along the
east and west margins of the region have crests more than 10,000 feet
above sea level; elsewhere, altitudes of the mountains generally are less
than 9,000 feet. Altitudes of valley floors range from below sea level in
Death Valley to about 7,000 feet in central Nevada. A total of 260 hydro-
graphic areas or subareas are presently recognized within the Great
Basin region. Most of these hydrographic areas contain a basin-fill
ground-water reservoir and include the topographically tributary drain-
age area in the adjacent mountains.

The Great Basin study area is separated into eastern and western
areas on the basis of depositional facies of continental-shelf and conti-
nental-slope and -rise deposits. The western area includes the approxi-
mate western one-third of the Great Basin and is characterized by deep-
water marine sedimentary rocks of Paleozoic and early Mesozoic age.
The eastern two-thirds of the Great Basin is characterized by alternating
sedimentary sequences dominated by clastic rocks, with minor amounts
of limestone or dolomite, or by carbonate rocks with minor amounts of
clastic rocks. The area dominated by carbonate rocks is known as the
carbonate-rock province, a 100,000-square-mile area that lies mostly in
eastern Nevada and western Utah. Generally, the overall thickness of
carbonate-rock sequences exceeds that of clastic-rock sequences. The
combined thicknesses of the carbonate- and clastic-rock sequences that
compose the Paleozoic section range from about 5,000 feet to nearly
30,000 feet. The dominant structural features are fault-block mountains
and basins of Cenozoic age that formed as a result of extensional fault-
ing.

Aquifer recharge is from precipitation, usually in the form of winter
storms in the adjacent mountains. Recharge may occur either in the
mountains (from melting snowpack) or along streams flowing over allu-

vial deposits adjacent to the mountains, depending on characteristics of
the rock units that form the mountains. The timing and frequency of
recharge also varies widely. Estimating natural recharge to the desert
basins included in the RASA study area is difficult. The technical
approach most commonly applied in Nevada and Utah is an empirical
one developed in the 1940's and 1950's. In this study, a chloride-balance
method was used to estimate natural ground-water recharge to 16
basins in Nevada, and results compared favorably with existing empir-
ical estimates.

Most ground-water discharge is by evapotranspiration, and most
spring discharge ultimately is consumed by evapotranspiration. The
principal areas of ground-water discharge are in topographically low
parts of valleys where the water table is near the land surface. Estimates
of ground-water evapotranspiration are not available for every basin in
the study area. However, if the system is considered to be in a general
state of dynamic equilibrium, then the total natural ground-water dis-
charge is about equal to the recharge, which is about 3.8 million acre-feet
per year for the entire study area.

Thirty-nine major flow systems were delineated. They range from 30
to 18,000 square miles in area. Sixteen are single-basin systems, and the
remainder are multibasin systems that may include as many as 34
hydrographic areas or subareas. Except in the carbonate-rock province,
large multibasin flow systems are generally coincident with major river
systems. Large multibasin systems within the carbonate-rock province
typically have little surface flow but may contain ground-water flow
paths more than 100 miles long that traverse several basins. Discharge
from these systems is typically from large springs. This discharge gener-
ally is consumed by evapotranspiration in the vicinity of the spring. An
exception is the Muddy River springs that discharge into the Muddy
River, which is a tributary of the Colorado River.

A three-dimensional finite-difference ground-water flow model was
used to evaluate regional ground-water flow in the carbonate-rock prov-
ince. The model simulated 45 shallow-flow regions in the upper model
layer and 17 deep-flow subregions in the lower layer. The deep-flow
subregions were further grouped into five deep-flow regions on the
basis of areas having simulated water levels that generally decline
toward one of five regional discharge areas. These are called the Death
Valley, Colorado River, Bonneville, Railroad Valley, and upper Hum-
boldt River regions.
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Analysis of the model simulations has led to several conclusions:
(1) Most ground-water flow is relatively shallow, moving from recharge
areas in the mountains to discharge areas in adjacent valleys. (2) Interba-
sin movement of ground water to the larger regional springs is through
thick, hydraulically continuous, permeable carbonate rock. (3) In some
areas, consolidated rocks beneath the valleys and surrounding moun-
tains are not highly transmissive; either not all carbonate rock is highly
permeable or not all valleys and surrounding mountains are underlain
by carbonate rock. (4) In some areas, carbonate rocks may be highly
transmissive but separated from overlying aquifers by low-permeability
rocks or deposits. (5) Deep flow discharges at the major downgradient
terminal sinks only in relatively small quantities. Instead, deep flow dis-
charges mainly to regional springs and areas of evapotranspiration
upgradient from the sinks. (6) Simulated deep flow in the upper Hum-
boldt River region is low in volume because most of the ground water
discharging along the river is from local flow associated with the river.

Five basin-fill aquifers were selected as representative examples of
the large range of conditions across in the study area. They are the Mil-
ford area in Utah and the Carson, Paradise, Smith Creek, and Stagecoach
Valleys in Nevada. The Milford area represents a large basin-fill aquifer
under sustained development; Carson Valley represents a basin-fill
aquifer dominated by a through-flowing river; Paradise Valley repre-
sents a basin-fill reservoir having an upgradient part dominated by
streams and an arid lower part; Smith Creek Valley represents a topo-
graphically closed, arid basin; and Stagecoach Valley represents a small,
topographically closed basin that is partly drained by subsurface flow.

Results indicate that if pumping is located strategically with respect
to areas of natural discharge, then a sustained-yield concept may be a
viable management option. If pumping is not located strategically with
respect to discharge or is highly concentrated, the sustained-yield con-
cept may not be viable because localized drawdowns can become large
before all natural discharge is captured. The location of pumping and
the degree to which pumping is concentrated can be as significant as the
overall pumping rate in determining response to pumping. Where
streams and rivers are in hydraulic continuity with ground water, the
location of pumping relative to these features is important in determin-
ing response to pumping,.

Water in the principal aquifers of the Great Basin generally contains
less than 1,000 milligrams of dissolved solids per liter, except in natural-
discharge and geothermal areas. Geochemical and hydrologic processes
responsible for the major-ion chemistry and isotopic composition of
water in aquifers throughout the Great Basin have been identified for
representative examples of the two principal types of flow systems, a
hydrologically closed basin-fill aquifer in west-central Nevada and a
regional carbonate-rock aquifer in southern Nevada.

The main processes controlling geochemical evolution of ground
water in the closed basin-fill aquifer of Smith Creek Valley are (1) disso-
lution of volcanic tuff and tuff-derived basin-fill deposits, (2) cation
exchange of calcium and magnesium in the water for sodium in clay
minerals, (3) weathering of plagioclase to montmorillonite, (4) precipita-
tion of zeolite minerals, (5) concentration of dissolved constituents by
evapotranspiration, (6) dissolution of chloride and sulfate evaporative
salts, and (7) precipitation of calcite.

Major-ion chemical and isotopic compositions of water in the carbon-
ate-rock aquifers of southern Nevada evolve because of (1) dissolution
of minerals and soil-zone carbon dioxide gas, (2) precipitation or forma-
tion of minerals, (3) ion exchange, (4) mixing of chemically or isotopi-
cally different waters, and (5) geothermal heating. For instance, gypsum
dissolves, and the dissolution of gypsum causes dolomite to dissolve
and calcite to precipitate; calcium and magnesium are exchanged for
sodium in clays; chalcedony precipitates; kaolinite forms; and, in the
vicinity of some springs, carbon dioxide gas exsolves. Sodium and
potassium probably are added by dissolution of zeolite minerals and of
volcanic glass and minerals. Locally, calcium, sodium, sulfate, and chlo-
ride are added by dissolution of gypsum and halite.

REGIONAL AQUIFER-SYSTEM ANALYSIS—GREAT BASIN, NEVADA-UTAH

INTRODUCTION

The study area for the Great Basin Regional Aqu1fer-
System Analysis (RASA) encompasses about 140,000 mi?
and includes most of Nevada and parts of Utah, Califor-
nia, Oregon, Idaho, and Arizona (fig. 1). This area con-
tains numerous basins that collectively constitute a
significant regional ground-water resource. Most of the
basins share many common geologic and hydrologic
characteristics that facilitate their study as a group. In
addition to basins that function as independent hydro-
logic systems, this group includes contiguous basins that
have hydraulic continuity through permeable masses of
consolidated rock or that are linked by river systems. In
parts of western Utah and eastern Nevada, structural
basins are underlain and bounded by thick sequences of
permeable carbonate rocks; this special situation results
in complex flow systems that contain both basin-fill and
carbonate-rock aquifers.

The Great Basin RASA study focuses on two important
aquifer systems, one composed of basin-fill aquifers and
the other of carbonate-rock aquifers. Most of the basins
throughout the study area contain basin-fill aquifers,
most of which physically (but not necessarily hydrauli-
cally) are separated by intervening mountain ranges com-
posed of consolidated rock. The carbonate-rock aqulfers
are within the carbonate-rock province, a 100, 000-mi? area
that is mostly in eastern Nevada and western Utah. This
area is characterized by some degree of hydraulic conti-
nuity between basins through the carbonate-rock aqui-
fers. Several large multibasin ground-water flow systems
have been identified in the carbonate-rock province.

REGIONAL ANALYSIS OF AQUIFER SYSTEMS IN
GREAT BASIN STUDY AREA

BACKGROUND

The Great Basin RASA study began in 1981 and most
study components were completed in 1987. The Great
Basin regional aquifer system was the 10th to be studied
as part of the U.S. Geological Survey’s (USGS) national
RASA program. The Great Basin RASA study area was
selected because it encompasses about 260 individual
basins that collectively constitute a major regional water
resource. The included basins represent a wide variety of
hydrologic conditions, ranging from basins that function
as isolated flow systems to basins that are hydraulically
continuous with adjacent areas and form complex
regional flow systems. Surface-water supplies are almost
fully appropriated throughout the area, and future devel-
opment will be supplied either by pumping ground water
or by reallocating surface supplies.
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OTHER REPORTS PREPARED FOR THIS STUDY

During the Great Basin RASA study, companion
reports were prepared on hydrologic data by Bunch and
Harrill (1984) and Mason and others (1985); on hydrogeo-
logy by Gates (1984), Harrill and others (1984, 1992),
Plume and Carlton (1988), and Harrill and Hines (1995);
on water quality by Welch and Thomas (1984), Thomas,
Welch, and Preissler (1985, 1989), Welch and Williams
(1986a-d, 1987a—j), and Thomas, Carlton, and Hines
(1989); on evapotranspiration by Carman (1985, 1989,
1993) and Hines (1992); on recharge by Campana and
Boone (1986), Schulke (1987), and Dettinger (1989b); on
hydrologic applications of geophysics by Plume (1984;
1985; 1988a, b), Schaefer and others (1984, 1986), Robbins
and others (1985), and Schaefer (1988); on regional
hydrology by Mifflin and Harrill (1981), Harrill (1984),
Thomas and others (1986), and Harrill and others (1988);
and on ground-water flow modeling by Burbey and Pru-
dic (1985), Carlton (1985), Carlton and Thomas (1987),
Schaefer (1993), Carey (1994), Prudic and others (1995),
Prudic and Wood (1995), and Carey and Prudic (1996).
The course of the study followed the general outline pre-
sented in a preliminary planning document by Harrill
and others (1983).

PREVIOUS STUDIES

Numerous studies have been made of various aspects
of the hydrology and geology of the Great Basin. Most of
these studies pertain to localized areas or specific topics
and are too numerous to mention here. This discussion
will refer primarily to those studies that include a
regional-scale analysis or summary that provides infor-
mation useful to an analysis of the hydrogeology of the
whole region.

One of the first reasonably comprehensive discussions
of the area's geology was by Nolan (1943). He summa-
rized and in part interpreted the published information
that was available through 1938 on the geology of those
parts of Nevada, California, and Utah that were included
in the Basin and Range Province. At that time much of the
area had not been mapped in detail and much of the sub-
sequent work during the 1950's and 1960's involved
quadrangle mapping. By the early 1960's the areal map-
ping had progressed to the point that regional-scale com-
pilations of the geology were possible. Stokes (1963) and
Hintze (1963) compiled 1:250,000-scale maps of north-
western and southwestern Utah, respectively. Jennings
(1977) compiled a geologic map of the State of California
at a scale of 1:750,000, and Stewart and Carlson (1978)
compiled a geologic map of Nevada at a scale of 1:500,000.
Hintze (1980) updated the Utah maps and compiled a
geologic map of the State of Utah at a scale of 1:500,000.
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These compilations contributed greatly to the analysis of
the regional stratigraphy and structures. Langenheim and
Larson (1973) compiled a correlation of Great Basin strati-
graphic units, and when Stewart (1980) described the
geology of Nevada, he included detailed summaries of
the depositional and structural evolution of the Great
Basin. Allmendinger and others (1983, 1987) produced
deep seismic profiles across the Great Basin, and Wer-
nicke (1985) emphasized the importance of listric and
low-angle extensional faulting in the overall tectonic
development of the Basin and Range Province.

Much geophysical work has been done in the Great
Basin, and since the early 1970's much effort has been put
into systematically compiling the information. Both the
California Division of Mines and Geology and the
Nevada Bureau of Mines and Geology have programs to
compile Bouguer gravity data on USGS 1:250,000-scale
topographic quadrangles that cover the entire State. Cook
and others (1975) compiled a simple Bouguer gravity
anomaly map of Utah at a scale of 1:1,000,000. Peterson
(1974) provided more-detailed coverage of parts of north-
western Utah. Aeromagnetic information also has been
compiled on a regional scale. Hildenbrand and others
(1983) compiled the available data to produce a digital
colored magnetic-anomaly map of the Basin and Range
Province. Much of the seismic data for the area has been
compiled by private companies, but much of the informa-
tion has been made available in the public domain by the
Consortium for Continental Reflection Profiling, which
surveyed a deep reflection profile across the Great Basin
(Allmendinger and others, 1987).

Early investigators working in southern Nevada noted
that large springs issued from areas with limited surficial
drainage and postulated that subsurface interbasin flow
was occurring. Mendenhall (1909, p. 13) suggested that
many of the desert springs in southern Nevada were not
dependent on rainfall in the region surrounding the
springs but that the origin of the water was from distant
mountains. Carpenter (1915, p. 19) noted that consoli-
dated rock exposed in the mountains of southeastern
Nevada generally makes the adjacent valleys closed to
downward leakage by making the sides and bottoms of
the valleys practically impervious. He did, however, state
that several closed valleys higher in altitude than adjacent
valleys lost water through fissures in the rocks because
water levels in the higher valleys were far below land sur-
face. Meinzer (1917, p. 150) reported that water from a
valley near Tonopah, Nev,, leaked through a mountain
range into an adjacent valley. These are some of the earli-
est reports that discuss the possibility of interbasin flow of
ground water in the study area.
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The first serious efforts to evaluate regional ground-
water flow were in the late 1950's when the USGS began
intensive studies on the Nevada Test Site and adjacent
lands. These studies have continued to the present time
and have developed much information pertaining to
regional flow in southern Nevada. The general findings
were summarized by Winograd (1962), Winograd and
Eakin (1965), Blankennagel and Weir (1973), and Wino-
grad and Thordarson (1975). The next major step to
understanding the hydrology of the area on a regional
scale was the initiation of a USGS program of reconnais-
sance-level studies using similar techniques designed to
provide areal coverage of Nevada and most of western
Utah. The program was initiated in Nevada and subse-
quently implemented in Utah. It resulted in the publica-
tion of 60 reconnaissance reports by the Nevada
Department of Conservation and Natural Resources
(including Eakin, 1960; 1961a, b; 1962a, b, ¢; 1963a, b, ¢;
1964; Malmberg and Eakin, 1962; Sinclair, 1962a, b; 1963a,
b, ¢, d; Cohen and Everett, 1963; Crosthwaite, 1963; Rush
and Eakin, 1963; Walker and Eakin, 1963; Cohen, 1964;
Eakin and others, 1964, 1967; Everett, 1964; Everett and
Rush, 1964, 1965, 1966, 1967; Rush, 1964; 1967; 1968b, ¢, d;
1971; Rush and Kazmi, 1965; Huxel and others, 1966;
Malmberg and Worts, 1966; Rush and Everett, 1966; Rush
and Huxel, 1966; Worts and Malmberg, 1966; Rush and
Glancy, 1967; Glancy, 1968a, b; 1971; Glancy and Rush,
1968; Harrill, 1968, 1969, 1970, 1971; Glancy and Van Den-
burgh, 1969; Huxel and Harris, 1969; Van Denburgh and
Glancy, 1970; Rush and Katzer, 1973; Van Denburgh and
others, 1973; Van Denburgh and Rush, 1974; and Glancy
and Katzer, 1976) and 19 reconnaissance reports by the
Utah Department of Natural Resources (including Bolke
and Price, 1969, 1972; Hood and Waddell, 1969; Hood and
others, 1969; Hood, 1971a, b; Stephens and Hood, 1973;
Stephens, 1974a, b; 1977; Price and Bolke, 1976; Bolke and
Sumsion, 1978; Stephens and Sumsion, 1978; and Gates
and Kruer, 1981). The information developed by these
studies provided much of the material used in analyzing
the hydrology on a regional scale.

Eakin (1966) described the White River flow system, a
regional interbasin ground-water system. Mifflin (1968)
evaluated flow systems throughout Nevada. He identi-
fied 136 systems and separated them into two groups on
the basis of the presence or absence of interbasin flow.
Mifflin's work was augmented by Scott and others (1971),
who prepared a map summarizing information on inter-
basin flow for 252 areas in Nevada. Winograd and Fried-
man (1972) demonstrated that ratios of the chemical
isotopes deuterium and hydrogen were useful tools for
tracing regional ground-water flow in the Great Basin.
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Gates and Kruer (1981) described areas thought to be
associated with regional ground-water flow in western
Utah. Bedinger, Gates, and Stark (1984) and Bedinger,
Harrill, and Thomas (1984) presented maps showing
ground-water units of the parts of Nevada and Utah that
are in the Great Basin; they approximately defined the
units on the basis of water-table divides or topographic
divides.

HYDROLOGIC ENVIRONMENT

PHYSIOGRAPHY

The Great Basin RASA study area is characterized by
generally paralle], north- to northeast-trending mountain
ranges separated by broad alluvial desert basins. Moun-
tain ranges commonly are 40 to 80 mi long and typically
are spaced 5 to 15 mi apart. Their crests commonly are
1,000 to 5,000 ft above the adjacent valley floors. The
higher ranges, which are in central and eastern Nevada
and along the east and west margins of the study area,
have crests more than 10,000 ft above sea level; elsewhere,
altitudes of the mountains generally are less than 9,000 ft.

Altitudes of the valley floors range from below sea level
in Death Valley to about 7,000 ft in central Nevada; how-
ever, the altitudes of the floors of most valleys are 4,000 to
6,000 ft. Typically, an intermediate slope separates the val-
ley floor from the bordering mountain ranges. This slope,
sometimes called the alluvial apron, is formed either by
coalescing alluvial fans or by sedimentary materials
thinly mantling eroded bedrock surfaces. Gradients of
these slopes generally range from a few tens of feet to sev-
eral hundreds of feet per mile.

DRAINAGE

The Basin and Range physiographic province (Fenne-
man and Johnson, 1946) is an area of about 200,000 mi? of
mostly internal drainages; it has few surface outlets to the
ocean. The Great Basin is a section in the northern Basin
and Range. The Great Basin study area as described in
this report includes about 140,000 mi?, largely in Nevada
and Utah but with smaller components in California, Ore-
gon, Idaho, and Arizona. The study area generally con-
forms to the Great Basin region as defined by Stewart
(1980, p. 7); however, it includes an area of southeastern
Nevada that is tributary to the Colorado River and
excludes some parts of the Great Basin that are in south-
eastern California and southern Oregon and the head-
water areas of some of the principal drainages in the
Sierra Nevada and the Wasatch Range. The principal riv-
ers in the study area are shown in figure 1.
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TABLE 3.—Recharge estimated by Maxey—Eakin and chloride-balance methods for selected areas where annual precipitation exceeds 8 inches

in Great Basin study area

[Hydrographic area or subarea: See figure 2 and table 1. Do., ditto]

Hydrographic area or subarea

Precipitation volume

L Recharge
where precipitation rate
Number Name of area, subarea, exceeds 8 inches per year (acre-feet Reference
or part of area (acre-feet per year) per year)
Maxey—Eakin method

2 Continental Lake Valley 254,000 11,000 Sinclair, 1963d

3 Gridley Lake Valley 98,000 4,500 verrerees DOt

3 Massacre Lake Valley 88,000 3,500 Sinclair, 1963¢

4 Virgin Valley 230,000 7,000 Sinclair, 1963d

9 Long Valley 168,000 6,000 Sinclair, 1963¢
12 Mosquito Valley 14,000 700 Do.......
15 Boulder Valley 50,000 2,000 Do
16 Duck Lake Valley 247,000 9,000 Sinclair, 1963b
19 Dry Valley 5,900 200 Glancy and Rush, 1968
20 Sano Valley 130 4 DOt
21 Smoke Creek Desert 275,000 13,000 Do
22 San Emidio Desert 48,000 2,100 Do
23 Granite Basin 5,800 400 Sinclair, 1963a
24 Hualapai Flat 106,000 7,000 Harrill, 1969
25 High Rock Lake Valley 435,000 13,000 Sinclair, 1963a
26 Mud Meadow 131,000 8,000 ... DO rcee e
28 Black Rock Desert 258,000 14,000 ... DOttt
28 Summit Lake 43,000 4200 . DOt enanes
29 Pine Forest Valley 195,000 10,000 Sinclair, 1962b
30 Kings River Valley 260,000 15,000 Malmberg and Worts, 1966
31 Desert Valley 100,000 5,000 Sinclair, 1962a
32 Silver State Valley 35,000 1,400 Huxel and others, 1966
33 Quinn River Valley 890,000 73,000 ... Do
53 Pine Valley 655,000 46,000 Eakin, 1961b
55 Carico Lake Valley 95,000 4,300 Everett and Rush, 1966
56 Upper Reese River Valley 591,500 37,000 Eakin and others, 1964
57 Antelope Valley 240,000 11,000 Crosthwaite, 1963
58 Middle Reese River Valley 142,000 7000 DOt
67 Little Humboldt Valley 443,000 24,000 Harrill and Moore, 1970
68 Hardscrabble Area 115,000 9,000 e | D YOOI
69 Paradise Valley 121,000 10,000 ... D0t
71 Grass Valley! 180,000 12,000 Cohen, 1964
72 Imlay Area 82,000 4,000 Eakin, 1962¢
73 Lovelock Valley 60,000 3,200 Everett and Rush, 1965
74 White Plains 100 3 Glancy and Katzer, 1976
75 Bradys Hot Springs Area 5,000 160 Harrill, 1970
76 Fernley Area 13,000 600 Van Denburgh and others, 1973
77 Fireball Valley 6,000 200 Harrill, 1970
78 Granite Springs Valley 96,000 3,500 Do
79 Kumiva Valley 30,000 1,000 Do
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TABLE 3.—Recharge estimated by Maxey—Eakin and chloride-balance methods for selected areas where annual precipitation exceeds 8 inches

in Great Basin study area—Continued

[Hydrographic area or subarea: See figure 2 and table 1. Do., ditto]

Hydrographic area or subarea

Precipitation volume

N Recharge
where precipitation rate
Number Name of area, subarea, exceeds 8 inches per year (acre-fect Reference
or part of area (acre-feet per year) per year)
Maxey-Eakin method—Continued
80 Winnemucca Lake Valley 61,000 2,900 Van Denburgh and others, 1973
81 Pyramid Lake Valley 103,000 6,600 ... Do
82 Dodge Flat 21,000 1,400 e Do
83 Tracy Segment 121,000 6,000 ... Do
84 Warm Springs Valley 96,000 6,000
85 Spanish Springs Valley 16,000 600
86 Sun Valley 1,800 50
87 Truckee Meadows 161,900 27,000
88 Pleasant Valley 46,000 10,000 . DOt
89 Washoe Valley 87,000 15,000 Rush, 1967
92 Lemmon Valley 44,000 1,500 Harrill, 1973
93 Antelope Valley 9,000 300 Rush and Glancy, 1967
103A Packard Valley 13,000 710 Glancy and Katzer, 1976
101B Lahontan Valley 29,000 1,300
102 Churchill Valley 32,000 1,300
103 Dayton Valley 125,000 7,900
104 Eagle Valley 58,000 8,700 Worts and Malmberg, 1966
105 Carson Valley 357,000 41,000 Glancy and Katzer, 1976
106 Antelope Valley 172,000 18,000 Glancy, 1971
107 Smith Valley 210,000 17,000 Rush and Schroer, 1976
108 Mason Valley 32,000 2,000 Huxel and Harris, 1969
109 East Walker Area 331,000 31,000 Glancy, 1971
110 Walker Lake Valley 101,000 6,500 Everett and Rush, 1967
113 Huntoon Valley 22,000 800 Van Denburgh and Glancy, 1970
114 Teels Marsh Valley 38,000 1,300 Van Denburgh and Glancy, 1970
117 Fish Lake Valley 255,000 33,000 Rush and Katzer, 1973
118 Columbus Salt Marsh Valley 13,000 700 Van Denburgh and Glancy, 1970
119 Rhodes Salt Marsh Valley 12,000 500 Do
120 Garfield Flat 9,000 300 e DO
121 Soda Spring Valley 20,000 700 s DOt
122 Gabbs Valley 383,000 5,000 Eakin, 1962b
123 Rawhide Flats 5,000 150 Everett and Rush, 1967
124 Fairview Valley 17,000 500 Cohen and Everett, 1963
128 Dixie Valley 80,000 6,000
130 Pleasant Valley 45,000 3,000
132 Jersey Valley 17,000 800
133 Edwards Creek Valley 111,000 8,000 Everett, 1964
134 Smith Creek Valley 119,000 12,000 Everett and Rush, 1964
135 Ione Valley 90,000 8000 ... § BT YOO RS OO
136 Monte Cristo Valley 12,000 500 Van Denburgh and Glancy, 1970
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TABLE 3.—Recharge estimated by Maxey—Eakin and chloride-balance methods for selected areas where annual precipitation exceeds 8 inches

in Great Basin study area—Continued

[Hydrographic area or subarea: See figure 2 and table 1. Do., ditto]

Hydrographic area or subarea

Precipitation volume

L Recharge
where precipitation rate ) Ref
Number Name of area, subarea, exceeds 8 inches per year (acre-feet elerence
or part of area (acre-feet per year) per year)
Maxey-Eakin method—Continued
137A Tonopah Flat 171,000 12,000 Rush and Schroer, 1971
137B Big Smoky Valley (Northern Part) 570,000 65,000 ... Do
138 Grass Valley! 211,000 13,000 Everett and Rush, 1966
141 Ralston Valley 115,000 5,000 Rush, 1968b
143 Clayton Valley 35,000 1,500 Do,
145 Stonewall Flat 1,900 100 Do....
146 Sarcobatus Flat 40,000 1,200 Malmberg and Eakin, 1962
147 Gold Flat 94,000 3,800 Rush, 1971
148 Cactus Flat 15,000 600 e DO0.cteierieecerereeeeveisaeneanes
149 Stone Cabin Valley 103,000 5,000 Rush, 1968b
150 Little Fish Lake Valley 181,000 11,000 Rush and Everett, 1966
153 Diamond Valley 319,000 21,000 Harrill, 1968
154 Newark Valley 335,000 17,500 Eakin, 1960
155 Little Smoky Valley 140,000 5,400 Rush and Everett, 1966
156 Hot Creek Valley 153,000 7,000 . D0t eremsaneasieaeens
157 Kawich Valley 88,000 3,500 Rush, 1971
158A Groom Lake Valley 76,000 3,200 Rush, 1971
158B Papoose Lake Valley 130 4 DO
159 Yucca Flat 9,300 700 . D0.cctrieiirieeereeeeseeariesesnenens
160 Frenchman Flat 3,200 100 Do..
161 Indian Springs Valley 115,000 10,000 . DOt
163 Mesquite Valley 31,000 1,500 Glancy, 1968b
164 Ivanpah Valley 36,000 1,500 DO0.ccrervainnesnresiasissiasesiaens
165 Jean Lake Valley 2,000 100 DO
167 Eldorado Valley 37,000 1,100 Rush and Huxel, 1966
168 Three Lakes Valley (Northern Part) 41,000 2,000 Rush, 1971
169 Tikapoo Valley 115,000 6,000 Do...........
170 Penoyer Valley 100,000 4,300 Van Denburgh and Rush, 1974
171 Coal Valley 62,000 2,000 Eakin, 1963b
172 Garden Valley 137,000 10,000 DOt
173 Railroad Valley 754,000 52,000 Van Denburgh and Rush, 1974
175 Long Valley 297,000 10,000 Eakin, 1961a
176 Ruby Valley 674,000 68,000 Eakin and others, 1951
177 Clover Valley 285,000 21,000 e DOt rrerereineenenees
178 Butte Valley 240,000 19,000 Glancy, 1968a
179 Steptoe Valley 810,000 85,000 Eakin and others, 1967
180 Cave Valley 207,000 14,000 Eakin, 1962a
181 Dry Lake Valley 118,000 5,000 Eakin, 1963a
182 Delamar Valley 34,000 1,000 ... DOt
183 Lake Valley 229,000 13,000 Rush and Eakin, 1963
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TABLE 3.—Recharge estimated by Maxey—Eakin and chloride-balance methods for selected areas where annual precipitation exceeds 8 inches
in Great Basin study area—Continued

[Hydrographic area or subarea: See figure 2 and table 1. Do., ditto]

Hydrographic area or subarea Precipitation volume
B Recharge
where precipitation rate y Reference
Number Name of area, subarea, exceeds 8 inches per year (acre-feet eter
or part of area (acre-feet per year) per year)
Maxey-Eakin method—Continued
184 Spring Valley 791,000 75,000 Rush and Kazmi, 1965
185 Tippett Valley 114,000 6,900 Harrill, 1971
186 Antelope Valley 117,000 4700 . DOttt
187 Goshute Valley 386,000 10,400 Eakin and others, 1951
188 Independence Valley (Pequop Valley) 203,000 9300 . DOt
189 Thousand Springs Valley 325,000 12,000 Rush, 1968d
191 Pilot Creek Valley 40,000 2,400 Harrill, 1971
142 Alkali Spring Valley 2,800 100 Rush, 1968b
201 Spring Valley 177,000 10,000 Rush, 1964
202 Patterson Valley 137,000 8,000 rvrerenre DOt
208 Pahroc Valley 57,000 2,200 Eakin, 1963c
209 Pahranagat Valley 43,000 1,800 DO
210 Coyote Spring Valley 48,000 2,600 Eakin, 1964
211 Three Lakes Valley (Southern Part) 56,000 6,000 Rush, 1971
215 Black Mountains Area 2,200 70 Rush, 1968c
216 Garnet Valley 11,000 400 DO
217 Hidden Valley (North) 11,000 400 . DOt
218 California Wash 2,000 60 DO0uevieieeteereenereresenaeseseneeanes
220 Lower Moapa Valley 1,200 40 DOttt
221 Tule Desert 62,000 2,100 Glancy and Van Denburgh, 1969
225 Mercury Valley 5,000 250 Rush, 1971
226 Rock Valley 900 30 DO
227A Jackass Flats 22,000 200 e DO
227B Buckboard Mesa 39,000 1,400 rerereere DOttt
228 Oasis Valley 33,000 1,000 ... Do
229 Crater Flat 7,000 220 e | Do YOO
230 Amargosa Desert 90,000 1,500 Walker and Eakin, 1963
243 Death Valley 140,000 8,000 Miller, 1977
251 Grouse Creek Valley 254,000 14,000 Hood and Price, 1970
252 Pilot Valley 56,000 3,400 Stephens and Hood, 1973
253 Deep Creek Valley 290,000 17,000 Hood and Waddell, 1969
254 Snake Valley 1,817,000 100,000 Hood and Rush, 1965
255 Pine Valley 351,000 21,000 Stephens, 1976
256 Wah Wah Valley 209,000 7,000 Stephens, 1974b
257 Tule Valley 176,000 7,600 Stephens, 1977
258 Fish Springs Flat 42,000 4,000 Bolke and Sumsion, 1978
259 Dugway-Government Creek Valley 143,000 7,000 Stephens and Sumsion, 1978
260 Park Valley 344,000 24,000 Hood, 1971b
261 Great Salt Lake Desert (southern) 226,000 47,000 Gates and Kruer, 1981

Great Salt Lake Desert (northern) 38,000 4,500 Stephens, 1974a













































TABLE 6.—Predevelopment ground-watey budgets from Fish Springs ground-water flow model and from
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carbonate-rock province ground-water flow model for comparable area

[All values are listed in cubic feet per second, which are the units used in the models, and are reported to two decimal places to

allow for comparisons of small differences between model estimates]

Ground-water budgets
(cubic feet per second)

Carbonate-rock province model Fish Springs model
Upper and lower model layers
Inflow:
Constant head 0.00 0.00
Constant fluxes! .00 8.90
Springs? .00 .00
Recharge 243.89 198.22
Evapotranspiration .00 .00
Head-dependent boundaries .00 2.84
Subsurface inflow (net) .00 .00
Total 243.89 209.96
Outflow:
Constant head 0.00 0.00
Constant fluxes! .00 9.66
Springs? 41.01 39.02
Recharge .00 .00
Evapotranspiration 155.82 161.76
Head-dependent boundaries 15.76 .00
Subsurface outflow (net) 31.32 .00
Total 24391 210.44
Lower model layer
Inflow:
Constant head 0.00 0.00
Constant fluxes! .00 5.52
Springs? .00 .00
Recharge .00 .00
Evapotranspiration .00 .00
Head-dependent boundaries .00 2.76
Inflow from top layer (net) 38.42 30.24
Subsurface inflow (net) 2.59 .00
Total 41.01 38.52
Outflow:
Constant head 0.00 0.00
Constant fluxes! .00 .00
Springs? 41.01 39.12
Recharge .00 .00
Evapotranspiration .00 .00
Head-dependent boundaries .00 .00
Outflow to top layer (net) .00 .00
Subsurface outflow (net) .00 .00
Total 41.01 39.12

T Assigned values simulated by well functions.
2 Values simulated by drain functions.
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differences are that in the carbonate-rock province model
a larger value of recharge was assigned, and in the Fish
Springs model this was not fully offset by inflow from
head-dependent boundaries and some assigned recharge
(simulated as inflow from wells). The difference in simu-
lated evapotranspiration was only about 4 percent. How-
ever, the smaller grid size of the Fish Springs model
allowed a more refined depiction of the simulated area of
evapotranspiration. Simulated outflow differed primarily
in that the carbonate-rock model allowed for a net subsur-
face outflow of about 31 ft3/s, whereas the Fish Springs
model simulated none. However, the carbonate-rock
model simulated the combined net outflow from head-
dependent boundaries and subsurface outflow as about
47 £t /s. In contrast, the Fish Springs model simulated no
net subsurface outflow from head-dependent boundaries
and only about 10 ft3/s net subsurface outflow as dis-
charge from wells (assuming constant fluxes). Thus, the
larger amount of inflow simulated in the corresponding
area of the carbonate-rock model is discharged primarily
by subsurface outflow.

For the lower model layer, the inflow and outflow sim-
ulated by the carbonate-rock model (about 41 ft3/s) was
larger than that simulated by the Fish Springs model
(about 39 ft3/s). The difference was only about 5 percent.
This agreement is close because in both models the out-
flow represents only discharge from Fish Springs. Simu-
lated inflow to the lower layer consisted primarily of
downward leakage from the upper layer in both models.
The carbonate-rock model simulated some additional net
subsurface inflow, and the Fish Springs model simulated
some additional subsurface inflow (simulated by wells
and head-dependent boundaries).

The budgets for the carbonate-rock and Fish Springs
ground-water flow models are similar in many aspects.
Most of the differences noted are due to differences in
assigned conditions at the boundary of the Fish Springs
model as contrasted to calculated flows along the Fish
Springs model boundary in the carbonate-rock model.

TRANSMISSIVITY DISTRIBUTIONS

Transmissivity distributions in the lower layer of the
Fish Springs and carbonate-rock province models are
shown in figure 19. Transmissivity values in the lower
layer of each model are not strictly comparable because
simulating anisotropic conditions in the lower layer of the
Fish Springs model resulted in an improved fit of the
hydraulic-head data used for calibration. The best fit was
obtained when transmissivity in the north-south direc-
tion was greater than transmissivity in the east-west
direction by factor of 1.5 (Carlton, 1985, p. 76). The north-
south direction was used for the lower layer of the Fish
Springs model (fig. 19A) because that direction better par-
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allels regional flow. Isotropic values of transmissivity
were used in the carbonate-rock province model (fig.
19B).

Transmissivity distributions from the Fish Springs and
the carbonate-rock province models show similar areas of
relatively high and low values. However, values for the
lower layer of the Fish Springs model are generally larger
than the values for the lower layer of the carbonate-rock
province model. The larger values are due in part to the
previously discussed factor of directional anisotropy in
the Fish Springs model. They are also due to the fact that
simulated subsurface inflow and outflow across the Fish
Springs flow-system boundary in the carbonate-rock
province model produced a higher flux in the lower layer.
This allowed the observed hydraulic-head distribution to
be matched by using lower values of transmissivity.

The most significant similarity between the two trans-
missivity distributions is that both indicate an area of
high transmissivity beneath parts of Tule Valley and the
House Range. In the carbonate-rock model the area of
highest transmissivity is offset slightly to the west and lies
principally beneath Tule Valley. However, both models
support the conclusion that the House Range and parts of
adjacent Tule Valley act as a regional subsurface drain that
transports water north to Fish Springs and adjacent dis-
charge areas.

SIMULATED HYDRAULIC HEADS

Simulated hydraulic heads in the upper and lower lay-
ers of the Fish Springs and carbonate-rock province mod-
els indicate the same general pattern of ground-water
flow. Ground water flows from recharge areas that are
along the southwest boundary of the modeled area north-
ward and eastward toward the regional discharge area in
Fish Springs Flat at the northeast corner of the modeled
area. However, the two models also differ significantly.
For example, water-level contours simulated for the
upper layer (basin-fill deposits) in the eastern and south-
ern parts of the modeled area (Sevier Desert, Wah Wah
Valley, Pine Valley, and southern Snake Valley) are consis-
tently higher in the carbonate-rock province model than
in the Fish Springs model (fig. 20A). Moreover, contours
of heads simulated by the carbonate-rock model indicate
subsurface inflow along the southeast boundary of the
modeled area and contours simulated by the Fish Springs
model indicate little inflow along this boundary.

Simulated hydraulic heads in the lower layer of the two
models (fig. 20B) show the same general differences as
previously discussed regarding the upper model layer. In
the lower layer, heads simulated by the carbonate-rock
province model are higher than heads simulated by the
Fish Springs model throughout almost all the area repre-
sented by the Fish Springs model.
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information on the domestic industry structure, Government
programs, tariffs, and 5-year salient statistics for more than 90
individual minerals and materials.

The Minerals Yearbook discusses the performance of the
worldwide minerals and materials industry during a calendar
year, and it provides background information to assist in inter-
preting that performance. The Minerals Yearbook consists of
three volumes. Volume I, Metals and Minerals, contains chap-
ters about virtually all metallic and industrial mineral commod-
ities important to the U.S. economy. Volume II, Area Reports:
Domestic, contains a chapter on the minerals industry of each
of the 50 States and Puerto Rico and the Administered Islands.
Volume III, Area Reports: International, is published as four
separate reports. These reports collectively contain the latest
available mineral data on more than 190 foreign countries and
discuss the importance of minerals to the economies of these
nations and the United States.

Permanent Catalogs

“Publications of the U.S. Geological Survey, 1879-1961”
and “Publications of the U.S. Geological Survey, 1962—
1970” are available in paperback book form and as a set of
microfiche.

“Publications of the U.S. Geological Survey, 1971-1981” is
available in paperback book form (two volumes, publications
listing and index) and as a set of microfiche.

Annual supplements for 1982, 1983, 1984, 1985, 1986, and
subsequent years are available in paperback book form.



