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GEOLOGY AND WATER RESOURCES OF SMITH VALLEY,
LYON AND DOUGLAS COUNTIES, NEVADA

By O. J. Loeurz anp T. E. EakIn

. ABSTRACT

Smith Valley, in the Great Basin section of the Basin and Range province,
lies about 35 miles east of the obtuse angle of the Nevada-California boundary.
It has an area of about 510 square miles. Most of the valley is in Lyon County,
but a small part along the west side is in Douglas County.

Farming and ranching are the principal activities. About 12,000 acres of
cultivated land and about 7,000 acres of pasture land are irrigated annually.
The water is supplied principally by diversion canals from the West Walker River.

The valley is enclosed by mountains except for Hoye Canyon, which transects
the Pine Nut Range on the west, and Wilson Canyon, which cuts the Singatze
Range on the east. The West Walker River, with headwaters in the Sierra
Nevada, flows eastward across Smith Valley, entering through Hoye Canyon and
leaving through Wilson Canyon.

The average annual flow of the West Walker River at the mouth of Hoye
Canyon is about 180,000 acre-feect. Diversions from the river for irrigation in the
valley range from about 50,000 to 100,000 acre-feet annually and average about
66,000 acre-feet for the period of record.

Precipitation on the valley floor averages about 7% inches annually but is
greater in the fringing mountains, particularly the Pine Nut Range on the west
and the Sweetwater Mountains on the south.

Voleanic and associated rocks predominate in the mountains surrounding the
valley and range in age from Triassic to late Tertiary. The Triassic rocks were
intruded and locally metamorphosed by granitic rocks of Cretaceous age. Fault-
ing during and after the intensive activity provided avenues along which ore-
bearing solutions entered the older rocks. Tertiary rocks in the mountains are
largely volcanic but include some fluvial gravels and, in areas that were topograph-
ically low in at least late Tertiary time, fine grain sediments. Quaternary
sediments deposited in the basin of Smith Valley principally are fine-grained, but
coarse stream gravels have been observed in the valley, at least locally, adjacent
to the West Walker River.

The Mesozoic rocks generally do not transmit ground water freely. The con-
glomerate at the base of the Tertiary rocks—the loosely cemented gravel below
the basaltic lava and broken zones within the Tertiary basalt—are believed to
be capable of transmitting water freely. However, the distribution and extent
of these rocks beneath the fill in Smith Valley, where they would be expected to be
saturated, are not known.

1



2 GEOLOGY AND WATER RESOURCES OF SMITH VALLEY, NEVADA

The valley fill has a known maximum thickness of more than 500 feet. In
general, it is relatively fine grained but locally contains beds of sand and grit, and
probably beds of coarser sediments along the margins of the valley floor.

Ground water occurs in the valley fill under both unconfined (water-table) and
confined (artesian) conditions. Unconfined ground water generally is found at
rather shallow depths in the irrigated areas and near the perimeter of the alkali
flat at the north end of the valley.

Confined ground water occurs in most parts of the valley floor at shallow to
moderate depths, but the artesian pressure is not everywhere sufficient to produce
flowing wells, High land just north of the West Walker River divides the valley
into two areas of artesian flow. The larger area, about 31 square miles, lies in
the north end of the valley. The other area, about 11} square miles, is in general
south of and adjacent to the West Walker River. The latter area of flow has
increased considerably since about 1920 probably owing to increased recharge
from additional water diverted for irrigation after Topaz reservoir was incorpo-
rated into the distribution system in 1922.

The total quantity of ground water discharged from Smith Valley probably
exceeds 25,000 acre-feet annually. Of this amount about 3,000 acre-feet is dis-
charged by flowing and pumped wells, 1,000 acre-feet by springs, and a few
thousand acre-feet by evaporation from the land surface and transpiration of
native vegetation. About 18,000 acre-feet is discharged into the West Walker
River.

Although it is possible to salvage a large part of the 18,000 acre-feet it may not
be practical to do so for legal and other reasons. Several thousand acre-feet of
artesian water could be withdrawn each year south of the river without seriously
lowering the piezometrie surface provided that the withdrawal is not concentrated
in a small area. An additional thousand acre-feet or more of ground water
satisfactory for irrigation probably could be developed in the northern part of
the valley.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

This report on Smith Valley is the result of one of a series of valley
or area studies made under a Statewide cooperative program by the
United States Geological Survey and the State Engineer of Nevada
for the evaluation of the ground-water resources of the State. The
State is represented in the joint program by Hugh A. Shamberger,
State Engineer, and the work is under the direction of Thomas W.
Robinson, District Engineer of the Ground Water Branch of the
Federal Survey in Nevada.

At the request of the State Engineer, investigation of the valley
was begun in February 1948. A reconnaissance of the geology of the
valley was started in the summer of 1949 by D. A. Phoenix and the
geology was further studied in August 1950 by the junior author,
who prepared the section on geology. The senior author did the field
work on the hydrologic phases of the investigation and prepared
sections of the report other than that on geology. At various times
the authors were assisted in the field by their colleagues, T. W. Robin-
son, D. A. Phoenix, and J. L. Poole.
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Discussion of ground water—the occurrence, movement, chemical
quality, recharge, utilization, and discharge of confined, unconfined,
and spring water—forms the principal part of thisreport. The geology
and water-bearing characteristics of the rocks are discussed in the
report, as the geology is a prime factor in the occurrence and move-
ment of ground water. Inflow, utilization, and outflow of surface
water and its influence on ground water are outlined.

ACKNOWLEDGMENTS

The cooperation of all the residents of the valley in supplying data
concerning their wells and allowing measurements and tests to be
made is very much appreciated. Especial thanks are due Mrs. W. E.
Allen and Fred Fulstone for allowing water-stage recorders to be
installed on their wells, and Messrs. A. A. Chisholm and John Allen,
who serviced the recorders. The writers also wish to thank the staffs
of the Bureau of Land Management, the Soil Conservation Service,
the Sierra Pacific Power Co., and the Walker River Irrigation District
for the valuable data they supplied.

GEOGRAPHICAL SKETCH

Smith Valley is in the western part of Nevada, the central part of
the valley being about 35 miles east of the obtuse angle of the Nevada-
California boundary (see fig. 1). Most of the valley proper lies in
Lyon County, but a small part along the western side is in Douglas
County. The valley floor is elliptical, and the major axis trends
north. It is about 23 miles long and 10 miles wide.

Wellington, a small community at the southwest side of the valley,
is near the mouth of Hoye Canyon, through which the West Walker
River enters the valley. The town is a local supply center for the
ranchers and farmers of the valley.

Central, another small community, is in the south-central part of
the valley. It also serves as a local supply center for the ranchers
and farmers. A consolidated public high school and a grammar
school there afford educational opportunities.

Smith Valley is an important farming and ranching district. Plate
3, showing land use, indicates that about 12,000 acres of cultivated
land is irrigated. Of the remaining 11,000 acres delimited, about
7,000 acres is irrigated pasture land. Irrigation of these lands is
accomplished largely by diversions of water from the West Walker
River.

Mining today is inconsequential as compared to that of the past.
The Nevada Copper Belt Railroad, which was abandoned in 1947,
ran south from the Ludwig copper mine along the west side of the
Singatze Range through Wilson Canyon and thence northward to
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INTRODUCTION 5

Wabuska in Mason Valley, where it connected with the Southern
Pacific Co. railroad. Extensive low-grade copper deposits are re-
ported still to exist in the Singatze Range. Gypsum, of a commercial
grade, and some iron ore and placer gold are found on the west slope
of the Singatze Range. There are small gold-bearing quartz veins in
the Pine Nut Range. Tungsten, copper, lead, zine, and silver are
known to occur in the southern part of the drainage basin, and there
has been some production in the area.

State Highway 3, a bituminous-surfaced road, enters Smith Valley
about 1 mile northwest of Wellington, continues northeast to Central,
and then east, leaving the valley via Wilson Canyon. It forms a 40-
mile link between U. S. Highways 395 and 95A. State Highway 22,
another bituminous-surfaced road, extends southeast from Wellington
to Bridgeport, Calif., 40 miles distant, where it joins U. S. Highway
395. Access to the developed part of the valley is made easy by a net-
work of well-graded gravel roads.

HISTORICAL SKETCH

The following historical sketch is based largely on T. B. Smith’s
account (1881, pp. 412—413)! of the settlement of Smith Valley.

In August 1859 a party of herdsmen from Stanislaus County,
Calif., consisting of R. B. Smith, T. B. Smith, S. Baldwin, and J. A.
Rogers, decided to settle in the valley because it appeared to be a
good place to winter stock. The valley was named Smith Valley in
honor of the two men by that name. The first winter, a very severe
one, was spent in a house built of tules near the center of the valley
on the banks of the West Walker River.

In the summer of 1860 J. B. Lobdel, a farmer, arrived and settled
about 6 miles south of the original camp. In the spring of 1861 he
put in a crop of vegetables and barley, which he irrigated with water
from Desert Creek, a small mountain stream. This was the pioneer
crop. Soon after Lobdel made his settlement W. L. Hall and D. C.
Simpson started a ranch 5 miles farther south. Soon after, Wright
and Hamilton built a stage station at the site of Wellington. Daniel
Wellington bought it in 1863 and established a post office there in
1865; subsequently it became an important stage station.

Lobdel’s success in raising crops, and the greatly increased demand
for farm products owing to a rapid growth in mining activities near
Aurora, caused farming to become the leading industry. The first
ditch, 4 miles in length, was constructed in 1862 by the two farming
companies, Fuller & Mitchell and Hall & Simpson. Hall & Simpson

1 See references, p. 88.
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found a ditch half a mile long on their property when they first settled
in the valley, which they thought the Indians had used for irrigation.
In 1863 the Smith Co. built a ditch, also 4 miles long, to supply water
to farms north of Wellington. In 1864 an incorporated company
built 7 miles of the West Walker ditch, at a cost of $4,000, to supply
water to about 1,500 acres of land a mile or two northeast of the area
served by the Smith Co. ditch. In the same year Wellington built a
ditch 2 miles long. In 1876 a capacious ditch 8 miles long was built
to irrigate the ranches of M. C. Gardner and J. Irwin. It ran along
the side of a very precipitous hill for 4 miles and may have been the
beginning of either the Saroni or the Plymouth Canal. Prior to 1881
a large ditch owned by Hall & Simpson, J. N. Mann, and M. C.
Gardner & Co. was being constructed on the north side of the river.
It was to be about 8 miles long, and was to supply water to four or
five thousand acres of land. Two reservoirs were to be incorporated
into the system to provide water during low flows of the river. This
ditch was probably the beginning of the Colony Canal.

The north end of the valley was first settled in 1860 by J. C. Hinds.
He operated a ranch and hotel resort at Hinds Hot Springs, then cele-
brated for the medicinal properties of the water.

About 6,000 acres of land were cultivated in the valley prior to 1881.
The staple product was hay, the greater part of which was alfalfa.
Yields averaged 4 tons per acre. Vegetables, such as corn, potatoes,
and melons were grown successfully also. Several orchards were
planted and in years of favorable weather produced fruit of premium
quality.

From the early history of the valley, as written by T. B. Smith
(1881), one can see that the valley was an important agricultural dis-
trict within a few years after the first settlers came to the region.
Some historians give the credit for the early settlement of Smith Val-
ley, and of Mason Valley to the east, to newly discovered mining dis-
tricts. Of these, Aurora, a gold mining camp about 40 miles to the
southeast, probably had the greatest influence on the early and rapid
settlement of Smith Valley.

The agricultural activities of the valley continued to increase
throughout the 90’s and into the 20th century. Eventually so much
water was being diverted from the West Walker River that down-
stream users were pleading infringement of rights. The rights to the
natural flow of the Walker River were adjudicated and set forth in
Decree 731 of the United States District Court for the District of
Nevada on March 3, 1919. In order to administer properly the river
diversions, the Walker River Irrigation District was organized on
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April 14, 1919. The district comprises all the irrigable lands of the
Walker River system in the State of Nevada, except for those on the
Walker River Indian Reservation.

The continued application of large quantities of water for irrigation
has caused serious drainage problems in some areas. To remedy con-
ditions that were more or less local, improvement districts were organ-
ized. These districts ordinarily obtained necessary funds by a bond
issue lienable only against the areas affected.

In order to increase the availability of water when needed, Topaz
Reservoir, a natural off-stream reservoir with a usable capacity of
about 45,000 acre-feet, was incorporated into the distribution system
in 1922. The reservoir is near the west side of Antelope Valley and
about 10 miles southwest of Smith Valley. The initial work, financed
by a bond issue of $424,500, was augmented in 1937 by the construc-
tion of an earth-fill rock-faced levee. This increased the capacity of
the reservoir to about 59,000 acre-feet.

The use of surface water after completion of Topaz Reservoir fell
into a more or less fixed pattern. Ground-water development prior
to 1948 was confined almost wholly to the utilization of water from
small-diameter wells for domestic and stock use. In 1948, however,
several newly drilled wells when pumped proved to be satisfactory
sources of water for irrigation.

CLIMATE

The climate of Smith Valley is arid to semiarid. Precipitation on
the valley floor averages about 7% inches annually, and evaporation
rates are probably between 50 and 60 inches a year. Inasmuch as
only a small percentage of the annual precipitation occurs during the
late spring and summer months, it is almost always necessary to irri-
gate all crops, even those having low water requirements. The rela-
tive humidity is normally low, and there 1s an abundance of sunshine.
The prevailing wind is westerly and is strongest during late spring

and early summer.
PRECIPITATION

The U. S. Weather Bureau records precipitation at the Wellington
ranger station, near the south end of the valley floor, and at Smith,
about 1 mile north of Central, Nev.

Table 1, showing precipitation data for the Wellington ranger
station, was compiled from records of the U. S. Weather Bureau.
The period of record is too short to establish a ‘“normal”’ and the
average monthly and annual precipitation rates given should be used
with caution,
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TaBLE 1.—Precipitation, in inches, during the period 1943—49, at Wellington ranger
station, Lyon County, Nev., from records of U. S. Weather Bureau

[Altitude 4,850 feet; location, SEY4 sec. 2, T. 10 N., R. 23 E.]

Monthly
1943 1944 1945 1946 1947 1948 1949 average

January__ . _________ 3.46 1.03 Tr. 0.20 0.10 0.02 1.13 0.85
February. _ .68 1.42 3.97 .36 .43 .51 .61 1.14
March 1.93 75 2.40 21 .27 42 69 95
April 40 35 .04 .19 76 10 34
May 10 47 78 .02 .68 1.21 3.01 90
June 78 09 1.27 .04 .08 30 37
July.. 65 .00 01 1.38 .00 09 02 31
August__.. 00 .00 08 Tr. .35 05 17 09
September. Tr. .00 10 12 Tr. 22 00 06
October______ 27 10 1.81 1.82 .33 62 00 71
November. __ .17 2. 50 .41 4.40 .37 .00 1.46 1.33
December___.____________________ .73 .31 1.56 .05 .18 .52 .34 .53
Total . . 9.33 7.07 | 12.74 8.64 2.98 4.72 7.53 7.58

Table 2 shows the normal monthly and annual precipitation and the
percentage of annual precipitation occurring each month at the station
at Smith. The figures for “normal” were established by the U. S.
Weather Bureau and are used in lieu of listing detailed data for the
42-year period of record.

TABLE 2.—Normal monthly and annual precipitation at Smith, Lyon County,
Nev., 190849, from records of U. S. Weather Bureau

[Altitude 4,800 feet; location, NW148W14 sec. 15, T. 11 N., R. 23 E., until June 1948; NEL4SEL4 sec. 18,
T. 11 N., R. 24 E., after June 1948]

Normal Normal

Month gﬁ’gﬁ:} (percent Month gggﬂ:} (percent
of annual) of annual)
1.15 15.8 || August. . _______.___________. 0.27 3.7
1.02 14.0 || September .16 2.2
.56 7.7 || October____________ .45 6.2
.52 7.1 {| November. . 58 7.9
.57 7.8 || December__________ .99 13.5

.49 6.7

.54 7.4 Annual 7.30 100.0

The months of greatest precipitation are January, February, and
December, each having about 1 inch. August and September are
the months of least precipitation, 0.27 inch and 0.16, respectively.

Figure 2 shows the annual precipitation, in inches, at Smith, as
recorded by the U. S. Weather Bureau for the period 1909 to 1949,
inclusive, and a graph showing the cumulative departure, in inches,
from the mean (or average) annual precipitation for the same period.
The slope of the graph is a measure of the excess or deficiency of pre-
cipitation compared to the average annual precipitation. A positive
or upward slope to the right indicates above-average precipitation,
and a negative or downward slope to the right indicates below-average
precipitation. It will be seen that in general the precipitation dur-
ing the 16-year period 1919-35 was below average, whereas during
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the 11-year period 1935-46 it was above average. The accumulated
excess in the latter period was about 18 inches.

From 1946 to 1949 there was a serious and persistent deficiency in
precipitation, as shown by the accumulated deficiency of 11 inches
during that 3-year period.

These figures are significant because they indicate periods of above-
average and below-average precipitation not only in the valley proper
but in the drainage basins of the West Walker River and Desert
Creek. A series of years in which the precipitation generally is
below average reduces the flow of the streams, which in turn reduces
the amount of water available for irrigation. As a result there is a
reduction in the water available for ground-water recharge.

TEMPERATURE

Long-term records of temperature are not available. The U. S.
Weather Bureau has recorded temperatures at the Wellington ranger
station since July 1942 and at the station at Smith since January
1938. The records at both stations are incomplete. However, using
available data, an average monthly, average maximum monthly,
average minimum monthly, and average annual temperature were
computed for each station. The data are shown in table 3.

TABLE 3.—Average, average maximum, and average minimum monthly and annual
temperatures, in degrees Fahrenheit, at Wellington ranger station and Smith, Nev.
(From records of U. S. Weather Bureaw)

[Wellington ranger station is at an altitude of 4,850 feet; it is located in the SE34 sec. 2, T. 10 N., R.23 E ;
and the length of record was from July 1942 to Dec. 1949, inclusive. Smith is at an altitude of 4,800 feet;
located in the NW14SW14 sec. 15, T. 11 N., R. 23 E., until June 1948, and after June 1948, in the NW1iSE1l4
sec. 18, T. 11 N., R. 24 E.; and the length of record is from Jan. 1938 to Dec. 1949, inclusive]

Wellington ranger station Smith
Month N A R R
verage verage verage verage
Average | ;aximum | minimum Average maximum | minimum
30.5 35.2 13.9 30. 5 36.0 10.6
35.8 42.5 30.7 35.5 40.4 30.6
41.4 45. 4 37.8 41.1 45. 4 34.6
50. 1 53.3 45.2 48.7 52.6 44.8
56.7 60. 5 54.5 55. 4 59.8 52.3
62.0 66. 4 58.2 62,2 68.0 59.0
71.3 75.2 67.4 69. 9 72. 5 66. 5
69.1 72.6 66. 8 67.8 71.2 64.0
63.6 65.1 61.0 60. 4 66.0 55.6
52. 4 55.8 47.2 50.2 53.4 47.2
40.7 47.6 34,9 38.3 43.4 32.6
34.0 38.6 32.6 33.2 39.8 25.7
50.6 515 49.7 49.6 51.8 46.2

As shown in the table, the average annual temperature is about
50° F. Occasional wide differences in minimum daily temperatures
between the two stations were observed. For example, the minimum
temperature on December 2, 1948, was 7° F. at Smith and 37° F. at
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Wellington, which is only 4 miles south and approximately 50 feet
higher—a difference of 30 degrees. On November 8, 1948, correspond-
ing temperatures were 2° and 36° F.—a difference of 34 degrees. It is
possible that occasional wide differences in minimum temperature are
due to the location of the stations. The Wellington ranger station is
close to a fault zone where warm and hot waters are encountered at
shallow depth in wells drilled in the vicinity. Some of the subsurface
heat may reach the land surface and locally maintain abnormally high
air temperatures near the land surface. Inasmuch as the station at
Smith is approximately 50 feet lower, relatively cold, and thus heavier,
air occasionally may envelop it.

The highest temperature recorded at the Wellington ranger station
was 100° F. on July 22, 1942, and the lowest, —18° F. on January 26,
1949. Corresponding extremes at Smith were 102° F. on July 19,
1947, and —27° F. on January 26, 1949.

The average growing season at the Wellington ranger station for
the 7-year period 1943-49, inclusive, was 138 days; whereas at Smith
the average growing season for the 11 years for which records are
available during the 12-year period 1938-49, inclusive, was 101 days.
It is not known which figure more nearly represents the average grow-
ing season for the valley as a whole. It would appear reasonable,
therefore, to assume a mean figure of about 120 days as the average
growing season.

PHYSIOGRAPHY AND DRAINAGE

GENERAL FEATURES

Smith Valley lies in the Great Basin section of the Basin and Range
province, which is characterized by a series of north-trending mountain
ranges and intermontane valleys filled with detrital material washed
from the adjacent mountains.

It is in western Nevada, between 30 and 50 miles eastward from the
angle in Nevada’s western boundary. The drainage basin, exclusive
of that of the West Walker River above Hoye Canyon, is roughly
rectangular in shape and trends north. (See pl. 1.) It is about 40
miles long, averages about 13 miles wide, and has an area of about
510 square miles. For all practical purposes it can be considered to
lie between latitude 38°25’ and 39°05’ north and longitude 119°05’

and 119°30’ west.
MOUNTAINS

The Pine Nut Mountains bordering the west side of the basin are
the most prominent mountains enclosing the valley. Beginning near

Hoye Canyon, southwest of Wellington, and extending northwestward
their crests rapidly increase in altitude from about 5,000 feet to 9,300
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feet at Bald Mountain, 9 miles northwest of Wellington. Crest alti-
tudes of about 9,000 feet persist to Oreana Peak, 4% miles farther
north, where the altitude is 9,380 feet. Northward from Oreana Peak
for a distance of about 7 miles the crest is somewhat lower, generally
between 7,500 and 8,000 feet. In the next 7 miles the crest altitude
is generally more than 8,000 feet, and at Como Peak it reaches 9,000
feet again.

Low-lying spurs from these mountains and the Singatze Range,
which forms the northeastern and eastern boundary of the valley,
merge to form the northern boundary of the valley. Altitudes
generally range from 5,300 to 6,500 feet.

Mount Wilson, in the Singatze Range, about 2 miles north of Wilson
Canyon, has an altitude of 6,801 feet and is the highest point in the
range. Generally, crest altitudes range from 5,300 to 6,500 feet. A
few miles south of Wilson Canyon the crest attains somewhat higher
altitudes and the range merges with the Pine Grove Hills, which
form the southeastern boundary. In these hills, about 8 miles south
of Wilson Canyon, the crest altitude is 8,000 feet; it gradually increases
southward to Lobdell Summit, where it is about 8,500 feet. South-
ward from Lobdell Summit the crest altitudes increase and reach a
maximum of 9,608 feet at an unnamed peak about 8 miles south of
Lobdell Summit. From there the crest swings westward along the
ridge separating Smith Valley and Sweetwater Valley, dropping to an
altitude of almost 6,800 feet in the lowest part of the ridge. Continu-
ing westward it rises rapidly up the slope of the Sweetwater Mountains,
reaching an altitude of about 10,700 feet at an unnamed peak near the
Nevada-California boundary line. The crest then swings southward
for about 6 miles, following the Sweetwater Mountains, at altitude of
about 11,000 feet, culminating in Mount Patterson, with an altitude
of 11,654 feet, the highest point of the boundary. From Mount
Patterson the crest swings westward for about 3 miles at altitudes
above 10,000 feet, and then northward, losing altitude until at the
Nevada-California boundary it is 8,000 feet. Crest altitudes continue
to drop until 10 miles north of the State boundary the altitude is about
7,000 feet. Then follows a rather steep decline to about 5,000 feet
at Hoye Canyon, 3 miles farther north.

The Pine Nut Mountains have relatively steep eastern slopes into
which a number of steep canyons—Burbank and Red Canyons are
most notable—have been cut. The slopes of the mountains bordering
the northern side of the valley are gentle. Slopes along the west
side of the Singatze Range are also relatively gentle except at a few
places near the crest.

The Pine Grove Hills at the southeast corner of the basin are
rugged in few places. However, the Sweetwater Mountains at the
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south end of the drainage basin are rugged and contain several steep-
walled canyons.

ALLUVIAL FANS AND VALLEY FLOOR

Alluvial fans are poorly developed along the west side of the valley.
The Burbank and Red Canyon fans are the largest, although they
extend only about 2 miles from the range front. (See pl. 1.) An
alluvial apron, generally small, separates the range fronts and valley
floor on the north and east sides of the valley. Extensive north.
sloping coalescing fans extend 7 or 8 miles from the mouths of Desert
Creek and Dalzell Canyons. Both these fans contain considerable
amounts of well-rounded, relatively clean gravels which should
provide an excellent opportunity for infiltration of water.

The over-all slope of the valley floor is northward and slightly
westward except where modified by the West Walker River, Desert
Creek, and Dalzell Canyon drainage systems. These drainage sys-
tems have dissected the younger lacustrine deposits and formed
lower-lying subvalleys. Most of the flowing artesian wells south of
the West Walker River are in these lower-lying valleys. North of the
river the land slopes northwestward from 15 to 20 feet per mile to
within about 2 miles of the alkali flat, then drops rather rapidly to the
flat about 100 to 150 feet below. This flat-lying alkali expanse of
about 4 square miles receives practically all the runoff from that part
of the valley north of the West Walker River. Occasionally the flat is
covered with a thin sheet of water when large quantities of canal water
are wasted to the flat or unusually heavy precipitation occurs in the
northern part of the drainage basin. Usually, however, it is a dry,
barren area with small fringes of water near the southern and northern
margins. Sand dunes covering an area of about 3 square miles are
prominent east of the flat.

A group of lakes or ponds known as the Beaman Lakes lie in secs.
11 and 15, T. 11 N, R. 23 E. It is belived that these lakes resulted
from damming, by the coalescing Burbank and Red Canyon fans, of
waste irrigation water, drainage water, and also the small amount of
runoff that normally would flow northward to the alkali flat.
Evidence for this is furnished by the General Land Office township
plats surveyed in 1881, which do not show any lakes or swampy
land in the area now occupied by the lakes. Neither do they show
the Colony Canal, although other canals in existence at the time
of the survey are shown.

In 1948, a drainage ditch was constructed to the West Walker
River to lower the level of the lakes. The slope of the drainage
ditch is opposite to the slope of the land surface, so that although the

247957—53 2
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ditch is only 5 or 6 feet deep at the southernmost or lowest lake, it is
more than 20 feet deep half a mile south of the lake where it passes
under a county road. It is reported that this ditch lowered the lake

level about 7 feet.
STREAMS

The West Walker River, which heads in the Sierra Nevada in Mono
County, Calif., about 40 miles south of Smith Valley proper, is the
principal stream of the valley. It has a drainage area of about 504
square miles above Hoye Canyon, through which it enters the south-
west corner of the valley. The river follows a sinuous course north-
eastward through the valley and leaves it via Wilson Canyon on the
east side.

South of the river from the mouth of Hoye Canyon to the vicinity
of Hudson, the land slopes gently toward the river. On the north
side of the river, in the same reach, a prominent bluff rises about 50
feet above the flood plain. From Hudson to Wilson Canyon, bluffs
of comparable height are on both sides of the river. (See pl. 1.)

After entering the valley the gradient of the river decreases rapidly.
At the mouth of Hoye Canyon it is about 30 feet per mile, whereas
2 miles downstream it is only about 10 feet per mile. The river
meanders at this gradient within a rather narrow flood plain until it
reaches the vicinity of Hudson, where meandering becomes negligible
(pl. 2, figs. 3 and 4) and the gradient increases perceptibly to Wilson
Canyon.

Desert Creek, a much smaller stream, heads near Mount Patterson
in the Sweetwater Mountains in Mono County, Calif., at an altitude
of more than 11,000 feet above sea level. Lobdel Lake, an offstream
natural reservoir in the headwater region, regulates the flow of the
stream, making a large percentage of the annual runoff available for
irrigation.

Desert Creek, draining an area of youthful topography, drops about
3,000 feet in a distance of about 15 miles. It is characterized by many
small rapids and, in many places, deep-cut canyons. It emerges
abruptly from a canyon about 17 miles north of its headwaters and
debouches onto its long alluvial fan at the south end of the valley.
Prior to development of irrigation in the valley, Desert Creek dis-
charged into the West Walker River. However, for many years all
its water has been diverted for irrigation, and none reaches the river
as surface flow.

Minor relatively short streams having steep gradients head in the
Pine Nut Mountains bordering the west side of the valley. Only
those in Burbank and Red Canyons are perennial from their head-
waters to their canyon mouths. The water from these streams is used
as supplemental irrigation water during a few months of the year. All
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other streams are ephemeral and generally flow only during and for a
short time after the snow-melt period in the spring or as a result of
runoff from occasional heavy rains. The streams generally dis-
appear by infiltrating the valley fill. Occasionally the streams at the
north end of the valley discharge onto the alkali flat where the water
evaporates.

GEOLOGY

GENERAL

The rocks in Smith Valley and the enclosing mountains may be
divided into two general groups on the basis of their age, origin, and
type structure, and their influence on the occurrence and movement of
ground water (see pl. 1). These are: (1) the bedrock, consisting of
older sedimentary and igneous rocks in the mountains and the foot-
hills, and (2) the valley fill, consisting of lake beds and alluvial deposits.

The principal study of the older sedimentary and igneous rocks in
the area was made by Knopf (1918) in the Yerington mining district,
which is principally within the Singatze Range. In an earlier report,
Smith (1904) described the general geology of the upper region of the
main Walker River, which included the mountains on the north and
east sides of Smith Valley. Others (including Ransome, 1909; Hill,
1915; Overton, 1947; and Stoddard and Carpenter, 1950) have re-
ported on the geology of mining properties in districts in the Pine Nut
Mountains along the west side of Smith Valley and in the mountains
north, southeast, and southwest of the valley. The geologic sequence
of the older rocks as outlined by Knopf appears to apply generally to
all the mountains enclosing Smith Valley and is adapted for use in
this report.

A reconnaissance study of the valley fill during the course of the
present investigation indicates that the sedimentary deposits under-
lying the floor of the valley range in age from late Tertiary to Recent.

GEOLOGIC HISTORY

The oldest rocks that crop out in the area are of Triassic age. The
sequence of these rocks indicates that about 4,000 feet of andesitic
and dacitic lava, breccia, and tuff were erupted, and these were
followed by about 1,200 feet of soda-rich rhyolite lava and tuff. Sub-
sequently the area subsided beneath the sea, and limestone, sand-
stone, and some shale were deposited. The marine sequence includes
a 450-foot bed of gypsum (anhydrite at depth) and occasional layers
of volcanic rocks.

Folding and, probably, faulting of the Triassic rocks accompanied
or preceded a series of intrusions by Cretaceous granitic rocks. The
most widespread of these intrusives, at least in the Singatze Range,
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is quartz monzonite. In this process the adjacent Triassic rocks
were intensely metamorphosed. Faulting also occurred during and
after the intrusive activity, providing avenues along which ore-
bearing solutions entered the rocks.

The intrusive and related activity was followed by a long period of
erosion which removed a large volume of the Triassic rocks, to the
extent that large areas of the intrusive rocks were exposed and
eroded. It islikely that this erosion reduced the area to one of moder-
ate or low relief. The eroded surface was mantled, at least locally,
by fluvial deposits.

Volcanic eruptions resumed, possibly in Miocene time, with the
extrusion of a flow of glassy latite which was followed in succession by
perhaps 500 feet of quartz-latite flows, and approximately 4,000 feet of
rhyolitic tuffs, breccias, and flows, of which the pyroclastics were
dominant.

Subsequent to the deposition of these volcanic rocks strong dias-
trophism resulted in considerable displacement by faulting and re-
lated tilting of the Tertiary rocks. The deformation apparently
developed basins—larger than present-day basins—in which alluvial
detritus and lacustrine sediments were deposited.

Erosion of the rhyolitic rocks in the higher areas was followed by
an eruption of andesitic rocks, including about 1,400 feet of breccia
overlain by about 300 feet of lava flows, which were laid down with
angular unconformity on the older Tertiary volcanic rocks.

After the andesitic eruptions erosion in the exposed areas resulted
in the deposition of detritus in relatively low areas. Locally exposures
in the Singatze Range indicate a thickness of as much as 300 feet of
gravel (probably fanglomerate). The latest volcanism in the area
resulted in a series of basalt flows.

Fine-grained sediments, in part lacustrine, were deposited in basins
contemporaneously with the voleanic activity that produced the
andesitic and basaltic rocks in the mountain area. These sediments,
termed older valley fill, are now exposed, in part, in the crest areas
of the mountains south of Wilson Canyon, high on the west flank of
the mountains south of Hoye Canyon, and in Churchill Canyon at
the north end of the valley.

After the latest basaltic extrusion, faulting and relatively simple
tilting outlined the present basins. The faulting is developed no-
tably along the eastern bases of the Pine Nut Mountains and the
Singatze Range, although faulting probably occurred contempora-
neously elsewhere. According to Knopf (1918, p. 30) the faulting
marked the beginning of Quaternary time. Actually, although the
beginning of this faulting may have marked the start of Quaternary
time, it appears to have continued intermittently to the present.
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Deposition and erosion in Smith Valley during Quaternary time
almost surely have been controlled by a combination of faulting,
which interrupted the through drainage, and climatic variations.
This combination alternately increased and decreased stream activity,
which in turn increased and decreased the carrying and erosion
capacity of the streams. Thus, although the complete detail has not
been worked out, the following approximate sequence is indicated in
Smith Valley.

With the formation of the basin of Smith Valley, erosion along the
marginal areas dissected or partly beveled the older valley fill. Pre-
dominantly fine-grained sediments of the younger valley fill were
deposited in this basin, partly in lakes and partly along streams.
These sediments include alternating layers of sandy silt, silt, and clay
and occasional layers of fine- to medium-grained sand and, locally,
gravel. At one locality (see p. 22) the upper part of this younger
valley fill, which may have a maximum thickness of about 100 feet,
consists of a bed of river cobble gravel perhaps 5 feet thick, overlain
by fine-grained thin-bedded sediments 15 feet thick, which in turn are
overlain by a bed of river cobble gravel about 10 feet thick. The
sequence suggests that, for a large part of Quaternary time, there
was little or no drainage from the valley, and predominantly fine-
grained sediments about 70 feet thick were deposited. However,
near the end of this depositional phase, stream activity was greatly
increased and through-drainage was developed for a short time, as
indicated by the 5-foot bed of river cobble gravel. Through-drainage
did not last, or else the stream shifted, and deposition of fine-grained
sediments was resumed. The top layer of cobble gravel indicates
that through-drainage was again established and apparently has been
maintained since. Temporary periods during which the streams
flowed at grade are indicated by intermediate terrace levels along the
present West Walker River in the vicinity of Hudson.

Evidence of the existence of at least one lake in the valley is indicated
by a narrow wave-cut bench in bedrock, and an associated bar, in sec.
23, T. 13 N,, R. 23 E., and by an offshore bar in sec. 17, T. 13 N., R.
24 E., both in the northern part of the valley. Similar wave-cut
benches, though not so obvious, are present on the bedrock hills.in
secs. 23 and 24, T. 13 N, R. 23 E,, and in the west-central part of T.
12N.,R.24 E. These features lie between about 4,850 and 4,900 feet
above sea level, according to the topographic map of the Wellington
quadrangle. Beach features at this approximate altitude were not
observed elsewhere, suggesting either that they were not formed or
that they have been destroyed.

It appears that the river has not cut far below its present level in
Quaternary time, and river sediments of Recent age are essentially
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only a mantle along the flood plain. Dissection of the valley fill by
the West Walker River and tributary drainage, particularly from
Desert Creek and Dalzell Canyon, has effectively removed much of the
younger valley fill from the area south of the river.

Erosion in the tributary canyons along the west side of the valley
and in Desert Creek and Dalzell Canyons has resulted in deposition
of detritus on their respective fans. Some deposition has occurred on
the playa, and Recent sand dunes have been formed east and northeast
of the alkali flat. At other localities Recent deposition has been minor.
Relatively recent faulting has occurred in the vicinity of Hinds Hot
Springs and possibly south and southeast of the playa.

PHYSICAL CHARACTERISTICS AND WATER-BEARING PROPER-
TIES OF THE ROCKS

BEDROCK

The oldest rocks in the area crop out in the mountains and include
andesitic and soda-rhyolite lavas, limestone, and lesser amounts of
quartzite, shale, and gypsum, totaling at least 8,000 feet in thickness.
Limited fossil evidence indicates that these rocks are of Triassic age.

The Triassic rocks were profoundly altered by intrusive rocks—
mainly quartz monzonite and granodiorite—into lime-silicate rocks
including much garnetite and lesser amounts of wollastonite, tremolite,
and vesuvianite, epidote, diopside, and other minerals. Ore-forming
solutions produced primary sulfides of iron and copper, and other
minerals in many areas, but only at a few localities were they of com-
mercial importance.

The Mesozoic rocks are dominant in the Singatze Range from the
vicinity of Wilson Canyon to about latitude 39° N., and also in the Pine
Nut Mountains from about the same latitude to the vicinity of Hoye
Canyon. In the other mountain areas around Smith Valley the
Mesozoic rocks may be locally prominent, but more generally the
Tertiary volcanic rocks form the principal exposures.

The general character of the Mesozoic rocks is such that they prob-
ably do not transmit water freely. Solution openings in limestone
which transmit large quantities of water in other areas in the State,
such as in the Egan and Snake Ranges in eastern Nevada, apparently
are not present in the Singatze Range or Pine Nut Mountains. This
may be due, in part, to the intense alteration of limestones and other
Mesozoic rocks in this area. Some water probably is concentrated
locally in the Mesozoic rocks in joints or in crushed areas adjacent to
faults. Such concentration of water could cause difficulties in mining
operations. Generally, however, these rocks act as barriers to ground-
water movement, and precipitation that falls on the adjacent flanks
of the mountains is diverted into the valley.
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Tertiary rocks unconformably overlie the Mesozoic rocks and in
the Yerington district (in the Singatze Range) their sequence is as
follows: basal fluvial conglomerate, at least locally; a quartz-latite
lava series; a thick rhyolite series of tuff, breccia, and flow rock;
andesitic breccia; andesitic flows; a loosely cemented gravel; and, at
the top of the series, several basalt flows. The Tertiary section, which
is dominantly volcanic, in the Singatze Range has an aggregate
thickness of about 7,000 feet.

These Tertiary rocks are predominant in the Singatze Range and
the Pine Nut Mountains north of about latitude 39° N., and in the
mountains south of Wilson and Hoye Canyons. In the vicinity of
Wilson and Hoye Canyons fine-grained thin-bedded sediments are
interbedded, in part, with the volcanics. In the valley the exposed
Tertiary section consists entirely of fine-grained sediments which
apparently were deposited under lake or playa conditions. Thus the
bulk of the older part of the valley fill—late Tertiary in age—appar-
ently is composed largely of fine-grained sediments.

The Tertiary flow rocks in the mountains are capable of trans-
mitting some water through fractures. It is believed that the quartz-
latite, rhyolite, and andesite flows ordinarily do not have scoriaceous
or broken zones at their top or bottom which might act as aquifers
below the zone of saturation. The basalt flows at the top of the
volcanic sequence are more likely to be separated by such zones
and these would be good aquifers if the basalt were in the valley
and below the water table.

The pyroclastic rocks and fine-grained sediments should transmit
at least small amounts of water unless consolidation or cementation
has reduced their original permeability; they have not been studied
thoroughly enough to settle this point.

The conglomerate at the base of the Tertiary rocks and the loosely
cemented gravel below the basaltic lavas may be the most permeable
of the Tertiary rocks in the mountains. However, the probable
limited areal extent of these fluvial beds, particularly beneath the
floor of Smith Valley, reduces their potential value as aquifers.

VALLEY FILL

Sedimentary deposits beneath the floor of the valley range in age
from late Tertiary to Recent. The older valley fill is exposed in
Wilson Canyon and beyond it for about a mile into the valley, locally
in a bluff on the south side of the river about half a mile southeast of
Hudson, and in Hoye Canyon, principally in the upstream or western
part.

The sediments of the older valley fill generally are rather fine-
grained but range from clay to coarse sand and some gravel. In
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the western part of Wilson Canyon the effect of rapid variations in
local deposition is shown by the presence of interfingering layers of
fanglomerate containing fragments of the local volcanic rocks and
quartz monzonite. Approximately 3 miles south of Wilson Canyon,
in about sec. 31, T. 11 N, R. 25 E., at least two beds of sand and
grit are exposed in a bluff along a wash. They are 4 to 6 feet thick,
black, cemented with calcium carbonate(?), relatively resistant to
erosion, and consist of fine- to coarse-grained sand with small areas
of grit or fine gravel which is, in part, cemented with limonite. The
associated sediments are generally light-colored, gray and buff fine-
grained sand and sandy silt, and some layers of coarser sand. On
the south and southwest side of the same wash nearly spherical
pebbles about 1 inch in diameter were noted in the surface debris;
these were obviously derived from a bed in the older valley fill.
However, the thickness of the gravel layer is probably not more than
1 or 2 feet.

About half a mile southeast of Hudson the older fill is exposed in
a nearly vertical bluff cut by the river. (See fig. 3.) Here it is com-
monly sandy to silty material and occasionally coarser layers; the
beds are usually no more than 2 or 3 feet thick and frequently less
than 1 foot thick; and the color is generally a medium to light gray.
These beds are slightly tilted and dip westward 3° to 5°. Overlying
the older valley fill at this locality are nearly horizontal beds of the
younger valley fill. There is a basal gravel ranging from a little less
than 1 to about 5 feet in thickness. The thickness is variable and
the gravel probably is not continuous throughout the valley. Above
the basal gravel are beds of sand, sandy silt, silt, some clay, and gravel.
The bulk of these deposits is rather fine grained and is in beds as much
as 3 feet thick, but there are numerous layers only a few inches thick.
The sediments are generally nearly white but range from buff to light
gray. Inthe SW¥sec. 14, T. 11 N., R. 24 E., a tributary drainageway
immediately west of the gravel pit shown in figure 3 exposes what
apparently is the top of the younger valley fill in this part of the
valley. At this locality the uppermost bed is a cobble gravel 5 to 10
feet thick, lightly consolidated and with only a slight amount of
caliche cement on the individual pebbles and cobbles in the upper 1
or 2 feet of the bed. The cobbles are usually less than 6 inches in
diameter and average 3 to 4 inches. A relatively small amount of
sand is present also. The well-rounded shape of the cobbles indicates
deposition in a stream of moderate size—the size of material isabout the
same as that in the beds of the West Walker River in Wilson and Hoye
Canyons at the present time. These cobble gravels, which apparently
were deposited in a stream crossing an open valley, may well indicate
a stream much larger than the present West Walker River.
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Beneath the surficial cobble gravel is about 15 feet of fine-grained
thin-bedded sediments, and these overlie another gravel bed only
about 5 feet thick but otherwise similar to the upper gravel. Such a
sequence has not been noted at any other locality. To the south a
slight break in the north slope occurs near the highway, south of
which the surficial Quaternary material is a fanglomerate which ap-
parently overlies unconformably the older valley fill. Southwest
toward Hoye Canyon erosion by streams issuing from Desert Creek
and Dalzell Canyons appears to have removed most of the material
that once may have lain at the same level as the cobble gravel. To
the north and northwest the material represented by the cobble
horizon either has been completely stripped, or was never deposited.
It is more likely that the cobble gravel represents a segment of an
older and more narrow channel of the West Walker River. The
course of the streamway may have been parallel to, though somewhat
south of, the present river. If this is so, high-level stream gravels of
a through-flowing stream would not be expected at any great distance
from the present course of the West Walker River.

Younger valley fill in the central part of the valley is exposed in the
bluff at the south end of the alkali flat, at the north end of the valley,
and in a large part of secs. 7, 8, and 18, T. 12 N., R. 24 E., southeast
of the alkali flat. Smaller exposures of the younger valley fill were
noted in some road cuts along the west side of the valley, and in breaks
in slope in the central part of the valley south of the alkali flat. In
most of these the sediments are predominantly fine-grained lacustrine
deposits.

Alluvial-fan deposits are important locally. These deposits are
principally those laid down by streams draining Red and Burbank
Canyons, on the west side of the valley, and Desert Creek and Dalzell
Canyons, on the south side of the valley. It is likely that the bulk
of the sediments making up these fans are contemporaneous with the
lacustrine deposits of the younger fill, but the surficial parts of these
fans are younger.

Deposits of Recent age include surficial flood-plain sediments along
the West Walker River, the mantling deposits of the alluvial fans
along the west side and south end of the valley, wash material along
the many normally dry drainageways, fine-grained sediments and
saline deposits forming the alkali flat, and dune sand principally in
the area east and northeast of the alkali flat but locally elsewhere.

The full thickness of the late Tertiary and Quaternary fill beneath
the valley floor is not known. Well 12/23-24CC22 (for location see
pl. 2), in the north-central part of the valley, reportedly was drilled
to a depth of 500 feet, and was still in valley fill at the bottom. Ac-

2 See well-numbering system, p. 62.
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cording to the driller’s log, well 11/23-3DC1 penetrated 3 feet of bed-
rock beginning at 272 feet below land surface. Also, well 10/24-4CD1,
about 3 miles east of Wellington, may have bottomed on bedrock at
250 feet. However, well 11/24-32DC1, 1} miles north-northwest,
reached a depth of 390 feet without encountering bedrock, and well
10/29-5CB1, 1 mile northwest, is reported to be 480 feet deep and to
bottom in sediments. The bedrock hills of intrusive rock in the west-
central part of T. 12 N., R. 24 E., show that the depth of fill is not
great in that vicinity. On the basis of the general physiographic and
geologic characteristics of Smith Valley, it is believed that the com-
bined thickness of the older and younger valley fill may be greatest
in a narrow, north-trending area in the west-central part of the valley,
where it is probably more than 500 feet. The thickness of the lacus-
trine and fluvial sediments of the younger valley fill near Hudson
approximates 100 feet, and this may represent about the full thickness
of these deposits in the central part of the valley. The younger fill,
at the edges of the valley including fan deposits beneath the fans of
Red and Burbank Canyons and those of Desert Creek and Dalzell
Canyons, may have a maximum thickness of much more than 100
feet.

Wells of moderate to large capacity have been obtained in the
SW¥sec. 4, T.10 N, R. 24 E., the SE}, sec. 3, T. 11 N, R. 23 E., the
SE}isec. 32, T. 11 N, R. 24 E., and the SW} sec. 25, T. 13 N., R. 23 E.
These wells range in depth from 250 to about 560 feet. Wells 10/24-
4CD1 and 11/24-23DC1 are in an area underlain by sediments derived
from Desert Creek or Dalzell Canyons, 11/23—3DC1 is on the Burbank-
Red Canyon fan, and 13/23-25CB1 is on the lower alluvial slope north
of the playa. All, except possibly well 13/23-25CB1, are in areas
where the permeability probably is greater than average for valley-fill
sediments in Smith Valley, whether the fill is of Tertiary or Quaternary
age. The success of the Ambassador well (13/23-25CB1) probably
results either from its gravel-pack type of construction, which can be
more effective in the recovery of ground water than the type of con-
struction ordinarily used for wells in the valley, or from the fact that
it may penetrate bedrock of relatively high yield.

Much of the valley fill consists of alternating, generally thin, layers
of sand or sand and gravel, silt, sandy silt, or clay. The fine-grained
layers act as confining beds for the water, as shown by the existence
of flowing wells in parts of the valley. There is a sizable area marginal
to the flowing-well areas in which ground water is confined but is not
under sufficient head to rise above the land surface in a well.

Wells have obtained artesian flows at depths as shallow as 15 feet
in well 12/23-14AD1, and as much as 500 feet in well 12/23-24CC2
and 560 feet in well 13/23-25CB1. However, the depths of flowing
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wells ordinarily range from 80 to 200 feet. The largest yield of any
flowing well is about 400 gpm from well 13/23-25CB1, which is gravel-
packed and draws from several zones. Ordinarily the yields are
relatively small and may average 5 to 10 gpm; few exceed 75 gpm.

STRUCTURE

The rocks in the mountains have been considerably deformed. The
Mesozoic rocks have been both folded and faulted, whereas the Ter-
tiary rocks have been faulted and tilted only.

The faulting after deposition of the Tertiary consolidated rocks
defined the general form of the mountains of the present time—that is,
faulting along the eastern part of the Singatze Range and the Pine
Nut Mountains resulted in the development of short, steep slopes on
the east flank, and long, relatively gentle slopes on the west flanks of
the mountains.

Recent faulting is indicated along the eastern side of the Pine Nut
Mountains by discordant breaks in slope on some of the alluvial fans,
such as on the small fans just south of Hinds Hot Springs. These
cross the fans about normal to their axes of deposition and do not
curve around the fans on the same altitude contour; consequently,
they are fault features and do not represent a nick developed by wave
action along the shore of a lake. Further indication of Recent faulting
is indicated locally by the lack of erosion, or lack of detritus, at the
foot of steep bedrock slopes. Perhaps the best example is at Hinds
Hot Springs. Here bedrock is an intrusive granitic rock and its
surface rises steeply from the adjacent valley floor. The evidence of
relatively recent movement along a fault in this vicinity and the posi-
tion of Hinds Hot Springs strongly points to a close relation between
the hot springs and the faulting.

Minor faulting within the valley may have produced offsets in the
valley fill, with little or no surface evidence. However, the line of
bluffs extending approximately east-west at the southern end of the al-
kali flat may result, in part, from faulting in that area. The bluffs are
formed largely on fine-grained sediments typical of the lacustrine depos-
its. The bedrock hills, which are only 2 miles southeast of the alkali flat,
suggest that the area south of the bluffs may be underlain by bedrock
at relatively shallow depth. It is believed that north of the bluffs
the fill is much thicker. Under such conditions, faulting along the
present bluffs might have occurred as the result of compaction of the
relatively thick valley fill beneath the alkali flat. If these bluffs
actually indicate a fault, it is most likely that the north side dropped
relative to the south side. Slight southward tilting of the alkali flat
is indicated by the fact that the water discharged from Hinds Hot
Springs into the flat tends to move along its southern margin near the
foot of the bluffs, rather than toward its center.
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SURFACE WATER
WEST WALKER RIVER

The West Walker River supplies most of the water used in the valley.
It heads in the Sierra Nevada in Mono County, Calif., some 40 miles
south of Smith Valley. A gaging station of the U. S. Geological Sur-
vey, 13 miles south of Coleville, Calif., in the SE¥ sec. 9, T. 6 N., R.
23 E., about 25 miles south of Smith Valley, is maintained to measure
the flow past that point. (See pl. 1.) The average annual discharge
from a drainage area of 182 square miles, based on 40 years of record,
is about 176,000 acre-feet.

The river flows northward from the gaging station through a narrow
canyon for about 10 miles, then enters the south end of Antelope Valley.
There, considerable water is diverted for irrigation and also for tempo-
rary storage in Topaz Reservoir, an offstream reservoir near the west
side of the valley which provides 59,440 acre-feet of usable storage. At
the north end of Antelope Valley the river enters Hoye Canyon,
through which it flows for about 2 miles before entering Smith Valley.

From records supplied by the Walker River Irrigation District, and
from data published in water-supply papers of the U. S. Geological
Survey, it is estimated that the average annual contribution to the
flow of the West Walker River within the drainage basin of the river
between the gaging station 13 miles south of Coleville and Smith
Valley is about 50,000 acre-feet. Diversions for irrigation in Ante-
lope Valley during the period 1943-48 averaged 62,600 acre-feet
annually. The return flow to the river in Antelope Valley, as esti-
mated in an oral communication of April 18, 1949, by Carl Gelmsted,
secretary of the Walker River Irrigation District, is about 35 or 40
cfs (cubic feet per second or second-feet), or an average of about
27,000 acre-feet annually. The annual evaporation from Topaz
Reservoir is estimated to be about 10,000 acre-feet. This estimate is
based on records at Lahontan Reservoir and Fallon, both about 70
miles northeast of Topaz Reservoir, which indicate an average evap-
oration rate of about 5 feet a year.

The average annual quantity of water that enters Smith Valley via
the Walker River is, therefore, estimated to be the average annual
flow at the gaging station south of Coleville, 176,000 acre-feet, plus
the inflow between the gaging station and Smith Valley, 50,000 acre-
feet, plus the return flow in Antelope Valley, about 27,000 acre-feet,
less the quantity diverted for irrigation in Antelope Valley, 62,600
acre-feet, less the evaporation loss from Topaz Reservoir, 10,000 acre-
feet—or about 180,000 acre-feet.

Water for irrigating lands in Smith Valley is diverted from the West
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Walker River at several points near the lower end of Hoye Canyon
and at several points less than a mile beyond the canyon mouth.

Colony Canal, skirting the west side of the valley (pl. 2), is the
main source of supply of West Walker River water to lands north of
the river. It is used to irrigate about 3,000 acres 5 to 8 miles north of
Hoye Canyon. As indicated in the historical sketch of the valley,
construction of this ditch may have begun prior to 1881.

The Saroni Canal, in Local Improvement District No. 4, is another
important ditch. The Improvement District was organized on Sep-
tember 5, 1925, partly to consolidate many of the older ditches then
supplying water to about 3,800 acres of land. Because the point of
diversion of Saroni Canal is at a higher elevation than the diversion
points of other ditches in the valley, it is possible to irrigate the higher
lands in the southeastern part of the valley. The canal is about 8
miles long, and any excess water is wasted into a dry wash about 7
miles northeast of Hoye Canyon. The canal has a capacity of 105
cfs but normally carries only 60 to 70 cfs during the irrigation season.
During the nonirrigation season it carries only a few cubic feet per
second, sufficient for stock watering.

Other ditches are the Plymouth Canal, supplying water for some
2,000 acres; the West Walker Ditch, supplying water for about 1,000
acres; the Gage Peterson Ditch, supplying water for about 1,200 acres;
and the Fulstone, Burbank, and Rivers Simpson ditches, each supply-
ing water for several hundred to a thousand acres of land. Lands
irrigated from the Plymouth Canal and other ditches mentioned there-
after lie mainly in the southern and south-central parts of Smith
Valley.

The range of annual diversions from the river in Smith Valley is
rather wide. The amount diverted depends on the quantity of water
available, as modified by prior rights outside of Smith Valley. Using
available records, estimates were made of the amount diverted each
year from 1941 to 1948, inclusive. The annual diversions ranged
from about 50,000 acre-feet to about 100,000 acre-feet, the average
annual diversion being about 66,000 acre-feet.

DESERT CREEK

Desert Creek lies in a north-trending drainage trough, averaging a
little more than 3 miles in width and 15 miles in length, in the south-
west corner of Smith Valley. It heads near Mount Patterson in the
Sweetwater Mountains in Mono County, Calif., at an altitude slightly
more than 11,000 feet above sea level. After flowing northward about
17 miles it emerges from a canyon onto the apex of a north-trending
alluvial fan 7 or 8 miles long.
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Ever since the valley was first settled in the 1860’s, water has been
diverted from Desert Creek for nrrigation. Recently, Lobdel Lake
(pl.1), an offstream reservoir only a few miles below the headwaters,
was incorporated inte the irrigation system. It has a reported
capacity of 600 acre-feet.

Water is diverted to the Desert Creek Ranch near the apex of the
fan and to the Ambro Rosaschi ranch (Mathar on pl. 1) about 4 miles
farther down the fan. The decreed rights date from 1860 to 1885 and
total 28 cfs. Mr. J. W. Simpson, owner of the Desert Creek Ranch,
reported that a total of about 1,800 acres of land is irrigated during a
year of normal runoff.

Mr. Rosaschi estimated that the discharge of the stream during
peak flow in the spring had been as much as 150 cfs, but that the
“normal” flow during the irrigation season was about 20 cfs. From
11 observations of head at the Simpson-Rosaschi diversion weir in the
SW¥ sec. 8, T. 9 S., R. 24 E., about a quarter of a mile south of the
headquarters of the Desert Creek Ranch, it is estimated that the flow
in 1949 averaged only about 10 cfs. However, 1949 was a year of
below-normal runoff and it is possible that in normal years the flow
may be twice that of 1949.

The creek channel extends northward from the toe of the fan some
8 miles to the West Walker River. Only rarely, however, is there any
flow past the Rosaschi ranch.

MINOR STREAMS

A few small ephemeral streams—those flowing only part of the
year—flow in the larger canyons of the Pine Nut Mountains bordering
the west side of the valley. The streams in Burbank Canyon and
Red Canyon probably flow for longer periods than any others. Water
from Red Canyon was diverted for irrigating small fields prior to 1881.
On rare occasions the stream channels that enter the valley from the
hills and mountains bordering the north and east sides of the valley
carry water for short periods of time.

The upper part of the large area east of the Desert Creek drainage,
known as Dalzell Canyon, contains a number of spring areas, some of
which are linked together by small streams that flow during most of
the year. It isreported that occasionally large flows of short duration
have come down the canyon. Ordinarily, however, there is no surface
flow into Smith Valley from Dalzell Canyon. The small streams
connecting the spring areas disappear before emerging from the canyon.
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GROUND WATER
GENERAL CONDITIONS

Ground water, both confined and unconfined, occurs in the inter-
bedded clay, silt, sand, and gravel composing the valley fill. There
are indications that water may, at least locally, occur also in fractured
rocks underlying the valley fill.

Both the unconfined and the confined water in the fill have common
sources, the principal ones being excess irrigation water and leakage
from ditches or canals. Although water originally enters the aquifers
under unconfined or water-table conditions, it generally becomes
confined before reaching a point of discharge, owing to the prevailing
northward dip of the confining layers. This report is concerned
mainly with confined, or artesian, water which constitutes the most
important type of ground water in the valley.

Unconfined water is found at rather shallow depths in the irrigated
areas and in and near the alkali flat at the north end of the valley.
The unconfined aquifers are generally less than 100 feet below the
land surface and in most places less than 50 feet.

Confined, or artesian, water seems to be present in most parts of the
valley except perhaps at the extreme southern part of the Desert
Creek fan.

Springs and seeps are found for the most part in the western half
of the valley. A few small springs also arise in the bordering hills and
mountains. Thermal springs—that is, springs whose water tempera-
ture is appreciably higher than the mean annual temperature of the
atmosphere—are limited to a narrow belt along the toe of the Pine

Nut Mountains.
ARTESIAN WATER

ARTESIAN RESERVOIR

For the most part the artesian reservoir of Smith Valley is composed
of several sand and gravel strata interbedded with clay and silt.
Some of the water-bearing strata may be relatively widespread but
available well logs indicate that large variations in the character and
permeability of the material occur within relatively short distances.
The artesian reservoir underlies not only the area of artesian flow but
also the bordering area where the water is under artesian pressure
but the head is insufficient to cause wells to flow at the land surface.

AREA OF ARTESIAN FLOW

The two areas of artesian flow are shown on plate 2. The limits of
the areas were not defined at all points but were inferred, in part, from
the altitude of water levels in nearby wells and from the topography.

The larger area of artesian flow, about 31 square miles, lies mainly

in the northern part of the valley, much of which is still unexplored by
247957-—53——3
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wells. It includes the alkali flat and a bordering area which is % to
1% miles wide, the width depending to a large degree on the topog-
raphy. From the alkali flat the area of flow extends southward in
the west half of the valley to within half a mile of the West Walker
River. Within this area there may be a few small hills and knolls
where wells would not flow. Its width has been reduced from about
3 miles to a quarter of a mile or less by the encroachment of the
alluvial fan opposite the mouths of Burkank and Red Canyons. Thus,
in T. 11 N, R. 23 E,, opposite the fan, the area of flow includes only
Beaman Lakes and the low-lying land extending a mile northward;
the total area of the narrow projection is only about 0.8 square mile
(pl. 2).

According to local residents the area of artesian flow north of the
river has been quite stable during recent years. However, from 1933
to 1938 the artesian heads in wells on the north side of the alkali flat,
and consequently the area of artesian flow, were reduced considerably
because of large withdrawals from well 13/23-25CB1, known as the
Ambassador well. According to the testimony of Mr. E. W. Mollart
during a hearing held by the State Engineer’s office in 1938 regarding
the granting of a water right to the Ambassador Gold Mining Co. for
its well, the following events took place between 1933 and 1938: A
hole 2 feet in diameter and about 540 feet deep was drilled by the
Ambassador Gold Mining Co. in 1933. A 12-inch casing was installed
and the annular space between the casing ahd drill hole was filled with
loose gravel. The casing was perforated from 150 to 540 feet below
the land surface. Prior to the time large withdrawals were pumped
from this well, beginning in 1933, Mr. Mollart was able to irrigate
more than 60 acres of alfalfa and 150 acres of pasture land from flowing
wells in the S¥% sec. 26, T. 13 N., R. 23 E. When the Ambassador well
was being pumped he was able to irrigate very little land because the
flows from his wells were greatly diminished.

The combined flow from the group of wells owned by Mr. Mollart
in the SW4SEY sec. 26, T. 13 N., R. 23 E., measured in 1933 by means
of a weir, was as follows:

. Flow (9pm)
Aug. 6o 111. 94
18 e 74. 27
2 o 52. 3
Oct. 21 e 0

The discharge for 1933 of Mr. Mollart’s well in the SW%SW sec. 26,
T. 13 N,, R. 23 E., was similarly measured:

Flow (gpm)
July 22 74. 95
Aug. 6oL 69. 2
18 e 47. 78
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The flows of other wells farther west also were reduced but by a
smaller amount. When pumping from the Ambassador well for min-
ing purposes was discontinued in January 1938, the flow of Mr.
Mollart’s wells increased sufficiently to irrigate 20 to 25 acres.

The flow from the Ambassador well, measured by the senior author
on September 20, 1948, was 405 gpm. The water flowing from this
well was being used for irrigation and had been flowing for several
months, so the measured discharge probably represents approximately
an average rate of discharge. It is believed that the discharge from
this well exceeds the combined discharge of all other wells in the
northern part of the valley. It is understandable, therefore, why the
well had such a marked influence on the other artesian wells in the
vicinity.

Failure of the artesian pressure to recover to its pre-1933 level after
the Ambassador well was shut off probably is due to the method of
construction of the well.

According to Mr. Mollart’s testimony, it appears there is no seal of
impervious material to prevent discharge from artesian strata with
high heads into artesian strata with lower heads, or even into non-
artesian strata. Thus, even when the valve on the discharge pipe is
closed, underground discharge still occurs. Springs that arise in the
vicinity of the well when the discharge valve is closed for some time
are evidence of such underground leakage.

During the past year or two considerable water from this well has
been used for irrigation. The increased utilization by allowing the
well to flow freely for irrigation use undoubtedly reduces the amount of
nonbeneficial underground leakage. However, the increased with-
drawals will tend to lower somewhat further the artesian head in this
part of the valley and thus reduce the area of artesian flow.

The area of artesian flow south of the West Walker River, about 11.5
square miles, evidently increased during the period from about 1920
to 1948. This conclusion is based on reports by local residents of
changes in water levels during that time. Mr. A. A. Chisholm
reported that the water level in well 11/24-27CB1 was about 90 feet
below the land surface when the well was completed in 1919. In
digging the well he encountered a hard layer of “slick” rock about 8
inches thick at a depth of 110 feet, beneath which was a sand from
which water rose about 20 feet. In 1932, at the time of a rather
severe earthquake, the water level was about 85 feet below the land
surface, and in 1946 it was 35 feet below the land surface. On March
2, 1948, when measured by the senior author, the water level was only
27 feet below the land surface. Mr. Chisholm reported that well
11/24-29AB1, owned by Bruno Fenili, was drilled in 1919 and that
the water level originally was 30 or 40 feet below the land surface.
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When Mr. Fenili was interviewed on March 3, 1948, he reported that
the well was equipped with a hand pump until 1936 and that about
1934 the well began to flow. On March 3, 1948, the well was flowing
about 15 gpm from a pipe extending 5 feet above the land surface.
Mr. Fenili stated that the water level would rise to a height of about
15 feet above the land surface if the flow were stopped.

Mr. A. Nutti reported that the water level in his domestic well,
11/24-32CA1, was 27 feet below the land surface in 1937. When
measured during the present investigation in January 1948 the water
level was at the land surface.

Mr. E. J. Alpers reported, in 1948, that 20 years ago’’ the water
level in his well, 11/24-34BB1, was 80 feet below the land surface.
When measured by the senior author on May 27, 1948, the water was
50.3 feet below land surface.

Many other residents reported rises of water level in their wells
during the past 20 years, although the amount of rise generally was
considerably less than the above examples might indicate. Mr.
Charles Grosso reported that his well, 11/23-25CC1, drilled in 1917,
originally flowed only half a gallon per minute. On October 20, 1948,
the well was flowing at the rate of 6.6 gpm from a half-inch opening 1.5
feet above the land surface. The artesian head was 4.1 feet above
the land surface. This indicates an increase of head of about 2%
feet and an increase of discharge of about 6 gpm.

As is to be expected, it appears that the water levels rose most near
the points of recharge and least near the points of discharge. The
rise was undoubtedly brought about by the greatly increased applica-
tion of irrigation water to lands overlying the intake area of the
artesian strata in the southeastern part of the valley after upstream
storage at Topaz Reservoir became available in 1922.

The area of artesian flow thus has increased, principally to the
southeast. Whether the area will continue to increase depends to a
large extent upon recent and future developments for the withdrawal
of ground water from artesian strata.

Until the ground-water reservoir is filled to the level at which
additional recharge is rejected, the areas in which wells will flow will
continue to increase if recharge exceeds discharge. The area of flow-
ing wells will tend to remain constant only when the total discharge
from the artesian aquifers equals the total recharge.

If the area of flowing wells in Smith Valley is to be maintained
within its present limits it appears that the average annual discharge
must be increased slightly. This could be effected by increasing the
withdrawal from wells until total discharge equaled total recharge.
If the increase in discharge were sufficient to cause the total discharge
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to exceed slightly the present annual recharge, artesian pressure
would drop below present-day pressures. This in turn would reduce
the discharge from some wells and also reduce the natural discharge,
all of which would tend to again balance recharge and discharge.

PIEZOMETRIC SURFACE

The piezometric surface of an artesian aquifer may be considered
an imaginary surface that everywhere coincides with the static level
of water in the aquifer. Its position may be inferred by determining
the static level of water in representative wells and then interpolating
the differences in static level between wells. The shape and position
of this surface is usually indicated by isopiestic lines—imaginary lines
of equal altitude on the piezometric surface—plotted on a map of the
area. The altitude of the lines is ordinarily expressed in feet above
some datum, usually sea level. Points or areas of discharge are
marked by depressions in the piezometric surface, whereas points or
areas of recharge are marked by highs. The water moves at right
angles to the isopiestic lines, the direction being toward the line of
lower altitude.

Imperfectly connected artesian aquifers may have different heads
at the same location, the deeper aquifers usually having higher heads.
Such differences in head were observed in Smith Valley, but it was
not practical to determine precisely the position of the piezometric
surfaces of the several artesian aquifers. Accordingly, a map was
prepared showing approximate isopiestic lines. (See pl. 2.) The
position of the lines was determined by interpolating the differences
in static water levels in representative artesian wells or, where data
regarding the static water level were not available, by estimating
the probable effects of recharge and discharge on the position of the
piezometric surface.

The altitude of the land surface at most wells was not determined
precisely. Many of the altitudes were determined by means of an
altimeter. In order to reduce the error inherent in this method, sev-
eral readings at each location were referred to the nearest undisturbed
benchmark. Other altitudes were determined by hand leveling or
were estimated from nearby benchmarks established by the Soil Con-
servation Service as a part of its farm-planning program. Where
substantial anomalies in the piezometric surface were noted spirit
levels were run to determine the altitude of the land surface within a
few tenths of a foot.

Although the piezometric surface as shown on plate 2 may differ by
several feet from the actual piezometric surface in some areas, the
shape and position of the piezometric surface as shown are essentially
correct.
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South of the West Walker River the piezometric surface slopes
toward the river at the rate of about 20 feet per mile. This shows a
northwestward movement of artesian water, which must be maintained
by recharge in the southeastern part of the valley. Much of this re-
charge probably results from percolation of water from canals and
irrigated lands in that part of the valley. As the artesian water moves
northwestward, part of it is discharged by wells, and part by upward
percolation and natural discharge from seeps and springs.

A pronounced trough in the piezometric surface whose axis roughly
coincides with the course of the West Walker River shows that artesian
water is being discharged in the vicinity of the river. It is highly
probable, therefore, that many of the springs and seeps along the river
are discharging water from the artesian reservoir.

The bulge in the piezometric surface beneath the alluvial fan of the
Red and Burbank Canyons (see pl. 2) probably represents recharge
from the streams heading in those canyons. The abrupt change in
both direction and gradient of the piezometric surface north of the fan
probably results from the combination of an increase of natural dis-
charge and a decrease in permeability of the sediments. Conditions
are favorable for an increase of natural discharge because the slope of
the land steepens northward in this area. This is also the area where
most of the natural discharge—principally upward percolation of arte-
sian water to the land surface or to a point where it is available for use
by native grasses and phreatophytes—was observed.

It is believed that the piezometric surface in the region of the alkali
flat resembles the shape of a saucer whose center coincides approxi-
mately with the center of the flat. In view of the conditions believed
to exist in this part of the valley, the saucer shape probably is due to
relatively great natural discharge near the margins of the playa and
little or no discharge beneath the playa, and to some minor recharge
from the hills bordering the north side of the valley. Natural dis-
charge occurs principally through transpiration by phreatophytes,
the dominant type at the higher elevations being greasewood (Sarco-
batus vermiculatus). This plant habitually obtains its water supply
from the water table and in other areas has been observed to send its
roots as deep as 50 feet to obtain water. At lower altitudes, nearer
the edge of the flat, rabbitbrush (Chrysothamnus graveolens) and,
locally, saltgrass (Distichlis spicata) are the dominant types.

SOURCE OF RECHARGE

Recharge of the artesian aquifers is effected by downward percola-
tion of (1) direct precipitation, (2) stream or flood runoff where it has
an opportunity to enter the unconfined aquifers, and (3) irrigation
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water either directly from canals or ditches or after application to the
land.

Recharge directly from precipitation is believed to be the least
important source of recharge. However, it probably takes place all
around the valley over some portion of the alluvial apron lying between
the valley floor and the alluvium-bedrock contact.

Downward percolation of stream or flood runoff is believed to be a
significant source of recharge. Considerable recharge by this means
undoubtedly takes place on Desert Creek fan. Desert Creek is a
perennial stream where it debouches onto its alluvial fan at the south
end of Smith Valley, and approximately half its normal flow must cross
more than 4 miles of this alluvial fan before reaching diversion points
on the Rosachi ranch.

Ordinarily under these conditions the opportunity for recharge by
infiltration is very favorable. In order to ascertain the magnitude of
seepage losses across the fan under conditions estimated to be approxi-
mately normal, the flow in the stream channel was measured on April
22, 1949, at two points about 3.7 miles apart.

At a stream section in the SWYNW sec. 8, T. 9 N., R. 24 E,, the
flow was 8.80 cfs. At a section in the SE¥SEY sec. 20, T. 10 N., R.
24 E., 3.7 miles downstream, the discharge was measured as 6.23 cfs.
The stage of the stream was essentially constant for at least an hour
before and after the time of measurement. Inasmuch as the stream
was generally confined to a gravelly channel only a few feet wide, there
was little opportunity for loss by transpiration. Evaporation loss,
likewise, was negligible owing to the low temperature of the water and
atmosphere. It is believed, therefore, that most of the difference be-
tween the measured discharges, 2.57 cfs, can be attributed to seepage
loss. Neglecting transpiration and evaporation, the rate of infiltration
is thus 0.7 cfs per mile. This rate of infiltration, of course, will vary
considerably. Ordinarily infiltration rates will change as the wetted
perimeter of the channel changes. They will also change with changes
in water temperature and with the condition of the land surface or
channel over which the stream flows. Infiltration rates increase with
increases in water temperature and decrease during periods of deposi-
tion of silt by the stream. However, if the average rate of infiltration
were 0.7 cfs per mile, the quantity infiltrated from the section of the
stream channel described would be about 1,350 acre-feet for the year,
assuming that the ground and streamway remained unfrozen for 8
months, and using an estimated channel length of 4 miles.

Recharge by infiltration of streamflow and occasionally of flood
water takes place on other fans also. Undoubtedly considerable re-
charge by infiltration of flood water from occasional local storms occurs
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on the fan below Dalzell Canyon. On the west side of the valley
most of the recharge probably occurs just below the apexes of the fans
at the mouths of Burbank and Red Canyons. Mr. John Neill, a
rancher living downstream from Burbank Canyon, estimated the flow
of perennial springs in the canyon to be 0.2 cfs, or about 90 gpm. The
discharge of the springs sustains the flow of the small stream in the
canyon for a short distance below the springs, but the stream soon
disappears into the alluvium underlying its bed. For example, on
December 30, 1949, the stream was flowing about 100 gpm at a point
about half a mile upstream from the mouth of the canyon. The flow
300 yards downstream from the above-mentioned point was estimated
at 30 gpm, and 50 yards still farther downstream the flow had dis-
appeared entirely.

Occasionally, considerable recharge may occur by infiltration of
water from flash floods coming down the normally dry channels at
the northeast and northwest corners of the valley.

Irrigation water applied to lands in excess of soil-moisture require-
ments in areas where the excess water can percolate downward to
artesian aquifers is believed to constitute the greater part of the
annual recharge to the artesian aquifers.

The most favorable areas for recharge are the irrigated lands in the
southeastern part of the valley. Although the limits of the recharge
area have not been definitely ascertained, it is believed that the inner
boundary of the outerop of the principal artesian strata lies valley-
ward only a mile or a fraction of a mile from the Saroni Canal. Sig-
nificant recharge from excess irrigation water is believed to occur on
the Desert Creek fan. There, according to Mr. Simpson, about 1,800
acres of land is irrigated in a year of normal runoff. Most of the
excess water has an opportunity to reach the artesian aquifers.

The artesian aquifers probably receive but little recharge from
irrigated lands on the west side of the valley. Although the piezo-
metric surface indicates that recharge does occur (see pl. 2), the geology
does not favor a large recharge on the west side, inasmuch as the
valley-fill sediments are tilted westward.

Infiltration of water from canals and ditches is also significant.
The areas favorable for such recharge are generally the same as those
favorable for the infiltration of excess irrigation water. The Saroni
Canal is believed to be the principal source of recharge of this type.

Evidence to substantiate reports of exceptionally high losses in the
Saroni Canal due to infiltration is lacking. Mr. A. A. Chisholm,
who has distributed water from the canal for several years, estimated
that the total loss in 1948 probably did not exceed 4 cfs for a period
of 100 days, or about 800 acre-feet annually. When the quantity
diverted into the canal is increased materially there is a large tem-
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porary loss that is due largely to bank storage. Much of this loss
is regained when the flow in the ditch is reduced. Nevertheless,
considerable recharge occurs by infiltration of water from the canal.

In order to check on the magnitude of these infiltration losses the
flow of the canal was measured at two points about 2 miles apart on
May 13, 1949. The measured discharge at a section in the SE¥SW
sec. 2, T. 10 S., R. 23 E., or about a quarter of a mile south of the
mercantile store at Wellington, was 47.1 c¢fs. About 2 miles farther
downstream, at a section in the SE4SEY sec. 12, T. 10 S., R.23 E.,
or 200 feet upstream from the bridge on State Highway 22, the dis-
charge was measured as 44.0 cfs. The reading of the staff gage at
the upstream point of measurement was essentially constant, at least
from an hour before the first measurement to an hour after the second
measurement.

A number of small diversions, whose flow was estimated to total
about one-half cubic foot per second, were noted in the reach between
the points of measurement. The canal was reasonably free from
vegetation, and evaporation losses were considered to be insignificant.
Evidently a loss at the rate of 1% cfs per mile was occurring at the
time of measurement. This measurement, of course, should not be
considered representative of the rate of infiltration all along the canal
at all times. The rate of infiltration will change with changes in flow,
water temperature, depth of silt in the canal, and character of the
valley-fill sediments crossed by the canal.

Such infiltration apparently is not confined to the upper end of the
canal, for there is evidence that water in the canal infiltrates to artesian
aquifers at points as much as 10 miles below the point where water
is diverted from the West Walker River. For example, the water
level of well 11/24-22D1, on which a continuous water-stage recorder
had been maintained since May 10, 1948, showed a remarkable
uniform rate of decline in 1948 and until December 1949 except for
a 0.5-foot rise in June 1949. Until December 1949 water from the
Saroni Canal had not been diverted for any extended period into the
natural north-trending drainageway about 500 feet east of the well.
However, water had been diverted from the Saroni Canal on several
occasions to irrigate lands half a mile south of the well.

In December 1949 water was diverted into the drainageway as a
means of reducing the flow of the West Walker River at a point 1%
miles north of Central while repairs were in progress on a county bridge
there. After a day or two of continuous flow in the ditch east of the
recorder well, the water level in the well began to rise rapidly. The
water level continued to rise until 1 or 2 days after diversion into the
ditch was temporarily interrupted. A second sharp rise followed a
resumption of the diversion. After repairs to the bridge were com-
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pleted water was diverted to the drainageway less frequently, and
after a week or so during which no significant diversions were made
the water level in the well stabilized and then resumed its decline.

In order to show better the changes of water level in this well, a
hydrograph showing the depth to water, in feet below measuring
point, at noon daily, was prepared. (See fig. 5.) The depths to
water as shown have been adjusted from actual chart readings to
compensate for changes of water level caused by changes in atmos-
pheric pressure.

The desirability of making an adjustment to compensate for atmos-
pheric-pressure changes is also shown in figure 5. Here is plotted a 15-
day record of the water-level fluctuation as recorded by an automatic
water-stage recorder, and the atmospheric pressure of water, in feet,
as compiled from charts of a microbarograph stationed about a mile
southwest of the well. A remarkably good correlation between
changes of water level in the well and changes of atmospheric pressure
will be noted. The net result is that after suitable adjustments have
been made for changes in atmospheric pressure the hydrograph of
well 11/24-22DC1 loses most of its apparently erratic fluctuations and
plots as a smooth line.

The upper part of figure 5 shows that during 1948 the water level
declined at a remarkably uniform rate of about 3.6 feet per year.
In 1949 until December the rate of decline was a little more than 2
feet per year, the uniformity being broken substantially only by a
small rise of about 0.2 foot during the first half of June. This rise
may have resulted from seasonal recharge or from downward perco-
lation of irrigation water. In any event, the effect was to maintain
the water level a few tenths of a foot higher for most of the remainder
of the year than it would have been if no recharge had occurred. Thus,
the hydrograph shows that, beginning with the first measurement of
water level, March 31, 1948, until about December 10, 1949, there
was a persistent decline in water levels except for a slight rise in June
1949. Seasonal recharge was almost wholly lacking. However,
about December 10, 1949, an abrupt reversal of this trend occurred
and water levels rose 2 feet before the middle of January. This rise
was followed by a slight decline until the last week in January, after
which a second rise of about 2 feet took place within 3 weeks. Thus,
a total rise of about 4 feet occurred within 10 weeks. The rather
direct response of water level in the well to flow in the drainageway
leaves little doubt that the aquifers tapped by the well were being
recharged by water infiltrating from the drainageway.

In view of the evidence of infiltration both near the upper end and
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at the lower end of the Saroni Canal, it seems reasonable to assume
that this type of recharge may occur along other reaches of the canal,
and along other canals where conditions are similar.

UTILIZATION AND NATURAL DISCHARGE

Where artesian water is easily obtained it is the principal source of
domestic water supplies. It is also much used, especially in the area
of flowing wells, to furnish a dependable supply for watering stock.
Commonly wells are allowed to flow uncontrolled, any water in excess
of stock requirements serving to support the growth of native grasses
in the vicinity of the well.

Table 4 shows the estimated withdrawal of water from wells in 1950.
The rate of withdrawal in gallons per minute is the equivalent rate of
continuous withdrawal by the total number of wells to which the rate
applies.

According to table 4, there are 111 flowing artesian wells in the valley
having a total rate of flow equivalent to a continuous flow of 1,231
gpm or about 2,000 acre-feet per year. Perhaps a quarter of this
discharge is used for domestic purposes, about a quarter for stock
watering, about a sixth for fish rearing, and about a third for irrigation.
In addition, according to table 4, there are about 43 nonflowing
artesian wells equipped with pumps which withdraw water at a rate
equivalent to a continuous withdrawal of 458 gpm or about 740
acre-feet annually. About three-quarters of the withdrawal from
nonflowing artesian wells is for irrigation. The total withdrawal from
artesian wells is estimated to be slightly less than 3,000 acre-feet
annually.

As mentioned elsewhere in this report, considerable artesian water
is discharged naturally. One way by which such discharge occurs is
upward leakage along faults. For example, it is probable that the
source of Hinds Hot Springs is artesian water escaping upward along a
fault at the foot of the Pine Nut Mountains. Artesian water is
discharged also by upward leakage through imperfectly confining beds.
This type of discharge is believed to occur principally in the northern
part of the valley around the alkali flat and is evidenced by seepage
areas and small springs. Natural discharge also may occur where the
confining beds have been dissected or eroded. This type of discharge
is believed to occur along the West Walker River where the piezometric
surface has a pronounced trough (see pl. 2). It is probable that dis-
section of the valley fill by the West Walker River to depths of 50
feet or more, and the accompanying erosion south of the river,
resulted in removing or at least rendering less competent the shallower
confining beds.
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TaBLE 4.— Estimated rate of discharge from wells, Smith Valley, Lyon and Douglas

Counties, Nev., 1950
Welllocation Artesian wells Water-table wells
Town- Flowing Pumped Unused Pumped Unused
. Range | Seec-
ship A
north east tion
Number | Gpm | Number | Gpm | Number | Number | Gpm | Number
10.. .- 23
100 . 24
1 23
11 24
12 eee 23
2
2
3
24 209 6 17 2 2 4 5
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TaBLE 4.— Estimated rate of discharge from wells, Smith Valley, Lyon and Douglas
Counties, Nev., 1950—Continued

Well location Artesian wells Water-table wells
. Flowing Pumped Unused Pumped Unused
T‘;;;.m Range | Sec- v v
nsottI;J east tion
Number | Gpm | Number | Gpm | Number | Number | Gpm | Number
120 ... 24
13 . .. .. 23
19 434 | faeeo- 2 (USRS, SRR P
13 ... 24 16 |- e 1 b I S AR PR JSIPIPIRI
19 2 ) O PR B, b2 I DU
30 1 D S ORI (PSRRI (ROUPPPIUN SRRSO FIPRSPI IR
3 2 1 1 /2 PSR (R I
Total for valley..___ 111 1,231 43 458 11 49 124 17

The magnitude of the discharge is difficult to ascertain. Measure-
ment of pickup in the river in the area of discharge is & means of ascer-
taining the total quantity of unconfined and artesian water being
discharged along the river if corrections are made for any surface-
water inflows or diversions. Such corrections are smallest during the
nonirrigation season, so, accordingly, a number of measurements of
the flow of the river were made late in the fall of 1948 and in the spring
of 1949. Table 5 shows the flow of the West Walker River as deter-
mined by means of a pigmy current meter at various points and times
during the investigation. The points at which the measurements
were made are shown on plate 2.

On November 10, 1948, the measured pickup between stations 1
and 2, a distance of about 3.8 miles by river, was 9.0 cfs; and between
stations 2 and 3, a distance of about 3.5 miles, 10.6 cfs. Insofar as
could be determined the pickup was essentially ground-water dis-
charge. Two or three drainage ditches, each carrying a fraction of a
second-foot of water, emptied into the river in these two stretches.
No significant amount of water from canals or irrigation ditches was
entering the river between stations 1 and 3. Therefore, the pickup
of 19.5 cfs in 7.3 miles (an average of about 2.7 cfs per mile of river)
is principally ground-water discharge.
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TABLE 5.—Flow of West Walker River at five places between Wellington and

Hudson, Nev.
Station, in down- Discharge
stream order Location Date (cfs)
) SEYNW sec. 2, T. 10 N., R. 23 E,, about 300 yards | Nov. 10,1948 3.06
downstream from highway bndge Mar. 9,1949 .40
2, SEY4NE} sec. 23, T.1IN,,R.23E__________...._____. Nov. 10,1948 12.1
Mar. 9,1949 10. 0
[ S, NEXMNEY sec. 18, T. 11 N,, R. 24 E., }{ mile upstream | Nov. 10,1948 22.7
from county-road bridge 1y miles north of Central. Mar. 9,1949 21.5
Mar. 14, 1949 19.8
L S SEYNEY sec. 9, T.11 N, R. 24 E., about 134 miles up- | Apr. 4,1949 46.5
stream from Hudson.
S, SEYSEY sec. 3, T. 11 N, R. 24 E., 500 feet downstream | Mar. 14,1949 29.2
from bridge at Hudson Apr. 4,1949 46.1

Nore.—Numbered stations are shown on plate 2.

On March 9, 1949, a second series of measurements was made in
order to ascertain if the pickup measured during the previous fall had
been due in large part to return flow from lands irrigated 2 or 3 months
previous to the date of the fall measurement. By March about 5
months had elapsed since any sizable acreage in the area had been
irrigated; consequently, it was believed that any return flow from
canals and ditches would be negligible. Referring again to table 5,
it will be seen that the measured pickup between stations 1 and 2 on
March 9, 1949, was 9.6 cfs and between stations 2 and 3, 11.5 cfs.
The total pickup of 21.1 cfs in 7.3 miles, or at the rate of 2.9 cfs per
mile, is somewhat larger but nevertheless closely approximates the
average pickup of 2.7 cfs per mile measured during the previous fall.

To ascertain the pickup between stations 3 and 5, a distance of
approximately 4% miles by river or 3} miles by air line, measurements
were made on March 14, 1949, at these points and at in-between
points where surface water was entering the river. At station 3 the
flow was 19.8 cfs and at station 5, 29.2 cfs. Inflows of 1.55 cfs from
a drainage ditch in the NE¥NEY sec. 18, T. 11 N., R. 24 E.; 1.35 cfs
from a drainage ditch in the NW¥%NWZsec. 17, T.11 N.,R.24 E.; 0.51
cfs from a ditch in the NE}4SWY sec. 9, T. 11 N., R. 24 E.; and 1.63
cfs from a ditch entering the river in the NE%SEY sec. 9, T. 11 N.,
R. 24 E., were measured. The pickup resulting from ground-water
discharge near the river was thus the increase in flow between stations
3 and 5 (9.4 cfs) less the sum of the measured inflows (5.0 cfs), or
about 4.4 cfs.

To bracket the pickup more closely, measurements of streamflow
were made at stations 4 and 5 on April 4, 1949. As shown in table 5,
the measured difference in flow in this 1%-mile reach was only 0.4 cfs
and represented a loss rather than a gain. As this is less than 1
percent of the total flow, or well within the limit of error even of high-



44 GEOLOGY AND WATER RESOURCES OF SMITH VALLEY, NEVADA

grade stream measurements, one cannot be positive that the figure
represents a small loss between these points. It does indicate,
however, that most of the pickup measured between stations 3 and 5
occurs between stations 3 and 4. The topography near the river
supports this conclusion. Between stations 3 and 4 the flood plain
of the river is half a mile or more wide and supports a good growth
of native grasses irrigated in part with water from drainage ditches
but substantially by upward leakage of ground water. Between
stations 4 and 5 the flood plain becomes relatively narrow and has
only a narrow strip of native grasses.

Thus, as it passes through the valley, the West Walker River
appears to have a pickup in flow of about 25 cfs that is attributable
to ground-water discharge. More than three-fourths of this pickup
occurs in the west half of the valley between points 1 and 3. As in-
dicated on plate 2, the flood plain of the river is widest between these
points, and spring and seepage areas are common. The water table
is so near the land surface in many places that only saltgrass and
native grasses can be grown successfully. The soil contains much
alkali and extensive tracts have an alkali crust.

Asstated previously, it is extremely difficult to determine how much
of the pickup represents upward leakage from artesian strata and how
much is seepage from shallow, unconfined aquifers. Undoubtedly
a large portion represents excess irrigation water applied on the large
cultivated areas south of the river, which percolates to the water
table and then moves slowly riverward. However, a significant part
must also be artesian water, as indicated by the piezometric surface
shown on plate 2.

It will be noted that south of the river the piezometric surface has
an average gradient of about 20 feet per mile northwestward toward
the river. Immediately north of the river the gradient is southeast-
ward and eastward and much less, perhaps more nearly 10 feet per
mile. A definite trough thus exists in the piezometric surface that
more or less coincides with the course of the river. This trough is
unmistakable evidence that artesian water is being discharged along
the river in significant amounts.

A general idea of the magnitude of this discharge may be obtained
from the fact that an incomplete pumping test of well 11/24-32DC1
indicated a transmissibility of about 50,000 gpd per foot.* A similar
test of well 10/24—4CD1 indicated a transmissibility of about 20,000
gpd per foot. From observations made of the performance of other
wells during the investigation it is believed that the average trans-
missibility does not exceed 50,000 gpd per foot. Then, measuring

3 galléms per day flowing across a section of the aquifer 1 mile wide for each foot per mile of hydraulic
gradient,
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the length of the contours on the piezometric surface in the area where
most of the movement is toward the river, it is found that the section
is about 5 miles long. Plate 2 shows the gradient at right angles to
this section to be 20 feet per mile or more riverward. Multiplying a
transmissibility of 50,000 by the length of section by the gradient
gives 5,000,000 gpd (about 7.7 cfs) as the quantity of artesian water
moving northwestward toward the river. On the basis of information
in table 4, it is estimated that withdrawals from artesian wells south
of the river average about 920 gpm or slightly more than 2 cfs. The
shape of the piezometric surface indicates that only a small part of
the artesian water moves northward beyond the river. Thus, in
round figures, it appears that 5.7 cfs, or about 4,000 acre-feet annually,
is approximately the natural discharge of artesian water in the vicinity
of the river. This is somewhat less than a quarter of the estimated
annual pickup in flow of the river. Even though the figure of 4,000
acre-feet is only an approximation, it suggests that natural discharge
of artesian water is responsible for only a minor part of the total
pickup.
UNCONFINED WATER
SOURCE OF RECHARGE

Recharge to the unconfined ground-water aquifers is effected in
much the same manner and from the same general sources as recharge
to the artesian aquifers. Recharge directly from precipitation and
from stream or flood runoff is a minor part of the total recharge.
Some recharge is also effected by seepage from canals and ditches.
However, the recharge from that source probably is not large because
many of the canals and ditches have been lined with impervious ma-
terial in the reaches where large seepage losses formerly occurred.
Then, too, there is a tendency for the beds of canals and ditches to
become partly sealed with fine silt, clay, and organic material if left
undisturbed for some time; this has probably happened to many of
the older canals and ditches.

The principal source of recharge, then, is irrigation water in excess
of soil-moisture requirements.

MOVEMENT

During the investigation it was determined that, in general, uncon-
fined water south of the West Walker River is moving toward the
river. North of the river is a ground-water divide. Although the
position of the divide was not definitely ascertained, it appears to
lie 1 or 2 miles north of and more or less parallel to the river. The
water south of the divide moves toward the river but a substantial
part is discharged from the group of small water-table lakes, known

247957—53—4
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as the Beaman Lakes, in secs. 11 and 12, T. 11 N, R. 23 E. North
of the divide the unconfined water moves toward the alkali flat at the
north end of the valley.

UTILIZATION AND NATURAL DISCHARGE

Some shallow or unconfined water is utilized for domestic purposes
but generally artesian water is utilized where it is available at depths
not greatly exceeding 100 feet. Where flowing wells are not readily
obtained, shallow or unconfined water is often used for watering stock.
Only insignificant amounts are pumped for irrigation, usually for
lawns or gardens. The total amount of unconfined water pumped
for all uses is estimated to be equivalent to a continuous withdrawal
of 124 gpm, or about 200 acre-feet annually. (See table 4.) Shallow
or unconfined water intercepted by drainage ditches is utilized exten-
sively for the irrigation of meadowland and saltgrass tracts south of
the alkali flat.

South of the river, most of the unconfined or shallow water not in-
tercepted by drainage ditches percolates toward the river. Asit comes
within reach of the root system of native vegetation, principally
grasses, some of it is transpired. The remainder continues to move
riverward until discharged by evaporation from the moist land sur-
face, or through seeps or springs. Thus a substantial part of the water
may be evaporated or transpired before reaching the river. The dis-
charge of unconfined water into the river is estimated to be about
15,000 acre-feet annually. This estimate is based in part, on measure-
ments of the invisible contribution to the pickup in flow of the river
(see pp. 42-43), less an estimate of the portion of this pickup that
comes from artesian strata. If the flow from drainage ditches were
included, the discharge would be substantially more.

The Beaman Lakes collect much of the shallow or unconfined water
that originates west of the lakes. The greater part either evaporates
from the lake surface or drains to the river by a recently completed
drainage ditch. A small quantity probably percolates downward
and laterally and eventually reaches the river.

To accelerate the northward movement of unconfined water north
of the ground-water divide, several drainage ditches have been con-
structed.

One of the drainage units, known as the Long unit, was begun prior
to 1923. It was constructed to drain excess irrigation water from
lands in secs. 25, 26, 35, and 36, T. 12 N, R. 23 E. E. W. King,
assistant engineer of the Walker River Irrigation District, in 1923,
reported (in a letter to J. A. Bemer, Chief Eng., Walker River Irriga-
tion Dist., June 25, 1923) that a stratum of “hardpan’’ ranging in
thickness from 1 to 5 feet was encountered along nearly the entire
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length of the canal (then completed only through secs. 35 and 36,
T. 12 N., R. 23 E.). Numerous test holes bored to depths of 5 to 15
feet indicated that the hardpan was overlain and underlain by strata
of water-bearing sand. According to King’s report, test holes were
bored at distances of 100 to 500 feet ahead and on each side of the
canal as it was being dug and the height of ground water noted; in
most cases it was within a few inches of the land surface. As the canal
progressed, the water level in the test holes dropped very rapidly, and
after completion of the canal the water table in no place was less
than 4 feet below the land surface. The actual flow of ground water
from this portion of the canal, when completed, was about 6 cfs.

Two other drainage systems, known as the Jensen and Connell
units, were almost completed by 1923. They were designed to drain
lands lying for the most part in secs. 21, 22, 23, 26, 27, and 28, T. 12 N,
R. 23 E. In his letter to Bemer, King reported:

These two units which are now nearly completed, have intercepted or headed
off a large flow of ground water, a portion of which comes from waste water and
a considerable portion which undoubtedly comes from the supply of water which
sinks in Red and Burbank Canyons and later rises to the surface and has already
done s great damage to over 2,000 acres of land, included in which is a large
acreage owned by U. S. Connell and the Hunnewell Land and Cattle Co.

A large portion of this land, a few years ago, was good alfalfa land but during
the past few years, nothing but salt grass or marsh hay has grown on it.

From the drainage work already completed, these lands are drying up very

rapidly and it is fair to presume that within a year or two, they can all be made
to successfully grow alfalfa again.

The above accounts indicate that the discharge of unconfined water
in this part of the valley was considerable. Although the combined
flow of the drainage ditches at the time of completion was consider-
ably more than 6 cfs, this rate of discharge did not persist. As the
water table was lowered the flow to the drains decreased. In 1948 and
1949 the largest flow observed in the lower reaches of any one of these
drains was about 2 cfs. As stated previously, much of the water
intercepted by these drains is used to irrigate meadows and saltgrass
tracts south of the alkali flat. Only a small part reaches the alkali
flat, where it evaporates.

SPRINGS
NONTHERMAL

Springs are found at favorable localities in the hills and mountains
bordering Smith Valley. However, the flows are small and they are
important hydrologically only in that they help sustain the flows of
small streams or contribute to the recharge of the ground-water res-
ervoir by augmenting the underflow of streams and normally dry
canyons.
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In the valley proper, spring and seepage areas generally are found
in and along the margin of the flood plain of the West Walker River.
Individual discharges ordinarily are less than 1 or 2 gpm but the com-
bined discharges in a given area of discharge, such as a short section
along the toe of a terrace, may be 100 gpm or more. In a few places
the flows are ditched to a small reservoir or otherwise made available
for irrigation, but ordinarily no development has been made and the
springs flow to waste or supply the moisture requirement of small
but luxuriant patches of native grasses.

THERMAL

By far the most important group of springs are the thermal springs
along the toe of the Pine Nut Mountains in sec. 16, T. 12 N., R. 23 E.,
known as Hinds Hot Springs. They were named after J. C. Hinds,
the first settler in the north end of the valley, who, recognizing their
value for agricultural and resort purposes, utilized their flow as early
as 1860. Today, the flow of several springs has been combined to
obtain an adequate head for irrigating pasture land. On October 21,
1949, the flow of the several springs was 550 gpm. The flow was
measured by means of a pigmy current meter in one irrigation ditch
and a 3-inch Parshall flume in another. The highest water tempera-
ture observed was 143° F. at one of the larger spring orifices. On
March 3, 1948, about 20 months prior to this measurement, a maximum
temperature reading of 144° F. was observed.

Peale (1886, p. 199) gave the following data on these springs:
“location, 10 miles north of Wellington, Liyon County; temperature,
40-140° F.; flow, 91,000 gallons per hour; remarks, resort.” Owing
to the fact that Peale’s compilation, of necessity, included much re-
ported data rather than data he personally collected, most of the large
difference in discharge between the 1,500 gpm reported prior to 1886
and the measurement in 1948 probably can be attributed to an over-
estimation of the flow by local residents prior to 1886. It is also
possible that the early report included the flow of all the springs in the
vicinity, whereas the later measurement included only the main flow
area. The combined flow of all the other smaller springs in the area
may be as much as a few hundred gallons per minute.

The origin of the water coming from the springs is not known.
Some of the main points of discharge are at an altitude of about 4,663
feet above sea level. Even with orifices at this altitude it is possible
that the source of the flow is deep-seated artesian water in the valley
fill rising along a fault. The possibility of thermal water issuing from
an orifice at a higher altitude than the piezometric surface of the non-
thermal water from which it may be derived is understandable be-
cause the average density of fresh water at ordinary pressure is 0.980
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at 150° F., whereas it is 0.999 at 60° F., a decrease in density of almost
2 percent. Thus, a nonthermal water coming in contact with a forma-
tion sufficiently warm to raise its temperature to 150° F. at a depth
1,000 feet below the normal piezometric surface would be able, by
following a conduit or otherwise percolating upward with essentially
no cooling, to reach an altitude almost 20 feet higher than the normal
piezometric surface. It is not known if the orifices of the hot springs
are definitely above the normal piezometric surface, but the above
example shows that, even if it were definitely established that they
are, this in itself would not preclude the possibility of the water
originating from artesian aquifers commonly tapped by wells in the
valley.

A second possible source is precipitation in the Pine Nut Mountains.
Immediately west of Hinds Hot Springs and just beyond the crest of
the mountains is a relatively flat triangular area of about 5 square
miles containing several depressions and small ephemeral lakes. The
granitic rocks forming the mountains ordinarily would be expected
to be unfavorable for deep percolation of water from these depressions
and lakes. However, the proximity of this unique high catchment
area to the equally unique springs may be more than coincidental.

The waters contain a very high percentage of sodium and are there-
fore unsatisfactory for irrigating all except the most salt-tolerant crops
(see quality-of-water section). For many years the flow of the
springs has been used to irrigate pasture land, consisting in large part
of native grasses and saltgrass.

A few other thermal springs rise along the margin of the valley floor,
beginning at & point about half a mile south of Hinds Hot Springs and
extending northward to a point about due north of the alkali flat.
Generally, the flow of each spring is less than 5 gpm and the tem-
perature is a little less than 70° F.

In the NEY sec. 34, T. 13 N., R. 23 E,, a group of springs have a
combined flow estimated at 60 to 70 gpm. A reservoir encircles the
springs and can be used to store the water, thus providing a consider-
ably greater head of water for irrigating adjacent fields. The springs
are not utilized intensively today. However, records in the office of
the State Engineer and the now-dilapidated improvement structure
at the site indicate that 20 acres or more of alfalfa and pasture land
were irrigated by the springs in the 1930’s. It is probable that the
flow of these springs decreased during the years following the use of
the Ambassador well in the NW¥%SWY sec. 25, T. 13 N., R. 23 E,,
beginning in 1933, inasmuch as the flow of artesian wells bordering
the north side of alkali flat were reduced greatly or stopped altogether.
The temperature of the water inside a 2-foot-diameter section of
culvert pipe, evidently placed over one of the better spring orifices,
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was only 63%° F. on May 26, 1950. Owing to the considerable length
of time the water was inside the well casing before being discharged,
and its susceptibility to temperature changes caused by changes in air
temperature, it is possible that the water temperature would be several
degrees higher were it possible to measure it nearer one of the larger
orifices.

QUALITY OF WATER

GENERAL CHARACTER

Natural water varies greatly in the concentration and composition
of dissolved constituents and correspondingly in its suitability for
irrigation and other uses. Some of the constituents are beneficial
to plants; others seem to have little or no effect on either plants or
soils; and still others either impair plant growth or have a harmful
effect on the soil, or both. The major constituents include the cat-
ions—calcium, magnesium, and sodium—and the anions—bicarbon-
ate, sulfate, and chloride. Constituents usually present only in rela-
tively low concentrations include potassium, carbonate, nitrate, silica,
and boron. Other constituents in low concentration may be present
but oftentimes are not determined.

SIGNIFICANCE OF DISSOLVED CONSTITUENTS

Silica.—Silica is a major constituent of all soils, but the small
quantity found in irrigation water seems to have little effect on the
physical or chemical properties of the soil. Usually natural water
contains from 10 to 60 parts per million of silica.

Calcium.—Calcium is found in nearly all natural waters, soils, and
plant tissue. It is essential to normal plant growth and is beneficial
to the soil. A calcium soil is friable, easily worked, and does not ‘‘run
together” or become impermeable when wet.

Magnesium.—The reaction of the magnesium ion with the soil is
much like that of calcium. It is essential to plant nutrition and is an
important constituent of the chlorophyll of green plants.

Sodium.—Sodium, like other cations, reacts with certain base-
exchange materials in clay soils, resulting in a change in both the
physical and chemical characteristics of the soil.

When sodium is the predominant cation certain unfavorable condi-
tions develop. When wet, the soil deflocculates or “runs together’
and becomes sticky and impermeable. Upon drying, the soil becomes
hard and large cracks appear. So called ‘“slick spots” may appear
in irrigated fields and black alkali—sodium carbonate—may also be
formed.

For these reasons the concentration of sodium in a water is one of
the three most important criteria for judging the suitability of a water
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for irrigation. Inasmuch as the adverse effect on the soil is related
more closely to the ratio of sodium to the total cations than to the
absolute concentration of sodium, the sodium concentration is ex-
pressed as percent sodium. To do this it is necessary to express the
cations in equivalents per million, which for practical purposes is
accomplished by dividing the concentration of calcium, magnesium,
and sodium, expressed in parts per million, by their combining weights,
20, 12.2, and 23, respectively. The percent sodium is then 100 times
the ratio obtained by dividing sodium by the sum of calcium, magne-
sium, and sodium, all expressed in equivalents per million.

Potassium —Potassium in most natural waters is found in concen-
trations of less than 10 parts per million. Because of the low concen-
tration it is usually not determined separately but is included (ex-
pressed as sodium) with the reported concentration of sodium. Its
reaction with the soil is similar to that of sodium, although not quite
so harmful. Tt is essential to the growth of plants, being one of three
major plant-food elements.

Carbonate—Alkali carbonates, such as sodium and potassium, are
often present in mineral springs but only as traces in natural water.
These carbonates are soluble in water, whereas the carbonates of cal-
cium and magnesium are'relatively insoluble in water. If a soluble
alkali carbonate in irrigation water is applied to a soil that does not
contain an excess of soluble calcium salts such as gypsum, the soil
structure will be impaired, taking on the characteristics described in
the paragraph on sodium. Sodium carbonate is undesirable in an
irrigation water for this reason, as it forms “black alkali” and it is
extremely toxic to plants.

Bicarbonate—Calcium bicarbonate is contained in most irrigation
water. It isa desirable constituent in that it ultimately forms calcium
carbonate when carbon dioxide is liberated by a rise in temperature
or upon evaporation. Calcium carbonate probably affects plant nu-
trition very little but it is of vital importance in maintaining desirable
soil characteristics.

Sulfate.—Sodium and magnesium sulfates are readily soluble where-
as calcium sulfate (gypsum) is relatively insoluble. Sulfate has no
characteristic action on the soil, other than to increase the salinity.
Sulfur is essential to plant nutrition and is readily available to plants
in the form of sulfate.

Chloride.—The common chloride salts are all soluble. Plants seem
to develop normally in solutions containing only traces of chloride,
but are injured and even killed when subjected to high concentrations.
Low concentrations of chloride are therefore desirable in irrigation
water. There is no practical method for removing chloride from irri-
gation water.
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Fluoride—In the low concentrations found in most water fluoride
has no noticeable effect on either plants or soils. It is important in
human nutrition, however, as a small quantity—about 1.0 part per
million—is beneficial in preventing decay of teeth. If the concentra-
tion is greater than about 1.5 parts per million, use of such water by
children during the formative period of their permanent teeth results
in a dental disorder known as mottled enamel. Teeth injured by
fluoride erupt, exposing a dull chalky surface which later may be
stained brown. The higher the fluoride content of the water the
greater is the probability for mottled enamel. There is no evidence
that normally formed teeth are endangered by drinking water having
fluoride concentrations in excess of 1.5 parts per million.

Nitrate—Nitrate is one of the three major elements in plant nutri-
tion. It promotes succulant growth of forage crops adequately sup-
plied with water. In the concentrations found in most water it has
little effect on the soil structure. When nitrate in excess of a few
parts per million occurs in shallow wells it may be an indication of past
or present pollution, as one source of nitrate is the complete oxidation
of nitrogeneous organic matter. Nitrate may also be leached from
rocks, including some caliche deposits. If nitrate fertilizer is used
some of the nitrate may be leached from the soil and taken into solu-
tion by the ground water.

Boron.—Boron is a constituent of almost all irrigation water, al-
though the concentration is small, generally ranging from a trace to
several parts per million. In the concentrations generally found in
irrigation water boron has no noticeable effect on the soil. Some
boron is essential to plant growth, but concentrations slightly above
optimum can be exceedingly toxic.

Accordingly, it is necessary to consider the concentration of boron
when classifying waters for irrigation. Scofield (1935) proposed the
following limits for boron:

TABLE 6.—Permissible limits for boron of several classes of irrigation water

Classes of water Sensitive | Semitolerant| Tolerant

crops crops crops

Rating Grade (ppm) (ppm) (ppm)
1| Exeellent .. ____ ... <0.33 <0.67 <1.00
2 000 oo 0.33 to 0.67 | 0.67 to 1.33 | 1.00 to 2.00
3 | Permissible. .. 0.67 to 1.00 | 1.33 to 2.00 | 2.70 to 3.00
4 | Doubtful_.____ e eeeee--.] 1.00 to 1.25 | 2,00 to 2.50 | 3.00 to 3.75
5| Unsuitable. . . . >1.25 >2.50 >3.75
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In determining the suitability of a water for irrigation the kind of
crop to be irrigated must also be considered. Katon (1935) has
grouped crops according to their tolerance to boron. Some of the
crops for which relative tolerances of boron have been listed are shown
in the following table.

TABLE 7.—Relative tolerances of crop plants to boron

[In each group the plants first named are considered to be more sensitive than those that follow]

Sensitive Semitolerant Tolerant
Apricot Lima hean Carrot
Peach Sweet potato Lettuce
Cherry Bell pepper Cabbage
Grape Tomato Turnip
Apple Pumpkin Onion
Pear Oat, Broad bhean
Plum Milo Alfaifa
Navy bean Corn Garden beet
Wheat Sugar beet
Barley Asparagus
Field pea
Radish
Potato

Reference to tables 6 and 7 will show that a concentration of 1
ppm (part per million) of boron may put a water in the “doubtful”’
class if used to irrigate crops extremely sensitive to boron, whereas
the same concentration would permit the water to be classified as
“excellent” if used to irrigate plants or crops tolerant to boron.

EXPRESSION OF TOTAL MINERAL CONCENTRATION

The total concentration of the mineral constituents is indicated by
one or more of the following values: electrical conductivity, dissolved
solids, or total cations or anions.

Electrical conductivity.—The fact that a large proportion of the
inorganic salts in natural water are ionized and thus permit passage
of an electric current, has led to the practice of measuring the elec-
trical conductivity of a solution as an indication of the concentration
of the constituents. The standard unit of conductivity is the mho/cm
(reciprocal ohms per centimeter). However, this unit is so large that
for convenience of reporting it was deemed desirable to express con-
ductivity in micromhos/cm, thus giving most natural water electrical
conductivities in units of hundreds or thousands. Electrical con-
ductivity is ordinarily reported as micromhos at 25° C. or EC X 10°
at 25° C., both of which have the same numerical value.

Dissolved solids.—The concentration of dissolved solids is obtained
by evaporating to dryness a definite quantity of the filtered water and
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TOTAL CONCENTRATION AS ELECTRICAL CONDUCTIVITY
Fi1GURE 6.—Diagram for use in interpreting the chemical analysis of an irrigation water.

weighing the residue. The weight of the residue is then converted to
parts per million. A crude relationship between dissolved solids and
electrical conductivity has been noted; multiplying the EC X 10° at
25° C. by 0.7 gives an indication of the approximate content of dis-
solved solids in parts per million for most natural water.

Total cations or anions.—The total cations in a solution equal the
total anions if both are expressed as equivalents per million. While
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this relationship is used mostly to check the accuracy of an analysis,
it also has been found that a reasonably consistent relationship exists
between total cations or anions and the concentration of dissolved
constituents. Thus, for approximate values, it can be assumed that
EC X 10° at 25° C. divided by 100 equals the sum of the cations or
anions, expressed as equivalents per million.

CLASSIFICATION OF WATER FOR IRRIGATION

The suitability of a water for irrigation can usuallv be determined
if the following characteristics are known: the total concentration,
the percent sodium, and the concentration of boron. The total
concentration can be expressed in any of the three ways outlined in
the discussion of determination of total concentration of constituents
(pp. 53-55). Percent sodium is defined under Sodium (p. 50).
Limits for boron are set forth in table 6 (p. 52).

Wilcox (1948) has proposed the use of a diagram for classifying
irrigation water on the basis of total concentration and percentage of
sodium. This diagram is shown in figure 6. On the left margin of
the diagram are shown values for percent sodium, and at the lower
margin are plotted values for electrical conductivity (EC X 10° at
25° C.) ranging from 0 to 3,500. Five classifications of water, ranging
from excellent to unsuitable, are delimited. To use the diagram,
move vertically up the left-hand margin to a point corresponding to
percent sodium, and then move horizontally to the right a distance
equal to the electrical conductivity. This point indicates the classifi-
cation of the irrigation water.

It should be remembered that the limits for the various classifica-
tions are empirical and that other investigators of the percent sodium-
total concentration relationship have advocated limits differing some-
what from those given in figure 6. Then, too, other factors such as
soil texture, type of soil, and drainage may change the limits con-
siderably. The diagram sets limits for water applied to crops having
a moderate tolerance for dissolved salts, growing under average
conditions of soil texture and drainage.

CLASSIFICATION AND INTERPRETATION OF ANALYSES OF
GROUND WATER

In June 1950, water from 17 selected wells and 1 spring was col-
lected and analyzed to determine the suitability for irrigation. The
results of these analyses, plus 9 other analyses made by the Depart-
ment of Food and Drugs, University of Nevada, previous to that
date, are listed in table 8. The analyses show only the dissolved
mineral content of the water and are not an indication of the sanitary
condition of the water.
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The chemical character of the water of the several samples is indi-
cated by the plotted positions shown in figure 6. Points were located
on the basis of the computed percentage of sodium and measured con-
ductivity except for 10 samples for which the conductivity was de-
termined by dividing the determined value for dissolved solids by 0.7,
the conversion factor generally used.

It will be seen that most of the analyses plot within the excellent-to-
good class. Only two exceptions were observed in the southern part
of the valley. One was water from well 10/23-2DB2. It is believed
that this water represents, in part at least, the quality of the water
vising along a fault near the toe of the mountains bordering the south
side of the valley floor. A tempevature of 143° F. was observed after
the well was pumped for a few minutes. Water from other wells
along the southern edge of the valley having abnormally high tempera-
tures may have a similar composition. The water is classified as
“permissible” to ““doubtful” for irrigation use because of the high per-
centage of sodium.

The chemical composition of this water is very different from that
of the artesian water generally found in the southern part of the valley
but quite similar to water at Hinds Hot Springs, about 10 miles to the
north. The similarity of these waters may be due to the fact that
both probably are associated with faults. They may have a common
source different from the major part of the ground-water supply, or
they may be derived from the main body of ground water but are
greatly changed in composition as a result of the high temperature,
and perhaps the composition of the rocks, near the faults,

The composition of water from well 11/24-31BB1 appears to be
anomalous. The water is classified as being doubtful to unsuitable
for irrigation because, although the percentage of sodium is almost
zero, the water contains excessive soluble salts. Mr. A. Mencarina,
owner of the well reports that the well is 80 feet deep. That the water
is excessively hard is shown by the fact that the sample analyzed had
a hardness of 1,300 ppm, expressed as calcium carbonate. The occur-
rence of a highly mineralized water in an area where most of the water
generally has a low mineral concentration may be explained, in part,
by noting that the depth of the well is reported as 80 feet. The well
presumably does not tap the artesian aquifers from which most of the
ground water is withdrawn in Smith Valley. The analysis shows that
the mineral matter in the water is composed largely of calcium sulfate
and magnesium chloride. It seems likely that the well taps a local-
ized deposit of soluble mineral salts containing appreciable amounts
of sulfates and chlorides of calcium and magnesium. Gypsum de-
posits are often found in semiarid regions where water containing
calcium sulfate, often derived in large part from iron and other metal-
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lic sulfide, has evaporated sufficiently to precipitate the calcium sul-
fate. It is possible that other deposits containing similar soluble
salts may be found locally at shallow depths. It is believed, however,
that water having low mineral concentrations can be obtained in these
localized areas by casing off the shallow aquifers and drilling to a depth
sufficient to tap the relatively extensive artesian aquifers.

Water in the northern half of the valley generally contains a high
percentage of sodium. Percentages of sodium approaching 100 were
indicated for water from wells 12/23-24CC1, 12/23-24CC2, and 12/23—
24CD1. The principal mineral constituent of the water from these
wells is sodium bicarbonate, the concentration evidently increasing
with depth of the well. Continued use of the water for irrigation
probably would prove toxic to most plants and would deflocculate
most soils.

Water from Hinds Hot Springs, 12/23-16D, contains 95 percent
sodium and for that reason is classified as doubtful to unsuitable for
most irrigation uses. As previously mentioned, it is similar in chemi-
cal composition to water from well 10/23-2BD2.

Water from wells 13/23-25CB1 and 13/23-27DD4 is classed as per-
missible to doubtful because of its high percentage of sodium. These
wells border the north side of the alkali flat and the water from them
probably represents the quality of water one might expect from wells
several hundred feet deep in that part of the valley.

Only 2 of the 18 waters analyzed during the present investigation
contain fluoride in concentrations exceeding 1.5 ppm. Significantly,
both are samples of thermal water, with which high concentrations of
fluoride are often associated. Water from well 10/23-2DB2, used as
the supply for a public swimming pool, contained 3.5 ppm of fluoride.
A temperature reading of 117° F. was observed after the well was
pumped for a short period. It is probable that an even higher tem-
perature would have been obtained after a longer period of pumping.

Water from one of the main spring orifices at Hinds Hot Springs,
12/23-16D, contained 2.7 ppm of fluoride. The temperature of the
water was 143° F. Most water whose temperature indicates little if
any mixing with thermal water contained only 0.2 to 0.4 ppm of
fluoride.

From the limited data available, it appears that high contents of
fluoride are associated with the thermal water found along the south
and west sides of the valley, presumably along fault planes. The
fluoride content of water in and adjacent to these belts probably de-
pends in large part on how much dilution occurs by mixing of the
thermal water with other water having insignificant concentrations
of fluoride. To the extent that temperature might be considered as &
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measure of such dilution, it appears desirable that the water in these
belts having temperatures considerably above normal be analyzed
to determine the fluoride content if such water is to be used habit-

ually by children during the formative period of their permanent
teeth.
GROUND-WATER DEVELOPMENT

STATUS OF DEVELOPMENT, 1950

Most of the ground-water development has been for domestic and
stock use. The drilling of small-diameter wells in the area of artesian
flow has been popular since the valley was first settled in the 1860’s.
To date 110 or more flowing wells have been drilled. (See table 4
and pl. 2.) The yields of these wells range from less than a pint to
several hundred gallons per minute, although the yields of a majority
of the wells range between 10 and 50 gpm. In addition, some 40
artesian wells and about 50 water-table wells are pumped for domes-
tic and stock use.

Development of ground water for irrigation on a significant scale
was begun in 1948 with the drilling of well 11/24-32DC1. This well
is being used successfully to supplement surface water in growing
alfalfa, potatoes, and grain. The well yields 900 gpm with a lift
of less than 100 feet. The lift was considerably less than 100 feet
at the same rate of pumping prior to a cave-in and consequent sinking
of the casing, which occurred a few months after the well was first
pumped.

Later in 1948 well 10/24-4CD1 was drilled to a depth of 250 feet.
The yield of this well is about 700 gpm, and the pumping lift is about
145 feet. The only well drlled so far for irrigation of the area north
of the West Walker River is well 11/23-3DC1. It was drilled in
1948 on the lower part of the Burbank-Red Canyon fan to a depth
of 275 feet. The well yields about 500 gpm with a lift of about
130 feet.

Only well 13/23-25CB1 (Ambassador well) has a flow large enough
for extensive irrigation. It was drilled in 1932 to obtain water for
mining operations but has not been used for this purpose since 1938.
In recent years the well has been used for irrigation. The rather
large flow of about 400 gpm can, in part, be attributed to its depth
of at least 540 feet, with the possibility that it penetrates fractured
volcanic bedrock, and to the gravel-pack type of construction. How-
ever, referring to figure 6, it will be noted that the quality of the
water is not suitable for many crops commonly grown in the valley.

To date, it is estimated that the withdrawals from flowing artesian
wells total about 2,000 acre-feet annually; from pumped artesian
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period 1948 through 1950. Included in the group are two wells on
which continuous water-stage recorders were maintained.

Available well logs are listed on pages 80-88. For the most part
the logs were obtained from drillers’ logs filed in the office of the State
Engineer.

NUMBERING SYSTEM

The number assigned to a well or spring in this report is both an
identification and a location number. It is based on the Mount
Diablo base and meridian of the General Land Office. A typical
number consists of three units. The first unit is the number of the
township north of the Mount Diablo base line. The second unit,
separated from the first by a slant, is the number of the range east of
the Mount Diablo meridian. The third unit, separated from the
other two units by a dash, lists the number of the section and is
followed by a letter designating the quarter section, a second letter
designating the quarter of the quarter section, and finally a number
to show the order in which the well or spring was recorded within the
subdivision. The letters A, B, C, and D designate, respectively, the
northeast, northwest, southwest, and southeast quarters of the section
and of the quarter section. For example, well number 11/23-25AD2
designates the second well recorded in the SE4NE} sec. 25, T. 11 N,,
R. 23 E., Mount Diablo base and meridian.

On plate 2, owing to space limitation, only that part of the number
designating the subdivision of the section and the order in which the
well or spring was recorded in that subdivision is shown. The section
number is shown near the center of each section in T. 12 N., R. 23 E.
The section number in any other township can be determined by
noting the corresponding section number in T. 12 N, R. 23 E.
Township and range numbers are shown on the edges of the plate
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MEASUREMENTS OF WATER LEVEL AND ARTESIAN PRESSURE,
1948-50

[See Description of wells (pp. 63-71) for other details of wells]

10/23-11AA1. Nevada Dept. of Highways. Unused drilled well.
Water level, in feet below measuring point, 1949-60

Water Water Water
Date level Date level Date level
1949 1950 1950
Dec. 27 _.______ 24.40 || May 26. ... 24.02 || Sept. 28 ______________ 20. 58
1950 Aug. 9. . 19.73 || Nov. 29 . ___..___ 23.01
Apr.24 . __________.__ 26. 04

10/24-3BA1. Dr. Ross. Drilled stock well. Equipped with jet-type pump
powered by gasoline engine. Water levels, in feet below measuring point: May
28, 1948, 61.28; Aug. 23, 1948, 61.45; Dec. 21, 1949, 61.56.

10/24-4CD1. Herb Rowntree. Drilled irrigation well, diameter 14 inches,
from 0 to 150 feet, 12 inches, from 150 to 250 feet; depth 250 feet. Equipped
with turbine pump and direct-drive electric motor. Pumping rate, May 5, 1949,
800 gpm, drawdown 50 feet; June 8, 1949, 700 gpm, drawdown 70 feet.

Water level, in feet below measuring point, 1948-50

Water Water Water
Date level Date level Date level
1949
65.54 || Mar. 9. _______________ 62. 48 175. 64
63.64 (| Aug. 17_._____________ 72.11 68.79
61.61 | Nov.4_._______________ 67.99 68, 46
61. 66 1950 67. 87
Mar.30. . ... 68. 46

1 Pump shut off 24 hours prior to measurement.

10/24-5AB1. Herb Rowntree. Drilled domestic well. Equipped with jet
pump and electric motor. Water levels, in feet below measuring point: May 27,
1948, 23.73; June 17, 1948, 28.56; Aug. 5, 1948, 28.6 (irrigation well, 11/24-32DC]1,
about 350 feet northeastward had been pumping continuously at rate of about
900 gallons per minute 3% days prior to measurement).

10/24-5AD1. Herb Rowntree. Drilled domestic well. Equipped with lift-
type pump. Water levels, in feet below measuring point: Mar. 29, 1948, 36.10;
May 10, 1948, 39.00; May 24, 1948, 37.47 (well 11/24-32DC1 not pumped during
week preceding measurement); June 8, 1949, 39.75 (well 10/24-4CD1 had been
pumping at rate of 750 gallons per minute for about 12 hours daily beginning
June 1. Well 11/24-32DC1 had not been pumped during the week prior to
June 8).
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10/24-5BB1. J. H. Hardie. Drilled domestic well. Equipped with jet pump
and electric motor.

Water level, in feet below measuring point, 1948

‘Water Water Water
Date level Date level Date level
Mar. 3. e 48.10 || May 24. .. __.______.__ 50,04 1 July 21 __. 50. 00
May10. . _.___________ 151,43 | June 17_______________ 49,70 || Aug. 5. __________ 1 50. 92

1 Well 11/24-32DC1 pumping.

10/24-5CB1. Fred Fulstone. Dug and drilled domestic and stock well, 4—
by 5-foot opening, 0 to 60 feet, 8-inch casing, 60 to 480 feet. Equipped with
jet pump and electric motor.

Waler level, in feet below measuring point, 1949-50

Water Water Water
Date level Date level Date level
1949 1949 1960
June8 .. 55.28 || Aug. 17 ... 53.82 || Aug. 18 ... _____ 53.18
July 6. ool 54.77 Sept. 28 . _____ 52. 66
1950
May26. ... 55. 44

10/24-7BD1. Fred Strieby. Drilled domestic well. Equipped with jet pump
and electric motor.

Water level, in feet below measuring point, 1949-60

Water Water Water
Date level Date level Date level
1949 1950 1950
May 6. . 63.20 || May 26_.______.______ 64.93 || Sept. 28.._____________ 62.94
Aug. 17 . ___________. 62.80 || Ang. 18 __._________._ 63.00 [| Nov.29_ . ______..__. 63.68

11/23-1AB1. C. G. Smith. Dug stock well (used infrequently), diameter 3%
feet, depth 29.6 feet. Equipped with lift-type pump and gasoline engine.
Measuring point, top of concrete well casing, 2.0 feet above land surface.

Water level, in feet below measuring point, 1949-50

Water Water ‘Water
Date level Date level Date level

23.97
24.35
23.11

S
S8
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11/23-3DC1. R. B. Day. Drilled irrigation well. Equipped with turbine
pump and direct-drive electric motor. Pumping rate, May 24, 1950, 500 gpm,
drawdown, 81 feet.

Water level, in feet below measuring point, 1948-50

Water Water Water
Date level Date level Date levfel
1950

49.98 51.69 || Aug. 9. ... _.._ 49.82

50. 44 50.75 || Nov,29. . _____._._. 50. 66
49. 60
50. 98

51.34

11/23-11BA1. A. Bunkowski. Drilled domestic well. Equipped with lift-
type pump and electric motor.

Water level, in feet below measuring point, 1949-50

Water Water Water
Date level Date level Date level
1949 1950 1950
Dec. 80 oeemomnmmene 8.68 | May24 ... 7.80 || Nov, 20— ooee_ ... 7.87
Aug. 9 ... .. 6.37
1960
Mar. 30 ool 10. 18

11/23-24CD1. Mrs. Kate Gallaner. Drilled domestic well.
Water level, in feet above measuring point, 1949-60

Water Water Water
Date level Date level Date level
1949 1950 1950
Aug. 22, oo 320 | Mar, 80 ... .__.__ 34.3 || Sept. 28 ___ ... ... __ 35.2
NOV. 4o oo omimceae 323 || Aug. 9. ___________. 1312 || Nov.29. .. .. __. 35.2

1 Withdrawal for several hours at rate of about 5 gpm 5 minutes prior to measurement,

11/23-26AA1. A. C. Sayre. Drilled domestic and stock well. Water levels,
in feet above land surface: Mar. 30, 1948, 35.3; Nov. 30, 1948, 32.5; Aug. 22,
1949, 31.2; Nov. 4, 1949, 33.0.

11/23-27DC1. C. and M. Groso. Unused drilled domestic well. No equip-

ment.
Water level, in feet below measuring point, 1948-50

Water Water Water

Date level Date level Date level
1948 1950

Oct. 22 .. 72.09 62.81 || Aug. 9. - .. 60. 54

Nov. 30 - as 72.97 68.01 || Sept. 28 ______________ 65.92

Nov.29. . _________._. 7116

1949

Jan, 31 .. 74.17 76. 20

Mar. 10_ ... 75.99 71.05

11/24-18AD1. Mrs. W. E. Allen. Unused jetted well. Equipped with con-
tinuous pressure recorder. Water level, in feet above measuring point: May 26,
1948, 18.8 (well had been flowing continuously for several years at rate of 25
gallons per minute until 10 minutes prior to measurement).



75

WELL RECORDS

Water level, at noon, in feet above measuring point, 1949

[From recorder charts]
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11/24-18AD2, C. G. Wines. Drilled domestic well. Measuring point, top of
1-inch pipe plug, 1.0 foot above land surface, 4,736.5 feet above mean sea level.

Water level, in feet above measuring point, 1948—49

Water Water Water
Date level Date level Date level
1948 1948 1949
Mar, 3. ... 31.6 || Nov.30._______..__.._. 27.0 || Aug. 17 . __________. 21.8
May 26 .- _____________ 26.4 Nov. 4. oo . 23.3
Nov.2 .. 25.8 1949
May1l______ . ... 23.1
June8 ____ ___________ 21.1

11/24-18DA1. Mrs. Mary Harrison. Drilled domestic and irrigation well.

Water level, in feet above measuring point, 1948-50

Water Water Water
Date level Date level Date level
1948 1950
June 2._..__________.___ 24,5 25.7 | Nov.29_______________ 26.5
4.5
1949 24.3
Mar, 10 ... _____. 26.2
May 1l ... 23.4

11/24-19DA1. B. A. Harrison. Drilled domestic well. Equipped with jet-type
pump and electric motor. Water levels, in feet above measuring point: June 2,
1948, 16.0; Nov. 2, 1948, 14.6; May 11, 1949, 10.5; June 8, 1949, 13.5.

11/24-21BC1. Hastings. Unused drilled domestic well. Water levels, in feet
below measuring point: Mar. 31, 1948, 41.82; Nov. 30, 1948, 43.23; Jan. 31, 1949,
43.34; Mar. 10, 1949, 43.49.

11/24-22DC1. Fred Fulstone. Unused dug well. Equipped with Stevens
Type F continuous recorder. Measuring point, top of floor of recorder shelter,
0.1 foot above concrete well curb, 0.7 foot above land surface, 4,889.2 feet above
mean sea level.
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Water level, at noon, after adjustment for barometric fluctuation, in feet below measur-
tng point, 1948

[From recorder charts]

Day May June July August |September| October | November| December
59.33 59.65 60.01 60. 29 60. 53 60. 78
59.33 59. 66 60. 02 60. 30 60. 57 60. 78
59.34 59. 68 60.03 60. 31 60. 55 60. 79
59.34 59. 69 60. 04 60. 32 60. 56 60. 80
59.35 59.70 60.05 60.33 60. 57 60. 81
59.37 59.71 60. 06 60.33 60, 58 60. 82
59.39 59.72 60.07 60.33 60. 59 60.83
59. 40 59.73 60.08 60. 33 60. 61 60. 92
59. 41 59.75 60. 09 60.33 60. 62 60.92
59.42 59.77 60. 10 60.33 60. 63 60. 93
59.42 59.78 60,11 60. 33 60. 64 60. 94
59.43 59.79 60.12 60. 33 60. 65 60.95
59.44 59.80 60.13 60. 37 60. 66 60. 96
59.46 59. 81 60. 14 60. 38 60. 67 60.97
59.47 59. 82 60. 15 60.39 60. 68 60.97
59. 48 59. 84 60. 16 60.40 60.69 60. 98
59. 49 59. 86 60.17 60. 41 60. 69 60. 99
59. 50 59,87 60.18 60. 42 60. 70 61.00
59.51 59.88 60.18 60, 43 60.70 61. 00
59. 52 50. 89 60. 18 60, 44 60.71 61,01
59. 53 59. 90 60.18 60. 45 60. 71 61.02
59, 54 59.91 60. 19 60. 46 60.72 61. 02
59. 56 59.92 60. 20 60. 47 60.72 61.03
59, 58 59. 93 60. 21 60. 49 60.73 61. 04
59, 60 59. 95 60. 22 60. 50 60. 74 61. 04
59. 61 59. 96 60. 23 60. 50 60.75 61.05
59. 62 59. 97 60. 24 60. 50 60. 76 61. 05
59. 63 59.98 60. 25 60. 51 60.76 61. 06
59. 64 59.99 60. 27 60. 51 60.77 61.07
59. 64 60. 00 60. 28 60. 52 60.77 61.08
59. 65 60.01 |..______._. 60,53 |- 61.09

Water level, at noon, after adjustment for barometric fluctuation, in feet below
measuring point, 1949

[From recorder charts]

Month
Day
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov, | Dec.
_____________ 61. 10 61.73 | 61.93 | 62.12 | 61.99 | 62.26 | 62.45 | 62.63 | 62.81 62. 94
61. 10 61.74 | 61.94 | 62.12 | 62.00 | 62.26 | 62.45 | 62.64 | 62.82 | 62.94
_| 61.10 61.75 | 61.94 | 62.11 | 62.01 | 62.27 | 62.46 | 62.65 | 62.83 | 62.94
_f 61,11 61.76 | 61.95 | 62.10 | 62.03 | 62.27 | 62.46 | 62.65 ) 62,84 | 62.94
-} 61.11 61.77 | 61.95 | 62.08 | 62.04 | 62.28 | 62.47 | 62.66 | 62.84 | 62.94
_| 61.11 61.78 | 61.96 | 62.07 | 62.05 | 62.29 | 62.47 | 62.66 | 62.85 | 62.94
| 6112 62.94
_| 61.12 62. 93
61.12 62.93
61.13 62, 92
.| 61.13 62. 91
.} 61,14 62,83
.| 61.15 62.73
_| 61.16 62. 60
_| 6117 62.48
.| 61.18 62.39
_| 61.19 62.30
| 61.19 62. 20
61. 20 62. 10
_| 61.20 62. 01
-} 61.20 61, 87
.| 61.21 61.70
_| 6L.2t 61. 50
-] 6L.21 61. 41
_| 61.22 61.33
_| 61.23 61.27
.| 61.23 61. 20
_] 61.24 61.13
_| 61.24 61. 08
-| 61.25 61.03
-1 61.26 |- 3

247957—53——6
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Water level, at noon, after adjustment for barometric fluctuation, in feet below
measuring point, 1950

[From recorder charts]

Month
Day
Jan, | Feb., | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec
60.50 | 59.28 | 60.31 | 60.93 | 61.01 | 61.33 | 61.58 | 61.70 | 61.77 | 61.88 | 61.35
60.40 | 59.33 | 60.32 | 60.94 | 61.02 | 61.34 | 61.59 | 61.70 | 61.77 | 61.88 [ 61.27
60.29 | 59.38 | 60.34 | 60.96 | 61.03 | 61.35 | 61.60 | 61.70 | 61.78 | 61.89 | 61.20
60.22 | 59.40 | 60.35 | 60.98 | 61.03 | 61.36 | 61.60 | 61.70 | 61.78 | 61.89 | 61.18
60.17 | 59.43 | 60.36 | 60.98 | 61.04 | 61.37 | 61.61 | 61.70 | 61.78 | 61.90 | 61.10
60,18 | 59.45 | 60.38 | 60.98 | 61.05 | 61.38 | 61.61 | 61.70 | 61.79 | 61.90 | 61.00
60.18 | 59.49 | 60.40 | 60.98 | 61,07 { 61.39 | 61.62 | 61.70 | 61.79 | 61.91 60. 91
60.15 | 69.52 | 60.43 | 60.96 | 61.09 | 61.40 | 61.62 | 61.70 | 61.80 | 61.91 60. 87
60.05 | 59.57 | 60.52 | 60.91 | 61.10 | 61.41 | 61.63 | 61.70 | 61.80 | 61.92 | 60.83
59.95 | 59.62 | 60.58 | 60.85 | 61.12 | 61.42 | 61.63 | 61.71 | 61.81 | 61.92 | 60.73
59.88 | 59.67 | 60.58 | 60.83 | 61.13 | 61.43 | 61.63 | 61.71 | 61.81 | 61.92 | 60.65
59.78 | 59.73 | 60.58 | 60.80 | 61.14 | 61.43 | 61.64 | 61.71 | 61.81 | 61.92 | 60.53
59.64 | 59.77 | 60.62 | 60.77 | 61.15 | 61.44 | 61.64 | 61.72 | 61.82 | 61.92 | 60.37
59.50 | 59.81 | 60.66 | 60.74 | 61.16 | 61.44 | 61.65 | 61.72 | 61.82 | 61.91 60. 26
59.35 | 69.85 1 60.69 | 60.74 | 61.17 | 61.45 | 61.65 | 61.72 | 61.83 | 61.91 60. 16
59.23 | 59.88 { 60.70 | 60.75 | 61.17 | 61.46 | 61.65 | 61.73 | 61.83 | 61.91 60. 04
59.12 | 59.91 | 60.71 | 60.77 | 61.18 | 61.47 | 61.66 | 61.73 | 61.83 | 61.91 59.91
59.05 | 5§9.95 | 60.73 | 60.80 | 61.19 | 61.48 | 61.66 | 61.74 | 61.83 | 61.91 59. 74
58,97 | 59.99 | 60.74 | 60.82 | 61.20 | 61.49 | 61.66 | 61.74 | 61.83 | 61.91 59, 62
58.97 | 59.99 | 60.76 | 60.84 | 61.21 | 61.49 | 61.66 | 61.74 | 61,84 | 61.92 | 59,52
58,98 | 60.00 | 60.78 | 60.85 | 61.23 | 61.50 | 61.66 | 60.75 | 61.84 | 61.92 | 59.46
58.99 | 60.01 | 60.79 | 60.87 { 61.24 | 61.61 | 61.66 | 61.75 | 61,84 | 61.91 59. 41
§9.02 | 60.02 | 60.80 | 60.89 | 61.26 | 61.52 | 61.67 | 61.75 | 61.85 | 61.90 59. 36
§9.06 | 60.02 | 60.82 | 60.91 | 61.27 | 61.53 | 61.67 | 61.75 | 61.85 | 61.87 59. 29
59.09 | 60.06 | 60.83 | 60.93 | 61.29 | 61.53 | 61.67 | 61.75 | 61.85 | 61.76 | 59.21
59.12 | 60.16 | 60.85 | 60.94 | 61.30 | 61.54 | 61.67 | 61.76 | 61.86 | 61.69 | 59.14
59.16 | 60.18 | 60.87 | 60.96 | 61.31 | 61.54 | 61.68 | 61.76 | 61.86 | 61.65 | 59.08
§9.22 | 60.23 | 60.89 | 60.98 | 61.31 | 61.55 | 61.68 | 61.76 | 61,86 { 61,58 §9.01
_______ 60.26 | 60.91 | 60.99 | 61.32 | 61,55 | 61.69 | 61.76 | 61.87 | 61.48 | 58.92
....... 60.30 | 60.92 | 61.00 | 61.33 | 61.56 | 61.69 [ 61.77 | 61.87 | 61.42 | 58,83
,,,,,,, 60.31 |_...___| 61,00 [-_.....| 61.57 | 61.69 |..__.__| 61.88 [.._.___| 58.73

11/24-27CB1. J. C. Sanders.

pump and electric motor.
1948, 22.24; Mar. 10, 1949,

11/24-27CC1. A. A. Chisholm.

Dug domestic well.

Equipped with jet-type

Water levels, in feet below measuring point: Mar. 3,
26.70; Aug. 29, 1950, 19.60.

type pump and electric motor.

Drilled domestic well.

Water level, in feet below measuring point, 1948-50

Equipped with jet-

Water Water Water
Date level Date level Date level

38.73 44.06 42,47
39.47 43, 48 42.37
41,12 43.22 39.75
41,07 42,42 39.07

41.18 39.29
42.64
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11/24-32AB1. Mrs. Nellie Albright. Drilled domestic well. Equipped with
centrifugal pump and electric motor.

Water level, in feet below measuring point, 1948-50

Water ? Water Water
Date level Date level Date level
1.74 16.92
1481 4.28
3.45
3.15
3.06 5.11
3.33 18,25
3.40 4.60
4.16
3.70

1 Well 11/24-32DC1 pumping at rate of about 900 gpm.
2 Pumping at rate of few gallons per minute.
3 Pump shut off 10 minutes.

11/24-32DC1. A. Nuti. Drilled irrigation well. Equipped with deep-well
turbine pump and 40-horsepower direct-drive electric motor.

Water level, in feet below measuring point, 1948-50

Water Water Water
Date level Date level Date level

26. 52 32.69 30. 66

30.92 32.77

30. 56 32.52

30. 88 31.50

33.90 31.00
32.94 30. 23
33.36 29. 92

11/24-33CC1. S. Maritorena. Unused drilled domestic well. Equipped
with jet-type pump and electric motor. .

Water level, in feet below measuring point, 1949

Water Water Water
Date level Date level Date level
Apr 19 ... 57.94 || June 8 . __ ... ___._.. 57.90 || Aug. 17 oot 256. 44
May M. o oiiaa. 1569.64 [| JUlY 6cceccuncomaann. 57.14

1 Well 11/24-32D C1 pumping about 900 gpm and well 10/2¢-4CD1 pumping about 750 gpm.
? Well 11/24-32DC1 pumping about 900 gpm.

11/24-34DB1. E. J. Alpers. Unused drilled well. Depth to water, in feet
below measuring point: May 26, 1948, 85.72; Aug. 23, 1948, 86.78; Dec. 21, 1949,
88.82.
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12/23-10BC1. A. Castaing. Drilled stock well. Water levels, in feet above
land surface: Oct. 21, 1948, 32.0 (after stopping flow for 20 minutes); Mar. 10,
1949, 32.0 (after 20 minutes) ; Aug. 22, 1949, 33.3 (after 40 minutes); Aug. 9, 1950,
23.2 (after 5 minutes), 27.1 (after 10 minutes), 30.5 (after 20 minutes), 33.0
(after 40 minutes).

12/23-22AC3. S. H. Hunnewill. Drilled stock well.

Water level, in feet above measuring point, 1948-50

Water Water Water
Date level Date level Date level
1948 1949 1950
Aug. 6. .o 7.0 June 8.... . _.....___ 7.2 || Sept. 28 ... 7.0
Aug. 22 .. ... 6.8 Nov.29 . ____________ 8.2
1949
Jan. 831 . ... 7.4

12/24-30CD1. Unused drilled well.

Water level, in feet below measuring point, 1948-50

Water Water Water
Date level Date level Date level
1948 1949 1950
May 28 . ... 47.95 || June8_ .. _.____.___.__. 49.42 || June 26....__.___._.__. 50.08
June 30 ccoaao oo 48,30 || Aug.22. . _..________. 49.84 || Aug.9__.____________ 50. 04
Nov 30 48.78 |{ Nov. 4. _______.__..__ 49,90 || Sept. 28, ... 49.83
NOV.29. e 49.86
1949 1950
Jan. 31 ... 48.70 || Mar. 30_.._____...._.. 49.37
Mar. 10 .o 48,77 || May 26. ..o 49.52

LOGS OF WELLS
[See Description of wells (pp: 63-71) for other details of wells]

10/23-2DD2. Barbara Carlson. Domestic well, perforated from 20 to 40 feet
with %-inch wide slots. First water at 33 feet; static level at 18 feet; temperature,
warm; yield, 30 gpm by bailer test. Drilled by Harvey Meyer, Carson City,

Nev. Completed Oct. 29, 1947. Driller’s log.
Thickness Depth
(feet) (feet)

Clay, dark__ - 2 2
Clay, yellow, sandy____ ... 24 26
“Hardpan’ - - e 7 33
Sand and gravel ______ . 7 40

Total - - - e mman 40

10/24-4CD1. Herb Rowntree. Irrigation well; casing diameter, 14 inches, to
100 feet, 12 inches from 100 to 250 feet; factory perforated with 3{e- by 2-inch
openings. First water at 43 feet; static level at 38 feet. Drilled by Scott Bros.
Drilling Co., Bakersfield, Calif. Completed July 1948. Driller’s log.
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Thickness Depth

(feet) (feet)

Sand._ e 18 18
Roek. e 2 20
Sand.__ . e 8 28
ClaY - o o e 7 35
Sand and gravel__ . __ .. 8 43
Sand; water.____________ . 22 65
Rock_ e 5 70
Sand . 10(?) 80(?)
Rock and coarse gravel __________________________________ 7 87(7)
Sand and gravel___________________ . _____ 31(7) 118(?)
ROCK - 2 12007
Clay, sandy - oo 10 130(2)
Sand and gravel; water__________________________________ 18 148(7)
Gravel, coarse, androck_________________________________ 4 152(2)
Roek. .l 4 156(?)
Sand, coarse, and gravel______ ___________________________ 62 218(2)
Sand, hard________ ... 12 230(?)
Sand, ecoarse_ . _ _ . 10 240(?)
Sand, hard, and hard rock__._____ . ______ A 10 250(?)
Total depth. _______ . ... 250(?)

Nore.—Thickness and depth figures in driller’s log could not be reconciled. Adjustments of thickness
figures between depths of 70 and 118 feet were made to arrive at above figures.

11/23-3DC1. R. B. Day. Irrigation well; casing diameter, 12 inches, to 266
feet; factory perforations from 101 to 266 feet, with ¥¢- by 2-inch slots. First
water at 66 feet; static level at 38 feet. Drilled by Scott Bros. Drilling Co.,
Bakersfield, Calif. Completed July 1948. Driller’s log.

Thickness Depth
(feet) (feet)
Sand and gravel, coarse_ _ . ___ _____ . ______ . ___..___ 25 25
Gravel. 41 66
Sand and gravel, coarse. _ .. _____ . _____________..___.__._ 22 88
Sand, coarse. - _ __ oo 22 110
Sand, hard___________________ .. 22 132
Sand, loose; water___.______ o _____ 22 154 -
Sand, fine________ . 22 176
Sand, loose_ - ol 22 198
Sand, with streaks of blue clay___________________________ 12 210
Sand, loose_ - . 10 220
Sand, fine_________ ... 7 227
Clay - - e 7 234
Sand, coarse, with some roek________ _____________________ 6 240
Sand, coarse, and gravel _________________________________ 15 255
Clay and gravel, streaksof_____ . __.__._ . _ . . ____.___ 7 262
Sand and rock, hard_____________________________________ 10 272
Rock, hard, basement__ _________________________________ 3 275
Total depth__ o - 275
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11/24-18AA2, Nevada Fish and Game Commission. Fish-rearing supply
well; casing diameter, 8 inches, to 48 feet. No perforations. First water at 5
feet; well flows. Drilled by J. B. Reynolds, Fallon, Nev. Completed Mar. 27,
1948, Diriller’s log.

Thickness Depth
(Jeet) (feet)

Topsoil - e 5 5
Sand, coarse_ _ oo 12 17
Gravel e 6 23
Clay, blue_ . 46 69
Sand, and gravel_________ __ e 19 88

Total depth . e —ome 88

11/24-18AA3. Nevada Fish and Game Commission. Fish-rearing supply
well; casing diameter, 8 inches, to 41 feet. No perforations. First water at 5
feet; well flows. Drilled by J. B. Reynolds, Fallon, Nev. Completed April 5,
1948. Driller’s log same as for well 11/24-18AA2.

11/24-18AA4. Nevada Fish and Game Commission. Fish-rearing supply
well; casing diameter, 8 inches, to 34 feet. No perforations. Drilled by J. B.
Reynolds, Fallon, Nev. Completed April 12, 1948. Driller’s log same as for
well 11/24-18AA2,

11/24-18AA5. Nevada Fish and Game Commission. Fish-rearing supply

2ll; casing diameter, 8 inches, to 41 feet; 6-inch casing inside 8-inch casing 0 to
103 feet. No perforations. First water at 8 feet; well flows. Drilled by J. B.
Reynolds, Fallon, Nev. Completed April 24, 1948. Driller’s log.

Thickness Depth
(feet) (feety

Topsoil. o e 8 8
Sand. . e 14 22
Clay, gray. - e 48 70
Sand. e 9 79
Clay, gray - e 16 95
Gravel and sand.-___ oo 8 103

Total depth_ .. ol e 103

11/24-18AA6. Nevada Fish and Game Commission. Fish-rearing supply
well; casing diameter, 8 inches, to 53 feet, 6-inch casing inside 8-inch casing 0 to
212 feet; perforated from 162 to 178 feet with 3%- by 2}4-inch slots. First water
at 3 feet 6 inches; flow, 45 gpm. Drilled by J. B. Reynolds, Fallon, Nev. Com-

pleted Feb. 27, 1949. Driller’s log.
Thickness Depth

(feet) (feety
Sand. e 22 22
Cl8Y - - - e 45 67
Sand; small flow of water__ . _____ oo 17 84
Gravel, clay, and sand_______ oo 34 118
Clay, hard. ... . e 6 124
Sandstone. oo e 5 129

Clay, brown . _ . e 35 164
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Thickness Depth

(feet) (feet)

Gravel; artesian flow_______ ______ .. 14 178
Sand._ e 7 185
Clay._ 4 189
Sand._ e 2 191
Clay, brown ... e 21 212
Sand; flows at 5 gpm.___________ - 7 219
Total depth- - - e e 219

11/24-20DB1. Chas. W, Hinds. Domestic well; casing diameter, 4 inches, to
140 feet. Static level at 42 feet. Drilled by Allen Bros., Smith, Nev. Com-

pleted Aug. 28, 1948. Driller’s log.
Thickness Depth
(feet) (feet)

“Surface dirt” e 18 18
Gravel . 7 25
Sand____ o ies 10 35
“Hardpan’ i 3 38
Sand and gravel ____________ ... 69 107
Clay, white and blue_________________________________.._ 33 140

Total depth_____ . oo 140

11/24-30CB2. Howard Wilkerson. Domestic well; casing diameter 6 inches,
to 170 feet. No perforations. Water coming from small layers of very fine
sand below 160 feet. TFirst water at 15 feet; flow estimated between 30 and 50
gpm. Static head approximately 14 feet. Drilled by Mel Meyer, Carson City,

Nev. Completed April 25, 1949. Driller’s log.
Thickness Depth
(feet) (feet)

Topsoil . e 15 15
Sand, coarse___________________ . ___ 17 32
Sand, fine_______________ o _____. 21 78
Clay, blue________ ... 36 114
Sand, fine blue.________ . 40 154
Clay,blue . _____ 6 160
Clay, sandy, blue._ .. ___ . _________ ... 10 170

______ 170

11/24-32DC1. A. Nuti. Irrigation well; original depth 342 feet. Casing
diameter, 16 inches, to 295 feet; uncased 295 to 342 feet; perforated from 92 to
100, 104 to 112, 120 to 125, 170 to 175, 190 to 212, 225 to 242, 270 to 285, and
293 to 295 feet with ¥%- by 3-inch slots, 10 slots per round, 9-inch spacing between
rounds. First water at 20 feet; static level at 26 feet. Well completed and test
pumped Mar. 30, 1948 at 1,050 gpm with a drawdown of 33 feet.

After pumping about 6 weeks, well caved, and sand filled casing to within 140
feet of surface. Casing settled about 2 feet, and land surface sank within a 10-foot
radius of well.

Well cleaned and deepened on June 29, 1948 to 390 feet. Casing liner, 12 inches
in diameter, installed from 105 to 390 feet; perforated from 150 to 390 feet with
Y- by 3-inch slots, 12 slots per round, 3-inch spacing between rounds. Yield
Aug. 5, 1948, 900 gpm with a drawdown of more than 45 feet. Drilled and
deepened by R. L. Norris and Son, Reno, Nev. Driller’s log.
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Thickness Depth
(feet) (feet)

Sand . e 4 4
Clay, sandy - - oo - e 214 614
Clay; some gravel . .. ___________________________________ 1314 20
Clay, brown,andsand._________________________________ 8 28
Quicksand. ____________________ . 22 50
Sand, coral . _ . 12 62
Sand, fine_ . _ - . .. 4 66
Sand, fine, and mud; some elay._._._______._ i 2 68
Sand, fine, and streaksof elay___________.________________ 10 78
Clay. 16 94
Gravel, small, andelay_ _________________________________ 4 98
Sand, fine,andelay_____________________________________ 6 104
Gravel, (3-inch)__ . ______ o -- 1 105
Cl8Y - - - o oo 2 107
Quicksand . . __ .. 3 110
Gravel . _ 2 112
Clay, brown, streaked with red clay and gravel_____________ 8 120
Gravel, small, and sand_ . - ... _________________.______ 3 123
Clay, brown, streaked with gravel._______________________ 22 145
Clay, brown, showing of fine gravel _______________________ 19 164
Clay, brown_ . _ . ________ .. 10 174
Gravel and sand, coarse_________________________________ % 1743
Clay,sandy__ ... o _______.. 10% 185
Clay, brown__ ... 8 193
Gravel, coarse. - .o 4 197
Gravel, fine, and sand; showing of black sand...________.___ 13 210
Clay and sandy shale, small streaks of clay (dry)__._.._____ 14 224
Clay - o o e 2 226
Gravel, coarse (1-inch); streaks of cemented gravel with soft

SPOYS - o 6 232
Gravel, cemented._ ______________________________________ 2 234
Clay, light-gray_____________________ .. 6 240
Gravel, coarse, and clay (stieky)________________________._ 2 242
Clay . 8 250
Clay and sand .- - _ _ ___________ __ __ o __.. 18 268
Clay and small gravel . _____________________ . __________ 5 273
Gravel . __ .. 10 283
Clay and small gravel_________________ . ________.__.__.__ 9 292
Clay (stieky) oo oo - 3 295
Gravel, 1-inch, smooth__________________________________ 2 297
Clay (sticky) - cwooo o - 13 310
ClAY - - o 3 313
Sand, tight-packed.________________________________._____ 6 319
Clay,sandy_ - oo ____ 9 328
“Hard cropping” - _ - 2 330
Gravel, irm________________________________________.__ 3 333
Sand, loose brown__ _ __ . _______________________________ 9 342
Sand._ 5 347
Clay, hard yellow______________________________________. 5 352
Gravel, coarse- - . _________ . _______ 36 388
Clay - .. 2 390

Totaldepth_________________ ... R 390
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The following log of well 11/24-32DC1 is by D. A. Phoenix, geologist, U. S.
Geological Survey, determined from samples submitted by driller.

Thickness Depth
(feet) ( feet)

Soil, 8ANAY o oo oo e 5 5
Silt; 10 pereent sand. _ - _ . _____________.__. e 23 28
Sand, fine_ _ _ e m 24 52
Silt and fine sand; 10 percent gravel . _____________________ 10 62
Sand, fine to medium . .. ______________________________ 18 80
Clay, light-gray, chalky._ . _______________________________ 19 99
Silt, light-brown; 10 percent grit__________________________ 5 104
Gravel, coarse. .. 3 107
Silt and clay; 5 percent pebbles___ _______________________ 1 108
Sand, fine to medium _ _ _________ . _______________________ 2 110
Gravel, fine; subrounded toround. ______ .. ... __________ 13 123
Clay and silt, light-brown; 2 percent pebbles_______________ 22 145
Clay, light-brown. .. .. 19 164
Silt and fine sand, light-brown_ - .. .. ________________ 21 185
Silt and elay, light-brown___ . __ . ___.____ 7 192
Gravel, coarse; fine to coarse sand; rounded to subrounded 5 197
gravel.

Sand, fine_ _ _ e 13 210
Sand, fine, medium, and eoarse___.__.___________________._ 13 223
Gravel, coarse_ . o oo 8 231
Silt and clay, miea flakes_ . ____________________________ 9 240
Gravel, medium_ - _ ___ .. 2 242
Silt and elay, chocolate-brown.___._____________________.___ 26 268
Silt and elay; 10 percent gravel__.________________________ 24 292
Silt, light-yellow_. . __ ... 3 295
Gravel, eoarse. - oo 2 297
Silt and elay, light-yellow__________ . _____________________ 13 310
Silt and elay, light-brown________________________________ 3 313
Clay, silt, and finesand . . ____________ .. ... ___.__ 6 319
(Sample missing) - ... - ... 9 328
Gravel, fine_ . e mma-- 14 342

Total depth_ .. o ceceae eeeo- 342

11/24-33CC1. S. Maritorena. Domestic and stock well; casing diameter, 6
inches, to 168 feet; perforated from 89 to 166 feet with Y- by 6-inch openings.
First water at 79 feet; static level at 60 feet; yield, 15 gpm by bailer test.
Drilled by Mel Meyer, Reno, Nev. Completed March 11, 1949. Driller’s log.

Thickness Depth

(feet) (feet)

Clay, red sandy - _ __ __ oo 79 79
Sand; water_____ oo 11(?) 92
Clay, coarse sandy _____ __ 16 108
Clay, sandy_ .- 20(?) 132
Clay, eoarse._ . - - . e 24 156
Sand, coarse; water. . __ __ s 12 168
Total depth_ . . i e 168

NoOTE.—Two discrepancies between figures for thickness of material and depth are apparent. It is
gelieved Ehat the thickness figures are computed figures, in which case the depth figures are more likely to
e correct.
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12/23-22AC1. S. H. Hunnewill. Domestic well; casing diameter, 6 inches,
tox78 feet; casing perforated from 66 to 78 feet with 4-inch wide slots. Static
level at 31 feet; yield, 20 gpm by bailer test. Drilled by Harvey Meyer, Carson

City, Nev. Completed Sept. 1947. Driller’s log.
Thickness Depth

(feet) (feet)

“Hardpan” - - - - - 4 4
Yellow elay - e 28 32
Sand; water. .. e 4 36
Granite sand. .. 42 78
Total depth._ ____ e e 78

12/23-22AC3. S. H. Hunnewill. Domestic and stock well; casing diameter,
6 inches, to 46 feet; perforated from 23 to 46 feet with Y4-inch wide slots. Flow
35 gpm. Drilled by Harvey Meyer, Carson City, Nev. Completed Sept 16,

1947. Driller’s log.
Thickness Depth

(feet) (feet)

Clay, vellow . _ oo 12 12
Sand; little water____________ el ___._ 2 14
Clay, sandy blue _ _ __ ___ _ e 36 50
Total depth._ ____ e e 50

12/23-27AA1. S. H. Hunnewill. Domestic well; casing diameter, 6 inches,
to 87 feet; perforated from 60 to 70 feet, and from 77 to 87 feet with Y%-inch wide
slots. Plugged and cemented, 85 to 100 feet. First water at 4 feet; static level
at 7 feet; yield, 25 gpm. Drilled by Harvey Meyer, Carson City, Nev. Com-

pleted Apr. 17, 1948. Diriller’s log.
Thickness Depth

(feet) (feet)

Loam, dark_ .. _ . 4 4
Sand; water. .. e 2 6
Clay, 88ndy - - - e 20 26
“Hardpan’ . e 2 28
Clay, sandy.- - e 7 35
Sand; water. . e 39 74
Sand e 13 87
Sand, fine. .. e 13 100
Total depth_ . ___ __ o eeiien mmmeen 100

12/23-27CD1. Leon Grivel. Domestic well, depth 95 feet. Casing diameter,
6 inches, to 94 feet. No perforations. First water at 7 feet; static level at 15
feet. Approximately 20 cubic yards of fine sand and clay removed during devel-
opment with compressed air. Yield, 30 gpm, Sept. 29, 1948.

Well deepened Oct. 23, 1948, to 279 feet. Casing diameter, 6 inches to 259
feet. No perforations. Flowed about 20 gpm. Sand filled casing to within 200
feet of surface after a few weeks of pumping and well ceased to flow.

Feb. 2, 1949, well cleaned and casing liner 4 inches in diameter installed from
171 to 279 feet; perforated from 259 to 279 feet with Y- by 6-inch slots. Six-inch
casing also perforated from 93 to 100 feet with !4- by 6-inch slots. Static level
at 2 feet. Drilled and deepened by Mel Meyer, Reno, Nev. Driller’s log.
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Thickness Depth

(feet) (feet)

“Surface soil” . .o e 5 5
Clay, sandy, blackish . . _____________ . _____ 20 25
Clay - e 3 28
Clay, sandy. .. e 32 60
Sand. e 5 65
Sand, hard . ... . e 15 80
Sand (tule), very little elay. .. _____. 3 83
Clay (tule) _ _ . e 3 86
Clay, brown . . e 3 89
Clay, brown, and sand - ___ __ ___ . ___________ . _____.___ 3 92
Sand, eoarse . _ . __ o een 3 95
Sand, “quick” - 91 186
Gravel, fine___ __ __ __ e~ 20 206
Clay, blue _ _ __ e 9 215
Sand and €laY oo o oo e 18 233
Sand, brown; water__ _ _____ __ - 2 235
Clay, brown sandy__.___ - 7 242
Clay, blue . _ _ e 3 245
Clay, brown sandy - .. o - oo e 34 279
Total depth . - - e eee e 279

12/23-35DA1. G. C. Smith. Domestic and stock well; casing diameter, 3
inches, to 208 feet. No perforations. First water at 208 feet; flow, 4 gpm.

Drilled by owner. Completed Dec. 1, 1948. Driller’s log.

Thickness Depth
(feet) (feet)

Loam, sandy_ e 30 30
Sand _ e 12 42
Clay. . 8 50
Sand._ ___ .. 150 200
Clay . . 8 208
Sand; water_._______ ______ L eo_. 2 210
Silt, tight__ _ ____ o eee- 6 216
Sand; water_______________ o ______. 2 218
“Hardpan’ _ _ __ _ . 4 222
Sand; wabter______ _________ .. 2 224
“Hardpan' - _ . 1 225
Sand; water._.____ oo 4 229

Total depth. i o= 229

13/24-16CD1. TU. S. Bureau of Land Management (‘“Snyder”’ well). Stock
well; casing diameter, 6 inches, to 280 feet; perforated from 260 to 280 feet.
First water at 246 feet; static level, 235 feet. Drilled by owner. Completed
Dec. 29, 1939. Driller’s log.
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Thickness  Depth
(feet) (feet)

Boulders, hard, in pinkish-brown formation_____._.___________ 69 69
Sand__ ol __ 3 72
Ground, hard black dry_ _________________________________ 6 78
Gravel, black fine________________________________________ 1 79
Gravel, black coarse. - _________________________________ 2 81
Sandstone, hard yellow__._________________________________ 3 84
Sandstone, brown (softer mixture) . _______________________ 1 85
Hard reddish-brown formation_ ___________________________ 27 112
Water strata_ ___ ... 1 113
Clay, light-colored._______ ____ ____ . _____ . __________ 3 116
Clay, light-colored, mixed with gravel______________ ____ __ 14 130
Gravel, loose___________ o _____ 3 133
Boulders, hard, in pinkish-brown formation. ______._________. 7 140
Clay, light-colored, mixed with gravel______________________ 24 164
Sand, dry muddy___ __ ___ . __._ 7 171
Hard dark-brown formation_______________________.______._ 46 217
Light-brown formation. __________________________________ 5 222
Dark-brown fine formation_ _________________________...___ 2 224
Sand, very fine brown, with two thin strata of coarser sand.__ 61 285

Total depth____ __ e aeeoa 285
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