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FOREWORD

The program of reconnaissance water-resources studies was
authorized by the 1960 Legislature to be carried on by the
Department of Conservation and Natural Resources in cooperation
with the U.S. Geological Survey.

This report is the 43d. report prepared by the staff of
the Nevada District of the U.S. Geological Survey. These 43
reports describe the hydrology of 100 valleys.

The reconnaissance surveys make available pertinent
hydrologic information of great and immediate value to many
State and Federal agencies, the State cooperating agency, and
the public. As development takes place in any area, demands
for more detailed information will arise, and studies to supply
such information will be undertaken. In the meantime, these
reconnaissance studies are timely and adequately meet the immedi-
ate needs for information on the water resources of the areas
covered by the reports.
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WATGER-RESOURCES APPRAISAL OF THE VARM SPRINGS—LEMMON;
VALLEY AREA, WASHOEZ COUNTY, NIEVADA

By

F. BEugena Rush and Patrick A. Glancy

SUMMARY

The report area, largely in western Nevada, lies north
of the Truckee River, west of Pyramid Lake Valley, east ol
the Sierra Nevada, and south of Smoke Creek Desert. The .
area covers about ¢00 square miles and is composed of 11
valleys. Table 1 summarizes the hydrology of the valleys.
Water is imported into Lemmon and Spanish Springs Valleys
from the Truckee River near Reno. Each year an average
of about SO0 acre-feet is piped to Lemmon Valley and about
16,000 acre-feet is carried by the Orr Ditch to Spanish
Springs Valley. Surface water is diverted from streams in
most valleys for irrigation. Evapotranspiration losses ac--
count for most of the natural discharge in most valleys.
Ground water in most valleys can be developed by pumping
from wells in or near the areas of discharge.

This report also presents the concept of "transi-
tional storage reserve,” which is a measure of the amount
of storage depletion necessary to attain a new eguilibrium
under the perennial-yield concept of ground-water develop-

ment.
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INTRODUCTION

Purposze and Scone of the Study

Ground-water development in Nevada has shown a
substantial increase in recent years. Part of this increase
is duc to the effort to bring new land into culitivation and
part to a rapidly increasing urban population. The increas-
ing interest in ground-water development has created a sub-
stantial demand for information on ground-water resources
throughout the State. Recognizing this need, the State
Legislature enacted special legislation (Chap. 101, Statutes
of 1¢60) for beginning a series of reconnaissance studies
of the ground-water resources of Nevada. Subsequently,
the studies were broadened to include pertinent streamflow
and water-cuality data. As provided in the legislation,
these studics are being made by the U.S. Geological Survey
in cooperation with the Nevada Department of Conservation
and Natural Resources. This is the forty-third report
prepared as part of the reconnaissance series (fig. 1).

The objectives of this report arc to (1) appraise
the source, occurrence, movement, and chemical quality of
water in the area, (2) estimate average annual recharge to
and discharge from the ground-water reservoir, (3) provide
preliminary estimates of percnnial yield and transitional
storage reserve, and (4) evaluate the present and potential
water development in the area.

The investigation was made under the general super-
vision of G. F. ilorts,Jr., District Chief in charge of hydro-
logic studies by the Geological Survey in llevada. The field
work was done during a two-week peried in July and August of
1¢66 and recuired about 10 man days.

Location and General Features

The area covered by this report is in extreme
western Nevada and in a small, adjoining part of north-
@astern California, lying generally north of Reno and the
Trucliee River, west of Pyramid Lake vValley, and east of the
Sierra Nevada, as shown in figure 1. The area covers about
€10 square miles and is composed of 11 valleys, several oi
which have one or more named segments, and a small part of
Long Valley, which is mostly in California. The walleys are
shown on plate 1 and from north to south are: (1) Honey
Lake Valley; the eastern part in Nevada, which is composed
of three topographically closed segments; (2) Newcomb Lake
valley, (3) Dry Valley, including an eastcern tributary called
Spanish Flat; (4) Red Rock Valley; (5) Bedell Flat; (6)
Antelope Valley; (7) Warm Springs Valley, including a northern
part called Winnemucca Valley and a southwestern tributary
called Hungry Valley; (8) Cold Spring valley, also known as

7
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Glider Valley; (¢) Lemmon Valley, composed ©f two
tonographically closed unnamed segments---an eastern part and
a western part containing Stead Lir Force Base; (10) Spanish
Springs Vvalley, composed of two unnamced segments-- a
tonographically closed northern part and a southern part.
which drains to Truckes River; and (11} Sun valley which also
drains to the Trucliee River. -

Access to the area is by State Route 33,and U.S.
Route 3¢5, both paved roads. Trails and graded roads give
access to all the valleys.

For mosct of the area ranching is the basis of the
ecoromy. However, residential and industrial development is
expanding outward from Reno in five valleys: Sun, Lemmon,
Cold Spring, Uarm Springs, and Spanish Springs valleys. The
estimated population of Sun and Lemmon Valleys is 2,000 of
Cold Spring and Spanish Springs Valleys 200 and 300, respcect-
ivaly. The total population of the report areca is estimated tobe
nearly 5,C0C. In the latter hali of 1€066, Stead Alr Force
Base ceased operation as a military facility. Part of it was
taken over by the University of Nevada, part by commercial
crouns, and part by the City of Reno.

Previous Work

Fremont (1845) was the first explorer to publish a
description of the region, traversing the nearby Smoke Creek
Desert and Pyramid Lake Valley in 1843 and 1844. Later,
Russell {1885) described the geologic history of Lake Lahontan,
which in part occupied Honey Lake and Warm Springs Valleys.

He described High Rock Spring and located Fish Springs, both
in Honey Lake Valley. High Rock Spring was also described by
Waring (1S15) in his report on springs of California. He
reports a measured flow of the spring, in 190S%, of 525 gallons
per minute and a temperature of 86°F.

The Corp of Engineers (1¢43) made a study of the
sources of water for Reno Army Air Base {Stead Air Force Base,
Lemmon Valley). It was recommended that the main supply of
water for the base be obtained from the Truckee River. The
ground-water supply system (two wells and a mine shaft) were
considered inadeguate. Robinson and Phoenix (1948} made a
ground-water reconnaissance of Spanish Springs and Sun Valleys.

The California Department of Water Resources (1960,
1662) published ground-water quality and water-level data for
that part of Honey Lake Valley in California. Later, inter-
pretive reports of the water resources were published by that
agency (California Dept. Water Resources, 1S63) and by
Hilton (1¢963).



Snyder and other (1$64) compiled a map showing
the extent of the Pleistocene lakes in the Great Basin,
including those of the report area. William F. Guyton
and Associates (written communication, 1S64) prepared a
report for Sierra Pacific Power Company describing the
ground-water conditions in Spanish Springs Valley.
Waring (1965) listed descriptions of the warm springs of
the area and Horton (1%64) showed them on a map. The
hydrology of the adijoining area of Truckee Meadows was
described by Cohen and Loeltz {1S64). Gimlett (1%67)
presented the results of gravity studies made in Warm
Springs valley.

[0y
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HYDROLOGIC ENVIRONMENT
Climate

The climate of the area is characterized by long
winters having moderate to light snow on both the valley
floors and the mountains. The summers are short with warm
daytime temperatures and cool nights. Little precipitation
except for occasional thunderstorms occurs in the summer.

Growing-season data have been computed for 5
stations, all within about 10 miles of the area but none of
them in the report area. These data are summarized in table
2. The topography of the area favors the flow of heavy cold
air toward the lower parts of the valleys during periods of
little wind movement, resulting in temperature inversion
during such periods. Doyle (altitude 4,300 feet), which lies
at the bottom of a narrow valley, has the shortest average
28°F growing season--130 days. Sand Pass station, at Bonham
Ranch (sec. 12, T. 28 N., R. 1% E.) on the western flank of
Smoke Creek Desert, has the longest average 28°F growing
season--169 days. It also has recorded the greatest varia-
tion of the stations, from 124 to 225 days, Or a growing-
season range of 101 days. Doyle has the shortest season
recorded, 102 days. Spanish Springs, Sun, and Warm Springs
Valleys probably have a growing season similar to that at Reno
Airport, or an average of about 140 days. Honey Lake Valley
growing season probably is as longas &tthe Sand Pass station
(about 170 days), and the remainder of the valleys probably
will have similar conditions as recorded at the Doyle station,
or about 130 days.

Physicgraphy and Drainage

The valleys of the area are structural depressions
near the western margin of the Great Basin section of the
Basin and Range physiographic province (Fenneman, 1¢31). The
valleys generally are bounded by north-trending mountains and
are partly filled with unconsolidated deposits derived from
mountain erosion. Table 3 summarizes the physicgraphic and
drainage features of the 11 valleys. The parts of Honey Lake
valley considered in this report are separated from the main
part of the valley in California by a very low topographic
divide as shown on plate 1. Because of low alluvial divides,
the area of Honey Lake Valley considered in this report is
composed of three topographically closed parts. The two
parts of Lemmon and Spanish Springs Valleysare also separated
by low alluvial divides.

In all the areas of internal drainage, playas have
formed, including a small playa in the northern part of Spanish
Springs Valley. The largest playa is in Honey Lake Valley,
where much of the valley floor is covered by several playas.

-
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No large perennial streams were observed in the areay
except for the stream which drains from Spanish Springs
Valley to Truckee Meadows. The other drainageways have
flow only following intense storms or during periods oif
rapid snowmelt. The flow from Spanish Springs Valley
is mostly excess water imported to the valley through
the Orr Ditch (pl. 1).

Geologic Units and Structural Features

The geologic map is an extremely generalized
presentation of the surficial distribution of the principal

rock types in the area. The distribution and identification

of the units on plate 1 are based principally on aerial-
- photograph interpretation and field checking at widely

scattered points. The characteristics of the unit are given

in table 4.

The volcanic rocks and associated shallow
intrusions, such as andesite, dominate in the Virginia,
Dogskin, and Seven Lakes Mountains, and those mountains
to the north, as shown on plate 1. The mountains to the
south and west are mostly underlain by granitic rocks.

some parts of the area, shown as consolidated
rocks on plate 1, are pediments--bedrock areas at the foot
of mountains that are covered by a veneer oi alluvium,
Because the alluvial vencer is not only thin but generally
unsaturated, these areas are hydrologically similar to the
consclidated rock areas.

Many faults cut the consolidated rocks and the
alluvium of the area. Most of the faults are marginal to
the mountains and generally have a northwest orientation
causing the structural trends of the arca, Plate 1 shows
those faults that cut the alluvium, the large faults that
cut the consolidated rocks, and those that form boundaries
between geologic units.
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CHARACTERISTICS OF THE VALLEY-FILL RESERVOIR

Extent and Boundaries

The younger and older alluvium of the valleys, as shown
on plate 1, form the valley-fill reserveir and are the principal
sources of ground water in the area. The maximum thickness of
the reservoir in most valleys probably is at least 400 feet. In
Sun valley the reservoir, according to the logs in table 35,
may have a maximum thickness of less than 200 feet. In Lemmon
Valley it is at least 1,000 feet (table 25). Although consoli-
dated rock reportedly has been encountered in wells at shallow
depths, these wells were generally near the consolidated rock-
alluvium contact where the alluvium is thin.

External hydraulic boundaries of the reservoirs are
formed by the consolidated rocks (table 1 and pl. 1) which
underlie the valley £ill and form the mountains; all boundaries
are leaky to varying degrees. The volcanic rocks, particularly
basalt and scoria, may transmit moderate amounts of water in the
Virginia Mountains to the adjoining valley-fill reservoirs by
subsurface flow. Water probably leaks from the valley fill to

consolidated rocks in Antelope and Lemmon Valleys and to some
adjacent valley.

Recharge boundaries are formed by Orr Ditch, where it
fiows across the valley floor of Spanish Springs Valley and the
few perennial streams. Flooded playas locally may also function
as recharge boundaries,

The principal internal hydraulic boundaries are the
faults passing through the valley-fill reservoirs. In Lemmon
Valley, limited data indicate that two large faults probably
affect the movement of water in the valley-fill reservoir,

Three springs, in the southwest corner T. 21 N., R. 1€ E., shown
on plate 1, are on the southwestern, shallow-water side of the
fault, which apparently is acting as a barrier, impeding the
northeastward flow of ground water. The effectiveness of this
and other barriers to ground-water flow probably cannot be
determined until substantial ground-water development occurs.

Gross lithologic variations in the valley fill, such
as playa deposits and old lake beds, also arée hydraulic bound-
aries, although their subsurface location, extent, and effect-
iveness cannot be identified from available information.

Transmissibility and Storage Coefficients

Coefficient of transmissibility is a measure of
capacity for ground water to flow in an aguifer system. The
coefficient of storage in a heterogeneous valley-fill reservoir
is a measure of the amount of water that will drain by gravity.
When utilized together in certain types of mathematical models
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or analog models, the two coefificients can be used to define the
distribution and amount of water-level decline that would result
under certain conditions of pumping and boundary conditions.

Table 5 summarizes the tentative estimates oi the
coefficients of transmissibility of the ground-water reservoir
of each area, based principally on the specific capacities
(i.e. the yield of a well per unit of drawdown, expressed in
gallons per minute per foot of drawdown) of a small number of
existing wells, their diameters, and an estimated coefficient
of storage of 0.1.

A valley-fill reservoir under long-term pumping
conditions generally functions as an unconfined agquifer or water-
bearing zone; under such conditions the coefficient of storage
may be nearly equal to the specific yield. The coefficient of
storage of the valley fill is computed from well logs to be at
least C.1, which is eguivalent to a specific yield of 10 percent.
Locally, the valley fill is lenticular, the silt and clay beds
act as semiconfining layers, and water is under low and variable
artesian head in the interbedded sand and gravel lenses.

Ground-Water Flow

Ground water, like surface water, moves from areas of
higher head to areas of lower head. Unlike surface water, how-
ever, it generally moves very slowly, commonly at rates ranging
from a fraction of a foot to several hundred feet per year,
depending on permeability and hydraulic gradient.

In the several valleys, ground water moves from
recharge areas in the mountains or on the alluvial apron to
discharge areas in the valley lowlands. The principal discharge
areas are where there is subsurface outflow, springs, and
evapotranspiration.

Spanish Springs Valley has an internal surface-water
drainage divide formed by a low alluvial ridge in the northern
part oi the valley. The alluvial divide probably has a
negligible affect on ground-water movement in that valley, and
all ground water in the northern part of the valley, except for
a small amount discharged by evapotranspiration, flows southward
to the discharge areca.

The conditions are more complex in Lemmon Valley. An
alluvial ridge divides the lowland into eastern and western
segments. Further, several faults in the alluvium may impede
cground-water flow. The principal area oif natural ground-water
discharge apparently is in and adjacent to the western plava,
even though the eastern playa is about 40 feet lower. Water
levels in the western segment have altitudes commonly between
4,250 and 4,960 feet, as indicated in table 24 of this report

12.



Table 5. -- First approximationg of the coeificient of

transmissibility of the valley-<ill reservoirt/

s:Range_ in the coefficient:

¢ of transmissibility : Reference well

Hydrologic unit : (gpm/it) : in table 25
Honey Lake Valley < 1CC,CO0 25/1¢-~2%ba
vlarm Sipprings Valley <20, 0C0 - 23/2C-244b
Lemmon Valley < 2,000 to 25,00¢C 21/1¢-30dd
21/1¢-31cc

Spanish Springs 3,00C to 30,000 20/20-3cal
valley 21,/20-26d4c
Other valleys —— (insufficient

data)

1. Based wholly on specific capacitics of existing wells.
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and data contained in a Corps of Engineers report (1943). The
water table beneath the playa is within a few feet of the land
surface and shallow in surrounding areas. The depth to water
beneath the eastern playa is at least 15 feet or at an altitude
no greater than about 4,¢00 feet. Thus, there is a potential
gradient from west to east throuch the ridge between the playas.
The faults undoubtedly impede ground-water flow, but data are
not sufficient to demonstrate the effectiveness of the barriers
to the movement of ground water. The alluvial ridge may be
underlain at shallow depth by consolidated rocks. If so, they
probably impede ground-water flow between the two valley segments.

Bguilibrium Condition

Development of a hydrologic system commonly alters
the surrface-water and ground-water flow patterns, depth to water
places of discharge, and in some cases the places of recharge.
Flow of the larger creeks has been diverted for irrigation,
locally causing hicher heads where recharge occurs from the
water spread on fields. Importation of water into Lemmon and
Spanish Springs Valleys is a man-made source of potential
ground-water recharge, altering the flow pattern and locally
raising water levels. Pumping in parts of Lemmon, Sun, and Cold
Spring Valleys has resulted in local lowering of water Jevels,
Newcomb Lake, Dry, and Antelope Valleys, Bedell Flat, and to a
lesser extent Red Rock, Warm Springs, and Honey Lake Valleys have
had little development, and therefore are at or very near
natural eguilibrium conditions.

14.



Tenuue 38ea9Ay:

Y
.

-
.

‘AatTep @ £ SETY Suotaay

. AS1TeA @3eT 4A3ucH ul £8°9 $9-2961 ‘6561  S€0°% 30 AN ‘1u of Topusp
La11eA fd0¥

£37TeA ®BIISTS Ul 76 €T €9-0%61 Ch6 D pPsY Jo M ‘Im QT uoauTp
A91Tea a%e]

1d=aea( Ho=an exowg uj m..w-@ 79-4%€61 nNMIQHmH Oomnm %m.ﬂ.om 0 AN Tm 9 sseg puesg
A3TTBA

€24 C9-£€61 VI AR ung yo § ‘Iw 4 dy ouay
£31TeA

61°1 TYET1-0481 rANAR ung Jo § "Im ¢ ouay
£911ea Butadg

6€£°21 $9-0961 090°¢ pPIoD 3o M *Tw T AS7TBA Buot
$9-5561 Lo11ep sButadg

g6y “16-L%61 “GT161-0L81 ] wieM Jo IS 1w [T £o1uasg
AaTien

La11eA 3u0T UI %9° L1 €9-LG61 -1 £ig 3o M 'Tw 4 ESS ¢ 214od
£3T1eA

A311eA BuoT ul 01" 01 69-096T1 ‘65-£761 00E‘Yy £1q 30 MN °"Tu / athoqQ

' Sy Iy . , (sesyout) : (saesh) o (3993) ¢ u0T3B007 : U013IB3S
uorjeitdioaad pIoo31 Jo poTaad: IPpNILITV: :

(negaing 1943edM *S§'[l @Yl JO Sprodea PPYSITqnd wWoay poazliewung)

Suoilels sulu 1® uolje3tdio9ad Tenuuep 33BIAY ~-- 'g I[qEL

15.



INFLOW TO THE VALLEY-FILI, RESERVOIR

Inflow to the valley-£fill reservoir is from precipita-
tion, runoff, iuwported water irom outside the area, and from
inflow of ground water through consolidated rock and alluvium.
Each of these elements of inflow is discussed in the following
sections,

Precipitation

Precipitation, falling as rain or snow, is the princi-
pal source of water entering the hydrologic systems of the area.
Air masses moving into the area from the west generally lose
much of their moisture in the Sierra Nevada, as can be seen
from the data in table 6. As a result the mountains and valley
floors of the area are subarid to arid, being in the rain
shadow of the Sierra Nevada. DMost of the precipitation falls
in the winter and spring as snow; the largest amounts are at
the highest altitudes. During the late spring and summer the
precipitation is usually in the form of local thundershowers.
June through September are the driest months, during which
period the average rainfall is less than half an inch per month
at Doyle, SaréPass, and Reno Airport.

The precipitation pattern in Nevada is related
principally to the topography (Hardman, 1¢36); the stations
at the highest altitudes generally receive more precipitation
than those at lower altitudes. However, this general relation
may be considerabhly modified by local conditions. The valley
floors of the arca gencrally receive less than ¢ inches of
precipitation per year.

Precipitation data have been recorded for Reno or
Reno Airport since 1070. These data plus those for the Sierra-
ville, California station, which is 20 miles west oi Cold Spring
Valley in the Sierra Nevada, are used to identify the long-term
variations in the annual precipitation and to identify drought
periods. Four droughts are indicated: 1070-87, 1¢23-36,
1¢46-4¢C, and 1E55-61. : ‘

Estimates oi average precipitation are summarized by
altitude zones for the arca in table O. The estimates are based
on the »recipitation-altitude relation shown by Hardman's
(1€36) map, as revised in 1964.

l6.



Surface Water

By D. 0. Moore

Runcff from the mountains to the valley floors is the
principal source of surface water in the area. To a lesser
extent, precipitation on the apron and valley floor produces
runoff, but then only locally following intense storms. In
most of the valleys some runoff flows to the lower parts of the
valleys and ponds on playas in closed valleys or flows from the
valleys that have external drainage (table 3). This section
discusses the runoff from the mountains--the amount of surface
water crossing the edge of the valley~fill reservoir.

Runoff occurs following intense storms and during
periods of rapid snowmelt. To a lesser extent, runoff occurs
as small, springfed perennial streams mostly on the west flank
of the Virginia Mountains. The amount of runoff that reaches
the surface of the valley-£fill reservoirs from the mountains
cannot be computed directly because of the absence of stream-
flow data. Therefore, methods devised by Riggs and Moore (1¢65)
for estimating the altitude-runoff relations in areas where
few or no data are available, and a method now being developed
by Walter Langbein of the U.S. Geological Survey that is based
on stream-channel geometry, are used to estimate runoff in the
Warm Springs-Lemmon Valley area. The estimated average annual
runcff at edges of the valley~fill reservoirs is summarized in
table 7. Most of the streamflow generally occurs in the late
winter and early spring.

Observations were made of streamflow during the last
week of August and the first week of September 1¢66. Other
than springfed creeks, no creeks were observed to have flow
greater than 5 gpm {(gallons per minute). The spring flow is
discussed in a later section.

Most of the runoff is absorbed by the unsaturated
alluvium underlying the washes. Some of this absorbed water
percolates downward to the water table and recharges the ground-
water reservoir, but most usually is held in the soil where it
subseguently is discharged by evapotranspiration. Some of the
runocff flows to the lower parts of the valleys during the
growing season and is used for irrigating crop lands.

Recharge from Precipitation

On the valley floors where precipitation is small,
little water infiltrates directly into the ground-water reser-
voir, Much of the precipitation is evaporated before and after
infiltration and some adds to soil moisture. Greater precip-
itation in the mountains provides most of the recharge; the
water reaches the ground-water reservoir by infiltration of

17.




Table 7.--Estimated average annual runoff

Runoff area Estimated average annual runoff
Valley (acres) (acre-feet)
Honey Lake Valley:
northern mountains 4,600 _ 200
southern mountains 20,900 3,900
Total (rounded) 25,500 4,000
; Newcomb Lake Valley 4,800 400
1 Dry Valley 38,300 7,500
. Red Rock Valley 18,600 2,600
Bedell Flat 31,590 _ 3,000
Antelope Valley 11,100 600
Warm Springs Valley: |
west of Highway 33 52,900 8,000
east of Highway 33 45,900 ' 6,000
Total 98,800 14,000
Cold Spring Valley 14,700 | 1,400
Lemmon Valley 56,400 o ‘5,400
Spanish Springs Valley 18,600 o - 1,500
Sun Valley 2,200 . <100




runoff on the alluvial apron and the valley floor and some by
lateral underflow from the consolidated rocks.

A method described by Eakin and other (1$51, p. 7¢-81)
is used to estimate the average annual recharge from precipita-
tion. The method assumes that a percentage of the average
annual precipitation becomes ground-water recharge. The
estimated average annual recharge for the 11 valleys and that
part of Long Valley in Nevada listed in table 8 ranges from
about 1 percent to about 7.5 percent of the estimated total
precipitation. A range of 3 to 7 percent is typical of the
amounts usually calculated by this method for the desert basins
of Nevada. Thus, the estimated recharge for Honey Lake,Antelope,
Spanish Springs, and Sun Valleys, which is less than 3 percent
of the estimated precipitation, may be somewhat low.

The average annual ground-water recharge from precip-
itation to Spanish Springs Valley is estimated to be about 600
acre-feet (table 8) and is in close agreement with the 500 acre-
feet determined by Robinson and Phoenix (1948). The recharge
for the Nevada part of Long Valley flows into California where
it is discharged.

Subsurface Inflow

Ground water enters Red Rock and Honey Lake Valleys by
subsurface inflow (underflow) from adjacent upgradient areas.
Flow may occur through consolidated rocks and alluvium; however,
evaluation of inflow through consolidated rocks by direct methods
is difficult and is not attempted here.

To compute the underflow the equation 0=0.00112TIW,
is used: where  is the quantity of underflow, in acre-feet per
year; T is the coefficient of transmissibility, in gallons per
day per foot, of the alluvial f£ill; I is the gradient of the
water surface, in feet per mile; W is the effective flow width,
in miles; and 0.00112 is a factor to convert gallons per day
to acre-feet per year.

Underflow enters Red Rock Valley from Bedell Flat. The
flow oeccurs through the valley £ill in the narrow canyon connect-
ing the two areas. Using the following estimated values:

T= 25000 gpd per ft, Iz 80 feet per mile, and W= 0.08 mile
{(about 400 feet), the underflow to Red Rock Valley is estimated
to be somewhat less than 200 acre-feet per year,

Underflow enters the part of Honey Lake Valley included
in this report from the western part of Honey Lake Valley that
is entirely in California. The underflow occurs through the
broad alluvial divide that forms the western boundary of the
part of Honey Lake Valley included in this report (pi. 1).

19.
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Russell (1885, p. 55, 5C) described Honey Lake, which
is about 10 miles west of the report area, as a playa lake,
sometimes becoming completely dry. The lake is generally very
shallow, with an average only about 18 inches according to
Russell. The altitude of Honey Lake and probably the water
table, as determined from the topographic map, is about 3,985
feet. On the large playa 15 miles east in the report area,
well 26/16-13dd has a water-level altitude of about 3,¢60 feet,
or about 25 feet lower. The water-surface gradient between the
two reference points would average about 2 feet per mile,
indicating underflow eastward. The width of the valley £ill in
the underflow area ranges from 7 to 14 miles, but subsurface
inflow from the mountains on the north and south of the valley
reduces the effective width of eastward underflow to an
estimated average of about 5 miles. Using the above assuned
values and an average coefficient of transmissibility of 5C,000
gnd per ft, the average annual underflow, as computed by the
above eguation, is nearly 600 acre-fect.

Inported Water

Stead Air Force Base, Lemmon Valley

Water is imported from the Truckee River to Lemmon
Valley by pipeline for use at Stead Air Force Base, where it is
the principal source of water supply. Importations for the
period 1¢56-66 are shown in table ¢, and ranged from 26C to
1,200 acre-feet per ycar. Racords prior to 1556 were not avail-
able at the hase. :

mable 10 shows the use and probable disposition of
imported and pumped water at Stead Air Force Base. The release
of the Air Force Base to State and commercial interests in July
1666 may result in a change in the average annual importation
and pumpage.

Sranish Springs Valley

Water is conveyed by gravity from the Truckee River to

Spanish Springs Valley by feans of the Orr Ditch (also called

the Spanish Springs Valley ditch), which encircles about 3,600
acres of the valley floor. For the years 1£56-65, but excluding
165¢ and 1563 because of incomplete records, the diversion to

the Orr Ditch averaged 31,500 acre-feet per year (records
supplied by Claude Dukes, Federal Court Watermaster). Diversions
for individual years ranged from 22,000 to about 3¢,000 acre~rfeet

Because of diversions and leakage along the unlined
Orr Ditch, the flow reaching Spanish Springs Valley is less than
the turn-out from the Truckee River. In the summer and fall
1¢66, measurements were made by the U.S. Geological Survey at a
point near where the ditch enters Spanish Springs Valley and
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Table ¢.--Importation of water to Lemmon Valley from Truckee

Rivar for use at Stead Air Force Base

{Records from Stead Air Force Base)

:  Imported : Imported

LT

Year : (acre-feet) : Year {acre-feet)
1856 260 3 s 1562 1,130
1557 290 I 1963 1,120
1858 500 : 3 1<64 1,280
1¢58 40 ER 1665 1,110
1660 1,080 g 2 1866 a 480
11961 1,060 :

Average annual (rounded) S00

a. TImported for first half of year.

[38]
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Table 10.--Summary of water use at Stead Air Force Base,

Lemmon Valley

{Quantities rounded)

) Acre-feet

per year
WATER SUPPLIED:

Average importation of water, 1856-66 (from

table S) . . . . . . o o e s o s e e we e e o s Sco
i/
Average well pumpage, 1856-66~ . .. . < 2o o < 100
Total average annual water supplied,

1S56-66 . ¢ o o o« o o o o o & - =« = .« - 2. 1,000

DISPOSITION OF THE WATER:

Ground-water recharge due to irrigation of golf
course and lawns and to infiltration of sewage
effluent (assume 30 percent of above water
SUPPLY) - ¢ ¢ 4 h e v e e e s e e e e e e e e e 300

Water consumed by evaporation, transpiration of
irrigated areas, of sewage effluent, and by
domestic and military uses {assume 70 percent
of above water supply} . « « ¢ ¢ -« « o o s o o = 700

Total water consumed or recharged, 1¢<56-66 1,000

1. Records from S8tead Air Force Base.



where outflow leaves the valley. Table 11 summarizes the
inflow and outflow of the imported water and indicates that
about 7,000 acrc.-fect per year is consumed annually in the
valley. This water is consumed by crops, phreatophytas,
evaporation from storage ponds, and subsurface outlflow as
described under outflow.
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Table 11.--Summary of estimated inflow to Spanish Springs Valley

in Orr Ditch and the subsequent outflow

Measured - Measured

Diversion Measured Flow as outflow outflow as

rate into flow rate 2,part of from valley part of

Oorr Ditchl/ near valley diversion in ditch3/  diversion
Date (cfs) (cfs) (percent) (cfs) (percent)
B- 5-66 84 68 81 24 29
8.19-66 84 63 75 36 43
8-26-66 84 62 T4 21 25
11-2-66 41 25 61 10 24
Average (rounded) 75 30

Budget for Orr Ditch water

Acre-feet
per vyear

Average annual diversion into Orr Diteh ., . . . . . + + « - + « 31,500

Approximate average annual flow at measuring sitez 31,500 acre-
feet X 75 PEFCENLt 4 « 4 4 4 o » o « s & + o« o o o o o+« .+ +(1l) 24,000

Approximate diversion to 22-inch pipeline between measuring site
and where ditch enters Spanish Springs Valley . . . . . . . .(2) a8,000

Approximate flow into Spanish Springs Valley . . . . . .(I):(2)=(3) 16,000

Approximate outflow in ditch from Spanish Springs Valley to
Truckee Meadows = 31,500 acre-feet x 30 percent . . . . . . .{4)_ 9,000

Average annual flow consumed in Spanish Springs Valley .(3)-(4)=(5) b7,000

1. High rates of diversion are made during the growing seasomn, or from
about mid-March to October. Measurements by Federal Court Water-
master.

2. Flow measured in NW%, sec. 34, T. 20 N., R. 20 E., by U.5. Geological
Survey.

3. Outflow measured in SW%, sec. 27, T. 20 N., R. 20 E., by U.S. Geological
Survey.

a, Computed from data supplied by J. L. Raffetto (oral commun., 1966).

b. Owing to limited data this quantity is only approximate.
28.



OUTFLOW FROM THE VALLEY-FILL RESERVOIR

The principal types of outflow from the valley-£fill
reservoir are surface-water outflow, evaporation of runoff reach-
ing the playas, evapotranspiration in areas of shallow ground
water, spring discharge,. subsurface ground-water outflow, and
irrigation. Each type of discharge as it pertains to the 11
valleys of the study area is discussed in the following several
sections. -

Surface-Water Outflow in Streams

By D. O, Moore,

During the infrequent periods of large runoff, surface
water flows out of the valleys having external surficial drain-
age (table 3) to downstream areas. A method developed by
Walter Langbein, used in computing runoff, was also used to
estimate outflow of streams from all drained valleys, except for
Spanigh Springs Valley. 1In Spanish Springs Valley, the outflow
estimate is based on four measurements of flow made in the
summer and fall of 1966 at the valley outlet (table ]11l). Table
12 lists the estimated average annual outflow of streams for
the several valleys. The annual variations in outflow from these
valleys are not known, because no gages have been maintained to
monitor them. During most years the outflow probably is small
(except for Spanish Springs Valley, the discharge from which is
largely derived from imported irrigation water), and during a
few years large amounts flow out, reflecting the general pattern
of precipitation.

Playa Flooding and Evaporation

During periods of large runoff, water flows to playas
(dry lakes) in the valleys having internal drainage (table 3).
Most of the ponded water evaporates, but some may infiltrate
the fine-grained playa deposits to recharge the ground-waterxr
reservoir. No data are available to determine the average annual
evaporation of water from flooded playas. The authors have
developed some impressions of the extent of playa flooding by
talking to residents of the area. This information is summarized
in table 13.

Evapotranspiration

Phreatophytes, plants that extend roots to the water table
and draw upon ground water, utilize and discharge by trans-
piration large amounts of water in the area. In northwestern
Nevada, the most common phreatophytes are greasewood, rabbit-
brush, and saltgrass. Other less abundant species are willow
and saltcedar. In the mountain canyons some of the common
phreatophytes are cottonwood, aspen, and wildrose. In this area,

29.



Table 12.--Estimated outflow of streams from

valleys having external drainage 1

Estimated average
annual outflow

Valley Stream or canyon Location (acre-feat)
Dry Valley Dry Valley Creekz/ 24/18-Be 4,000
Red Rock Valley Red Rock Canyon 24/18-32b 1,000
Bedell Flat Unnamed creek 24/19-31¢ 70
Warm Springs Valley Mullen Creek 23/21-17b 70
Spanish Springs Valley Unnamed creek 20/20-27c a 9,000
Sun Valley Unnamed creek 20/20-30c 20
1. No streams drain from Héney Lake, Newcomb Lake, Antelope,. Cold Spring,
or Lemmon Valleys. L
2. At State line.
a, From table 11,

30.



*A311ea Jo jucwBas ulaylloN ‘¢

‘L 91qe3 @95 °Z

*3e1d 11epog ul 10 ‘sfeIRA ung puE ‘sButads maem ‘¥ooy¥ paY ‘L£3g ul peTITIUIPT BIoM selejd oN ]

11rWS *siesf swos ul papoold 0§ i \mhmﬂﬁmb s3utads ystuedg
‘paIpooT3
£1oiex ede7d uiaises !saeak jsoum
11BYS ul popooi3y Ayaaed edeyd uieiseMm  00C‘1 rA L311eA uOWWDT
*33231 ¢ 10 7 Jo syijdsp o3 sawl]
Y-54:1 -owos ‘sieak 3sow Ul papooli A13xed  OGI°T 1 La11eA Butads pied
31PI9POH rgapaf Auew utl papooli QY z La11eA odoiajuy
a81eT sgaeak jsow ul papooyl L13ied CIT 1 £a11ep 9T QUOOM3N
‘2mry] jyo poraad 1ioys 103
1134S 1eak yowe papoory Ar3ied edeid =81eT Q06 9 £217eA 39T A3uoH
/7 33jouna Jenuue T S013181193198iBYd 3UIpOOT] poz11eAdUaD: (89208} Iaqunu: Aa11®BA
~ 28eisA® paleWIls? 8yl o3l H ¢ paime ! :
peieduod £3pjuenb vorieiodeaqy : : vAeld :

\wbﬂumwoam>m pue 3uTpoo]3l eAe[d--°¢T °14El

31.



the discharge of the phreatophytes found in the mountains is
small and is not considered in the hydrologic budget. Table
14 summarizes the discharge by evapotranspiration from
phreatophyte areas and evaporation from playas,

Evapotranspiration rates used are based on rates of
consumption of ground water in other areas as described by Lee
(112), white (1932), and Young and Blaney (19842). Test holes
were augered on the playas of Honey Lake, Cold Spring, and
Lemmon Valleys (wells 26/18-13dd, 21/18-20cd, 21,/18-28bb, and
21/19-27ca, table 24) to obtain information on depth to water
and water quality. These water-level data were used to estimate
the rate of evaporation from the playas in these three valleys.
Because of large depths to water beneath the playas of Antelope
Valley, about 77 feet, no ground water evaporates from them.

Where the phreatophytes cover a sufficient area to map
at a scale of 1:250,000, they are shown on plate 1. In general,
areas less than about a guarter of a mile wide could not be
shown on plate 1. These include Bedell Flat and Cold Spring,
Sun, and Spanish Springs Valleys.

Springs used for Irrigation

Many small springs are found in the area; however, most
occur in the mountains. These springs have a combined net
discharge that is a minor part of the hydrologic budget., There-
fore, they were not considered in the ground-water budget for
each valley. The two small springs at the south end of Sun
Valley (Robinson and Phoenix, 1%48) are included in this group.

Several moderate-sized springs and two large springs,
which occur at or near the consolidated rock-alluvium contact,
are used for irrigation. Table 15 lists these springs, their
flow, and how they are utilized. For the area, adequately
irrigated crops consume 1.5 to about 2 feet of water, depending
on the length of growing season and the crop (Houston, 1950).

The flow of these larger springs, when not utilized for irriga-
tion, generally percolates back into the ground downslope from
their outlets and recharges the ground-water reservoir at shallow
depths, or is consumed by evapotransgpiration. Commonly,
phreatophytes grow in this shallow-water area, but this discharge
associated with the springs is small and is included in the
other estimates of discharge.

Fish Springs (26/19-19dd) reportedly has a natural flow
of 1,600 gpm (2,600 acre-feet per year). When a nearby irriga-
tion well (26/1%-2%ba) is being pumped an average oi 90 days
each year at 2,000 gpm,the flow of the spring reportedly 1s
reduced to about 400 gpm due to interference. Under present
condition of well interference and schedule of well use, the
spring has an annual flow of about 2,100 acre-feet per year. Of
this amount, 270 acre--feet is consumed by irrigated crops (table
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Table 14.--Estimated evapotranspiration of ground water

Estimated ground-water

discharge
Depth.to Rate
Principal Area Density water {acre-feet (acre-feet
phreatophyte (acres) (percent) (feet) per acre) per year)
HONEY LAKE VALLEY
Mixture of greasewood, 41,000 5-25 10-50 .2 8,200
rabbitbrush, and
big sage
Playa 8,300 -- 5-15 .1 930
Total (rounded) 50,000 a 9,000
| | NEWCOMB LAKE VALLEY
Mixture of rabbitbrush 225 20 10-50 .2 50
and big sage
Saltgrass 1/ 65 -- 3-10 .5 30
Playa 115 -- 2-3 .4 30
Total (rounded) 400 130
DRY VALLEY
Mixture of greasewood, 280 25 5-50 3 80
rabbitbrush, and
saltgrass
RED ROCK VALLEY
Do. 2,100 - 25 5-50 .3 630
, BEDELL FLAT
Saltgrass 3/ 20 - 2-10 .4 8
Very wet meadou?/ 10 -- 0-2 2.5 25
Total (rounded) 30 30
ANTELOPE VALLEY
None 0 0
WARM SPRINGS VALLEY
Mixture of greasewood, 5,700 20 10-50 .2 1,100
robvbitbrush, and
big sage
Mixture of saltgrass 500 -- 0-10 .5 250
and rabbitbrush
Meadowgrass 100 - 0-5 1.0 100
Total (Rounded) 6,300 1,500



Table 14.--continued

Estimated ground-water

discharge
Depth to  Rate _ _
Principal Area Density water {acre«feet (acre-feet
phreatophyte (acres) (percent) (feet) per acre) per year)
COLD SPRING VALLEY
Mixture of greasewcod, 40 20 5-50 .3 10
saltgrass, and
rabbitbrush&/
Playa 1,150 -- 5-10 .1 120
Total (rounded) 1,200 130
LEMMON VALLEY
Mixture of greasewood 5,400 20 15-50 .2 1,100
and rabbitbrush
3/
Playa— 400 -- 0-10 .1 40
Total (rounded) 5,800 1,200
SPANISH SPRINGS VALLEY
Saltgrass and meadow- 1,100 -- 5-10 .5 550
grass 2/
Tule and saltgrass2/ 150 - 1-5 1.5 220
Greasewood?! 600 20 10-50 .2 120
Playa 50 -- 5-15 . <10
Total (rounded) 1,900 b 900
SUN VALLEY
Meadow, webg/ 2 - 0-10 1.0 c 2

1. Not shown as a separate unit on plate 1,

2. Area too small to show on plate l; see text.

3. Playa discharge is limited to the western playa, because the depth to
water beneath the eastern playa is greater than 15 feet, which is too
great for any significant amount of evaporation from the playa to occur.

a. Of this amount about 2,000 acre-feet occurs in California.

b. Robinson and Phoenix (1948) listed a phreatophyte discharge of 3,000
acre-feet per year, because they mapped a large part of the area,
listed in table 19 (irrigated by the Orr Ditch), as ground-water

"discharge area.

¢. Same as reported by Robinson and Phoenix (1948).
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15), about 700 acre-feet is estimated to percolate back to the
ground-water system, and about 1,100 acre -feet is assumed to

be discharged by evaporation from ponding areas and evapotrans-
piration from wet soil in vegetated areas.

Subsurface Outflow

Ground water discharges from some of the valleys by
subsurface outflow (underflow). Flow may occur through consoli-
dated rocks and alluvium: however, evaluation of outflow
through consolidated rocks by direct methods, like inflow, is
difficult to estimate and is not attempted here.

To compute the guantity of subsurface outflow throuch
alluvium, the same equation was used as in the "Subsurface Inflow"
section of the report. Table 16 lists the values used in the
computations as well as the estimated average annual subsurface
outflow through alluvium.

For most valleys, outflow occurs through alluvium in a
consolidated-rock narrows where a creek or wash drains the valley.
The effective flow widih assumed in the computations in most
cases is the alluvial~fill width in the narrows, measured at land
sur face.

Develonment

Irrigation for Pumvage and Domestic Use

In a few valleys, wells are pumped to irrigate cropland.
In all cases, well water is used in conjunction with other
sources of water supply. Table 17 summarizes the net amount of
water pumped from wells for irrigation. In Warm Springs and
Spanish Springs Valleys, North American Aviation Inc. has
constructed saveral wells for industrial supply. About 27 acre-
feet was pumped by them in Warm Springs Valley and none in Spanish
Springs Valley in 1$66. Assuming that much of the used water
infiltrates and returns to ground-water storage, the net draft

in Warm Springs Valley is estimated to have been about 15 acre-
feet in 1566.

In genexal, small amounts of water are diverted ifrom
springs and withdrawn from wells for both domestic and stock
use. The exceptions are Lemmon and Sun Valleys where larger
amounts are withdrawn by wells for domestic use. Table 18
summarizes the use for each valley. Most of the discharge in
Sun Valley is by domestic pumping where observation well data
(table 25) indicate that water levels are generally declining.
The average rate of decline observed in five wells ranges from
0.5 foot to 0.2 foot per year since 1¢48., However, observation
well 20/20-30da, in the outflow gap, shows no net change since
it was first measured in 1948.
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Table 18.--Domestic and stock water derived from wells and springs

Estimated average Estimated average Estimated total.

annual domestic annual stock average annual

Estimated consumptionl/ consumption2/ ‘consumption

valley population {acre-feet) (acre-feet) (acre-feet)
Honey Lake 25 <10 < 50 50
Newcomb Lake 0 0 <10 10
Dry 0 0 <10 10
Red Rock 10 <10 : < 20 20
Bedell Flat 0 0 <10 10
Antelope 0 0 <10 10
Warm Springs 25 <10 <20 25
Cold Spring 200 20 <10 30
Lemmon a 2,000 a 200 <20 b 300
Spanish Springs 300 30 <20 40
Sun 2,000 ¢ 200 <10 200

1. Based on an estimated average rural to suburban consumption rate of 100
gallons per day per person.

2. Based on an estimated use by range cattle of 6 gallons per day.
a. Number does not include Stead Air Force Base.
b. Number includes 70 acre-feet of well water consumed on Stead Air Force

Base; based on a 70 percent consumption of the 100 acre-feet pumped
(table 10).

c. Robinson and Phoenix (1948) described pumpage as negligible, Increase
due to populatlon growth since 1948,



-

ftxeam Diversions for Irrigation

A few creeks are diverted to fields for irrigation in
several of the valleys in the report area. Most. of the water’:
is derived from snowmelt, and has maximum flow in the late :
spring, Table 1S summarizeés the irrigation in each valley.
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GROUND-WATER BUDGET

For natural conditions and over the long term, ground-
water inflow to and outflow from an aquifer are about egual.
Thus, the purpose of preparing a ground-water budget is to com-
pare the estimates of natural inflow and outflow for each valley,
determine the magnitude of the errors in the two estimates, and
select a value that hopefully represents both the inflow and
outflow. This value in turn is used in a following section of
the report to estimate the perennial yield of each valley.

Table 20 shows the budget and the reconnaissance value selected
to represent inflow and outflow.

The largest imbalance, 9,000 acre-feet per year, is
for Honey Lake Valley. The imbalance probably is due to the
small estimate of recharge (table 8) being in error; the esti-
mate of outflow is considered to be more accurate. The recharge
to the valley-fill reservoir by underflow from consolidated
rocks at springs 26/15-19dd and 28/17-25c¢cd is at least equal to
their combined natural flow of about 2,100 gpm {(table 15) or
3,400 acre-feet per year. Either a larger proportion of
precipitation becomes recharge than that shown in table 8, or
there is an unaccounted-for routing of subsurface flow through
the consolidated rocks to the valley-fill reservoir. The sub-
surface flow would probably originate beyond the topographic
boundaries of Honey Lake Valley as defined in this report.

The large imbalance of 4,000 acre-feet per year for
Warm Springs Valley probably is due largely to less recharge than
that shown in table 8. The valley is the farthest east in the
area, and the precipitation may be less than that computed or
some of the precipitation that infiltrates the consolidated rocks
of the mountains may flow northward through the rocks to Honey
Lake Valley. The imbalance of S00 acre-feet per year for Bedell
Flat may also be due to less recharge than that shown in table 8.
However, it also could be caused by underflow westward through
the volcanic rocks to Red Rock Vvalley, which is 200 feet lower

in altitude, or north-westward to Dry Valley, which is 400 feet
lower.

Other areas having appreciable imbalances are Antelope
and Cold Spring Valleys. Antelope Valley, which has no observed
natural discharge, may discharge southward to Lemmon Valley
(200 feet lower) through a narrow alluvial fill, through
consolidated rocks or both, northward to Bedell Flat (300 feet
lower) through consolidated rocks, or eastward to Warm Springs
Valley (900 feet lower), also throuch consolidated rocks. For
Cold Spring Valley the imbalance could be due to errors in the
assumptions used to estimate inflow and outflow, or to subsurface
outflow westward through alluvium or consolidated rocks or both,

to the southern end of Long Valley, which is about the same
altitude.
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Table 20.--Preliminary ground-water budget for natural conditions

(All estimates in acre-feet per year and rounded)

Estimated

natural inflow

(tables B and
10, p. 20, 26)

Estimated
natural outflow
(tables 14-16,

p. 33,35,37)

Reconnais-
sance value
selected

Imbalance for inflow

valley (1) (2) (1)-(2) and outflow
Honey Lake Valley a 2,000 b 11,000 -9,000 b 10,000
Newcomb Lake Valley 300 130 170 200
Dry Valley 2,400 2,300 100 2,300
Red Rock Valley 1,100 850 250 1,000
Bedell Flat 1,100 250 900 700
Antelope Valley 300 o 300 300
Warm Springs Valley 6,000 2,000 4,000 3,000
Cold Spring Valley 900 130 770 500
Lemmon Valley 2,100 1,200 900 ¢ 1,500
Spanish Springs Valley » 600 » 1,000 -400 ¢ 1,000
Sun Valley 50 25 25 50

a. Of this amount, about 100 acre-feet is recharge in California.

b, Of this amount, about 2,000 acre-feet is in California.

c, This estimate for natural conditions must be considered together with the
substantial amount of imported water.



CHEMICAL QUALITY OF THE WATER

Samples of well, spring, and ditch water were collect-
ed and analyzed in seven of the valleys to make a generalized
appraisal of the suitability of the ground and surface water for
agricultural and domestic use and to help define the relation of
guality to the hydrologic system. These analyses are listed in
table 21,

Relation to the Hydrologic System

The water of best chemical guality generally has had
a minimum time of contact with the xocks and soil. 1In the
hydrogeologic environment of this area, the surface water flowing
in the mountain streams and on the alluvial apron is generally
low in mineral content. The surface water that wastes to the
playas and ponds, in time, can be expected to become poor in
quality by the processes of concentration by evaporation and
solution of the salts from the soil of the playas.

As ground water flows from the source area.to the
discharge area it generally increases in dissolved-solids
content. At the discharge areas where water is evaporated or
transpired by plants, much of the mineral matter is deposited
in the soil or remains in the sghallow ground water, and causes
an increase in the mineral concentration of the water. However,
at depth below some areas, better guality of water can be found.

Generally the shallow ground water in the alluvium
has a temperature near the average annual air temperature of
the area, which is approximately 50° to 60°F. Water tempera-
tures appreciably higher than this may indicate high thermal
gradients or relatively deep water circulation, or both. Ground
water occurring under such conditions may reach boiling; however,
the highest temperature observed in the area, 86°F., was at '
spring 28/17-25cd in Honey Lake Valley.

Suitability for Agricultural Use

According to the Salinity Laboratory Staff, U.S,.
Department of Agriculture (1954, p. 69), the most significant
factors with regard to the chemical suitability of water for
irrigation are: (1) dissolved-solids content, (2) the relative
proportion of sodium to calcium and magnesium, (3} the concen-
trations of elements and compounds that are toxic to plants,
and (4) under some conditions, the bicarbonate concentration as
related to the concentration of calcium plus magnesium.
Dissolved-solids content commonly is expressed as "salinity
hazard," the relative proportion of sodium to calcium and
magnesium as "alkali hazard," and the relative bicarbonate con-
centration as "residual sodium carbonate" or RSC. No analysis
was made for boron or the other toxic elements,
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Table 21.--Chemical analyses of water from selected snurces“"f

[Fleld analyses by the U.S. Geological Survey, excepl as Indlcated]

Parts per million {upper number),

equivalents per million {lower pumber)
Sodium Hardness
Sii s €260 | spectfic _
Tem- Mag- 1 FPo- Cal- fons conduct- Some factors ﬂff?ct;?g
per- |Cal- | ne- | tas- [Bicar- [Chle- | Sul ;;"T ;:2_ (mizii_ frrigation qualicy~
Date of [Seource atgre cium |sium [ sium |honate |ride fate ni* bon-| mhos ar Salinity | Alkalinity Rock
Location collection| type (TY [(ca) M) & (HCDE) ch (Soq) siunf ate 23°C) |pH | hazard hazard RSC Water type | source
HONEY LAKE VALLEY
76/18-13dd 8-24-66 Well L] - - - == ~-= -~ - - 8,920 -— Very high - - -= Alluvium
26/18-25ac 7-27-66 Uell - 40 2.9 67 144 22 18 22 0 303 7.9 Medium Low Marginal Sodium Alluvium
0.20 0.24 2.91 2.36 0.6z  0.37 bicarbonate
26/19-19dd 7-27-66 Spring 73 3.0 3.0 78 178 18 17 20 0 328 B.0 Medium Low Noe Sodium Voleanie
0.15 0.25 3.38 2.93 a.51 0.135 suitable bicarbonate
26/19-29%a 8-23-66 Well - b4 3.4 a0 155 1z 16 an o 287 8.0 Medium Low Marginal Sodium Voleanic
0.32 0.28 2.61 2.54 0.34 0.33 bicarbonate
27/17-3ad%/ 4-23-66 Well &7 5.6 10 393 593 233 7% 56 0 1,560 8.4 lligh Very high Xot Sodium Alluyium
0.28 0.84 17.1 9.7 6.57 1.34 suitable bicarbonate
27/19-31ba 8-24-66 Well -- 53 49 1,810 224 2,010 1,200 334 150 7,720 7.8 VYery high Very high Sale Sodium Alluvium
2.64 4.03 78.7 3.47 36.7 23.0 chloride
28/17-25ed 8-23-66 Spring 86 5.6 0.9 53 124 13 16 16 a 253 8.1 Hedium Low Marginal Sodium Volcanic
0.28 0.04 2.41 2.03 0.37 Q.33 bicarhonate
KED ROCK WALLEY
23/18-21de 7-29-66 Spring - 19 2.6 15 96 5.6 12 58 0 152 7.6 Tow Low Safe Mixed Granitic
0.95 0.21 0,82 1.57 0.16 0.25 bicarbonale
23/18-22¢c¢ 7-29-66 Spring - 12 4.9 18 492 5.6 6.0 50 0 138 7.9 Low Low Safc Mixed Granitle
0.60 0.40 0.78 1.5l 0.16 2.12 hirarbonate
WARM SPRINGS YALLEY
22/21-2ch 7-27-66  Spring - 38 2.2 35 136 20 38 104 0 319 7.9 Medium Low Safe Mixed Volcanic
1.90 0.18 1.50 2.23 3.56 0.79 hlcarbonate
COLTY SPRTNG VALLEY
21/18-20ba 7-26-66 Well - 23 12 11 124 13 12 108 7 276 7.8 Madium Low Safe Calcium— Alluvium
1.15 1.01 .49 2.03 G.37 0.25 magnesium
bicarbonate
21/18-20cd B-22-66 Well (%) - -— - b -— -— — -- 3,410 -— Very high - - - Alluvium
21/18-28bb 8-22-66 Well 70 — —-— — - - - - - 15,000 -- Wery high - -- - Alluvium
TEMMON VALLEY
20/19-10db 7-26-66 Uell - 47 21 21 61 11 19 204 0 412 7.9 Medium Low Safe Calcium— Alluvium
2.35 1.73 0,91 4.28 0.31 (.40 magnes ium
u/ bicarborate
20/19-12bc~ 1961 Viell 63 39 14 67 156 12 69 134 - - == Medium Low Safe Mixed Alluvium
1.5 1.1% 2.92 2.56 .34 1.44
20/19-16ba T-25-66 Well - 43 22 34 207 i 56 147 28 A99  R.0 Medium Laow Safe Calcium— Altuviam
2.1% 1.74 1.47 3.29 0.85 1.17 magnosinm
biearbonate
21/18-25adl T+26-6F Well ~- 46 14 22 168 17 56 172 ks 398 8.2 Modium Lew Safe Caleium=- Alluvium
2.20 1.14 0.96 2.75 0.48 1.17 mapnesium
bicarbenate
21/19-22bb 7-26-66 Well - 20 10 24 120 6.6 45 02 0 280 7.8 Medium Low Safe Mized Akluvium
1.00 0.84 1,26 1.47 .19 0.94 bicarbonate
21/19-23aa 7-26—066  Well 58 ¥ 13 42 220 in 33 160 0 450 B.1 Mecium Low Bafe Mived Alluvium
2,10 1.10 1.81 3.6l 0.71 .69 hicarbhonate
21/19-30dd 7-25-66 Well 62 9.3 1.2 58 11z 17 360 28 0 273 7.9 Medium Low Marginal Sodium Allnvinm
0.46  0.10 7.51 1.84 0.48 0.7% bicarbenate
SPANISH SFRINGS VALLEY
20/30-2eb28/  10-20-42 well — 152 46 66 195 57 2Bl 649 —- -~ - High Low Safe Hized Alluvium
7.60 13.78 2.7% 6. 48 1.6l 5.86
20/20-10ab 1-27-66 Well — 23 2.1 32 13z 13 21 95 bl 314 7.7 Medium Low S5afe Mixed Al Tirwiym
1.1% 0.75 1.40 2,49 0.37 0.44 kicarhonate
20/20-12db 7-27-686 Well -- L3 10 a3 160 23 44 72 4] 403 7.8 Medium Low Safe Sodium Alluvipm
0.65 0,79 2.75 2,82 0.65 n.92 bicarbonate
20/20-15ab%5/  11-12-43 Well - S0 12 E] 154 18 56175 -~ --  -- Medium  Low safe Caleium Alluvium
20500 0.9% 0.39 2.52 0.5l 1.17 bicarhonate
20/20-21aa 7-27-66 Well - 03 44 125 lag 48 428 359 241 1,150 7.9 High T.ow Safe Mixed Alluvium
.14 4.03 5.45 2,36 L.3% 8.91 sulfate
20/20-27ed%: 5,5/ 1946 Well — 83 25 253 — 25 380 315 - - -~ High Low - - Alluvium
4.25 2.06 11.4 - 0. 70 7.42
20/20-27cd 7-27-46 Diteh .= 15 7.9 37 136 8.0 15 B0 0 266 7.7 Mediunm Law Safe Mixed --
.95 Q.65 1.59 2.23 0.23 0.73 bicarbonate
20/20-32ac 1-27-66 Orr - 13 5.2 a 72 5.0 L 54 [} 117 7.6 low Low Safe Mixed -
Ditch 0.65 0.43 0,34 l.1= 0.14 0.1 Bicarhonate
21/26-24ac F-27-66 Wall - 40 12 z1 192 14 16 148 [} 334 8.0 Medium Low Safe Calocium Alluviam
2.00 0.96  ©.91 3.15 0.3% 0.33 bicarbonate
21/20-26dexaS) 9-12-41 Well -— 48 10 26 131 3a 43 161 - - -— Medium Low Saf e Caleium Alluvium
2.40 0.82 1.13 2.48 G.8> 1.02 bicarbonate
SUN VALLEY
20/20-18dc* % §-16-47 well - 38 Ir. 68 244 10 w90 -- — = Mediom  Low Apt Mixed alluvium
1.80  TIr. 2.953 4.00 0.28 .58 suitable bicarbonate
20/20~19de 3 5-15-47 Well - 162 18 70 248 18 240 329 —- e - Low Safe Mixed Alluvium
8.10 1.47 3.08 4.07 0.51 5.00

2,
3.

4. Dissclved solids:

20/19-12bc, 357 ppm.

¥o water samples were collected in Newcomb Lake, Pry, and Antelope

5. Analysis by the University of Nevada, Department of Food and Drugs.

Carbonate (COJ), 46 ppm (1.53 epm).

Valleys and Bedell Flat.

Descriptive terms are for water applied to good soils requiring little or no leaching and having favorable drainage characteristics,
Carbonate (CO4), il ppm (0.37 epm).

Wells 20/20-2cb, 744 ppm} 20/20-15ab, 355 ppm; 20/20-27cdl, 946 ppm; 21/20-26de, 290 ppm; 20/20-18de, 320 ppm; 20/20-1%dc, 630 ppm;



The streamflow resulting from snowmelt during the
spring of the year is low in dissolved material. This water
is excellent for irrigation in all valleys.

o According to the data in table 21, half of the
samples from Honey Lake Valley genarally were not suitable for
long-term use for irrigation with usual practices. These
ground-water sources were widely scattered and were from
consolidated rocks and alluvium. For Spanish Springs valley, of
the 10 samples listed, three had high salinity hazards; two of
the three were from wells near the Orr Ditch on the west side oi
the valley, and one from a well near the gap through which
excess water drains from the valley. The surface-water outflow,
as sampled nearby, was generally of good quality for irrigation.
One of the two samples from Sun Valley was not suitable as to
residual sodium carbonate (RSC). All other samples were either
good or marginal in guality.

Suitability for Domestic and Public-Supply Use

The U.S. Public Health Service (1962) formulated
drinking-water standards which have been endorsed by the American
Water Works Association as minimum standards for all public
water supplies. These standards are used as a basis in evalu-
ating the water samples in this report. Only chemical character-
istics will be evaluated in relation to the data listed in
table 21. Bacteriological, physical, and radiological gquality
also affect the potability of water, but are not considered.
Lvaluation of potability of the supply from a water system, can
be obtained from the Nevada Department of Health and Welfare,
Bureau of Environmental Health, Reno.

The U.5. Public Health Service recommends the follow-
ing maximum limits of concentration: chloride, 250 ppm; sulfate,
250 ppm; and dissolved solids, 500 ppm; 1,0CC ppm is permissible.
Specific conductance is a measure of dissolved selids. The
relation is

Specific conductance x factor A= Dissolved solids
(ppm) .

The factor A has a value ranging from 0.5 to 1.0 (Hem, 1958,

p. 40) and commonly is about two-thirds. Therefore, a water
having a specific conductance of 750 micromhos might have a
dissolved-solids content of 500 ppm, or water having a specific
conductance of 1,500 micromhos might have a dissolved—solids
content of 1,000 ppm (the maximum permissible).

Accordingly, the samples from well 27/1S-31lba in
Honey Lake Valley, wells 20/20-2laa, 20/20-2ch, and 20/20-27cd
in Spanish Springs valley, and well 20/20-1%dc in Sun Valley
cshould not be uscd for a source of drinking water, if othex
more guitable supplies are or can be made available. (See foot-
notes to table 21.) All other samples were suitable for the
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constituents tested.

For Lemmon Valley, the Corps of Engineers (1943)
report that well 21/16-30dd produced good quality water but
at a small pumping rate. Wells 21/19-3lcc and 20/18-24ab
(the mine shaft) yielded a larger amount of water, but the
mineralization of the water was considered excessive for -
public-supply use.

Ground water at shallow depths adjacent to and
beneath the playas is commonly unsuitable for human consumption.
However, it has been found in some valleys of Nevada that the
mineral content decreases with depth. Therefore, it may be
possible to obtain potable water even in these areas if wells
are drilled to sufficient depth, usually more than 300 feet
below the water level.



THE AVAILABLE WATER SUPPLY

By G. F. Worts, Jr.

Sources of Supply

The available ground-water supply of the 1l valleys
in the Warm Springs-Lemmon Valley area consists of two
interrelated entities: (1) the perennial yield, or the maximum
amount of natural discharge that economically can be salvaged
over the long term by pumping; and (2) the transitional storage
reserve (defined on p.50 ). The natural ground-water supply
in Spanish Springs and Lemmon Valleys is greatly augmented by
the water imported from the Truckee River. 1In addition, the
pumped ground-water supply in most valleys is augmented by
diversions from springs and streams (tables 15 and 19) .

Perennial Yield

The estimated perennial yield of each of the 11
valleys in the study area is shown in table 22. For Honey Lake,
Newcomb Lake, Red Rock, Warm Springs, Cold Spring, , Lemmon, and
Spanish Springs Valleys, from which little (in relation to
total discharge) or no ground-water outflow occurs, most of the
natural discharge could be salvaged by properly located wells
in or near the areas of natural discharge. Therefore the
estimated perennial yield of these valleys is about the same
as the "inflow and outflow" columrn in table 20.

For Bedell Flat and Dry, Antelope, and Sun Valleys,
from which substantial subsurface ground-water outflow occurs
in relation to the supply available, the amount of salvable
discharge is difficult to determine. The possibility of
salvaging all or part of the outflow through alluvium by pumping
is dependent on its thickness in the narrows where the under-
flow occurs. If the f£ill is thin, the outflow in effect is
moving over a consolidated-rock "spillway"; most of the outflow
could be salvaged by drawing down the water levels below the
outlet altitude. ©On the other hand, if the subsurface outflow
is through a thick section of valley £ill in the narrows, then
only a moderate part of the outflow could be salvaged by pumping
within the valley. In addition, Bedell Flat and Antelope Valley
probably have subsurface outflow through consolidated rocks to
adjacent valleys. For the purposes of this reconnaissance it
is assumed that the subsurface geohydrologic controls might
permit salvage of half the outflow.

With regard to the development in 1966, the estimated
net pumpage of 200 acre-feet in Sun Valley (table 22) exceeded
the estimated yield by 175 acre-feet. In all other valleys the
pumpage is less than the estimated perennial yield.

48.



Table 22.--Estimated perennial yield

(Compiled by F. E. Rush)

Estimated perennial yield&l
Valley {(acre-feet) Remarks

Honey Lake Valley&/ a 10,000 Assumes salvage of
all discharge

Newcomb Lake Valley 200 Do.

Dry Valley 1,000 Assumes salvage of
nearly half the
outflow through
alluvium

Red Rock Valley 1,000 Assumes salvage of
all discharge

Bedell Flat 300 Assumes salvage of
about half the
outflow through
alluvium

Antelope Valley 150 Assumes salvage of
half the outflow,
probably through
consolidated rocks

Warm Springs Valley 3,000 Assumes salvage of
all discharge

Cold Spring Valley 500 Do.

Lemmon Valley b 1,500 Do.

Spanish Springs Valley ¢ 1,000 Do.

Sun Valley 25 Assumes salvage of

half the outflow
through alluvium

1. Salvable ground-water discharge, based on estimates in table 20.

2. Only that part of Honey Lake Valley considered in this report and shown

on plate 1,

a. Of this amount, about 2,000 acre-feet is in Califormnia.

In addition, about 900 acre-feet per year is imported (table 9).

¢. 1In addition, about 16,000 acre-feet per year is imported (table 11).
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Transitional Storage Reserve

Transitional storage reserve is here defined as
the quantity of water in storarge in a particular ground-water
reservoir that can be extracted and beneficially used during
the transition period between ecguilibrium conditions in a
state of nature and new ecuilibrium conditions under the
perennial-yield concept of ground-water 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 nonecuilibrium
period oi development, or period of lowering water levels.
Obviously, transitional storage reserve is a specific part of
the total ¢round-water resource that can be taken from storace;
it is water that is available in addition to the recharge.

Most pertinent is the .act that no ground-water
source can be developed without causing storace depletion. The
magnhitude oif depletion varies directly with the distance of
development from any recharge and discharge boundaries in the
ground-water system. Few desert valleys have well-defined
recharge houndaries, such as live streams or lakes; many, how-
ever, have well-defined discharge boundaries, such as areas

‘of evapotranspiration. '

To compute the transitional storage reserve of the.
11 valleys in the report area, several assumptions are made:
(1) wells would be strategically situated in, near, and around
the areas o: natural discharge so that these natural losses
could be reduced (subsurface outflow) or stopped (evapotrans-
piration losses) with a minimum of water-level drawdown in
pumped wells; (2) a perennial water level 50 ieet below land
surface would curtail virtually all evapotranspiration losses
from ground water; (3) over the long term, pumping would cause
a moderately uniform depletion oi storage throughout most of
the valley £ill (excluding semi-isolated tributary areas},
except in tha playa deposits (mostly clay) where. the trans-
missibility and storace coefiicients are small; (4) the
specific yield of the valley f£fill is 10 pexcent; (5) the water
levels are within the range of economic pumping lift for the
intended use; (6) the development would have little or no
eifect on adjacent valleys or areas; and (7) the water is of
suitable chemical guality for the intended use.

Table 23 presents the preliminary estimates of
transitional storage reserve in the Warm Springs-Lemmon Valley
area computed on the basis of the above assumptions. For each
of tha 11 areas the estimated storage depletion is the product
oi the area heneath which depletion can be expected to occur,

the averacge thickness of the valley fill to be dewatered, and
the speciiic yield.
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Table 23.--Preliminary estimates of transitional storage reserve

(Compiled by F. E. Rush)

Transitional
Area of depletion Dewatered thickness storage reserve.
(acres) (feet) {acre-feet)

Valley (1) (2) (1) x (2) x 0.1
Honey Lake Valley a 60,000 40 b 240,000
Newcomb Lake Valley 300 50 1,500
Dry Valley c 7,000 50 35,000
Red Rock Valley d 3,000 _ 40 12,000
Bedell Flat e 2,000 50 10,000
Antelope Valley _ _5,000 50 25,000
Warm Springs Valley £ 27,000 40 110,000
Cold Spring Valley 2,800 40 11,000
Lemmon Valley g 18,000 40 _ 72,000
Spanish Springs Valley 15,000 40 60,000
Sun Valley 3,000 50 15,000

a. Area does not include sec. 11, T. 27 N,, R. 19 E. and all alluvial
area northeast,

b. O0f this amount, about 70,000 acre-feet is in California.

¢. Area does not include T. 25 N., R. 18 E.
d. Area limited to eastern half of valley.

e. Area limited to sec, 9, T. 23 N., R. 19 E., and all alluvial area
northwest.,

f. 'Area does not include Winnemucca Valley and T. 21 N., Rs. 21 and 22 E,

g+ Area does not include T, 22 N., R. 19 E., and sec. 19, T. 21 N., R. 20 E.
and all alluvial area south.
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In Sun valley, lowering ground~water levels to
salvage natural ground-water discharge would also increase
infiltration of imported water. This would increase ground-
water recharge but would decrease the surface-water outflow
to Truckee Meadows. :

Sample Computation of Ground-Water Supply

Transitional storage reserve generally provides a sub-
stantial amount of water in addition to the perennial yield.
During the transition period the salvage of natural discharge
increases from none at the time pumping starts to the maximum

~rate of salvage (the perennial yield) at the time pumping has

fully depleted the transitional storage reserve. The general
equation to express this relation is:

Rate of deplétion Rate of salvage of
Annual _ of transitional '+ natural discharge.
Pumpage storage reserve during depletion period

Assuming a uniform rate of storage depletion and uniform
rate of increase in salvage of natural discharge, the annual
pumpage (0) and the time in years (t) during which depletion
takes place can be approximated from equation (1):

o = Transitional storage reserve, Perennial
) t

vield
2 . . (1)
This basic equation, of course, could be modified to allow for
changing rates of storage depletion and salvage of natural
discharge. The eguation, however, is not valid for pumping
rates less than the perennial yield.

Using equation (1) and the estimates for Honey Lake Valley
as an example (transitional storage reserve 240,000 acre-feet,
table 23; perennial yield 10,000 acre-feet, table 22} and using
a pumping rate (0) equal in guantity to perennial yield,. in
accordance with the g¢éngral _intént of Nevada water law, the time
(t) to deplete the transitional storage reserve is computed to
be about 50 years.

At the end of that time, the transitional storage reserve
would be exhausted, subject to the assumptions given in the
preceding section.

What is not shown by the example is that in the first
year virtually all the pumpage would be supplied from storage,
and very little, if any, would be supplied from natural discharge.
On the other hand, during the last year of the period selected
nearly all the pumpage would be derived from the salvage of
natural discharge and virtually none from the storage reserve.
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During the period of depletion the ground-water flow
net would be substantially modified. The estimated recharge
of 10,000 acre-feet per year that originally flowed from
around the sides of the valley to areas of natural discharge
would ultimately flow directly to the pumping wells.

To meet the needs of an emergency or other special
purpose requiring ground-water pumpage in excess of the
perennial yield for specified periods of time, the transitional
storage reserve would be depleted at a more rapid rate than in
the example given. The above equation can be used to compute
the time required to exhaust the storage reserve for any select-
ed pumping rate in excess of the perennial yield. However,once
the transitional storage reserve was exhausted, the pumping rate
should be reduced to the perennial yield as soon thereafter.
as possible. Pumpage in excess of the perennial yield would
result in an overdraft, and pumping lifts would continue to
increase and stored water would continue to be depleted until
some undesired result occurred.
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FUTURE SUPPLY

Most if not all the economically available surface water
is appropriated for use. Because of this, most additional

 water for consumption in the future will have to be from ground-

water sources or imported from outside the area.

Cold Spring, Lemmon, Spanish Springs, and Sun Valleys,
being close to Reno and Sparks, will undoubtedly experience
additional development as the economy and population of the area
grow. The form of economic growth in these valleys probably
will be residential and industrial, with a corresponding decrease
in the importance of ranching. With continued growth, ultimate-
ly the small perennial yields will be exceeded (exceeded in 166
in Sun Valley) and water levels will decline as ground water in
storage is consumed. Watex is now being piped to Lemmon Valley
because of the generally low well yields and reportedly will be
piped to Sun valley starting in the summer of 1967. This method
of supply may ultimately have to be used in other valleys as
water consumption expands. ‘

Very few large-capacity wells have been drilled in the
report area., Aaccordingly, the possibility of obtaining large
well yields throughout the area cannot be predicted. Variation
probably will be found within each valley and between valleys.
Because of the uncertainty, test drilling and test pumping
should precede any attempt to obtain a large ground-water supply.
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PROPOSALS FOR ADDITIONAL STUDIES

1. To define the guantity and distribution of ocutflow of streams
from Dry, Red Rock, and Spanish Springs Vallevs, gages
should be installed at the outflow points.

2. To determine the quantity and distribution of inflow of
water to Spanish Springs Valley in the Orr Ditch, a gage
should be installed where the ditch enters the valley.

3. Because of the possibility of overdraft in other valleys
near Reno where considerable development is expected to
occur, additional, more detailed studies might be consider-
ed within the next 10 years.

NUMBERING SYSTEM FOR HYDROLOGIC SITES

The numbering system for hydrologic sites in this report
is based on the rectangular subdivision of the public lands,
referenced to the Mount Diablo base line and meridian. It
consists of three units: the first is the township north of the
base line; the second unit, separated from the first by a slant,
is the range east of the meridian; the third unit, separated
from the second by a dash, designates the section number. The
section number is followed by a letter that indicates the quarter
section and cuarter -~guarter -section, the letters a, b, ¢, and d
desicnate the northeast, northwest, southwest, and southeast
cquarters, respectively. For example, well 26/19-29ba is the well
recorded in the NEYMWY sec 29, T. 26 N., R. 1% E., Mount
Diable base line and meridian.

Because of the limitation of space, wells and springs
are identified on plate 1 only by the section number, quarter
section and quarter-gquarter section letters. Township and range
numbers are shown along the margins of the area on plate 1.
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SELECTED WELL DATA AND LOGS

Selected well data are listed in table 24: selected
drillers' logs of wells are listed in table 25. Most of the
data and logs are from the files of the Nevada State Engineer,
Data 'in table 24 were selected to include most wells in Honey
Lake, Red Rock, Antelope, Warm Springs, and Spanish Springs
Valleys and Bedell Flat., In Cold Spring, Lemmon, and Sun Valleys,
which have about 50, 200, and 400 wells, respectively, only a
few wells were seclected and shown on plate 1. They generally
are representative of the other wells in the valleys. ©No data
were available for wells in Dry and Newcomb Lake Valleys.

Table 25 contains logs of a few wells in each valley

except Dry and Newcomb Lake Valleys. Their locations also are
shown on plate 1. :
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Table 25 .~-Selected well loos

B2 .

Thick- Thiclk~
ness Depth ness Depth
Material (feet) (feet) Material (feet) (feet)
IONEY LAKL VALLLY
26/19-29ba _ 27/19-31ba
Soil 3 5 Soll S 5
Sand 25 30 Clay, sandy, yellow 33 38
Sand and boulders 10 40  Sand, black 19 57
Clay, yellow 10 50 Boulders and gravel 13 70
Boulders 3 53 Clay, yellow 13 288
Clay, yellow 2 55 Clay_ blue 49 137
Sand and hLoulders 5 69 Clay, hard, blue 38 175
Sand, hard 25 85 Lava rock, black 24 199
Sand, hard K and boulders 10 %5 Lava rock, soft, black 2 208
Rock, black lava ' 53 175 Lava rock, very hard, black 2 210
Rock, brown lava 62 237 - . .
Conglomerate lava 80 317 RID ROCL VALLEY
Rock, very hard, black lava S 325  23/18-9dd
Rock soft, broken lava 75 400
Sand very fine to medium,
27/18~5¢ce with yellow clay 18 i8
Sand 6 6 Sand fine to medium with
Gravel and boulders 3 9 yellow clay and a few A .
Cravel 5 15 rocks water 1 1%
Sand 24 19 Sand soft fine, with
o
Gravel and boulders 3 42 yellou clay 20 39
Sand ) 6 78 Sand loose fine to
Gravel 7 25 medium water 1 40
Sand 11 56 Sand fine to medium with
Gravel and boulders i1 137 yellow, red clay 31 7t
Cley, yellow . 2 73
Clay. yellow 10 117 a
Rock 40 157 fand fine to medium, and
Sanﬁ 2 159 some coarse sand, water 1 74
Gravel and boulders 16 175 Clay;'wnlte, with fine to
medium sand 9 83
27/19-4da Clay, hard sticky, yellow, _
with fine sand 10 93
gg:; and sand ég :g Sand, heaving, fine to medium,
Clay and boulders 63 110  vith clay water 5 18
Clay, hard, gravel, and Granite, soft, with seams of
boulders ’ 945 355 fine to medium heaving.
Lava 15 390 water-bearing sand 17 135



Table 25 .-~continued

Thiclk-
negss
Material

Nepth
(feet) (feet)

Thick-

ness
zaterial

Cepth
{feet) (feet)

RED POCK VALLZY (continued)

23/18~14ad

Soil, sandy 2
Sand. gray 25
Sand; water 1

Send, granitic. brown, with
a slight mixture of clay,
water-bearing, fine. light
micaceous sands about every
1) or 12 feet 131
Clay, blue, mixed with
granitic sand a water
strata of fine, light,
micaceous granitic sand
about every 10 or 12 feet 117

BEDELL FLAT
23/19-22cc ‘
Clay 5

Clay, saundy 13
Gravel 2
Clay. sandy 12
Gravel 3
Clay 27
Clay, sandy 6
Gravel 4
Clay 33
Clay, sandy 3
Gravel 4
Clay 33
Gravel 3
Clay, sandy ‘ 22
Clay 15
Sand 4
Clay ' 17
Sand 17

169

277

18
20
32
35
62
58
72
105
135
112
145
148
179
ie6
189
207
224

AUTLLOPE VALLEY

22f13-1ch
Soil granitic, sandy. loamy 1
Zand, granitic 9
Sand with yellow clay 20
Tocks, granitic. and sand

with yellow clay 5
Sand with red clay 15
Sand, fine, and silt 15
Sand with gray clay 25
Sand wit gray clay and

many granitic rocks 70
Sand and granite boulders 10
Sand with a bluish clay 17
Sand and boulders 3
Sand zranitic. coarse,

wmite, water 1
3and_ hard packed. fine,

with gray clay 3
Sand. coarse 1
Sand . fine gray, with

gray clay 5
3and, coarse water 1
Sand, fine gray. with

gray clay 4
Sand coarse water 1l
Sand, fine, gray with

gray clay 5
S&nd, coarse 1l

Sand . fine, gray. and hard
granite rocks with grey clay 1

22/19-26bb

Soil, sandy. loamy 2
3and granitic. fine very

hard packed, gray:

water 72-90 feet 8

63.

160
170
187
195
196

199
200

205
206

210
211

216
217

218

20



Table 25;—”continued

Toick- hicke-
ness DNepth ness Depth
ilaterial {feet) (feet) Haterial {feet) (feet)
WARLT S™RINGS VALLLY COL> 82PING VALLLY
22/20~-25¢z 21/15-16bd
Clay 73 73  Sand with light clay silt 53 53
Sand . 4 77 fand fine; water 6 59
Clay 15 82 Clay, browm 12 71
Sand 2 24  fand, loose, and gravel 114 185
Clay 26 120  Clay . yellow o 191
Sand 0 192  Gravel cementec : 7 193
Sand and clay 3 163 Clay browm 5 203
Sand 14 207  Sand ticht. and gravel 17 22C
Sand and clay 14 221  Gravel cemented 6 226
Sand, clay, and rock 7 228 Clzy 4 230
Sand : 21 249  Sand and gravel 15 246
Rock 3 252  Clay, browmn 4 250
Sand and clay 3 255 e -
Sand e¢lay, and rock 32 311 20/19-taa
Rock 12 323 ,
Clay., blue, and rock 15 333 Boil an cobbles 4 f
Chalk 4 343 Clay, brown 12 16
Rock, white 109 452 CP Sy e boulders b7 63
Rock hard. white ' 16 463 and ‘ "
Rock, hard. blue 32 sop | eravel lemse 51 114
Sand and pravel 4 118
22/21-6da Clay, sandy, brown 2 157
Soil 6 5 Cranite decomposed hnard 12 159
Gravel 9 g Granite, decomposed and clay 75 244
Conglomerate, clay. and Grenite. decomposed and red
2 E
rock 23 267
gravel . o7 105 Pock  solid red 12 279
Sand medium 15 120 -
Clay, yellow %5 185 Cliay brown 25 304
Sand 65 230 1Ay end rock e g;g
Clay, sandy. and rock
Cla; A
Saié and clay lgg ggi Clay. saudy ¢ 386
Send, medium 7 365 Comalomerate; water g 20s
Clay, blue 90 &y . sancy |
v 135 >0 Conglomerate broken. wvater 11 456
23/20-35¢cd Sand . coarse vwater 2 408
Sand and rravel 7 70 Clay brown with swmall gravel & 414
Clay . sandy a7 150
Clay streaks with sravel 60 210
Gravel and vhite sand water 140 350
Sand, fine, and clay 50 409



Table 25, --continued

Thick- nick~-
ness  Depth ness Depth
Materizsl (feet) (feet) rlaterial {feet) (feet)
LiITHET YALLEY - -coatinued
20/19-12bc

Lithology un%nown

Sand, fine gravel, and
vellow clay

Sand gravel, and a few
boulders

Boulders

Clay and boulders

Gravel anc sand

Clay, sandy

Sand and sravel

Clay and gravel streaks

Gravel

Clay

Gravel and sand

Boulders

Boulders ., hard, and clay
streaks

Boulders. hard, and clay

Sand, gravel, and clay

Clay and boulders

Sand and gravel

Clay and boulders

Sand and gravel

Clay and boulders

Sand, gravel, and clay breaks

Gravel , sandy

Clay and boulders

Sand and gravel

Clay and boulders

Clay, sandy, and boulders

Sand and some gravel

Clay, sandy, and boulders

Sand and gravel

Clay, sandy. blue

Sand and gravel

Sand. brolken

Shale

Gravel saund, and clay

Shale. hard, sandy

Sand, hard, and cravel

Shale . sandy blue

Sand and shale breaks

Boulders

Sand, herd cemented, and
gravel

Rock

Sand

Clay,

Sand

Sand

Clay.

and broken clay
sandy

and broken clay
and ¢lay

sandy. and sand

154

16

&
10
14
16
16
10
49
17

16

134
120

133
148
162
17Z
194
204
253
274
275
282

285

. 225
2256
309
317
328
330
345
348
353
375
374
402
404
415
438
454
466
468
483
497
533
522
563
575
5&3
617

618

626
627
655
ac4
712
722
7532

[
g

Clay and gravel
Sand, cranitic

Clay
Sand 2ranitic partly
cemented

Clay and sand

S5and, granitic hard tight

Gravel and clay alternating
layers

Shale(?)

Gravel

Shale and clay

Gravel with 2 feet of clay

Gravel and clay

Gravel

Clay

21/19-31cc

Clay

Cravel

Clay

Sand and gravel

Clay

Gravel loose

Clay. firm

Gravzl

Clay

Sand and gravel, loose

Clay

Gravel and clay alternatin-
layers

Clay

Gravel

Clay

Shale(?) . hard

15
139
11

31
35
52

192

40

55
45
25

352

299

b o

59

116
24
11
12
74
77

113

23
47
13
52
115

15
145
156

187
282
334

526
531
571
576
631
676
701
706

352
390
449
487
633
627
€338
650
7124
31
214

937
525
1033
1055
1170



Tahle 25, - coutinued

PP

,Mic - _ ' o N Thicis:
nes Tentn : ‘ o . ress . tenth
i‘aterial (Iep;; (Le: g) - eterianl ;_,," (’eet\_ﬁfeet)
S000TeL LTI TALLLY
20/2%-3ca 21/ made
Granite, deconposec L5 45 Alluviuwm V 17 17
Granite, boulders ' ' femé coarse : ' 21 38
aecomposed 15 &0 Claw brom T 15 54
Granite ‘voulders. i coarce : 1 55
decompozed - and sone _ silty 1" 95
blue clay g 25 27 Acoarue S 27 122
Clay sandy, Llue S RS R s nd sand  alternatinn :
Pocks, sand clay S 15 1rar TdVﬂr" ' 33 155
Sand »lue clay 5 175 Clay wostly : 7 222
Sand, tlue clay ond soume “emd and clay . zlternating
boulcers » 5 112 layerc 27 249
Sand, blue clay, zad sone Clay - mo:tly 74 323
aravel L - 375 A5 Tane WOPt]V : 37 369
Sand .very fine eaud Llue _ _ Clay ‘hron. ;' 33 - 333
clay 547G Cead oot clay, altervati
Clay blue - 1 527 layern: ~ 74 457
Sand fine; aad blue clay 155 065 lrstone. cray , 41 508
Clay blue, and meulusn sand 115 773 Saue and siltstone S 23 528
Sand. coarse. @nd wiror “anc  cosrse _ 65 594
strezis of Llue clay 54 29  Cand ane siltstone
Saud  coarse. clay streaks . zlternating layers - 134 728
and boulders 15 235 gand 3 752
, Loulders, clay, aad saad ' Ziltstone, rray 12 774
- (hard drilling) 5 “4Y  Sana : L7 £321
* Boulders sand, and minor clzy < S48

3U VALLLY
20/20-15ab

29/25-1%a0
Clay, vellos to sray. inter

bedded with fine sand - 3704 e 501% 3 3
“Lava cappins . 57 35y  -fTOsEn ﬁ 7
Clay snd sand . 920 570 Cravel . o 15
Gravel o . 30 53, Cluy . sordy  brown 72 27

S v ~ Craval wmedium  water 7 04

20/25-21a5 o . Clay saucy : 46 149

lay brown. snd alluvial ~ ‘ Gravel  snall water 5 146

rock oo _ , 1 o1 Ssndstone 5 154
Rock brom S : ‘< ;7 CGraval cerented 2 162
Clay i }73110’3‘7 ’ 54 146 OC‘! .oaars % 17¢
Rock, brolen gray water 7 152 23/20-17da
Band black and rravel water 5 15¢ S
Pock, hart Dblzel; water 21 174 Toz fOil ’ 2 Z.
Sand. water 2 101 cc8rupam 4 6
Poc’. shelf 5 106 Granite, ceacomposed 14 20
Sand; vater 2 1,6 Clav aandy and. saad 15 35
Rock aard and soft Dblach - Clﬁ? . 25 ?3

water 5 196  “aund  water searlag coarse 26 56
Clay,6 sandy yellow 3 129 Clay 10 6
Clay, blue 11 212

5.,
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LIST OF PUBLISHED REPORTS IN THE

WATER RESOURCES - RECONNAISSANCE SERIES

Report Report
No. vValley No. valley
1 Newark {out of print) 27 L.ower Meadow  Patterson
2 Pine (out of print) Spring (near Panaca) -
3 Long (out of print) Panaca
4 Pine Forest (out of print) fagle Clover
5 Imlay area (out of print) Dry
6 Diamond (out of print) 28 sSmith Creek and Ione
7 Desert 29 Grass (near Winnemucca)
8 Independence 30 Monitor, Antelope, and
¢ Gabbs Kobeh
10 Sarcobatus and Oasis 31 Upper Reese
11 Hualapai Flat 32 Lovelock
12 Ralston and Stonecabin 33 Spring (near Ely) (out of
13 Cave print)
14 Amargosa 34 Snake (out of print)
15 Long Surprise Hamlin
Massacre Lake Coleman Antelope
Moscguito Guano Pleasant
Boulder Ferguson Desert
16 Dry Lake and Delamar 35 Huntington (out of print)
17 Duck Lake Dixie Flat
13 Garden and Coal Whitesage Flat
1¢ Middle Reese and Antelope 36 Eldorado - Piute Valley
2C Black Rock Desert {(Nevada and California)
Granite Basin ,3ummit Lak
High Rock Lake 37 Grass and Carico Lake
21 Pahranagat and Pahroc (Lander and Iurceka Counties!
22 Pueblo Continental Lalke 33 Little Smoky oo Lo
Virgin Gridley Lake o Hot Creek, Little Fish Lake
23 Dixie Stingaree 3¢ EBagle Valley, (Ormsby Count
Fairview Pleasant 20 Waiker Lake Area, Whiskey
Eastgate Jersey Flat, Rawhide Flats
Cowkick (Mineral, Lyon, Churchill
24 lLake Counties)
25 Coyote Spring 41 Washoe Valley
Kane Spring 4.2 Steptoe valley
Muddy Rivexr Springs (ithite Pine and Elko
26 Edwards Creek Counties)
43 Warm Springs-LemmonValley

70.

area (Washoe County)
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PLATE 1.—GENERALIZED HYDROGEOLOGIC MAP CF THE WARM SPRINGS-LEMMON VALLEY AREA,
WASHOE COUNTY, NEVADA AND LASBEN COUNTY, CALIFORNIA
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