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WATER RESOURCES OF BIG SMOKY VALLEY, LANDER,

NYE, AND ESMERALDA COUNTIES, NEVADA

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

ABSTRACT

Big Smoky Valley has an area of 2,926 sguare miles and
lies near the cente: of Nevada. The valley-fill reservoirs
have a maximum thickness of between 3,000 and 5,000 feet.
The estimated ground water stored in the upper 100 feet of
saturated alluvium is 5,000,000 and 7,000,000 acre-feet,
for the northern part of the valley and Tonopah Flat,
respectively. Transmissivity of the valley fill probably
is less than 50,000 gpd per foot, except in the area between
Round Mountain and San Antonio Ranch, where it probably is
more than 100,000 gpd per foot. Areas underlain by
fine-grained Pleistocene-lake deposits, have lower trans-
missivities than described above.

In most areas, the ground water is under water~table
conditions. The storage coefficient is estimated to average
about 0.15 for the valley-fill reservoirs. The depth to
ground water is commonly less than 15 feet and generally
less than 100 feet in the northern part of the valley and
commonly less than 100 feet beneath Tonopah Flat,

Forty potentially usable streams drain from the
Toiyabe Range and the Toguima Range; they have a combined
average annual flow of about 35,000 acre-feet. About
20,000 acre-feet of flow occurs during the average crowing
season. Maximum flow generally is at or near canyon
mouths. A reasonably good relation exists between stream
basin area and estimated annual flow.

Average annual precipitation ranges from as much as
20 inches in the high mountains to 4 to 7 incheg on the
valley floor. The northern part of the area receives more
precipitation, at a given altitude, than Tonopah Flat.
Inflow to the valley-fill reservoirs is mostly recharge’
from precipitation. Outflow from the northern part of the
valley is evapotranspiration from phreatophyte areas.
Nearly half of the estimated outflow from Tonopah Flat is
evapotranspiration; the remainder probably is ground-water
outflow probably southward to Clayton Valley. The estimated
total average annual inflows and outflows are 65,000
acre-feet in the northern part of the wvalley and 14,000
acre~feet for Tonopah Flat.




The estimated perennial yields of the valley-fill
reservolrsg are 65,000 acre-~feet and 6,000 acre-feet for
the northern part of the valley and Tonopah Flat, respec-
tively.

The transitional storage reserves were estimated to
be 2,300,000 and 2,900,000 acre-feet for the northern part
of the valley and Tonopah Flat, respectively. 1In the
northern part of the valley and Tonopah Flat, the transi-
tional storage reserves would be depleted in about 70 years
and about 1,000 vears, respectively, if the ground-water
diversion rates were held at the perennial yields of the
two areas.

For the northern part of the valley, in 1968,
2,800 acre~feet of surface water and 8,200 acre-feet of
ground water were consumed. For an average year, an
estimated 4,500 acre~-feet of surface water and 7,900
acre-feet of ground water would be consumed. Comparable
estimates for Tonopah Flat are all less than 1,000 acre-
feet.

Thirteen of the 40 principal streams have been
diverted to lined ditches or pipelines. Most of the
remaining 27 streams could be developed in this manner.
Canyon mouths are generally the best locations for pipe-
line and lined ditch intakes. The most productive streams
not being diverted to pipelines or lined ditches are
Kingston, Peavine, Pablo, Ophir, Jefferson, Broad, Barker,
Wisconsin, Last Chance, and Decker Creeks.

Dams to impound water for recreation have been con-
structed on Kingston Creek and proposed for Birch and
Jefferson Creeks. Other streams, where such dams may be
feasible, are North and South Twin Rivers and Peavine,
Pablo, Jett, and Bowman Creeks. Storing water behind
dams for irrigation might be feasible in Belcher Canyon
and on McLeod Creek and any creeks having similar runoff
characteristics.

Long-term ground-water development will be at the
expense of natural discharge by phreatophytes. Wells
should be in or near phreatophyte areas. Ground-water
levels will have to be lowered about 50 feet throughout
the phreatophyte areas to capture all natural discharge.

Most alluvial areas vield ground water usable for
irrigation; however, shallow wells on or near playas prob-
ably would yield unsuitable water. All streams flowing
from the mountains are suitable for irrigation.




INTRODUCTION

Purpose and Scope

This is the second guantitative report on the
hydrology of Big Smoky Valley (pl. 1). The first was a
reconnaissance by Meinzer (1917) wherein he estimated
the discharge and its distribution on the valley floor.
An earlier report by Meinzer (1915) and a recent report
by Robinson (1953) were generally descriptive.

The purpose of this report is: (1) to describe the
general hydrologic environment of Big Smoky Valley,
(2) to define the valley-fill reservoirs and to delineate
the source, occurrence, and movement of ground water and -
surface water, (3) to estimate the magnitude of the
components of inflow to and outflow from the valley-fill
reservoirs, (4) evaluate water use ih the valley and its
effects on the hydrologic systems, (5) to describe water
guality, (6) to define the available water supply, and
(7) to delineate alternative means of developing future
supplies.

, The scope of the report is limited to existing data
. and to field observations made mostly during the summer of
: 1968. The installation of stream gages and test drilling
was beyond the scope of the study.




The fo

i

Histori@al Sketch

llowing is a brlef chronology of the recorded

history of Big Smoky Valley. Much of the information is from

Koschmann and ‘Bergendahl (1968), Elliott (1966), Couch and

Carpenter (1

1827

1843

1859

1860

1864

1865-7

1886

1900

1902

1504

1905

1906~-7

943), Vanderburg (1936), and Kral (1851).

Jedediah Smlth txaversed the valley near Mount
Jefferson. ~

John C. Fremont (2d expedition) explored the valley.

J. H. Simpson (1876) explored a wagon route,
which traversed the valley via Simpson Park
Canvyon.

Pony Express and Overland Stage established along
Simpson's route.

Ophir--silver discovered. First important ore
discovery in the area.

0 Sante Fe, Bunker Hill, Victorine, Summitt
(Toiyabe Range, T. 16 N.), San Antone (near San
Antonioc Ranch, T. 7 N., R. 42 E.), Manhattan, and
Jefferson (Creek) Canyon--mining o6f silver and
gold began. ‘

Twin Rivers District (Tomyabe Range, T. 12 N,)=--
silver production began. .

Twin Rivers District--maximum ore pxoéuetlon
r@ached

¢
Tohopahu*ailver and gold claims were staked.

Tonopah Water Improvement Co., formed to develop
local springs, streams, and artesian wells.

Tonopah~-wells drilled in Ralston Valley to
supply community.

Narrow-gage railroad built to Tonopah from west.
Weepah--gold and silver production began.,

Tongpah~wf1rst mill built at Mlllers on Tonopah
and Goldfield Railroad.
Manhattan~-gold placer mining began; water scarce.

Round Mountain=-gold and silver discovered.
Round Mountain Hydraulic Co. piped water from
Jefferson and Shoshone,. Creeks through 12~ and
15~ inch pipelines.

Cloverdale (Ranch)--placer gold discovered;
water sgcarce. ~
Manhattan--population about 3,000.

4




Ruins of o hotel at the ghost town of Ophir, Ruins of the Ophir mill,

o

&

Unidentitied Ophir ruins. Ruins at the site of San Antonio.




1913 Tonopah=-=Meinzer, in his unpublished field notes (Book 3,
p. 924), indica:zed that the water-supply system had
780 service pipes, 31 fire hydrants, and had an average
consumption of 300,000 gpd (gallons per day) in this
town of 7,000 population. He reported that about_
260,000 gprd were consumed by mining and milling, the
rest by the remainder of the community.

1914 Round Mountain--Round Mountain Mining Co. began
constructicn of a pipeline from Jett Creek to Round
Mountain, 45,336 feet long, 15 to 30 inches in diameter.

1918~19 Tonopah and Round Mountain--maximum ore- production
reached.

1921 Round Mountain--concrete dam built 1 mile east to
store Jett and Jefferson Creek water.

1935-40 Weepah and Manhattan--maximum ore production
reached.

1940 Mining and population declined throughout the valley.
Ranching now the principal economic activity.

. 1950 Population of valley was 1,800 (Robinson, 1953,
p. 137). .

1967 Population was estimated by the University of Nevada
{1967) as follows: Manhattan, 1l4; Round Mountain,
195; Tonopah, 2,329. The authors of this report
estimate that an additional 150 people lived on
ranches, between Tps. 7 and 18 W. Therefore, the
total population of Big Smoky Valley was about
2,700.

1968 Tonopah--population increased by several hundred to
a total of about 2,700. Total population of valley
about 3,000. Approximately 30 ranching units and
subunits are operated in the valley.




Previotvs Work

Several reports have beei published that describe
hydrologic and geologic features of Big Smoky Valley,
notably the work by Meinzer (1915, 1917), previously
mentioned. Reference to many of them appear throughout this
report. Others that are noteworthy are listed here.

Waring (1965) listed data for the thermal springs of
the valley. Well, spring, and stream data have been summar-
ized by Robinson and others (1967). Areas adjoining Big
Smoky Valley were the subjects of hydrologic reconnaissance
as follows: Ione Valley (Everett and Rush, 1964), Upper
Reese River Valley (Eakin and others, 1965), Grass Valley
(Everett and Rush, 1966), Monitor Valley (Rush and Everett,
1964), Ralston Valley (Eakin, 1962), Alkali Spring and Clayton
valleys (Rush, 1968), Fish Lake Valley (Eakin, 1950), and
Columbus Salt Marsh and Monte Cristo Valleys (Van Denburgh
and Glancy, 1970). o

The geology of the Manhattan area has been degscribed by
Ferguson (1924). Similar reports by Spurr (1905) and Nolan.
(1930) describe the geology at Tonopah. The geology of the
Coaldale quadrangle, including that part of Big Smoky vValley
west of Blair Junction, was mapped by Ferguson and others
(1953) ., Anderson (1967) published a geologic cross—-section
that extends southeastward from the southern end of the
Toiyabe Range. Stratigraphy in the Pete's Summit area has
heen described by McKee and Ross (1969). Washburn (1970}
published a detailed geologic map and discussion of stratig-
raphy on that part of the Toiyabe Range between Birch
Creek and Kingston Canyon.

The Central Nevada Development Association (1968) has
published a plan of action for the conservation and develop-
ment of the resources of central Nevada, including Big
Smoky Valley.

Acknowledgments

The assistance of land owners and water users of Big
Smoky Valley in providing information on their water supplies
and water use is acknowledged. In addition, personnel of the
several local, State, and Federal agencies and the Central
Nevada Development Authority kindly provided data on land
and water use.




HYDROLOGILC ENVIRONMENT

Location and General Climatic Features

Big Smoky Valley is in central Nevada and includes parts
of Lander, Nye, and 21lda Counties, and a very small part
of Mineral County . 1), Austin is near the north end of
the valley; Tonopah, near the south end. According to Rush
{(1968b, p. 20), Big Smoky vValley is one of the largest
valleys in Nevada, h&wmmm an area of 2,926 sguare miles and
a length of about 130 miles.

Big Smoky Valley is in a rain shadow east of a series
of major mountain ges and is subject to strong orographic
influences on its semiarid precipitation regime (Gifford and
others 1967, p. 11). 1In general, winter precipitation is
associated with fronts moving in from the west and northwest’
involving contact between modified maritime alry masses from’
the Pacific and polar continental air masses. The winds
behind a front have a component normal to the front and
produce 1lift on the windward (western) slopes of the mountains.
Az a result of %hlw ting action, air is cooled about 5*F
for each 1,000 1 1ift causing a precipitation increase
with land-surfe ude. On the lee, or eastern sides
of ranges, the ing air becomes drier and warmer
resulting in decreased precipitation,

The principal source of moisture during the summer is
the northward flow of warm, moist air from the Gulf of .
Mexico which pr ‘ -remely local, short-lived thunder-
storms. During rangition between periods of winter
frontal syste mer thunderstorms, there is a marked
increase in the ion of the unigque meteorological
phenomenon known ¢ -he Nevada (or Tonopah) Low. This high-
altitude low-press wy tem develops most freguently during

; g The vertical movement of air

em covers a wide area and results
ipitation. The influence of topo-.
v this type of storm and, as a
increase of precipitation with
sgs than with frontal-type storms

graphy is less
general rule,
altitude is consider
of wintexr.

Precipitati floor of Big Smoky Valley
averages 6 1ir less per year. The higher mountains
generally receive 20 inches or more per yearj most of it
accumulates t winter.

mild in the summer, seldom exceeding
winter. The daily range in tempera-
may be as much as 40°F and frequently
the fall season., The average
sunshine is about 80.

Temperatures
100°F, and cold in
tures during all
is as much 5OV
percentage of possibl




Some of the guantitative estimates, given later in the
report, are based on a dual set of conditions--wet years and
dry years. This base was chosen because the authors considered
such an identification more meaningful than developing all
estimates for average conditions. The year 1968, during
which most of the field estimates were made, was considered
a dry year; that is, a year during which streamflow was
below average. Wet years, as used in this report, are years
when the flows of streams were above average, such as 1969.
The principal factor controlling the volume of streamflow
during a year 1s the amount of snow accumulation during the
previous winter. Other factors, though less important, are

spring and summer showers, temperature, and the amount of
sunshine. :

Nearly one-third of the years have streamflow above
average and about two-thirds below average, as indicated. by
streamflow data for Reese River, which drains from the west .
flank of the Toilyabe Range (pl. 1l). The relation of wet
years to dry years, as used in this report, have the same
general proportion by definition. Many average annual
water guantities were computed from dry-year and wet-year,
estimates by computing a weighted average using the dry- |
year to wet-yvear ratio of 2:1.

Phyvsicgraph

Big Smoky Valley is near the center of the Great
Basin. The valley is composed of two hydrographic areas
(Rush, 1968): a southern part, called Tonopah Flat, and
a northern part, as shown on plate 1. A small tributary area,
Royston Valley, is included as part of Tonopah Flat, as
shown on plate 2. A low alluvial divide separates the
northern part of Big Smoky Valley from Tonopah Flat.

The northern part of Big Smoky Valley is topographically
closed; the area has no external surface-water inflow or
outflow. Measured between topographic divides, the area
averages about 20 miles wide and is about 70 miles long.

Tonopah Flat receives surface drainagé from Ione
Valley through a narrow gap in T. 8 N., R. 39 E. (pl.2).
The area, however, has no surface-water outlet.

Three gross geomorphic features are recognized:
mountains, valley floor, and the intervening alluvial slope,
referred to here as the apron. The mountains generally are
fault blocks thrust or tilted upward between north-trending
fault zones that extend along the consolidated rock-alluvium
contact. The valley floors are generally 5 to 8 miles wide
and nearly flat. Because no surface water flows out of




either hydrographic area, large playas have developed near
the center of Pleistocene lake areas (pl. 1 and 2) by the
deposition of fine-grained sediments transported to the
lowest parts of each area by surface drainage.

The apron is composed of alluvial fans and pediments.
Pediments are sloping consolidated-rock surfaces at the
foot of mountains and have a thin alluvial cover--generally
unsaturated and perhaps a few tens of feet in thickness.
An example of a pediment is the area southwest of Lone
Mountain (T. 2 N., R. 40 E., pl. 2) between the valley floor
and Weepah Hills. Alluvial fans are surfaces underlain by
thick accumulations of alluvium washed from mountain canyons
and extending basinward and downward to the valley floor.
A well-developed fan is at the mouth of Kingston (Creek)
Canyon (Tps. 15 and 16 N., R. 44 E., pl. 1).

Table 1 summarizes some of the physiographic features
of the area.

Lithologic Units and Structural Features

. The consolidated rocks of the area are grouped into
. four general lithologic types: intrusive, extrusive,
carbonate, and clastic rocks. In addition, the alluvium is
divided into three types, younger and older alluvium and
playa deposits. ‘

The seven lithologic units are shown on plates 1 and
2. Their distribution and identification is based on
geologic maps of Kleinhampl and Ziony (1967), Albers and
Stewart (1965), and Stewart and McKee (1968a, 1968b), on
aerial photograph interpretations, and field checking at
widely scattered locations. Table 2 summarizes. the general
lithologic and hydrologic properties of the seven units.

The principal structural features in the area are
faults. Plates 1 and 2 show the more prominent faults
identified in the area.

Source, Movement, and Discharge of Water

The source, movement, and discharge of water in Big
- 8moky Valley is shown diagrammatically in figure 1. The
dominant elements of the flow systems are the following:
(1) precipitation, (2) infiltration into rock and soil, and
(3) evapotranspiration of soil moisture. Each of the elements
shown in figure 1 will be discussed in later sections of the

. report.




Tab le l.--Physiographic SUMmAry

lAreas in square miles and altitudes in feet above sea level |

Big Smoky Val ley

Northern part Tonopah Flat
Area of alluvium 689 907
Area of consolidated rocks 634 696
Total area a 1,323 a 1,603
Altitude of surrounding mountains:
West 9,000~11,474 5, 000~8,1039
East 8,000-11,949 6,500-9 274
North — 9,000-11,000
Altitude of consolidated rock-alluvium
contact 6,200-6,6000 5, 300~6, 000
Altitude of valley floor 3,475=5,800 4,720-5, 800
Average relief 4,500 3,000 )
Type of surficial drainage Internal Inflow onlyl/ ‘ ¥

a. From Rush (1968, p. 20).
L. lone Vallev drains to Tonopah Flat through a gap in T. ¥ N., R. 39 £,

pl. 2.
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Most of the precipitation falls on the mountains.
This water moves teward the valley-fill reservoirs in two
ways: (1) the water flows from the mountains in streams
and as it flows over the apron, part infiltrates and perco-
lates to the water table, and (2) water percolates into the
fractures of consolidated rocks of the mountains and then,
in the subsurface, flows across the consolidated rock-valley
fill contact. The latter is considered to be the smaller of
the two quantities of water.

Movement of ground water can be interpreted from the:
hydraulic gradients shown on plates 1 and.-2. In general, the
horizontal component of movement is from the mountains
toward the phreatophyte and playa=-discharge areas in the
lower parts of the valley. In most areas, the hydraulic divide
is assumed to coincide with the topographlc divide bounding
the valley.

- Infiltration to the water table on the upper parts of
the apron and in the mountains produces a downward component
of flow; in the phreatophyte- and playa-discharge areas,
there generally is an upward component of flow. 2As a result,
in the mountains and the upper part of the apron, hydraulic
head generally decreases with depth below the water table:
whereas, in discharge areas, head generally increases with
depth. ’ :

Shallow-circulating ground water generally has a
temperature near the average annual air temperature, which
is about 50°F (10°C) in the northern part of the valley and
perhaps as high as 60°F (16°C) on Tonopah Flat. Figure 2
shows areas of the northern part of the valley where
temperature of water samples from wells and springs are
60°F (16°C) or warmer. It is assumed that these warm
temperatures are the result of deep circulation of water
or shallow circulation in areas of abnormally high geothermal
gradient. In Big Smoky Valley, as elsewhere in Nevada, warm
ground water seems to be associated with areas of major
faulting. The faults may be the principal avenues for deep
circulation,

On Tonopah Flat, water warmer than 60°F (16°C) was
reported in four wells (1/37-14b, 1/38-3¢, 1/38-6b, and
6/40-13aal, table 32 and pl. 2). Other parts of Big Smoky
Valley may have thermal water, but they are unidentified
because of insufficient data.

The warmest water was encountered near Darrough Hot
Spring and Spencer Hot Springs. Both samples were from
wells. The Darrough well (11/43-7d, table 32) had a water
temperature of boiling; the well near Spencer Hot Springs
(17/45%-11da, table 32) had a temperature of 164°F (73°C).
Both springs had slightly lower temperatures.
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VALLEY-FILL RESERVOIRS

Table 2 defines the valley-fill reservoir . as the alluvium.
It includes the playa deposits, which are mostly high-saline
silt and clay that generally cannot sucgessfully be tapped
by wells for domestic, stock, public-supply, or irrigation
uses.

Reservolr Characteristics

Big Smoky Valley has two principal valley-fill reservoirs,
one in the northern part of the valley and one beneath Tonopah
Flat. The boundary between the two reservoirs was selected
to ¢oincide with the ground-water divide, which is near the
low alluvial divide in T. 9 N., described earlier. The
dimensions of the reservoirs are summarized in table 3.

Figure 3 shows estimated thickness of alluvium beneath
Tonopah Flat. Robinson (1953, p. 143) indicated that the
valley~-£fill reservoir, at specific locations, is thinner

than described here. Meinzer, in his unpublished field notes
of 1913 (Book 3, p. 60), indicated that at Salt Well
(1/38-9d, pl. 2) the alluvium is less than 18 feet thick.

The reservoirs are composed of lenses of gravel, sand,
and clay derived by erosion from the adjoining mountains
(table 30). Generally, the alluvium is coarsest and least
sorted near the mountains with the grain size decreasing
and the sorting increasing toward the axis of the valley
and down the slope of the axis toward the playas. Because
a large variety of rocks comprise the mountains (pl. 1 and 2),
the valley-fill reservoir is made up of a large variety of
rock and mineral grains.

Alluvial fans built by streams draining monolithologic
terrain have rock and mineral grains reflecting the composi-
tion of those rocks. BAs a result, these deposits may have
~hydrologic properties significantly different from adjoining
fans. Elsewhere in Nevada, alluvium derived principally
from extrusive and carbonate rocks generally have better
water~yielding properties than alluvium derived from
granitic and fine-grained and poorly indurated clastic rocks.
The latter two rocks generally disintegrate into smaller
grains producing low-permeability aquifers.

Figure 4 shows the distribution of transmissivity of
the northern valley-fill reservoir. Transmissivity is an
index of the ability of water to flow through an aquifer or
reservoir system to a point of discharge, such as a well
or spring. Deposits with high transmissivities transmit
water more readily than deposits with low transmissivities.
The values of transmissivity are based on interpretations

12
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Figure 2.~ Areas of the valley-fill reservoir in the northern part

of Big Smoky Valley where the temperature of ground water
from wells and springs is 60°F (16°C) or warmer
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of drillers' logs, reported specific capacities of wells,
and three pumping tests. Because of the small number of
data points and their uneven distribution, future data will
provide extensive refinement of this very general map.

No transmissivity map was drawn for Tonopah Flat because

of inadequate data; however, some general conclusions can

be drawn: (1) transmissivity probably is low in Tps. 1 and
2 N., Rs. 37 to 39 E.; that is, less than 25,000 gpd
(gallons per day) per foot, because the lowland deposits
probably are thin accumulation of fine-grained sand and
clay; (2) the deposits of this southwestern area are partly
derived mostly from nearby intrusive and clastic rocks

(pl. 2); and (3) because the remainder of the valley- £i1l
reservoir is derived from nearby extrusive and carbonate
rocks, transmissivities there should be moderate to high;
that is, more than 25,000 gpd per foot.

An area of Tonopah Flat of probable high transmissivity
is the southward extension of the high-transmissivity area
shown in figure 4., The area may extend as far scuth as
San Antonio Ranch (pl, 2). :

The coefficient of storage, which over the long term
may be nearly equal to specific yield of the valley-fill
reservoir, was computed from well logs to be about 0.15,
or about equivalent to g specific yield of 15 percent.
Specific yield of the réservoir is the ratio of (1) the
volume of water which the reservoir will yield by gravity to
(2) the reservoir volume, stated as a percentage. Silt and

‘¢lay lenses that are interbedded with sand and gravel act

as semiconfining beds; however, under long-term pumping, all
these'lenses would drain slowly.

" Most of the ex1stlng high-yield wells (table 32) are
outside the area of Pleistocene lakes (pl. 1 and 2), and
encountered their chief aquifer within 300 feet of land surface.

Hydraulic Boundaries

External hydraulic boundaries of the valley-fill reser-
voirs are formed by the consolidated rocks (pl. 1 and 2)
which underlie and form the sides of the reservoirs. These
lateral boundaries are leaky to varying degrees. The carbonate
rocks may contribute large amounts of recharge as underflow

from the Toiyabe Range in the northern part of the valley.

Volcanic rocks, particularly basalt and scoria, may contrib-
ute moderate amounts to the valley-fill reservoirs.

Recharge boundaries are formed by the live-stream

segments of all streams where and when they flow across
the valley—flll reservoirs. .
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The principal internal hydraulic boundaries are faults .
(pl. 1 and 2) and marked lithologic changes in the alluvium, :
such as the transition from sand and gravel to playa deposits.

The extent to which these barriers impede ground-water flow

or alter the ground-water flow pattern probably will not

be determined until substantial ground water has been pumped.

Occurrence of Ground Water

Water in the valley-£fill reservoirs occupies the
intergranular pores in the zone of saturation and is slowly
flowing from areas of recharge to areas of discharge. The
valley-fill reservoirs are not fully saturated; that is, the
water table does not extend to land surface, as shown by
figures 5 and 6.

“The depth to water in wells may not be the same as the
depth at which water was first encountered when drilling the
well. However, the difference is generally not more than
25 to 50 feet. This difference, where it exists, is generally
caused by a local fine-grained lense of low transmissibility
overlying and confining an aguifer. Where depths to water
are (otherwise) shallow, or at the land surface and where
confining beds overlie an aquifer, wells may flow. Areas
where such conditions exist are shown in figures 5 and 6. ‘

In saturated consolidated rocks, ground water occupies
‘pore space, fractures, and solution cavities. Because of
their high topographic position, hundreds of feet of conso-
lidated rock in the mountains are commonly unsaturated.
However, water has been encountered in mines at Tonopah -
(Nolan, 1935, p. 48).

Ground Water in Storage

Recoverable ground water in storage in the valley-fill
reservoir is that part of the water moving through reservoirs
that will drain by gravity in response to pumping. Under
native conditions the amount of stored ground water remains
nearly constant. As of 1968, the long-term balance between
recharge and discharge, which controls changes of ground
water in storage, probably had been disturbed only slightly
by diversions of surface and ground water.

Recoverable ground water in storage is the product of
the specific yield, the area, and the selected saturated
thickness of alluvium. In Big Smoky Valley, the average
specific yield of the valley-fill reservoir probably is
about 15 percent. Estimated ground water in storage in the *
upper 100 feet of saturated alluvium (assume 75 percent of .
alluvial area listed in table 3) ig about 5 and 7 million

16
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acre-feet in the northern part of Big Smoky Valley and
Tonopah Flat, respectively. The depth below land surface
t£o this block of stored ground water is given in figures
5 and 6.

Chemical Character of the Water

As part of the present study, 38 water samples were
analyzed in order to make a reconnaissance of the general
chemical character and usability of the water. These
analyses, plus seven additional analyses previously collected
by the Geological Survey during the past two decades, are
1isted in table 32 (at end of report). Other analyses of
water in Big Smoky Valley have been published by Meinzer
(1917) and Miller and others (1953).

Most of the recent samples were analyzed at the
Geological Survey field office in Carson City and include
only analyses of principal ions. Boron, fluoride, iron, and
nitrate generally were not determined, although they are
important ions affecting the suitability of water for
irrigation and domestic use.

Precipitation, the ultimate source of water in Big
Smoky Valley, is nearly free of dissolved solids. Streams,
when fed by snowmelt and runcoff, have a lower dissolved-
solids content than at low flow when ground-water seepage
constitutes the principal source of flow. Figure 7 is an
example of this relation for South Twin River.

As precipitation enters and flows through the hydro=-
logic systems (fig. 1), contact of the water with vegetation,
soil, and rock adds to the dissolved-solids content. Where
water is evaporated from playas or used by phreatophytes
(pl. 1 and 2), most of the dissolved solids remain and
become concentrated at shallow depth in the ground water
and soil.

The concentrations of dissolved solids in sampled
streams, wells, and springs are summarized by specific
conductance, an index of dissolved-solids content, in
table 4. The dissolved solids in water, in milligrams
per liter, is generally 55 to 70 percent of the specific
conductance in micromhos per centimeter at 25°C.

The principal ions in all stream samples were calcium
and bicarbonate (table 32). As the water seeps into the
ground and flows toward areas of discharge, not only does
the dissolved-solids content increase, but the concentrations
of sodium and chloride increase more rapidly than all
other ions. In discharge areas, these two ilons generally
dominate.
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Table

4 .-~Summary .of specific conductance of water samplesl/

[Specific conductance values in micromhos per centimeter at 25°¢]

Northern part
of the valley

Tonopah Flat

STREAMS
Number of samples 15
Range of values 24~-500
Median value 250
Range of most common values 94~500

HELLS
Number of samples 12
Range of values 150-+100,000
Median value 480 -
Range of most common values 150-1, 100

SPRINGS
Number of samples L4
Range of values 180-1,460
Median value 330
Range of most common values 180-570

15

450~10,000
1,270

450-6,000

b

400-810

1.

dissolved-solids content by 1.5,

Some specific~conductance values are estimated by multiplying

Basic data listed in table 32

and from Meinzer (1917) and Miller and others (1953).

(s
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STREAMS

Nearly all the runoff in Big Smoky Valley is produced
directly or indirectly by precipitation on the mountains,
with maximum water running off in the spring and early
summer. Most perennial streams are diverted to irrigation
ditches or pipelines near the canyon mouths to carry water
to cropland on nearby ranches. Most of the flow in unlined
ditches and stream channels infiltrates into the apron before
the flow reaches the valley floor. Surface streams flow to
the valley floor only during periods of high runoff. Localized
streamflow occasionally develops for short periods on alluvial
aprons downstream from the mountain fronts as a result of
high-intensity storms, but this type of streamflow is so
erratic in frequency and duration that without storage
structures it has little economic value,

Available Streamflow Data

The availability of streamflow data is summarized in
table 5. Gaged and periodic-measurement sites are shown
on plates 1 and 2. In addition, estimates of mean annual
flow by measuring channel geometry (Moore, 1968) were made
on ephemeral channels at numerous sites.

. Distribution of Flow with Time and Location

Snowmelt in the Toiyabe Range and in the Toguima Range
between Moore Creek and Round Mountain produces most of the
streamflow that is generated in Big Smoky Valley. This flow
is at its peak from April through July. The seasonal flow
pattern for Reese River shown in figure 8 generally is typical
for Big Smoky Valley streams. Monthly flows (expressed as
a percentage of annual flow) are within the range defined
by the quartile curves 50 percent of the time. Flows exceed
the upper quartile 25 percent of the time and are less than
the lower quartile 25 percent of the time, The median is the
midpoint in the distribution of flow.

Mountain streams generally have their maximum flow at
the mountain front, shown as the consolidated rock-alluvium
contact on plates 1 and 2. Flow across the consolidated
rock-alluvium contact is an index to the amount of water
potentially available for development. Streamflow generally
increases in the mountains and decreases on the alluvial
apron. Table 6 provides data on flow gains and losses in
relation to the mountain front. Kingston Creek fits the
general description as a gaining stream in the mountains;
whereas, Shoshone and Clear Creeks had no similar gain. The
three examples [Barker, McLeod, and Sheep (Canyon) Creeks]

. given in table 6 typify the magnitude of loss on the apron.
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ANNUAL FLOW, IN THOUSANDS OF ACRE-FEET

20
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REESE RIVER NEAR IONE
(1952-68)

Mean annual Flow
(7,400 acre-feet)

H i H i i i i i i
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Figure 8. =~ Percentage of time annual flow equaled or exceeded
specified flow




Table 6.--Distribution of flow along stream channels

[All streams are essentially free of diversions in these reaches |

Location along main

channel in relation TFlow
Stream Date to mountain front (cfs) Remarks
Kingston Creek 4-19-68 4.8 miles upstream 1.4 Gain in flow
4.5 miles upstream 2.0 down to
1.8 miles upstream 2.3 mountain front
At canyon mouth 4.2
Shoshone Creek 7-10-68 2.3 miles upstream .18 Litrle change
(Toguima Range) At canyon mouth .17 - din flow down
to mountaln
front
Clear Creek 7= 9~68 1,0 mile upstream 1.4 Loss in flow
At canyon mouth 1.1 down to
mountain front
Barker Creek 5-23-68 At canyon mouth 2.8 Loss in flow
.5 mile downstream 2.4 downstream
1.0 mile downstream 2.2 below mountain
1.5 miles downstream 1.8 front #n
2.0 miles downstream 1.5
McLeod Creek 5-22-68 At canyon mouth 1.8 Loss in flow
.3 mile downstream 1.5 downsgtream
.5 mile downstream 1.3 below mountain
1.0 mile downstream .8 front
1.5 miles downstream .3
1.7 miles downstream .2
2.0 miles downstream O
Sheep (Canyon) Creek 5-21-68 At canyon mouth 2.0 Loss in flow
' .25 mile downstream 1.8 downstrean
.5 mile downstream 1.7 below mountain
1.0 mile downstream 1.7 front
1.5 miles. downstream .9
2.0 miles downstream .7




The long-term distribution of streamflow in the valley is
similar to that experienced on nearby Reese River. Figure 9
shows the percentage of time, for the 17 years of record at the
gage site (11/40-3b), that specified annual streamflow was
equaled or exceeded. The curve, concave upward, indicates that
there are nearly twice as many dry vears (below-average years)
as wet years (above-averade years).

Characteristics of the Madjor Streams

Table 7 summarizes the characteristics of 40 of the largest
streams in the valley. All but four drain from the Toiyabe
Range; the remainder drain from the Toguima Range in the
vicinity of Mt, Jefferson (pl. 1). Most of the 40 streams
have sufficient flow to be used for irrigation. The estimated
total flows, in acre~feet, are summarized from table 7 as
follows:

Northern part of valley Tonopah Flat

(37 streamns) (3 streams)

Dry vears:

Water vear 24,000 2,000

Growing season 12,000 960
Wet vears:

Water year 60,000 6,400

Growing season 36,000 3,800
Average vyear: : ,

Water vyear 32,000 3,500

Growirng season 20,000 1,800

Flow during wet yearswis nearly twice the average annual
flow. During dry years the flow averages about 75 percent of
average annual flow.

The streams can be characterized by (1) relation of
maximum flow to mean flow and by (2) volume of flow. Table 7
lists ratios of maximum flow to mean flow for streams where
monthly flow measurements were made during 1968. These ratios
range from 1.1 to 17 and have a median of 3.8. Streams with
low values, less than about 3, are considered to have a high
base flow in relation to maximum and mean flow. Streams that
have rapid runoff in the spring and early summer and low base
flow have high ratios; that is, more than about 5. Most of
the streams probably fall in an intervening group between
values of 3 and 5. Ratios obtained during average and high
runoff years probably will be higher than those obtained
during 1968; however, the relative differences between streams
should be about the same. :
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PERCENTAGE OF MEAN ANNUAL DISCHARGE
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Figure 9. = Seasonal distribution of Reese River flow
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Table 7.--Sslected straam data

Alrivude, in feskb:  Estimarted from topographic maps.

Avea of basins Determined from topugraphls maps.

Estimated discharge in 19681  Computad from perisdic
mEREUTAmER R AL sivesm-neasuring sites shows on
plates 1 and 2.

Estimated water supplys Numbers in parémthesis
generally are less sccurate, with-g petential
error of dbout 330 parcapt,

Water consumption: Based on interviews of ranch
oparators, Nusber is estimated gqasntity of
witer consutied by cropsi diversions from sbresms

* are mowswhat lsvger.
Estimated Wat ey fsupply Wa tex £ 0 6 1 i tion
{acre~faaty In 1988 and
Avea of Estimated discharge in 1968 In 1968 and uoder wder dry  Under wet
lritude in feel basin {afs) Ay ‘conditions Unger wet conditions conditions  conditions
Canyon  Maxiwmum {sguare Max~ Min~ Growing ~Avarage Growing B | fasrerfest  (asre~fest
Stream Lovation, mouth in basin  miles) fowm s Mesn Maw. /Mean Watsr vear sssgon snnual Waler vear season Fangh, Imprevementa  per yesr) BEE VRET)
NORTHERN PARY OF THE VALLEY
TOTTARE RANGE
Vigus Camyon 1. 20 N. 5,800 8,510 - - bt - - sl L (omally — - Laks @ 78
A1llow ek, T. 19 H. 6,500 8,614 8.8 bl o e - (180} {9 {240y (480 {290%  Willow Cresk i) 195
T. 19 N. 6,950 8,614 2.6 e —~~ — - LA (203 {503 {3303 {70) Brreshley a & 150
iimpson Fark
Canyon T. 1% H. 6,100 a8,614 e m- - — - 0 ) {503 100 (BGY  Glven O 108
Birch Cresk T, 18 N. &,150 10,793 17.5 2.4 0.9 1.4 1,000 40 1,400 2700 {1,600y Biveh Cresk  Pipsline 243 270
Tar Cresk TooA7 M. 6,800 10,7983 2.2 g0 <2 120 a0 150 X0 {180) - o Minor
Sheep Canyon T. 17 N. 6,400 10,440 2.8 . 21 0 +1 30 &0 120 200 {120} Toung Bros. 0 fa)
¥ Too17 o 6;800 10,996 1B e o - (70 30 (907 (1) {110) ' Young Bros, o (a)
Crooked
Canyon T. L7 H. 6,500 11,071 1.7 - o e - [&:0)) CADYy  (1I0) {2307 {140} e 1) Minow
Globe Csnyon T, 16 M. 6,800 11,071 2.0 - o - {x2m {60} {160} {3007 {1803 Gilman o 24
Frenshnan ’ ’
ek T. 16 M. 6,830 11,033 b - = o {6B0) (30) {80y {160) {100y Young Bros. & {8}
Banta Fs
Creek To 16 B 6,550 11,474 2.3 - - - - {1207 (60} {1a0)y {300) (180)  Young Bros. Fipeline
SHoshone
Crask T. 16 N. 6,830 11,474 1.9 — — e - (X0 {50} {130) {280} (1603} Young Bros. Pipeline B0 1,080
Blakeley
Canyon Te 16 M. 5,950 13,394 10— b ww s (503 200 {70} {140) {BUY = Young Bros.
fingaton Young Bios.,
Craek T. 18 N, 6,300 11,474 23.4 7.4 2.8 4.8 t 3,500 1,850 45700 9,000 {54008 Elngeton
Bowman Ureek T. 15 N. 6,450 10,975 7.0 3.8 27 <9 kN - 1,200 B6Q 1.600 3,000 {3,800) - Triple T Lined ditch 225 525
Alken Cresk 7. 1% N 6,150 10,873 L& - e s R {360} (lam (ABD) {930} (56l . Baffern
beckey Craek T, 15 N. 6,250 10,453 2.4 3.1 o3 -8 3.8 &0 270 00 ;300 (300} Haffern 275 825
Alics Gendron Rocl~1ined
Cresk T. 14 H. 8,350 2.1 = - - - {340} (¥4 {4507 {800y (540  Heffsrn ditch
deleod Cresk T, 34 N.o 6,150 10,327 2.8 3.7 o6 6.7 A0 240G 550 1,060 (6003 . Smoky Valley 1] 10
Aildeat v 6,300 10,600 1.2 e - - {160) (B0) {210} {400} {240} WMillstr Lined ditsh Bl iz
Slay Ox 6, 300 10,800 1.% = - - {360) {180} {480} (330} {5601 Millett Lined ditch
Zummit Creek T. 13 H. 6,600 10,400 .9 1.0 o6 1.8 450 10 &00 1,200 (730} - RO [ Hinor
digconsin
Cresk Te 13 Be 6,500 10,600 4.0 — e e 351 {330 (880} 13,7005 {1,000} RD 0 Minar
Jplvie Cresk T, 13 M. 6,400 10,600 3.9 L 1.1 3.8 BOD 380 1,100 2100 (1,300 ko 4 Hinor
i Chance
Creek T. 12 N 6,000 10,800 3.8 o e e - i) {3l {B30) (1,600 {860y RO (i} Hinat
North Twin
Rivar .32 Heo 5,400 10,800 15.2 13 .8 31 4.2 2,300 1,300 3,000 &,000 (3,600 RO Lined ditch 1,050 2,300
Jouth Twin
w 3 Biver T. 1% M. 6,400 11.788 B.015 1.1 4.0 3.7 2,800 L4650 4,000 7 500 {4, 500). EO Lined diteh
Beleoher .
Canyon T, 11 W £,300 11,353 5.1 7.0 .1 1.0 (394 750 15000 1,900 {1,100y Berg Tined ditch 200 550
Geve Canyon T 11 H. 6,400 11,333 2.6 i e — (4503 {600} €1, 200 {720y Darrough Pipeline 30 &0
droad Crask T, 11 N. 6,400 11,353 a.1 2 1.0 2N 720 LeHug 1,800 {1,100} Wisegloss G 200
Istt Lresk T 10 M. B,300 13,165 7% -1 1.6 bad 1,200 1,600 3,000 {1.B00) - J=k Pipelimﬂ.‘/ o g0
2 Bablo Creek T L0 M. 6,200 11,1485 1.7 S 2.2 3.7 1,600 2300 4, (00 (2,400) Pablo Canyem 75 120
Subtotal (roundud) (1) 060 TT,000 29,000 55,000 33,000 ‘
COAUTMA RANGE
doore Creak 7. 12 H. 6,800 11,400 8.5 o .2 23 i1 Q0 110 540G 1,000 {6003 Tornell 0 25
darker Cresk T, 11 K. 7,000 11,800 7.5 3.1 o5 9 3.3 G670 ] 200 1,700 {1,000). Batker Ranch 4 Minor
Jeffereson Blehard
Craek To 10 Mo 8,800 33,949, 20.6 4B D 1.0 boh 750 380 1,000 1.900 {1100} Larvar o B840
roshons
Creek N T. 10 W, 6,800 10,916 8.1 1.3 0 a2 5.6 170 i 230 450 (370} - Pipeline}f s . Minor
dubtotal (rounded) (2} 2,000 900 2,700 53,000 3,000
Zubtotal (rounded) (1) + (23 2000 1#,000 32,000 &1,000 36,000
TONOPAR FLAT
TOLYARE ‘RANGE Peavine, an
Péaving Creek T. 9 H. f, 100 11,000 5L.4 13 B z.8 3.8 2,000 860 2,800 5,000 {3,000 Antinis H80 724
Cottonwond
1. 8 N 6,000 5,200 3.6 e s — - {03 G {350} {700) {420 il o Mingy
T. & N, 5,800 9,400 Sf.8 0 — — b - {0y O {&50) (390 -Cloverdals 100 2450
3ubtatal (rownded) (3) 7,000 T 00 EWCIT
IOTAL {rounded} (1) + {2} % {3) 26,000 13,000 35,000 66,000 &1,000

Included in timaté of other oreeks for Young Brothers Ranch.

The estimated average growing-season water supply, based on the relation of wet vears todryivears described ou opage ., is 22,000 acre~faet.
Lonveys water only to Bound Mountals Where Water w for mining and milling purpokes.

Conveys witer only te Round Mountain where watér iz used for public supply purposes.
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Streams having low ratios temporarily lose substantial
amounts of water to the ground-water system during spring
snowmelt. The conditions that control this temporary ground- ‘
water storage are not well understood; however, the water .
probably is stored in solution-enlarged fractures of carbonate
rocks and (or) alluvium within the canyon. The resultant
effect is to reduce the spring snowmelt peak flow and produce
a higher and more sustained base flow during late summer and
fall, as illustrated by Kingston Creek in figure 10. Kingston,
Birch, and Summit Creeks are examples where this interrelation
of stream and the ground-water system is significant.

The volume of flow is closely related to stream-basin
area, as shown in figure 1l1. Three curves are shown; the
"wettest" curve is for the northern part of the Toiyabe
Range (Pablo Creek and north). The graph indicates that the
southern part of the Toiyabe Range has less streamflow per unit
area. The possible causes could be either less precipitation
per altitude zone or above average percolation to the ground=-
water system and underflow from the mountains. Peavine Creek
was observed in July 1968 to possess a series of alternating
losing and gaining reaches. Whether such "leaky" conditions
are widespread in the southern part of the Toiyabe Range is
not known.

Figure 11 shows some departures from the general relation
of streamflow to basin area:

(1) South Twin River has more flow than would be expected .
from the North Toiyabe Range curve. This higher flow, however, v
probably is due to the fact that the South Twin River basin
extends to a higher altitude than other basins (table 7),
resulting in a proportionately higher flow from the larger
precipitation.

(2) Birch and Broad Creeks have less flow than might be
expected. Geologic factors might contribute to above-average
underflow from the mountains to the valley area thereby
reducing surface runoff.

(3) Willow Creek also has less flow than exvected, probably
because few areas of high precipitation are within the stream
basin, as indicated by data in table 7.

(4) wall Canyon is commonly dry. Its basin area, nearly
7 square miles, is adequate to produce more runoff; however,
the maximum altitude in the basin is only about 8,800 feet.
Low precipitation probably accounts for the canyon's dryness.
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STREAMFLOW DURING 1968 WATER YEAR,

4000
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Figure 11. - Relation of stream basin area to streamflow




Monthly runoff values for the 1968 water vear for 20
perennial streams were computed from synthesized hydrographs,
on the basis of periodic flow measurements. From these values,
the percentage of time (based on mean monthly discharge) that
various flows were equaled or exceeded were computed and
appropriate curves drawn. These curves are presented in
figure 12 and provide an approximation for individual rates of
flow in a dry year. They also provide a graphic comparison of
base~flow characteristics. '
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INFLOW TQ VALLEY-FILL RESERVOIR

The components of inflow to the valley-fill reservoirs .
are recharge from precipitation, runoff, subsurface inflow
from Ione Valley to Tonopah Flat, and Fercolatlon to the
. water table of water imported to Tonopah. Secondary inflow;
that is, return flow to ground water from irrigated fields,
lawns, and infiltration of sewage effluent, was not estimated
as a part of gross ground-water pumpage Or sprlng flow. The
relation of tHe various elements of inflow to the movement
and discharge of water is shown in figure. l.

Precipitati@n

Climatic changes in western North America have been
identified from fluctuations in dated tree-ring widths by
Fritts (1965). Based on his work and recent precipitation
data, the following tabulation is a summary of genexal
changes in climate for Big Smoky Valley, starting in lBOO

Period Climatic condition

- 1800~-20 wet

"1820-65 dry

1865-75 . wet

1875-1900 - ' near average

1900-25 . -wet : '
1925~35 dry , .
1935~50 wet . '
1950-61 dry - .
1962~68 V wet ‘ ' .

Meinzer, in his unpublished field notes of 1913
(Book 1, p. 35), reported that Peavine Creek flowed to
Midway Station (T. 5 N., R. 41 E.). Because the flow generally
continued until about August 1, a storage reservoir was to.
be constructed three-fourths mile upstream from the station
and H. N. Meyers Ranch. In 1968, under somewhat drier
climatic conditions, Peavine Creek seldom had flow that far
downstream.

The first precipitation stations in the area were
established at Austin and Belmont (10 miles northeast of
Manhattan) in 1889 (pl. 1). However, of the 13 stations
listed in table 8, most were established in the 1940's and
1950%s.

Figure 13 shows the seasonal distribution of precipi-
tation for four stations. The following conclusions are
drawn from these data: (1) the northern mountains receive
the most precipitation during late winter and early spring

26



T T T ¥ T ¥ T ¥ ¥ m ¥ T ] ¥ T EH T T

= o
= =
m 7L North Twin River | m 7k e Pagvine Creek |
bl e e J@F Ferson Creek w i o e J@E - CTREK
i 5 s e Dk @Y Creek - = 6 s o s OphIE Creek B
o &
— ¢ e + e« TAT Creek o i Mo Lod Creek
fod 3 Lt » © i, st -
e 5 ) 5 \ Sheep Canyon
) €2
2 4 5T
3 3
= 3r = 3
w2} w2k
S — Sl
e 2
@ i i o 3 PR e o N
g 10 20 30 40 50 60 708 90 100 0 10 20 30 40 50 60 70 80 90 100
PERCENTAGE OF TIME PERCENTAGE OF TIME
2 g
m m H L T H ] ¥ T H H m m i F ¥ H T T ¥ ] T
wy Belcher Canyon w Pablo Creek
& sk . me———— Carseley Creek - m 5 r - Broad Creek -
W e  Birch Creek - ——--—— Barker Creek
EE.._ nﬁ - . v, o Clear Creek - m % - e . o m.mwgm‘wﬂ.hubm Creek
MH ton e Gummit Canyon o \ (Toguima Range)
~ 3r v e e HOOre Creek . = 3 Xf
= = ~
oy .3 ~ f_,./
= 2 = 2r .
-~ [/
W1 ol T~
= "!IIIJ =L
= 0 i ; i s i i 1 i ! [ i L :
mm 0 10 20 3 40 50 60 70 80 90 100 mm 0 10 20 30 40 50 60 70 B0 90 100
& P

PERCENTAGE OF TIME PERCENTAGE OF TIME

Figure 12. ~ Percentage of time during 1968 water year in which specified monthly flow was equaled or exceeded

& in

# sa ™

i




suoTIeIsS AIN0y e uworleardioesd Jo WOIINGLIISIP ATyjuocw efvisay - ~¢T 2ind1g

J3a AON 130 1d3S any ane aNne AW ddy bl 0 434

== (G9-E£96T “85~THET) STPPTEOD cs oo

{Ep~L06T) YPdOUOL e o

 (6E=L06T) IOTTIN = = ——
(£96T-968T *T6-688T) urasny

0s*

01

§*1

0°¢

SIHONI NI °*NOTLYLIdIOFYd




Table 8.~-Average annual precipiration at weather stations

[Compiled in 1968&]

Location

Period of
recordl/

Station
altitude

(

Average annual
precipitation

inches per vear)

Adjusted to

Jtation name number (vears) (feet) Measured long term
Austin 19/44-19 1889-91 6,594 12.15 e
1896~date
Belmont 10 miles north- 1889~96 7,600 8.53 b 8.5
east of 1900~05
Manhattan
Coaldale 2/37-8 1941-58 by, 046 3.33 a 3.2
1963~65
Ione 17 miles west 1952-date 6,986 10.14 b 11.0
of Berg Ranch
Kingston Canyon 16/43-36 1954~date 6y 750 13,65 b 14.3
Kingston Summit 17/43-34 ~1955~date 8,500 16.70 b 17.6
Manhattan Power 8/44~19 1948-51 6,911 5.78 a 5.4
House
Millett 13/43-5 1907-39 5,500 5.95 b 5.8
and
13/43-19
Smoky Valley 11/43-29 1949-60 5,625 5.93 b 6.9
Twin Rivers 12/42-15 1956-61 6,500 7.10 b 8.4
Tonopah 2/42~2 1907-53 6,093 4.98 -
Tonopah Airport 8 miles east 1954~date 5,426 4,31 a 4.3
of Tonopah
Willow Springs 7/43-30 1941-48 6,120 b4y a 4.l

1. Last year of published record was

1967,

a. Adjusted, based on record at Tonopah.
b. Adjusted, based on record at Austin.
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(Austin curve) and are dry, such as the northern valley floor

(Millett curwve), during the remainder of the year; (2) the :
southern mountains (Tonopah curve) show less of an increase ' .
in precipitation in the winter than the northern mountains

but are wetter than the southern valley floor (Cealdale curve) :

and (3) summer thunderstorm activity is most appaxent in the

southern valley.

The altitude-precipitation relation is shown in figure
l4. Two generalized curves are given: a "northern curve"
for the northern part of the valley and the Toiyabe Range of
Tonopah Flat (pl. 2) and a "southern curve" for the remainder
of Tonopah Flat. The estimated average annual precipitation,
based on these curves, is discussed in the "Recharge" section.

Runoff and Seevadge Loss

The method used to estimate runoff from the mountains
was described in detail by Moore (1968). 1In this method,
altitude-runoff relations for regions in Nevada have been
developed on the basis of long-term records of gstreamflow,
precipitation, local periodic streamflow measurements, and
measurements of stream-channel geometry as related to long-
term flow.

Runoff during the 1968 watetr year was about 77 percent
of normal, based on the 76-year precipitation record at .
Austin, or about 74 percent of normal, based on the 1l7-year .
streamflow record for Reese River. Most of the deficiency
for the year was during April through June, as shown in
figure 15.

The 17-year record for Reese River was used as the local
base of reference in estimating average annual runoff and
streamflow during wet years, dry years, and growing seasons.

Runoff from the mountains, estimated at the mountain
front, to the valley-fill reservoir is given in table 9.
Little runoff is generated on the apron or the valley floor.
Most of the runoff in both Tonopah Flat and the northern part -
of Big Smoky Valley is from the Toiyabe Range. The streams
listed in table 7 have an average annual runoff of about
32,000 acre~feet (about 85 percent of the total runoff in
table 9) for the northern part of Big Smoky Valley, and about
3,500 acre~feet (about 70 percent of the total runoff in
table 9) for Tonopah Flat. Average annual streamflow
crossing the east-west line between Tps. 4 and 5 N. in Tonopah
Flat was estimated to be only about 500 acre-feet. Most of the.
runoff is generated north of this line, but the data indicate
that it is greatly dissipated as it flows southward across
the valley~fill reservoir.
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Table 9,-~Runoff from the méuntains

Runoff area
(Above an altitude
of 7,000 feet)

Estimated average
snnual runoff

Percentage of Percentage of
Area Acres runoff area Acre~feetl total tTunoff

NORTHERN PART

Toiyabe Range north 100,000 35 2,000 5
of U.5. 50 and Toquima
Range north of Moore

Creek ;

Toguima Range south 56,500 20 4,000 11

of Moore Creek

Toiyabe Range south 129,000 45 32,000 84

of U,5. 50

TOTAL (rounded) 286,000 100 38,000 100
. TONOPAH FLAT

Toiyabe Range 88,200 68 5,000 99

Other mountain areas 41,900 32 40 1

TOTAL (rounded) 130,000 100 5,000 100
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To determine the relation of streamflow losses to ground-
water recharge from streams, a total of 12 seepage runs was
made on Barker, McLeod, and Sheep (Canyon) Creeks during
1968. On the upper 2 miles of apron, -.the seepage losses
per mile ranged from 0.3 cfs to 1.3 cfs, and averaged about
0.7 cfs. Cooley (1968) made 18 similar seepage runs on Rock,
McLeod, and Park Creeks (pl. 1). Seepage losses per mile
on these creeks ranged from 0.4 cfs to 2.6 cfs, and averaged
1.4 efs. The average for the 30 runs is a loss of about 1.0 cfs
per mile. The width of the apron, measured between the
consolidated rock-older alluvium contact and the older
alluvium-younger alluvium contact, averaged about 4 miles.
Opposite small streams, the apron was generally narrowest,
about 2 miles wide and opposite large streams, such as
Kingston Creek and North and South Twin Rivers, as much as
6 miles wide. If 1.0 cfs is a representative loss per mile
for stream channel throughout the year, on the upper 2
miles of apron each of the perennial streams has an average
loss potential of about 1,500 acre-feet. Because of variations
in flow during the season and variations in the ability of
the apron to absorb water, this may be too large an estimate
for the 40 streams listed in table 7. However, when the
width of the apron is considered, nearly all the flow probably
can be absorbed before it reaches the valley floor during ‘
all but the high-runoff periods when excess flow ponds on-
the playas and evaporates.

0Of the total seepage losses on the aprons, some evapo-
rates, some is consumed by plants, and the bulk becomes
ground-water recharge. Under natural conditions, the esti-
mated average annual. seepage loss from the 40 major streams
is nearly all the estimated average annual streamflow of
35,000 acre-feet (table 7). Because 13 pipelines and lined
ditches are used to conduct streamflow diversions across the
apron to use areas, the seepage-loss potential in 1968 has
been reduced from natural conditions. These diversions were
not measured; therefore, the size of the reduction id not
known. , =

Unless the evaporation and transpiration rates from
seepage are unusually large and because runoff to playa
areas is small during most years, most of 35,000 acre-feet
probably becomes ground-water recharge under both natural
and 1968 conditiuns. A hypothetical example of possible
ground-water recharge from the 40 streams, under natural
and under conditions of total diversion of flow at canyon
mouths during the growing season, is shown in table 10,
The implication is that such diversions would reduce
ground-water recharge.
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Table 10.-~Hypothetical example of the effect of surface-wyater

development on ground-water recharge

Estimates for average conditions
[Acre~feet per year]

NATIVE CONDITION

Flow of stream at canyon mouth during
growing season

Infiltration loss on alluvial apron
(Assumes about 5 percent reaches
ponding areas of valley floor, and

evaporates)
Recharge to valley-fill reservolir
(Assumes about 20 percent is shallow
percolation which is discharged as
soil moisture by direct evaporation
and vegetation) ' (1)

FULLY-DEVELOPED CONDITION

Flow of stream at canvon mouth during
growing season

Delivery to fields by pipeline and

Assume 1,000

750

Assume 1,000

sprinkler systems (losses minor) 1,000
Approximate deep infiltration losses,
or recharge (assume 25 percent) (2) 250
Reduction in recharge per 1,000 acre-feet or about
of streamflow during growing season (1) - (2) 500 50 percent
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Recharge from Precipitation-

A method developed by Eakin and others (1951) was used
to compute the estimated average annual recharge from
precipitation to the valley-fill reservoirs. These compu-
tations are summarized in table 11.

For the southern part of the Toiyabe Range in Tonopah
Flat, the precipitation at any given altitude probably is
less than that in the northern part of the range, as previously
mentioned. This is suggested by the plots of precipitation
stations at Kingston Canyon (point 9, -fig. 14) in the north
and Twin Rivers (point 7, fig. 14) to the south. The
position of point 7 with respect to the "northern curve”
suggests that precipitation might be about a fifth less in
the southern part of the range. Based on these meager data
plus the knowledge that precipitation decreases southward,
the values of precipitation and recharge shown in parentheses
in table 11 are reduced by a like amount, ‘

The relation of recharge from precipitation to other
components of the flow system is summarized in figure 1.
Nearly 9 percent of the estimated average annual precipita-
tion recharges the valley-fill reservoir in the northern
part of the valley, whereas in Tonopah Flat only an estimated
2 percent becomes ground-water recharge. '

In the northern part of the valley the distribution of
recharge from precipitation is as follows: (1) Toiyabe
Range, two-thirds; Toquima Range, one-third, or (2) Lander
County, one-third; Nye County, two~thirds.

Because ‘the estimates of runoff (table 9) from the
mountains are much smaller than those for recharge (table 11),
the implication is that substantial quantities of water must
flow through the. carbonate and other .rocks (pl. 1 and 2) from
the mountains and recharge the valley-fill reservoirs or a
regional ground-water system. The amount of this underflow
is not known, but it probably is about half the estimated
average annual recharge computed for the northern part of
the valley. Additional discussion of underflow from the
Toiyabe Range is in the ground-water budget section.

Inflow from Ione and Royston Valleys

o Inflow from Ione and Royston Valleys is in two forms--
ground-water inflow and surface-water inflow. Ground-water
inflow through alluvium from Ione Valley was estimated by

Everett and Rush (1964, p. 12) to be on the order of 2,000

to 3,000 acre-feet per year; the smaller of the two quantities
is preferred at this writing. Leakage of ground water through
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Table 11.--Estimated average annual precipitation and ground-water recharge

’ Precipitation
_ zone Area Range Average Average Percentage of
' (feet) {acreg) {(inches) feet) (acre-feet) oprecinitation Acre-feet

NORTHERN PART

9,000-11,949  62,290°  »20 2 120,000 25 30,000
8,000~ 9,000 84,370  15-20 1.5 130,000 15 20,000
7,000~ 8,000 139,000 12-15 1.1 150,000 7 ~ 10,000
6,000~ 7,000 214,800  8-12 .8 170,000 3 5,100
5,430- 6,000 343,400 <8 .5 170,000 Minor. -
(rovnied) 843,900 - 0.9 740,000 9 65,000

TONOPAH FLAT

Toiyabe Range

9,000~-10, 800 3,220 520 2 6,400 25 1,600
8,000~ 9,000 27,000  15-20 1.5 40,000 15 6,000
7,000~ 8,000 58,000  12-15 1.1 64,000 7 4,500
6,000~ 7,000 73,900  8-12 .8 59,000 3 1,800
5,070~ 6,000 95,500 <8 .5 48,000 Minor ; e
Subtotal ) R ]
(rounded) 257,600 a(220,000) | a(14,000)
Adjusted for more arid climate 180,000 11,000
. ; Royston Valley
’ 7,000-7,400 460 8-12 .8 370 3 11
5,200-7,000 79,900 <8 .5 40,000 Minor —_—
Subtotal _, ' _
(rounded) 80,360 , 40,000 10

Other Areas

9,000-9,274 70 >15 1.5 100 15 15
8,000-9,000 5,630 12-15 1.1 6,200 7 430
7,000-8,000 35,700  8-12 .8 29,000 3 870
4,720-7,000 645400 <8 .5 320,000 Minor -
Subtotal 686, 800 360,000 1,300
(rounded)
TOTAL 1,025,000 - 0.6 580,000 2 12,000
(rounded)

a. Considered too large by roughly 20 percent; see text.
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consolidated rocks ffom Tone Valley is possible, but there
is no field evidence that any such leakage enters the valley-
fill reservoir of Tonopah Flat.

Ground-water inflow from Royston Valley is presumed to
be minor and possibly equal to the computed recharge from
Royston Valley (table 11), or about 10 acre-feet per year.

Surface-water inflows from Ione and Royston Valleys,
estimated from measurements of stream-channel geometry
(Moore, 1968, p. 36), were 300 acre~feet and 60 acre-feet,
respectively.

Importation of Water

Since 1904 water has been imported to Big Smoky Valley
from Ralston Valley to supply the town of Tonopah (Eakin.
1962, p. 20). According to Eakin (1962, p. 22), pumpage to
Tonopah in the period 1913-22 averaged about 350 acre-feet
per year; the average from 1923 to 1942 was about 120 acre-
feet. During World War II the pumpage increased, but much
of the water was used at a military base in Ralston Valley.
Table 12 summarizes importation, use of water at Tonopah,
and assumed recharge of the imported water in 1968.
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Table 12.--Summary of estimated water use at Tonopah, 1968

[Based on an interview at Tonopah Public Utilities]

Acre-feet
Water imported from Ralston Valley a 328
Supply from sources in Big Smoky Valley a 0
Total supply (rounded) (1) 330
System losses due to leakage (assume about 25 percent) (2) 80
Delivered water (1)~ (2)y = (3) 250
Delivered water consumed (assume about 25 percent) (4) 60
Water entering sewer and septic-tank systemsl/(B) - (4) = (5) 190
Evapotranspiration of sewage (assume about 30 percent) {(6) 60
Sewage effluent percolation to water Lable (5= (6) = (7) 130
Consumed water (4) -+ (6) 120
Recharge of inmported water to ~
- 2
valley-fill reservoir (rounded) Dor D 200

Approximate rate _ 328 ac ft per yr x 325,851 gal per ac ft 100 gal per

of dmportation 2,700 population x 365 days per year " person per day
Estimated rate - 120 ac ft per yr x 325,851 gal per ac ft _ 40 gal per
of consumption 2,700 population x 365 days per year person per day

l. Sewage entering the system's disposal pond in 1957, when the population
was about 1,700, was about 80 acre-feet (U.S. Public Health Service, 1958,
p. 168).

a. Reported by Tonopah Public Utilities.




. QUTFLOW FROM THE VALLEY-FILL RESERVOIRS

The components of outflow from Big Smoky Valley are
considered under headings of evapotranspiration, spring dis-
charge, subsurface outflow, irrigation, and other consumptive
uses. The relation of the various elements of outflow of
water from the valley~fill reservoirs to the source and move-
ment of water is shown in figure 1.

Evapotranspiration

Plants called phreatophytes extend their roots to a

shallow water table and consume ground. water. The most
common phreatophytes in Big Smoky Valley are listed in
tables 13 and 14. In addition, cottonwood, willow, and
wildrose grow near springs and in mountain canyons. Their
acreage is small and therefore, is not listed. Areas of
principal phreatophytes are shown on plates 1 and 2.
Estimates of evapotranspiration of ground water, under
native conditions, are listed in tables 13 and 14. The
phreatophyte areas shown on the plates are based on forage
inventories by the U.S. Bureau of Land Management and field
" inventory by the authors. Evapotranspiration rates are

based on research done by Lee (1912), White (1932), Young .
and Blaney (1942), Houston (1950), and Robinson (1965) in -
other areas. '

Meinzer (1917, p. 102-104), utilizing the work done
by Lee (1912) on water use by vegetation in Owens Valley,
California, estimated that the evapotranspiration in the
northern part of the valley was between 50,000 and 100,000
acre-feet per year. Similarly, for Tonopah Flat, he esti-
mated the evapotranspiration to be 10,000 to 30,000 acre-
feet per year. Considering the state of knowledge half a
century ago, those estimates are remarkably similar to those
made for the present report. '

The report by Robinson (1953, p. 143) on Big Smoky
Valley states, "From this area, therefore, evaporation must
be at least 500,000 acre-feet per year."

This guantity is an obvious misprint, and should be
corrected to read, ". . .at least 50,000 acre-feet a year."

Some native phreatophytes constitute crops; that is,
native grass is pastured or cut as hay. Also, some native
phreatophytes have been eradicated and replaced by irrigated
fields. All native phreatophytes are included in tables
13 and 14. Their use of water and land will be discussed -
further in the irrigation section of this report. ' .
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Table 13.--Lvapotraonspication of ground wator from the northiern

5

part of Big Smoky Valleyv under native conditions

Average ‘anpual

Phregtophyte ~Depth to Sovapotranspiration
ground covey wWaber Ated Acre-feot - Acre-feet
Vegetation (percent) {(feot) {aerea)  por acre Lrounded)

ostly greasewood and rabbit-
cbrushs mized with various
amounts of big sage, dry-
land greasewood, @nd shad=
scale. Baltgrass less than :
10 percent., 515 10=50 59,400 0.2 9,900
sreagewocd, rabbitbrush, and
“saltgrass.  Saltgrass more
than 10 percent. Mostly
pickleveed in some small

areas. (a) 5=15 37,700 ) 19,000
Meadow. Mostly saltgrass,
sacaton, and other native ;
grasses. {a) =16 30,800 L0 31,000
. Wet meadow, tules, and marsh. {a) D=5 gEmels o 2.0 2000
~ Bare soil of playa U 1=12 23,7300 ) 2,300
Total (rounded) , 142,000 ; 64,000

a. Not estimated.
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Springs

Many springs are in Big Smoky Valley; however, most of
them are small mountain springs that are used only for stock
watering when they flow. Some large springs flow on the
alluvial aprons and on the valley floor, and are, or were
in the past, diverted for irrigation. Table 31 summarizes
data on most of the large springs and some of the small dnes.
Their locations are ahawn on plates I and 2.

Discharge from springs supports phreatophytes or p@nds,
is used to irrigate crops, or percolates back to the water
table. Estimates of phreatophyte dlscharga in tables 13
and 14 include that part of the sprlng discharge that is
evapotranspired.

Spring water ranges in t@mperatura from about 55°F
(13°C) for the many cold springs to 179°F (82°C) for Darrough
Hot Spring. Spencer Hot Springs, another notably high-
temperature apring, has a temperature of 139°F (59°C).
Concrete sw1mm1ng pools have been ccnstructed at both hot
springs. ;

A large number of springs issue from the alluvium at
an altitude of about 5,500 feet along the west side of the
valley floor in the northamn part of the valley (pl. 1).

Most of these springs have small individual flows, but the
combined flow is probably a few thousand gallons per minute.
The estimated total spring discharge in RBig Smoky Valley is
at least 3,000 gpm, or about 5,000 acre-feet per year.

“Subsurface Outflow i

Meinzer (1917,”p,,86) said: "The principal leakage out

of the basin is helieved to be at the west end of the lower
valley." With additional ground-water data gathered since

1913, this.still remains a possibility, although Robinson
(1953, p. 144) described Big Smoky Valley as a closed basin.

Voluminous subsurface outflow from the valley-fill
reservoir in the southwestern part of Tonopah Flat to the
lower-altitude reservoirs in either Columbus Salt Marsh,

Fish Lake, or Clayton Valleys is unlikely. First, there is no
evidence of loss of head with depth below land surface in

the area, and second, it is unlikely that the valley-fill
reservoir has sufficiently high transmissivity to transmit
large quantities of water to the southwestern end of the

basin from the major recharge area in the northern part of
Tonopah Flat with the low gradients indicated by water=level
data in figure 16 and plate 2. Whether there is hydraulic
continuity between the playa and the wells to the west, and
therefore probable subsurface outflow due to apparent outflow
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gradient (fig. 16), is not known; however; such outflow probably

would be very small because of the low gradient (about 1 foot per

mile) and a narrow flow path.

The most plausible explanation for any subsurface outflow

would be water entering a regional consolidated rock ground-water

system in the northern part of Tonopah Flat and flowing to
Clayton Valley. Previous work by Rush (1968a, p. 15) indicates
that Clayton Valley probably receives substantial ground-water
inflow from Big Smoky Valley: however, the gquantity probably

is less than the 13,000 acre~feet per year estimated by Rush
(1968, p. 26). Subsurface outflow is further discussed in

the "Water budget” and "Analog model simulation" sections.

Figure 16 shows two weélls with what appears to be unusually
high water levels. West of Highway 47, well 1N/38-9d4 (also '
listed in table 29) has a water-level altitude of 4,785 feet.
Several acres of greasewood grow about the site and salt was
present on the ground, both confirming the shallow water level
observed in an auger hole at the destroyed well site. Data
and field observations indicate that a small mound of ground
water is present, but the cause is not known. The other high-
water level was observed in well 1N/39-3a (table 29) which o
was drilled in a thin alluvial, upland area. The ground water
is probably- saturating a lower alluvial zone just above
relatively impermeable bedrock. This water could be hydrolog-
ically Pperched. \ .

- Irrigé&icn,‘
Growing Season for Crops

Length of growing season for crops was estimated from
temperature data (table 15) for stations at Austin, Smoky
valley, and Tonopah (table 8). Assuming that killing frosts
generally occur at a temperature of about. 28°F for the principal
crops, grass and alfalfa, the following estimates were made:

(1) for the northern part of the valley and Tonopah Flat north
of San Antonio Ranch, the average growing season on the valley
floor is 130 #20 days; and (2) for Tonopah Flat south of San
Antonio Ranch, the average for the valley floor is 150 % 20
days, and for the apron and the mountains, 160 £ 20 days.
Houston (1950) estimated the growing season for Upper Reese
River Valley (pl. 1), an area probably having a growing

season nearly as long as in the northern part of Big Smoky
Valley, as 117 days and for the Tonopah area, as 144 days.

The growing season generally extends from May through September.

The ground and the layers of air near it are rapidly
chilled after sunset by terrestrial radiation through the
clear, dry air. Because of the increased density of the cooled
air, it cascades down mountain slopes and the apron, to where
it concentrates in the basin, restricting the growing season
on the valley floor.
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Suitability of Water for Irrigation

Based on the partial chemical analyses in table 32, all
streamflow from the mountains probably is suitable for irriga-
tion. Most alluvial areas yield usable ground water; however,
shallow wells on or near playas probably would yield unsuitable
water, based on criteria established by the United States
Salinity Laboratory Staff (1954) and the National Technical
Advisory Committee (1968, p. 143-177). If doubt exists as

to the quality of an irrigation water, contact the local

County Agricultural Agent or the University of Nevada
Cooperative Extension Service for advice.

Water Consumption by Crops

The following estimates of optimum water consumption by
crops in Big Smoky Valley are based on work by Houston (1950),
Tovey (1963), Dylla and Muckel (1964), and the California
Division of Water Resources (1942): (1) grass pasture,

1.5 feet; (2) grass hay, usually one cutting and then
pastured, 2 feet; (3) alfalfa hay, usually two cuttings and
then pastured, 2 feet; and (4) alfalfa hay, usually two to
three cuttings, 2.5 feet. Because of local water shortages,
some crops consume water at effective rates less than the
Optlmum rates listed above.

These criteria were used to estimate the water consump-
tion by crops in each ranch or ranch subdivision. The
areas of cropland, and volumes of lrrlgatlon water llsted
in tables 16 and 17 are totals for the wvarious crops,
water sources, and volume of irrigation water, as compiled
from information supplied by ranch owners and foremen.

As indicated in table 17, water from sgeveral sources was
used to irrigate some fields. Therefore, some acreage is
listed more than once in table 17 and acreage totals are
not the sum of the listed acreage items, but are the actual
area under irrigation.

In most cases, water in excess of the guantities listed
in tables 16 and 17 was diverted from streams, wells, and
springs. The difference between the diversions and water
consumption by crops is water needed for leaching, water
percolating to the water table from ditches and fields, and
water lost by evapatransplratlen from ditches and areas
of vegetation adjoining fields where water may drain.

In addition to 1rr1gatlon water, the average precipi-

tation on fields during the grQWan season is about 2
inches.
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Table 1p.--Crops and irrigation consunption

[Based on interview of ranch operators |

Wet years Dry years and 1968 Average yearlf

Acre-feet
Acres  per year

Acre-feet
per vyear

Acre~feet

Area Crop Acres  per vear Acres

BIG SMOKY

VALLEY, NORTHERN PART

Lander County Crass pasture 660 970 580 500 610 660

Grass hay 300 300 300 150 300 200

Alfalfa hay 340 780 340 670 340 710

Subtotal (rounded) 1,300 2,000 1,200 1,300 1,200 1,600

Nye County Grass pasture 4,300 5,700 4,100 4,300 4,200 4,700

Grass hay 2,200 3,700 1,500 2,000 1,700 2,600

Alfalfa hay 1,100 2,900 a 1,200 2,800 1,200 2,800

. . Subtotal (rounded) 7,600 12,000 6,800 9,000 7,100 10,000

TOTAL (rounded) 8,900 14,000 8,000 10,000 8,300 12,000

TONOPAH FLAT

Nye County Grass pasture 400 550 400 350 400 420

Grass hay 0 0 0 0 0 0

Alfalfa hay 250 510 250 510 250 510

Subtotal (rounded) 650 1,100 650 850 650 930
Esmeralda County (No irrigation or subirrigation)

TOTAL (rounded) 650 1,100 650 G50 650 930

1., Based on proportion of wet years to dry years, described on page

a, Includes 160 acres irrigated in 1968 for the first time in many vears.,
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Water Used for Leaching Fields

Leaching of soils to keep salts moving downward below
the effective root zone of crops is a necessary irrigation
practice. Leaching requires that more water be applied to
fields than otherwise is necessary to grow a crop.

Water samples collected in Big Smoky Valley, where
irrigation is possible (in the nonplaya areas), generally
had specific conductances less than about 600 micromhos
per centimeter, and averaged about 300 micromhos per
centimeter. Based on data listed in table 18, leaching
requirements per 1,000 acre-feet of water applied to alfalfa
and similar salt-tolerant crops, with the decrement of crop
yield limited to 10 percent, is about 50 acre-feet. For
the northern part of the valley and Tonopah Flat, the
average annual leaching requirements for the above crops
and decrement would be about 650 acre-feet and 50 acre-feet,
respectively, on the basis of water consumption data in
table 17. 1In 1968, those required guantities were about
530 acre-feet and 45 acre-~feet, respectively.

Streamflow

Thirty-six streams are diverted for irrigation. All
but three, Moore, Barker, and Jefferson Creeks, drain from
the Toiyabe Range. During dry years, such as 1968, about
one-~half of them do not flow to fields because of stream-
channel and ditch-infiltration losses of the smaller flows.
Table 17 summarizes the amount of streamflow consumed by
crops. The principal streams are listed in table 7 and
shown on plates 1 and 2. During the average growing
season, the 40 gtreams listed in table 7 have a total flow
of about 22,000 acre~feet.

Wells

In 1968, 22 wells were used for irrigation; of these,
6 were pumped; the remainder were unpumped flowing wells.

Table 17 summarizes irrigation from wells. Of the
960 acres of cropland irrigated by wells in the northern
part of the valley, about 700 acres was irrigated by
water from pumped wells; the remainder from flowing wells
along the west margin of the valley floor. In 1968, on
Tonopah Flat, 10 flowing wells were used to irrigate about
10 acres of alfalfa at San Antonio Ranch.
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Table 18.~-Lleaching requirements for alfalfa

[Based on criteria established by Fuller (1965) and Bernstein (1964)]

Specific , Percentage of applied water needed to leach soils
conductance ) ]
of irrigation 10 percent 25 percent 50 percent
water decrement of decrement of decrement of
(micromhos/cm2) crop vield crop vield crop yvield
100 1.7 1 )
200 2.3 2 1
300 5 3 2
500 8 5 3 'I'
1,000 17 10 6 *
2,000 33 20 12
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Sprinkler systems were used with the six pumped wells to
apply water to fields. The six pumped wells were wells
9/43-9bb, 10/43-5a3a3, 11/43-29bc, 12/43-4d, 12/43-9b, and
12/43-9¢cl (table 29 and pl. l}. The water from flowing wells
was conveyed in ditches, At San Antonio Ranch, water from
the flowing wells was collected into a pipeline before being
distributed in ditches.

Springs and Subirrigation

The principal springs used to irrigate crops are Gilman,
Darrough, Charnock, and Blue Springs (table 17). Many other
small springs and seeps are used for irrigation. They are
in T, 11 N. to T. 15 N., and generally flow from the valley
floor in shallow water-table areas or from the apron along
the Toiyabe Range (pl. 1). '

Subirrigation, or the use of ground water by deep
rooting crops in shallow water-table areas (fig. 6) is
limited mostly to the wesuern side of the valley floor of
the northern part of the valley. Under native conditions
(pl. 1) these areas supported saltgrass, meadow grass, and
sacaton,

Table 17 summarizes the irrigation consumption of spring
flow and ground water by subirrigation. For the northern
part of the valley and Tonopah Flat, an estimated third of
the combined consumption by crops of springflow and subirri-
gation water, listed in takle 17, is from springs.

Public-Supply, Domestic, and Stock Consumption

Public-supply water systems are operated at Round
Mountain, Manhattan, and Tonopah. The sources of supply
for Round Mountain are underflow of Shoshone Creek, west of
the town, and Ink House Spring, northeast of town (pl. 1).
Water is conveyed in a pipeline system to Round Mountain by
gravity. At Manhattan a well is the source of supply. Water
is imported to Tonopah from Ralston Valley, as described in
the section "Importation of water." Estimates of public-
supply, domestic, and stock consumption are listed in
table 19.

Wellg are the main source of domestic supply: however,
some small springs are used. Ground-water supplies for
stock are mostly from springs, with wells as a secondary
source.
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Table 19.-~Summary of public-gupply, domestic, and

stock-water copsumption in 1968

Estimatred net

, consumptionl/
Use -
(acre~feet
per year)
BLG SMOKY VALLEY, NORTHERN PART
Round Mountain public supply (population 195) a <10
Domestic, excluding Round Mountain (125 people) a <10
Stock, on the ovder of 1,500 head of cattle b 10
Total (rounded) 25
TONOPAH FLAT
Manhattan public supply (population 14) a <l
Tonopah public supply import (table 12) 120
Domestic, excluding Manhattan and Tonopah
(population on the order of 25) a . <5
Stock, on the order of 500 head of cattle b <5
Total (rounded) 130

1. All water is from ground-water sources. To compute estimated gross
supply, multiply net consumption by a factor of about 2.5, as determined

at Tonopah (table 12).

a. Based on the net consumption rate at Tonopah (table 12) of 40 gallons

per person per day.

b. DBased on a tahsumptiun rate by beef cattle of 6 gallons per head per

day.
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For the chemical constituents listed in table 32, all
sampled streams amd most sampled wells and springs met ths
drinking-water standards established for chemical quality
by the U.S. Public Health Service (1962). Areas of poor-
guality drinking water are generalized as follows: (1) ground
water with concentrations exceeding recommended standarcs for
sulfate (250 mg/l), chloride (250 mg/l), and dissolved
solids (500 mg/l) probably will be encountered by most
wells drilled on the playas or in the vicinity and southwest
of the playa of Tonopah Flat, and (2) ground water near
Spencer Hot Springs has excessive concentrations of dissolved
solids. ‘

If doubt exists as to the potability of a water supply,
contact the Nevada Bureau of Environmental Health, Carson
City, Nevada. '

Industrial Use

In the past, large guantities of surface water were
used by mills at Ophir, Manhattan, and Round Mountain.
Ground-water supplies were developed at Millers and near
Round Mountain along the pipeline extending from Jett (Creek)
Canyon. At Tonopah, mills used the imported water from
Ralston Valley. '

In 1968, no ground water was pumped and used by
nonagricultural industry and only a minor amount of surface
water was used at Round Mountain. The Round Mountain
industrial supply is from Jett Creek and is piped across the
valley (pl. 1) to mining and milling facilities that were
receiving only minor use in 1968 and 1969.
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GROUND-WATER BUDGETS FOR THE "VALLEY-FILL RESERVOIRS

Over the long term-and for-native conditions, inflow to and
outflow from a ground-water- system-are  egual. Accordingly, a
ground-water budget for: native conditions expresses the gquantity
of water flowing in-a hydrologico system under equilibrium
conditions. - The budget generally is designed to determine the
‘magnitude of error:.in the estimates... A budget that balances
reasonably will lends credence to-the individual elements of
inflow and outflow,.which are-depended upon by those concerned
with water development and mangement.

For Big Smoky.Valiey,:aqulllbrlumfcgnditions existed up to
the time that-mantbegan to.develop.the area for mining and
agriculture. Surfaceswater: diversicns  from the principal
streams began about 100 years:ago and have cantinued to date.

" Pumping and importation of water. have modified the natural
condition only to a very small extent:.. The principal
changes have been a slight decrease:in the amount of ground
water in storage near wells and a.small increase of ground
water in storage near Tonopah due to water import.

Ground-water budgets, for native conditions, are given

. in table 20. Elements of inflow and outflow, not associated
with native conditions but with development, will be
summarized in the section, "Water use in 1968".

Because inflow and outflow are equal over the long term
and for native conditions, the imbalance in the budget is
attributed to unresolved hydrologic factors. The value selected
to represent both inflow and outflow in table 20 is taken as
the average of the two values for the northern part of the
valley. For Tonopah Flat, the large imbalance is attributed
to probable loss of water from the system as subsurface outflow
probably to Clayton Valley. (See "Subsurface outflow" section
for a further discussion.)
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Table 20.--Cround-water budeget for pative couditions

[All quantities in acre~feet per year]

Northern part Tenopah Flat
INFLOW:
Recharge from precipitation (table 11) 65,000 12,000

\ . Subsurface inflow (p. 32) None 2,000

Total Inflow (1) 65,000 14,000
€ OUTFLOW:

Evapotranspiration (tables 13 and 14} b4, 000 6,000

Subsurface outflow {(p. 39 None (a)

Total outflow (2) 64,000 6,000
IMBALANCE: (1) - (2) 1,000 b 8,000

Value selected to represent both

_ i 65,000 14,000
inflow and ocutflow: e ’

a. No direct egtimate made:; see footnote b.

- b. May be equal to subsurface ocutflow to Clayton Valley previously
estimated by Rush (1968, p. 26) to be about 13,000 acre-feet per year.
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ANALOG MODEL SIMULATION

Electrical analeog models ars simply scaled-down versions
of the aquifer flow system constructed from suitable
electronic components. Electrical flow through the model
and water flow through an aquifer are defined by congruent
laws. Steady-state electrical anralog models were built to
simulate the interrelation of recharge, discharge, hydraulic
gradients, transmissivity, and boundary conditions of the
valley-fill reservoirs.

The model indicates that: (1) the average transmissivity
of the valley-fill reservoir in the northern part of the
valley, excluding the highly transmissive area (greater than
50,000 gpd per ft) in T. 12 N. (fig. 4), is generally between
30,000 and 40,000 gpd per ft; (2) for Tonopah Flat the central
segment (Tps. 4 to 6 N.) of the valley-fill reservoir probably
has a transmissivity generally between 25,000 and 50,000 gpd
per ft and in Tps. 6 and 7 N. the values are probably between
50,000 and 100,000 gpd per ft; and (3) recharge from the
Toiyabe Range and nearby areas flows southward through the
central segment of the valley-fill reservoir in Tonopah
Flat with losses to subsurface outflow possibly occurring in
the central segment or in the Millers area (Tps. 3 and 4 N.).

The conclusions drawn from the models generally support
similar conclusions presented elsewhere in the report.
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AVAILABLE WATER SUPPLY

. Water for development can be obtained from streams and
u the valley~-fill reservoir. In the following sections, the
: conceptual quantities of water, streamflow, perennial yield,
transitional storage reserve, and system yield, will be
discussed and evaluated.

Streamflow

For practical purposes the streamflow that can be developed
essentially is limited to the flow of the 40 streams, as
summarized in table 7. Because streamflow percolates to the
water table becoming ground water, development of streamflow
will ultimately re ~duce the amount of natural ground-water
discharge from the system.

The amount of average annual flow of the streams listed

in table 7 is estimated to be about 32,000 acre-feet in the
northern part of the valley and 3,500 acre~feet in Tonopah
Flat,

Perennial Yield

The perennial vield of a valley-fill reservoir may be
defined as the maximum amount of natural discharge that can
Q be salvaged each year over the long term by pumping without
v bringing about some undesired result. For the northern part
of Big Smoky Valley, all the outflow (evapotranspiration,
table 13) p%@b&%fv can be salvaged; therefore, the estimated
perennial vyield is about 65,000 acre-feet.

stimated average annual natural
discharge is 14,000 ac feet; however, the probable
subsurface outflow is such that it may not be readily
salvaged, The pxwlpmx?dzy estimate of perennial yield,
therefore, is limi to 6,000 acre~feet, the guantity of
evapotranspiration (table léia

For Tmnwpah Flat, the

o

Transitional Storage Reserve

reserve has been defined by Worts
(1967) as the guant »f water in storage in a particular
ground-water re r that can be extracted and beneficially
used during the transition period h@twmwn natural eguilibrium
conditions and new equilibrium conditions under the perennial-
yvield concept of wat development. In the arid environment
of the Great Basin, the transitional storage reserve of such
a reservoir is the amount of stored water available for

* withdrawal by pumping during the nonequilibrium period of

Transitional




development, or period of lowering water levels. Therefore,
transitional storage reserve is a specific part of the total
ground-water resource that can be taken from storage; it is
water that is available in addition to the perennial ‘yield, but
" on a once-only basis. :

Most pertinent is the fact that no ground-water. source
can be developed without causing storage depletion. The
magnitude of depletion varies directly with ‘distance of
development from any recharge and discharge boundaries in
the ground-water system.

To compute the transitional storage reserve of the
valley-fill reservoirs, several assumptions are made:
(1) Wells would be strategically situated in, near, and
around areas of natural discharge in the main alluvial area
of the valley so that natural losses could be reduced or
stopped with a minimum of water-level drawdown in pumped
wells; (2) an average water level about 50 feet below land
surface would curtail virtually all evapotranspiration losses;
(3) over the long term, pumping would cause a moderately
uniform depletion of storage throughout most of the valley
fill (excluding semi-isolated tributary areas, such as
Royston Valley ); (4) specific yield of the valley fill is
15 percent; (5) water levels are within the range of economic
pumping lift for the intended use; (6) development would have
little or no effect on water stored in adjacent valleys; and
(7) water is of suitable chemical guality for the intended
use. :

Table 21 presents the preliminary estimates of transi-
tional storage reserve of Big Smoky Valley, based on the
above assumptions. The estimated storage reserve is the
product of the area beneath which depletion can be expected
"to occur, the average thickness of saturated valley £ill to
be dewatered, and the specific yield.

The manner in which transitional storage reserve augments
perennial yield has been described by Worts (1967). The
relation is shown in its simplest form by the following
equation:

Transitional storage reserve . Perennial yield

Q= £ p)

in which O is the selected or desired rate of diversion
(largely ground-water pumping), in acre-feet per year, and

t is the time, in years, to exhaust the storage reserve.

This basic equation, of course, could be modified to allow for
changing rates of storage depletion and salvage of natural
discharge. The equation, however, is not valid for pumping
rates less than the perennial yield.



Table 21,--Preliminary estimates of transitional st Drage reserve

| For dewatering 50 feet of alluvium]

Area of Dewatered Transitional
depletionl/ thickness storage reserve
N {acres) (feet) (acre-feat)

Area (1) (2 (1) = {2y x 0.15

BLC SMOKY VALIEY, NORTHERN PART

Lander County 120,000 50 900,000

Nve County LBG,000 50 1,400,000

Total 300,000 50 2,300,006

TONOPAH PLAT2/

Nye County 200,000 50 1,500,000
Esmeralda County 180,000 50 1,400,000

Total 380,000 50 2,900,000

L. Does not include isolated or semi-isolared alluvial arcas.

2. Excluding Royston Valley; see text.




Using the above equatlon and the asﬂmate for the northern
part of the valley, as an example (transitional storage
reserve, 2,300,000 acre-feet, table 21; perennial yield,
65,000 acrewfeet, p. 53) and using a diversion rate (Q) equal
to perennial vield, in accordance with the general intent of
Nevada water law, the time (t) to deplete the transitional
storage reserve is computed to be about 70 years. This :
assumes that the diversions would be almost wholly by pumping.
Similarly, for Tonopah Flat, the time (t) required to deplete
-the storage reserve would be about 1,000 years.

At the end of the estimated times, the transitional
storaqe reserves would be exhausted, subject to the assumptions
‘given in the precedlng section. What is not shown by the
example is that in the first year virtually all the pumpage
would be derived from storage, and very little, if any,
would be derived by salvage of natural discharge. On the
other hand, during the last year of the period, nearly all
the pumpage would be derived from salvage of natural discharge
-and virtually none from the storage reserve. ‘

During the period of depletion the ground-water flow
nets would be substantially modified. The recharge that
originally flowed to areas of natural discharge would ultimately .
flow directly to pumping wells. : . 6

To meet the needs of an emergency or other special
purpose requiring ground-water pumpage in excess of the
perennial yield for specific. periods of time, the transi-
tional storage reserve would be depleted at a more rapld
rate than the example given. The above eguation can be
used to compute the time required to exhaust the storage
reserve for any’ selected pumping rate equal to or in excess
of perennial yield. However, once the transitional storage
‘reserve was exhausted, the pumping rate should be reduced to
the perennial yield as soon as possible. Pumpage in excess
of perennial yield after exhaustion of the transitional
- storage reserve, would result in an overdraft, and pumplng o
1lifts would continue to increase. and stored water would
continue to be depleted until some undesired result occurred,
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WATER USE AND CONSUMPTION AS OF 1968

Table 22 summarizes the use of the water resources of
Blg Smoky Valley. Irrigation was the principal use of water
in 1968. Because of the variation in. streamflow from year
to year, the quantity of water useé varies accordingly. The
quantity used in 1968 probably was at or near the yearly
minimum because it was a dry year. On the other hand,
during wet. years more streamflow in the northern part of the -
valley would be used, probably 75 pwrcant more than in the
average year shown in table 22. :
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FUTURE DEVELOPMENT

Much greater utilization of the water resources of
Big Smoky Valley is hydrologically possible. The economics
of greater utilization, however, is beyond the scope of this
report. For average years, approximately 12 percent of the
perennlal yield (p. 53) of the northern part of the valley
is presently used and consumed. The percentage for Tonopah
Flat is about 4 percent. ' V

The following methods of water development under the
perennial yield concept are discussed in the following
sections: (1) installation of pipelines and lined ditches
to conduct streamflow to fields, (2) construction of dams
to store streamflow for recreation and irrigation purposes,
and (3) construction and pumping of wells to salvage natural
ground-water discharge.

Pipelines

Thirteen of the 40 streams listed in table 7 have been
diverted to pipelines or lined ditches near their canyon
mouths. This efficient diversion and conveyance of water
could be extended to the other streams which are now allowed
to flow in their natural channels or diverted to Unlined
ditches on the apron. The effect of using pipelines or
lined ditches is to deliver the maximum amount of streamflow
with minimum conveyance loss to the area of use.

The most productive streams not being diverted to
pipelines or lined ditches are Kingston, Peavine, Pablo,
Ophir, Jefferson, Broad, Barker, Wisconsin, Last Chance,
and Decker Creeks, as mndlcated by data in table 7.

The canyon mouth probably is the best general location
for the inlet to a pipeline or lined ditch; however, the
most efficient location depends on many geologic and
hydrologic factors not investigated during this study.

Dams

Dams have.been proposed for Kingston (under construction

‘in 1969), Birch, and Jefferson Creeks. The impounded water

would be for recreation--mostly fishing. It may be feasible
to construct dams in other canyons, such as on North and
South Twin Rivers and Peavine, Pablo, Jett, and Bowman
Creeks; however, reservoir-site and dam-site evaluations
were beyond the scope of this study. Storing water behind
dams for irrigation might be hydrologically feasible. The
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greatest advantage would be gained by damming streams which
have high maximum flow-mean flow ratios and an adequate
runoff (table 7), such as Belcher Canyon and McLeod Creek.

Wells

Ground water would be developed in Big Smoky Valley
primarily at the expense of natural discharge and moderate
storage depletion, with development occurring-in or near
areas of natural discharge (pl. 1 and 2). To salvage ground
water that is now being discharged by phreatophytes and by
direct evaporation at land surface, ground-water levels must
be either lowered or the nonbeneficial plants eradicated ‘
and replaced by beneficial crops.

Ground-water levels in dreas of phreatophytes can be
lowered by pumping wells in or near the phreatophyte areas.
A lowering of water levels to a minimum of about 50 feet
below land surface would deprive phreatophytes of ground
water.

Diversion of streamflow at canyon mouths to pipelines
or lined ditches would reduce, but not eliminate, all water
available to the phreatophytes as recharge (tables 10 and
11). As a result the ground-water system would slowly
adjust to the reduced supply with an increase in depths to
water. The area of phreatophytes and phreatophyte discharge
would slowly become smaller as a result of a generally
greater depth to water throughout the valley-fill reservoir.

: Lowering ground-water levels beyond the reach of phreato-
phytes by pumping would cause ground water to flow from sources
of recharge directly to wells rather than to phreatophytes.

Distribution of wells under full ground-water development
is dependent primarily on six factors: (1) distribution
of phreatophyte discharge, (2) limitations imposed by land-area
development associated with well yield, (3) areal extent of
the cone of influence of pumping wells, (4) extent and location
of stream diversions, (5) water qguality, and (6) hydraulic
boundaries (discussed on p. 15). The most limiting factor
should ultimately dictate the general spacing of wells.

The distribution of phreatophytes is shown on plates 1 -
and 2, and their rates of discharge are summarized in tables
11 and 12. Tables 23 and 24 list the distribution of esti-
mated average annual phreatophyte discharge by townships.

If the distribution of phreatophyte discharge is not
changed, the distribution of pumpage should be about the same
to salvage the natural water losses. As described earlier,
however, increased stream diversions at canyon mouths to
pipelines and lined ditches would eventually cause a reduction
in phreatophyte discharge.
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Table 23 ~-Distribution of sround-water evapolranspiration

in the northern part of Big smoky Valley

[Estimated evapotranspiration 65,000 acre—feet per vear)

Location Average annual
(township cvapoltranspiration
north) Percent

LANDER COUNTY

20 (Lake Ranch areca) <1
19 (Bade and Willow Creeks area ) -1
18 {Simpson Park Canvon) <1

15 5
B 20
Lo 16
y;
14 17
13
17
12 12
1L "
10
1¢ 1
subtotal (rounded) =)
TOTAL (rounded) 100
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Table 24.--Distribution of ground-water

evapotranspiration on Tonopah Flat

Location Average annual
(township evapotranspiration
north) Percent
NYE COUNTY
8 (Cloverdale Ranch area) 7
7 (8an Antonio Ranch area) 17
) 2
Subtotal (rounded) 25
ESMERALDA COUNTY
5 ~(Crow Springs area) e
34 (Millers area) 57
1?3 (Adjoining plava) 12
1-2 (Playa) 7
Subtotal (rounded) 75
TOTAL (rounded) 100
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Table 25 provides well-gpacing information for various
well yields based on the intensity of phreatophyte discharge.
On a local basis, well spacing can vary somewhat, but for
any large area, such as a township, the recommended spacings
should average as those indicated in the table to prevent .
undue lowering of pumping water levels.

Minimal spacing of wellg, where there is local variation
in well spacings, should be controlled by the ability of the
valley-fill reservoir to yield water, as reflected by the
size and shapeof the cone of influence caused by pumping.
Table 26 gives some examples of what minimum spacing of
wells might be to limit interference among wells. The
examples were chosen to approximate actual conditions in the
valley; however, final judgement on minimum well spacing and
interference between wells should be based on pumping tests
conducted by a hydrologist. As a general rule, spacing
between all high=-yield irrigation wells, as illustrated in
table 26, should be at least 0.5 mile, and depending on
aquifer and pumping conditions, distances up to 1.0 mile are
recommended.

Land-use requirements associated with well yield cannot
be predicted for industry but it can to some extent for
agriculture. Table 27 summarizes the estimated acres of
alfalfa in the northern part of Big Smoky Valley that could
be irrigated per 1,000 gallons per minute of pumpage. For
Tonopah Flat, the acreage would be slightly smaller because
of its slightly warmer climate. With reference to table 27,
if a well had a yield of 1,000 gpm and water is applied to
alfalfa by sprinklers on a 24~hour per day basis, the maximum
area that could be irrigated in the northern part of the
valley is about 160 acres.

Stream diversions would reduce the amount of natural
ground-water discharge available for salvage. The largest
reductions would be felt in the areas nearest the largest
stream diversions; however, the exact relation is dependent
on many factors that probably cannot be evaluated until
this future cause and effect relation has partly developed.

Dissolved-mineral matter limits the use of some water,
as described in sections "Suitability of water for irriga-
tion" and "Public-supply, domestic, and stock consumption"”.
The suitability of water for a particular use should be
evaluated during the test-drilling phase of the development
of wells. The extent to which hydraulic boundaries impede
ground-water flow or alter the ground-water flow pattern
probably will not be determined until substantial quantities
of ground water have been pumped.
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Table 25,-~Examples prwell yield and spacing per township

to salvage natural discharge for irrigation

- : [See‘table 26 for examples of water-level drawdown]

Well spacingﬁl

Average (Assumes all phreatophyte discharge
well yield ' will be diverted to wells)
for 140 days Distance ‘Acres Maximum acreage
per vear apart Wells per - per that could be
(gpm) _(feet) township well irrigated per well2/

NORTHERN PART3/

600 4,800 45 510 100

800 5,400 33 700 130
1,000 6,100 27 850 160
1,200 6,600 23 1,000 190
1,500 7,400 18 1,400 240
2,000 8,600 14 1,600 320
2,500 9,700 11 2,100 400
3,000 . 10,600 9 2,600 480

’ - TONOPAH FLAT3/

300 6,000 28 800 50

400 6,900 21 1,100 65
600 8,600 14 1,600 100

800 10,000 10 2,300 130
1,000 11,000 8 2,900 160
1,200 12,000 7 3,300 190
1,500 13,000 B 3,800 240
2,000 16,000 4 5,800 320

1. The three columns of data are mutually equivalent.

2. For sprinkler system, pumping 24 hours per day, and 25 percent
recycling of pumped water. (See p. 64 and table 27.)

3. Based on an average phreatophyte discharge rate of 0.5 acre-feet per
acre for the northern part of the valley and 0.2 acre-feet per acre for
Tonopah Flat.
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Table Z260==Fxamplos of well spacing and water—level drawdown

for three tvpes of conditions In Smoky Vvallev

[hased on work by Theis (1935 apd 1963

Prample & Example §

Pumping pefiod&f(duym} 140 H40 L40
Pumping rate (zallons por minute) 1,500 2,00 1,000
Aquifer characteristios:
Transmissivity (gpd per ft) 34, 000 100,000 15,000
Storage coolficient L5 15 A5
PDrawdown (maxi n‘:uz:‘x)? !
0.2 mile from pumping well {(Teet) & [0 4
0.5 mile from pumping well (focet) 3 5 2
Radium of cone of iniluence (miieﬁ)lf 1.3 2.0 L9
Mi?imummwell spacing without ixuwﬁsivg 5,75 miles L0 miles 0.5 miles
interference betweon wellg. 2
Drawdown of pumping level from static 35 70 110

water level during growing scasons (feet)d/

1. Chosen to approximate the general length of the growing scason for

the entire valley.
5 ’
or interference by nearby wells.

3. Drawdown at edge of cone of Influence about 0 foot.

4. Interference from all necarby wells limited to about 10 feet
water—level lowering.

5. Assumes efficient well having well loss of 25 percent.

2. Does not take into consideration the effects of anyv boundary conditions

of
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Table 27.--Maxinmum acrence of alfalfa that Could be irrizated hy

j a4 well In the northern part of Pie Smoky Vallev ?
- ) [For 24 hours of well cperction por day | \

- —— e @,
. | ‘ ) Maximum acreage oy

Application of water

L Daily moisture that could be 5
§ requirement Assumed Applicarion irrigated per ;
; in Julyl/ efficiency rate to field 1,000 gpm of - .

. y . - - 3 i
- (Lnchies) Method {percent)  (ioches per day) PUmMPDATGE. |

.25 Sprinklers 75 .33 160

0.25 Ditches 67 . 38 140

1. Bascd on water-requirement data of Houston (1950). ‘ -
; 2. Assumes three cuttings of hay during 140-day growing season,
|
|
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In designing a well or well field, the depth to water
(Eigs. 5 and 6) should be considered, because it directly
affects the economics of the intended use. The total depth
of any wells would be governed partly by the depth of the
most productive agquifers. As stated previously, most existing
high-yield wells in Big Smoky Valley encountered their chief
aquifer within 300 feet of land surface, or within a depth
beneath the water table of from 200 to 300 feet.
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SUMMARY
This report has attempted to describe the two hydrologic

systems in Big Smoky Valley. Figure 17 shows quantitative
flow diagrams for the two systems.
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UNRESOLVED HYDROLOGIC PROBLEMS

1. The seepage losses from streams that recharge the groﬁnd—
water reservoir were not estimated because of insufficient
data.

2. The relation of the relatively small quantity of runoff

from the mountains (43,000 acre-feet per year) to ground-water
recharge and discharge (about 80,000 acre-~feet per yvear) suggests
that more than half the ground-water recharge is transmitted
across the bedrock-alluvium contact in the subsurface. No

direct evidence was found to support any large subsurface
transmission.

3. The guantity and quality of the runoff reaching and ponding
on playas should be investigated. This water may be of
usable quality for irrigation or other use.

4. The transmissivity of alluvial-fan deposits that originate
from the disintegration of single lithologic types seems to

be low where the source rocks are granitic and higher where
the source rocks are extrusive or indurated sedimentary

types. Any-general transmissivity differences should be
further evaluated in this valley and elsewhere.

5. 6Ground water could possibly leak from Monitor Valley to
Big Smoky Valley. Meager data do not support any such conclu~
sion; but more data may prove otherwise. ;

6. The mechanism of leakage of ground water from Tonopah
Flat to Clayton Valley, if it in fact occurs, is not under-
stood. A detailed evaluation of the whole Clayton Valley
ground-water basin is needed, but sufficient 1nformat10n for
such a study is not avallable as of 1969. :
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HYDROLOGIC DATA

Streamflow, well, spring, precipitation, and water-
chemistry data are presented in this section of the report,
as well as in various tables and illustrations throughout
the report. The principal places where data are presented
are as follows:

Streamflow data: Figures 10, 11, and 12, and tables

5, 6, 7, 9, and 28. ‘

Well data: Tables 29 and 30.

Spring data:. Table 31.

Precipitation data:. Figures 13 and 14, and tables 8 and 1ll.
Water chemletry data:. Table 32. ;

In thls sectlon,;tables 28 threugh 32 are presented These..
tables do not present data on all streams, wells, springs, ..
and water chemistry, but include data on what is hoped
«asrepresentative sampling of these hydrologic features. ) The
- logation: numbering system used in these tablee, and: thraughout

the- report,‘ls descrlbeé next V T

“Nﬁmbériﬁngystem for»HydréiogiekSites,ff‘

»»»»»

referenced tQ the Meunt Dlable base line and mer1d1an.~ It;g
consists of three units: the first is the township north or
south of the base line; the second unit, separated from the
first by a slant, is the range east of the meridianj; the

" third unit, separated from the second by a dash, de31gnates
the: section number. The section number ccmmonly is- fellewed
by letters that indicate the quarter section and gquarter-
guarter section, the letters a, b, c, and d designate the
northeast, northwest, southwest, and southeast guarters,
respectively. All townships are north of the base line
unless otherwise indicated. The number following the letters,
if present, indicate the order the well was recorded in
relation to other wells in the smallest land unit identified
by the preceding parts of the hydrologic-site number. For
example, well 19/45-35cbl is the first well recorded in the
NW%SWY sec. 35, T. 19 N., R. 45 E., Mount Diablo base line
and meridian.

Because of the limitation of space, wells and springs
are identified on plates 1 and 2 only by the section number
and guarter section letters. Township and range numbers
are shown along the margins.
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Tab le 28, -~Periodic streamf low measurements

Drainage

area : Discharge
Stream Locatlon (sg mi) Date (cfa)
Rye Patch Canvon 19/45-25¢ 5620 4=20-68 0
5-21~-68 y)
Petes Canyon 16/46-8d 5. 8 3=15-68 U
) 5-21=68 0
Moore Creek 12/44-254d 8.5 10-28-~67 0.42
J=14=-68 46
4-18-68 .36
5=23=68 40
7-10-68 1.62
9-11-68 .19
Barker Creek 11/44~15¢ 7u5 L0=28-67 0.79
3-13-68 .52
4=17-68 LU3
52368 2.85
7=10-68 2.04
9-12-68 61
Jefferson Creek 10-44/14¢ 2056 10~28=67 0.42
3-13-68 87
4=-17-68 2.38
52368 4,29
7=10-68 1.09
G=15-68 .15
9-12-68 0
Shoshone Creek 10/44-214d 6.1 10=28-67 0.08
(Togquima Range) 3=13-68 22
41768 48
5-23-68 1.23
7-10-68 17
B-15-68 03
G=12-68 NI
Bald Mountain Canyon 9/44~-31h ; 1:9 3-12-68 0
Cloverdale Creek 9/39-36d 46,9 41968 0
Cottonwood Creek 8/41-29h 3046 4=19-68 0
Peavine Creelk .’ 9/42-30a 51:4 G- 265 13.6
10=20-67 1.78
3=12~68 .90
4e17-H8 3.54
5-~24-68 8. 54
- 7=~11~-68 1.93
9=13=68 1.50
Wall Canyon 10/42-354 6.8 10-17-67 0
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Vabrie Lo, --Perjodic streamflow measurenents——Uonl @ ador

LDrainage .

AT Discharge
St{roam Lacation (oo mij ite (ofs) .

Pablo Creek

Jet Creek

Broad Creck

Belcher Canyon

L/ dz-25¢

1/42-1%¢

1L/42=-364

1Ti/42-1¢

e

/=1l-68
Y= 14

10-20-67
=178
G238

J=11-68

H=-24-68

2.18
LT

7-10-68 79
§-15-68 .83
9=13-68 .20

5-24-68
7-10-68
8=15-68
G-1i~08

oy

North Twin River 12/42-22h0 - 1065 3,532 ‘
3=15-08 1.73 .
Lo 1368 .18 "
Sed 308 L1, 8
T 503 4,82
Yl 2=1Y 1.64 :
Ophiir Croek L3/42-34¢ 3.9 L1967 (.57
S BT S
f=18=68 Lonn
H-22-68 3.52
7- 9-(8 .01
B14-63 44
Yo 1 |68 .28
Summit Canyon 13/42-22¢ 2.9 10~28=67 .80

Trail Canyvon

L4/42-25¢

]

3=14-68

= 1=t

Sell-t8

e G608

Y=11-68

LO=18~(7
F=Th4=68
4= 1 8~68
7= 9-08




Table 28.--Periodic ctrvcan low mensurement s~—Continued

Deainage
area Discharge
Stream Location Clwgmid ) Date Lofs)

McLeod Creek 14743190 2.9 b | B08 2048
B2 2=t 2.35
f— 9-63 » 34
8-14-6Y8 idd
9-11-68 08

Decker Creek 15/43=-28d 2.4 IO=28-67 0,47
3-14~68 72
41068 1.52
52768 2.:94
7= 9068 .65
G-ld~68- .51
Gl 1=68 4L
Carseley Creeck 15/43-11dy i T=19-H7 0,64
3-14-68 32
b 1Y=5H3 69

B L
S 0—58 125
7= G9=68 217

§-14-08 1.18
9-11-68 77

Clear Creek 15:43-11d] 3.9 1U=148=67 0.65
1468 56

4-19-68 .81
. 5200268 1.25
| 7= 9-68 1.08
8=14-68 9
9-11-68 .57

Frenchman Creek I6/44<7a i 10=-18=n7 O

Sheep Canyon 17/44~-210 2.8 LO=17=~68 Trace
52 1~68 201
RSN T oY G
G- 14068 I B

G=10-68 O

ar Creek 17/44~16b 2.2 10=18-67 0
Ao L G038 §)
4=l h=68 H2
52168 83
7= 3=68 20
G=J0=68 0

Birch Creek 18/44=344d E705 F=15-68 0.94
4=16=68 2730
S k(8 LaB0
7= 8-68 L.85
B=14-68 189
9=10~68 1.12
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Table 29.-<Record of salected wells and festholes

Well number: 5, south of Mount Diablo base Linzy otherwise north of bass line
vmer: BIM, U.5. Bureau of Land Management
Usze: B, bathing: B, domestic; I, irrigation; Ind, industeisl: M, minisg;
O, observation; P, public-sapply: 5, stock; U, unused) Des, destroyed
Altitude: Determined fron topogrephic maps
Water-level measursment: +, water level asbove land surface; othervise depth
below land surface
State log number: Log numbar in files of the 8tate Enginesr

Water-leval
Yield {gpm) MEARUTERENT. Stare Chisf
Locatlon Taar Depth Diametar and drawdown - Altitude Depth lsg aguifer
. pumber Owner and (o) name drilled = (faet (inches) . Use {feat) {featy Date (feet pumber - (fear) Remarka
81/39-5 Fishlake Livestock Co. 1958 320 & Ed 15730 4500 1958 251} 45182 Cold water
—5dd Fishlske Livestock Co, 1958 520 5 Deg Dry 4,920% 1958 bry 4362 10 gal/by sesp of hot
watey st 185 ft.
1/37-140 e s - o MU — 5,234 7-30=6% 546 o e Tempavaturs bf water,
3 R I o
1/38-2a USGE, Tonepah Flap-2 1568 50 1% Q - 45724 T=29-6% 17,38 sk e U southwast adge of
playa, Temperaturs
of -water 59°F, 15°C.
1/38-3¢c U&GS, Tonopah Flat~4 1968 497 1% o — 4,742 7=29-60  A7.56 s - Temperatute of watery
57, 180,
=Bl Emigrant Wall 1983 324 2 & R 4, BEY 1963 1m0 7164 308-320° - Fifst water 308 fr.
5-23-68 1833 Temperature of watety
BOYF, 27%C.
-ad ‘Salt Well e 520 [ Das by 44788 Y1768 3.0 s v Bt on lend sufface,
~Z6c Minnesota Well s —— & 8 -— 4,982 1-19=67 263.81 i = Windmills
Y=17-68 264,20
1/39-3a Pownr-line wall -— o 60 8 e 4,983 F=17-68 .  13:45 o s At opover . Lines
. Winduill.
~5a s — 54 3 U e 4,777 9=17=68 . 5375 e -=
T-29-63 . 5087
= Fhd Allen well - - - 8 o &, 780 1-19-87 57,40 e — Windmill, & Temparaturs
F2968 5787 of ‘warey 847F, 1B°C,
2/38-174 Highway Junctilon well - o & g s 4,879 8~-17-68  Dry — == Dry-ar 167 £y
-20dl  Tomopab-Goldfield R.R., -- 114 &0 u — 4,815 G 2«13 100 il i
Bladr Jet. north well 10-23-57 102.76
I0=11-62 10245
-20d%  Tonopah-Goldfield R.R., -- 114 &0 u e 4,812 T=30-69 10698 i —
Blair Jeg. south well
~34d UEGE, Tonopah Flate3 1968 45 1k o s 4,734 T=Z9-69 28,23 i - on porthwest edge of
playas Temperature
of water, G4°F, 18%C.
2/39=2a — 1867 s 3 U 1/{lowing 4,740
=1lc UBGE, Temopah Flat~] 1968 20 1 o e Gy 7 2B 7=30m69 IR s 16-22 On playa.
3/39-314 - - s 60 8,0 o 4,750 T-24-59 & B8 e =
2/40-2de Miller's Highway Rest 1568 280 6 4 30/5 4817 1968 50 9973 - First water abour 80 f5
Ares
=1dub  Miller's Mill - 61 L U s 4, BLE 1513 34 - -
5=13-48- 39.2
=14=58 39,38
~19ak  Miller Ranch - R 8 [ERY R 4,773 7-24-69 8. 34 E e Located 25 Tf N. of
houses
3/41-10ch - - 210 e u e 5,000 B31m13 202 e = From Meinzer {19173,
3/41-21cd  Main Line Well 1949 310 o g /- 5,070 1849 240 Lz 300-310  Nedr old R.R. grade.
Temperatuvs of water,
[ o
4/41-16db  Rodger's well - 98 10 g - 4,858 GmiB-08. 0 5548 . s Wil 13
% =304k Mantezuwmas well 1870 47 - u - 4,830 1913 &3 i - From Mélneef (1917} .
5/40-33de Wm. Hane well e 7 & —— 45f = 4,882 1813 90 — e From Medngey (19171,
5/41=56¢1 . Midway stacion - 135 48 0,80 2747 5,002 U= Gmld 124 s —
F30-49 1314
=5bdd  Midway well 1963 180 0 S O fe 5,002 1965 125 8302 155~180 . Flpst water 135 {r.
Tewpetature of water,
§ ; 54%F; 12,
i/ 39=28dd Royston Valley well 1966 189 A 8 9f— a0 o b e -
6/40-13aal Michael Mclaughlin 1965 430 14 T 100732 5,080 1965 2 8658 78-82 Water reémpsratiuve, 67°F
19°c,
w13aa? Ions Valley lrrigstion 1962 387 16 I i 5,080 1862 80 6723 108-123 Cold water.
District, E.K.
Jackson, No, 4
-13da -E. K, Jackson 1963 350 A2 T i 5870 1963 87 7504 1B5-335° - Fivsr water, 180 Fr.
=Z4as B, K. Jackson 1963 350 12 I - 5,060 1963 B7 a7 185335
6/41-7hal James . Jackson 1963 200 18 I3 o 5,110 1383 76 6599 L20=200° - Cold water,  Pirst
water, 76 ft.
~7bal James C. Jackson 1963 350 1z I o 5,110 1963 g2 7553 188-350
“Jea Bernard L. Mclaughlin 1964 24k 18 I — 54100 1964 87 7559 100=240  Cold water. Fivsy
watiery 97 ft.
=16 Bridge well 1950 230 8 g RYESS 5,098 1950 150 1309 - Water tamparaturs;
9-18-68 144,36 SARF, 127G,
=18zal  Frank Yanderson 1963 400 12 I - 5,080 1863 @z 2505
-18ca? Frank Sandersom 1863 400 12 I — 5,080 1963 w2 1548
~1Behl Frank Sanderson 1862 181 16 1 ] 5,080 1962 % 6382 Flzst watery 78 Tt.
Cold water,
=18ech? lone Valley Irvigaries 1962 200 16 I,u — S.075 1962 81 E3ES 1253=140 Fivet water, 80 fr.
District 9-19-68 . BZ:H3 Bast of two wells.
&6/43-6ee s - e & ] e 5,950 B-22068 279080 o - Along wash.
7/40=27ck  Marnet A. Halton 1964 300 14 T L 5,115 1984 9% Fob2 100-300 Cold wateér. Fivst
watery 102 fr.
=274z Morris D, Halton 1964 300 14 I, e 5,115 1965 ) TEEZ FO=300 | Cold wabér. First
Y= 15-63 #6.17 water; B0 fr.
~28ad  J-K Baneh 1964 560 1% 1 1,100/80 5,130 196% 100 7947 . B30=560 Fizat water, 100 ft.
=28ck  Btanley A, Tanner 1964 300 14 I 2, 500/80 5,140 1964 97 Fe61 105=18% - VWars watars First
watep, 105 fr.
=308 Pavid Srevens 1949 133 [ 8 50 f-—— e 1849 78 954 2G=25 Firet water, S0 ft.
Warer tempetature,
B0°F, 070,
=35k Stephen E. Wabh 1858 A20{7) - s 350715 5,100 1358 4] = -
~3%ce Smoky Valley Water Co. 195§ 1420 & I 100/~ 55100 1958 87 399V 224~225% Fivst water, 125 fr,
B=18-58 89,88 Watey ‘Geparature,
G3°F 1770 On knoll
7/42«17cl  San Antonio Ranch, 1848 17z 14 I 157/ flowing 5,400 e e @56 3035 First water, 15 ftr.
Well ¥ . Water Lenpersture,
50°F, 10°C,
~17c¢d  San Antonio Eanch, 194y 40 14 i 20/ Towing B 40D e i 957 30-35
Well 2
~}7e3  San Antenio Ranch, 1948 64 14 1 10/Elowing 55400 o i 958 30-35 Flows 134 gpe,. 10 It
Well 3 below tland surface.
=17e4  Ban Antonic Ranch, 1949 as 14 X 15/ flowing 54400 — e 8959 3035 First water, 15 ft.
Well & Water temperature,
50%F, 10°q,
=«17¢5  San Antonio Ranch, 1949 40 14 1 207 £l owing 5,400 s e 60 30=35
Well 5
—-i¥c6  San Antondio Ranch, 1949 40 14 I 25/ Floving 55400 - - ML 30-35
Wall &
-17e7  San Aitémic Ranch, 1949 84 14 8 — 5,600 1949 iz 962 4548 Fizat water, 21 £
Wall 7 Water - temperature,

50°F, “10°C.




Table %, --Becord of selected wells and testheles--Continued

Water~level: |
Yield (gpm) MEABUTEWERE Bate Chigf
Location Year Depth Diameter and drawdown . Alvitude Depth lng aguifer
number Gyner and (or) pame  drilied feat) {inches Use fest) (faer) Daty faet numbert fastd Bemiatks
7/42-1707  8San Antonio Ranchy 184% 84 14 & o 5,400 1948 12 w62 G4 8 Pirat watery 21 fr,
Well 7 ¢ Wates temparatura,
B0OF, 1078,
=17¢8  Ban Antenle Ranch, 1845 38 14 S TElowiog - 5,400 it i 963 30-35 Firet gsser, 15 ft.
Well 8 Warer temperdlure,
507, 10%C,
=17¢9  San Antenic Ranch, 1648 48 14 I 55/ flewing | 5,400 s e Fh4 30=35
Well ©
«17¢10 San Antonio Ranch, 19489 00 14 i 45/ flowing 5400 - e 465 30=35 Fivst warsr, 15 £,
Well F Water temperature,
507, 10°¢C.
=«17¢1l  Bsn Antonic Ranch e 1% - u 50 we {5,430% 8- 7=13 4 - e Tenperature of water,
BT, 15°C,  From
: Mednzer (1917).
~18d¢  San Antonio Ranch, 1849 30 14 n 150 f e 5,380 1849 17 466 21=-30 Water temperature,
house wall 507F,10°C,
~33aa  Han Antonio Ranch 1549 240 8 g 5O f e 5,617 1949 180 B3l 180-190 - Firstowater 80 ff.
Watet Lémpsrature,
BOTFLI070, . Looation
@3 md B, of ‘pover
tinealdng wash.
B 39=1301 tloverdale Ranch 1850 42 e 1.0 i ByBRO 1950 25 1320 25~4) Conmelidatad rock at
L3RS 2 5
=152 Cloverdals Ranch 1950 36 14 8 — 5,680 150 15 13322 15=36 Water tonperatude,
CERg FOS LN
8/43-21a e — 40 e U — G, 220 G- H<13 85 s - Frow Meinzer {1917).
B/ 64-20c - a 60 o .U 35 fr 7,110 1513 6 s - From Meinzer {1917).
8/42=~31sd  Pete Bertvline Ranch 1948 23 14 I e 6, 100 1948 17 550 e
9/43-5cd Emma and Harry Rogers 195G 202 & .5 20/ 5,790 1950 145 1423 158-172 Fizat water, 158 ft.
8-23-68 132.70 Windmill. Water
remparatore, 61°F,
18°¢,
~9kb Mike Etchaberry, 19862 513 16 I 1,800/80 5,800 1862 150G 6855 140-1500  Fivdr water, 140 fu.
northwest well 1,400/~ delf-BB 13963 Hatey témpsrature,
64°F,18%0,
—4dhb Helen Etcheberry, 1566 601 14 T 2400750 5,880 1966 225 9073 225%2360 Virst water, 225 fr,
southeast well felfebl 214,80
10/43=53a1  J~K Ramch, southwest 1851 300 14 1,u 25717 5,630 1951 # 1675 145-155 - Firev-water, 14 fi.
well 4-15-68 4 B{1 Water  témperabive,
B4TF V1B,
~5aa2  J-K Rsnch, weat well - 200 10 1,0 5/Flowing 5,030 B - - R
~53aa3 J-¥ Banch, south well 1962 304 18,14 1 300/130 5,620 iz 6991 Z0-24Y%  First water, 20 fi.
1015 Conl water.
=Gaah J-¥, Ranch 1847 55 14 8,1 10/ £ Lowing 5,620 - s 1674 A0~55 Fiznt i coat land
surfade. Water
temparatura, 66°F,
8%,
~20asl Ordrich Gold Reserves 1948 a2 1z M, U 1.800/34 5,780 105 743 250-470  Flest waker, 10% fr.
Co., Mo, 1 10680 At pump-ststion,
Waker temperalura,
5B%F 16T,
~20aa2d  Ordrich Gold Reserves 1932 72 16,12 H U 2000732 5,770 1853 98 1999 294-372 Fiest watar, 130 ft,
Co. I-24-0B 97,87 Water temparature,

B2°F, 17°C, located
100 vds By of pump

sration.
-23bl — R ff A U - 5,700 T~ G631 45,09 - — Loeatsd 50 yds Ny of
Jett Cresk Road.
=23k2  Ordrich Gold Ressrves e 238 20 MU - 54 708} B =48 A0.TY R —— Located 50 yde H. of
Qo 7= -G8 A6i43 Jett Greek Road.
=220 R s - 12 5,00 - 3,710 T 9268 57,53 hd v Located 75 ft 8E of
shasky
~2Bee Frank Arcelus 1963 485 16 I,u 3,900/37 5,780 1863 130 711 J50-485
4-36~B8 118,94
¥~ B-68 . 118,82
10/44=200 E 1848 307 20 Ind 007150 6,260 e 40 747
~23b Ted Stevens 1968 &5 & s — 6,300 B=22-08  23.26 - e Mineral exploration hols
11/43-1c - o 16 —_— w-v e 5,570 Ge2B-13 12 - — Water tempatrature
S3YF, 127,
~&db Earl Rerg 1965 372 16 I 50/flowing 5,623 —-— e BS38  186~198 - Plest water, 42 fr,
100 /s Low yleld, pose well.
40 f¥ R, of fence
along BA.
74 Darrough Ranch — B0 13 1.8  1,400/flowing 5,700 e - e - Bolling. water,  Flow
sentrolled by valve.
wlo Darvough RBanch 1852 55 ) n 4/Elowing 5,590 o i 1493 5-15 Watat temperatute, 50°E

10700 Hot water
cementad off ‘gL 55 Ft
=1lal  Arvthur Howd s 10 & I -— 5,580 B2 168 5867 — m— Located 20 £¢ BE of
houses Water tempers
aturey. 58°F - 14°C,
- Windmlll,

~11a2 Arthur Howd - Lo 48 5,U b 55580 7-23-69 248 . =
~12bd  Avthur Howd 1959 75 1z ) Baf 5,475 1859 18 ilh 58=75 Poor .wiElli. Losated
75 yda HEW of house.
=~22a R - 1z - 3 e 5,580 §=10-13 (351 it o Dug well.  From Melnsger
{1817y,
—2han  Jake's Well 1958 44 & 4 e 5,660 1= 1064 78,48 - L Windmiil
Be2l=68  79.53
=274 Richard Carver 1961 750 16,8 I FO0/140 5,600 1961 13 5807 18-77 Degpated. from 303-f¢
- §~68 - 17.13% &329 in 18902
~29bc  Willard Getchell 1457 300 16,12 1 200/15 5,620 1965 Flowlng 3879 234-280  Fivst water; 14 fr.
130/ = water Lemperatire,
6U°FI67C. Also hag
& Flowing domestic
wally
~2%ca  Highway Malnfensnce 1966 180 1 o 35/Flowing 5,600 - s 8986 120-123 Fivst water; 21 fr.
Station Walkay temparatufe,
BROF, T 147C,
=33bd leafy Baovdine 1965 295 iz I 1/ flowing 5,595 — el B596 164173 Fivetr wdter, 17 k.
Sold water.
1274344 R 0 Ranch, Mo, 3 1865 543 1& 1 1,500/110 5,525 1863 5 BHEE  IB1-29%  Fipst waber; 5 Fr.
{north) 4=16~58 2.08
-3 R O Ranch, Ne. 2 1851 207 14 I 1:200/— 5570 1851 35 1608 125=131  Water. temperaturs,
{wast} 550w 41668 61.98 HROF TG
~gcl B O Raach, No. 1 1953 330 14 1 300/~ 5 BE0 e 2-87 3362 1651 80-63 Firat wiker, 60 ft.
{southwest) 170 3-21-62 0 ARG7 Watery  bemparature,
Feil-08 0 3559 &2°F,17%,
=82 B 0 Banch 151 190 iz o 850/120 5,550 5o 257 3lie: o s
T3« 160 3508
-1k R -

O Ranch 1951 73 & 8 4/ flowing 5,530 - R 1581 5065 Filrst water; 9 fr,
: WateT " Lenperature
50°P, 100,




Table 29.~~Record of selected wells snd testholes==Continued

Water-level
Yield (gpmd measursment - - State Chisf
location Year Dapth Dismetar and drawdown  Altituds Depth log sguifer
aunber Owner and (or) name drilled {(fest {inghes Use (fast) {feat) Date (feat) mmber foery Remiatks
12/43-23b  USGS, playa 1 1968 4 2 0 - 5,535 7-25-68  3:23 - 04 Water tempersture,
= &1°F, 16°C,
13/43-5¢c — 1814 161 & i A0/ flewing 5,510 s i o —— Water temperature,
64°F, 1870, From
Meinzer (1917).
=B Millatt Ranch 1864 140 & il 5/ lowing 5,530 - o B250 - Water temperature,
547F, 12%C,  Watsr
& level waz 15 ft.
Wag 400 £r desp.
~7d HMillett Ramch - 285 8,6 ] §/flowing 5,520 -t i e — Reportedly drilled to
4005 depth.,
=1%al Turks Raoch —— 15 4 .S — 55520 9-28-13 B0 R L Tug well.
~19ad Turks Ranch — 142 14 1,u 70/ Flawing 5,500 s o e - Water devel was 11 £i.
B00/22
w2l —— - 127 & I 120/ Flowing . 5,490 i — - - Water rempsrature;
83°F, 12°C.
13/44-294b Charnock Raoch o s 8 i o 5,478 B=20m08 6578 s e At NW corper of shack.
147/43-20 Heffern Ranch 1913 190 & I,u o 5,530 b=l B=08 210 -— s Flewed 10 gpm in 1913
(Meingay, 1217).
-10a Heffern Ranch o BB - b e 5,540 1964 20 i e
16 Heffern Ranch 19350 204 12 1 W0/ f1owing 5,530 s s 1337 o 135-172  Fiysi water, 16 fr,
=28ca  Smoky Valley Banch o 202 & I 40/flowing 5,490 - — - - Bouthof housgs .25 wi.
Water tempoeratura,
BI°F, 1970,
15/ 44=1aa Kingston Ranch 1354 201 b 5 <1/flowing 5,552 == e 2670 200=201 - Water temperstirs,
67°F, 19°C.
wie E. §. Vigas - 22 & 3 40/ == 5 BED Gel9mld . 17,8 - - Water Lemperatire,
647F,  18°C,
~20ed  Triple T Ranch 1950 57 5 U s 5,540 - 2-57 33.95 bl -
3-21~64 32,08
~22be Daniels Ranmch - — 24 n,u - 5,550 T=E 30 14,48 o o Lovated 25 ft 8E of
houde .
=251 - 1962 100 & & - 5550 10~ 8«84 15,55 - - Winditlls
w314 UBGH, playa 2 1968 6 2 0 - B ARG 7=25-58 22,10 - L3 First water; 5 ft.
16/64~10ah Dick Bell 1854 30 - B — 54619 10— 3-64 21.56 e - Windmills
~24bh o s 15 B S s 5.8BY 918-13 11.7 - e Frow Meinzer {1917).
~24bd  Young Brothers Ranch 1948 120 & E &/ flowing 5,570 1848 flowing 778 114130 First water, & ftr.
1964 2
16/45-18db BIM, Alkali Flat well 1963 150 8 8 - 5,370 B=20-68 5.87 i o Windmill,
«28ba s e - 36xi? B,U - 5,564 E=13~68 4,38 i — Windmlll: Waray
temparatire, 58%F,
FE A
17/ 4646-1dd Bireh Creek Ranch, 1950 322 8.6 1,8 - 5,930 1951 241 1387 241-301  Cold waters  Deepened
house wall 10= -84 297,68 1a93 from 220 ¥t dn 1951,
17/745=134 Marie Streshley 1948 Bl & 8,0 3/£1lowing 5,660 R - 774 50-60 Firat waber at land
surface. Watey tem-
= peraturs, 110°F, 43°C
17/45%~11da o - — 5 B 5/ flowing 5,700 s —— — o Water Temperature;
164°F, 73°C,
17/ hbwbed Cemsolidated Uranium - -— 1i M. 0 — 5747 Belldmb8 131040 e o Baachsad by trall from
nogth .
18/45-20chl Frontier Station o 200 & b, s 6,120 9-30-54 158.3 s —
«30eb?  Frontier Station 1953 78 & B o 6, 120 1853 36 2297 fh4-73 Fivst water, B4 £,
) Cold water.
¥ =20dh — e 175 & u e 6,020 B=13-68 " Dry o o Dry At 375780 - Located
100 wds BR of highway
Junction.
-25bc BLM 1834 108 5 8.0 - 54728 1834 1080 L o Windmill.
11-18~53 - 98,60
8~12-68 103,41 )
& 1B/ 45504 s e 85 5 8,4 - 5,699 B-13-68 82.4%8 - - Wiadmill.
il8/46~32da wall s st — 8 o 5,771 BadB=GH 157,45 — s Windnill.
15/44~13cd wshley 1559 55 & 4] 35/ 5,510 1939 12(1) 4884 12-55 Water temparaturs,
55%F, 13°C,
18/45-35cb1  Givens Ranch, 1961 50 12 I,5,0 sifflowing - 5,960 %81 S0 B304 &30 Fivst water, ¥ ft,
irrvigation well 4-16-68 flowing Watey tamperdture,
57%F, W40, Lovared
150 yds B 9f house.
~35¢b2  Givens Ranch, house 1948 40 & D 5fme 5,980 1848 20 431 st
wall
20/45=22ca  Lake Ranch e s & 8 e 66258 10~ 164  3B.55 i o Northern of 2 windmill

wells.




Table

30, =~Selected drillers’

logs of wells

Thick- Thick-
Material ness Depth Material ness Depth

‘ (feet) (feet) _(feet) (feet)
1/38-6b 7/40-35%¢cc
Shale, brown 160 160 Topsoil 31 31
Shale, blue 148 308 Gravel 7 38
Sand, blue 12 320 Clay with gravel 82 120
Shale, hard, blue 4 324 Bentonite 6 126
: . Clay with streaks of sand 98 224
3/40-2dc Gravel, water-bearing 1% 2254
Sand and gravel layers 53 53 Clay 22% 248
Sand and gravel 12 65 Sand, packed, white 13 261
Stone 10 75 Clay and sandy clay 149 410
Sand and gravel 10 85 Rock 2 412
Stone, sand, and gravel Clay with hard layers of

lavers 58 143 rock 60 472
Band and gravel 2 145 Clay, vellow 158 630
Clay, sandy 10 155 Sandstone 122 752
Stone and sand layers 25 180 Pumice stone, gray 23 775
Glay, sandy 50 230 Clay 121 896
Stone 16 240 Sand, clayey 36 932
Sand, gravel, and stone 20 260 Sandstone, water-bearing 112 1044
Stone ' 5 265 Sandstone with clay streaks 66 1110
Sand and gravel 5 270 Shale, blue 20 1130
Stone 5 275 Rock 8 1138
Clay, blue 5 280 Sandstone with clay 52 1190
: fp e Shale 14 1204
2/41-3bd2 Rhyolite 87 1291
Topseil, sandy 2 2 Shale, brown 39 1330
Boulders in clay 38 40 Shale, gray 30 1360
Sand and fine gravel in Shale, blue 60 1420

clay 95 135 .
Sand and gravel, water- 1/42-17¢l

bearing 45 180 Clay, blue 15 15
R Gravel, coarse 5 20
£/40~13aal Gravel, cemented 10 30
Sand, gravel, and rock 78 78 Gravel 5 35
Sand 4 82 Clay, vellow 27 62
Sand, gravel, and rock 113 195 Gravel 1 63
Conglomerate 49 235 Clay, vellow 9 72
Sand, gravel, and rock 15 250 Gravel, cemeiited 24 96
Conglomerate 54 304 Gravel 2 98
Rock and sand 4 308 Clay, vellow 44 142
Gravel and rock in clay 34 342 Gravel 2 144
Sand, gravel, and rock 138 430 Clay, vellow 28 172




Table 30,--8¢lected drillers' logs of we llg-=Cimtinued

C i
A
e

76

Thick- Thick-
Material ness Depth Material ness Depth
(feet) (feer) - {feetr) - (feer)
9/45-9db 10743280
Sand and gravel 44 4b Topsoil 4 4
Clay, sandy 42 86 Sand and grave | 126 130
Gravel, cemented 5 91 Gravel, boulders, and
Clay, sandy 134 225 sand 220 350
Sand, water-bearing 11 236 Sand, gravel, and boulders 130 480
Gravel and sand, cemented 15 251 Sand, cemented 5 485
Sand, water-bearing, and , N 11/43-27d
sandgtone layers &6 337 T T———
Sand and gravel 12 349 Topsoil 4 4
Conglomerate and sand Clay, sandy 14 18
layers 145 44 Sand and gravel, water-
Clay, sandy 5 527 bearing 55 73
Sand 7 534 Boulders, water-bearing 4 77
Clay, sandy, with streaks Sand, coarse 130 207
of sand 57 591 Sand, hard 1 208
Gravel 7 598 Clay, sandy 95 303 -
Clay, sandy 3 601 Clay, brown 447 750
10/43-5aa3 11/43-29bc
Clay, sandy 20 20 Gravel 40 40 .
Gravel, water-bearing 5 25 Clay, sandy 29 69 ;
Clay 37 62 Gravel L6 85
Gravel, water-bearing 7 69 Sand and clay layers, thin 45 130
Clay 163 232 Clay, gray 40 170 *
Gravel 6 238 Gravel 26 196
Clay, brown 66 304 Clay 8 204
L Gravel 5 209
10/43-20aa] Clay and gravel 25 234
Surface matcerial, mixed 95 95 sand and uravel, water-
Clay, yvellow, and gravel 25 120 bearing 46 280
Gravel, water-bearing - £ 128 Clay 20 300
Clay, vellow, and gravel 30 i58 12/ 43-4d
Gravel 4 162 ——
Clay, yellow, and gravel 14 176 Topsoll 5 5
Clay, hard, yellow 74 250 Gravel and clay layers,
Gravel, water-bearing 22 272 thin 21 26
Clay, yellow, and gravel 68 340 Clay, sandy 27 53
Sand and rock 23 363 Gravel and clay layers,
Clay, yellow 2 365 thin 75 128
Gravel, water-bearing L1 376 Grave | L5 143
Gravel 4 380 Clay and gravel layers,
Sandstone 29 409 thin 20 163
Clay and rock 2 411 Gravel and sand 28 19l
Rock 86 497 Clay 3 194
Clay, hard, sandy 83 580 Gravel 15 209 e
Roek 10 590 Clay and gravel layers, .
Clay, vellow 2 592 thin 83 292
Clay , 46 338 :
Clay and sand layers, thin 207 . 545




Lt

Logw of wells—~Continued

. Th i k-
Material ness Depth

(foet)  (feet)

&

12/43-9b

Topsoil 4 4

Gravel 6 10
Soil (probably silt and
sand) 25 35

Mostly cemented gravel In

10 to 25 foot layers

interbedded with gravel

in 5 to 10 foot layers 172 207
17/44-1dd
Clay and gravel 80 80
Sand, water-bearing 4 84
Clay and gravel 86 170
Clay, rock, and gravel 20 190

Gravel, water-bearing 30 220
Rocks and boulders 8 228
Gravel and clay, mixed 24 248
Gravel and sand 7 255

Gravel, clay, and sand 3k

3

oo
Py
[ o te]
Bk %

Sand, fine

[
o
-
[
Pad
Eud b

‘ Roclk, granite

19/44-13cd
Hardpan 3 5
. » O Ry i "3

. Clay, sandy 0 % }f
Gravel, water-hearing 15 27
Clay, sandy 1 38
Gravel, water-bearing 12 50
Clay, water=bearing 5 55
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Table 32.--Partial chemical analyses oF weter from streams, wells, and gprings

[Fleld-cffice analyses by the 18, Gsological ‘Surver]

Milligrams per liter. {upper number) sud

Factors atfecting suitability

millisguivalents per litér {lower numbm}.l_/ for ircigationd
Speeific
Bodium conduct-
{Ma} ance Pl
Mag~ .plus Car= Hard=~ {mizro- {laks Regidual
Cal~ - ne- potas~ Bicar~ ‘bon~ ~Suls  Chig- ness whog per deter- sodium
Date eluw  sium  sium, bonate o ate fate: rplde ag o at mina~ Salinity Sodivm carbonate
Loeation Source sampled © (Ca) (Mg (K)y (HCO3) (C0g) (8O (C1) - Cacog® 2590 tion) hazard hazard (RE)
STREANS
4/42-30a Peavine Creek 7=24-6% 23 5 17 107 0 20 6 80 MH 220 7.8 Low Tow Bafe
1.15 <55 74 1.75 .00 42 “17
10/42=13¢c Jett Creek C7-23~6% 34 [ 3 112 O iz 3130 HH 250 7.9 Low L safe
1.70 50 + 39 1.84 By B7 <8
10/43-1b Jefferson Creek =2 3-69 20 & 13 G 4] 13 4059 8 170 7.8 Low Low Safe
1.00 - .18 it 1.38 - .00 W2y sdL
12742-2248/  South Twin River  7=25-69 6 1.3 {a) 2 0 5.0 14 46°F 118 7.8 Low Lovw Safe
B0 L1 .02 .00 s10 O
12744254 Moore Creek 72369 9 1 1 24 0 3 30368 94 T Law Low Bafe
A5 L07 - 34 L7200 .00 06 L8
13/42-27¢ Ophir Creak 7-23-69 34 7 5 133 4] 14 37114 MH ZAk) 2.0 Lo Lt Rafs
1.70 .58 .27 2.8 00 »29 S08
15/44-190 Bowman Creek T=23=59 35 3 [ 117 a 10 4100 ¥ 240 7.8 Low Low Safe
1.75 .25 V24 1.82 0,00 W21 k1
16/43-3%0 Eingston Creek 41668 . 48 20 & 206 4] 44 3.0.°198 VH 400 8.1 Low Low Bafe
2.30 - 1.66 L33 3,38 .00 A83 U8
16 /44=21h Santa ¥e and P @558 i e - — R i e i 270 —— Ly == -
Shoshone Creeks
17/44~12a Bizrch Creek 7=25-69 58 20 9 136 4 46 5. 227 VR 440 8.4 Low Low Bafe
: 2.89  1.83 -39 3700 <13 95 14 g
WELLS
1/37-14b Unused well 7=30~69 & 431 136 o 144 486 12-38 2,200 B.2 High Yoty high  Mergiosl
L2000 .02 18.7 2.2% .00 3.00 . 13.7
1/38~2a Tonopah Flap=2 7-23-6% — —— R - - e s 5,400 o Very high haced -
=30 Tonopah Flat-4 7=39=69 7 15 5,870 1490 391 187 - 7,780 B0 ME 25,000 9.0 Unsuitable Very high Unsuitasble
#35 1.25 260 244 13,0 3.89 220
—-&b Emigrant well F=30=5% &8 2 LY 9 O 1130 658 177 B G500 8.0 Very high  Very high Safe
3.39 ~15 9.5 2587 00 23,5 1836 R
S 1/38-78d Allen well 7=29-68 & 5 368 416 1% 163 k4 45 3 14800 8.4 High Very high  Unsuitsble
245 <45 16.0 &.82 <63 3,39 04
¥ 2/38-34d Tonopah Flag-3 7=29=69 0 = — — - - o b e 39,000 - Ungultable e i
2/39-25 Flowing well = B=67° 4,2 1.3 253 416 22 72 810168 1,060 Bk Mediom Very high  Unsulevable
21 .11 130 6.82 .73 .50 2.8
=1le Tonopah Flat=1 7= 30-69 1 o i 141 218 107 147 B 1,800 9,9 High Very high . Unsuitable
& 04,00 15.9 2,31 7.27 - 2.230 418 .
3/&0—2dc§-/ Highway Best 10~26~68 11 0 {n) 148 o] 28 kL 28 8 390 7.3 Low Taawr Marginal
L5501 2,63 .00 J58 ~31 :
7/60-350e Irrigation wall 91968 25 3 70 128 0 67 37T M e 8.1 Liow Low Safe
1,25 .23 3.08 1.10 .00 1390 104
7/42<1721<11 Flowing wells B2 208 33 5 47 132 O 74 15 104 MR 490, - 7.9 Low T Safe
1e85 - 43 2,04 2:16 00 1,54 &2
9/43-5¢d Stock well B-13-68 50 14 16 172 0 U5 7 183 VH 460 B2 Lo Low Safe
2050 - 1.16 271 .82 .00 1.3% 20 :
=9hb Irrigation well B-23-68 40 14 17 145 0 &0 9 157 ¥H 420 7:9 Tow Low Safe
2007114 .74 2.38 i 1.25 P2
10/43-<208a18/ Ordrick me. 1 5-20-52 26 . 6.7 {a) <90 0. 26 B.0 92 MB ol 8.0 Liow Law Safe
1.3077 .55 1.48 . 00 SHE $23
11/43-11al Domestic well B-22-68 25 1 47 181 a 9 8 67.MH 370 146 Low Lo Marpinal
1.25 .09 2.03 2:97 Q0 »19 L23
=Z9bc Irrigatieon well B SefB 24 2 12 49 a 7oA 87 MR 200 77 Laow Low Bafe
1,20 .14 B4 1.62 .. .00 15 Al
12/43-23b USGS, playa 1 F=25=68 | e 3,630 1,260 B85 882 3,170 (o5 15,000 8.7 Unsuitable Very high -Unaulisble
158 20.6.729.5 18.4 B9S
13/43«-7d—11/ Flowing wall 1= 9=04 " == i e = s = i &0 5 140 8.0 Lo s —
14/43-28ca Flowing well 8B~ E-63 10 0 27 5 0 21 6 268 200 7.7 Low Low Bafe
#50 202 L.1& 1.47 SO0 b4 k7
15/46-1aak/  Flowing well 10~ Fefih el T e — P e e 60 140K 2207 8.0 Low Law Safe
1,69
~31d USGE, playa 2 72568 e e 1;640 480 - 102 23 01,8207 1008 7,800 2.2 Unsuitable Very high  Unsuitable
71.22 7.87 3.0 8:81 518
16/45-28ba Stock wall B-13-568 26 24 223 590 11 B8 33164 H 1,400 - 8.4 Mediom Medium- Unsultable
1,307 1.98 9.68 67 .37 1.42  -1.50
17/45%~11da  Flowing well 819568 45 11 218 &76 0 &4 25. 715941 1,300 7.7 Medium Mediunm  Unsuicable
” 2:25 . .93 9.53 11.1 .00 92 w7l .
18/45-25he Stock well 8~13-68 42 iz 137 473 0 & 42 153 230 1.9 Medium Lewr Unsuitable
030 G986 5.95 7.75 00 08 11
18/45~35c1  Irrigation well G LEwGR 30 23 148 300 z 137 0 168 B 810 8.3 Meddum Low Mérginal
150 1.86 645 .82 .07 2,85 .1.%7
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Table 32.--Partial chemical asalvees of water from streams, wells, @nd spings-~Continued

Milligrams per liter (upper nwmber) and Factors affecting sultabilicy
milliequivalents per liter (lower mimhes)l/ i for dirrigation?
g Specifie -
Sodium conduit=
(Na} ance pH
Mag~  plus -t Hard= {miero~ {lab. : Regidual
Cal- ne- potas- Bicar- bon- Suls’ Uhld= neas whos pe¥ ‘deters sodium
Date clum sium sium  bonate ate fate ride as om at mina~ Salinity Bodium carbonate
Location Source sampled  {Ca) - (Mg) @32/ (BEos)  {00g)  (80y)  {C1) CaCOgi/ 2540y tion) hazard hazard {R8C)
BPRINGS
10/ 44110 Ink House Bpring &-21-68 -- — e - - — ot — 430 el Lot o i
T =lbe Shoshone Spring 7-26-68 20 2 14 82 0 14 6 &0 B 210 7.2 Lo Low Safe
1.00 .20 .60 1.34 00 2% %7 :
11/43-17b12/ Darrough Hot 1-31~57 1.2 4 {a} 112 24 40 12 35 472 8.7 L Very high Unsuitable
Spring .06 .00 1.84 .80 LB3. 34
~1752%  Domestic apring  10-10-64 = e - e - e e 65 M 280 7.0 Low b o
=20 Domestic apring 7=25-68 25 2 1z 98 4] 6 & 70 MM 200 7.9 Lo Low Bafe
1.25 W15 .50 1.61 00 <12 17
13/44-298 Charnock Spring Am1B=68 22 1 75 144 o &1 23 - 593 530 8.0 Low Low safe
1.18 .08 3.27 2.36 =00 1.27 B2
~31la Small spring B~ 20-68 18 3 25 94 0 27 B . 578 260 8.1 Low Low Safe
80 .24 1.08 1.54 .00 46 E3
17/44-32da Gilman Spring 8-15-68 40 7 3 140 o 18 & 127 H 300 7.9 Low Low Safe
2400 1 .25 2.29 el .33 A7
17/45-24aa2/ Spencer Hot Spring 9-17-53 43 14 (a) 682 ] 41 24 1BO R 1160 &.6 Meddum Hedium Safe
2.44 1.15 L2 00 w45 B8
18/45-9ch%  Lower Reeder 10 1e84 = - - i em ee 160 220 VEH 680 8.0 Low - -
Grisg 4,57

1o Milligrams per liter and milliequivalents per liter are mettic wnits of measurs that sre vivtwally identical to parts per willion and squivalents
per willion, respectively, for all waters having a specific conductance less than about 10,000 mdcromhos. = The metric asyaten of weasursment is fecelving
inoressed use throughout the United States becsuse of its valus ss an international form of scisatific sommunication. Therefsré, the U.8: Geologleal
Survey recently hes sdopted the system for veporting all water-quality data.

2. Salinlty hazard is based on specific conductance (in micromhos) as follows: 0-750; “low hazard (water suitable for almost 41l applicationa);
750-1,500; medium (can be detrimental to sensitive crops); 1,300-3,000, high (can be detrimsntal to many cropa); 3,000=7,500, very high {should be used
only for tolerant plants on permeable soils); »7,500, unsuitable.

3. Computed as the millisguivalent-per-liter difference between the determined negative smid positive loas; expressed as sodium. - Computation . sssumes
that concentrations of undetermined lons--especially nitrate--are small. .

4. Hardness: %, soft; MM, moderstely hard; H, bard; VH, very hard,

4. Detslled snalysis; additionsl determinations, in milligrams per liter: J2/42-23d--nilfcs (84027, 19% sodium (Na¥, 5.9; potassium (K}, 0.93

fluoride (F}, 0.2; nitrats (HOy), 0.6; borem (B), 0.00; valeulated dissolved-solids content [with HCOg-maltiplied by 0492y, 81, 5/40-Zde--silica, 923
sodium, 63; potassium, 123 srsenic (48}, 0.03; fluoride, 1.6; nitrats, l.1; phosphate (8040, 0.07; boven, 0427 saloulated dissolved-solids content,. 293,
10/43=20ps~~silica, 20; iron (Fe), .26} sodium, 8.6; potassium, 1.9; manganese (Mo}, 0; fluoride; 0.1i nltrste, 0.33 boren, 0.04; caleulated dissolved-
solide content, 141. 11/43«17ble-~silica, 105; alumipum (A1), 0.13 irom, 0.053 wanganese, O3 sodlum, 1043 potassium, .47 €luoride, 153 nitrate, 03
phosphate, 0.10; beron, 0.27; caleulated dissolvedesolids content, 369. 17/45=2bsa~gilica, . 84; iven, 0.27% nacganess, O sodlem;” 2043 potassiom, 31;
Lithium {11}, 1.5; flueride, 5.0; nitrats, 0.); phosphate, 0; horon, 0.%4; caloulated dissolvedssolids content, 791 '

b. Field data (R. E. Smith, U.3. Geol. Survey, written commun., 1968).
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PLATE 1.—GENERALIZED HYDROGEOLOGY OF THE NORTHERN PART OF BIG SMOKY VALLEY, NEVADA
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