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SUMMARY APPRAISALS OF THE NATION’S GROUND-WATER
RESOURCES—GREAT BASIN REGION

By TuoMas E. EAkIN, DoN PrICE, and J. R. HARRILL

ABSTRACT

Ground-water withdrawals by wells in the Great Basin Region were
about 1.1 million acre-feet (1,360 cubic hectometres) in 1970. Most
of these withdrawals were from 87 of the 234 hydrographic areas in
the region. Withdrawals ranged from about 1,000 acre-feet (1.2 cubic
hectometres) to more than 100,000 acre-feet (123 cubic hectometres).
Jordan Valley, which includes Salt Lake City, had the largest with-
drawal, about 115,000 acre-feet (142 cubic hectometres).

An appraisal of the regional ground-water resource indicates the
region could sustain an annual net pumpage of about 2.6 million
acre-feet (3,200 cubic hectometres). Larger withdrawals could be sus-
tained if only part of the pumped water was used consumptively, if
conflicts with existing surface-water rights are resolved, and if exten-
sive wreatment, artificial recharge, and reuse of water prove feasible.
Ground water stored in the upper 100 feet (30 metres) of saturated
deposits of the valley ground-water reservoirs is estimated to be on
the order of 300 million acre-feet (370,000 cubic hectometres). Total
ground-water storage probably exceeds several billion acre-feet; how-
ever, much of this could not be developed within economic feasibility
expected over the next several decades.

Only a few areas of the Great Basin Region have been studied in
detail sufficient to enable adequate design of an areawide ground-
water development. These areas already have been developed. As of
1978 data for broadly outlining the ground-water resources of the
region had been obtained. However, if large-scale planned develop-
ment is to become a reality, a program for obtaining adequate hydro-
logic and related data would be a prerequisite. Ideally, the data should
be obtained in time to be available for the successively more intensive
levels of planning required to implement developments.

INTRODUCTION

Development of ground-water resources has tradition-
ally been a piecemeal process. In a given area, ground-
water supplies are typically developed by individuals,
industries, and municipalities to meet specific needs. The
magnitude and distribution of pumping is dependent
largely on the needs and locations of individual users. If
combined net withdrawals of ground water do not exceed
the average long-term replenishment (recharge) to the
ground-water system, problems caused by development
may be minimal. In some parts of the United States, net
ground-water withdrawals greatly exceed the recharge,
and ground-water resources are being mined—extracted
at rates in excess of rates of replenishment. More often,
however, problems occur because of local overdevelop-
ment, the concentration of pumping in too small an area.
This results in excessive pumping lifts and may lead to

reduced well yields and deterioration in water quality.
Detrimental land subsidence has occurred in some areas
because of local overdevelopment. In most cases, the
ground-water system was not well understood in advance.

The purpose of this report is to: (1) Outline the overall
ground-water resources of the Great Basin Region, (2)
describe the regional ground-water use as of 1970, (3)
evaluate the potential for ground-water development in
the Great Basin Region, (4) identify some information
necessary to plan ground-water development, and (5) dis-
cuss some options for ground-water development.

The ground-water resources of the Great Basin Region
consist of two components: (1) A large volume of water
stored in alluvial and consolidated-rock reservoirs, and
(2) an annual replenishment which is much smaller than
the total volume of water in storage. That part of the total
resource that may be successfully developed is limited by
various constraints. Specific constraints vary with each
area but always include: (1) Physical constraints imposed
by the natural system, (2) economic constraints based on
the cost of water in relation to benefits derived from use,
and (3) legal and administrative constraints imposed by
local, State, and Federal Governments. If the ground-
water system has been adequately defined in advance, a
supply system can be planned, constructed, and operated
to provide optimum use of water within limitations posed
by the preceding constraints.

All numerical values in this report are given in English
units. For those who prefer to use metric units, the con-
version factors are given on preliminary page IV.

~Chemical concentration and water temperature are
given only in metric units. Chemical concentration is
given in milligrams per litre. For concentrations less than
7,000 mg/1 (milligrams per litre), the numerical values
are about the same as those for concentrations given in
parts per million,

THE LAND
The Basin and Range physiographic province

‘(Fenneman and Johnson, 1946) is an area of about 200,000

square miles (518,000 km2) of internal drainages; it has

no surface outlet to the ocean. The Great Basin Region,

as described in this report, is that part of this physio-
Gl
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TABLE 1.—Size and principal features of subregions in the Great Basin Region

Area Number of
Subregion (thousands Principal drainages! Principal sinks  hydrographic
of mi?% - areas in
Major Secondary subregion
Bear River ................ 7.5 Bear River (8).......ccceeeuenneee Logan River (1)............... None—drains to 9
Great Salt Lake
subregion.
Great Salt Lake........ 29.0 NODE...coiruirimrerrrererrrnreens Ogden River (2), Great Salt Lake............. 37
Weber River (3),
Provo River (2),
Jordan River (2).
Sevier Lake............... 16.2 Sevier River (4).......c.cccevuenne San Pitch River (2), Sevier Lake.......ccoocnennee. 14

Central Lahontan .... 11.5 Truckee River (7),
Carson River (5),
Walker River (7).

Tonopah .................. 49.7

Humboldt River (16)..........

Beaver River (2).

Little Humboldt River (2) Humboldt Sink (with 59

Quinn River (5)2 overflow to Carson

Kings River (1). Sink).
Pyramid Lake, 33
Carson Sink,
Walker Lake.
NODE.....ovivrririrreerinreeanenns None—Many small 82

sinks in individual
valleys.

Region (rounded)...... 144

............ 234

!Number in parentheses is the number of hydrographic areas traversed or bounded by the river.

2Perennial flow in only one area.

graphic province whose drainage is into Nevada and
Utah.! It includes parts of California, Idaho, and Wyo-
ming and covers about 70 percent of the physiographic
province (about 144,000 mi2, or 373,000 km2). Boundaries
and general features of the region are shown on plate 14.

The Great Basin Region is characterized by generally
parallel, north- to northeast-trending mountain ranges
that are separated by broad alluviated desert basins. The
mountain ranges commonly are 40 to 80 miles (64 to 128
km) long and are rather regularly spaced 15 to 25 miles
(24 to 40 km) apart. Their crests are commonly 3,000 to
5,000 feet (915 to 1,525 m) above the adjacent valley floors.
The higher ranges, which are in central and eastern Nev-
ada and along the east and west margins of the region,
have crests more than 10,000 feet (3,050 m) above sea level;
elsewhere, the altitudes of the mountain areas generally
are less than 9,000 feet (2,740 m).

Altitudes of the valley floors range from about 2,100
feet (640 m) in the Amargosa Desert to about 7,000 feet
(2,130 m) in central Nevada. However, the altitudes of the
floors of most valleys are between 4,000 and 6,000 feet
(1,220 and 1,830 m). Typically, there is an intermediate
slope from the valley floors to the bordering mountain
ranges. The slope, sometimes called the alluvial apron,
is formed either by coalescing alluvial fans or by sedimen-
tary materials thinly mantling eroded bedrock surfaces.

'The boundary of the region described in this report differs from the boundary of
the recently completed Great Basin Region Comprehensive Framework Study (Pacific South-
west Inter-Agency Committee, 1971a, b, c), which follows the California and Oregon

State lines and includes some closed basins whose subsurface flow drains to the Lower
Colerado River Region.

Gradients of these slopes generally range from a few tens
of feet to several hundreds of feet per mile.

There are 234 valleys in the Great Basin Region. Many
are topographically closed; however, others are inter-
connected and drain directly or by way of eight major
river systems (Bear, Weber, Jordan, Sevier, Humboldt,
Carson, Truckee, and Walker) into five major terminal
lakes or sinks. These sinks are the Great Salt Lake and
Sevier Lake in Utah, and Humboldt-Carson Sink, and
Pyramid and Walker Lakes in Nevada (pl. 14). Black
Rock Desert in Humboldt subregion, a sixth major termi-
nal sink, is associated with the Quinn River, a secondary
river system. Great Salt Lake, Pyramid Lake, and Walker
Lake are remnants of two large lakes that occupied much
of the region about 10,000 to 20,000 years ago—Lake
Bonneville that covered about 20,000 square miles (52,000
km?) in Utah and Lake Lahontan that covered about
8,000 square miles (20,700 km?) in Nevada.

The region is divided into six subregions (pl. 14). Each
subregion is further divided into hydrographic areas
which provide the basic units used to present hydrologic
information. Table 1 lists the subregions and some of
their principal features. Plate 1B shows the 234 hydro-
graphic areas in the Great Basin Region and lists area
names. Some hydrographic areas listed are parts of larger
hydrologic systems, such as areas tributary to the principal
drainages. Other areas have smaller, self-contained hy-
drographic systems that would be virtually unaffected by
development in adjacent valleys. This variability between
areas and the boundary effects of mountain ranges which
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commonly separate valleys complicate regional evalua-
tion of the ground-water resources. An adequate analysis
must take the above factors into account. In this report,
quantitative information will be presented graphically
on an area-by-area basis and then summarized in tabular
form by subregions. Selected information for each hydro-
graphic area is listed in table 8.

The variability in hydrographic areas is one of the char-
acteristics of the region. Adequate description of the de-
tailed differences of some 234 areas is not possible in this
report. Instead, areas are classified on the basis of selected
characteristics, in seven general groups. Areas within
each group have enough similarity that knowledge gained
in the more intensively developed areas in each group
may have significant transfer value in planning develop-
ment of remaining areas.

The classification used in this report is an extension
of the scheme used by Snyder (1962) to propose a hydro-
logic classification of valleys in the Great Basin. Valleys
are classified primarily on two parameters—the topo-
graphic nature of area boundaries and the degree of
ground-water drainage.

Topographically, areas are classified as either open or
closed. A topographically open area is one where there
is surface inflow, or surface outflow, or both. In contrast,
no surface flow crosses the boundary of a topographically
closed basin.

The degree of ground-water drainage is described in
terms of the ground-water regimen of the area. The fol-
lowing three categories are used:

1. Undrained: There is no discernible subsurface leakage
to adjacent areas. All ground-water discharge is by
evapotranspiration from areas of shallow ground
water, areas of spring-supported vegetation, or bare
ground.

2. Partly drained: There is discernible subsurface out-
flow from the area; however, magnitude of the out-
flow is insufficient to completely drain the area.
Consequently, significant ground-water evapo-
transpiration occurs in areas of shallow ground
water. This is a transitional category and includes
valleys which vary from those where ground-water
discharge is primarily by evapotranspiration to
those where ground-water discharge is primarily by
subsurface outflow.

3. Drained: Virtually all ground-water discharge is by
subsurface outflow. This outflow has lowered the
water table so that there are no appreciable areas
of shallow ground water and, consequently, no sig-
nificant ground-water evapotranspiration.

The category for partly drained topographically open
areas is divided into three subcategories based on relation
between the surface-water and ground-water regimens in
an area.

G3

Table 2 shows the classification scheme used in this
report. The classification of hydrographic areas in the
Great Basin Region is shown on plate 1B.

THE CLIMATE

The climate of the Great Basin Region is highly vari-
able, owing to large variations in altitude, the wide range
in latitude, and the presence of numerous mountain
ranges; generally, it is arid to semiarid. Average annual
precipitation ranges from less than 5 inches to about 16
inches (127 to 406 mm) on the valley floors and from
about 16 inches (406 mm) to more than 60 inches (1,524
mm) in the mountains (pl. 1C). Estimated annual pre-
cipitation over the entire region averages about 11 inches
(279) mm), or about 88 million acre-feet (108,500 hm?;
table 3). Most of the precipitation occurs during the
winter and provides the mountain snowpack which melts
and runs off in the spring and summer as a major com-
ponent of the region’s total water supply.

Average annual temperature ranges from about
minus 1°C (30°F) in some high northern valleys to about
16°C (60°F) in the extreme southern valleys. One of the
more characteristic features is the wide range between
daily maximum and minimum temperatures. The daily
range exceeds 17°C (30°F) in most valleys and 28°C (50°F)
in some valleys of western Nevada. Large variations in
temperature also occur within short distances, owing to
the wide variations in altitude. The average length of the
growing season in the principal agricultural areas of the
region ranges from about 100 to 175 days; it exceeds 200
days in the extreme south but is less than 30 days in some
higher, northern mountain valleys.

Average annual humidity ranges from about 30 to 40
percent over most of the region and is about 20 percent
in the extreme south. The low humidity, coupled with
abundant sunshine and light to moderate winds produce
very rapid evaporation. Average annual lake evaporation
ranges from about 45 in. (1,143 mm) in the north to more
than 90 in (2,286 mm) in the extreme south (Kohler and
others, 1959).

POPULATION AND INDUSTRY

The Great Basin Region is sparsely populated. Popula-
tion densities range from about 0.4 person per square mile
in the Tonopah subregion to about 30 persons per square
mile in the Great Salt Lake subregion. The greatest con-
centrations of population are in the Provo-Salt Lake City-
Ogden area of Utah and the Reno-Carson City area of
Nevada (fig. 1). In general, population is concentrated
in the river segment or perennial stream valleys shown
on plate 1B. Total population for the region in 1970 was
about 1.2 million people; the distribution of the popula-
tion by hydrologic subregion, together with projected in-
creases to the year 2020, are listed in figure 1.
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TaBLE 2.—Classification of areas in the Great Basin

Topographic nature of boundary

Closed

Open

Closed basins.—Areas with no surface flow across
boundary; all ground-water discharge ultimately
by evapotranspiration. Typified by valleys with
wet playas and phreatophyte stands in shallow
ground-water areas. Ground-water gradient to-
ward center, or low part, of valley.

Undrained

Sinks.—Surface and (or) subsurface inflow across
boundaries. All ground-water discharge ultima-
tely by evapotranspiration. Most have terminal
lakes or wet playas which are large in propor-
tion to the size of the area. Valley may contain
a large volume of saline ground water. (Un-
drained valley with only surface outflow not
recognized at present in the Great Basin. Lake
Tahoe and Bear Lake Valleys nearly fit this

category.)

Topographically closed areas.—No surface inflow
or outflow, but discernible subsurface outflow.
Valley has moist playa and stand of phreatophytes.
Area of ground-water discharge may be small in
comparison to undrained basins of similar size.
Ground-water gradients may indicate subsurface
outflow, if wells are strategically located.

Ground-water regimen

Partly drained

Tributary areas.—(divided into three subcategor-
ies to allow for various relations between the
ground-water and surface-water regimen):

Arid area.—Surface outflow and (or) inflow,
typically in ephemeral channels. Some subsur-
face outflow, but significant areas of ground-
water evapotranspiration. Hydrologic regimen
dominated by the ground-water flow system.

Perennial stream areas.—Surface outflow and
(or) inflow. Perennial streams prominent.
Streams generally do not flow through area.
Section or boundary of area may be traversed
surface-water system dominates the hydrologic
regimen of the area. Both are important.

River segment areas.—Surface inflow and (or)
outflow by way of perennial streams or rivers.
Most subsurface inflow and (or) outflow typ-
ically underflow in stream-channel deposits.
Areas of ground-water evapotranspiration gen-
erally along flood plain. Hydrologic regimen
dominated by surface-water system. Most areas
in this category are either headwater areas or
river-reach segments of principal drainages.

Drained area (closed).)—No surface flow across
boundary; virtually all ground-water discharge is
by subsurface outflow. No significant areas of
ground-water evapotranspiration. Shallowest
depth to water is more than 50 feet. Playas dry
and may exhibit large desiccation cracks.

Drained

Drained area (open).!—Surface inflow and (or)
outflow, virtually all ground-water discharge is
by subsurface outflow. No significant areas of
ground-water evapotranspiration. Shallowest
depth to water is more than 50 feet. Playas (if
present) dry and may exhibit large desiccation
cracks.

'For purposes of this report, topographically closed and open drained valleys are grouped together because most interarea surface

flow is by way of ephemeral streams. Significant flow occurs infrequently.

TABLE 3.—Estimated annual precipitation by subregion, Great Basin
Region
Subregion Precipitation Average
(millions of acre-ft) precipitation (in.)
Bear RIVET .....c.covvevievirecreee et 7.7 19.2
Great Salt Lake.. ...19.3 12.4
Sevier Lake...... 125 14.6
Humboldt........... .16.0 10.1
Central Lahontan . .. 80 9.3
“Tonopah ......ccooceveiieviinncenieee e, 24.7 9.6
Region (rounded)............ccccceveennnnn.n. 88 11

The economy of the Great Basin Region is based chiefly
on mining (mostly metallic ores), farming, and livestock.
Recently, light manufacturing and warehousing have
also contributed to the economy of parts of the region.
Most of the towns and cities grew from early farming,
mining, and ore-processing communities, and from early
railroad settlements. Since the early 1940’s defense facil-
ities, industries, tourism, and recreation have been major
contributors to the economy of the region.
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Ficure 1.—Distribution of population in the Great Basin Region, 1970.

HISTORY OF WATER-RESOURCE DEVELOPMENT | from which ditches conveyed it to nearby fields. Subse-

Most of the developed water supply in the Great Basin | quent immigrants to the region generally settled along
is used for irrigation, which began during the summer | Mountain streams or close to springs, where water could
of 1847, when Mormon pioneers arrived in Jordan Valley, | be readily obtained.

Utah. Water was diverted by structures consisting of sim- As the demand for water increased, the water systems
ple rock and brush dams across small mountain streams | were improved. Small storage reservoirs were built, and
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supplies from larger streams were developed. With further
demand, private developments were supplemented by
construction of Federal projects after the passage of the
Reclamation Act in 1902. These projects were constructed
principally on the major stream systems and generally
included large storage reservoirs to regulate flow to down-
stream areas of use.

The first substantial development of water supplies for
nonirrigation purposes dates back to the early mining
boom in Nevada, which began about 1849. Providing
water for the mining industry presented a somewhat dif-
ferent problem than for irrigation. Generally, land suit-
able for irrigation was developed adjacent to, or relatively
near, a source of supply, whereas mines commonly were
distant from the nearest source of water. Mining towns
and the requisite supporting supplies and services had
to be near the mines. The situation commonly led to de-
velopment of the nearest supply of water and transport-
ing it to the mines and towns. On occasion, the water
was transported many miles by tank wagons or pipelines.
The development of some of these supplies involved com-
plex and very imaginative engineering designs and were
very costly (Shamberger, 1971, 1972).

Water supplies for public, municipal, and industrial
use evolved partly by incorporation with large-scale irri-
gation systems, partly as an extension of the water supply
for the mining industry, and partly from a need by the
railroads and other industrial activities.

Initially, most ground-water supplies were obtained
from dug wells by use of hand-drawn buckets. Windmills
and small mechanical pumps came into use near the end
of the 1800’s. As pump designs improved, fuel and elec-
trical power became cheaper and more plentiful, and
more effective well-drilling and developing methods were
used, large-yield wells capable of operating economically
with high pumping lifts became a reality. These advances
made ground water more attractive to develop for irriga-
tion, public supply, and industrial needs, especially in
areas where surface-water supplies were not readily avail-
able or where virtually all surface water was appropriated.
Consequently, use of ground water has increased steadily,
and as of 1970 more than 1 million acre-feet (1,233 hm?)
per year of ground water was withdrawn from wells in
the Great Basin Region. -

WATER SUPPLY

The water supply of the Great Basin Region is derived
from precipitation, which falls within the region bound-
aries, and from some imported water. Much of the average
precipitation of about 88 million acre-feet (108,500 hm?)
per year (table 3) is evaporated from the soil near the place
where it falls. The remainder supplies streamflow and re-
charges ground water. The average annual replenishment
to surface water and ground water makes up the renew-
able water supply of the region. It does not include stored
ground water that is available for use on a one-time basis.

SUMMARY APPRAISALS OF THE NATION’S GROUND-WATER RESOURCES

A rough estimate of the renewable water supply of the
region is made as follows:

1. The contribution from the principal drainages is esti-
mated by selecting a gaging station near the point
of maximum annual flow on each major stream.
Flow past the gage plus evapotranspiration from
both streamflow and ground water above the gage
compose the renewable supply generated above
each station. Figure 2 shows locations of the gaging
stations and upstream areas of streamflow depletion
(evapotranspiration) above the stations.

2. The average flow of secondary and minor streams is
estimated from available streamflow records and by
indirect methods.

3. Natural ground-water discharge from areas not re-
charged by perennial streams was estimated. This
required a subjective judgment as to which areas
were supported by recharge from rivers and streams.
Insufficient data or errors in judgment may result
in some water included in streamflow estimates
being counted again as natural ground-water dis-
charge.

4. The sum of the first three items is a rough estimate
of the renewable water supply of the Great Basin
Region. Errors caused by counting some water twice
probably are small in terms of the total.

Estimates of the above components are listed in table
4. The total of about 9.7 million acre-feet (11,960 hm3)
includes about 0.1 million acre-feet (123 hm3) of water
imported from the Colorado River basin. Undepleted
water from the principal streams, from some secondary
streams, and from some ground water flows to terminal ’
lakes.

Of the several components of renewable water supply,
ground water is the most widely distributed in the region.
It is the only component stored in natural reservoirs and
readily available during dry periods. Accordingly, ground
water offers significant potential to meet part of the water
needs of the region.

The degree to which the supply can be ultimately
developed depends on what the user is willing and able
to pay for water and to what degree the use will adversely
affect the environment. Maximum utilization of the water
supply in the region would require management of
ground-water and surface-water resources in such a way
that use of one would complement the other. Also maxi-
mum utilization would include use of return flows where
possible.

GROUND-WATER RESOURCES

In the arid Great Basin Region, ground water is a vital
constituent of the total water resource. The average
ground-water recharge is only about 5 percent of the total
precipitation and is only about half as large as the average
annual runoff. However, both precipitation and stream-
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FiGUre 2.—Location of selected stream-gaging stations representing principal streamflow and areas of upstream depletion.

flow occur unevenly throughout the year, and the
amounts vary from year to year. Most of the precipitation
falls during the spring and winter months, and most of
the streamflow occurs during the spring runoff. Conse-
quently, storage and conveyance facilities must be pro-
vided to store water and distribute it during periods of
heavy summer demand. During prolonged dry periods,

water demand may exceed the storage capacities of surface
reservoirs and water shortages may result.

In contrast, ground-water reservoirs typically have
large volumes and store sufficient water to supply heavy
demands during prolonged dry periods. Most valleys in
the Great Basin Region have ground-water reservoirs,
but comparatively few have abundant surface-water
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TABLE 4.—Summary of renewable water supply in the Great Basin Region!
[Thousands of acre-feet per year]

Principal streams

Natural

Subregion Secondary ground- Combined
Gaged Upstream and minor water supply
streamflow? depletion® streams discharge*

Bear River.........cocuen.. 838 1,150 102 40 2,130

Great Salt Lake............ 517 1,009 388 630 2,544

Sevier Lake............c..... 139 539 234 328 1,240

Humboldt.............cc..c... 254 300 300 480 1,334
Central

Lahontan.................. 1,120 5176 108 104 1,508

Tonopah ....cccccoevvvveees. ol L 290 680 970

Region (rounded)......... 2,900 3,200 1,400 2,300 9,700

IModified from Pacific Southwest Inter-Agency Committee (1971b, table 23).
2Annual average for 1931-60 reference period modified for the 1965 level of development. Other values are considered to represent

long-term annual averages.
3Supplied from surface water and ground water undifferentiated.

‘Generally excluding ground water sudpplied from principal streams.
justment in Regional boundary from that used in the Great Basin Region Comprehensive

SIncluded in this report due to a
Framework Study.

supplies. In these arid areas, ground water is the only
source of water that might be developed on a large scale.

CONSOLIDATED-ROCK RESERVOIRS

A large amount of ground water is stored in consoli-
dated rocks that occur both in the mountains and beneath
the valley alluvium. These ground-water reservoirs gen-
erally are not continuous and are extremely difficult to
evaluate. Local barriers formed by faults or rock units of
low permeability produce a complex pattern of perched
ground-water bodies in the mountains. These perched
ground-water bodies supply numerous springs and late-
season flow of mountain streams.

Carbonate rocks and volcanic rocks compose the con-
solidated-rock reservoirs. (See pl. 1D for areas underlain
by these rocks.) Carbonate rocks in most areas are highly
permeable and transmit substantial quantities of water
to large springs in eastern Nevada and western Utah. In
southern Tonopah subregion, carbonate rocks transmit
water in several multi-valley ground-water systems.

In some areas, volcanic rocks have fracture and inter-
flow openings that store and transmit large quantities of
ground water, which sustain the flow of many streams
and of numerous springs near bedrock-alluvial contacts.
Locally, volcanic rocks transmit water readily, such as the
Quaternary basalt in Soda Creek and Gem Valleys in the
Bear River subregion. Other areas with known volcanic-
rock aquifers include Pavant Valley in the Sevier Lake
subregion, Curlew Valley in the Great Salt Lake sub-
region, Winnemucca area in the Humboldt subregion,
and Fallon area in the Central Lahontan subregion.

VALLEY GROUND-WATER RESERVOIRS

Valley ground-water reservoirs are composed of alluvial
deposits which partly fill the structural depressions that
form intermontane basins. These deposits generally con-
tain sand and gravel aquifers which, in most places, pro-
vide the only supply of ground water available for large-

scale development. Distribution of the principal valley
ground-water reservoirs is shown on plate 1D.

Ground water occurs in the porous valley alluvium in
a zone of continuous saturation. The water table is near
the land surface in topographically low parts of most
valleys. Depth to water increases toward the mountains
and may be several hundred feet beneath the upper parts
of some alluvial fans. The position of the water table is
regulated by surface-water altitudes in valleys that con-
tain lakes or large streams that flow through the valleys.
Artesian conditions occur where layers of silt and clay are
abundant enough to confine or partly confine water in
underlying deposits. This condition is common in the
lower parts of most valleys. The most extensive artesian
conditions occur in the eastern part of the region. This
results in part from the extensive silt and clay deposits
that formed during high stages of Lake Bonneville.

Detailed information on thickness of valley ground-
water reservoirs generally is not available. Maximum
thickness probably varies greatly from area to area. Avail-
able information indicates maximum thicknesses of more
than 1,000 feet (300 m) are common in the larger valleys,
but the information available is insufficient to make any
generalized statement about the smaller areas.

STORED GROUND WATER

A large volume of water is in transient storage in valley
ground water reservoirs throughout the Great Basin Re-
gion (pl. 1D). The recoverable quantity stored to a se-
lected depth below the water table may be estimated as
the product of an area, a selected depth, and the specific
yield of the deposits. The depth selected for this study
is the uppermost 100 feet (30 m) of saturation. Volumes
of water are estimated without regard to water quality.

For purposes of this report, average specific yield of the
upper 100 feet (30 m) of saturated deposits was assumed
to be 10 percent, except in areas of extensive fine-grained
deposits, such as the Salt Lake Desert, Black Rock Desert,
and Carson Sink. Specific yield is assumed to average 5
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percent in parts of these areas. Specific yield along some
river flood-plain areas, such as in parts of the Bear River
basin, is assumed to average 15 percent. These averages
probably give reasonably representative estimates for sub-
region areas. Specific yield locally ranges from less than
b percent to more than 30 percent. Higher values are asso-
ciated with the well-sorted sand and gravel in stream
channels or with the beach deposits of ancient lakes.
Lower values are associated with the silt and clay in lake
and playa deposits. Thus, different values are used for
specific areas where they are known as a result of detailed
local studies.

In areas where artesian conditions- are extensive,
significant pumping may occur before heads in the
artesian aquifers are drawn down sufficiently to induce
any lowering of the water table. In time, however, if
artesian heads are permanently lowered, deposits weil
drain in response to pumping and a quantity of water
equal to the specific yield will be recovered from storage.

Plate 1G shows the distribution of ground-water stor-
age in the Great Basin Region. The tabulation on the fig-
ure summarizes estimates of recoverable ground-water
storage in the upper 100 feet (30 m) of saturated deposits
by subregions. Estimates for individual hydrographic
areas are listed in table 8 at the end of the report. For
planning and development purposes, these quantities
can be expressed as an annual rate for a specified number
of years. For example, the regional total is about 300 mil-
lion acre-feet (370,000 hm3). This quantity is equivalent
to a withdrawal rate of 6 million acre-feet (7,400 hm?) a
year for a 50-year period, excluding that part of the annual
supply made available by salvage of natural discharge.

The estimate of recoverable stored ground water is only
a fraction of the total amount of stored ground water in
the region. Saturated alluvium occurs to depths of several
thousand feet beneath some valleys. Ground water also
occurs in consolidated rocks in the mountains and be-
neath the valleys. Undoubtedly, the total stored ground
water amounts to several billion acre-feet, but data are
too few for a firm estimate to be made. As economic need
arises, studies probably will be made to determine the
amount of ground water stored to greater depths in the
valley ground-water reservoirs and elsewhere.

GROUND-WATER FLOW SYSTEMS

Ground water percolates along the path of least resist-
ance from areas of high head to areas of lower head. In
arid basins water recharges the ground-water system in
or near the mountains and moves downgradient to areas
of spring flow and ground-water evapotranspiration in
the low part of the valley. The various types of areas shown
on plate 1B and variations within types precludes choice
of any one ground-water flow system to describe a “typical
valley” in the Great Basin Region. Instead, examples are
presented for selected types of areas described in table 2.
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Ground-water flow systems are evaluated on two levels.
The first level considers the factors that control flow be-
tween basins and regional patterns of ground-water flow.
The second level considers those factors that regulate sub-
surface flow within a single basin. This involves geologic
and topographic factors and, where perennial streams are
present, relations between the ground water and surface
water.

Two conditions must be met before significant inter-
basin flow can occur. Consolidated rocks separating areas
must be permeable enough to transmit appreciable
amounts of water and a hydraulic gradient must exist be-
tween two areas. Hydraulic continuity and a gradient
may extend across more than two valleys and result in
a regional flow system where all or part of the ground-
water recharge from several valleys drains to a common
sink and ultimately is consumed by evapotranspiration.
Figure 3 illustrates some ground-water flow systems
present in the great Basin Region.

Factors that affect the flow system in any one valley
are the relative locations of recharge and discharge areas
and geologic factors that influence the capability of valley-
fill deposits to transmit water. Recharge areas are typical-
ly in the mountains and on the upper parts of alluvial
fans, whereas discharge areas commonly are in the low
parts of the areas near the central parts of the valleys. The
manner in which ground water moves between these areas
in regulated by the geologic properties of the valley-fill
deposits. One condition that strongly affects the flow
regimen is the interlayering of deposits having different
permeabilities. For example, sand and gravel aquifers of
high permeability may be underlain and overlain by silt,
clay, or mudflow deposits of low permeability. On a
smaller scale, lake-bed deposits may contain thin layers
of interbedded silt and clay. The result is that in most
places it is much easier for water to move horizontally
than vertically. Another factor that strongly affects the
ground-water flow regimen is the variation of permeabil-
ity within a valley. Generally, composition of the valley
fill grades from highly permeable coarse-grained deposits
along the margins of a valley to poorly permeable fine-
grained deposits near the center of a valley. Exceptions
to this generalized pattern may be mudflow deposits of
low permeability near the mountains, highly permeable
stream-channel deposits in the central part of a valley,
or extensive lake-bed deposits of low permeability.

The ground-water system is also affected by perennial
streams. A stream may lose or gain water by seepage or
have no loss or gain, depending on the relative water-
surface altitude in the stream, the altitude of the water
table, and the permeability of the bed and banks. Alti-
tudes of both the water table and the water surface of the
stream vary with time, so during the course of a year all
three conditions may occur in parts of some stream
channels. The segments of the principal streams up-
stream from the gage where depletion was estimated in
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Fi1Gure 3.—Common ground-water flow systems.

figure 2 are generally gaining reaches. The lower reaches
of these streams are generally losing streams; however,
some segments may gain due to natural inflow or irriga-
tion return flows.

Figure 4 shows diagrammatically some of the common
relationships between ground water and surface water in
the Great Basin. '

The principal lakes receive inflow from ground water
as well as precipitation and surface flow. The water levels
of these lakes in turn control ground-water levels in adja-
cent saturated deposits. Lakes that discharge into rivers,
such as Utah Lake and Bear Lake, maintain fairly uni-
form ground-water levels in adjacent areas. Variations in
water supply caused by climatic or other factors common-
ly result in variations in outflow from the lake while the
lake stage and adjacent ground-water levels remain fairly
constant. Lakes that have no outlets, such as Great Salt
Lake, Pyramid Lake, and Walker Lake, discharge water
entirely by evaporation. Water levels in those lakes fluc-
‘tuate in response to variations of evaporation and inflow.
Sustained periods of water-level decline in those lakes
result in consequent depletions of adjacent ground-water
storage by either evaporation or drainage into the declin-
ing lake. For example, water levels in Walker Lake
declined 105 feet (32 m) between 1908 and 1965, resulting
in a depletion of ground-water storage in the adjacent
valley deposits of about 150,000 acre-feet (185 hmS3)
(Everett and Rush, 1967, p. 24).

INFLOW TO THE GROUND-WATER SYSTEM

Precipitation ultimately is the source of virtually all
ground-water recharge in the Great Basin. Most natural
recharge is generated from precipitation that falls in the
mountains; however, recharge may occur either in the
mountains or in the valleys, where streams lose water by
infiltration into permeable valley-fill deposits.

Available recharge estimates for individual valleys are
listed in table 8. Estimates are not available for all areas
in the Great Basin Region. However, available informa-
tion suggests that ground-water recharge generally is be-
tween about 3 and 7 percent of the total precipitation on
an individual drainage basin. Using these percentages,
average annual recharge to the entire region is estimated
to be within the range of about 2 to 6 million acre-feet
(3,700 to 7,400 hm?) per year.

OUTFLOW FROM GROUND-WATER SYSTEM

Outflow from ground-water systems, or discharge,
occurs in four principal ways: (1) By evapotranspiration
in areas of phreatophytes, (2) by direct evaporation from
bare soil where the capillary fringe is near the land sur-
face, (3) by discharge from springs or directly to streams,
and (4) by subsurface outflow to adjacent areas.

The principal areas of natural ground-water discharge
in the Great Basin Region are shown on plate 1E. Table
5 summarizes estimates of natural ground-water dis-
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A, Gaining reach, net gain from ground-water inflow although in localized areas stream may recharge wet meadows along flood plain. Hydraulic
continuity is maintained between stream and ground-water reservoir. Pumping can affect streamflow by inducing stream recharge or by
diverting ground-water inflow which would have contributed to streamflow.

B, Minor tributary streams, may be perennial in the mountains but become losing ephemeral streams on the alluvial fans. Pumping will not
affect the flow of these streams because hydraulic continuity is not maintained between streams and the principal ground-water reservoir.

These streams are the only ones present in arid basins.

C, Losing reach, net loss in flow due to surface water diversions and seepage to ground water. Local sections may lose or gain depending on hy-
draulic gradient between stream and ground-water reservoir. Gradient may reverse during certain times of the year. Hydraulic continuity
is maintained between stream and ground-water reservoir. Pumping can affect streamflow by inducing recharge or by diverting irrigation

return flows.

D

, Irrigated area, some return flow from irrigation water recharges ground water.

E, Flood plain, hydrologic regimen of this area dominated by the river. Water table fluctuates in response to changes in river stage and diver-

sions.

F, Approximate point of maximum stream flow.

Area commonly covered by phreatophytes (shown by random dot pattern).

F1GURE 4.—Common relationships between ground water and surface water in the Great Basin Region. Not to scale.

charge for valleys exclusive of the areas of upstream deple-
tion (fig. 2). It includes published estimates for many
valleys, and provisional estimates for areas where no pre-
vious estimates were available. Estimates for specific areas
are listed in table 8. It was not possible to make estimates
of ground-water discharge separate from surface-water
discharge for that part of the principal stream systems
identified as upstream depletion areas. Thus, total
ground-water discharge is the 2.8 million acre-feet (2,840
hm3) per year of ground-water discharge estimated in

table 5 plus that part of the 3.2 million acre-feet (3,950
hm?3) per year of upstream depletion (table 4) that is sup-
plied from ground water.

GROUND-WATER FLOW BETWEEN REGIONS

The quantity of interregion flow is small in relation
to the total water supply; however, it may be a significant
part of the hydrologic budget in some valleys along the
regional border. Table 6 summarizes estimates of the
principal occurrence of interregion ground-water flow.
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TABLE 5.—Estimated natural ground-water discharge exclusive of areas
of upstream depletion!
[Values significant to two figures]

Approximate area  Quantity of natural

of natural ground- ground-water discharge
water discharge (thousands of

(thousands of acres) acre-ft/yr)

Bear River.......ccccovviciivencniccnienns 1 70 40

Number
. of
Subregion valleys

Great Salt Lake. 17 2,400 2630
Sevier Lake........ 11 920 330
Humboldu.......... 32 1,700 480
Central Lahontan . ...19 320 2100
Tonopah .....coceeevvecinnieieiniecnee. 74 2,400 680

Region (rounded)........... 154 7,800 2,300

!Areas of upstream depletion are shown in figure 2. As used here, such areas refer
to flood plains of principal streams and their upstream tributaries, other upstream irrigated
areas supplied from that stream system, and any water exported from that area. In those
areas, a combined estimate of evapotranspiration from both surface-water and ground-
water sources was made, because ground-water and surface-water components could not
be separated. The combined estimate was about 3.2 million acre-feet per year (pl. 1G).

*Excludes that supplied from streamflow, such as 170,000 acre-feet supplied by principal
and secondary streams in Jordan Valley, Great Salt Lake subregion, and 101,000 acre-
feet from principal streams in Central Lahontan subregion.

TABLE 6.—Summary of estimates of ground-water flow between regions
" [Acre-feet per year]

Inflow to the Outflow from the

N Net inter-
Region Great Basin Great Basin region flow
(+) -)

Columbia-North Pacific........ " *) ()
California.........cccoeuennnnn. 14,000 224,000 -10,000
Lower Colorado. 0 18,000 -18,000
Upper Colorado..................... 10,000 7,000 +3,000
24,000 49,000 -25,000

'Inflow to Soda Springs Valley, Bear River subregion, and outflow from Gem Valley
to the Columbia-North Pacific Region may be on the order of several tens of thousands
of acre-feet a year; a net gain to the Great Basin Region is believed to occur.

2Includes underflow from Nevada part of Amargosa Desert, which may be on the order
of 3,000 acre-feet per year (Walker and Eakin, 1963), and from Nevada part of Pahrump
Valley, about 12,000 acre-feet per year (Malmberg, 1967).

CHEMICAL QUALITY OF GROUND WATER

The chemical quality of ground water in the Great
Basin Region ranges from fresh (less than 1,000 mg/],
milligrams per litre, dissolved solids) to brine (more than
35,000 mg/1 dissolved solids). Waters between these ex-
tremes are classed as saline, as follows: slightly saline
(1,000 to 3,000 mg/1 dissolved solids), moderately saline
(3,000 to 10,000 mg/1 dissolved solids), and very saline
(10,000 to 35,000 mg/1 dissolved -solids). Generally, in
sheds and alluvial aprons at the margins of most valleys,
the ground water is fresh. Saline water occurs locally near
some thermal springs and in areas where the aquifer in-
cludes rocks containing large amounts of soluble salts,
such as in parts of the middle Sevier River area. The gen-
eral distribution of the dissolved-solids concentration of
ground water is shown on plate 1F. Other areas can be
delineated in greater detail as more data become available.

In sink areas, such as the Great Salt Lake, Sevier Lake,
and Carson Sink, the dissolved-solids concentrations may
exceed that of ocean water. The ground water beneath
the playas of smaller closed valleys may be brackish but
ordinarily does not reach the concentrations found in the

SUMMARY APPRAISALS OF THE NATION’S GROUND-WATER RESOURCES

major terminal sinks. Common assumption is that the
poor quality water extends to substantial depths below
the playas. However, this is not necessarily so. For ex-
ample, water from a well 1,200 feet (366 m) deep on the
northern margin of the playa in Railroad Valley, Tono-
pah subregion, has a dissolved-solids concentration of
less than 350 mg/1. This quality apparently reflects the
deep circulation in the valley fill. In valleys with subsur-
face discharge into a regional ground-water system, the
water throughout the valley-fill reservoir generally is
fresh.

Individual constituents may present a quality problem
even though the dissolved-solids concentration may be
low. In much of the Tonopah subregion, the fluoride con-
centration in ground water exceeds Public Health Service
recommended standards for drinking water (U.S. Public
Health Service, 1962). The distribution of high-fluoride
ground water may be associated with volcanic tuff that
is extensive in that subregion.

GEOTHERMAL ENERGY

Geothermal areas are those in which above-normal
temperatures occur below land surface and in which there
is a reasonable possibility of finding reservoir rocks that
will yield steam or heated water to wells. The fluid in-
volved is either fresh or saline ground water. The high-
temperature water generally is localized and occupies
only a part of the ground-water reservoir in which it
occurs. Because the thermal fluid is ground water, the
States consider development of geothermal resources to
be subject to State ground-water laws.

Many, but not all, geothermal areas are indicated by
hot springs. In some areas, the thermal water does not
reach the land surface but instead circulates below ground
in various kinds of conduit and aquifer systems. Some
of the more favorable areas for potential development in
the Western United States have been designated as known
geothermal resources areas (KGRA’s) under the Geo-
thermal Steam Act of 1970 (Godwin and others, 1971, and
the Federal Register). Of the 33 areas listed (Godwin and
others, 1971, p. 2), 18 are in the Nevada part and 2 in the
Utah part of the Great Basin Region (fig. 5).

Federal lands in KGRA'’s can be leased for geothermal
prospecting only by competitive bidding. Interest in
several geothermal areas, such as Steamboat Hot Springs
(near Reno), Bradys Hot Springs, Beowawe Hot Springs,
and Monte Neva areas in the western Great Basin Region
has included test drilling within the past 10-15 years. Geo-
thermal steam-generated electricity has not been pro-
duced in commercial quantity to date in the region. How-
ever, at various times, some of the springs have been used
for limited space-heating, swimming pools, agriculture,
and industrial processing.

Before substantial commercial development of the
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FIGURE 5.—Locations of known geothermal areas in the Great Basin Region.

energy of the geothermal areas is undertaken, a better
evaluation of the reservoirs, their capacity to produce
energy, either as steam or hot water, and improvement
in the technology of using the geothermal resources are
probably needed.

YIELD OF THE GROUND-WATER SYSTEM

Knowledge of how much water an area can produce
without creating undesirable effects is necessary to plan
the orderly development of ground-water supplies. How-
ever, determination of this quantity is difficult because
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of the requirement to define undesirable effects in advance
and then determine the degree to which they may be toler-
ated in the future. Thus, yield of a ground-water system
is determined in part by hydrologic factors that control
cause-and-effect relationships and in part by nonhydro-
logic constraints based on the degree to which specified
effects are to be tolerated.

Some of the more significant hydrologic factors are (1)
the configuration of the ground-water reservoir, (2) the
ability of deposits to yield water to wells, (3) the ability
of deposits to store water, (4) the distribution of water
quality, and (5) the location and quantity of ground-water
recharge and discharge. In most alluvial basins these fac-
tors vary considerably from place to place. Consequently,
the location of pumping has a great effect in determining
the results of development in any given case.

The nonhydrologic constraints vary from area to area.
Examples of two constraints present in some areas of the
Great Basin Region are as follows:

1. Regulation of pumping to protect existing surface-
water rights. Heavy pumping near streams which
are in hydraulic continuity with the ground-water
reservoir will eventually induce additional recharge
from streamflow at the expense of water already
appropriated for use. If one of the primary objec-
tives in managing the area’s water resources is to
protect preexisting surface-water rights, and if no
satisfactory arrangement for retribution can be
worked out between users, then ground-water
development near streams may necessarily be cur-
tailed.

2. Regulating development when net pumpage reaches
the approximate level of natural inflow to and out-
flow from the ground-water system. In some arid
basins the chance of inducing additional recharge
by pumping and the probability of obtaining im-
ported water as a supplemental supply in the future
are nil. Limiting net pumping to a rate about equal
to the natural ground-water inflow and outflow is
a possible alternative in regulating development so
that sustained mining will not occur. Even so, if
pumping is not strategically distributed with regard
to the flow system, large quantities of water will
eventually be removed from storage. However,
pumping could be relocated within the area with-
out reducing the level of development, and prob-
lems that may occur will be postponed for many
years and will be of lesser magnitude than if sus-
tained mining were allowed.

Application of the above constraints limits develop-
ment below the level possible if water were allowed to
be depleted from storage on a planned basis or if the sur-
face water and ground water were managed conjunctively
as a source of supply. The amount of ground-water stor-
age available for consumption on a one-time basis greatly
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exceeds the annual rate of replenishment. The degree to
which storage should be depleted and the rate at which
depletion should be allowed are questions which arise in
every area where large-scale ground-water development
occurs. Possibilities range between two extremes. One is
realization of maximum economic returns over a given
period of time. This would require a large-scale planned
depletion of storage. The other extreme is conservation
of a near maximum amount of storage for future genera-
tions. This would restrict development to limited pump-
ing near areas of natural discharge. One development
alternative would be a compromise which allowed signi-
ficant economic returns and still conserved adequate
storage for possible future use. Such a development would
also have to be feasible within constraints posed by State
water laws. The above statements give some idea of the
difficulties involved in estimating meaningful values of
ground-water yield.

Pumped ground water must be derived from one of
three possible sources—depletion of storage, additional
recharge induced by pumping, or capture of existing
natural discharge.

The distribution of ground-water storage shown on
plate 1G gives an approximate indication of the magni-
tude of water in storage potentially available to be con-
sumed on a one-time basis. The amount that can actually
be used will be determined by economic and legal factors.
It could be more or less than the quantities tabulated
on plate 1G.

The various types of hydrographic areas in the Great
Basin Region preclude the use of one concept of yield
to approximate the annual rate of net pumpage that
could be sustained for an indefinite period of time. This
rate is much less than the volume of storage indicated
on plate 1G, but it ultimately is the limiting factor to
sustained ground-water development. The preceding
statement assumes that no additional water is imported
at some time in the future and that average climatic con-
ditions over the next several centuries will be about the
same as those indicated by available records.

In arid areas, such as the closed basins listed in table
2, no appreciable recharge can be induced by pumping.
Consequently, after a period of storage depletion, ground-
water development will be limited to the amount of nat-
ural discharge that can be captured by wells. This rate
has been referred to as the perennial yield. The perennial
yield of a ground-water reservoir is defined as the maxi-
mum amount of water of usable chemical quality that
can be withdrawn each year for an indefinite period of
time. It generally cannot exceed the natural discharge
from the reservoir and in a practical sense is limited to
that part of the natural discharge that economically can
be captured for use.

In wetter areas, such as the perennial stream areas and
river reach areas listed in table 2, ground water and sur-
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face water are interconnected. The one cannot be devel-
oped without some effect on the other. The yield of these
areas has been considered in terms of a system yield (Worts
and Malmberg, 1966, p. 39). The yield of a discrete hydro-
logic system is the maximum amount of surface and
ground water of usable chemical quality that can be ob-
tained and consumed each year from sources within the
system for an indefinite period of time. The system yield
cannot be more than the natural inflow to or the outflow
from the system. Under practical conditions of develop-
ment, system yield is limited to the maximum amount
of surface water, ground water, and water-vapor outflow
that can be captured economically each year for beneficial
use. In this report, where a river system has been divided
into several hydrographic areas, system yield has been
apportioned among the various areas based on the distri-
bution of flow as of 1970.

Estimates of perennial yield or system yield for indivi-
dual areas have been grouped into five categories. Plate
1H shows the distribution of these categories in the Great
Basin Region. A summary of yield estimates is also shown
on plate 1H. Provisional estimates were used for 48 areas
so the tabulation must be considered only as approxima-
tions to provide a relative concept of magnitude. The total
yield of about 8.7 million acre-feet (10,700 hm3) per year
is smaller than the combined renewable supply of about
9.7 million acre-feet (11,960 hm?) per year (table 4). It
would not be feasible to capture the entire water supply
for beneficial use. Total perennial yield of all arid areas
is about 1.8 million acre-feet (2,220 hm?) per year. This
includes about 0.2 million acre-feet (250 hm?) per year
of water that may require treatment to be suitable for most
uses. The amount of pumping desirable from system-
yield areas depends largely upon the point at which
pumping causes adverse effects on existing surface-water
rights. The optimum rate is not known. However, if wells
are strategically situated and seasonal pumping is proper-
ly regulated, probably 0.8 million acre-feet (990 hm3) per
year could be pumped without significant adverse effects.
Thus, the ground-water system in the Great Basin Region
can sustain a net pumpage of at least 2.6 million acre-
feet (3,200 hm?) per year. Higher sustained withdrawals
are possible if conflicts with existing surface-water rights
are resolved and if extensive treatment and reuse are feas-
ible. More detailed information on the yield of specific
areas is presented in the references listed in table 8.

GROUND-WATER DEVELOPMENT IN 1970

Ground-water development ordinarily refers to the use
of wells to obtain water. Wells have been used extensively
to produce water for domestic, stock, municipal, indus-
trial, and irrigation purposes. Flowing wells have been
obtained in many areas, such as Malad and Cache Valleys
in the Bear River subregion, parts of the East Shore area,
Utah Valley, and Jordan Valley in the Great Salt Lake
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TaBLE 7.—VYield characteristics of large-capacity wells in the Great
Basin Region

Well yields
Average
Subregion Number Number Range in yield
of areas of wells yield (gal/min,
{gal/min) rounded)
Bear River....... 5 169 80-4,650 1,060
19 611 10-8,600 930
11 677 20-3,500 840
17 213 90-4,000 1,700
9 108 12-4,400 1,500
16 210 76-3,300 1,200
Region 1,988 10-8,600 1,050
Specific capacity
Range in Average
Number Number specific specific
of areas of wells capacity capacity
[(gal/min)/ft} [(gal/min)/ft)
Bear River 5 130 1-1,500 116
Great Salt Lake.... 19 430 0.2-1,370 48
Sevier Lake 12 182 0.2-2,900 70
Humbeoldt........ 15 160 3-200 28
Central Lahon 8 100 0.1-160 33
Tonopah......... 8 112 2-260 82
REGION....oocvreivriirieiiins | e L114 0.1-2,900 43

subregion, Pavant, Parowan, and Sevier Desert in the
Sevier Lake subregion, and elsewhere in the eastern
subregions.

Flowing wells occur in a few areas in the western sub-
regions, such as Smith, Mason, and Carson Valleys, and
Truckee Meadows in Central Lahontan subregion, parts
of the flood plain of the Humboldt River in Humboldt
subregion, and the lower parts of Diamond, Railroad, and
Spring Valleys in Tonopah subregion.

Large-capacity pumped wells have accounted for most
of the annual withdrawals of ground water. Individual
yields of these wells are as much as 8,600 gal/min (540
1/s), and the specific capacities may be as much as 3,000
(gal/min)/ft [620(1/s)/m] of drawdown. The average
pumping rate, however, is about 1,000 gal/min (63 1/s),
according to an analysis of nearly 2,000 large-capacity
wells in the region. Table 7 shows the yield characteristics
of large-capacity wells by subregion.

In 1970 water was withdrawn by wells in about 230
areas. Withdrawals in more than 60 of these areas ranged
from 1,000 to 10,000 acre-feet (1.2 to 12 hms3). In 23 areas
withdrawals exceeded 10,000 acre-feet (12 hms3). The
greatest single area of ground-water withdrawal was
Jordan Valley, with 115,000 acre-feet (142 hm?). Total
withdrawal in the region in 1970 is estimated to be about
1.1 million acre-feet (1,360 hm?). A summary of with-
drawals and the distribution of the principal areas of with-
drawal are shown in figure 6.
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FIGURE 6.—Distribution of ground-water pumpage in 1970.

LEGAL FA cessfully accomplished within the framework of the
L FACTORS AND LARGE-SCALE GROUND- appropriation doctrine. Planned large-scale ground-

WATER DEVELOPMENT water development also should be possible. The develop-

Water rights are granted by the several States in the | ment from either source, however, will require solutions
Great Basin Region under the appropriation doctrine | to various legal problems.

(Pacific Southwest Inter-Agency Committee, 1971a, p. Some conflicts have arisen in water-resources law that

194-200). Initially, the doctrine applied only to surface { may have a bearing on any particular ground-water

water, but later it was extended to include ground water. | development; for example, the question of the relation-

Large-scale surface-water development has been suc- | ship between the States’ water laws and the Federal
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“reserved water doctrine.” The States’ water laws imply
that all water in the State is subject to appropriation. The
Federal ‘“‘reserved water doctrine” is based on the principle
that when land is reserved by the Federal Government,
the water necessary to use the land for the intended pur-
pose is also reserved.

The Federal Government controls more than three-
quarters of the land of the Great Basin Region. Possibly
80 percent of the usable runoff of the region is generated
on the mountainous parts of the Federal land, and a sim-
ilar percentage of the ground-water recharge may be
derived from those lands. It is evident, then, that any
planned large-scale ground-water development for a par-
ticular area could be affected substantially if a legal deci-
sion involving both the State water laws and the Federal
“reserved water doctrine’’ were required.

Areas may be limited in some degree to further ground-
water development under existing State water laws. The
limitations ordinarily apply to areas where the magni-
tude of existing development is significant, although they
also apply to areas preserved for specific uses in the future.
Areas having some limitation on additional development
are shown in figure 7. Any proposal for substantial addi-
tional water-resources development in those areas needs
to carefully consider the legal limitations on the develop-
ment.

POTENTIAL FOR DEVELOPMENT

Ground water in the Great Basin Region was withdrawn
primarily through large-capacity wells at an annual rate
of about 1.1 million acre-feet (1,360 hm?) per year in 1970.
Plate 1H shows that the region probably can sustain an
annual net pumpage of at least 2.6 million acre-feet (3,200
hm?). Thus, an additional 1.5 million acre-feet (1,850 hm?)
per year of ground water is potentially available. Some
of this water is now used for low-value purposes, such
as subirrigated saline pastures. Development of the full
additional 1.5 million acre-feet (1,850 hm?) per year of
ground water potentially available would require inten-
sive management and water treatment in some areas, de-
tailed evaluation of surface-water-ground-water relations
and resolution of legal conflicts in other areas, and en-
couragement of small-scale developments in areas with
low yields.

The amount of ground water that may be developed
from one-time storage reserve is highly dependent upon
the constraints imposed. The annual amount could be
large, perhaps several million acre-feet, if legally allowed
with no concern as to how long it might be economically
possible to withdraw the ground water in the particular
areas of development.

If an amortization period is utilized, for an interval of
say 50 years, a substantial annual supply could be pro-
vided. Thus, 1.0 million acre-feet (1,233 hm3) of ground
water might be withdrawn annually for 50 years from a
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one-time storage reserve by planned development in 20
areas, supplying an average of 50,000 acre-feet (62 hm?)
per year each. Obviously, the finite time limit may pre-
sent serious problems to a permanent community if an
alternative supply were not available when needed. Even
if the ground water systems continue to be legally restric-
ted to the sustained-yield concept, considerable storage
is used. Ground-water storage will always be reduced
until the well-field withdrawals consist only of inter-
cepted natural recharge or of captured natural discharge.

An evaluation of the relative potential for moderate to
large-scale development of ground-water resources was
made using an arbitrary scheme based on yield and
ground-water storage of individual hydrographic areas.
The following factors were considered:

1. Ultimately, yield is the limiting factor in determining
the long-term viability of a large-scale ground-water
development. Consequently, yield was given more
weight than storage. Where a system yield was in-
volved, no consideration was given to the relative
proportions of surface water and ground water.

2. Stored ground water represents water available for use
on a time-limited basis. A large volume of water per
foot of dewatering also indicates a large area of valley
fill. This allows for more options in the location
and spacing of any ground-water development.

In conjunctive-use areas, ample ground-water storage
would be valuable during droughts or short-term emer-
gencies. In arid valleys storage might be depleted on a
planned basis and then pumping decreased to a rate com-
patable with the yield. Because of these options, the avail-
ability of stored ground water was also incorporated into
the rating scheme. If water quality was not suitable for
most uses or if depth to water was prohibitive, storage
was not considered.

The actual procedures were as follows: The distribu-
tion of yield and storage shown on plate 1G and 1H pro-
vided the basic information. The categories shown on
each map were assigned index numbers from 1 to 5. If
there was no restriction on quality or depth to water, the
index of potential for each area was computed as the sum
of the yield-index number and half the storage-index
number. If there was a restriction due to water quality
or depth to water, the index of potential was assumed
equal to the yield-index number. The distribution of
areas of poor water quality is shown on plate 1F. Valleys
where excessive depth to water would hinder large-scale
development are the drained areas on plate 1B. Each area
was rated, and the ratings were grouped into four cate-
gories.

Plate 1 shows the distribution of relative potential for
development in the Great Basin Region. Numerical mag-
nitudes were not assigned to the categories because
requirements of any proposed development need to be
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F16ure 7.—Ciritical ground-water areas (as of 1973).

evaluated in terms of the more detailed information in
the references for each area listed in table 8.

The above rating scheme was based only on the avail-
ability of water; however, many other factors affect the
suitability of an area for the objectives of a specific
development. Some restrictions on development are
shown in figure on plate 1. Many areas which have the
highest potential for development correspond with the
existing centers of population (fig. 1) and the distribu-
tion of pumpage (fig. 6). The several valleys which have

a high development potential with regard to water and
are still relatively undeveloped generally either have a
short growing season, which would hinder agricultural
development, or are remote.

INFORMATION TO PLAN
GROUND-WATER DEVELOPMENT
Planning for additional water development and im-

proved operation of present developments has been
increasing at all levels of government. Few planners are
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completely familiar with all elements that make up a
plan. Water supply is a significant element in nearly all
planning of areal development. In general, many plan-
ners may only want to know that the necessary water
supply can be provided in the quantity and quality desired
at an acceptable cost. Others specialize in finding the
most effective way to provide the water required. These
specialists must have detailed technical information
about the resource.

Where surface-water resources are to provide the supply,
much information on water quantities, structural design,
and concepts for managing large-scale water develop-
ment is available. In contrast, few areas in this country
have had the full benefit of advance planning and imple-
mentation of large-scale ground-water development. In
some places, lack of experience may have resulted in not
utilizing ground water to the best advantage.

The supply developed from the ground-water system
may be the only water available; it may be the supply for
a period of years until another supply can be developed
and imported to the area of use; or, it may be used jointly
with surface-water supplies. As a part of a joint-use
development, the ground-water supply may provide a
significant part of the normal supply or be used for special
purposes, such as meeting peak-demand requirements,
supplementing supplies during seasonal low-flow
periods, and to supply demands through drought years.

Opportunities exist to make more effective use of
ground water based on a sound knowledge of the total
water system. A specific plan may call for full utilization
of a ground-water system as a single major project, or it
may call for development of ground water as a coordi-
nated series of smaller projects designed to provide in-
creased supply as the demand increases. The plan may
be implemented under public or private auspices as
deemed preferable. There needs to be a rough balance be-
tween the ability to predict future water demands, the
detail of planning initiated, and the type of hydrologic
information collected. Information needs vary, depending
on the character of an area and its stage of development.
Examples of data needs for several types of valleys are pre-
sented in the following paragraphs.

Sufficient information is needed for an undeveloped
arid valley, where development is not anticipated in the
near future, to provide provisional estimates of the area’s
ground-water resource. When grouped with estimates
from adjacent areas, this information is useful in forming
long-range plans and policies for the orderly development
of water resources throughout large areas, such as a
county, State, or river basin. At the local level there is
a need to be able to judge whether an area has sufficient
potential to be considered as a possible site for develop-
ments as demands for water arise. To the extent possible,
conditions in the natural system should be documented
to provide a basis for comparison in the future. Generally,
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these data needs can be satisfied by a reconnaissance-level
study which roughly delineates boundaries of the prin-
cipal aquifers or ground-water reservoirs; indicates areas
of ground-water recharge and discharge; determines if
there is inflow from or outflow to adjacent areas; estimates
the approximate magnitude of ground-water recharge,
discharge, and storage; and documents the depth to water
in wells, chemical quality of ground water; magnitude
of spring discharge, and types and distribution of phre-
atophytes under near natural conditions. These brief
studies provide a great deal of information relative to their
cost; however, when significant development occurs,
additional information is needed.

When significant development is anticipated in an area,
such as the arid valley discussed in the preceding para-
graph, the data needs are more specific. Reconnaissance-
level information generally provides estimates of the total
resources of an area with little regard as to how they are
distributed within the area. However, the manner in
which the ground-water system will respond to a specific
development is strongly influenced by its location with
respect to various hydrologic features of the system.
Consequently, information needs to be developed re-
garding the distribution of water-bearing deposits (pri-
marily sand and gravel), extensive deposits of clay, trans-
missivity, specific yield or storage coefficient, areas of
confined and unconfined water, recharge, discharge,
chemical quality of ground water, subsurface inflow or
outflow, if any, and the location of barriers to ground-
water movement.

These data can be used to evaluate results expected to
occur under various distributions and rates of pumping.
Information developed would be useful in planning the
orderly development of an area and in optimizing use of
the ground-water resource.

Information needs for a river-segment area where signi-
ficant development is anticipated include all items men-
tioned for an arid valley plus specific data on the relation
between surface and ground water. Some additional items
needed are surface-water inflow and outflow, flow dura-
tions, seepage gains or losses during low flow, location
of areas where irrigation diversions cause significant
secondary recharge, delineation of flood plains, trans-
missivity and specific yield of flood-plain deposits, and
subsurface extent of the flood-plain deposits. Specific
studies may be required to evaluate the degree to which
various distributions of pumping will affect streamflow.

In all studies, establishment of a network of observation
wells at the earliest possible opportunity provides infor-
mation on water-level changes with time that is essential
to evaluating cause-and-effect relations and refining
reconnaissance-level estimates.

Figure 8 shows the level of available ground-water in-
formation in the Great Basin Region as of 1973. Most of
the area has been covered by reconnaissance studies; how-
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F1GURrE 8.—Levels of ground-water information in the Great Basin Region, 1973.

ever, some earlier studies are mainly descriptive and con-
tain few quantitative estimates.

The information available as of 1973 is sufficient to
crudely identify the distribution, magnitude, and quality
of ground-water resources throughout the region. Thus,
the first phase of progressive ground-water data acquisi-
tion is nearing completion. The next phase of study needs
to emphasize acquisition of time-series data to provide

a base for defining changes in storage, discharge, and
recharge to the ground-water system. This will allow for
detailed studies to refine quantitative aspects of the
ground-water system in areas where there is significant
development. Where full development or overdevelop-
ment of the water resource is foreseen, intensive studies
may be needed to determine how the resource can be
managed most efficiently to meet demands.
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OPTIONS FOR GROUND-WATER
DEVELOPMENT

The preceding sections of this report have made a broad
appraisal of ground-water resources of the Great Basin
Region, shown relative potentials for development of
hydrographic areas, and briefly discussed the information
necessary for planned developments. This section will
illustrate some options available for the utilization of
ground water in the region. A factor which might signifi-
cantly limit the options available in a given area is the
set of constraints imposed by existing development. If
development has proceeded without much regard to the
hydrologic regimen of an area, optimum utilization of
water might not be obtained without some modification
of the development.

The degree to which surface and ground water are each
developed depénds on conditions in individual areas. The
wetter areas on the region are the river reach, prominent
stream, and some sink areas shown on plate 1B. In these
valleys, joint development of both surface and ground
water may be the best way the system can be managed
and optimum use of water obtained. Most closed basins,
partly drained valleys other than river-reach and pro-
minent stream areas, and some sinks have scant surface-
water supplies and ground water is the only source
suitable for large-scale development. The following
sections illustrate some of the options available.

DEVELOPMENT OF A SUPPLEMENTAL
GROUND-WATER SUPPLY

TO MEET SEASONAL DEMANDS

In areas where surface water is the principal source of
supply for irrigation and other uses, the peak demand
comes during periods of low flow and a seasonal water
deficiency results. The usual procedure has been to con-
struct dams which provide storage on local streams and
alleviate these short-term deficiencies. In some areas, such
facilities are not feasible, in other areas the supply is al-
ready completely adjudicated and highly regulated. An
alternative to further regulation is to develop ground
water to augment the surface supply during high-demand
periods.

The Sevier Desert area, Utah, is used as an example.
There is an average demand of about 160,000 acre-feet
(197 hm3) per year, primarily for agricultural purposes.
System vyield is about 186,000 acre-feet (229 hm?3) per year
so adequate water is available to meet the annual demand.
However, the August to September supply from surface-
water sources is only on the order of 20,000 acre-feet (25
hm?3), but demand during this period is on the order of
about 80,000 acre-feet (99 hm?). Thus, during average and
below average years a 2-month seasonal deficiency of at
least 60,000 acre-feet (74 hm3) occurs. Ground water could
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provide adequate water to cover this deficiency and assure
a firm supply of 160,000 acre-feet (197 hm?) per year. Any
local overdraft caused by seasonal pumping could be
made up by recharge during the nonpumping months or
during subsequent wetter years. A properly designed well
field would reduce the potential for local overdraft. Much
of the ground-water withdrawal would be drawn primar-
ily from nonbeneficial natural discharge.

Upstream areas of the Humboldt River basin, Nevada,
are other places where ground water could supplement
seasonal irrigation demands. Streamflow is unregulated;
consequently, substantial areas of pasture or native hay
receive irrigation water only in the spring and early
summer. If wells were drilled to produce late-summer
irrigation water, some parts of this area might sustain
higher value crops, such as alfalfa. Wells could be located
so that pumping would have minimal effects on down-
stream surface-water rights. Evaluation of the location
and of the amount of seasonal pumping possible would.
require detailed study but might result in a significant
increase in crop value.

TO OFFSET DEFICIENCIES DURING DROUGHTS
OF 1 OR MORE YEARS

During droughts of 1 year to several years, the surface-
water supply for an area may be inadequate, even where
the supply is well regulated by storage and imports. In
a densely populated area, such intermediate-term surface-
water deficiencies may become critical. Larger storage
facilities and imports are the usual means of minimizing
such shortages until the cost of providing carryover stor-
age for periods of several years becomes prohibitive.
Planned development of supplemental ground water
could be an alternative approach to the problem. The
general prerequisite for this type of development is that
sufficient stored ground water be available to supply the
temporary depletion and that the stored water be of suit-
able quality for the intended use. Also, well yields would
have to be adequate for the anticipated pumping, and
wells would have to be distributed so pumping would
have minimal effects on surface-water supplies.

Jordan Valley, Utah, is an example of an area where
such a system might be beneficial. System yield plus water
imported from outside the area exceeds 600,000 acre-feet
(740 hm?) per year. During 1964-68 the annual with-
drawal of water for all uses averaged about 580,000 acre-
feet (715 hm?3) per year. Of this amount, about 78 percent
was from surface-water sources, and the remainder was
from ground water.

The annual supply required to supplement surface
water during a dry period of one to several years might
be as much as 410,000 acre-feet (506 hm?)—the difference
between the minimum annual recorded surface flow of
170,000 acre-feet (210 hm3) and the average annual de-
mand of 580,000 acre-feet (715 hm?). However, the net
withdrawals might be somewhat less than this amount.
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For example, if about 160,000 acre-feet (197 hm3) of
ground water were used for irrigation, roughly 25 percent,
or 40,000 acre-feet (49 hm?), would be returned to the
ground-water system by deep percolation. The net
ground-water withdrawal thus would be 370,000 acre-feet
(456 hm?) during years of minimum surface-water sup-
plies. Some of the water withdrawn for industry, public
supply, and other uses also probably would return to the
ground-water body. Nevertheless, the net withdrawals
still would be substantial and periodically would put a
severe stress on the ground-water system. Ideally, the re-
quired well field or fields would be distributed and de-
signed to minimize potential problems of local overdraft,
depletion of flow in the lower reaches of streams and wet-
land areas, and local deterioration of water quality.

About 2 million acre-feet (2,470 hm?) of water is stored
in the upper 100 feet (30 m) of saturated valley fill, so
ample stored water is available to supply a deficit of
370,000 acre-feet (456 hm?) per year for several years. With-
drawals of this magnitude would last only during the
dry periods and recovery probably could be expected
during the intervening wet cycles. Recovery could be aug-
mented by artificial recharge if necessary by utilizing
excessive wet-period streamflow.

A system of this type also would be available to pro-
vide an emergency public supply during a disaster that
might destroy or cause extensive damage to the surface-
water-supply system.

DEVELOPMENT BY PUMPING GROUND WATER
ONLY

WITHDRAWAL PLANNED TO MAINTAIN SOME
NATURAL DISCHARGE

In many areas in the Great Basin Region, some natural
ground-water discharge is beneficial. It may be desirable
to maintain this discharge when the area is developed,
particularly where extensive areas of wildlife habitat are
sustained primarily by ground-water discharge. Ruby
Valley, Nev., is an example of this type of area. The valley
is a topographically closed basin about 60 miles (97 km)
long and 8 to 12 miles (13 to 19 km) wide. It receives some
subsurface inflow from adjacent Huntington Valley. Per-
ennial yield is estimated to be about 58,000 acre-feet (72
hm3) per year, and each foot of dewatering throughout
the valley-fill reservoir would provide about 83,000 acre-
feet (41 hm?) of stored ground water. Because of these
large quantities of water, the valley is classed among those
with the highest potential for development (p. 1I). How-
ever, a large marsh in the south half of the valley has been
designated as the Ruby Lake National Wildlife Refuge.
Almost half the ground-water resource s consumed by
evapotranspiration in and near the Refuge. Any large-
scale ground-water development would have to be strate-
gically situated in the northern part of the valley, where
pumping would have minimal effect on the marsh area.
Consumptive use of the pumped water may eventually
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have to be limited to an amount equal to evapotranspira-
tion in the northern part of the valley that could be cap-
tured by pumping. Eakin and others (1951, p. 90) esti-
mated that about 20,000 acre-feet (25 hm?) pér year could
be captured by pumping in the north end of the valley.
If this water was used primarily for irrigation, perhaps
one-third of the pumpage would not be consumed and
would recirculate to the ground-water reservoir. Under
these conditions, an annual pumpage of nearly 30,000
acre-feet (37 hm?) could be sustained in the northern part
of the valley, and the Wildlife Refuge at the south end
could be maintained at near-natural conditions. Detailed
cause and effect studies would be required after some sig-
nificant development, but before the valley approached
full development. Analytical models of the ground-water
reservoir would be useful in predicting long-term effects
of pumping, including salt buildup from recycling, and
in refining the initial estimate of allowable pumpage.

DEVELOPMENT DESIGNED TO CAPTURE ALL
NATURAL DISCHARGE

Where ground water is the principal source of supply
and availability of water is the limiting factor to develop-
ment, it is desirable to plan developments so that all nat-
ural discharge will be captured. Ideally, this would in-
volve situating wells strategically in and near areas of
ground-water discharge so that the natural discharge
could be captured with only minimal water-level declines
and storage depletion. In reality, most ground-water dis-
charge areas are associated with concentrations of poor-
quality water and saline soils. Consequently, pumping
generally should be located as strategically as possible
within the constraints posed by water and soil conditions.
Consumption of pumped ground water may eventually
have to be limited to the amount of discharge that eco-
nomically can be captured (the perennial yield). Tem-
porary higher withdrawals are possible hydrologically
but may result in legal problems. Regulation of pumpage
is at the discretion of the appropriate State Engineer.

Hualapai Flat, Nev., is an area where this option has
been employed. The area is a small topographically
closed basin on the northwest flank of the Black Rock
Desert. Perennial yield is about 6,700 acre-feet (8.3 hm?)
per year, and each foot of dewatering of the valley-fill
reservoir will provide about 3,500 acre-feet (4.3 hm?) of
stored water. Intensive agricultural development began
in about 1960 and by 1967 the gross annual pumpage was
about 11,000 acre-feet (13.6 hm?®) per year. However, only
about two-thirds of the gross pumpage was consumed
(7,400 acre-ft or 9.1 hm3 per year) the remainder was re-
circulated to the ground-water reservoir (Harrill, 1969, p.
41). Allowing for some errors in estimates, the consump-
tion of pumped water was about equal to the perennial
yield. At this same time, a decision was made by the Nev-
ada State Engineer to restrict development, and no per-
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mits to pump ground water for additional irrigated acre-
ages have been issued for several years. Pumping was
situated primarily with respect to land availability and
good soil and is concentrated at one end of the valley.
Ultimately, some pumping may have to be relocated in
order to capture all available natural discharge. Also,
problems in salt balance may develop in the pumping
areas. However, regulation of pumpage early in the
course of the area’s development has probably minimized
future problems and insured a moderate-sized, viable
agricultural development for many years.

UTILIZATION OF GROUND-WATER STORAGE

Stored ground water is a valuable component of the
region’s water resource. There are about 300 million acre-
feet (370,000 hm?) of recoverable water stored in the upper
100 feet (30 m) of saturated valley deposits. This water
may be withdrawn as part of a planned depletion, it may
be utilized principally during periods of drought or peak
demand, or it may be held in reserve for possible future
use.

USE AS A TRANSITIONAL RESERVE

This method of utilizing stored ground water is based
on the concept that prior to any development a ground-
water reservoir is in a state of dynamic equilibrium, where
average recharge to the system equals average discharge,
and there is no long-term change in storage. Any pump-
ing will create an imbalance where water is pumped trom
storage until water levels decline sufficiently to cause
natural discharge to decrease or recharge to increase and
return the system to a new equilibrium where recharge
equals natural discharge (if any) plus pumpage. In most
desert valleys, there are no appreciable areas where re-
charge can be increased by pumping. If wells are strate-
gically located in and near areas of natural discharge, the
water that must be removed from storage before a new
equilibrium can be obtained will be minimal. The mini-
mal quantity of water that must be pumped from storage
before an arid ground-water basin can attain a new equili-
brium when developed at a rate equal to the perennial
yield has been called the transitional storage reserve
(Worts, 1967, p. 50). This quantity is a property of the
ground-water basin and may be useful in long-term
planning.

Diamond Valley, Nev., is an area where some planned
storage depletion may be an option for the future. The
valley is about 50 miles (80 km) long and averages about
12 miles (19 km) wide. All natural discharge is in the
north half of the valley. Perennial yield is about 30,000
acre-feet (37 hm3) per year, and each foot of dewatering
of the valley-fill reservoir will produce about 28,000 acre-
feet (35 hm?3) of stored water. Transitional storage reserve
is about 1,400,000 acre-feet (1,730 hm3). The area has been
developed for agricultural use. Permits to pump ground
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water were issued for large tracts of land at the south end
of the valley. In 1969 about 23,000 acre-feet (28 hm?) of
water was pumped from this part of the valley. Future
increases are anticipated because of increased demand for
hay and grain and because of the recent availability of
electric power in the area. Most of the pumping is at least
10 miles (16 km) south of the area of natural discharge
and a local overdraft is probable before all natural dis-
charge is captured by pumping from the present area of
development.

One alternative in regulating storage depletion in the
south end of the valley would be to allow a depletion
equal to the transitional storage reserve to occur and then
redistribute pumping with more regard to the natural sys-
tem. If net pumpage (consumption) were held to 30,000
acre-feet (37 hm3) per year, the time required to deplete
the storage can be approximated by the following for-
mula (Worts, 1967, p. 52):

Net annual
pumping rate

Transitional storage reserve | Perennial yield

Time, in years 2

For the Diamond Valley area, time equals about 93 years.
Thus, water could be depleted from the south end of the
valley at a rate of 30,000 acre-feet (37 hm?) per year for
almost 100 years before the transitional storage reserve
would be depleted. At that time it might be desirable to
redistribute pumping as the average decline of non-
pumping water levels in the south half of the valley
would be about 100 feet (30 m); greater declines would
be expected near centers of pumping. When a new equi-
librium is finally attained, the total depletion of storage
would only be slightly more than if the original pumping
had been in or near the discharge areas. If desired, this
same volume of storage could be depleted by pumping
at a higher rate for a shorter period of time. After signi-
ficant depletion has occurred, analytical models could be
used to refine the initial estimates of time and to evaluate
the optimum distribution of pumpage.

USE TO SUPPLY A TIME-LIMITED DEVELOPMENT

Ground water may be withdrawn at a rate greater than
the perennial yield of the ground-water system for a lim-
ited period of time. This results in depletion of storage;
however, it is not uncommon for an amount equal to sev-
eral hundred times the perennial yield of the ground-
water system to be stored at economically recoverable
depths. Thus, in many areas, appreciable amounts of
water might be removed from storage before seriously
adverse economic effects occur. Ultimately, however,
withdrawals would have to be limited to the approximate
perennial yield of the ground-water system under the
State laws or policies. Time-limited developments could
be either (1) semipermanent developments, which could
be economically terminated or reduced at the end of a
given period of time, or (2) permanent developments,
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which must obtain additional water at the end of a given
period of time.

The Beryl-Enterprise area, Utah, is used to illustrate
this option. This valley in southwestern Utah has a warm
climate and has been intensively developed for agri-
culture. Perennial yield is about 6,000 acre-feet (7.4 hm3)
per year and pumpage in 1972 was about 77,000 acre-
feet (95 hm?) per year. The valley contains about 5 million
acre-feet (6,165 hm?) of recoverable stored water in the
upper 200 feet (61 m) of the ground-water reservoir.

At the present time there is a large overdraft in the basin;
eventually, all economically recoverable storage will be
depleted. At that time either the pumping draft will have
to be reduced to approximately the perennial yield or
water will have to be imported. For purposes of illustra-
tion, assume the economically recoverable storage is
about 5 million acre-feet (6,165 hm?) and that 50 years
was determined to be the optimum amortization period
in which to deplete this storage. The formula (Worts.
1967, p. 52) by which the average annual quantity of
depletion can be estimated is:

Depletable Perennial
Net annual Q) = storage . yield
pumping rate years 2

which for the area is
Q =100,000 + 3,000,
or about 100,000 acre-feet (123 hm3) a year (rounded).
~If the development was principally for agricultural
purposes, the local return flow to the ground-water sys-
tem probably would be about 25 percent of the pumpage.

Because the computation of water available from reuse

is a geometric progression, a gross pumpage of about

130,000 acre-feet (160 hm3) per year could be maintained

throughout the 50-year amortization period. Degradation

in water quality due to reuse would be partly offset by
mixing with water withdrawn from storage for the first
time,

This average annual rate could be maintained for the
selected period if the distribution of the well field or well
fields were such as to permit full depletion of the storage
area used to define the quantity of depletable storage.
Development of this magnitude will result in important
changes in the preexisting conditions. The following
changes are the most likely ones to occur:

1. Extensive changes in water quality over a period of
time. This may be considered as a constraint on
the development. However, treatment ranging from
minimal to desalination could be incorporated in
the development plan to maintain the quality of the
supply.

2. Natural areas of ground-water discharge may be dried
up. Thus, parts or all of natural wetlands and phre-
atophyte vegetation may be desiccated. This would
adversely affect some wildlife habitat. Antecedent
knowledge of this potential problem may permit de-
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vising a development plan whose effects would be
within acceptable limits.

3. Substantial pumping from the ground-water reservoir
may result in land subsidence that locally may have
adverse effects. Land subsidence due to withdrawal
of ground water is generally more severe in close
proximity to well fields. The most serious problems
would occur where the well fields are located in
metropolitan areas—that is, in populous areas with
their associated concentrations of buildings, water
and sewer lines, and other structures potentially
subject to damage by subsidence. However, a plan-
ned ground-water development would locate wells
where subsidence would have minimal adverse
effects.

FOR USE AS A FUNCTIONAL RESERVOIR

Throughout the Great Basin Region, most of the water
supply is generated during the winter and spring; how-
ever, the highest demand occurs during the late summer.
Consequently, dams have been built on most of the prin-
cipal rivers so that regulating reservoirs can distribute the
water more in accord with demand. Most of the principal
rivers are highly regulated, and for many of them, con-
struction of additional surface-water storage facilities
may not be practical. Also, many areas do not contain
adequate sites for the construction of surface-water stor-
age facilities. In these areas, utilization of the valley
ground-water reservoir as a managed storage reservoir
may be a desirable alternative. The examples already given
for the Sevier Desert and Jordan Valley illustrate two ways
in which ground-water reservoirs may be used as func-
tional storage reservoirs.

SECONDARY OPTIONS

The preceding sections have illustrated ways that
ground-water resources may be utilized in selected areas
with characteristics typical of many valleys in the Great
Basin Region. The discussion has dealt principally with
the primary option selected in each area. There are addi-
tional options which may be utilized to increase efficien-
cy of water use and overcome problems posed by specific
conditions in individual areas. Examples of four of these
are reuse of water, treatment of water, redistribution of
water, and augmenting ground-water storage. These are
the options most commonly considered; however, there
are others that may be more important in specific areas.

REUSE OF WATER

In arid areas with limited water supplies, reuse of water
is one means of extending the available supply. Each use
generally results in some degradation of quality, and
treatment may be required. In a simple form, planned re-
use may consist of no more than a series of uses where
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lower quality water is acceptable for each successive use.
The most common example of this type is use for muni-
cipal purposes, secondary treatment, and then use of the
effluent for irrigation. More sophisticated schemes may
require elaborate tertiary treatment which would enable
reuse for high-quality purposes. Unplanned reuse gen-
erally occurs in irrigated areas where some unconsumed
irrigation water becomes secondary recharge. The maxi-
mum reuse possible varies with the quantity consumed
in use. If it is assumed that water will be used and reused
until it is consumed, the rate at which a given inflow of
new water can be used may be estimated as the rate of
new water input divided by the consumption (expressed
as a decimal fraction). The following examples, from
areas already discussed, illustrate how reuse may be
applied to planned ground-water developments.

Example A.—Full use of perennial yield:
Area—Hualapai Flat;
Perennial yield—7,000 acre-feet (8.6 hm3) per year;
Use—Irrigation, about 2/5 (0.67) of pumpage con-
sumed in use;
Perennial yield
Maximum sustained pumping rate =

00
=067 - 10,000 acre-feet (12 hm®) per year (rounded).

Example B.—Storage depletion:
Area—Beryl-Enterprise area;
Rate of depletion—100,000 acre-feet (123 hm?) per
year;
Use—Irrigation, about % (0.75) of pumpage con-
sumed in use;

Rate of depletion 100,000

Consumption

Pumping rate =
ping Consumption 0.75

= 130,000 acre-feet (160 hm?) per year (rounded).

TREATMENT OF WATER

Treatment is another option that may be used to extend
usefulness of the available water. Water treatment in con-
junction with reuse has already been mentioned. If sig-
nificant development occurs in some sink areas where
water quality is marginal for most uses, then some treat-
ment may be required. Facilities available range from
large plants used for public-supply systems to small units
suitable for use by individuals. The type and degree of
treatment required, if any, vary with each area. Generally,
specialized technical assistance is available to assist in
planning a development that would use a specific type
of water treatment.

REDISTRIBUTION OF WATER

Commonly, developments are located on the basis of
accessibility, land ownership, soil conditions, or climate.
Where ground-water development is poorly situated with

G25

respect to the occurrence of water, and local overdraft is
anticipated, relocation of pumping and transportation of
water to the existing area of development may be more
desirable than attempting to relocate the development.
Occasionally, it may even be necessary to import water
from outside the area. If this type of development is anti-
cipated, cause and effect relationships at the proposed
pumping sites, along transmission lines, and at develop-
ment where the water is to be used need to be evaluated.

AUGMENTING GROUND-WATER STORAGE

In most valley ground-water reservoirs in the Great
Basin Region, the level of stored ground water responds
to the variations of natural recharge and discharge. A
succession of years of significantly higher than average
recharge will raise the level of storage until the increased
natural recharge is balanced by an increased natural dis-
charge. Conversely, the level of storage will lower follow-
ing years of reduced recharge until the natural discharge
and recharge are in balance. However, in most ground-
water reservoirs, natural variations in stored water are
minor.

In the Great Basin Region, part of the annual pumpage
is supplied from ground-water storage. Some of the deple-
tion is temporary and is necessary for the natural system
to adjust to well-field development. Part, however, is a
local or basin overdraft and is a continuing depletion.
Examples of areas of overdraft are in the Beryl-Enterprise
district in Sevier Lake subregion, Quinn River Valley in
Humboldt subregion, and Pahrump Valley in Tonopah
subregion.

Areas of overdraft might benefit from artificial re-
charge. However, in each of the named areas, no local
supply is available, nor is there a convenient nearby
source for possible importation. Several conditions are re-
quired for artificial recharge to be successful: (1) Under-
ground space must be available for storing the additional
water; (2) the physical and chemical characteristics of the
rock units in and above the ground-water reservoir must
be suitable to accept water either from surface spreading
grounds or through wells; (3) additional water must be
available; (4) the water to be used must be chemically suit-
able; and (5) the cost should be within the range of
“willingness and ability to pay.”

Artificial recharge might be advantageous where
ground-water development significantly depletes stored
ground water. Properly incorporated into planning a
large-scale ground-water development, it could permit
significant augmentation of the natural yield of the
system,

In drained valleys, the depth to water is as much as sev-
eral hundred feet below land surface. In these areas, nat-
ural ground-water discharge is by underflow and not by
evapotranspiration. Obviously, a large volume of under-
ground space is available between the water table and
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land surface. However, artificial recharge would raise the
level in these reservoirs and increase discharge by increas-
ing underflow. Consequently, it may not be feasible to
augment storage in these areas even though the increased
discharge would be augmenting recharge to a down-
gradient valley. The time lag involved in these flow sys-
tems may be many years. Much more needs to be known
of the details of regional ground-water systems before
decisions can be reached as to whether plans for their aug-
mentation are practical and economically sound.

Underground space might be used for purposes other
than for artificial recharge. For example, in southern
Tonopah subregion the deep water levels in the valleys
have been a significant factor in using the area for under-
ground nuclear-detonation experiments. In other areas,
brine or other waste disposal might be proposed by under-
ground emplacement. However, any proposed use of
underground space ideally should require specific in-
vestigations be made to determine the suitability of the
area for the specific use contemplated. Few, if any, areas
in the region have been evaluated for such purposes to
date.

CLOSING STATEMENT

Ground water has been developed in the past in re-
sponse to individual needs. Supplies from individual
wells or groups of wells have been planned to a degree,
but fuller development of the ground-water basins may
not have been considered. Many ground-water basins or
areas are now being managed through administration of
ground-water laws, or resulting legal actions, particular-
ly in the Nevada and Utah parts of the Great Basin Region.
However, full development of some areas may not be
possible without drastic adjustments in the distribution
of existing withdrawals in these areas.

The present trend of formulating State water plans is
leading to more emphasis on achieving near optimal use
of the limited water resources of the States in the region.
The ground-water potential for additional development
is receiving substantial attention in this planning. If an
effective planning effort is to be made, more information
is needed on the ground-water resources, the potential for
additional development, the conditions to be met for suc-
cessful development, and the planning, implementation,
operation, and maintenance of ground-water supply
systems.

The development of additional ground water could be
of significant benefit to the Great Basin Region. Some
idea of the approximate value of water may be obtained
by the following illustrations:

1. At the current level of water use, irrigation accounts
for about 80 percent of the withdrawals. A common
yearly rate of water application for irrigation is
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about 4 acre-feet per acre. If it is assumed that
ground-water withdrawals for irrigation wen
planned for an additional 1 million acre-feet (1,233
hm3) annually, then about 250,000 acres (1,010
km? could be irrigated. Or,

2. Current levels of municipal and industrial use in the
region range from about 200 to 400 gallons (760 to
1,510 litres) per day per capita. If it is assumed that
an average use of 300 gallons (1,140 litres) per day
per capita will be adequate, then additional ground-
water withdrawals of 1 million acre-feet (1,233 hm?)
could support a population of more than 2 million
people.

Development of ground water could be of substantial
benefit in helping to meet future demands for water in
the Great Basin Region, and sound planning for its most
effective development is dependent upon the availability
and adequacy of the information on this valuable resource
at the time of planning.
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TABLE 8 AND TABLE 8 REFERENCES

A regional quantitative appraisal of the ground-water
resources in the Great Basin Region is given in an earlier
section of this report entitled “Yield of the Ground-Water
System.”” Table 8 presents quantitative estimates of var-
ious parameters of the ground-water system in the hydro-
graphic areas of the region. The general locations of these
hydrographic areas are shown on plate 1B.



TaBLE 8.—Summary of selected ground-water resources data in the Great Basin Region'
(L, large amount; Sm, small amount; S, some; M, minor amount; leaders (...) indicate no data)

Hydrographic area Approximate Approximate Average Average annual C;:‘:“:’d:::“:: Ground-water  Ground-water Ground-water Ground water r:lfepone
yarograp pproxt . alutude of growing season  precipitation B dg . inflow outflow eva.potfan- in storage erenc
number and name? area (mi?) i precipitation spiration 8 (See table
valley floor (days) (acre-ft) (acre-fe/yr)s (acre-ft/yr) (acre-ft/yr) (acre-fu/yr) (acre-ft/fr)* references)
WESTERN GREAT BASIN
Humboldt subregion
2 Cominemall( Lakle1 valley....coooviieenieiiniiieei e 214 3,?83 ...... 18(8),888 32,% ...... g lg,ggg g,ggg ggg
3 Gridley Lake €Y .o - 500 L. S 5000 Ll ) » .
4 VirrlgigyValley vay 4,800 42 230,000 7,000 ... 0 6,000 420 R22.
7 Swan Lake valley ..... 5,700 42 130,000 %6,700 0 0 0 M R15.
8 Massacre Lake valley 5,700 12 97,000 3,500 0 2,000 2,500 1,400 RI5.
9 Long Valley ... 433 5,600 42 240,000 310,000 5,000 0 11,000 10,000 R15.
12 Mosquito Valley ....32 5,700 42 16,000 700 0 0 1,600 470 RI15.
15 Boulder Valley... ....88 5,700 42 52,000 52,700 0 2,000 < 2,700 600 RI15.
16 Duck Lake valley... ..5h33 4,700 75 270,000 ,000 0 0 7,000 5,600 RI17.
19 Dry Valley. ..ot .39 4200 ... 14,000 200 0 180 20 1,000 R44.
20 Sano Valley.........cooeviiiiiiiiiniiiiei e 12 4,000 160 3,100 <10 0 0 30 200 R44.
21 Smoke Creek Desert.. ..980 3,900 160 440,000 13,000 380 0 19,000 20,000 R44.
22 San Emidio Desert.... ..305 4,000 160 100,000 2,100 0 < 300 3,000 8,400 R44.
23 Granite basin.......cccveeeririieeierrieenee e 9 5000 ... 6,000 3 400 0 M 0 50 R20.
24 Hualapai Flat......c.ccccoooiiiniiniiniiriinnsnneneneees 315 4,100 150 170,000 7,000 0 400 6,300 3,500 RI11, B37.
25 High Rock Lake valley..........ccovvvininininnininncnn 665 5,000 ... 435,000 13,000 0 9,000 750 610 R20.
26 Mud Meadow........ .495 4000 ... 220,000 8,000 9,000 1,500 11,000 8,500 R20.
27 Summit Lake valley. ...60 5900 ... 43,000 34,200 0 S M 630 R20, R22.
28 Black Rock Desert.... 2,179 4,000 179 840,000 20,000 4,700 M 35,000 56,000 R20.
29 Pine Forest Valley .....ccccceveviiiiienieeenniiiiiiecciniieneenns 528 4,000 77 260,000 10,000 250 2,700 11,000 18,000 R4.
30 Kings River valley.......ccccoviiiiiiinininniciiieenee 413 4,200 88 260,000 315,000 300 100 16,000 20,000 B3I
31 Desert Valley............ 4,200 ... 370,000 5,000 150 10,000 40,000 R7.
32 Silver State Valley ... 4,200 ... 140,000 1,400 4,500 100 5,800 16,000 B34.
33 Quinn River valley.........cocooviiiiiiinineinnened 4,300 112 880,000 362,000 M 4,700 51,000 42,000 B34.
42 Marys River area .................... erever——————— ...1,073 5600 ... 700,000 354,000 @ ... 58,000 B32.
43 Starr Valley area... ...332 6,000 ... 230,000 326,000 @ ... M 83,000 511,000 B32.
44 North Fork area.... 1,110 5400 ... 750,000 358,000 M 55,000 B32.
45 Lamoille Valley.... ...257 5,400 140 180,000 336,000 o . 58,000 B32.
46 South FOrk area........cccccoveiivnicieniiiniennnireecciecseeeeenne 99 5,600 100 98,000 34,000 0 600 3,000 2,400 R35, B32.
47 Huntington Valley..........c.cceevvviiiiiniieeninncrenscneeenaes 787 5,500 90 550,000 314,000 0 10,400 14,000 32,000 R35, B32.
48 Dixie Creek-Tenmile Creek area... ...392 5,400 100 240,000 313,000 1,000 9,000 4,000 16,000 R35, B32.
49 Elk. Lrverrrerrnnnennraeansenerannae ...314 5,100 103 170,00 87,400 ... 13,000 56,000 B32.
50 Sus(i)e Sé%e[zlinarea ...... ...223 5000 ... 130,008 ’;088 ...... M 6.100 5gOO B3§.
51 Maggie Creek area.........cocceevveecvevvenneecrennienneneeenenens 396 5300 @ ... 240,000 16,000 ... ’ 51,000 B32.
52 Marys Creek area.. w61 5200 ... 34,000 1,500 o e 5300 B32.
53 Pine Valley ........... 1,002 5,400 105 660,000 350,000 0 9,300 15,000 20,000 R2, B32.
54 Crescent Valley..... ... 752 5, 110 430,000 313,000 > 300 M 12,000 15,000 BIl5, B32.
55 Carico Lake valley......... ...376 5,100 120 160,000 34,300 0 300 3,800 8,000 R37, B32.
56 Upper Reese River valley...........cccoeviecinniinveiieeeenn. 1,138 5,800 117 700,000 337,000 0 500 37,000 12,000 R31, B32.
57 Antelope Valley.......cccooiiiiiiiiinniiicincreeeeeeeeen. 452 5,000 120 260,000 311,000 .. 6,000 500 5,000 RI19, B32.
58 Middle Reese River valley. ..319 4,900 120 170,000 7,000 6,500 9,000 3,000 5.000 RI19, B32.
59 Lower Reese River valley.. ..588 4,700 120 280,000 14,000 l7,0002 3.000 929 000 °17,000 3383
60 Whirlwind Valley.......... .94 4,800 ... 45,000 1,700 ... ’ ’ 5800 .
61 Boulder Flat.......... ..b44 4,700 ... 240,000 17,000 M 2,000 30,000 513,000 B32.
62 Rock Creek Valley...............ooovoovevveeveoorrressssrerersssssssnes 444 4,900 240,000 9,000 e e 9 800 ; 5100 BS2.
63 Willow Creek valley.......c...ccovvvieeiiniiniiecieeceennreeeennne 405 5,100 250,000 315,000 .. ’ 5100 B32.
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64 ClOVErS AT€a.......c..eevuereeirieeirieinerriteeseeessaeaaeeneassassseeses 702 4,500 120 300,000 39,000 ... 524,000 B32.
65 Pumpernickel Valley. 4500 ... 130,000 3,400 ... 1,000 72,000 56,000 B32.
66 Kelly Creek area ........oceevvvvvereerienesesseesnarsessesssscsesanses 4,400 ... 130,000 4,000 .. 58,000 B32.
67 Little Humboldt Valley ..........ccccoviiviveemneieccinvenncns 975 4,600 110 500,000 321,000 0 300 4,000 8,000 B32, B39.
68 Hardscrabble area......... ...167 5,200 110 120,000 9,000 0 M M <100 B32, B39.
69 Paradise Valley....... ...600 4,500 120 900,000 10,000 300 3,500 40,000 36,000 B32, B39.
70 WiNNemucca SEZMENL .........eeeeeerrreenseeesrereeessesnseesseeess 435 4,400 141 170,000 4,400 9,000 3,000 16,000 15,000 B19,2B2O,2B22,
B24, B27,
B32.
71 Grass Valley......cooceecevieriiiiniieicencee e cieeie e sesaesseees 520 4,400 130 250,000 12,000 .. 4,000 13,000 15,000 R29, B32.
72 TMIAY AT€QA.....ecveruirrrirerenereereeniestesseerrerserseessessessernrensenns 771 4,200 128 300,000 7,000 3,000 1,000 7,400 8,000 R5, B32.
73 Lovelock Valley.. ...685 4,000 128 260,000 3,200 1,000 S 3,100 20,000 R32, B32.
74 White Plains................. .. 164 3900 ... 51,000 M S s . 4,200 R59.
78 Granite Springs valley . ...967 4,000 150-170 350,000 3,500 1,000 0 4,400 26,000 R55.
79 Kumiva Valley........ccccovvvimeiiiecirieiiecneeeecieeceeens ... 383 4,500 150-160 120,000 1,000 1,000 0 10,000 R55.
Central Lahontan subregion
75 Bradys Hot Springs area..... 4,200 150-170 59,000 160 1,200 0 3,000 3,500 Rb55.
76 Fernley area..................... 4,200 ... 43,000 600 0 5800 ... 4,200 Bl17, R57.
77 Fireball Valley.......c.coenee.... 4,700 150-170 21,000 200 . ... 200 0 1,300 R55.
80 Winnemucca Lake valley ... 3,800 137 130,000 8,000 400 0 > 5,000 9,600 BI15, R57.
81 Pyramid Lake valley ........cccccccvniiniinniininenienieneene 3,800 137 270,000 6,600 350 3%0 ... 619,000 R57.
82 DOAZE Flal.......corvreriiiieeiieiiiecieieee et e e esaneeseeeeeaeas 92 4200 ... 43,000 1,400 2,800 150 ... 2,600 R57.
83 Tracy segment........... ...285 4300 ... 110,000 6,000 2,100 700 ... 1,000 R57.
84 Warm Springs valley.... ..247 4,300 140 130,000 6,000 0 = 200 1,500 4,200 R43, R57.
85 Spanish Springs valley........ccccoovvrueeerreninieecreneereenenens 76 4,500 140 30,000 600 0 100 900 1,700 R43, R57
86 Sun Valley .....ccocoeiiiiiiiiiiecneceeee et 10 4,700 140 4,000 50 0 25 2 200 R43, R57.
87 Truckee Meadows..........eeveieeeeirivieeieiiereeceereeeeeeeeeens 203 4,500 155 160,000 327,000 1,100 M 4,500 WI1779, R57.
88 Pleasant Valley.........cccoeociveviireniiieereeeniienccereecscssnens 39 4500 ... 46,000 10,000 50 300 ... 300 Rb57.
89 Washoe Valley.... .82 5,100 120 87,000 315,000 0 50 8,500 2,700 R41, R57.
90 Lake Tahoe basin.... 139 6,200 ... 180,000 345,000 0 0 M 6300 WI1972.
91 Truckee Canyon SegMENL...........ccccceceervvrreereerieinneennnes 84 4,900 ... 110,000 327,000 400 700 ... 400 R57.
92 Lemmon Valley.........cceeireriienenririnrneniesreeseenssseesseessens 93 5,000 130 48,000 2100 ... .. 1,200 2,300 R43.
93 Antelope Valley ........ccocerviveiirninrrreereniesresseneeseesesens 18 5,200 130 9,000 300 0 S 470 R43.
100 Cold Spring valley ........ccoceveverrernriereneeressesserneressesearane 30 5,100 130 18,000 3900 0 M 130 450 R43.
101 Carson Desert ............... ....2,182 3,900 127 720,000 2,000 M? M L 85,000 R59.
A, Packard Wash c....cccoivivciiiicccccceeeseiniees eeneee e e e e e R59.
102 Churchill Valley........cccovereiieeerieiircierecereereneeeeeens 480 4200 @ ... 170,000 1,500 M? M 7,400 R59.
103 Dayton Valley . 4,400 ... 180,000 7,900 M? M 4,400 R59.
104 Eagle Valley........ 4,700 119 58,000 3 8,700 0 M 4,000 2,000 R39, R59.
105 Carson Valley 4,800 114 270,000 325,000 3,000 M L 7,100 P417-F, R59.
106 Antelope Valley..........ccccueuerevereeecereereeeireseseeeeeeassessans 115 5,000 ... 69,000 % 5,000 S 200 5,700 2,000 R53.
107 Smith Valley.......cccooereveeirieneenneiiiireereennnreesiessessessnenne 4,700 120 270,000 21,000 200 500 ... 9,800 WI1228.
108 Mason Valley...... 4,500 118 160,000 2,000 500 1,500 57,000 29,000 B38.
109 East Walker area. 6,800 ... 250,000 12,000 S 150 6,500 8,000 R53.
110 Walker Lake valley... 4,300 186 . e e e e R40.
A. Schurz subare 4,200 136 160,000 500 1,400 S 17,000 15,000 R40.
B. Lake subarea........cccceevveeviveecrcirereeesiineeneenenns 307 4,000 ... ... 600 S 0 800 61,000 RA40.
C. Whiskey Flat
Hawthorne subarea...........cccooeovvveveveneiesncnenns 541 4,800 ... 210,000 5,400 300 S 4,600 9,000 R40.
240 Upper West Walker RiVET......ocovvciniiiinvesccenisiiseinsiins venee i eeveee e e e e 5100
241 Bridgeport Valley .....ccovvrvrvicrnciiniesreecreeiissssiesisees e e eeeee e s - e 52,000
113 HUntoon Valley...........couvveevveinenieereeesinisreresosessssesens 97 5,800 100-150 43,000 800 0 300 300 1,200 R52.
114 Teels Marsh valley . ...323 5,000 170-200 120,000 1,300 < 300 0 1,400 2,600 R52.
117 Fish Lake valley.........ccccovvvirievvnieiirericisseseeseenesnennas 706 4,800 96+ 270,000 7,300 S > 200 22,000 16,000 BI1.
118 Columbus Salt Marsh valley.............ccoeeveeeerreeverenennes 370 4,600 186 100,000 700 > 200 0 4,000 5,300 R52.

See footnotes at end of table, p. G35.

NOIDTY NISVE LVIdD

I1€D




TABLE 8.—Summary of selected ground-water resources data in the Great Basin Region—Continued

Ground-water Ground-water Report
i A 1 Ground-water  Ground-water ) Ground water
Hydrographic area Al’l"‘”‘i“}"‘“3 A;‘[’j‘::;?rlw grov:i‘:; sge:son ;::ig;i:::)una recha‘rg‘c fr.om inflow outflow e:afl:zz: in storage ( Sr:e::lcee s
number and name? area Mi) Ly floor (days) (acre-fr) Py @eredvy) ety PR (aaefu/ir references)
WESTERN GREAT BASIN—Continued
Central Lah bregion—Continued
119 Rhodes Salt Marsh valley........c.c.ccovureverrrerererrereeneienen. 199 4,600 170-200 59,000 500 400 0 1,000 3,400 R52.
120 Garfield Flat.......cccoceveeeirieiinennniniseseeeseseesssnenenns 92 5,700 100-150 34,000 300 0 300 0 1,500 R52.
121 Soda Springs valley ........c...oooveevvevinnicririeesiiecsiieeens 376 4,600 170-200 110,000 700 500 900 330 7,100  R52.
122 Gabbs Valley ........... 1,277 4,300 100-120 520,000 5,000 0 0 > 3,700 16,000 R9.
123 Rawhide Flats........ccceoereervereriererecrinecririiescsnssessassesee 227 4000 @ ... 75,000 150 350 0 800 600 R40.
124 Fairview Valley........cccoovcevvvinvincevinriineecneieevsaneens 285 4,200 ... 100,000 500 0 500 0 7,800 R23.
125 Stingaree Valley............covuceiiieeneeenereeresesseesesssseeeenes 48 4,400 ... 16,000 110 M M 1,300 R23.
126 COWKICK VALIEY .....vovceevereeeecerveseeseesererererseessesneneeee 110 4700 .. 44,000 800 M M 400 1,700  R23.
127 Eastgate Valley area ..............o.vc.oevrronesvveisimssnsssssonsores 216 4,800 ... 100,000 34,000 0 M 1,900  R23.
128 Dixie Valley................. 1,308 3,600 220 460,000 6,000 1,800 0 16,500 35,000 R23.
129 Buena Vista Valley.................. 742 4,100 110 310,000 10,000 0 0 12,500 24,000  BI13.
130 Pleasant Valley .285 4,400 ... 110,000 8,000 0 800 2,200 6,200 R23.
131 Buffalo Valley 504 4,700 120 240,000 12,000 0 8,000 4,000 17,000 R32.
132 Jersey Valley................ L1420 4200 0 .. 56,000 800 0 500 0 1,600 R23.
183 Edwards Creek valley .. ....416 5,200 120 190,000 8,000 0 0 7,300 7,000 R26.
134 Smith Creek valley .........ccooveueueeemmcccrieceeee e, 6100 .. 280,000 12,000 0 0 6,600 15,000 R28.
185 I0NE VAIIEY ......cvveeeriereirinieeneetseeeeeereseesessssesseseeens 6,000 ... 230,000 8,000 0 2,000 1,300 13,000 R28.
136 Monte Cristo Valley .......ccccoeeemrveriererrennni. . 5,400 100-150 94,000 500 0 0 400 7,200 R52.
137 Big Smoky Valley........ 2 ¢ O B41.
A. Tonopah Flat........cccoeeueeueenrevcnnnnne 4,800 150 580,000 12,000 2,000 8,000 6,000 70,000 B4l.
B. Northern part...........o.ccveeeeerecnseeccneesreninenns 5,500 130 740,000 365,000 0 0 64,000 50,000 B41.
138 Grass Valley.........ccccovrvriercennieninnienncireseeeess e eceanne 5,700 120 290,000 13,000 0 0 12,000 16,000 R37.
139 Kobeh Valley..... . 6,200 100 560,000 11,000 6,000 M 15,000 27,000 R30.
140 Monitor Valley .. 6,500 100 510,000 21,300 2,000 8,000 11,200 20,000 R30.
141 Ralston Valley........ocooeveeeenieeereeeiieecie e seeseeanne 5,600 144 360,000 5,000 3,000 5,500 2,500 27,000 RI12, R45
142 Alkali Spring valley
(Esmeralda)........ccoeceevrereeerenneciceerecee s 313 5,000 140 100,000 100 5,500 5,000 400 13,000 R45.
143 Clayton Valley...........cccooervinieriernnnrenenrernnnssessesssseses 555 4,400 150 180,000 1,500 13.000 0 24,000 13,000 R45.
144 Lida Valley........ ....585 5,000 140 170,000 500 200 700 0 15.000 R45.
145 Stonewall Flat ... ...381 4,800 140 110,000 100 S? 0 200 8,200 R45.
146 Sarcobatus Flat.. ...812 4,100 150 190,000 1,200 1,300 3,000 500 24,000 RI10, R54
147 GOId Flat...uuuecrirriiiecteieetesereeeetcteer e srenesssssns 684 5200 @ ... 250,000 3,800 0 0 3,800 16,000 Rb54.
148 Cactus Flat........couceureirerrcenriieieeeeecee e 5400 ... 130,000 600 0 0 14,000 R54.
149 Stone Cabin Valley...... 5,700 144 350,000 5,000 0 2,000 3,000 22,000 RI12, R45.
150 Little Fish Lake valley 6,600 75-100 230,000 11,000 0 10,000 200 8,000 R38.
151 Antelope Valley
(Eureka and NY€)......ccooceererirvererecerreeenreieeneerneenens 44 6,200 100 190,000 4,100 0 4,200 S 12,000 R30.
152 Stevens BaSIN .........ccccveuiivveruiiriirieeeieeeeereeeeeeeeeeseesersseenes 17 7,200 100 8,500 200 0 0 200 500 R30.
153 Diamond Valley ............ccovevvrmnrevrereeeernrerireseresneneenns 752 5,900 100 400,000 21,000 9,000 30,000 0 28,000 R6, B35.
154 Newark Valley.......... ..801 5,900 80-100 410,000 17,500 1,000 18,500 0 15,000 RI.
155 Little Smoky Valley. 1,158 6,100 75-150 450,000 5,600 S 1,900 1,200 25,000 R38.
156 Hot Creek valley... 1,036 5,300 150 390,000 7,000 > 200 4,600 S 23,000 R38.
157 Kawich Valley .......cccoovureveeereeeceiericeeeenene .350 5500 ... 150,000 3,500 1,000 0 4,500 X B12, R54
158 Emigrant Valley tereeeneester e ae et ae e neernenes 104 4600 ... 284,000 3,200 0 0 3,200 16,000 R54.
159 Yucca Flat......coivveereninniireneecenerceeeeceeseees 2305 4000 ... 100,000 700 0 0 700 5,200 R54.
160 Frenchman Flat........ .463 3200 ... 150,000 100 33,000 0 33,000 7,900 R54.
161 Indian Springs valley ..........cccouveviirivmnrrnreisncsverenennes 655 3,200 .. 270,000 10,000 22,000 32,000 M 18,000 R54.
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162 Pahrump Valley 2,800 ... 420,000 22,000 0 13,000 10,000 23,000 WI18382.
163 Mesquite Valley . 2,600 200-250 90,000 1,400 700 M 2,200 7,000 R46.
164 Ivanpah Valley....................... 2,700 ... 81,000 700 800 1,500 0 7,400 R46.
165 Jean Lake valley . w 2,800 ... 32,000 100 1,500 > 100 0 3,200 R46.
166 Hidden Valley 3,100 ... 11,000 M M M . 0 800 R46.
167 Eldorado Valley 1,800 275 190,000 1,100 M 1,100 0 14,000 R36.
168 Three Lakes valley .........cccceorrviniirniecniiniinninnincnnnnns 298 3600 ... 110,000 2,000 6,000 8,000 0 8,300 R54.
169 Tikapoo valley . 3400 ... 380,000 6,000 2,600 8,600 0 21,500 R54.
170 Penoyer Valley 5000 ... 270,000 4,300 0 0 6,400 22,000 BIl2.
171 Coal Valley v . 5,000 150 170,000 2,000 8,000 10,000 M 15,000 RIS, B33.
172 Garden Valley........c.cocouievieieciennsiniecteniissinssnssesnisnnns 5,500 150 230,000 10,000 0 8,000 2,000 15,000 RI18, B33.
173 Railroad Valley ......... rerersrrestneae et snaes 2,752 4900 ... 1,240,000 52,000 S 1,000 50,000 81,000 BI2.
174 Jakes Valley.....c.ccoeevvinemeneernrinienniecieniennccennssneennes 422 6400 ... 240, 17,000 8,000 25,000 0 9,800 B33.
175 Long Valley... ....651 6,100 100 250,000 10,000 0 8,000 2,200 16,000 R3, B33.
176 Ruby Valley... .1,004 6,000 107 720,000 368,000 10,800 0 53,000 33,000 BIl2.
177 Clover Valley........ccoeiveininiiniiuininniinininscssieneinessens 464 5,700 100 260,000 321,000 or M 19,000 15,000 BI12.
178 Butte Valley................. L0100 L. 100-180 ... h e e e e R49.
A. Northern part.. .27 6100 ... 140,000 3,900 0 800 6,900 9,800 R49.
B. Southern part.. .. 739 6,300 ... 420,000 315,000 0 ? 11,000 22,000 R49.
179 Steptoe Valley.............. ..1,942 5,900 119 1,200,000 385,000 0 S 70,000 50,000 R42.
180 Cave Valley........cceeriniccmiinunnsinnecnininseniisscsisessesssons 862 6,100 ... 220,000 314,000 0 14,000 200 10,000 R13, B33.
181 Dry Lake valley .......ccccocenviiniiiinenicniniinnenecscsiessensesaens 882 4,800 150 340,000 5,000 0 5,000 M 28,000 RI16, B33.
182 Delamar Valley........ . . 383 4,600 150 140,000 1,000 5,000 6,000 M 12,000 R16, B33.
183 Lake Valley... .- . 557 6,000 100 290,000 13,000 0 3,000 8,500 18,000 R24.
184 Spring Valley.......ccocceccerververmrrneninennenninseceninesnsescoens 1,661 5,700 100 ,000 375,000 2,000 4,000 70,000 42,000 R33.
185 Tippett Valley ......coveeiviieiiinnciiiiininnniieneeeesens 345 5,700 110 160,000 6,900 0 7,000 0 11,000 R56.
186 Antelope Valley........cooviiiieierennncniinincinnenniinennnnnnns 395 5,600 110 170,000 4,700 3,300 7,900 100 9,900 BIl2, R56.
187 Goshute Valley........cocverivimrerenrencneninneniincininennns 954 5,600 100 440,000 11,000 S 2,300 10,000 22,000 BIl2.
188 Independence Valley ............ccccoeuinrinininniinciennneenenen 562 5,600 100 250,000 9,300 0 9,500 18,000 BIl2.
225 Mercury Valley ......ccoeverieiieeencnecrnrenen i 110 3200 .. 38,000 250 16,000 17,000 0 M R14, R54
226 Rock Valley .......cocooeeeornereiniiccrniecienene ..82 330 ... 26,000 30 17,000 17,000 0 1,500 R4, R54.
227 Forty Mile Canyon.........ccccoceveecnirnnecnecnninnnasssnonnes 519 3,500 ... 188,000 2,300 13,000 15,500 0 7,400 RI14, R54
228 Oasis Valley R . . 3,800 184 150,000 1,000 2,500 1,500 2,000 4,000 RI10, R54.
229 Crater Flat .................. 3200 ... 61,000 220 1,500 1,700 0 3,500 RI4, R54.
230 Amargosa Desert. 2,600 180-200 240,000 600 44,000 19,000 24,000 35,000 RI14, R54.
EASTERN GREAT BASIN
Great Salt Lake subregion
189 Thousand Springs valley ...........c.cccvvvvnennnene .1,446 5,600 100-110 587,000 12,300 > 18,000 =>20,500 >5,700 38,000 R47.
191 Pilot Creek valley........... ...326 4,600 110 130,000 2,400 1,000 300 4,600 11,000 R56.
194 Pleasant Valley..........ccooveemiveeiiinieniecrennecnrneceneessenenas 75 6,200 ... 54,000 4,800 0 3,000 M 420 R34.
196 Hamlin Valley..........cccceviiviinnininnrenirieeneenseennenene 5800 ... 260,000 10,000 4,000 10,000 400 12,000 R34.
1 Grouse Creek valley . . 4,800 132 276,000 14,000 ... 2,000 11,000 1,600 T29, T42.
2 Pilot Valley......c.cccvurveeneerenernreneriinecenererienseeees 4,200 130 184,000 3400 ... ... 7,400 5,000 T41, T42.
3 Deep Creek valley. . 5,500 95 290,000 17,000 ... ... 15,000 3,200 T24.
4 Snake Valley......cocovveeverveeeeeeieireeeeeere e e e seeeeens 4,900 152 1,420,000 44,000 30,000 10,000 69,000 107,000 T14.
B PINE VAllEY ..ottt scrseesiscsnteseisesss eses e e eveeee e e e 512,000 W1475-N.
6 White Valley......coovviiinnsiiinisiniseinienicsseisesisessnsesse evevee e eeee e e e 514,000 W277, W1475-N.
7 Fish Springs Flat.. 4,400  eh e e e e 512,000 W277, W1475-N.
8 Dugway Valley .....coocvviiniviiiiirecciccirniinsntiissisiienses seeee e e e e e v 513,000 WI1475-N.
9 Government Creek valley.......cccocivviiiiiiicciviiniicniccenee veeee e e e e e e 57,000 W1475-N.
10 Skull Valley... ....880 4,700 140 490,000 30,000-50,000 ... 800-1,600 23,000-37,000 23,000 T18.
11 Sink Valley. ....150 4,400 205 54,00 1,000 ... 1,000 0 3,700 T26, T42.
12 Tooele Valley .... 400 4,500 209 7200,000 100,000 Sm ... 40,000 514,000 TI2.

See footnotes at end of table, p.
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TABLE 8. —Summary of selected ground-water resources data in the Great Basin Region—Continued

. Ground-water Ground-water Report
— i e el o, o Gt S Comnd e o
number and name? area (mi?) valley floor (days) (acre-ft) precipitation (acre-ft/yr) (acre-ft/yr) spiration (acre-fu/ft)* {See cable
(acre-ft/yr)® (acre-ft/yr) references)
EASTERN GREAT BASIN—Continued
, Great Salt Lake subregion—Continued
18 Rush Valley.... 5,200 195 550,000 34,000 ... 5,000 27,000 16,000 T23.
14 Cedar Valley ........ccoemerrrvvnenrineensenesaennnisesenscons 5,000 120 9151,000 24,000 ... 10,000 ... 58:000 T16.
15 Northern Juab Valley.........cccccoiiieeniiiienniceencnecnn 5,000 148 .. Sm Sm 18,000+ 55000 T17.
16 Goshen Valley.................... . 480 ... ... 830,000 Sm 4,000(?) 27,000 215,000
17 Southern Utah Lake valiey .. 480 ... 5120,000 ... 4,000 55000 97,500 { 128
18 Northern Utah Lake valley 4800 ... ... 8150,000+ 2500 + 13,000+ 5 68000 TI1
]9 ]ordan Valley .......... 4,700 ............ 8361,800 2’500 4"000 60:000 ]3:000 TS]:
20 Bountiful district.....cccccveevveeeeviccicvenencecsneeeenee & 460 000 e e e
21 Weber Delta distric.. 450 4,600 % ............ s0000 T 2%'888} T5, T35, P518.
eber Valley........cooveeeeieeceieirccienee e esareneseenes 330 5700 ... ... 886,000 30000 @ 17000 110K g
28 Rhodes Valley.......cooovveveveiiisicceeceninnrercsrernesessessvessosseses eovene eene e 822,000 30,000 17,000 }(])'888 g?gg %Z;
24 Morgan Valley.........c.ovrniiiiiniiennensnsssssessssns e > 51000
25 Ogden Valley........ccocceeeernmnencniisiiniinrcenvencensnesennneee. 45900 0 L 823,000+ 5
26 Promontory Mountains area. . 170 240,000 12,000 1500 2.000 y oo L i
15,000 9,000 14,000 7,600 T38, T42.
27 Blue Creek valley......c..cveviereneenenininniineennnnnsenereninnn 122 184,000 14,000 5 500 200 2000 T37, T42
28 Hansel Valleyand T ! ’ ' ’
northern Rozel Flat............ccociiiiinneninienenneeenee 122 160,000 8,000 1,000 7 600 650 T38, T42
29 Pocatello Valley......c..coocueeenrerereneeineneeencannaseseseessonesneneens N, - 52000 W383.
30 Curlew Valley.............. " 122 868,000 75,600 10 10
81 Park Valley a1ea ............oooorrmorerossssoersri 149 520,000 24000 o 3a000 10000 e T
32 Great Salt Lake DESErt...uuunecivcerreisrsreisessassrninenes v e e e ’ ! g W1475-N, T42
A. Lake subarea.... . s © o
B. WeStern DESert.......oueuiveiereerereeneriiersresesnasssssessssasans 580,000
Bear River subregion
33 EVanSION AT€Q .....ccceeivinminiiisireinnereisisisssisssssssssssnsnonss asenens seeseeemen e e e e 56,000
34 Randolf area........ccviircciiniciiiiicicicnsnieeeies smeeee e e eeeee e e 59,000
35 Smith’s Fork area. . 6,800 . h e e e e 50,000 W1539-U.
86 Bear Lake Valley ....cocovvvvcrnicciiiiicciiteticnsiiiiiieiiis aveniee e e e e e e 5 60,000 01969.
37 Soda Springs-China
HaAt @TEA.....evviiereririreeieieeeieeeereeeeseeevnrrnraereeesssssssesnsns 6.000 e e e e e e 54,000 01969.
38 Gem Valley-Portneur area...........c.cccceccemrunivirenreeensennens 5500 . et e e e e 57,000 01969.
39 Cache Valley . 4,700 150 ... 280,000 @ ...... Sm ... 25,000 T36.
40 Malad Valley, Idaho.......c..cocoevirmeveenceninirieneescneneeeane 485 4600 ... ... 50,000(?)  ...... 3,400 28,500 3,000 W1412, 01969
41 Lower Malad Valley-
Bear RiVEr Bay @r€a........cccccvvmeeiveririiiivescveenenessssses avveeee eeeeeereeeeeeeeeeeens 3400 ... ... 519,000
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Sevier Lake subregion

2,400 6,000-7,000 60-100
2,800 5,100-6,000

GREAT BASIN REGION G35
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