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CONVERSION FACTORS, VERTICAL DATUM, EQUIVALENTS, AND ABBREVIATIONS

Multiply By To obtain
acre 0.4047 square hectometer
acre-foot (acre-ft) 0.001233 cubic hectometer
acre-foot per acre (acre-ft/acre) 0.003048 cubic hectometer per square hectometer
acre-foot per year per acre (acre-ft/yr/acre) 0.003048 cubic hectometer per year per square
hectometer
acre-foot per year (acre-ft/yr) 0.001153 cubic hectometer per year
acre-foot per year per mile (acre-ft/yr/mi) 0.001233 cubic hectometer per year per kilometer
cubsic foot (ft*) 0.02832 cubic meter
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot per year (ft/yr) 0.3048 meter per year
gallon per day (gal/d) 0.003785 cubic meter per day
gallon per minute (gal/min) 0.06308 liter per second
inch (in.) 25.40 millimeter
inch per month (in/mo) 25.40 millimeter per month
mile (mi) 1.609 kilometer
square foot (% 0.09290 square meter
square mile (miz) 2.590 square kilometer

Temperature: Degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the formula °F = [1.8(°C)]+32. Degrees Fahrenheit
can be converted to degrees Celsius by using the formula °C = 0.556(°F-32).

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called “Sea-Level
Datum of 1929”), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.

Equivalents:
cubsic foot per second (ft/s) 448.83 gallon per minute
cubic foot per second (f%/s) 724.5 acre-foot per year
foot per day (ft/d) 7.48 gallon per day per square foot
Abbreviated units:

US/cm microsiemens per centimeter at 25° Celsius

mg/L.  milligram per liter
MW megawatt
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Ground-Water Resources of

Northern Big Smoky Valley,

Lander and Nye Counties, Central Nevada

By Elinor H. Handman and Kathryn C. Kilroy

Abstract

Use of ground water from an extensive
basin-fill aquifer in northern Big Smoky Valley
has been increasing. The water is used for mining,
irrigation, stock watering, and domestic supply.
An estimated 5 million acre-feet of water is stored
in the upper 100 feet of the aquifer; however, only
a small part is replenished annually. To determine
the sources, movement, available amounts, and
use of the water, and potential effects of future
development, the U.S. Geological Survey, in
cooperation with Nye County, evaluated the
ground-water resources. Results of the study indi-
cate that, as of 1985, an estimated 6,600 acre-feet
was used each year and more would be needed
as usage increased.

During an average year, about
740,000 acre-feet of water falls on the drainage
area as snow and rain. Of this quantity, about
90 percent evaporates directly or is transpired
by vegetation on the land surface, and about
10 percent infiltrates through rocks, soils, and
streambed materials to the water table. Some
of the infiltrated water discharges by springflow,
which evaporates, runs off, or is transpired. Most
of the infiltrated water eventually discharges by
evapotranspiration. Despite pumping, water levels
generally did not decline during 1965-85 because
precipitation was 16 percent greater than the long-
term (1890-1985) average and, consequently,
recharge to the aquifer also was greater.

A numerical ground-water flow model was
used to refine the conceptual flow model and water
budget of northern Big Smoky Valley and to eval-
uate the potential for future development in the
basin. The model simulated the ground-water flow
system and ground-water budget under natural
conditions (no pumping) and under conditions of
development equivalent to the 1985 rate and distri-
bution of pumping and to twice the 1985 rate. The
model results indicate that, on the basis of 1985
conditions, a maximum decline in the water table
of about 40 feet can be expected in the southern
part of the basin when equilibrium is reached. To
evaluate hydrologic effects of future development,
additional (hypothetical) wells were simulated.
Model results indicate that, if additional wells
were located to capture water that otherwise would
be transpired by phreatophytes, and if pumpage
and consumptive use were doubled, a new equilib-
rium could be established. Water levels in the
vicinity of the wells could be 44 feet lower than
in the unstressed system. Thus, the long-term
hydrologic effects of increased development could
be minimal.

INTRODUCTION

Northern Big Smoky Valley is similar to other
Great Basin valleys in its geologic history, physio-
graphy, and land and water use. It is not extensively
developed, however, and has not had the declining
water levels or changes in water quality that are associ-
ated with development in some of the other basins in
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the Great Basin region. Effective decisions about
allocation of ground water for future development will
require an understanding of the total amount of water
available and its source, distribution, and use.

In northern Big Smoky Valley, the use of ground
water for mining and irrigation has fluctuated from
1970 to 1985, but in general has increased—a trend
that is likely to continue. The largest population center,
Round Mountain, is estimated to have grown from
about 200 people in 1970 to about 500 in 1985 as a
consequence of increased mining. Residential develop-
ment also increased in the areas around Kingston
Canyon, Gilman Springs, and Carvers, and applica-
tions for several Desert Land Entries, in addition to
the 21 existing in 1985, are under consideration.

Judicious allocation of ground water to meet
increased demands for mining, irrigation, stock, and
domestic use requires an awareness of the potential
effects of water withdrawals on the hydrologic system,
as well as the social, economic, and political conse-
quences of development. Previous studies by Meinzer
(1917) and Rush and Schroer (1970) described the
geology and water resources of Big Smoky Valley and
estimated the quantity and flow of water in the area.
Since the 1970 report was published, several new wells
have been drilled and geophysical surveys made that
provide additional information about the hydrologic
system. Also, new techniques have been developed
for ground-water assessment, including analysis of
Landsat satellite imagery and use of computer models
to simulate ground-water flow. The new information
and techniques were used to evaluate the ground-water
budgets published in earlier reports.

Purpose and Scope of the Report

This report presents the results of a quantitative
assessment by the U.S. Geological Survey, in coopera-
tion with Nye County, of ground-water resources in
northern Big Smoky Valley during 1983-85. The
assessment was based on interpretation of previously
published information and new data.

The report describes the sources and amounts of
ground water available in northern Big Smoky Valley;
the quantity, movement, and quality of water; ground-
water use and consumption; and the potential hydro-
logic effects of future development. The first sections
describe the geologic and geographic setting and dis-

cuss elements of the hydrologic system and how they
function in the area. Subsequent sections contain
interpretations of hydrologic data, a detailed discussion
of the mathematical model, the results of model simu-
lations, and a guide to sources of information related to
ground water. A glossary defines technical terms. The
location, water-level data, and other information on
wells and test holes that were used in this study are
listed in table 13 (back of report).

State and County officials, planners, developers,
and water users in general can use the report as
(1) an aid in understanding the ground-water system
in northern Big Smoky Valley and similar areas, and
(2) a source of information for decisions about water
development and use.

Methods

To evaluate the ground-water flow system in
northern Big Smoky Valley, information was collected
from well-drillers’ reports, remote-sensing data, land-
surface and borehole-geophysical surveys, and results
of test drilling by the U.S. Geological Survey. In addi-
tion, precipitation and temperature records for Austin
from 1877 to 1985, miscellaneous stream and well
data from 1914 to 1985, and geophysical data were
compiled.

Water levels in wells and streamflow were
measured, test wells were drilled, and vegetation sur-
veys were completed during 1984-85. The information
provided data and calibration values for a mathematical
model that was used to simulate steady-state conditions
in the principal aquifer of northern Big Smoky Valley
and to estimate effects of future development.
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LOCATION AND PHYSIOGRAPHIC
FEATURES

Northermn Big Smoky Valley, in Lander and
Nye Counties, is a north-northeast-trending, elongated
basin in central Nevada and is part of the Great Basin
region (fig. 1). It was delineated as Hydrographic Area
137B! and officially designated “Big Smoky Valley,
Northern Part.” For this report, it is referred to as north-
ern Big Smoky Valley. The development of topo-
graphic features, drainage patterns, and ground-water
flow systems is controlled by the major stratigraphic
and structural features of the bedrock. Basin-and-range
faults, the principal structural features, provide con-
duits for ground-water flow in some places but may
obstruct flow in others.

The basin extends about 70 mi from its northern
end, near Austin, to its southern boundary, near Round
Mountain, and encompasses more than 1,300 miZ
(fig. 2). The valley floor is surrounded by mountains,
except in the south where it is separated from Tonopah
Flat (hydrographic area 137A, fig. 1) by a low ridge.
Several intermittent and a few perennial streams flow
from the Toiyabe Range in the west and the Toquima
Range in the east toward the center of the basin where
water accumulates on large playas during periods of
rapid snowmelt. Alluvial fans composed of materials
eroded from adjacent mountains form sloping areas
between the steep mountain fronts and the flat,
central valley.

Rormal Hydrographic Areas in Nevada were delineated
systematically by the U.S. Geological Survey and Nevada
Division of Water Resources in the late 1960’s for scientific and
administrative purposes (Rush, 1968; Cardinalli and others, 1968).
The official Hydrographic Area names, numbers, and geographic
boundaries continue to be used in Geological Survey scientific
reports and Division of Water Resources administrative activities.

GEOHYDROLOGIC FRAMEWORK

The principal geologic units in northern Big
Smoky Valley are consolidated rocks (bedrock) and
unconsolidated basin-fill deposits. They differ in
origin and water-yielding characteristics and are the
framework for storage and movement of ground water.
Bedrock units (volcanic, sedimentary, and granitic
rocks) underlie the basin-fill deposits and are exposed
in mountains to the west, north, and east. Part of the
sedimentary bedrock is carbonate rock. The location
and extent of principal bedrock outcrops are shown in
figure 3. Basin fill (playa, channel, and alluvial-fan
deposits), which consists of as much as 5,000 ft of
unconsolidated gravel, sand, silt, and clay lenses,
overlies bedrock in the center of the basin. Although
no basinwide or areally extensive confining units are
known in the system, numerous thin confining units
and interbedded fine-grained deposits of limited areal
extent are in the basin. The location and extent of prin-
cipal basin-fill deposits at land surface are shown in
figure 4. The relation between bedrock and basin-fill
deposits is shown in cross section in figure 5.

Consolidated rocks and unconsolidated basin-fill
deposits have openings that can store and transmit
water; openings include voids between mineral grains
(primary porosity) and faults, fractures, and solution
cavities (secondary porosity). Primary porosity is most
prevalent in the unconsolidated deposits; secondary
porosity is more prevalent in bedrock units. The hydro-
logic properties of the different geologic materials are
presented in table 1 and the distribution of materials
is shown in figures 3 and 4. In general, more water
is stored in and transmitted through unconsolidated
basin-fill deposits than bedrock. More water is trans-
mitted through coarse-grained gravels and sands than
fine-grained silts and clays, and through well-rounded
and well-sorted deposits than angular and poorly sorted
deposits, because the openings between coarse and
round grains are larger. Basin-fill deposits are the most
important aquifers in northern Big Smoky Valley and
are the principal subject of this report.

LOCATION AND PHYSIOGRAPHIC FEATURES 3























































































































































































Springs.—Springflow simulated by the
steady-state model without pumping was about
5,100 acre-ft/yr. The springflow was from 19 of the
32 drains assigned to layer 2 and from both drains
in layer 3. The nonflowing drains were assumed to
represent springs that originate in perched or shallow
aquifers and their discharge, therefore, was included
in evapotranspiration from layer 1. Discharge from
springs calculated by the steady-state model with
pumping was about 4,700 acre-ft/yr. This springflow is
from 18 drains in layer 2 and 2 drains in layer 3. Total
rates of springflow simulated by the model closely
agreed with the 5,000 acre-ft/yr estimated from field
observations, but may be high because the estimates
include discharge by shallow springs.

Subsurface outflow.—Model simulations indicate
that 2,700 acre-ft of water discharges from the basin by
subsurface outflow under natural equilibrium condi-
tions. Most of the discharge is southward through
layer 2. About 2,300 acre-ft of subsurface outflow was
simulated for equilibrium conditions with pumping,
whereby about 15 percent of the simulated natural out-
flow was captured by the pumping wells. Simulated
outflow shifted the ground-water divide 2 mi north-
ward, lowered water levels as far north as 5 mi from the
model boundary, and resulted in an acceptable distribu-
tion of heads. Although the assumption of subsurface
outflow is reasonable, its inclusion was not necessary
in the simulation of measured water levels under
equilibrium conditions because the simulated outflow
represents less than 4 percent of the estimated total
discharge from the basin. The head-dependent bound-
ary that allows outflow, however, provides a better
representation of heads and more plausible representa-
tion of the aquifer system than a no-flow boundary
would provide.

Sensitivity Analysis

Boundary conditions and aquifer properties
were systematically changed to test the sensitivity of
the model and to determine the effects of uncertainty
in estimated values. A series of simulations was made
in which values for boundary conditions or aquifer

properties were changed sequentially while the others
were held constant. The simulations were made using
the steady-state model of the natural (undeveloped)
system. Changes in hydraulic heads at layer-1 and
layer-2 cells and computed rates of natural discharge
from springs, evapotranspiration, and subsurface out-
flow were evaluated as indicators of sensitivity. Results
of the sensitivity analysis (table 10) show that the
model is most sensitive to changes in recharge and is
least sensitive to changes in either hydraulic conduc-
tivity or thickness of layer 3. Combinations of changes,
however, such as reductions in both transmissivity and
recharge, could compensate for each other. As both
factors are uncertain to some degree, sensitivity
analysis cannot be used to verify either one.

Transmissivity.—Increases and decreases
in transmissivity of each layer affected head and
discharge in layer 1 more than in layer 2, and had very
little effect on layer 3. Doubling the transmissivity is
equivalent to doubling the thickness of the layer while
holding hydraulic conductivity constant, or to doubling
the hydraulic conductivity while holding the thickness
constant. Doubling the transmissivity of layer 3 had no
effect on heads in layers 1 and 2 and an insignificant
effect on discharge (table 10). The model is most sen-
sitive to errors in estimates of hydraulic conductivity of
layer 1. It is relatively insensitive to errors in estimates
of thickness of basin-fill deposits.

Vertical leakance.—Increases and decreases
in vertical leakance test the sensitivity of the model
to errors in estimates of water flow through confining
units or in estimated vertical-to-horizontal anisotropy
in hydraulic conductivity. Vertical leakance between
layers 1 and 2 and layers 2 and 3 were changed simul-
taneously. Effects on simulated heads were moderate;
increased leakance resulted in a median decrease of 4 ft
in head in layer-1 cells and 6 ft in layer-2 cells, whereas
decreased leakance resulted in a comparable increase
in heads. As shown in table 10, the greatest effect of
changes in vertical leakance was on springflow, which
increased by 29 percent when vertical leakance was
reduced by half, and decreased by 24 percent when
vertical leakance was doubled. The overall effect is
small, however, because springflow accounts for only
a small percentage of total discharge.

64 Ground-Water Resources of Northern Big Smoky Vaiiey, Lander and Nye Counties, Centrai Nevada



0 Le T ¥'6 L- 9 81 0 0 0 p ogur [euor3oy

€C 8T 8- Vv 1% £e el 1 9t~ 9

8- e 0c- 1'9L - %Y S1 L- 6" 8

9+ 6¢ oc+ evil 81+ €8 61 9+ L+ (A

cct Sy €01+ 661 S6+ Lel 4 it 9T+ 0c a3reyoas iy

:a8reyooy

1+ Iy [ L'T6 (Yas 8’8 14 81+ ot 9

SI- I'e ¥+ 8'86 6¢C- (V8 14! L1- (4% 0c s1ohe] Iy

:90UBNE9] [BOTLAA pUB AJAISSTWISURI],

I+ L'e € 1°76 6Ct 0’6 1C L+ s+ 9
I- 9t £+ 9°L6 V- 1Y Sl 9- a 07c €-T pue Z-1 s1oke

190UEBYBI[ [BOIMAA
I+ Le 0 L6 I- oL 81 0 0 [
C 9¢ I+ ¥'66 ¢t L 61 0 0 07¢ ¢ Joke]
7+ 8¢ 1+ v'S6 148 09 81 + 9+ g
1- 9t 1+ G'S6 P+ €L 61 I- I- (4!
9- Ve 0 0°S6 vi+ 08 81 b- 9- 07¢ T 1efe
P+ 8¢ C y'e6 Si+ '8 61 9+ 8+ G
I+ Le I- Y6 9+ V'L 61 (44 ¢t 8
I- 9t I+ 866 v1- L9 81 T T (!
L Ve g+ S'L6 1¢- 9°¢ ST 8- o1- 07¢ [ 1oAe

(ANAISSTIOSURAY,
0 L'e 0 6'v6 0 oL 61 0 0 QUON ¢ [epOW pajeiqIe
abueyo abueyd abueyd
Juodsed abieyosia JusoI0d abieyosia WB0I0d abieyosiqa  ,iequnpN Z219he7 | ke
(10108}
MOINo 3deunsqng uopjesidsuenodenz moybuuds (109}) :o_Wu%.ﬂ_M.__«M: w)
, peay u
(puodas Jad 399} 0|qno) |abieyosp [ejoL abueyd uejpapn

epeasN ‘Aajep Hjows Big uteyuou 1o} jopou ajels-Apea)s Jo sisAjeur AjAlsuas Jo synsay ‘0L alqel

65

Sensitivity Analysis



*(a81eyoa1 18101 JO JudoIad ¢) puooas 1ad 199) 91GNS G¢ 3G 01 PIIBWINSI ST MO UISBGIAIUY N

‘wRIsAs mop (pado[oAspun) [eInjeu U} JO UONB[NUILS J)eIs-Apeals ¢

7 10Ke] wioly 1a1em SuiBreyostp (sureap) sguuds Jo roquinN

*95BAIOAP SajeoIpul (-) uS1s snurwr ‘dsearout sa)edIpul (+) ugis snid {[opowr pajeIqI[ed Puk 1591 AJIARISUSS UIIMIIG SIOURIDLII(] 1

0 Le Tt €L6 ge- 9y 61 0 0 <
0 Le £ (A4 i+ 0ot 81 0 0 0c 10108 dueyea]|
;901U (Sunds) ureag
Ly- 6'1 (43 €96 I+ 'L 61 0 0 S
6L+ 99 (4 9'C6 C 89 61 0 0 0T 10108 90UBYEI]
:Krepunoq juapuadap-pesay
Tt 8¢ T 9'T6 1444 L8 1T 6+ 6+ <
9- S'e P+ 9'86 - 'y €l 61- 61- 0¢C yidop uonounxyg
Tt Le 1- 8'¢6 o1+ LL 0c 7+ Lad s
1- Le 1+ 096 S- 99 61 T (4 0T Jjel WNWIXeA
:uoneiidsuenodeaqg
abueyo abueyo abueyo
Juesseg abeyosia Jusdleg abieyosia edsed ableyosiq  ,JaquinN ZJ9he7 L Jahe
(1or08y
MOINo 3deUNSqNS uonesidsuesjodeay moybupds (109)) uogieoldinw)
abuey)n
, Peay u}
(puodas Jad 193} 21qnd) | abreyasp [eloL abueyo uepap

penunuoD—epeap ‘Ae|leA djows Big ulsypou 1o} |epow ajels-Apeais Jo sisAjeue Ajajsuas jo synsey -0} 8iqel

Ground-Water Resources of Northern Big Smoky Valley, Lander and Nye Counties, Central Nevada

66



Transmissivity and vertical leakance.—If
assumptions about the relations between horizontal

and vertical conductivity and between conductivity,
leakance, and depth are correct, then any error in esti-
mate of horizontal hydraulic conductivity of layer 1
will result in corresponding errors throughout the sys-
tem. Therefore, the combined effects of changes in
transmissivity of all layers and in vertical leakance
between them was analyzed. These changes strongly
affected simulated heads. As shown in table 10, median
change in head in response to increases and decreases
of transmissivity by a factor of 2 was 22 ft in layer 1
and 18 ft in layer 2. Discharges were also affected; in
terms of percent change, springflow was affected the
most, evapotranspiration the least; in terms of total
amounts, evapotranspiration was affected the most.

Recharge.—Initial recharge estimates resulted in
realistic simulated rates and distribution of discharge.
To determine the sensitivity of the model to errors in
recharge estimates, recharge values were increased
and decreased by 20 percent and by a factor of 2 (see
table 10). The change by a factor of 2 resulted in a
median change in head of 26 ft in layer 1 and 22 ft in
layer 2. Change in springflow and evapotranspiration
was directly proportional to the percent change in total
recharge. The sensitivity analysis appears to support
the reliability of recharge estimates used in the model
calibration, although the effects of greater recharge
could have been balanced by higher values for horizon-
tal and vertical conductivity, resulting in the same
distribution of simulated water levels.

Evapotranspiration.—The maximum rate and
extinction depth of evapotranspiration were increased
and decreased separately by a factor of 2. Changing the
maximum rate had very little effect on heads or dis-
charge. Change in the extinction depth, however, had a
significant effect on heads in both layers and on spring-
flow. Doubling the extinction depth resulted in median
declines of 19 ft in layer-1 and layer-2 water levels, an
expanded area from which evapotranspiration occurs,
and a 42-percent decrease in springflow. Discharge
from six drain cells ceased. Decreasing the extinction
depth resulted in a 9-ft rise in head in both layers and
a 24-percent increase in springflow.

Subsurface outflow.—To test the sensitivity
of the model to errors in estimates of flow across the
head-dependent southern boundary of the model, con-
ductance values for all three layers along the boundary
were increased and decreased by a factor of 2.

Although median heads throughout the basin did not
change, heads were affected locally at the southern
end. Doubling the conductance values resulted in a
maximum 29-ft decline in head at the southern bound-
ary, and decreasing the conductance by 50 percent
resulted in a maximum 14-ft rise at the boundary,
although the median of heads throughout the basin was
not affected (because of the great extent of the basin).
As shown in table 10, doubling the conductance caused
a 79-percent increase in subsurface outflow, whereas
decreasing the conductance by 50 percent caused a
47-percent reduction. Effects on evapotranspiration
and springflow were insignificant because the outflow
is less than 5 percent of the total simulated discharge.

Springs.—The conductance values that
simulate flow across the interface between the
aquifer and the drains that represent springs in the
model was increased and decreased by a factor of 2.
These changes had no effect on the median of heads
throughout the basin, but in the vicinity of springs,
heads declined locally as much as 5 ft in layer 1 and
12 ft in layer 2 when conductance was doubled, and
rose by the same amount when conductance was
decreased by 50 percent. Increasing the conductance
resulted in a 42-percent increase in springflow and a
3-percent decrease in evapotranspiration; decreasing
the conductance resulted in a 35-percent decrease
in spring flow and a 2-percent increase in evapotrans-
piration. Subsurface outflow was not affected by
these changes.

Ground-Water Budgets from Model
Simulations

The model was used to simulate the ground-water
budget for northern Big Smoky Valley under natural
(undeveloped) and stressed (developed) conditions.
The results of the simulations are presented in table 11
in terms of ground-water budgets for (1) natural condi-
tions before development, (2) equilibrium conditions
at 1985 withdrawal rates and distribution of ground-
water development, (3) nonequilibrium conditions
after 20 years of development, and (4) equilibrium
conditions with increased development. A discussion
of the limitations of the simulations and examples
of potential effects of future stress are discussed in
subsequent sections of the report.
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The first simulation is a steady-state model in
which water levels and flow paths approximate natural
equilibrium conditions. It represents the system before
development (table 11, column 1). Of the water that
recharges the basin (about 77,000 acre-ft), about
90 percent is discharged by evapotranspiration,

7 percent by springs, and 3 percent by subsurface
outflow to Tonopah Flat. The results of this simulation
are shown in figure 28.

The second simulation is a steady-state model
that represents the system at equilibrium with 1985
development stresses (table 11, column 2). Equilibrium
conditions could be reached if present pumping contin-
ued and no additional stresses were applied to the sys-
tem. In this simulation, about 8 percent of the recharge
is withdrawn by wells, 83 percent discharges by evapo-
transpiration, 6 percent discharges by springs, and
3 percent leaves the basin by subsurface outflow. A
maximum decline in the water table of about 40 ft is
simulated in the southern part of the basin.

The third simulation consists of transient models
that simulate effects of 1985 rates of withdrawal on the
natural (undeveloped) system during (a) a 20-year
period during which recharge values approximated the
long-term average, and (b) a 20-year period, from 1965
to 1985, during which recharge values exceeded the
long-term average by 16 percent, to correspond to the
greater-than-average precipitation measured at Austin.
The 20-year period was selected to simulate the
ground-water system as it changed from the natural
(unstressed) state to an approximation of present
(1985) conditions. Results are shown in table 11, col-
umns 3a and 3b. Both simulations produced systems
that have not reached equilibrium. A comparison of
the water levels from these two simulations shows the
effects of the 1965-85 period of greater-than-average
recharge. After 20 years of development under average
conditions (column 3a), discharge would exceed
recharge by almost 4 percent and the volume of water
in storage would decrease. In contrast, for the period of
greater-than-average recharge (column 3b), recharge
would exceed discharge by almost 6 percent and the
volume of water in storage would increase.

The fourth simulation represents a potential
equilibrium that might result from increased develop-
ment of the ground-water system. It simulates with-
drawals at twice the 1985 rate (table 11, column 4).
Initial conditions were represented by simulation 2,
and recharge values equaled the long-term average.

Increased withdrawals were from 23 hypothetical
wells located to capture water that otherwise would
be discharged by evapotranspiration. Hypothetical
wells are in areas near the playa, where (1) the water
table is shallow, (2) the water quality is acceptable for
irrigation and for human consumption, and (3) wells
are likely to withdraw water that would otherwise be
evapotranspired by phreatophytes. The wells are iso-
lated from other high-yield wells by at least 1 mi.
Simulated annual withdrawals were about 300 acre-ft
per well, enough to irrigate about 100 acres of alfalfa.
The model showed that 94 percent of the increased
withdrawals would come from water that would
otherwise be discharged by evapotranspiration,

6 percent from springflow, and less than 1 percent
from subsurface outflow to Tonopah flat. As a result
of the increased withdrawals, evapotranspiration
would decrease by 8 percent, springflow by 7 percent,
and subsurface outflow by 2 percent, relative to equi-
librium conditions resulting from 1985 withdrawal
rates. Model results indicate that water-level declines
would average about 3 ft, and the maximum decline
would be about 4 ft, in comparison with equilibrium
conditions resulting from 1985 withdrawal rates
(table 11, column 2).

Assumptions and Limitations

All models of ground-water flow are
approximations because no set of equations can
fully describe all processes that take place in an aquifer
and all of its characteristics at all points. Simplifying
assumptions must be made in order to model complex
hydrogeologic situations. The basic assumption in
modeling is that the approximations, simplifications,
and estimates are reasonable. The reliability of the
results is assessed by how closely the calibrated
model approximates actual conditions.

In parts of northern Big Smoky Valley, data are
sparse and inadequate to fully define the flow system.
For example, conditions in the deep subsurface and
underlying bedrock are estimated because data are not
available and indirect methods are subject to different
interpretations. Furthermore, where data are available,
they must be averaged within each cell of the model.

For this study, simplifying assumptions were
made about recharge, discharge, and aquifer properties.
Nearly all recharge was assumed to infiltrate through
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the uppermost layer of the model, whereas in the
natural system, a significant amount of water may be
transmitted to the aquifer through bedrock at all depths.
The model also assumed a small rate of subsurface
inflow in the vicinity of major hot springs, but the
actual rate and distribution of flow is unknown. All
withdrawals were assumed to be distributed evenly
with time, whereas in reality, only mining water is
withdrawn year round; irrigation water is withdrawn
only during the growing season—about 140 days per
year. Evapotranspiration rates are based on limited
experimental data, primarily from areas outside north-
ern Big Smoky Valley. Only the basin-fill aquifer

was modeled, although local carbonate and volcanic
bedrock units may yield useful quantities of water.

A limitation on the application of models is
that solutions of models are not unique; combinations
of different values for amounts and distribution of
hydrologic variables and hydraulic properties could
result in the same distribution of water levels. The
results of the steady-state models developed in this
study were based on reasonable values and knowledge
of the aquifer and they provide a plausible approxima-
tion of the ground-water flow system. In contrast, until
long-term historical data are available for corrobora-
tion, the transient models should be considered
examples rather than reliable predictors of aquifer
performance and response.

As water use and development increase and
more data on recharge, discharge, and changes in
storage become available, the model can be further
refined. Its accuracy and potential utility as a predictive
tool will increase and the hydrologic effects of different
patterns of development then can be determined with
greater confidence.

Potential Effects of Future Development

Some management strategies consider mean
annual recharge as the theoretical upper limit to
ground-water development. In northern Big Smoky
Valley, only a small part of mean annual recharge,

8 percent, is withdrawn for irrigation, mining, and
other human activities. Therefore, increases in ground-
water withdrawals are possible. Much of the recharge,
but not all, can be used because development by wells
requires consideration of water quality, transport, and
use, and is unlikely to efficiently capture all the water

that would otherwise discharge by natural processes of
evaporation and transpiration. Increased withdrawals
will result in changes in the water budget and adjust-
ments in the ground-water flow system.

According to results of simulations, a new
equilibrium may be established if withdrawals are
small. For example, present rates of consumption
are likely to result in an average water-level decline
of 41 ft in the vicinity (within one-quarter mile) of
pumped wells in the southern part of the basin.
Depending on distribution of pumped wells in the
basin, sustained withdrawals at twice the present rates
would probably cause average water levels ultimately
to decline an additional 4 ft. As withdrawals increase
and water levels decline, rates of evapotranspiration,
springflow, and subsurface outflow would also
decrease, resulting in a new equilibrium between
recharge and discharge.

The maximum rate of withdrawal for which
a new equilibrium can be established, and the most
preferable locations for individual new wells, were
not investigated during this study. Appropriate well
locations depend on social, economic, and legal, as
well as hydrologic, considerations that were beyond
the scope of this study. However, some estimates have
been made. An estimated 13,000 acre-ft of ground
water could be withdrawn from the Lander County part
of the basin and 52,000 acre-ft from the Nye County
part by capturing all ground water that is discharged
by evapotranspiration, according to Rush and Schroer
(1970, p. 64-65). They give examples of well yields,
well spacing, and water-level drawdowns needed to
lower the water table to at least 50 ft below land surface
during the growing season, so that it would be out of
reach of phreatophyte roots. Results of the present
study indicate that average long- term rates of evapo-
transpiration may be 5-10 percent higher than those
estimated in the 1970 report. If the higher rates are cor-
rect, the 1970 estimates can be considered conservative
upper limits for development of ground water.

If withdrawals exceed mean annual recharge,
and if no new sources of recharge (such as recycled
or imported supplies) are introduced, water in storage
gradually will be depleted; the system would not
reach equilibrium and water levels would continue to
decline. Eventually, the costs of pumping would out-
weigh the benefits. Large withdrawals could be made
on a temporary basis for mining or other uses, however,
allowing subsequent recovery of water levels.
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Where the aquifer is full (water table is at or
near land surface), as in the central part of the valley,
some water evaporates from the surface during years
of above-average precipitation. Surface streams reach
the playa, where water ponds and eventually evapo-
rates. Shallow water remains on the playa for many
months during wet years, but it is unsatisfactory for use
because it is an undependable supply and its quality is
poor. Theoretically, storage potential in aquifers could
be enhanced by pumping water from areas of high
water levels surrounding the playa, thus increasing
the potential for recharge. Infiltration rates can be
increased by spreading, ponding, or injecting the water.
Using withdrawals to create new storage is practical
only if the pumped water can be put to sufficiently
beneficial use to offset costs of pumping and of
increasing recharge. This alternative is practiced to
some extent where aquifers are pumped for irrigation
late in the growing season and replenished by infiltra-
tion of surface water during the following spring.

SUMMARY AND CONCLUSIONS

Mining, irrigation, and domestic use of ground
water is increasing in northern Big Smoky Valley.
Effective decisions about water allocation to meet
increasing demands require an understanding of the
sources, amount, distribution, and use of ground
water in the basin. To improve this understanding,
the U.S. Geological Survey, in cooperation with Nye
County, completed a 3-year study; results of the study
are described in this report.

The principal source of ground water in northern
Big Smoky Valley is an extensive basin-fill aquifer
consisting of gravel, sand, silt, and clay layers. Total
thickness of this aquifer is as much as 5,000 ft in the
center of the basin. An estimated 5 million acre-ft of
water is stored in the upper 100 ft of the aquifer, but
only a small part is replenished annually.

Of the average 740,000 acre-ft of water that falls
on the basin as snow and rain each year, 90 percent
evaporates from the surface or is transpired by vegeta-
tion; only 10 percent infiltrates to the water table. Most
of the water infiltrates from about 50 streams that origi-
nate and terminate within the basin. Streams are peren-
nial in the western mountains and intermittent in the
rest of the basin. The largest perennial streams, Kings-
ton Creek and South Twin River, have mean annual
streamflows of 7,200 and 5,300 ft3/s, respectively.

Water withdrawn from wells in the basin, except
in areas of thermal water and near playas, is generally
of acceptable quality for irrigation, stock, and domestic
use. The best quality ground water for most purposes
is likely to be found away from playas at depths of
200-400 ft.

Most ground water in the basin discharges by
evapotranspiration, primarily by natural vegetation.
Annual evapotranspiration of ground water, based on
phreatophyte distribution estimated primarily from
Landsat data, is about 67,000 acre-ft. Total withdraw-
als during 1985 for irrigation, mining, stock watering,
public supply, and private domestic use were about
6,600 acre-ft; 98 percent of the water was used for
irrigation and mining. Some ground water discharges
by subsurface outflow southward to Tonopah Flat.

Despite pumping, water levels in the basin-fill
aquifer did not decline during 1965-85. Water levels
rose in most parts of the basin because precipitation
during this 20-year period was 16 percent greater than
the long-term (1890-1985) average. Streamflow and
ground-water recharge, consequently, were also greater
than average. Water levels declined in the southern part
of the basin, however, as a result of development.

A numerical ground-water flow model was used
to refine the conceptual flow model of northern Big
Smoky Valley and to evaluate the potential for future
development in the basin. The model was used to
estimate ground-water budgets for four sets of condi-
tions: (1) natural equilibrium (steady-state conditions)
before development, (2) equilibrium based on 1985
rates and distribution of withdrawals, (3) nonequilib-
rium (transient conditions) after 20 years of develop-
ment, and (4) equilibrium with increased development.
To evaluate hydrologic effects of increased develop-
ment, additional (hypothetical) wells were simulated.
Results indicate that sustained withdrawals at twice the
1985 rate could cause average water levels to decline
4 ft in comparison to water levels resulting from 1985
withdrawal rates; local declines could be as much as
44 ft in the vicinity of pumped wells. The declining
water levels would result in decreasing rates of evapo-
transpiration, springflow, and subsurface outflow to
the south. A new equilibrium, however, could be estab-
lished. If the additional wells were located to capture
water that otherwise would be transpired by phreato-
phytes, the long-term hydrologic effects of increased
development could be minimal.
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SOURCES OF ADDITIONAL
INFORMATION
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Several State and Federal agencies are involved
in collecting water-resources data in Nevada, assessing
water and land use, and planning and management.
Mailing addresses and types of information available

from some of the principal agencies are in table 12.
The National Water Information System (NWIS),
administered by the U.S. Geological Survey, is a
central computerized source of basic data. NWIS is
managed in Nevada by the USGS District Office in
Carson City.

Table 12. Selected sources of information about water resources and land use in Nevada

Name, address, and internet address

Type of information avaiiable

Department of Conservation and Natural Resources

Division of Water Resources

Division of Water Planning

Division of Environmental Protection
123 W. Nye Lane
Carson City, NV 89710
http://www.state.nv.us/cnr/ndwp

University of Nevada:

Bureau of Mines and Geology
Reno, NV 89557
http://www.nbmg.unr.edu

Desert Research Institute
Water Resource Center
Atmospheric Sciences Center
Western Regional Climate Center
P.O. Box 60220
Reno, NV 89506
http://www.dri.edu

Nevada State agencies

Water-resource plans and assessments; water-right permits
(Cartier and others, 1995); licensing water-right
surveyors and well drillers; dam safety; geothermal
resources; drillers’ reports and logs of wells (Bauer and
Cartier, 1995); water-quality information and
regulations; water availability, water-supply and water-
demand reports; protection of beneficial uses, discharge
permits, monitoring discharge quality; and forecasts of
water supply and demand

Earthquake-hazard, radon-hazard, and landslide-hazard
reports; geologic and mineral-resources maps; flood-
and debris-hazard maps; geology, geophysics,
geothermal, and commodities reports; rock and mineral
collections for research; mining district data bases;
unpublished mine-workings data; air photos

Water resources, water and air quality, basic and applied
environmental research

Ground-Water Resources of Northern Big Smoky Valiiey, Lander and Nye Counties, Centrai Nevada



Table 12. Selected sources of information about water resources and land use in Nevada—Continued

Name, address, and Internet address Type of information avallable

Federal agencies

U.S. Department of Agriculture:

Agricultural Research Service

920 Valley Road
Reno, NV 89512
http://www.ars.usda.gov

Forest Service

Toiyabe National Forest
1200 Franklin Way
Reno, NV 89505
http://www.fs.fed.us

Natural Resources Conservation Service

Water-use technology for agriculture; pasture and range
studies

Productivity of forests and range lands; protection of
tributary waters; maps and air photos; forest regulations

Water supply and conservation; soil surveys; snow-course

1201 Terminal Way and reservoir-storage data; resource maps (land, water,
P.O. Box 4850 and soils); air photos

Carson City, NV 89710

http://www.ncg.nrcs.usda.gov

U.S. Department of Commerce:

National Oceanic and Atmospheric Administration

2601 E. Plumb Lane
Reno, NV 89502
http://www.noaa.gov

U.S. Department of the Interior:

Bureau of Land Management

Weather records and forecasts; weather modification;
reports and data

Range and livestock management; land use; oil and gas

850 Harvard Way leasing; mining claims; land ownership; survey
P.O. Box 12000 markers; land-status maps; orthophoto maps; color
Reno, NV 89520 infrared, color, and black-and-white air photos
http://www.blm.gov

U.S. Geological Survey
333 W. Nye Lane

Carson City, NV 89706
http://wwwnv.wr.usgs.gov

Water resources; biological resources; mining; geology,
hydrology, cartography, geography, and remote sensing;
reports, maps, and data; National Water Information
System (NWIS)

SOURCES OF ADDITIONAL INFORMATION
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GLOSSARY

The following terms are defined as used in this report. Terms
identified by bold type within definitions are also listed and
defined in this glossary.

Alluvial fan. A low, fan-shaped deposit of uncon-
solidated gravel, sand, silt, and clay formed by a stream
issuing from a mountain front. It slopes gently outward
from the mountain front, increasing in width toward
the lowland.

Aquifer. Rocks or sedimentary deposits that can yield
water of usable quantity to wells and springs. In this
report, the term primarily refers to basin-fill deposits
known or inferred to be capable of yielding moderate to
large amounts of water to individual wells.

Artesian. Ground water confined under sufficient
pressure to rise above the aquifer when penetrated by
a well.

Basin. A drainage basin; referred to as a closed basin if it
has no outlet for surface-water runoff.

Basin-fill deposits. Unconsolidated and partly
consolidated materials eroded from rock in adjacent
mountains; predominantly consist of sorted sediment
deposited by streams or in lakes; include gravel, sand,
silt, and clay. Where coarse grained, form principal
aquifers of northern Big Smoky Valley.

Bedrock. Consolidated (solid) rock that underlies basin-
fill deposits. It is exposed at land surface in the moun-
tains, but is buried beneath as much as 5,000 feet of
unconsolidated and partly consolidated materials in
the center of northern Big Smoky Valley.

Carbonate rock. Bedrock composed primarily of
calcium and magnesium carbonate minerals—for
example, limestone, dolomite, and marble.

Cell. A hypothetical block of aquifer used in model
simulations. In three-dimensional models, its location
is described in terms of column, row, and layer.

Confining bed, confining layer. A layer of rock or
sediment that has very low hydraulic conductivity; it
hampers the movement of water into, out of, or within
an aquifer.

Cone of depression. A depression in the water table
or other potentiometric surface produced by the
withdrawal of water from an aquifer.

Consolidated. Firm and cohesive; cemented.

Darcian flow. Flow of ground water through an aquifer;
controlled by hydraulic conductivity of the aquifer
material and head difference. Named for Henry Darcy,
a French hydraulic engineer who, in 1856, published his
investigations of flow of water through sand beds.

Desert Land Entry. A legal process that transfers State
land to private agricultural use. From 1877 to 1976,
private citizens acquired 376,388 acres in Nevada
through the Desert Land Act.

Digital model (of ground-water flow). A set of mathe-
matical equations that represent the flow system, the
computer routines required for solving the equations,
and the data (specifying properties of the hydrogeologic
framework and delineating the problem to be solved).

Discharge (ground water). Water that moves from the
subsurface to the land surface, to surface water, or to
the atmosphere.

Discharge (surface water). Rate of flow; streamflow.

Dissolved solids. Dissolved mineral constituents derived
largely from solution of rocks and soils. Locally include
mineral matter leached from mine tailings, agricultural
chemicals, and sewage. In northern Big Smoky Valley,
dissolved-solids concentrations generally are greater in
ground water than in surface water.

Drainage area, drainage basin. The entire land surface
that receives water and contributes it ultimately to a
particular stream channel, lake, or playa.

Drawdown. The lowering of the water level in a well as a
result of withdrawal; the difference between the static
level and the pumping level.

Evapotranspiration. Loss of water to the atmosphere by
a combination of direct evaporation from water
surfaces and moist soil, and transpiration by plants.

Gradient. Rate of change of a variable quantity, such as
temperature or pressure, with respect to distance
measured in the direction of maximum change.

Granitic rock. Coarse-grained granular bedrock formed
by crystallization and solidification of magma (molten
rock deep in the earth).

Ground water. Generally, all subsurface water, as distinct
from surface water; specifically, that part of the
subsurface water that is in the saturated zone.

Head. The height of a column of water above or below
a datum plane, such as sea level. In a ground-water
system, it is a function of altitude and pressure.
Informally called "water level."

Hydraulic conductivity. The capacity of a rock or
sediment to transmit water. It is expressed as the
volume of water that will move in a unit time under a
unit hydraulic gradient through a unit area measured at
right angles to the direction of flow. Ranges from high
for fractured rock, gravel, and coarse sand to low for
unfractured rock, silt, and clay.

Hydraulic properties (of an aquifer). Properties, such as
particle size and aquifer thickness, that affect the flow
of water through saturated rock or sediments. (See also
hydraulic conductivity).
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Infiltration. The movement of water into soil or porous
rock.

Intermittent stream. A stream or part of a stream that
flows primarily in direct response to precipitation and is
dry for part of the year.

Irrigation return flow. That part of irrigation water that is
not consumed by evapotranspiration and that
migrates to an aquifer or surface-water body.

Leakance. Flow of water through confining beds;
expressed as the ratio of vertical hydraulic
conductivity to thickness of the confining beds.

Model. See Digital model, Steady-state model,
Transient model.

Perennial stream. A stream that flows throughout
the year.

Phreatophyte. A plant that not only consumes soil
moisture, but also draws water from underlying ground
water in the saturated zone. Some may tap ground
water more than 50 feet below land surface.

Physiographic province. A region of similar geologic
history and geographic features that differs from
adjacent regions.

Playa. The flat floor of a desert basin that has only interior
drainage; may be occupied by a shallow lake during or
after prolonged heavy rains or snowmelt.

Porosity. The voids or openings in a rock or sedimentary
deposit. Porosity may be expressed quantitatively as the
ratio of the volume of openings to the total volume of
the rock or sediment.

Potentiometricsurface. A surface that represents the total
head in an aquifer; that is, it represents the height
above or below a datum plane, such as sea level, at
which the water level will stand in tightly cased wells
that penetrate the aquifer. (See also Water table.)

Recharge (ground water). Water that enters the
saturated zone.

Remote sensing. Collection of information by methods
that record reflected or radiated electromagnetic
energy; includes photography, infrared detection,
microwave frequency reception, radar, and other
geophysical measurements. Used in hydrogeologic
studies to determine structural features of the Earth’s
surface and distribution of vegetation.

Runoff, That part of precipitation that directly runs off the
land surface or is transported by streams. May include
ground-water discharge to streams.

Satellite imagery. The spectral characteristics of the land
surface measured remotely from a satellite; can include
ultraviolet to radio-band wavelengths.

Saturated thickness. The thickness of an aquifer below
the water table.

Saturated zone. The subsurface zone in which all
interconnected spaces are filled with water under
pressure equal to or greater than atmospheric pressure.
The water table is the upper limit of this zone.

Sedimentary rock. Consolidated rock formed of
cemented or indurated sediments (sandstone, siltstone,
shale, or conglomerate) or by chemical precipitation
(some carbonate rocks).

Seepage. Infiltration or percolation of water through
surficial materials (sediments or consolidated rock).

Simulation. The representation of a system by a device
such as a model that imitates the behavior of the system;
results in a simplified version of a natural situation.

Sorting (of sediments). Deposition of unconsolidated
materials according to grain size, based on particle
diameter and density.

Specific conductance (of water). A measure of the
ability of water to conduct electric current; expressed in
microsiemens per centimeter at 25 degrees Celsius. It is
related to, and serves as an approximate measure of, the
dissolved-solids concentration.

Steady-state model (of ground-water flow). A model
that simulates distribution of head in an aquifer at
equilibrium.

Storage. Water naturally or artificially detained in an
aquifer or drainage basin; refers to ground water or
water impounded on land surface.

Storage coefficient. The volume of water released from
storage in a unit volume of an aquifer when the head is
lowered a unit distance.

Surface water. A body of water on land surface; for
example, a stream or lake.

Thermal water. Heated, mineralized water that may issue
from a spring, geyser, or well. In northern Big Smoky
Valley, it is derived from precipitation that moves
downward in bedrock and is heated by contact with hot
rocks at depth.

Transect. A line along which a land survey is made.

Transient model (of ground-water flow). A model
that simulates distribution of head in an aquifer at
successive times under changing conditions.

Transmissivity. The rate at which water is transmitted
through a unit width of aquifer under a unit hydraulic
gradient. Equal to the average hydraulic conductivity
multiplied by the saturated thickness.

Transpiration. The process by which water passes
through living organisms, primarily plants, and into the
atmosphere.

Unconsolidated. Loose, not firmly cemented or inter-
locked; for example, sand (in contrast to sandstone).
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Unsaturated zone. The subsurface zone above the water
table; important with regard to evapotranspiration,
infiltration, and recharge processes.

Volcanic rock. Rock formed by cooling of lava.

Water budget. An accounting of the inflow, outflow,
and changes in storage of water in a drainage basin
or aquifer.

Water table. The upper surface of the saturated zone. It

is the upper surface in an unconfined aquifer at which
the pressure is atmospheric, and is defined by the levels

at which water stands in wells that penetrate just far
enough to hold standing water. In wells penetrating to
greater depths, the water level will be above or below
the water table if an upward or downward component of
ground-water flow predominates.

Water year. The 12-month period, October 1-September
30, during which a complete hydrologic cycle normally
occurs. The water year is designated by the calendar
year in which it ends; thus, the year ending September
30, 1985, is called the "1985 water year."”
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