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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

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

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

Dallas L. Peck
Director
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REGIONAL AQUIFER-SYSTEM ANALYSIS—GREAT BASIN, NEVADA-UTAH

GROUND-WATER HYDROLOGY AND SIMULATED EFFECTS
OF DEVELOPMENT IN SMITH CREEK VALLEY,
A HYDROLOGICALLY CLOSED BASIN IN LANDER COUNTY, NEVADA

By JAMES M. THOMAS, STEPHEN M. CARLTON, and LAWRENCE B. HINES

ABSTRACT

Smith Creek Valley is one of 14 hydrologically closed, single-valley
ground-water flow systems in the Great Basin. Gravity data indicate
that the basin-fill aquifer is a complex bowl-shaped structure with a
depression 5,500 feet deep beneath the main playa near the center of
the basin and a depression 3,000 feet deep in the north part of the
basin. Ground water recharges the basin-fill aquifer around the
perimeter and flows toward a topographic low (playa) near the center,
where it is discharged by evaporation from bare soil and trans-
piration from phreatophytic plants. Horizontal hydraulic gradients
range from more than 100 feet per mile around the margin of the
basin to only 1 foot per mile near the central part. An upward ver-
tical hydraulic gradient in the discharge area is as much as 0.20 foot
per foot in the top 75 feet of predominantly fine-grained basin-fill
sediments.

Hydraulic conductivities of the basin-fill deposits range from about
1X1077 foot per second for fine-grained playa materials (primarily
silts and clays with thin sand stringers) to about 4 X104 foot per sec-
ond for coarse-grained deposits (primarily sands and gravels with thin
lenses of silt and clay). Storage coefficients range from 0.00007 for
a 75-foot-thick confined interval to 0.15 for coarse-grained deposits
in the 50-foot-thick water-table interval.

Recharge was estimated to be 9,600 acre-feet per year by the Maxey-
Eakin method and 8,300 acre-feet per year by a chloride-balance tech-
nique. Both estimates are based on a refined altitude-precipitation rela-
tionship for the valley. Natural discharge by evapotranspiration was
estimated to be 8,300 acre-feet per year, on the basis of detailed
phreatophyte mapping. About 200 acre-feet per year of flow from hot
springs in the playa area is included in this estimate. In 1983, an ad-
ditional 650 acre-feet was pumped for irrigation.

Calibration of a ground-water flow model showed that water levels
throughout the basin are controlled by water levels in the discharge
area, which in turn are controlled by the rate of natural discharge.
Hydraulic gradients are controlled by grain-size and recharge distribu-
tions. Areas containing predominantly fine-grained deposits, or receiv-
ing large amounts of recharge, have steeper gradients than areas
having predominantly coarse-grained deposits or small amounts of
recharge.

The flow model was used to simulate effects of development under
different hypothetical scenarios. Each simulation was for 600
years—300 years of pumping and 300 years of recovery. Initially,

pumpage was set equal to the estimated average annual recharge and
was distributed areally to efficiently reduce the natural discharge. For
this scenario, as much as 96 percent of the ground water that would
otherwise be discharged was captured and the maximum simulated
drawdown was 20 feet averaged over a 2-square-mile model block.
Doubling the pumping rate captured all ground water discharged by
evapotranspiration in less than 25 years and produced block-wide
drawdowns locally of more than 200 feet. When the pumping rate was
varied by first assigning the value at twice the estimated recharge
rate for 50 years and then reducing the rate to that of the estimated
recharge for the next 250 years, all ground water discharged by
evapotranspiration was captured in less than 25 years and the max-
imum block-wide drawdown was about 35 feet. When the pumping
was located near one end of the basin and set at a rate equal to re-
charge, average drawdowns exceeded 100 feet and less than 75 per-
cent of the natural discharge was captured. The other two pumping
scenarios, both with pumping rates set equal to the recharge rate and
concentrated near the discharge area, were relatively efficient in reduc-
ing natural discharge, and produced maximum block-wide drawdowns
of less than 50 feet.

Model simulations indicate that natural discharge can be efficient-
ly reduced with a maximum block-wide drawdown of less than 20 feet
by pumping at the rate of recharge, if pumping wells are optimally
located. Doubling or varying the pumping rate resulted in more rapid
reduction of natural discharge but produced greater simulated water-
level declines. Moving the pumping wells to more concentrated centers
near the discharge area resulted in less efficient reduction of natural
discharge and produced greater simulated water-level declines than
when they were optimally located.

All six hypothetical development scenarios resulted in water-level
declines and reduced natural evapotranspiration during pumping. All
six showed water-level recoveries and increasing natural discharge
after pumping ceased. However, the extent of water-level declines and
the rate of natural-discharge reduction depended on the areal distribu-
tion and rate of pumping. The subsequent recovery of water levels
depended on the location of pumping, the depth of drawdown in the
discharge area, and the cumulative amount of water removed from
storage. Pumping at greater rates, or in more concentrated centers,
or in areas away from major sources of recharge produced greater
drawdowns throughout the basin.
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INTRODUCTION

Smith Creek Valley was studied as part of the Great
Basin Regional Aquifer-System Analysis (RASA). The
objectives of the Great Basin RASA study are de-
scribed by Harrill and others (1983, p. 2-3).

PURPOSE AND SCOPE

The primary purpose of the Smith Creek Valley study
was to investigate the geohydrology and to analyze
ground-water flow in a hydrologically closed, single-
valley system. Fourteen of the identified 39 major flow
systems in the Great Basin are closed single valleys,
so Smith Creek Valley was selected to be studied as a
type area for these closed single-flow systems (Harrill
and others, 1983). In these closed valleys, all recharge
to and discharge from the ground-water aquifer occur
within the topographic basins, because low-permeability
rocks compose the surrounding mountain blocks and
underlie the basin-fill deposits, and there are no surface
outflow drainages. Knowledge gained about hydrologic
processes in Smith Creek Valley should be transferable
to similar valleys elsewhere in the Great Basir.

The study entailed collecting and evaluating field
data; determining the'extent, thickness, and hydraulic
properties of the basin-fill aquifer; reevaluating earlier
recharge and discharge estimates, modeling the ground-
water flow system; and evaluating potential effects
under different hypothetical development scenarios.
Field work consisted of locating wells, measuring water
levels, mapping phreatophytes in detail, inventorying
pumpage, and determining the location and extent of
significant geologic and hydrologic features.

Geologic and hydrologic data were evaluated to gain
an understanding of the geometric and hydraulic prop-
erties of the basin-fill aquifer and the flow system. A
three-dimensional, finite-difference ground-water flow
model was used to simulate the flow system, to help
characterize hydrologic processes, and to evaluate
hydraulic properties of the ground-water flow system.

LOCATION AND GENERAL FEATURES

Smith Creek Valley is in west-central Nevada, approx-
imately 125 mi east of Reno (fig. 1). The valley encom-
passes 583 mi? It is bounded on the west by the
Desatoya Mountains, on the north by the New Pass
Range, and on the east by the Shoshone Mountains, all
of which are block-faulted masses composed primarily
of Tertiary volcanic rocks. Ione Valley bounds Smith
Creek Valley to the south. However, a ground-water
divide occurs near the southern boundary of the study
area, along a line of volcanic rock outcrops that protrude
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through a thin accumulation of basin-fill deposits (fig.
1). Ground water south of this divide flows into adja-
cent Ione Valley.

Land-surface relief in the Smith Creek topographic
basin is greater than 4,000 ft. North Shoshone Peak
reaches an altitude of 10,313 ft above sea level, and
several peaks in both the Shoshone and Desatoya
Mountains are over 9,000 ft in altitude. Smith Creek
playa is the lowest topographic feature in the valley and
has an altitude of approximately 6,035 ft.

PREVIOUS STUDIES

Published reports for Smith Creek Valley include a
ground-water reconnaissance by Everett and Rush
(1964) and geophysical reports by Herring (1967) and
Salehi (1967). In addition, some data for Smith Creek
Valley are listed in a State water-planning report
(Nevada State Engineer, 1971). In the 1960’s a signifi-
cant amount of as yet unpublished data was collected
in the central part of the basin by F. E. Rush, D. E.
Everett, and J. R. Harrill of the U.S. Geological Survey.
Their work included drilling, logging, and monitoring
observation wells; leveling to obtain well and playa-
surface altitudes; core sampling for laboratory analysis;
and some water-quality sampling. These data are avail-
able at the U.S. Geological Survey office in Carson City,
New.

WELL AND SPRING INVENTORY

Wells were located, water levels measured, and drillers’
logs were examined, when available. Data on well con-
struction and other pertinent information were entered
into the U.S. Geological Survey WATSTORE (Water-
data storage and retrieval system) data base. Springs
and stream-sampling sites were also entered into the
WATSTORE data base. All basic data are available at
the U.S. Geological Survey office in Carson City, New.

Site locations are stored in the WATSTORE data base
by latitude and longitude and by township, range, and
section. The numbering of sites on the basis of township,
range, and section uses the rectangular subdivision of
land, referenced to the Mount Diablo base line and me-
ridian. The numbering scheme consists of three units:
(1) the township north of the base line, (2) the range east
of the meridian, and (3) the section number. The section
number is followed by as many as four letters that in-
dicate quarter sections, quarter sections thereof, and so
on, within the numbered section. The letters A, B, C, and
D designate the northeast, northwest, southwest, and
southeast quarters, respectively (fig. 2). A number
following the letters indicates the sequence in which
each well or spring in the section was recorded.

































GROUND-WATER HYDROLOGY, SMITH CREEK VALLEY, NEVADA

profile lines (Schaefer, 1983). The density value of
2.17 g/cm?®, which is used for basin-fill deposits else-
where in the Great Basin, correlates well with borehole
gravity data obtained from three wells in Dixie and
Paradise Valleys, Nev. (Robbins and others, 1985).

Values for depth to consolidated rock were plotted on
the profile lines and then contoured, using the residual
gravity map as a guide, to produce a basin-fill thickness
map for Smith Creek Valley (pl. 1). Maximum thickness
of basin-fill deposits is about 5,500 ft, in a northeast-
trending trough near the center of the basin beneath
the playa. A shallower depression in the north-central
part of the study area near the center of the basin con-
tains basin-fill deposits of 3,000 ft. An east-trending
consolidated-rock high with basin-fill thicknesses be-
tween 1,500 and 2,000 ft separates the two depressions.
The lines of equal thickness on plate 1 suggest that the
structural basin underlying the basin fill is nearly sym-
metrical. Depth to consolidated rock generally increases
uniformly toward the deepest part of the basin near the
center of the valley. Although the structural basin is
bounded by faults along the mountain fronts and was
produced by faulting, basin-fill thickness is contoured
at too large an interval to detect individual faults that
might exist in the bedrock beneath the basin-fill
deposits. Basin-fill thicknesses in the southern part of
the study area indicate that the basin-fill aquifer near
the ground-water divide is relatively thin—less than
500 ft—compared to the rest of the basin.

Depth to consolidated rock in Smith Creek Valley was
also estimated by using seismic and aeromagnetic
geophysical techniques. Herring (1967) estimated a
maximum depth of between 6,500 and 8,000 ft from
three reversed seismic-refraction profiles made near the
center of the basin (pl. 1). Salehi (1967) estimated a max-
imum depth of 3,700 ft and an average depth of 2,500
ft from an airborne magnetometer survey. The depths
estimated in these studies bracket maximum depths
estimated from the gravity data.

Geothermal temperature-gradient holes drilled to a
depth of 500 ft near the western margin of the basin by
Hunt Oil Company of Nevada penetrated consolidated
rocks beneath basin-fill deposits near the mountain
front. In this area, basin-fill thicknesses estimated from
analysis of gravity data correspond reasonably well with
consolidated-rock depths encountered in the wells.
However, the configuration of the 500-ft contour has
been slightly modified to account for the depths to con-
solidated rock determined by drilling (pl. 1).

HYDRAULIC PROPERTIES
HYDRAULIC CONDUCTIVITY

Basin-fill deposits in Smith Creek Valley generally
have a greater horizontal than vertical hydraulic
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conductivity because they were deposited in relatively
horizontal layers. Horizontal hydraulic conductivity of
a basin-fill aquifer depends primarily on the high-
permeability layers (Freeze and Cherry, 1979, p. 30-32).
Low-permeability layers restrict flow, but, unless they
compose a major part of the aquifer, they have little ef-
fect on the horizontal conductivity of the aquifer.

In contrast, the vertical hydraulic conductivity of a
basin-fill aquifer depends primarily on the conductivities
of the low-permeability layers because the vertical flow
of water is approximately perpendicular to the layers.
Furthermore, horizontal to vertical anisotropy due to
preferential horizontal orientation of fine-grained par-
ticles can be three to one, or more (Freeze and Cherry,
1979, p. 32). Thus, within a basin-fill aquifer that con-
tains layers of coarse- and fine-grained deposits, the
horizontal hydraulic conductivity of the aquifer approx-
imates the hydraulic conductivity of the coarse-grained
deposits, whereas the vertical hydraulic conductivity ap-
proaches that of the fine-grained deposits.

No aquifer test data are available for Smith Creek
Valley, so hydraulic-conductivity estimates for the basin-
fill deposits are based on: (1) grain-size distributions
within the basin fill, (2) aquifer test data from other
valleys in the Great Basin, (3) a laboratory determina-
tion of vertical hydraulic conductivity, (4) calculations
from moisture-retention, grain-size, and porosity
analyses, and (5) water-temperature profiles.

Horizontal hydraulic conductivities estimated from
specific capacities of 84 wells completed in coarse-
grained basin-fill deposits (primarily sands and gravels
with thin beds of silt and clay) in Paradise Valley, Nev.,
range from 9X10-5 to 2X10-3 ft/s (foot per second) and
average 4X10* ft/s (David E. Prudic, U.S. Geological
Survey, written commun., 1983). In addition, horizon-
tal hydraulic conductivities determined from 28 aquifer
tests of basin-fill deposits for 15 valleys in the Great
Basin conducted and analyzed by Ertec Western, Inc.
(written commun., 1982) range from 2X10-% to 6X10-3
ft/s. Hydraulic conductivities determined from these
aquifer test data generally fall within the range of values
expected for coarse-grained deposits (Morris and
Johnson, 1967, table 12). Therefore, an average value of
4X10* ft/s is thought to be representative of the
horizontal conductivity of coarse-grained deposits in
Smith Creek Valley.

Vertical hydraulic conductivities for coarse-grained
deposits determined from 50 core samples in central
California reported by Johnson and others (1968) range
from 9.1X10-5 to 1.5X10* ft/s. The arithmetic mean is
1.2X10* ft/s. Therefore, a vertical hydraulic conductivi-
ty of 1X10* ft/s may be a reasonable estimate for
coarse-grained deposits in Smith Creek Valley.

Horizontal and vertical hydraulic conductivities of the
fine-grained deposits (primarily silts and clays with thin
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beds of gravel and sand) in the valley were determined
from core samples and water-temperature gradients col-
lected from well 17N 40E 29ACA near the central part
of the playa (pl. 2). Four techniques were used to
estimate the hydraulic conductivity of the playa
deposits (table 5): (1) a laboratory test of a core sample
using a falling-head permeameter; (2) the relationship
between a soil-moisture retention curve and hydraulic
conductivity (Marshall, 1958); (3) an estimate derived
from the Kozeny-Carmen equation (Bear, 1972), which
relates porosity and particle-size distribution to
hydraulic conductivity, and (4) water-temperature pro-
files in the well (Michael L. Sorey, U.S. Geological
Survey, written commun., 1971). Estimates of hydraulic
conductivity range from 2X10-7 to 1X10-8 ft/s (table 5)
with an average value of 7X10-® ft/s. These values
assume that the core samples are nearly isotropic, which
may be reasonable because vertical hydraulic conduc-
tivities determined by a laboratory analysis and water-
temperature profiles (table 5) are within the same range
as hydraulic conductivities estimated from porosity,
particle-size distribution, and moisture-retention analy-
ses. Johnson and others (1968) reported an average
hydraulic conductivity of 1.3X10-7 ft/s for 219 core
samples of fine-grained deposits. Therefore, a hydraulic
conductivity of 1X10-7 ft/s may be a reasonable
estimate of the horizontal and vertical conductivity of
fine-grained deposits in the vailey.

Mixed deposits in the valley have hydraulic conductiv-
ities between those of the coarse-grained deposits
(4X10* ft/s) and fine-grained deposits (1X10-7 ft/s).
Conductivities for mixed deposits are probably lower in
areas adjacent to the playa and higher away from the
playa and along the margin of the valley floor because
the deposits become coarser grained away from the
playa. Representative values of hydraulic conductivity
may be 1X10- ft/s for the marginal alluvial fan and
coarser playa-area deposits and 1X10-¢ ft/s for deposits
adjacent to the playa, except directly south of the playa
where mixed deposits contain more coarse material.

Hydraulic conductivities for saturated deposits in the
depth intervals from 0 to 50 ft and from 50 to 500 ft
can be estimated by using the grain-size distribution
maps constructed for these intervals (fig. 3) and the
average hydraulic-conductivity values for fine-grained,
coarse-grained, and mixed deposits. No data exist for
deposits in the basin-fill aquifer below a depth of 500
feet, but estimates of approximate conductivity were
made for this interval by using the basin-fill thickness
map (pl. 1) and assuming that the deposits below 500
feet are similar to those in the 50- to 500-ft interval, and
that the hydraulic conductivity of these deposits
decreases linearly with depth, at a rate of 25 percent
for every 500-ft interval (Durbin and others, 1978).
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TABLE 5.—Physical and hydraulic properties of a core sample from
well N17 E40 29ACA

[Samples collected by F. E. Rush and J. R. Harrill, U.S. Geological Survey, in 1965; analyses
by Geological Survey laboratories in Denver, Colo., and Menlo Park, Calif.]

Property Value

Sample depth (feet below land surface) ———- 27.5
Particle-size distribution (percent):

Clay (£0.004 mm) - 24

Silt (0.004-0.0625 mm) 53

Sand and coarser (>0.0625 mm) ——=-——————- 23
Total porosity (percent) - 50.6
Specific yield (percent) 6.5
Hydraulic conductivity (feet per second): s

Laboratory determined (vertical) -—-———-—- 3 x 10

Estimated from moisture-retention curves! 2 x 10'7
Estimated from porosity and grain-size

analyses? 5x 1078
Estimated from water-temperature profiles -8
(vertical)” - 1 x10
Average hydraulic conductivity —-———=—-——- 7 x 1078

1 Calculated by using equation of Marshall (1958,
pe 4); calculation does not take sample orientation
into account.

2 Calculated by using Kozeny-Carmen equation
(Bear, 1972, p. 166); calculation does not take sample
orientation into account.

3 vertical hydraulic conductivity is estimated
over entire interval of well (Michael L. Sorey, U.S.
Geological Survey, written commun., 1971).

SPECIFIC YIELD

Approximate specific yields for intervals in the basin-
fill aquifer can be estimated by using the lithology maps
(fig. 8) and reported specific yields for coarse-grained,
mixed, and fine-grained deposits. Specific yields of
coarse-grained deposits can be as high as 27 percent for
clean coarse sand (Johnson, 1967, table 29), but coarse-
grained deposits in Smith Creek Valley contain thin
beds of silt and clay, and in some places fine-grained
material partly fills pore spaces within the larger grain-
size matrix, thereby reducing specific yields. A specific
yield of approximately 15 percent used in ground-water
flow models for other valleys in the Great Basin (Har-
rill, 1982; Mower, 1982; and David S. Morgan, U.S. Geo-
logical Survey, written commun., 1983), was assumed
to be the average specific yield of the coarse-grained
deposits in the basin. A specific yield for mixed deposits
in the valley may be approximately 10 percent (Harrill,
1982; and David S. Morgan, written commun., 1983).
Fine-grained deposits in the playa area may have a
specific yield of about 6 percent (table 5), (Johnson,
1967; Harrill, 1982; Mower, 1982, p. 22; and David S.
Morgan, written commun., 1983). The estimated specific
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yields for the intervals in the basin-fill aquifer are
assumed to have areal boundaries coinciding with those
of grain-size distributions in figure 3.

STORAGE COEFFICIENT

Storage coefficients for the 50-ft interval below the
water table are assumed to be the same as the specific
yield for the same interval of the aquifer. Thus, for the
50-ft interval the storage coefficients were assumed to
range from approximately 6 percent for fine-grained
deposits in the playa area to 15 percent for coarse-
grained deposits in the aquifer.

Storage coefficients for the confined intervals of 50
to 500 ft and 500 ft to consolidated rock of saturated
basin fill were determined by multiplying the thickness
of the interval by the specific storage, which is assumed
to be 9.3 X107 per ft of aquifer for coarse-grained and
mixed deposits and 4.7X10-¢ per ft for fine-grained
deposits (Ireland and others, 1982, p. 28-35). Elastic
compaction of fine-grained deposits is greater than for
coarser deposits because of differences in pore structure;
as a result, specific storage also is greater for the fine-
grained deposits. Storage coefficients range from
2.1X10-3 to 4.2X10* for the 50- to 500-ft interval and
from 7.0X10% for an interval 75 ft thick (that is, 500
to 575 ft below the water table) around the margin of
the valley floor to 4.6X10-® for an interval 5,000 ft
thick near the center of the basin for deposits below 500
feet. The 50- to 500-ft interval is assumed to be under
confined conditions; however, if the water table were
to decline more than 50 ft below its present level, the
deeper interval would become a water-table aquifer and
the storage coefficient would equal the specific yield of
the sediments in the interval.

GROUND WATER IN STORAGE

The amount of water stored in the basin-fill aquifer
was estimated as a product of the area, thickness, and
average specific yield for the fine-grained, coarse-
grained, and mixed deposits. Storage estimates assume
that all basin-fill deposits would be dewatered as water
was withdrawn from the aquifer. Approximately 2.1
million acre-ft of water is stored in the uppermost 100
ft of saturated basin fill. This quantity is considered
more probable than the earlier estimate of 1.5 million
acre-ft (Nevada State Engineer, 1971), which did not
take into account areal or vertical distribution of grain
size. About 6.6 million acre-ft of water is stored in the
uppermost 500 ft, and the entire basin-fill aquifer con-
tains a total of about 21 million acre-ft of water.
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However, ground water that is suitable in quality and
within economic reach for agricultural use (the upper-
most 200 ft of saturated deposits) may amount to only
about 3.3 million acre-ft, or roughly 15 percent of the
aquifer total.

GROUND-WATER RECHARGE

Recharge to the basin-fill aquifer was estimated using
the Maxey-Eakin method (Maxey and Eakin, 1949) and
a chloride-balance technique. Both methods are based
on total precipitation that falls within the recharge
areas of the valley. According to Everett and Rush
(1964), recharge in Smith Creek Valley originates in the
mountains surrounding the valley floor above an
altitude of 7,000 ft. Total precipitation above 7,000 ft
was calculated by determining the areas within altitude
zones of 7,000 to 8,000, 8,000 to 9,000, and 9,000 to
10,313 ft above sea level, obtained from 7%2- and
15-minute topographic maps, and then multiplying the
area of each zone by the average precipitation for the
zone as determined from the relation between altitude
and precipitation (fig. 6). Estimated precipitation, by
altitude zone, is given in table 6.

The Maxey-Eakin method estimates recharge as a
percentage of total precipitation for each altitude zone
(table 6). The zone-by-zone percentage values are based
on estimates developed by Maxey and Eakin (1949) by
trial-and-error balancing of recharge and discharge
estimates for 13 valleys in east-central Nevada. An es-
timated average annual recharge rate of approximately
9,600 acre-ft/yr was calculated for Smith Creek Valley
using this method. This is less than the estimate of

TABLE 6.—FEstimated average annual ground-water recharge

Precipitation Est imated
Altitude Area cP percentage of  Recharge
zone ( N Feet Acre-ft precipitation (acre-ft
(ft) acres) e " c25 " that becomes per yr)
per y P y recharge
7,000-8,000 64,800 0.95 62,000 7 4,300
8,000-9,000 18,000 1.28 23,000 15 3,500
9,000-10,313 4,200 1.65 7,000 25 1,800
Total 87,000 ——- 92,000 —— 9,600

1 Acreages differ from those listed by Everett and Rush
(1964, p. 10) because (1) areas in the extreme southern end of
the valley that generate recharge which flows south into Ione
Valley are not included, and (2) areas listed herein are based
on larger scale maps (1:24,000 and 1:62,500) than those used by
Everett and Rush (1964, p. 10; 1:250,000).

2 Precipitation is for average altitude of zone, and was
calculated by using equation in figure 6. [Values used by
Everett and Rush (1964, p. 10) were l.12, 1.46, and 1.75 ft,
respectively.]

3 Percentages from Everett and Rush (1964, p. 10).
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12,000 acre-ft/yr made by Everett and Rush (1964,
p. 10). About 60 percent of the difference is due to the
new altitude-precipitation relationship used in this
study and about 40 percent is due to the smaller
recharge area used herein because recharge in the ex-
treme southern end of the valley flows into Ione Valley.

Using a chloride-balance technique, average annual
recharge was estimated to be about 8,300 acre-ft/yr. The
technique estimates recharge by comparing the total
chloride input from precipitation and dry fallout in
recharge areas to chloride concentrations in the ground
water recharging the basin-fill aquifer (Vacher and
Ayers, 1980; Ayers, 1981; Mandel and Shiftan, 1981;
Irving, 1982; and Michael D. Dettinger, U.S. Geological
Survey, written commun., 1983). Recharge estimates
were calculated using the following equation:

R = P(CL/CL,),

where B = recharge, in acre-feet per year;
P = total precipitation in the overall recharge
area, in acre-feet per year;
Cl, = chloride concentration of precipitation and
dry fallout, in milligrams per liter; and
Cl,= chloride concentration of ground water in
the recharge area, in milligrams per liter.

The estimated volume of total precipitation for the
recharge area is 92,000 acre-ft (table 6). Chloride con-
centration of precipitation and dry fallout in the re-
charge area is estimated by Michael D. Dettinger (U.S.
Geological Survey, oral commun., 1983) to be 0.4 mg/L
(milligrams per liter). The chloride concentration of
ground water in the recharge area, an estimated
4.4 mg/L, is derived from the average chloride concen-
trations of Smith, Campbell, and Peterson Creeks
sampled during low flows and weighted for the esti-
mated average annual discharge of each stream at the
mountain-block and basin-fill contact.

The areal distribution of recharge from mountainous
areas surrounding the valley floor is the same for both
methods of estimation, because each is based on total
precipitation. Only the relative amount of recharge from
each area differs depending on the method used. Ap-
proximately 55 percent of the recharge to the basin
originates in the Desatoya Mountains along the western
side of the valley (fig. 8); the Smith and Campbell Creek
drainage basins supply most of this recharge. The other
major source of recharge is the southern half of the
Shoshone Mountains, which supplies about 40 percent
of the total. The Schoonnorer, Peterson, and Park Creek
drainage basins provide most of this recharge. The
northern half of the Shoshone Mountains and the New
Pass Range supply the remaining recharge.
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GROUND-WATER DISCHARGE

Ground water in Smith Creek Valley is discharged
from the basin-fill aquifer by evapotranspiration from
phreatophytic areas around the margin of the playa,
evaporation from bare playa soil, and discharge from
wells that ultimately is lost by evapotranspiration from
irrigated alfalfa fields.

EVAPOTRANSPIRATION BY PHREATOPHYTES

Plants in the study area may be classified as members
of one of three groups: (1) xerophytes, (2) phreatophytes,
and (3) crops. A xerophyte derives water primarily from
surface-water infiltration, whereas a phreatophyte
derives water primarily from the aquifer (Meinzer, 1927,
p. 1). In some places, plants that are normally phreato-
phytic grow in xerophytic areas where surface runoff
pools and is temporarily stored as perched ground
water. So a rigorous definition of phreatophytic evapo-
transpiration is required to avoid erroneous incorpora-
tion of xerophytic areas in the discharge zone. In this
study, a phreatophyte is considered to be a plant whose
main source of water is from the basin-fili aquifer.

Crops in Smith Creek Valley rely principally on
ground-water irrigation. Alfalfa is the only commercial
crop grown in the valley. Although alfalfa roots com-
monly penetrate to depths of 33 ft or more (Zimmerman,
1969, p. 40), there are no fields in Smith Creek Valley
where alfalfa roots reach the water table. Therefore,
discharge of ground-water by crops is through irriga-
tion and will be discussed later.

The presence of phreatophytes is typically governed
by their ability to obtain water, a direct function of their
root depth. However, phreatophytes may grow in areas
where the surface-water supply is sufficient to cause
seasonal, albeit temporary, fluctuation of the water
table. Phreatophytic areas of this nature are prevalent
in the west-central and southwest parts of the valley
where Smith and Campbell Creeks enter the basin. In
contrast to these areas having surface-water augmen-
tation, the east side of the valley receives little surface
runoff, and the phreatophyte-xerophyte boundary is
better defined.

Phreatophytes in Smith Creek Valley are of three
principal types: (1) big greasewood (Sarcobatus ver-
miculatus), (2) rabbitbrush (Chrysothamnus), and (3)
saltgrass (Distichlis stricta) (fig. 9). Great Basin wildrye
(Elymus cinereous), another phreatophytic grass, is also
present as a successor plant in two abandoned fields,
but appears to be yielding to rabbitbrush incursion.
Because grasses constitute only a minor part of the
total discharge area in Smith Creek Valley and because
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depends on the depth to water. Maximum discharge oc-
curs when water is at the land surface, and the rate
decreases linearly with depth to zero at a set depth.

RECHARGE

Annual recharge estimates are 8,300 and 9,600 acre-
ft, for the chloride-balance and Maxey-Eakin methods,
respectively (see section ‘“‘Ground-Water Recharge”’).
For a steady-state flow system, recharge should equal
natural discharge which is 8,300 acre-ft/yr, as indicated
in table 9. This suggests that the recharge estimates
are probably reasonable. However, because the dis-
charge rate is based on field observations, rather than
the empirical values that were used to estimate
recharge, the recharge rate for the model was set equal
to the discharge rate of approximately 8,000 acre-ft/yr.

Adjusted recharge rates for each peripheral model
block in layer one (the water-table layer) were deter-
mined by multiplying the Maxey-Eakin estimations of
recharge for corresponding drainage areas by 0.833 (the
ratio of estimated natural discharge to the Maxey-Eakin
estimate of recharge) to obtain a reduced recharge rate
that is equivalent to the more accurately known
discharge rate.

DISCHARGE

Ground water is evaporated or transpired from the
top 30 ft, or less, of basin fill in Smith Creek Valley.
Therefore, evapotranspiration is limited to the top layer
of the ground-water flow model. Evapotranspiration in
the computer code is computed from a maximum evapo-
transpiration rate at land surface and a depth at which
evapotranspiration ceases, the extinction depth. In this
report extinction depth was assumed to be 12 to 30 ft
below land surface and will be discussed later. Evapo-
transpiration of ground water is simulated in the model
where the depth to water is less than the extinction
depth. Depth to water was determined by subtracting
the water-level altitude (pl. 2) from the estimated land-
surface altitude. Land-surface altitudes were estimated
for each model block in the discharge area from altitudes
at wells in the playa area surveyed by F. E. Rush and
J. R. Harrill (U.S. Geological Survey) during 1965-66.
The accuracy of land-surface estimates in the discharge
area is generally within 1 ft. The evapotranspiration
rate is calculated from a rate-versus-depth relationship
where the maximum rate is at land surface and the rate
decreases linearly to zero at the extinction depth.

Extinction depth was assigned based on the presence
or absence of phreatophytic vegetation and the depth
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to water. The extinction depth beneath the playa was
set at 12 ft. Extinction depths for model blocks in the
phreatophytic fringe surrounding the playa were set so
that they were at the same altitude as those beneath
the playa or at a maximum depth of 30 ft below land
surface. This was done to maintain the flat water-level
gradient in the central part of the basin. A maximum
evapotranspiration rate of 1.5 ft/yr at land surface was
assumed and used for the flow model, except for the
playa, where 3.0 ft/yr was used.

Discharge from the hot springs is by direct evapora-
tion or by transpiration of water recirculated to the
shallow water table. Therefore, discharge in the hot-
spring area was simulated as evapotranspiration from
the top layer of the model.

INITIAL CONDITIONS AND
HYDRAULIC PROPERTIES

The initial head distribution for model layer one (the
water-table layer) is based on 1982 water-level measure-
ments (pl. 2). This water-table surface is believed to
represent the long-term steady-state condition. The ini-
tial head distribution for model layer two is assumed
to be the same as layer one except in the discharge area,
where the heads are from 0 to 14 ft higher in layer two
than in layer one. No water-level data were available for
model layer three, so the water levels in this layer were
set equal to those in model layer two, even though the
levels in layer three would be expected to be higher than
those in layer two beneath the discharge area.

Transmissivities of the unconsolidated basin-fill
deposits used in the model simulations are the product
of the hydraulic conductivity and saturated aquifer
thickness. The horizontal hydraulic conductivity in the
top 50 ft and in the interval from 50 to 500 ft of satu-
rated basin fill is distributed on the basis of lithology
as shown in figure 3. In model layer one, coarse-grained
deposits were assigned a conductivity value of
4X10 ft/s, fine-grained deposits beneath the playa
were assigned a value of 1X1077 ft/s, mixed deposits
on alluvial fans and adjacent to coarse-grained deposits
in the discharge area were assigned a value of
1X10-5 ft/s, and mixtures of fine-grained and mixed
deposits adjacent to the playa were assigned a value
of 1X10-¢ ft/s. In model layer two, coarse-grained
deposits were assigned a conductivity value of
4X10 ft/s, fine-grained deposits were assigned a
value of 1X10-¢ ft/s, and mixed deposits were assigned
a value of 1 X107 ft/s. Hydraulic conductivity was ad-
justed during the calibration process. Model layer three
was assumed to have a lithology distribution similar to
layer two, but hydraulic conductivity was assumed to
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decrease linearly with increasing depth due to over-
burden pressure. The resulting hydraulic conductivity
in layer three was calculated by assuming that the con-
ductivity decreased 25 percent for each 500-ft depth in-
crease (Durbin and others, 1978) from the top of the
layer to the consolidated-rock contact.

Two approaches were used to assign transmissivities
in the model. Transmissivity in layer one, which is
unconfined, was calculated by the computer program.
For each model iteration, saturated thickness was
calculated by subtracting the bottom altitude of layer
one from the altitude of the water table. This value was
then multiplied by the assigned hydraulic conductivity
to obtain the transmissivity. Model layers two and three
are confined; therefore, their saturated thickness re-
mains constant. Transmissivities for these layers were
calculated by multiplying the saturated thickness of the
layer by the assigned hydraulic conductivity for layers
two and three.

Vertical hydraulic conductivity is incorporated into
a leakance term. Leakance (L) as defined by Lohman
(1972, p. 30) is the ratio of the vertical hydraulic con-
ductivity of the confining bed to the thickness of the
bed. Leakance is used in the computer model to simulate
vertical flow between model layers. Because the
sediments in Smith Creek Valley are composed of
numerous discontinucus lenses of coarser and finer
grained deposits, an equivalent leakance value between
model layers, rather than a single leakance value for
each bed, was estimated using the following equation:

L'=K/"b,

where L' = equivalent leakance;

K’ = equivalent vertical hydraulic conductivity
of the sediments;
and b = thickness between the centers of two ad-

jacent model layers.

The equivalent vertical hydraulic conductivity of the
sediments was calculated from the method proposed by
Freeze and Cherry (1979, p. 34, equation 2.31) assum-
ing that:

(1) Ground-water flow was perpendicular to the
changes in hydraulic conductivity;

(2) each type of deposit (coarse, fine, and mixed) was
isotropic; and

(3) the distribution of deposits in model layer three
(lowest layer) was the same as that in model layer two.

The estimated leakance values were adjusted during
model calibration to attain agreement between the
simulated vertical head gradients in the discharge area
and those measured in wells.
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Storage values used for transient simulations are
given in the “Basin-Fill Aquifer”” section of this report.
Specific yields were used for layer one, an unconfined
aquifer, and storage coefficients were used for the con-
fined aquifers, layers two and three.

STEADY-STATE SIMULATION

Calibration of the steady-state flow model was based
on the relation between simulated and measured or
estimated head values, ground-water budget, vertical
gradients between model layers one and two and
distribution of evapotranspiration. The model was con-
sidered calibrated when:

(1) All simulated heads were within 10 ft of measured
heads (averaged over 2 mi? model block);

(2) mean absolute departure of simulated heads from
measured heads was close to zero and the standard
deviation was minimal for the 32 model blocks contain-
ing wells in layer one;

(3) mass balance of water into and out of the system
had a minimal error;

(4) the average of the simulated head differences
between model layers one and two was less than 2 ft
of head differences derived from field measurements;
and

(5) the simulated areal distribution of evapotran-
spiration matched the estimated distribution, and the
simulated rate of discharge equaled the estimated
rate.

Calibration of the model involved adjusting initial
estimates of hydrologic properties to attain a best fit.
The recharge rate, which is based on discharge esti-
mates from field observations, was initially held con-
stant because discharge was considered the best known
of the hydrologic factors used in the model. First, the
hydraulic conductivities were adjusted by changing the
hydraulic conductivity of a specific lithologic unit, such
as coarse-grained deposits, or by changing conduc-
tivities of all the lithologic units by the same factor.
Second, the vertical leakance values between layers one
and two were adjusted until the model could simulate
closely the measured head differences between the
layers. To be consistent, the leakance values between
layers two and three were also adjusted by the same
amount as those between layers one and two. Finally,
discharge and recharge rates were adjusted to deter-
mine whether different rates could produce a better fit.
An adjustment of one parameter often required the ad-
justment of other parameters; for example, a change in
transmissivity would necessitate a change in leakance
to maintain the observed head differences between
model layers one and two.
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Pumping at the higher rate for 50 yr captured all
ground water that would otherwise have been dis-
charged by evapotranspiration in less than 25 yr, so the
subsequent pumping at a reduced rate removed only an
amount of ground water equal to recharge (fig. 25D and
E). However, water-level declines in the valley during
this simulation were greater than for scenario A in
which ground water lost by evapotranspiration was cap-
tured more slowly. Consequently, resumption of natural
discharge was slower for scenario F, because aquifer
replenishment and water-level recovery in the discharge
area required more time.

EVALUATION OF THE
HYPOTHETICAL DEVELOPMENT SCENARIOS

Simulations of six development scenarios resulted in
water-level declines and reduced natural evapotrans-
piration during pumping, as well as water-level recov-
eries and increased natural discharge approaching
pre-pumping rates after pumping ceased. The extent of
water-level declines and the rate of reduction of natural
discharge depended on the areal distribution of well
locations and rate of pumping. The subsequent recovery
of water levels and natural discharge depended on the
location of pumping, the degree of water-level declines
in the discharge area, and the cumulative amount of
water removed from storage. Pumping at greater rates,
or in more concentrated areas, or in areas away from
major sources of recharge or discharge produced greater
drawdowns. Recovery of water levels and resumption
of natural discharge were slower and not as complete
for scenarios that (1) produced large cones of depres-
sion away from major recharge sources, (2) caused
greater drawdowns in the natural-discharge area, or (3)
removed greater volumes of water from storage.

Several pumping patterns were used in sustained-
yield simulations to determine: (1) efficiency in captur-
ing natural evapotranspiration, (2) effect on water-level
declines, and (3) effects on recovery of water levels and
natural discharge after pumping ceases. Natural dis-
charge is probably reduced more efficiently by the
model than it would be in an actual pumping situation
because the simulated distribution of evapotranspira-
tion did not include significant discharge from the playa
(fig. 18). In addition, the possibility of continued
discharge due to increased penetration by phreato-
phytic roots as water levels decline may not be totally
accounted for by the model. Therefore, the simulated
long-term trends are considered valid, but more time
may be required in an actual pumping situation to ob-
tain the amounts of reduction in the natural discharge
that are indicated by the simulations.
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Scenario A, with pumping strategically distributed
to capture ground-water flow before it was naturally
discharged, may eliminate as much as 96 percent of the
evapotranspiration as the aquifer approaches a new
equilibrium, with an average water-level decline in the
pumping area of only about 14 ft. The sustained-yield
concept of pumping an amount of ground water equal
to recharge to reduce the natural discharge while pro-
ducing only minor drawdowns probably is a viable
development alternative. Recovery of water levels
would occur rapidly when pumping ceased.

Scenarios B, C, and D produced greater water-level
declines and were less effective than scenario A in cap-
turing ground-water flow before it was naturally dis-
charged. Distributing pumping in one (scenario B) or
two (scenario D) concentrated areas near the natural-
discharge zone would be the second best alternatives
for reducing natural discharge while minimizing draw-
down. Recovery of water levels after pumping ceased
would also be faster and more complete for these alter-
natives than for scenario C. In contrast, concentrating
pumping in one area away from the discharge zone
(scenario C) produced the greatest water-level declines
among all sustained-yield scenarios and was least effec-
tive in reducing natural discharge. Furthermore,
recovery of water levels for this scenario was the slowest
and least complete.

Doubling the pumping rate (scenario E) produced
rapid water-level declines, even with the best well dis-
tribution as discussed in scenario A. The higher pump-
ing rate would completely and more quickly capture
ground water before it is discharged if reduction of
discharge occurs as efficiently as indicated by the
model. However, this would result in extensive water-
level declines and depletion of storage. Recovery of
water levels after pumping ceased would be slow. Even
after 100 yr of recovery, the average water level in
blocks containing pumping wells would still be about
90 ft below its pre-pumping level.

Varying the pumping rate (scenario F) from 16,000
acre-ft/yr down to 8,000 acre-ft/yr, after 50 yr of pump-
ing, resulted in a rapid rise of water levels in the pump-
ing area. Declines of water levels outside the pumping
area were about 20 to 150 ft less than would have oc-
curred if pumping had continued at the higher rate
(16,000 acre-ft/yr) for the entire 300-yr period. A pump-
ing rate that is initially higher than the rate of natural
discharge has the advantage of capturing ground water
discharged by evapotranspiration more rapidly than is
the case for pumping equal to the discharge rate, but
the increased pumping also removes more water from
storage, which results in greater water-level declines.
Therefore, the advantage of more quickly reducing
evapotranspiration is offset by the disadvantages of
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greater water-level declines and removal of more water
from storage. After 300 yr of dual-rate pumping, the
average water-level decline in the pumped area is almost
twice that for the constant rate which is equal to the
discharge rate (scenario A). On the other hand, if the
aquifer were pumped at a rate higher than the natural
discharge rate, a subsequent reduction in the pumping
rate to that of the natural discharge rate would result
in (1) a decrease in the rate of water-level declines, and
(2) a possible shallowing and broadening of the area of
water-level declines. Eventually, the aquifer would ap-
proach a new equilibrium that would involve only a
small average water-level decline. Recovery for this
scenario would be slower and less complete than for the
scenario of pumping a rate equal to the natural dis-
charge rate (sustained yield), but faster and more com-
plete than if pumping had continued at twice the rate
of the natural discharge.

SUMMARY AND CONCLUSIONS

Hydrologic data were collected and phreatophytes
mapped to define and quantify the hydrologic system
of Smith Creek Valley. New and existing data were
evaluated to determine the extent and thickness,
hydraulic head distribution, and hydraulic properties
of the basin-fill deposits, and to estimate rates of
ground-water recharge and discharge in the valley.

Configuration of the basin-fill aquifer was determined
by interpreting gravity data. Gravity interpretations
depicted two basin-fill depressions underlying the
valley—one about 3,000 ft thick, in the northern part
of the valley, and the other about 5,500 ft thick, beneath
the main playa in the central part of the valley. The
thickness estimates obtained from gravity interpreta-
tions correlate reasonably well with thicknesses pre-
viously estimated from seismic and aeromagnetic
data.

Horizontal hydraulic gradients are rather flat
throughout most of the valley and are extremely flat—
generally about 1 ft/mi—north of the playa. Vertical
hydraulic gradients, produced by confinement in the
playa sediments, can be as great as 0.20 ft/ft in the up-
per 75 ft of the sediments.

Ground water in the valley flows from alluvial fan
deposits around the higher margin of the valley to the
playa, which is topographically the lowest point in the
valley. Flow is primarily horizontal, except in the
discharge area where a strong upward vertical compo-
nent exists. In the recharge areas around the margin
of the valley, a downward component occurs, but little
data are available to document the vertical gradient.

Hydraulic properties of the basin-fill deposits were
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estimated from lithologic logs from observation, irriga-
tion, and stock wells; geothermal temperature-gradient
holes; and aquifer test data from other valleys in the
Great Basin. In addition, the average hydraulic conduc-
tivity of the fine-grained playa deposits was determined
from one falling-head permeameter test performed in
the laboratory and calculated from existing laboratory
determinations of moisture retention, grain size, and
porosity. An estimate of vertical hydraulic conductivi-
ty for the fine-grained deposits was also made from
temperature profiles measured in a well. Model simula-
tion suggests that average hydraulic conductivities for
the different types of basin-fill deposits vary by approx-
imately four orders of magnitude, from 1X10~7 ft/s for
fine-grained playa deposits to 2.5X10 ft/s for coarse-
grained deposits. Specific yields of basin-fill deposits
were estimated to range from 6 percent for fine-grained
playa deposits to 15 percent for coarse-grained deposits
based on other ground-water flow modeling studies in
the Great Basin (Harrill, 1982; Mower, 1982; and David
S. Morgan, U.S. Geological Survey, written commun.,
1983), a compilation of specific yields for various
materials (Johnson, 1967), and a laboratory measure-
ment of specific yield for a fine-grained soil samnple (table
5). Storage coefficients were estimated to range from
7.0X10-5 for a 75-ft-thick interval of the confined
aquifer to 0.15 for parts of the water-table aquifer, based
on specific yields of the water-table aquifer and
calculated from model-layer thicknesses by using
assumed specific storage values (Ireland and others,
1982, p. 28-35) for the confined intervals.

Recharge estimates range from 8,300 to 9,600 acre-
ft/yr, which are about 4,000 to 2,000 acre-ft/yr less than
the previous reconnaissance estimate. Natural
discharge is estimated at 8,300 acre-ft/yr, on the basis
of detailed phreatophyte mapping. This estimate is
about 2,000 acre-ft/yr higher than the previous recon-
naissance estimate. Total discharge from the basin-fill
aquifer is approximately 9,000 acre-ft/yr, including
about 650 acre-ft/yr of pumpage. Annual rates of
discharge are probably more reliable estimates than
rates of recharge because discharge is derived from field
observations rather than from an empirical relationship
between altitude and precipitation as used in the two
methods of estimating recharge.

All of the data were used in a ground-water flow model
to (1) help define the hydrologic system, (2) evaluate
hydraulic properties, and (3) simulate the long-term ef-
fects of the hypothetical development scenarios on the
aquifer system. The simulations showed that water
levels are controlled primarily by evapotranspiration in
the discharge area. An increase in the evapotranspira-
tion rate would cause water levels to decline in the
discharge area and therefore would result in lower water
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levels throughout the valley. On the other hand, a
decrease in evapotranspiration rates would cause water
levels to rise in the discharge area, which would result
in higher water levels throughout the valley. Raising
or lowering the depth at which evapotranspiration
ceases (extinction depth) in the flow model would have
a similar effect on water levels.

Grain-size, which controls hydraulic conductivity, and
recharge distributions also affect hydraulic gradients
in the basin-fill aquifer. Parts of the aquifer outside the
discharge area that contain finer-grained deposits or
receive major amounts of recharge have steeper
hydraulic gradients than parts of the aquifer having
coarse-grained deposits or receiving small amounts of
recharge.

Calibration of the model involved adjustment of ini-
tial estimates of hydraulic properties and boundary
conditions, within reasonable limits, until an acceptable
steady-state simulation was attained.

After the model was calibrated to predevelopment
steady-state conditions, several hypothetical develop-
ment scenarios were simulated, for 300 yr of pumping
and 300 yr of recovery, to evaluate the effects on the
ground-water system caused by (1) pumping from the
aquifer at a rate approximately equal to the estimated
recharge rate (8,000 acre-ft/yr; scenarios A-D), (2) pump-
ing at a rate greater than the recharge rate (scenario
E), and (3) pumping 50 yr at twice the rate and the re-
maining 250 yr at the recharge rate (8,000 acre-ft/yr;
scenario F). The hypothetical pumping wells were not
located (1) in areas of fine-grained deposits having low
transmissivity, (2) within a mile of saline water, (3)
where the depth to water exceeds 200 ft, (4) where the
thickness of saturated basin fill is less than 200 ft, (5)
where model blocks are bounded on two or more sides
by consolidated rocks, and (6) where land-surface slopes
are greater than 200 ft/mi.

The concept of sustained yield was evaluated by
simulating pumping at the estimated rate of recharge,
with several alternative areal distributions of pumping.
Initially, a pumping distribution that would efficiently
capture ground water before it is naturally discharged
was simulated to determine whether the ground water
lost to natural discharge could be captured while pro-
ducing only minor drawdowns (scenario A). Simulation
of this scenario resulted in rapid reduction of natural
discharge and a maximum drawdown of 20 ft (averaged
over a 2 mi?2 model block) as the aquifer approached a
new equilibrium. Concentrating the same amount of
pumpage in one (scenario B) or two (scenario D) areas
near the discharge zone was almost as efficient in reduc-
ing natural evapotranspiration as scenario A, but it
created average block-wide drawdowns exceeding 40 ft
for the pumping period. Finally, placing a pumping
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center in the northern part of the valley (scenario C)
resulted in significantly slower and less complete reduc-
tion of natural evapotranspiration than for all the
previous scenarios (A, B, and D), and it created a large
storage depletion and average block-wide water-level
declines of greater than 100 ft in the pumped area.

When the pumping rate was doubled (twice the esti-
mated recharge rate) and the well distribution was the
same as in scenario A, ground water discharged by
natural evapotranspiration was completely captured in
less than 25 yr. After 300 yr of pumping, however,
average block-wide water-levels in the pumped area had
declined more than 200 ft and were still declining at ap-
proximately the same rate as when pumping started
(scenario E).

When pumping was set at twice the rate of the esti-
mated recharge for 50 yr and then reduced to the rate
of estimated recharge for the next 250 yr, with the same
well distribution as in scenario A (scenario F), ground
water discharged by natural evapotranspiration was
completely captured in less than 25 yr. When pumping
was reduced after the first 50 yr, water levels in the
pumping area rose. Maximum water-level declines,
averaged over each model block, were about 35 ft after
300 yr of pumping, which is about a sixth of what
declines were when pumpage was maintained at the
higher rate for the entire 300-yr pumping period.

All six development scenarios resulted in water-level
declines and reduced natural evapotranspiration dur-
ing pumping. All six showed water-level recoveries and
increased natural discharge approaching pre-pumping
rates after pumping ceased. However, the extent of
water-level declines and the rate of reduction of natural
discharge depended on the areal distribution of wells
and rate of pumping. The subsequent recovery de-
pended on the location of wells, the extent of water-level
declines in the discharge area, and the cumulative
amount of water removed from storage. Pumping at
greater rates, or in more concentrated areas, or in areas
away from major sources of recharge produced greater
drawdowns. Recovery of water levels and resumption
of natural discharge were slower and not as complete
for development scenarios that (1) produced large areas
of water-level declines away from major recharge
sources, (2) caused greater water-level declines in the
natural-discharge area, or (3) removed greater volumes
of water from storage.

Simulations for Smith Creek Valley may be repre-
sentative of conditions in other hydrologically closed
single-valley flow systems throughout the Great Basin.
Therefore, most hydrologically closed valleys in the
Great Basin probably can be evaluated as basins filled
with saturated fine- to coarse-grained deposits sur-
rounded and underlain by consolidated rocks of low
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permeability, with water recharging the basin-fill
aquifer around its perimeter and discharging in the
topographically low points. An additional characteristic
of hydrologically closed valleys is a general decrease in
grain size away from the mountain blocks toward the
topographically lowest part of the valley, where the
sediments commonly are fine-grained playa deposits.

Water levels and hydraulic gradients in these aquifers

are controlled by:

(1) Water levels in the discharge area, because the
valley is hydrologically closed and all water recharg-
ing aquifers in the valley is discharged in the low-
lying part;

(2) Major recharge areas, because large volumes of
water recharging the aquifer would produce propor-
tionately higher water levels in the recharge areas
of the valley; and

(3) Grain-size distributions, because finer grained
sediments outside the discharge area would produce
steeper hydraulic gradients than coarse-grained
sediments. Furthermore, pumping of these aquifers
should produce generally flat and extensive water-
level declines in a manner similar to that shown in
figures 204, 21A4, 22A, and 23A4.
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