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CONVERSION FACTORS

For those readers who may prefer fo use metric units rather than English units,
the conversion factors for terms in this report are listed below:

English unit Metric unit

Multiplication

factor to convert
from English to
metric quantity
Acres Square metres (mz) 4,050
Acre-feet (acre-ft) Cubic metres (m3) t,230"
Cubic feet per second (cfs) Litres per second (1/s) 28.3
Do. Cubic metres per second (m3/é) .0283
Feet (ft) | Metres (m) .305
Gallons Litres (1) 3.78
Gallons per minute (gpm) Litres per second (l/s) .063]|
Inches (in) Millimetres (mm) 25.4
Miles (mi) Kilometres (km) .61
Square miles (miz) o Square kilometres (kmz) 2.59




GEOHYDROLOGY OF SMITH VALLEY, NEVADA, WITH SPECIAL REFERENCE
TO THE WATER-USE PERIOD, 1953-72

By F. E. Rush and C. V. Schroer

ABSTRACT

The principal source of water for Smith Valley is the West Walker
River. Most ground-water replenishment is infiltration from cropland and
canals.

The average annual inflow of the West Walker River for the period
of record (1958-72) was 179,000 acre-feet; outflow was 133,000 acre-feet.
The amount of water stored in the upper 100 feet of saturated alluvium
is about 1,500,000 acre-feet.

Most waters sampled were suitable for their intended use, but fluoride
and arsenic concentrations in many samples were higher than desirable if
these waters were to be used for human consumption.

About 160,000 acre-feet of water moved through the hydrologic system
in 1972. Of this amount, 46,000 acre~feet was consumed by irrigation,
although 93,000 acre-feet reached the irrigated areas. During 1972, a
ground-water pumpage of 20,000 acre-feet contributed to a ground-water
storage depletion of 6,000 acre-feet.

The system yield is estimated To be 62,000 acre-feet per year. About
9,000 acre-feet per year of ground water and 6,000 acre-feet per year of
surface water remain to be developed in the Artesia Lake area.

The conjunctive-use volume during near normal years is about 90,000
acre-feet.



INTRODUCT ION

Purpose and Scope

This is the second report on the hydrology of Smith Valley prepared
by the U.S. Geological Survey in cooperation with the Office of fthe State
Engineer. The first report was made by Loeltz and Eakin (1953) and described
conditions in the valley as of 1950.

This study of the geohydrology of Smith Valley is concerned principally
with the effects of water use on the hydrologic system for the period
1953 to 1972. The purposes of the study are to define the geohydrology,
the effects of water use since 1953, the effects during the calendar year
1972, and the effects that might be expected with continued increase in
water use and consumption.

The scope of the report includes: (1) a description of the geohydrologic
setting, (2) appraisal of the elements of inflow and outflow in the hydrologic
system, (3) a description of fthe surface-water supply and the ground-water
storage systems, (4) estimation of surface-water and ground-water use,

(5) effects of this use on the hydrologic sysfem, (6) definition of the
chemical character of water, and (7) an evaluation of future water supply
and effects of its development.

The field work began in October 1970 and has been conducted intermittently
through the winter of 1973-74. The yvear 1972 is the base year for water
budgets developed in this study.

The numbering system used for hydrologic sites is explained in the
appendix.

Location and General Features

Smith Valley is in the central part of the Walker River drainage
basin of Nevada and California, as shown in figure |. Most of fhe flow
in The river is generated in the Sierra Nevada from melting snow. The
river terminates at Walker Lake, a remnant of ancient (Pleistocene) Lake
Lahontan. The north boundary of the valley is 40 miles southeast of Reno.
Mountains that generally range in altitude from 6,000 feet to over 10,000
feet surround the valley. The highest peak in the area is Mt. Patterson,
at the south end of the basin. The lowest point in the valley is Artesia
Lake. The West Walker River crosses Smith Valley from west to east (fig.
). Smith, a8 small community near the center of the valley, is af an
altitude of 4,780 feet. The valley has an area of about 479 square miles
(Rush, 1968, p. 19).

The population of the valley in 1972 was between 300 and 500. Most
people's employment is directly or indirectly related to the approximate
80 farming and ranching unifts.
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Previous Work

Several! reports that describe various aspects of the geology or
hydroloegy of Smith Valley have been published. The following is a brief
summary of the more important publications. Miller and others (1953,

p. 36) listed 34 chemical analyses of water samples collected in Smith
Valley from 1933 to 1952. Of these samples, |6 were from wells and five
from springs.

Loeltz and Eakin (1963) authored a semiquantitative report on the
geology and hydrology of the valley. This report contains descriptions
of most aspects of the hydrologic system and 27 pages of well and water-
qual ity data.

A preliminary geologic map, which includes Smith Valley, was authored
by Moore (1961). More recently, a report describing the geologic development
of the basin was published by Gilbert and Reynolds (1973).

Domenico and others (1966) evaluated the economic and physical aspects
of pumping irrigation wells to supplement diversions from the West Walker
River. They concluded that more water could be pumped cheaper with the
existing wells if the operation were centralized to provide water for
the benefit of the entire area.

The U.S. Department of Agriculture (Nevada River Basin Survey Staff,
i969) made a survey of the Walker River Basin in which they presented
findings and conclusions concerning water and related land resources.
They concluded that (|) economic activity could be increased, (2) water
quality could be improved, (3) streams could be better regulated and flood
damage decreased, (4) land productivity could be increased, and (5) recreational
opportunity could be enhanced.

The present report is one of a series that describes the hydrology
of the Walker River Basin. The other reports in this series are, in downstream
order: (|) Glancy (i1971), Antelope Valley and the East Walker Area; (2)
Rush and Hill (1972), bathymetry of -Topaz Lake; -¢3) Huxel- (1969); Mason -
Valley; (4) Everett and Rush (i967), Walker Lake Valley; (5) Katzer and
Harmsen (1973), bathymetry of Weber Reservoir; and (6) Rush (1970), bathymetry
of Walker Lake.

in addition, continuously recorded streamf low gaging data have been
published for the valley. These data are presented in various U.S. Geological
Survey Water-Supply Papers and open-file reports.

Acknow | edgments

During this study the authors received abundant cooperation and help
from many farmers and ranchers, especially irrigation-well owners. In
addition, the Walker River Irrigation District was helpful in providing
stream and canal diversion data. All help was greatly appreciated.



HISTORY OF WATER-RESOURCES DEVELOPMENT

Surface Water

Apparently the first irrigation diversion of surface water in Smith
Valley was from Desert Creek by J. B. Lobdel in 186l. The first large
diversion ditch was constructed in 1862, followed by the construction
of several ditches during the next few years. |In 1876, south of the river,
an 8-mile long ditch was dug, which may have been the beginning of either
the Saroni or the Plymouth Canal. In the next few years the Colony Canal,
the principal ditch extending northward from the river was constructed
(Loeltz and Eakin, 1953, p. 27).

Prior to 1881, about 6,000 acres was cultivated. The principal crops
were hay, vegetables, and fruit. By 1919, river diversions were becoming
so large that the Walker River Irrigation District was formed to administer
the diversions. |In 1922, Topaz lLake was added to the river system as
an off-channel reservoir west of and upstream from Smith Valley (fig.

1). In 1937, the usable storage capacity of Topaz Lake was increased
from 45,000 acre-feet to 59,000 acre-feet (Loeltz and Eakin, 1953, p.
7).

Annual natural-flow appropriations for Smith Valley from the West
Walker River amount to about 45,000 acre-feet, with storage rights in
Topaz Lake adding an additional 28,000 acre-feet (Domenico and others,
{966, p. 6).

Ground Water

In general terms, the history of ground-water development in Smith
Valley is summarized. in figure 2 and table |I. Most of the development
has been in the last 20 years. Two types of irrigation development can
be identified: (1) Water from ground-water sources to supplement diversions
from the West Walker River and Desert Creek, and (2) pumping of wells
as the sole source of water for irrigation. Supplemental ground water
was the objective of most of the well construction through about [965.
These wells were constructed throughout the areas where surface water
is used (pl. 2). Because of drought conditions during the period 1959-
61, many supplemental wells were drilled and pumped. Since about 1965,
a growing proportion of the new wells has been constructed to irrigate
areas not supplied with surface water. North of the river, these lands
are mostly in sec. 12, T. Il N., R. 23 E., and sec. 3I, T. 12 N., R. 24
E. South of the river, two such wells are in secs. 16 and 21, T. 10 N.,
R. 24 E.

In addition, Nevada.Hot Springs (12/23-16dc; see p. 122 for location
system), the Ambassador Gold Mining Company well (13/23-25ca), and many
low-yield flowing wells (Loeltz and Eakin, 1953, p. 29 and 48) remain
sources of ground water.
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Table |.--Ground-water use chronology

* Year Item

1921 Ground-water rights totaled 430 acre-feet per year to irrigate 88
acres according to DWR (Nevada Division of Water Resources).

1932 First large-diameter (l4-inch}, deep well (155 feet), drilled by
Ambassador Gold Mining Co. Later and currently used for
irrigation.

1949 Irrigated crop tand was 18,290 acres (Hardman and Mason, 1949,
p. 36).

1952 Ground-water rights totaled 6,395 acre-feet per year fo 1rrnga+e
1,610 acres according to DWR.

1958-60 Ground-water pumpage for each year was 3,000 acre-feet, according
to DWR.

[960-61 Seventeen irrigation wells drilled. Only Il previously in
existence. Ground-water pumpage in 1961 was 18,000 acre-feet,
according to OWR.

1964 Ground-water pumpage was 13,500 acre-feet from 24 irrigation wells,
according to DWR.

1965 Irrigated land equaled 22,199 acres (U.S. Department of Agriculture,
Nevada River Basin Survey Staff, 1969, p. 52). Ground-water
rights totaled 63,722 acre-feet per year fo irrigate 16,045
acres, according to DWR.

1972 lrrigated crop land was 22,600 acres, on the basis of an invenfory

made as part of this study. Forty-eight irrigation wells have
been drilled to date; 39 were pumped during 1972. Estimated
ground-water pumpage for irrigation was 20,000 acre-feet.
Ground-water rights totaled 83,958 acre-feet for 21,102 acres
(fig. 2).




HYDROLOGIC ENVIRONMENT

Smith Valley is arid to semiarid. Average annual precipitation on
the valley floor probably ranges from about 6 to |0 inches. The annual
potential lake evaporation is about 48 inches (Kohler and others, 1959,
pl. 2). The surrounding mountains receive somewhat more precipitation--
in some areas as much as 20 inches. To the west, in the headwater area
of the West Walker River, a thick snowpack accumulates in most winters.

The highest monthly rates of precipitation generally are in the period
November to March, as shown in figure 3. Long-term frends in precipitation
are shown in figure 4. Based on records from nearby areas, the period
1860-1919 probably had above-normal precipitation.

Air temperatures in Smith Valley are moderate. Overnight lows in
January average about 10°F (-12°C); daytime highs in July average near
90°F (32°C). Day to night fluctuations are commonly 30 to 40°F (17 to
22°C) throughout the year.

Table 2 summarizes growing season data for the valley. It shows
that a 28°F (-2°C) growing season generally lasts between 110 and 140
days.

Table 2.--Growing-season temperature data for stations
in and near Smith Valley
[Compiled from published records of the National Weather Service]

Average number of days

Period of . above specified temperature
record 24°F 28°F 32°F
Stationl/ (years) (-4°C) (-2°C) (0°C)
Smith- - 1948-66 149 118 75
Topaz Lake 1959-71 155 132 99
Wellington Ranger Station 1948-71 181 154 129
Yerington 1948-71 170 139 108
Estimate for most of
Smith Valley floor 140-170 110-140  70-120

I. For locations, see figure |.
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Lithologic Units and Structural Features

For the purposes of this report, the rock types of Smith Valley were
grouped into four consolidated-rock units and three alluvial units, as
shown on plate |. The division was made on the basis of the published
geologic map of the area (Moore, 1961), aerial photograph interpretation,
and field inspection of a few alluvial outcrops. Table 3 is a summary of
these lithologic units.

The structural features of principal interest in the hydrologic study
were the range-front faults and those that cut alliuvium. Both may be
important hydrologically in that they may either be avenues along which
ground water flows or barriers to across-fault flow of ground water.

Both types of faults are shown on plate |. Other faults are present in the
mountains, but are not shown. Undoubtedly many additional faults remain
to be identified and mapped.

Source, Movement, and Discharge of Water

Sources of water for the valley are precipitation that falls within
the topographic basin, especially snow in the mountains, and inflow of
West Walker River from the west. In addition, a small amount of stream-
flow is diverted from a high-altitude tributary of West Walker River in
Catifornia to Lobdell Lake, near the headwaters of Desert Creek, at the
south end of the valley (pi. 1).

Ground-water movement is generally perpendicular to the water-level
contours shown on plate 2. A ground-water divide separates the valley-fill
reservoir into two flow systems. The larger system occupies the southern
two-thirds of the valliey; ground-water fiow in this system is generally
toward the river from both the north and the south. In the northern
one-third of the valley, flow is generally toward centrally located
Artesia Lake.

in both flow systems, the immediate source of most of the subsurface
flow is infilfration from fieids and canais. A secondary source of flow
is from recharge due to precipitation in the mountains.

frrigated land is a discharge area for irrigation water diverted
from West Walker River, wells, and Desert Creek, and, as described above,
it is also a source area for ground water. The distribution of irrigated
land in 1972 is shown on plate 2. Most irrigated lands receive water through
canals from West Walker River. The phreatophyte (native ground-water
consuming plants) areas, shown on plate 2, are also discharge areas.
Diverted river water is supplemented with pumped well water in many
irrigated areas. -

A minor but significant geothermal heating of ground water is indicated
in parts of the area (tabie 4). The most impressive discharge of hot water
in the valley is Nevada Hot Springs (12/23-16dc), in the northwestern part
of the valley (table 5, and pl. 2). The springs, |like most hot springs in
Nevada, are on a fault which probably forms a permeable zone for upward
flow.

-10-
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Warm water from wells that penetrate alluvium probably is a mixfure
of normal-temperature water of 54-59°F (12-15°C) with much warmer thermal
water. The thermal water probably reaches the alluvium through fracture
zones or faults in the underlying bedrock. Many of these faults or
fracture zones have not been located, other than by the presence of warm
water.

Table 4.--Range and distribution of ground-water temperatures

Temperature Temperature range Number of

classificationl/ (°F) (°O) samples Location

Norma | 54-59 12-15 25 Mostly along axis of
valley

Slightly warm 60-64 16-18 16 Mostly along valley
margins south of
river and west of
Owens Fault (pl. 2)

Moderately warm 65-69 18-2| 3 Scattered occurrences

Very warm 70-100 21-38 5 East of Owens Fault
and north of Artesia
Lake

Hot >|00 >38 2 Nevada Hot Spring and

: a well at Wellington
. 54-144°F
Summary : 12-62°C Total 51

|. Classification designed for hydrologic conditions in Smith Valley.

Table 5.--Measured discharge and water temperature
’ of Nevada Hot Springs

Discharge Temperature of water

Date (cfs) (°F) {°C)
8-17-72 1.26 128 53
2- 8-73 1.14 . 122 50
4-26-73 .93 108 42
7-23-73 - 1.29 - -~
Average (rounded) ~ 1.2 = 540 gal/min -= --
6-30-72 Highest temperature measured 144 62

at a spring orifice
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Streamflow Characteristics

The principal stream in Smith Valley is the West Walker River, which
enters- the valley through Hoye Canyon from the west and flows eastward out
of the valley through Wilson Canyon (fig. |). Desert Creek drainage (fig. 1|)
is entirely within the valley, having its headwaters in the mountains at
the south and flowing northward toward the West Walker River. Under native
conditions, some flow from Desert Creek, reached the West Walker River in
most years. Under present conditions, most of the flow of Desert Creek
is diverted, and |ittle reaches the river.

Minor streams, such as Sheep Creek, and flow in Burbank, Red, and
Pipeline Canyons, are only a trickle during most of the year (pl. 2).
Other channels have flow only during short periods of rapid winter or spring
snowmelt, or intense summer thunderstorms. An approximate areal distribution
of annual streamflow in Smith Valley follows:

Stream Percent of total
West Walker River 94
Desert Creek 5
All others |
Total 100

In addition to the usual stream-gaging and streamflow measurements
made during hydrologic studies, estimates of mean annual flow were made
using a channel-geometry method described by Moore (1968). This method
was used mostly on ephemeral channels, but also was used on perennial

streams to provide additional checks on values of mean annual flow deter-
mined from flow data.
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VALLEY-FILL RESERVOIR

Extent and Boundaries

The valley-fill reservoir consists of the older and younger alluvium
and playa deposits that underiie the valley floor and apron (pl. ). |I+s
areal extent is shown on plate 2. |+s full thickness is unknown, because
no well fully penetrate it, other than near its margins where it is thin.
The reservoir is probably several thousand feet thick along the western
side of the valley and thinner fo the east. The external hydraulic
boundaries are formed by low-permeability consolidated rocks which underlie
and form the sides of the reservoir. Recharge boundaries are formed by
West Walker River, Desert Creek, the flow from Nevada Hot Springs, canals,
irrigated fields, and thermal water rising from consolidated rocks. Because
of the low permeability of the bed of Artesia lLake, ponded water in the
lake probably cannot be considered a significant source of recharge. -

The principal internal hydrologic boundaries are faults (pls. | and 2)
and extensive |ithologic changes in the alluvium, such as transition from
sand and gravel to the fine-grained playa deposits underlying Artesia Lake.
Because of the extensive cultivation and land leveling in the valley, more
faults probably are present than have been detected. The Owens fault in
the northern part of the valley (pl. 2) has been established during this
study as an effective boundary to lateral ground-water flow, yet the fault
zone is a conduit of rising thermal water. The result is that on the east
side of the fault, two irrigation wells (12/24-31bd and 12/24-31db, table
25) have experienced excessive drawdowns. This is discussed further in a
tater section of the report that describes the effects of man's activities.
Indirect evidence indicates that another fault may be present near or
between wells 10/24-21ba and 10/24-20ab in the southern part of the valley,
and may be an extension of a fault farther fo the south (pl. 1). The first
well yielded water with a temperature of 67°F (19°C); the latter, 54°F
(12°C). The latter temperature is near that expected without geothermal
input. The wells are slightly less than one mile apart.

Hydraulic Properties

Transmissivity and permeability of aquifers in the upper 500 feet of
saturated alluvium have been evaluated; the results are presented in
figures 5-7. Twenty-seven short-term pumping tests of irrigation wells
were the principal bases for the evaluation, but in addition, well logs,
pumping rates, and general geologic interpretations were used.

The transmissivity map (fig. 5) shows that the Red Canyon-Burbank
Canyon fan is the area where water can most easily be fransmitted fo wells
by pumping. The area of the flood plain of the West Walker River and
Desert Creek are intermediate in value. The bulk of the valley-floor area
generally has values less than 50,000 gpd/ft (gallons per day per foot).
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Figure 5.--Generalized transmissivity of the upper 500 feet of saturated
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Within any one area, the data in figure 5 show a large numerical
variation in fransmissivity. As a result, the map should be used only
as a general guide. For any specific site, the transmissivity of the
upper 500 feet of saturated alluvium could be within a fairly wide range
of values.

To translate the transmissivity shown in figure 5 to terms a well
owner could use, the following approximate relation exists for a well at
the end of 24 hours of continuous pumping:

Transmissivity in gpd/ft
2,000

Specific capacity =

where specific capacity is the yield of the well, in gallons per
minute per foot of drawdown. This assumes that there are no nearby
subsurface restrictions (boundaries) to flow, and that well efficiency
is high. For examplie, assume that a pumping test yielded a transmissivity
value of 100,000 gpd/ft. At the end of 24 hours of pumping, the

well would have a specific capacity of about 50 gal/min per foot

of drawdown. |f the weil were pumping 2,000 gpm, then the drawdown
would be about 40 feet below the prepumping (static) water level

if the efficiency of the well is high. After a longer period of

time the specific capacity would be smaller because of the continuous,
slow decline in pumping level. The relation of ftransmissivity and
specific capacity to pumping rates and pump size for the existing
irrigation weils is given in figure 6. Generally, to maintain a

given discharge, wells in lower-transmissivity materialis require
larger pumps than wells in high-ftransmissivity materials.

Figure 7 shows the distribution of permeability of the average
aquifer material in_the upper 500 feet of saturated alluvium. This
map is based on fransmissivity values obtained from pumping tests
and an evaluation of sand and gravel (aquifer) thicknesses as reported
in drillers' logs. The relation between transmissivity and permeability
is:

Transmissivity = permeability x aquifer thickness.

The map shows that the aquifers associated with the Red Canyon-Burbank
Canyon fan have permeabilities equivalent to well-sorted beds of

sand or sand and gravel. Cautions regarding the use of figure 7

are the same as those described above for the transmissivity data.

The storage coefficient for most of the valley-fill reservoir, for a
prolonged period of pumping, will equal the specific yield, or about 0.15.
tn the short term, semiconfined (artesian) aquifers, where present in the
area east of Owens fault (fig. 7), have coefficients several orders of
magnitude smaller.
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The valley-fill reservoir contains water both semiconfined by overlying,
relatively impermeable beds and under unconfined conditions. Semiconfined
conditions are: (1) east of Owens fault in the area of wells 12/24-3|ba
and 12/24-31db, and (2) in low-lying areas of flowing wells and springs
(a) around Artesia Lake and extending southward along the valley floor to
about the south boundary of T. {2 N., and (b) extending southward from the
West Walker River about 2 miles. The area of artesian-wel! flow was mapped
by Loeltz and Eakin (1953, pl. 2). In 1972 it remained about the same size
and shape, except for seasonal reduction in head and the consequent
diminishing of flow associated with the pumping of nearby irrigation wells.
The wells east of Owens fault do not flow.

Ground Water in Storage

The valley-fill reservoir contains a large amount of water that is
slowly moving through the system; the direction of fiow is generally-.
downgradient and perpendicular fo the water-level contours shown on
plate 2. The estimated volume of this water, using a specific yield of

0.15 and an effective area of valley fill of 100,000 acres, is about
15,000 acre-feet per foot of saturated materiail, or 1,500,000 acre-feet
in the upper 100 feet of saturated valley fill. This is a very large

amount of water in relation to the volume of water moving through the
hydrologic system each year. For example, the storage in the upper (00
feet of saturated alluvium is nearly four times larger than the average
annual precipitation that falls in the basin, and roughly 10 times larger
than the inflow fo the valley in the West Walker River in 1972 (t+ablie 6).
The storage in the entire thickness of alluvium is not known because the
alluvial thickness is not known; however, only a fraction of the total
stored water would be available to wells. The main sources of this water
are infiltration of (l) precipitation that falls principally in the moun-
tains of the basin,.(2) water that has been diverted by irrigation canals
from West Walker River, and (3) Desert Creek. The depth to this mass of
stored water is shown in figure 8.

Loeltz and Eakin (1953, p. 29-34) documented large-scale water-level
rises prior to 1950. These rises were attributed mostly to percolation of
irrigation water. The rise in ground-water level has been much smaller
since 1950, and changes are more localized. Figure 9 shows a gradual rise

in the water leve! of well 11/24-27¢cb from 1919 to about 1935, then a
dramatic rise of about 65 feet from 1935 to 1950, but only about a 5-foot
rise from 1950 to 1973. Well |1/24-32ca, a few tens of feet southeast of

Ralph Nuti's home, has a similar water-level history: 27-foot depth to
water in 1937 (Loeltz and Eakin, 1953, p. 32) but a water level at land
surface in 1948 and 1973.

Some lowering of water levels has resulted from two factors: (1)
reduced infiltration of irrigation water and natural recharge during a
drought period and (2) increased pumping for irrigation during the same
period. In figure 10, wells |1/24-32dc and 11/23-3dc show this type of
water-level decline during the drought period 1959-62, resulting in a
fowering of 20 and 16 feet, respectively. Well 10/24-4cd possibly has
a similar history, as interpolated from the incomplete <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>