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CONVERSION FACTORS AND ABBREVIATIONS

"Inch-pound” units of measure used in this report may be converted to
International System (metric) units by using the following factors:

Multiply By To obtain
Acres 0.4047 Square hectometers (hm2)
Acre-feet (acre-ft) 0.001233 Cubic hectometers (hm3)
Acre-feet per year 0.001233 Cubic hectometers per year
(acre-ft/yr) (hm3/yr)
Cubic feet per second 0.02832 Cubic meters per second
(££3/s) (m3/s)
Feet (ft) 0.3048 Meters (m)
Feet per mile (ft/mi) 0.1894 Meters per kilometer (m/km)
Feet per second (ft/s) 0.3048 Meters per second (m/s)
Feet per year (ft/yr) 0.3048 Meters per year (m/yr)
Inches (in.) 25.40 Millimeters (mm)
Miles (mi) 1.609 Kilometers (km)
Square feet (ft2) 0.0929 Square meters (m?)

For temperature, degrees Fahrenheit (°F) can be converted to degrees
Celsius (°C) by using the formula °C = 0.5556 (°F - 32).

NATIONAL GEODETIC VERTICAL DATUM OF 1929

The term "National Geodetic Vertical Datum of 1929" (NGVD of 1929)
replaces the formerly used term "mean sea level” to describe the datum
for altitude measurements. The geodetic datum is derived from a general
adjustment of the first-order leveling networks in both the United States
and Canada. For convenience in this report, the datum also is referred to
as "sea level.”

Vi1l



GEOHYDROLOGY AND SIMULATED RESPONSE TO
GROUND-WATER PUMPAGE IN CARSON VALLEY,
A RIVER-DOMINATED BASIN IN DOUGLAS COUNTY,
NEVADA, AND ALPINE COUNTY, CALIFORNIA

By Douglas K. Maurer

ABSTRACT

A numerical model was used to simulate the effect of development
of the ground-water reservoir in Carson Valley on Carson River outflow,
evapotranspiration, and ground-water levels and storage. Flood irrigation
from flow of the Carson River is the main source of water for agriculture
in the valley. Geohydrologic data from previous reports and drillers' logs
were combined with water-level and streamflow measurements for water years
1981-83 to produce a comprehensive characterization of the hydrologic
system.

The basin-fill ground-water reservoir consists of: (1) confined and
unconfined sedimentary deposits of Quaternary age that underlie the valley
floor, and (2) sedimentary deposits of Tertiary age that are exposed mainly
on the east side of the valley. Water-levels indicate the presence of two
confined aquifer systems: one relatively shallow-—less than 100 feet
deep——that lies along the base of the Carson Range on the west side of the
valley, and the other--generally deeper than 200 feet——that underlies most
of the western half of the valley floor. Unconfined water levels are
within 5 feet of land surface throughout most of the valley floor, the
depth to water increasing to over 100 feet near the margins of the valley.
The Tertiary sediments transmit water mainly through thin sand and gravel
strata separated by thick, partly consolidated clay units, giving the
deposits as a whole low hydraulic conductivity. The basin-fill reservoir
is surrounded by granitic bedrock that transmits recharge to the basin
through weathered and fractured zones near the contact between bedrock
and valley fill.

Estimates were made of the distribution of hydraulic properties of
aquifer materials, and of the components of inflow to and outflow from
the basin-fill reservoir. Inflow components consisted of the following
approximate quantities, in acre-feet per year: (1) mainstem Carson River
flow, 360,000; (2) direct precipitation, 70,000; (3) runoff from perennial
and ephemeral streams, 24,000; and (4) subsurface inflow, 38,000.
Approximate estimates of outflow components were, in acre-feet per year:
(1) mainstem Carson River flow, 291,000; and (2) potential evapotranspira-
tion, 200,000, Both inflow and outflow totaled about 490,000 acre-feet per
year. These flow volumes show that the hydrologic regimen of the basin is
dominated by surface-water flow of the Carson River.



The estimates of hydraulic properties and water-budget components
were incorporated into a numerical ground-water model that simulates
evapotranspiration and interchange of water between the Carson River
and the ground-water system of Carson Valley. Steady-state and transient
calibration of the model provided an acceptable fit of observed versus
simulated ground-water level fluctuations and storage, and surface-water
outflow from the valley.

The steady-state simulation indicates net average annual losses of
(1) about 44,000 acre-feet by surface-water percolation to the basin-fill
reservoir, and (2) about 170,000 acre-feet by evapotranspiration and
evaporation from surface-water bodies from the basin-fill reservoir.
These values provide a reasonable balance for the simulated steady-state
water budget.

Simulations show that surface-water flow is the ultimate source of
about 75 percent of pumped water for six scenarios of possible future
ground-water development. Simulated water—level declines due to pumping
are small on the valley floor, where induced stream leakage replenishes
the pumped water, but are greater near the east and west margins of the
valley, where pumping intercepts subsurface recharge. In long-term
(45-year) simulations, water—level declines due to pumping on the east
and west sides of the valley extend to the valley floor with time, and
additional stream leakage is induced. Model simulations indicate that
changes from agricultural to urban land uses could decrease the loss of
Carson River outflow to pumpage when streamflow is not used for flood
irrigation in that area. However, accompanying permanent water-level
declines would probably increase.

INTRODUCTION

Urban development of the ground-water basins along the eastern side
of the Sierra Nevada is increasing the demand for ground-water supplies.
Carson Valley is the major storage reservoir of potable ground water in
the Carson River basin (Glancy and Katzer, 1975, p. 15). This ground
water is the sole source of domestic and public supply for the rapidly
expanding urban population in the valley, as well as a supplemental
supply for agricultural production——a major economic base in the area.

Throughout the floor of Carson Valley, the Carson River is in
intimate contact with the shallow ground-water reservoir, which lies
within 5 feet of land surface. Increased ground-water withdrawals from
the reservoir may decrease streamflow in the Carson River, which is a
major source of water for agricultural use along the 50-mile reach down-
stream from Carson Valley. Large-scale ground-water withdrawals also may
cause water—level declines and increase pumping lifts within Carson
Valley.



Purpose and Scope

This investigation of the ground—-water hydrology in Carson Valley was
conducted from 1980 through 1985 by the U.S. Geological Survey, in coopera-
tion with Douglas County. The purpose of the study was to (1) collect,
compile, and analyze hydrologic data to quantify the hydrology of the valley
and to enhance the understanding of the valley's geohydrologic system; and
(2) develop a ground-water model that would simulate the response of the
hydrologic system to applied stresses and that could be used to estimate
the probable hydrologic effects of various development alternatives.

This report presents the results of the investigation.

Work began with a gravity survey in 1980 to determine the depth to
bedrock in Carson Valley; the results are discussed in detail in a separate
publication (Maurer, 1986). From 1981 to 1983, work included: (1) measure-
ment of water—level fluctuations and surface~water runoff, (2) drilling of
additional observation wells, (3) collection of ground-water pumpage data
and measurement of pump efficiencies, and (4) compilation of existing data
reports and drillers' logs to obtain estimates of geohydrologic character-
istics of the ground-water reservoir. Development of a water budget and
initial estimates of hydraulic conductivities and specific yield were
accomplished in 1983. From 1983 to 1985, the ground-water model was
developed and calibrated, and simulations of possible ground-water
development were made.

The model, which represents a compilation of all available data,
was used to (1) test estimates of the geohydrologic characteristics of the
ground-water reservoir, (2) evaluate the components of the water budget for
the basin, (3) enhance the understanding of the hydrologic flow system in
the basin, and (4) simulate the effect of various possible developmental
alternatives on Carson River outflow, evapotranspiration, ground-water
levels, and ground-water storage in the valley.

Description of Study Area

Figures 1 and 2, and plate 1 show the location and general features
of Carson Valley. Almost all of the valley is in western Nevada, with its
northern end about 4 miles south of Carson City, the State capital. The
southwesternmost part of the valley is in Alpine County, Calif. Minden
and Gardnerville are in the central part of the valley and the Johnson
Lane, Indian Hills, and Jacks Valley subdivisions lie near the north end.
The small town of Genoa and scattered small subdivisions lie along the west
side of the valley. The small Ruhenstroth and Fish Spring Flat subdivisions
are south and east of Gardnerville. Out of the total 284,000 acres in the
drainage basin, 46,000 acres are irrigated for agricultural use. Approxi-
mately 6,000 acres of land are urban, supporting a population of about
25,000 (John Renz, Douglas County Planning Commission, written
communication, 1983).
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Carson Valley is bounded by the Carson Range of the Sierra Nevada on
the west and the Pine Nut Mountains on the east. The valley is oval shaped,
15 miles wide and 24 miles long; the valley floor slopes from an altitude of
5,000 feet above sea level in the south to 4,600 feet in the north. The
Carson Range rises abruptly from the valley floor to a maximum altitude
of about 10,000 feet, whereas the Pine Nut Mountains to the east rise more
gradually to a maximum altitude of about 9,000 feet.

The valley lies in the rainshadow of the Sierra Nevada. The floor
receives less than 10 inches of precipitation in an average year (plate 1).
The Carson and Pine Nut Mountains, however, receive as much as 45 and 26
inches per average year, respectively; 92 percent of all precipitation is
associated with winter storms from October to May and only 8 percent with
summer thunderstorms (Spane, 1977, p. 47).

Summers in Carson Valley are warm; high temperatures are about 90 °F,
with about 75 consecutive frost—-free days, in an average year. Tempera-
tures during winter months average about 30 °F, and the snow level often
lowers to the valley floor.

The irrigated lands produce mainly alfalfa and native grass, which
are used as forage for beef and dairy cattle as well as horses. The west
side of the valley is flanked by steep alluvial fans vegetated with sage,
bitterbrush, and rabbitbrush. Scrub vegetation gives way to Douglas fir
on the steep slopes of the Carson Range. The east side of the valley is
vegetated with sage and rabbitbrush, which are used mainly for sheep
grazing; pinion pine becomes prominent at higher elevations, and is
used mainly for firewood.

Previous Work

In the 1950's, a major dam (Watasheamu) was proposed on the East
Fork Carson River south of the valley. Data for analysis of the possible
effects of the dam were collected by the U.S. Bureau of Reclamation from
1950 to about 1960; the effort concluded with the compilation of several
basic-data reports on the water levels and hydrologic setting of the valley
by the U.S. Bureau of Reclamation (1954, 1961, 1965). From 1969 to 1977,
several other reports were published on the water resources of Carson
Valley which dealt with estimating various elements of the water budget
of the valley: Piper (1969), Walters, Ball, Hibdon & Shaw (1970), Guitjens
and Mahannah (1972), Vasey-Scott Engineering Company (1974), Glancy and
Katzer (1975), and Spane (1977). Dillingham (1980) reviewed and evaluated
previous work and provided much additional information on the hydrogeology
of the ground-water reservoir.
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Definition of Ground-Water Terms

Hydraulic conductivity (X) is a property of an aquifer that determines
the volume of water (¢) moving through a cross—sectional area (4) of
aquifer material. 1In an aquifer with hydraulic conductivity equal in all
directions and at all points (in hydrologic terms, an isotropic, homoge-
neous aquifer), water moves in response to, and parallel to, the slope of
the water table or, in a confined aquifer, the hydraulic head. This slope
is called the hydraulic gradient (I). On the basis of Darcy's law:

K =Q/I4 ,

where K is expressed in feet per second, @ in cubic feet per second, 4 in
square feet, and I in feet per foot. Hydraulic conductivity is roughly
proportional to the grain size of the sediments in the aquifer--that is,
large for sand and gravel and small for clay; however, it is also affected
by sorting, grain packing, cementation, and grain roundness. The normal
range for K in most aquifer materials is from a high value of about

0.03 ft/s for coarse gravel to a low value of about 0.000001 ft/s for

silt (Freeze and Cherry, 1979, p. 29).

When hydraulic conductivity is multiplied by the thickness of the
aquifer, the result is termed the aquifer transmissivity, 7, in units
of feet squared per second. Transmissivity is used in the flow equations
of the numerical model developed in this report; however, input to the
numerical model is in units of hydraulic conductivity, and the thickness
of the aquifer is multiplied intermally in the computer program. Thus, the
term hydraulic conductivity, rather than transmissivity, is used throughout
the remainder of this report.

Two types of aquifers are discussed in this report—--confined and
unconfined. In an unconfined aquifer, the water level in a well lies at
the same altitude as the level of water saturation (the water table) in
the aquifer. The altitude of the water level is called the hydraulic head
(Freeze and Cherry, 1979, p. 20). In a confined aquifer, a fine-grained
deposit of low hydraulic conductivity, known as a confining bed, overlies a
saturated coarse—grained deposit of higher conductivity. Vertical flow is
restricted by the confining bed, causing an increase in hydraulic pressure,
or pressure head, in the underlying deposit. As a result, the water level
in a well tapping the lower deposit rises above the top of that layer.



Sufficient pressure head may cause the water level to rise above land
surface, resulting in a well that flows; this is commonly referred to
as artesian flow.

Confining beds may be very low in conductivity, allowing little
vertical flow, or leakage, or they may be only slightly less conductive
than the underlying unit and intermittent in areal extent, resulting in
considerable upward leakage.

The specific yield of an aquifer is defined as the ratio of: (1) the
volume of water drained from an aquifer by gravity, for a unit value of head
decline, to (2) the volume of the aquifer. In other words, if a cubic foot
of aquifer material yields 0.1 cubic foot of water when the level of satura-
tion drops 1 foot, its specific yield would be 0.l. The normal range for
most aquifer materials is from about 0.01 for clay to about 0.3 for clean
sand and gravel (Freeze and Cherry, 1979, p. 61).

The same definition for specific yield applies to confined aquifers;
however, if the head decline does not desaturate the aquifer, the term is
referred to as specific storage. The water released comes from compression
of the aquifer material and expansion of the interstitial water due to the
decline in pressure head; thus, a much smaller volume of water is released.
When specific storage is multiplied by the aquifer thickness, the storage
coefficient (storativity) of the aquifer is obtained. The storativity of
a confined aquifer commonly ranges from 5x103 to 5x1077 (Freeze and Cherry,
1979, p. 60).

Methods of Hydrologic Data Collection

A network of 68 water—table wells 20 to 500 feet deep and 9 wells 60 to
400 feet deep that penetrate confined aquifers (plate 1) was used to observe
seasonal water-—level fluctuations. Fifteen of these wells were installed by
the U.S. Geological Survey from 1980 to 1982 and the others were existing
privately owned wells. The water levels were measured monthly from March
1981 to December 1982 and quarterly thereafter until October 1983. Water
levels were referenced to land-surface altitude, which was estimated from
a topographic map of the the valley having a 1:4,800 scale with a 5-foot
contour interval (Genge Aerial Surveys, 1977). This allowed estimation
of water—level altitudes to within *2.5 feet. The measurements have been
published in U.S. Geological Survey data reports (1981, p. 386-390; 1982,
p. 344-348; 1983, p. 306-314; 1984, p. 230-232).

Most wells in the network that penetrate confined aquifers are old
stockwater wells, many in operation since the early 1900's. These wells
were used because they were easily sealed off for a head measurement,
whereas many newer wells have pumps installed, making measurement difficult.
Also, newer wells are commonly perforated throughout their entire depth, or
in several zones, giving a head value representative of more than one dis-
crete depth interval, Discussions with valley residents indicate that the
older wells consist of open—ended casing perforated only near the bottom and
emplaced by hydraulic jetting, which gives a more accurate head value for a
specific depth than does the composite head obtained from newer wells.

-9-



Streamflow has been measured continuously since about 1940 at gages on
the East Fork Carson River near Gardnerville, the West Fork Carson River at
Woodfords, and the Carson River near Carson City (U.S. Geological Survey,
1983, p. 116, 120, 123). Other gages on Daggett, Pine Nut, and Buckeye
Creeks have been in operation for 4 to 20 years.

Previous estimates of runoff from tributary streams along the Carson
Range have been made with only minimal streamflow measurements. To accu-
rately estimate surface-water runoff, streamflow measurements at 15 peren-
nial streams and springs on the west side of the valley (plate 2) were made
at roughly monthly intervals from May 1981 to October 1983. Measurements
made for this study are published by the U.S. Geological Survey (1981,

p. 356-357; 1982, p. 313-314; 1983, p. 275-276).

The Federal Watermaster's Office began to record diversion flows on
major ditches in 1982, These records and estimates of average diversion
flows were obtained from Garry Stone of the Federal Watermaster's Office
(oral communication, 1984).

GEOLOGIC SETTING

Geologic History

Approximately 100 million years ago (Cretaceous age), the molten
granitic magma of the Sierra Nevada pluton was intruded into sedimentary
and volcanic rocks of Triassic and Jurassic age (140 to 240 million years
old). Uplift associated with this intrusion was followed by a long period
of erosion, producing an area of low relief by Oligocene time (30 million
years ago; Stewart, 1980, p. 110). Basin-and-Range faulting, which
produced the present topography, began about 17 million years ago (Stewart,
1980, p. 110); and deposition of Tertiary sediments onto the eroded bedrock
surface began after that time, from 15 to 5 million years ago. Continued
faulting tilted the Tertiary sediments toward the west, and deepened the
Carson Valley basin, where unconsolidated basin-fill deposits were depos—
ited from Quaternary (Pleistocene) time (about 2 million years ago) to the
present day.

Structural Features

Carson Valley lies at the extreme western margin of the Basin and
Range province, and is bounded by the Sierra Nevada province on the west.
It is a typical Basin and Range valley; its long axis is oriented north-
south, with a down-dropped structural block beneath the valley floor and
upthrown blocks to the east and west.

The mountain blocks bounding the valley are west-tilted structural
units (Stewart, 1980, p. 113), with Carson Valley occupying the down-
faulted western edge of the Pine Nut block (Moore, 1969, p. 18). A steep,
well-defined normal fault creates the 5,000-foot high escarpment of the
Carson Range on the west, whereas a diffuse fault zone, up to 6 miles wide,

_10_



underlies the east side of the valley, dividing the Pine Nut block into
several smaller blocks (see plate 2). Continued westward tilting of the
Pine Nut block is shown by recent faulting (200-1,000 years old) along the
east scarp of the Carson Range (Pease, 1980, p. 15) and by displacement of
the Carson River to the extreme west side of the valley (Moore, 1969,

p. 18).

Gravity data gathered and interpreted for this study (Maurer, 1984)
show the depth to bedrock and, thus, the thickness of basin fill in the
study area (plate 2). The most conspicuous feature is an elongated basin
beneath the western half of Carson Valley that is about 5,000 feet deep at
a point 2 miles southeast of Walleys Hot Springs. North of this basin, a
bedrock high extends to the northeast from under Hobo Hot Springs to just
south of Stewart. Northwest of this ridge, a subbasin has formed beneath
Jacks Valley that is as much as 1,400 feet deep. The steep gradient on
the east side of the main basin implies offset of the basement along a
north-south line from the west margin of Hot Springs Mountain to the
Minden-Gardnerville area, with about 2,000 feet of relief. East of this
feature, the valley fill averages about 800 to 1,000 feet in thickness,
with isolated subbasins reaching 1,500 to 2,500 feet in thickness.

The configuration of the bedrock surface beneath Carson Valley
indicates that the Pine Nut block is composed of at least two, and
probably several, smaller structural blocks.

As described previously, the area has been actively faulted for the
past 17-20 million years, and Carson Valley has probably received sediment
eroded from the Carson Range and deposited by the Carson River and other
tributaries throughout most of the Pleistocene. Total structural offset
of the granitic basement is at least 5,000 feet and possibly as much as
10,000 feet (see plate 2 and figure 10).

Lithologic Units

The Carson and Pine Nut Ranges are composed mainly of granitic rocks
about 100 million years old (Cretaceous age) that probably form the bedrock
beneath the floor of Carson Valley (Pease, 1980, p. 2; Moore, 1969, p. 18).
Metavolcanic and metasedimentary rocks of Triassic to Jurassic age (140 to
240 million years old) are also present as roof pendants in the granitic
intrusions in both the Carson and Pine Nut ranges (Armin and others, 1983;
Stewart and Noble, 1979). Stewart and Noble also mapped an exposure of
Triassic carbonate rocks forming the ridge due east of Fish Spring Flat.

Low on the western flanks of the Pine Nut Range and at other isolated
outcrops (plate 2), lake and stream deposits less than 25 million years old
(Tertiary age) dip westward beneath the younger fill of Carson Valley
(Moore, 1969, p. 19). These deposits differ from place to place in their
degree of compaction (Pease, 1980, p. 14); they are described as soft
sediments by Moore (1969, p. 19), whereas Stewart and Noble (1979) describe
them as shales, siltstones, and sandstones. They are predominently fine
grained and similar in composition to the Truckee Formation of Miocene and
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Pliocene age near Virginia City (Moore, 1969, p. 13). Moore (p. 19)
suggests a total thickness of several hundred feet for the Tertiary
sediments, whereas Pease (1980, p. 4) mapped a 600-foot section exposed
near Jacks Valley. Gravity data (Maurer, 1984) suggest a thickness of
over 1,000 feet on the extreme east side of the valley.

Drillers' logs suggest that the Tertiary sediments are probably down-
faulted to considerable depth except in the Indian Hills and Jacks Valley
areas. Outcrop relationships seen in the Jacks Valley area, Johnson Lane
area, and eastern parts of the basin suggest that Tertiary sediments form
the basal unit overlying the granitic bedrock throughout much of the basin.

Unconsolidated sedimentary units up to 2 million years old (Quaternary
age) vary in lithology from fine-grained flood-plain deposits of the Carson
River to coarse, boulder-rich alluvial-fan deposits flanking the Carson
Range. The flood-plain deposits consist of generally clean, well-sorted,
medium to fine sand and silt with occasional gravel and clay lenses. They
become coarser and more boulder-rich to the south, where the East and West
Forks of the Carson River enter the valley, and finer toward the north end
of the valley.

The alluvial-fan deposits flanking the west side of the valley and
the fluvial deposits of the Carson River probably differ greatly in their
lithology. The steep mountain drainages provide boulder-rich, coarse
material, much of which was probably a component of very poorly sorted
debris flows. This contrasts greatly with the well-sorted sand and silt
of the Carson River flood plain. Intertonguing of the two deposit types
occurred as the valley floor was downfaulted (see figure 10). The east
side of the valley lacks well-defined alluvial fans except along the flanks
of Hot Springs Mountain near Johnson Lane. Near land surface, fine-grained
sediments eroded from the Tertiary formations are mixed with relatively
coarse—-grained stream deposits of Buckeye and Pine Nut Creeks, and they
intertongue with Carson River flood-plain deposits about 2 miles east of
the Douglas County Airport.

Because of the considerable depth of Carson Valley and the lack of
existing wells pentrating over 1,000 feet, the thickness or the presence
of the Tertiary sediments and degree of consolidation and grain-size of
Quaternary sediments are unknown for a large volume of the basin-fill
reservoir. The effect of these uncertainties on the ground-water model
is discussed in the section on model sensitivity.

STREAMFLOW

Streamflow enters the valley from the south by way of the East and
West Forks of the Carson River, at a rate that averages about 360,000 acre-
ft/yr. The Carson Range on the west side of the valley has several peren-
nial streams that reach the valley floor by way of steeply sloping alluvial
fans. The Pine Nut Range produces two perennial streams, Pine Nut and
Buckeye Creeks; however, flow from these streams rarely reaches the valley
floor. Where streamflow reaches the valley floor, it is diverted into a
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complicated flow-routing system for irrigation that uses the natural stream
channels, along with hundreds of ditches, to distribute the streamflow over
the valley floor. The water table is less than 5 feet deep over much of
the valley floor, allowing close contact between surface water and ground
water throughout the valley. Surface-water outflow, measured in the
bedrock narrows of the Carson River near Carson City, averages about
291,000 acre-ft/yr and represents virtually the total outflow from

Carson Valley.

Streamflow in the Valley

Ground-water and surface—water levels were measured near streams and
ditches to identify gaining and losing reaches of the surface-water system.
Where depth to water is shallow, irrigation ditches with beds below the
water table incur seepage from the aquifer, with the ditch system forming
a drain. Where the water table is deeper than the bed of the stream or
ditch, flow is lost to the aquifer by infiltration. Generally, streams and
ditches west of U.S. Highway 395 on the valley floor gain flow, draining
the water table, whereas streams and ditches east of U.S. Highway 395 and
on the margins of the valley floor west of Highway 395, where depth to
water is greater, lose flow. Measurement of the water—table gradient near
ditches, which began in 1982, showed that during the wet years of 1982 and
1983, the direction of flow between the ditch and the water table for a
given site did not change seasonally. This was not true for measurements
made in 1985, a dry year. Water—-table altitudes dropped during 1985, and
many reaches that were gaining during the wet years began losing flow to
the aquifer.

Streamflow from the Mountain Block

To more accurately estimate the runoff from mountain drainages having
perennial streams, streamflow measurements were made, usually at monthly
intervals, at the contact between bedrock and basin fill in each drainage.
Snow and icing conditions often made winter measurements difficult and
inaccurate. The numerous small springs, seeps, and streams in the Jacks
Valley area were not measured monthly because their flow is largely
ephemeral in most years.

Daggett Creek is the only perennial stream draining the Carson Range
that has a long-term streamflow record. This station was used as an index
gage for correlation of monthly measurements at seven other sites to obtain
long—-term estimates of runoff. For Fredricksburg, Luther, Mott, and
Monument Creeks, linear regressions of instantaneous measurements at each
site provided acceptable relations with average daily flows recorded at
Daggett Creek; correlation coefficients! ranged from 0.88 to 0.98
(table 1). Measurements at Jobs, Genoa, and Sierra Creeks, however,

1 Generally, correlation is weak when the coefficient is less than
0.50 and strong when the correlation is greater than 0.80 (Devore, 1982,

p. 449).
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had correlation coefficients of less than 0.50. To smooth errors in
measurement and variations in runoff between individual drainages, the
cumulative flow at all seven miscellaneous—-measurement sites was plotted
against the daily flow at Daggett Creek, and a good fit was obtained.
Cumulative flow was then plotted against individual flow measurements at
Jobs, Genoa, and Sierra Creeks. Correlation coefficients of 0.87 and 0.92
were obtained for Genoa and Sierra Creeks. In contrast, Jobs Creek still
had a correlation coefficient of less than 0.50. Winter measurements at
Jobs Creek are assumed to have been inaccurate. Using only spring-through-
fall measurements at Jobs Creek and plotting wet and dry years separately
resulted in good linear relationships with Daggett Creek flow, with corre-
lation coefficients of 0.98 and 0.99, respectively. The relationships
obtained for spring-to-fall months at Jobs Creek are assumed also to be
adequate for winter months. Using these relationships and the 18-year
record at Daggett Creek, estimates of mean monthly and annual flows were
obtained for each of the other seven streams, and are listed in table 2.

TABLE 1.—Correlation between flow of perennial streams and flow of
Daggett Creek for period May 1981-October 1983

Mathematical Correlation
Stream relation? coefficient
Fredricksburg Creek ¥y =1.03 + 2.44(x) 0.90
Luther Creek y = -1.08 + 3.14(=x) .88
Monument Creek y = 1.44 + 0.85(x) .98
Mott Creek y = 0.82 + 1,27(x) .96
Jobs Creek (dry year) y = 1.10 + 0.40(x) .99
Jobs Creek (wet year) y = 0.97 + 0.42(x) .98
Cumulative flow? y = 3.11 + 9.02(x) .97
Sierra Creek vs.
cumulative flow y =-1.08 + 0.15(x) .92
Genoa Creek vs.
cumulative flow y = -0.16 + 0.05(x) .87

1 Symbols: &z, flow of Daggett Creek; y, flow of listed
stream,

2 Cumulative flow of all listed streams, excluding Daggett
Creek.



TABLE 2.—-Estimated long-term runoff and precipitation for
perennial stream drainages

Estimated runoff

Stream Total
number precipitation Percent of
(plate Creek Drainage-basin (acre-feet Acre-feet total
2) name area (acres) per year) per year! precipitation
4 Daggett Creek 2,410 6,300 1,400 22
6 Fredricksburg
Creek 2,210 6,400 4,700 73
7 Luther Creek 2,840 7,600 2,800 37
8 Jobs Creek 1,890 5,600 1,800 32
9 Stutler Creek 1,220 3,500 1,200 34
10 Monument
Creek 1,480 3,800 2,300 60
11 Mott Creek 1,290 3,200 2,300 72
12 Genoa Creek 1,510 3,600 900 25
13 Sierra Creek 2,000 4,900 1,000 20
Total 16,850 44,900 18,400 41

1 Based on records of streamflow for Daggett Creek, water years 1964-83,
and equations in table 1.

Diversions from Stutler Creek above the point of measurement made
correlation of that flow impossible. Estimated flow at Stutler Creek,
which is listed in table 2, represents an average of estimated diver-
sions and flows measured in water years 1981-83. (A water year begins in
October, ends in September, and is designated by the calendar year in which
it ends.) The relationships listed in table 2 are based on a large range in
runoff variation but only 3 years of data, and should be considered prelim-
inary until substantiated by continued data collection.

The flow at several springs along the Carson Range also was measured
(see plate 2). No correlation of springflows with the flow of Daggett
Creek was possible. Estimated springflows, listed in table 3, represent
the average of flows measured in water years 1981-83. In comparing spring-
flow to flow in perennial streams, peak flows at springs were attained
toward the end of summer, usually in August, whereas perennial streams
peaked in May or June in response to snowmelt runoff. This implies that
snowmelt recharge to the spring systems is attenuated by the slow ground-
water flow through subsurface fractures or weathered zones in the granitic
bedrock of the Carson Range.
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TABLE 3.--Estimated discharge of prinecipal
springs on west side of valley

Spring
number
(plate Acre-feet
2) Name per yearl
14 Benson (south orifice) 1,200
15 Benson (north orifice) 1,200
16 Miller 700
17 Barber 500
19 Sheridan 900
- Walleys? 700
Total 5,200

1 Average of flows measured in 1981-83
water years, except as indicated.

2 Nevada State Engineer's Office, written
communication, 1970.

GROUND WATER

Geohydrologic Units

For this report, the Carson Valley ground-water basin was divided
into three geologic units having different hydrologic characteristics.
The first and most important unit contains the Quaternary unconsolidated
sedimentary deposits, and is composed of three subunits: (1) alluvial-fan
deposits along the western side of the valley, (2) an unconfined (water-
table) subunit, and (3) a confined subunit that does not have well-defined
boundaries and is in hydraulic connection with the first two subunits. The
second major unit is composed of the Tertiary sediments (see section titled
"Lithologic Units”). This unit is exposed on the east side of the valley
and probably is present at depth throughout the remainder of the valley.
The third unit is the granitic and metamorphic bedrock surrounding and
underlying the basin—-fill deposits.

The first two units constitute what will be referred to as the basin-
fill reservoir in this report. The area of the basin-fill reservoir used
in this report is shown on plates 1 and 2. The boundary as drawn excludes
an area of relatively thick Tertiary sediments north of Fish Springs Flat
(plate 2). This area is separated from the main part of the valley by a
ridge of relatively shallow bedrock that extends southeast from Hot Spring
Mountain. Consequently, it was not considered as part of the basin-fill
reservoir in Carson Valley.
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Occurrence and Movement of Ground Water

Quaternary Unconsolidated Units

Both unconfined and confined aquifers have been noted in Carson Valley
by previous workers (Walters, Ball, Hibdon & Shaw, 1970, p. 16; Spane, 1977,
p. 139). Lithologic cross sections using 245 drillers' logs were prepared
by Dillingham (1980, p. 40) to determine whether a continuous confining bed
existed across the valley; he concluded that a single valley-wide confining
bed does not exist. Logs from several wells on the valley floor, however,
show clay layers 30 to 40 feet thick at altitudes ranging from 4,520 feet
south of Gardnerville to 4,480 feet near Johnson Lane. These altitudes
correspond to the depths where many wells develop artesian flow—-200 to
300 feet below land surface. The apparent lack of continuity in these
clays suggests that they were deposited as discontinuous lenses.

Wells that penetrate confined aquifers are found at shallower depths
on the west edge of the valley than toward the center of the valley. Here,
confined heads may result where wells penetrate finer flood—-plain deposits
overlying the coarse materials in sloping channels of buried alluvial fans.

As discussed later, two confined aquifer systems probably exist in
the Quaternary unconsolidated hydrologic unit: one along the extreme west
margin of the valley floor associated with the alluvial fans of the Carson
Range, and another beneath the central part of the valley floor.

Figure 3A shows water—table contours, which are generally parallel to
land-surface contours. Ground water characteristically flows from the east
and west, toward the center of the valley, and then north along an axis
about 2 miles west of U.S. Highway 395. Along the main axis of the valley,
water—level gradients range from about 100 ft/mi in the southwest to as low
as 5 ft/mi in the north. On the east side of the valley, ground-water flow
is to the west, with gradients from 20 to 100 ft/mi. Beneath the alluvial
fans on the west side of the valley, ground water moves generally west to
east, with gradients as great as 100 ft/mi. In the Jacks Valley area (the
northwest corner of Carson Valley), ground-water flow is to the southeast,
with a gradient exceeding 100 ft/mi.

Confined water levels range from 5 to 20 feet above land surface on
the valley floor. A contour map of confined heads (figure 3B) shows the
same general configuration as for the unconfined water levels, but with
reduced gradients. This suggests similar flow directions in both aquifers,
and hydraulic connection between the two.

Also shown in figure 3B are areas with slight artesian pressures at
shallow depths (reported by the U.S. Bureau of Reclamation, 1961, plate 5).
The two areas adjacent to the alluvial fans on the west side of the valley
could be due to upward leakage of water that has been recharged through the
alluvial fans into the fluvial sediments of the Carson River flood plain.
The northern shallow artesian area could be due to upward leakage of deeper
water caused by the lack of a confining layer in this area (see figure 10).

~17-



-8z

ek

=
OO
N LNN 3
Q
N

N\

o

.

<

R 20 E. R.21E
e
7] EXPLANATION
Y =4
:‘\
/ \f 7 8!
— ,/,
7
; - ER-TABLE R
altitu ater table
ur intervals an
ee a is sea level

°° AN
LS
b 0
Og s , P
QQNV

e

7~

Z

SN

S$
SR
i

e
o B 9<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>