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FOREWORD

The ground-water resources of Nevada are of immediate and
lasting concern to the citizens of the State since the wise devel-
opment of thisz valuable resource will create a foundation upon
which may be built a permanent and lasting economy. Recogni-
tion of the importance of underground water to Nevada was
realized by the State Legislature ag early as 1879. At that time,
and later in 1887, the Nevada Legislature provided Acts to
encourage the sinking of wells and the development of flowing
artesian water. In 1903 the office of the State Engineer was
created and with it came many of the laws governing the con-
servation and utilization of the waters of the State. The Statutes
of 1913 provided a law for the conservation of underground water
in Nevada, and wisely provided for the casing and capping of
artesian wells. Later, in 1915, underground waters of the State,
“Bave and excepling percolating water, the course and bound-
aries of which are incapable of determination,” were declared
subject to appropriation under the laws of the State relating to
the appropriation and use of water. Since that time the laws
governing the appropriation of underground water have under-
gone many changes, but they have all been prompted by the
recognition that the supply of water is limited and not inex-
haustible,

Wise conservation calls first of all for an evaluation of the
ground-water resources of the State. It was for this purpose
that in 1944 the State entered into a cooperative agreement with
the Director of the U. 8. Geological Survey for the study of the
ground-water resources of Las Vegas Valley, Clark County,
Nevada. Beginning July 1, 1945, funds have been appropriated
by the State and matched by the Federal Government for the
continuation of ground-water studies on a State-wide basis. The
cooperative program is under the supervision of Hugh A. Sham-
berger, Assistant State Engineer of Nevada, and Thomas W.
Robinson, District Engineer, Ground Water Branech, Geological
Survey,

Since 1945 ground-water work has been carried on in about
50 of the 80-odd valleys in the State by geologists and engineers
of the Ground Water Branch of the Geological Survey, and a
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series of 10 reports have been released by the State Engineer of
Nevada covering a part of these investigations. This report is
the tenth in the series of Nevada Water Resources Bulletins.
ALFRED MERRITT SMITH,
State Engineer.
April 20, 1949,




ABSTRACT

Paradise Valley is a north-south-trending valley in eastern
Humboldt County in north-central Nevada. It is bounded on
the west and north by the Santa Rosa Range, on the east by the
Hot Springs Range and the Osgood Mountains, and on the south
by the Humboldt River. The entire drainage area includes 1,600
square miles. The valley floor, ranging in altitude from 4,300
to 4,600 feet, is about 36 miles long and 8 mileg wide. The town
of Paradise Valley is near the north end of the valley, Winne-
mucea, the county seat, near the southwest corner, and Golconda,
a small settlement, near the southeast corner. The area is served
by the main lines of the Southern Pacific and Western Pacific
Railroads, U, 8. Highways 40 and 95, and Nevada State High-
way 8B.

Settlement along the Little Humboldt River began in 1863 with
the raising of cattle and sheep and the growing of wheat, oats,
hay, potatoes, and fruit. Some mining, principally of gold and
silver, was undertaken later.

The climate is semiarid, the average annual precipitation on
the valley floor being less than 9 inches. Most of the precipita-
tion oecurs during the winter months as snow. The mean annual
temperature is somewhat less than 50° F. The length of the
growing season at Winnemucca since 1916 has never been less
than 114 days.

The Santa Rosa Range, forming the west boundary of Para-
dise Valley, is the highest range in the area. Santa Rosa Peak,
the highest peak, is more than 9,600 feet above sea level. Spring
Peak and Paradise Peak are 9,400 and 9,200 feet above sea level,
respectively. The southern segment of this range, containing
Bloody Run Peak and Winnemucea Mountain, lies at considerably
lower elevations.

A spur of the Santa Rosa Range forms the north boundary of
Paradise Valley from Spring to Thimble Peaks.

Low volcanic mesas bound the east edge of the valley as far
gouth as the mouth of the canyon of the Little Humboldt River.
Farther south the eastern boundary is formed by the Hot Springs
Range, whose symmetrical, rolling hills rarely exceed 6,700 feet
in altitude. The southern end of the Osgood Mountain Range
extends beyond the Hot Springs Range to complete the eastern
boundary of the valley.

Martin Creek, entering the valley at the northeast corner, and
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the Little Humboldt River, entering the east side of the valley,
are the principal streams. Martin Creek has a drainage area of
about 170 square miles and the Little Humboldt River about 1,030
square miles. Martin Creek and the other streams that head in
the north end of the valley eventually drain into the Little Hum-
boldt River. Sand dunes in the south part of the valley have
choked the channel of the Little Humboldt River so that in years
of high runoff, water is impounded and forms the ephemeral
Gumboot Lake. It appears that courses antecedent to Basin
Range faulting are followed by Martin Creek, Little Humboldt
River, and the Humboldt River, inasmuch ag these watercourses
pass through mountainous barriers which otherwise would have
diverted them.

Alluvial fans extend away from the range fronts as much as
4 miles. Although inundated by Lake Lahontan, no well-defined
lake terraces or beaches are readily apparent. Stream terraces
are found on the floor of the valley. The most prominent stream
terrace starts at the mouth of the canyon of the Little Humboldt
River and trends southward for 18 miles along the east side of
the valley floor. The valley floor slopes southward, the slope
being steepest at the north end.

Paleozoic (?) and Mesozoic (7) sediments cut by igneous intru-
sives underlie part of the Santa Rosa and Hot Springs Ranges.
Clay slates, calcareous slates, limestone, and quartzite are believed
to be the predominant rocks. Tertiary basalt flows unconform-
ably overlie the older rocks. In part they occur as “flatirons”
along parts of the east side of the Santa Rosa Range and pass
beneath the alluvium of the valley floor, presumably reappearing
in the Hot Springs Range. The rocks in the ranges are cut by
numerous faults. Although the rocks in the ranges contain
ground water, they do not constitute the important aquifers of
the area. '

The rocks of the valley fill consist of the deep valley fill (possi-
bly the Humboldt formation), and the shallow valley fill composed
of stream or delta sand and gravels, alluvial-fan debris, late
Quaternary lake sediments, and sand-dune materials.

Stream or delta sands and gravels extending to depths of about
300 feet are the prinecipal aquifers. Clays and silts (possibly
the Humboldt formation) underlie these deposits to a depth of at
least 800 feet. Large yields have not been obtained from wells
penetrating alluvial-fan material. The late Quaternary lake sedi-
ments and the sand dunes do not contain appreciable quantities
of ground water.
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The most important geologic event insofar as the occurrence
of permeable sediments is concerned was the down-cutting to a
depth of about 300 feet into the Humboldt(?) formation by the
Little Humboldt and the Humboldt Rivers, and the subsequent
aggradation of these rivers. This resulted in the deposition of
the highly permeable sands and gravels which today are the
important aquifers.

Ground water in the shallow valley fill generally occurs under
water-table conditions and is usually less than 10 feet below the
land surface in the floor of the valley. Ground-water movement
is southward. The gradient of the water table ranges from about
50 feet per mile at the extreme north end of the valley to about
3 feet per mile at the south end.

The source of ground water is the precipitation within the
drainage basin of the valley. Recharge is effected mainly by the
infiltration of stream flow and the downward percolation of irri-
gation water. About 40,000 acres of land in the valley have
surface-water rights. The average annual runoff onto the valley
floor is estimated as about 70,500 acre-feet. During years of
normal runoff most of the water is diverted for irrigation. It is
estimated, after deducting necessary evapo-transpiration losses,
that only about one-third of the average annual runoff recharges
the ground-water reservoir,

The principal way in which ground water is discharged is by
evaporation and transpiration from about 47,000 acres of land
covered by salt grass, greasewood, and willows. It is estimated
that the annual evapo-transpiration from this land is about 23,000
acre-feet. In addition, about 3,200 acre-feet is discharged as
underfiow into the Humboldt River Valley. The total average
annual discharge of ground water is estimated to be about 26,000
acre-feet.

Annual fluctuations of the water table range from 9 feet in the
north end of the valley to about 2 feet in the south end. Artesian
heads ranging from 1 to 3 feet above the water table are found
in the shallow valley fill in the central and southern parts of the
valley. Except for the thermal well, the heads are insufficient
to cause wells to flow. One well (89/39-24B2) (see page 57
for explanation of well number) 800 feet deep, penetrated the
deep valley fill in search of artesian water. The well did not
flow and the vield was low.

The quality of the water in the shallow valley fill generally is
suitable for domestic use and for the irrigation of all but the
most sensitive crop plants.
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Prior to 1948 most of the development of -ground water was
for domestic and stock use. The only drilled irrigation well
pumped prior to 1948 yielded 2,200 gallons per minute with a
drawdown of 45 feet. In the spring of 1948 the efficiency of the
well was increased as the result of removing accumulated sand
from the bottom of the well. Several other wells that were
drilled for irrigation, but never used, should have high yields,
judging from the character of the materials penetrated.

The average annual amount of ground water available for
development by pumping for irrigation and other uses may be
considered as the recoverable part of the average annual under-
flow into the Humboldt River Valley and that part of the evapo-
ration and transpiration losses that can be salvaged by a lowering
of the water table. It is estimated that a lowering of the water
table of 20 feet near the south boundary of T. 38 N. would make
about 15,000 acre-feet available annually for pumping. . The most
favorable area for efficient development of the ground-water sup-
ply of the valley appears to extend from the middle of T. 40 N.
to about the south line of T, 38 N,




GROUND WATER IN PARADISE VALLEY,
HUMBOLDT COUNTY, NEVADA |

By Owmar J. Lorrrz, Davip A. Proewix, anp Trovas W. Ropinson

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

The investigation of the geology and ground-water vesources
of Paradise Valley is part of the State-wide cooperative program
between the United States Geological Survey and the State Engi-
neer of Nevada to determine the ground-water resources of the
State.

The geologic portion of the report includes a description of the
general geologic features of the area, a brief geologie history, and
a discussion of the water-bearing properties of the roeks.  The
hydrologie portion includes a discussion of the occurrence and
movement of ground water, estimates of average annual recharge
and discharge by various processes, a brief discussion of the
quality of water for irrigation, and an estimate of the average
annual amount of water available for pumping. At the end of
the report are tables giving information pertinent to the wells
in the valley.

The field work was begun in 1945 by T. W. Robinson, District
Engineer for the Ground Water Branch of the United States
Geological Survey. Intensive fleld work was carried on in the
summer of 1947 by 0. J. Loeltz and D. A. Phoenix under the gen-
eral supervision of T. W. Robinson.

GEOGRAPHICAL SKETCH

Paradise Valley is a north-south-trending valley in eastern
Humboeldt County in north-central Nevada, north of the Hum-
boldt River (see fig. 1). The axis of the valley is slightly west
of 1174° west longitude and extends from 41°00” to about 41°45
north latitude. The town of Winnemucca i8 near the southwest
corner, Goleconda mnear the southeast corner, and the town of
Paradise Valley near the north end of the valley.

The Santa Rosa Range on the west, a spur of this range on the
north, the Hot Springs Range and the Osgood Mountaing on the
east, and the Humboldt River on the south form the principal
physiographic boundaries.

The entire drainage area includes about 1,600 square miles, of
which somewhat more than 1,000 square miles lies ‘outside the
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valley proper. Martin Creek and the Little Humboldt River,
entering the valley through deep cuts in the bedrock at the north-
east and east boundaries of the valley, respectively, bring the
runoff from these outside drainage areas to the valley.

The valley proper (see pl. 1), bounded by ranges on the west,
north, and east sides and the Humboldt River on the south side,
is about 45 miles long and averages 13 miles wide. The valley
floor has a length of about 36 miles and an average width of
about 8 miles.

The town of Paradise Valley near the north end of the valley
is the local supply center for the ranchers and farmers in: the
vicinity. The population of the town of Paradise Valley ig esti-
mated to have been about 100 in 1946. Nevada State Highway
8B connects it with U. 8. Highway 95, and provides bituminous-
surfaced highways to outside markets.

Winnemucea, near the southwest corner of the valley, is the
county seat of Humboldt County. According to the Winnemucca
Chamber of Commerce the population was approximately 3,000
in 1946. It is an important business and supply center for
miners and ranchers for many miles around. Winnemucea is the
junction point of the transcontinental highway U. 8. 40, running
east and west, and U. 8. Highway 95 north to Oregon and Idaho.
The main lines of two railroad companies, the Southern Pacific
and the Western Pacifie, bring many transcontinental trains to
the community daily.

Goleconda, near the southeast corner of the valley, is 16 miles
east of Winnemucca, and lies north of and adjacent to U. 8.
Highway 40. It has a population of about 350, and is a local
supply and trading center.

HISTORICAL SKETCH

As early as 1842 John C. Fremont and the famous scout, Kit
Carson, leading a group of California gold seekers along the
Humboldt River on their way from Great Salt Lake to the Sierra
Nevada, passed through the south end of Paradise Villey. - In
1850 a Frenchman set up business at French Ford (present site
of Winnemucca), selling supplies to the gold seekers passing
through to California. French Ford grew into a thriving town
in 1868 when construction of the Central Pacific Company rail-
road, now the Southern Pacifie, reached the area. Itg name was
then changed to Winnemueca in honor of the famous Paiute
Indian Chief.
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Ranchers and farmers began settling along the Little Hum-
boldt River in Paradise Valley as early as 1863. Paradize City,
now the town of Paradise Valley, was established in 1866, Cattle
and sheep raising, and the growing of wheat, oats, hay, potatoes,
and fruit, quickly became the important means of livelihood.
The 1830 and later issues of The Silver State, the daily newspaper
published in Winnemuecca, are filled with glowing accounts of the
bumper crops raised in the valley.

Golconda was famous as a resort and health center where the
early settlers often spent several weeks at its large hotel drink-
ing and bathing in the mineral waters igsuing from the Golconda
Hot Springs.

The raising of cattle and growing of hay are the prineipal
activities in Paradise Valley today. The more than 40,000 acres
of cultivated or cropped land, some of which have surface-water
rights dating back to 1864, attest to the fact that Paradise Valley
has been and ig a very good agricultural area.

CLIMATE

The climate of Paradise Valley iz semiarid, the average annual
precipitation on the valley floor being somewhat less than 9
inches. Cereals and other crops having comparably low water
requirements can be grown satisfactorily in years in which the
amount of precipitation and its distribution is favorable; gen-
erally, however, these crops must be irrigated to obtain satisfac-
tory vields. Most of the precipitation occurs during the winter
months as snow. Except for occasional thunder storms very little
precipitation falls during the summer, July and August being the
months of least precipitation.

The mean annual temperature iz somewhat less than 50° F.
The average temperature in January is about 28° and in July
about 73°, although temperatures as low as —35° and as high as
110° T, have been recorded in Winnemucea.

Humidity is normally low, making the heat of the summer and
cold of the winter less noticeable. There is an abundance of sun-
shine, as the average amount of sunshine at Winnemucca is about
74 percent of the greatest amount possible.

The range of the daily temperature is large, so that even after
the hottest days the nights are cool. At Winnemucca the average
range in daily temperature is about 25° F. in January and 38°
in July.

Although there are no published records of evaporation rates
in Paradise Valley, the available records of climatological stations
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in the State indicate that the annual rate is probably between
40 and 50 inches.

The following average dates and length of growing season
at Winnemucca and Golconda are taken from a United States
Weather Bureau publication:?

Yoars Average date, Average date, Average length
of last killing first killing  growing season
Loeation record frost (spring)  frost (antumn) (days)
Winnemucea. 40 May 11 Sept. 29 141
Goleonda.......... 33 May 20 Sept. 19 122

During the 40-year period preceding 1939, the period used in
the above table, the length of growing season at Winnemucea
ranged from 81 days in 1916 to 175 days in 1934, However,
from 1916 to 1947 the growing season at Winnemucca hag never
been less than 114 days, indicating that rarely is the growing
season less than 4 months.

Monthly and annual precipitation and temperature data com-
piled from publications of the United States Weather Bureau are
given in Tables 1 and 2.

Whmate of the States, Nevada: U, 8 Dept. Commerce, Agr.’ Yearhook
Separate No. 1846, pp. 979-988, 1941,
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Since 1932 the Nevada Cooperative Snow Survey has main-
tained five snow-survey courses in the drainage area tributary to
the north end of Paradise Valley, The results of these snow sur-
veys, compiled by Clyde Houston,? is given in the following tabu-
lation:

1. LOWER BUCKBEKIN SNOW COURSE

Fatablished in 1932 by A. 1. Shaver and Panl Traviz,. Located on Toivabe
Nutional Forest, in osee. 25, T, 45 N, B 39 B Elevation 8.700 feel. Course
roviged in 1947 1o 18 samples at 50 fect. Huvveys by privite parvty, (Figures
are for conrse as revised in 1047.0)

; Water . Bnvw _\\‘aim\
.l;):me {1 {Inehes) Drate (Inches) {Trickies)
5.9
8.7
16,3
8.5
7.8
6.6
8.5 3/27 17,6 6.8
8.0 1/2 286 B9
104 3/31 218 .2
* 3726 260 9.0
4.4 5/25 310 120

1 8.1 475 2008 6.4

1947 * /1 00 (.0

1948 7.4 4/2 0.2 10,8

Average 8.5 21,4 7.5

Mo survey.
2, UPPER BUCKSEIN SNOW COURSBE

Bstablished in 1932 by Paul Travig and A, J. -Bhaver. Loeated on Toiyabe
National Foreat, in sec. 11, T. 456 N, R. 39 B, Elevation 7,200 feet. -Course
revised in 1847 to 10 samples at 40 feel. Surveys by private party. (Figures
are for course as revised in 1047.)

Snow Water Sriow Wigter

Year Date {Inches) {Inches) Drate {Inches) {Ineles)

1952 373 33.9 14,

1933 2/2 ap.t T4

1934 /3 i 6.9

1835 3/5 7.8 3

1956 a/4 15.1 443 15.2

1937 3/1 7.6 3/31 8.1

1988 a/2 .6 7.1 4/1 17.9

19459 3/1 26 4 8.4 1/1 4.0

1940 2/24 27.3 1007 3731 B

1941 a/1 A4 13.5 B729 lu"é

ig42 B/2 e 14,6 111 172 11.8

19438 2/28 38.0 16.4 /51 17.1

1044 . . * * R/27 12.2

1945 3716 350 15.3 A/8h 161

1946 374 214 0.8 4/8 _i;L‘!

1847 3/1 * # 4/1 1
1848 2726 21.5 5.2 1/% 104

Average 28.0 16.4 111

Established in 1932

FNo oaurvey.

3. MARTIN CREEK SNOW COURSE

by A. J. Shaver and Paul Traviz, Located.on Toiyabe

National Forest, in sec, 18, T, 44 N., R, 40 K. Hlevation 6,700 feet, Course
Houston, Clyde, Federal-Htate cooperative &now  surveys, summary for

Nevada 1910 through 1948; U,

. Dept, Agr., Soil Cons: Service, pp. 2630, 1148,
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revised in 1846 to 18 samples at 50 feel, Surveys by private party.
are for course as revised in 1946.)

Hoow Water Rnow
Date {Tnches) {Tnches) Diate (Inches)
374 Ah.8 13.3

/1 20.1

{Figures

5/29 8.1

1R a/31 8.8

9 4/2 8,1

HE 3/24 8.

9 1/27 13

9 177 7.

194 3731 1.

4 1/1 9.

Avernge 7.5 4.

¥MNo survey.
4. GRANITE PEAK SNOW COUERSE

Kstablished in 1932 by Paul Travis and A, J. Shaver. Loeated on Tolyabe
National Forest, in sec, 227 44 N, R. 89 B. Elevation 7,800 feet. Course
reised in 1946 1o 11 samples at 50 feet. Surveys by private party. (Figures

are for course as revised in 1046.)

Hiow Water Hnow
{Inches) (Inches) Trate {(Inches)
41,5 16.5
. 4.5
. B2
7.8
7 9.1
. 4.4
4 12.3
> 6.8
b 12.6
7 14.6
.6 11.4
5 18.3
32,9 7.3
58.6 9.5 4/5
37.5 11.2 1/6
19.6 6.8 8/50
i8.7 6.4 1/1
30.9 9.5

9.4

Ty Y H % B %

S i ok ok

o T

18,
7

#No survey.

5. LAMANCE CREEEK SNOW COURSBE
Established in 1932 by A. T. Shaver and Paul Travis. Located on

Tolyabe

National Forest, in see. 15, T. 42 N., R. 38 K. FHlevation 8.900 feet, 24 samples

at 50 feet. Surveys by private party.

Snow Waler Enow Water
Vear Date : {Tnches) Date {Tnehes) {Inchos)
1032 2726
1983
1934
1035
145
107
1938
1939 a1,
1940 .
194 34,
1942 3.
1943 39,
1944 35, ;
1945 23 474 26.6 9.0
1946 a0 4/5 24,7 9.4
1947 : ® /80 (.0 0.0
1948 2725 9.7 474 16.3 5.3
S e 7 - o A 103 16.9 5.0

o survey.
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PHYSIOGRAFHY AND DRAINAGE
GENERAL FEATURES

Paradise Valley is a broad northerly trending valley lying north
of the Humboldt River. Physiographically it is the northern
segment of a north-south series of connected depressions includ-
ing, to the south, Grass, Pleasant, Dixie, and Fairview Valleys.
Together they total about 180 miles in length and extead from
latitude 39°00” N. near the center of the State to latitude 41°807
N. 30 miles south of the north boundary of Nevada. Paradise
Valley slopes from north to south. The west side of the valley
is bordered along its entire length by the Santa Rosa Range, the
north side by a southeasterly trending spur of this range and a
short segment of the Owyhee Plateau, and the east side by the
Hot Springs Range and the southern segment of the Osgood Moun-
tains. The southern boundary of Paradise Valley is formed by
the Humboldt River. The more important perennial and inter-
mittent streams flow from the northern end of the valley and
approach its trough by a network of channels which merge and
pass diagonally down the valley floor to join the Humboldt River
at the southwest corner of the valley. (See pl. 2.)

MOUNTAINS

The Santa Rosa Range, the highest range in the avea, parallels
the west side of Paradise Valley for about 40 miles and then
continues northward bevond the Nevada-Oregon boundary.,  The
highest portion of this range iz adjacent to the northern portion
of Paradise Valley and reaches altitudes of more than 9,000 feet.
Santa Rosa Peak, the highest peak in. the range, rises about
5,000 feet above the town of Paradise Valley, and is more than
9,600 feet above mean sea level. Spring Peak, 12 miles north,
and Paradise Peak, 7 miles west of the town of Paradise Valley
and in the same range, reach altitudes of about 9,400 and 9,200
feet, respectively, Other prominent landmarks in'this range, but
considerably lower in altitude, are Bloody Run Peak, 12 miles
north of Winnemucca, and Winnemuecca Mountain, about 2 miles
northwest of Winnemucca. The Santa Rosa Range is brokén
by low passes. Beginning at the south end, just north of Win-
nemucca Mountain, the range crest falls to low hills locally cov-
ered by sand dumnes. Here, a dirt road winds its way westerly
over the pass and into the south end of Quinn River Valley. The
range crest then rises abruptly to the summit of Bloody Run
Peak, and altitudes generally above 7,000 feet prevail northward
for 10 miles until the crest again falls to the lower elevations of
the Paradise Hill pass, over which passes U. 8. Highway 95. The
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PLATE 2
Aerial view showing confluence of Little Humboldt and
Humboldt Rivers,
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crest rises to altitudes generally greater than 8,000 feet north
from this pass to the vicinity of Paradise, Santa Rosa, and Spring
Peaks, a distance of 20 miles. From Spring Peak northward to
the Oregon State line 24 miles distant the range broadens toward
the Owyhee Desert plateau and generally lies at lower altitudes.
It is broken locally by prominent peaks, of which Buckskin Peak
is the highest.

A prominent spur of the Santa Rosa Range trends southeast
for 8 miles along the northern boundary of Paradise Valley from
Spring Peak to Thimble Peak. Hinkey Summit, s pass through
which the road from Paradise Valley to the town of McDermitt
winds its way, separates this spur from the main crest of the
Santa Rosa Range. From the crest of this spur the land slopes
gently to the north and east, conforming generally with the
northeasterly dip of the underlying lava flows. The southwest-
erly facing slope of this spur is broken by precipitous cliffs of
voleanic rock.

Low voleanic mesas rise abruptly at the east edge of the val-
ley from Martin Creek to the Little Humboldt River, and extend
northeastward, merging into the Owyhee Plateau. South of the
Little Humboldt River the north end of the Hot Springs Range
rises sharply to an elevation of 6,450 feet at Hot Springs Peak.
This peak, although not the highest point in this range, is iso-
lated and therefore prominent. From Hot 8pritigs Peak the crest
of the Hot Springs Range falls rapidly southward for 4 miles.
The range then broadens somewhat and rises to mature sym-
metrical rolling hills whose altitudes rarely exceed 6,700 feet
above mean sea level. The south end of this range ends a short
distance north of the southern end of Paradise Valley. An iso-
lated island of bedrock between the south end of the Hot Springs
Range and the Humboldt River may have been a part of the
range in earlier geologic times. The Osgood Mountain Range
lies a short distance east of the Hot Springs Range and closely
parallels it. The southern end of this range extends southward
beyond the south end of the Hot Springs Range and foérms the
physlographic boundary for a small section of the southeast cor-
ner of Paradise Valley. It is through the southern end of the
Osgood Range that the Humboldt River has eroded its way to
carve the Humboldt River Valley.

Three physiographic types of mountain featiures oecur in the
Paradise Valley area. They are: (1) Youthful features, or those
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that show only the early stages of progressive erosion and indi-
cate that relative late geologic events have caused their appear-
ance as landscape features; (2) mature features, or those which
indicate that the mountaing have been stable for a long period
of time and have been subject to progressive headward erosion
without interruption; and (3) landscape features that are
believed to have been superimposed on the mature stage as the
result of alpine glaciation.

The most typical feature of youthful erosion is the canyon of
Martin Creek. There, the watercourse, antecedent to late Basin
Range faulting, is deeply incised into almost flat-lying lava flows.
The walls of the canyon are sheer cliffs which rise abruptly to a
mesa top of relatively low relief,

The Hot Springs Range and portions of the Santa Rosa Range
from Paradise Peak south to Winnemucca Mountain are charac-
teristic of mature mountains. They are not incizsed by steep-
walled canyons but are rounded and subdued. The cycle of
erosion to which they have been subjected has been uninterrupted
and has progressed far enough to leave little indication of any
preceding land form.

Pleistocene glaciers existed in the highest portion of the Santa
Rosa Range. Cn the east and north slopes of Santa Rosa Peak,
Paradise Peak, and the north and west slopes of Spring Peak
are steep-walled but gently concave amphitheaters which are sug-
gestive of glaciation, These features have been modified by later
stream erosion, and farther down the mountain slopes the valleys
become steep-walled and V-shaped and the evidence for glacia-
tion has been lost.

STREAMS

The two major streams that enter Paradise Valley are Martin
Creek and the Little Humboldt River. Martin Creek enters the
valley at the northeast corner, about 6 miles northeast of the
town of Paradise Valley, and the Little Humboldt River enters
the east side of the valley about 7% miles southeast of the town
of Paradise Valley. The greater part of the drainage basins of
both Martin Creek and the Little Humboldt River are separated
from the valley proper by intervening crests of the Santa Rosa
and Hot Springs Ranges. The drainage basin of Martin Creek
is about 170 square miles, and the drainage basin of the Little
Humboldt River and its two tributaries, the North and South
Torks, is about 1,080 square miles. Tributaries of both Martin
Creek and the Little Humboldt River drain the east slope of
Buckskin Peak.
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Many smaller streams head on the east slope of the Santa Rosa
Range in the north part of the valley and descend rapidly to
alluvial fans over which they flow onto the valley floor. These
streams from south to north are Prove, Wash (’Neal, Stone-
house, Beef, Colony, Handy, Lamance, Little Cottonwood, Dry,
Cottonwood, and Mullinax Creeks. Indian Creek, heading near
Spring Peak, is the principal stream entering the north end of
the valley.

The streams flow throughout the year in the mountaing. Run-
off in these streams during late winter and spring reaches the
valley floor where it is diverted for irrigation or enters an intri-
cate network of channels in the north-central portion of the val-
ley. From there the channels merge to the south to join with
the channel of the Little Humboldt River. During years of high
runoff, water flows down this channel as far as the sand-dune
area at the south end of the valley., There, dunes that have
drifted across the channel of the Little Humboldt River form a
natural barrier, and in wet years water colleets behind this bar-
rier to form what is known as Gumboot Lake. South of the
sand-dune area the channel of the Little Humboldt River is dry.
The channel, however, continues until it enters the Humboldt
River Valley at the southwest corner of the valley (see pl. 2).

Drainage antecedent to Basin Range faulting is indicated
where the Little Humboldt River has cut its way through the
north end of the Hot Springs Range, and through the basalt lows
at its confluence with the Humboldt River. Martin Creek and
the Humboldt River are likewise believed to indicate antecedent
drainage, as both these watercourses pass through mountainous
barriers which otherwise would have served to divert their course
of flow. It is recognized, however, that some of theé stream
features herein termed antecedent may be due to lake overflow
from one valley to another at points where the stream canyons
now exist.

ALLUVIAL FANS AND VALLEY FLOOR

Alluvial fans have been built along the base of the ranges sur-
rounding Paradise Valley and extend as much as 4 miles away
from the range fronts. They have a gently rolling surface paral-
lel to the base of the range, and away from the range front they
fall with decreasing gradient towards the valley floor.

No well-defined lake terraces or beaches are found on the allu-
vial fans, although the valley was inundated by Lake Lahontan.
It is possible that this arm of the lake was too short-lived to
form bheaches.
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The central floor of the valley trends north-south and is
bounded by the lower edge of the alluvial fans. The approxi-
mate boundary between the alluvial fans and the valley floor is
shown on Plate 1. The floor slopes from north to south towards
the Humboldt River. The gradient in the north end is about
20 feet per mile, but it decreases rapidly to about 2 feet per mile
in the southern half of the valley. In the southern part of the
valley the floor slopes very gently to the southwest. The Little
Humboldt River reflects this slope as, in seeking the lowest point
in the valley, it has migrated diagonally across the valley floor
to flow into the Humboldt River,

Stream terraces are found on the floor of the valley. The most
nearly continuous terrace starts at the point where the Little
Humboldt River flows onto the floor of the valley, and trends
southward along the east side of the valley floor. The base and
upper edge of thig terrace both slope southward with the same
eradient as the valley floor, and hence it is not believed to have
been formed by a lake. This terrace limits the lower edge of
the alluvial fans south of the mouth of the Little Humboldt River.
It is rarely over 15 feet high and finally dies out 18 miles to the
gouth. Other stream terraces are found at the mouth of Martin
Creek, in the stretch where Martin Creek has cut into the allu-
vial fan below its mouth, and in the southern third of the valley
floor where the combined surface flow from the streams reach-
ing the floor of the valley has carved a pronounced channel to
the Humboldt River. This is commonly referred to as the chan-
nel of the Little Humboldt River.

A belt of sand dunes traverses the valley just south of Toll
House and Gumboot Lake from west to east. The shape of the
dunes and their direction of migration indicate they were formed
by prevailing westerly winds and that the sand entered the val-
ley through the pass lying between Winnemucea Mountain and
Bloody Run Peak. These sand dunes have migrated across the
channel of the Little Humboldt River, choking it with sand.

Lake terraces and other related lake features around Gumboot
Lake are found in the southern part of the valley floor north of
the sand-dune barrier. They are shown on Plate 1. Below
these terraces, which rarely exceed 10 feet in height, the floor is
flat and locally is covered with abundant remains of fresh-water
gastropods.
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GENERAL GEOLOGY AND WATER-BEARING PROPERTIES
OF THE SEDIMENTS

The rocks of the Paradise Valley area, as they affect the occur-
rence of ground water, may be divided into two main groups,
those of the mountain ranges and those of the valley fill. The
ranges are composed largely of rocks in which ground water
generally does not circulate freely., These rocks are metamor-
phosed and indurated sediments, igneous intrusives, and lava
flows. They are collectively known as the bedrock. The valley
fill is composed largely of unconsolidated sediments, some of
which are important aquifers. These sediments, occupying a
basin whose bottom and sides are formed by the bedrock, consist
of elay, silt, sand, and gravel. This fill is younger than the rocks
of the mountains, having been derived from them by erosion.

ROCKS BORDERING FARADISE VALLEY

The rocks bordering Paradise Valley are. divided regionally
into two groups: (1) Older group, consisting of Paleozoic (7) and
Mesozoic (7) sediments cut by igneous intrusives, and (2) younger
group, consisting of Tertiary (Miocene(7)) basalt flows.

The older sediments and intrusives underlie the Santa Rosa
Range on the west from Spring Peak south to Winnemueca Moun-
tain, and the Hot Springs Range on the east from the Little Hum-
boldt River south almost to the Humboldt River, Very little
geologic mapping has been done in these two ranges, but it is
believed that the predominant rocks in the Santa Rosa Range
are clay slates, calcareous slates, and some limestone,* whereas
the rocks in the Hot Springs Range are interbedded quartzite and
limestone. These rocks, particularly in the Santa Rosa Range,
have been intruded by stocks of granodiorite or quartz monzo-
nite; and they are all cut by numerous faults., Generally the
sediments in the northern part of the Santa Rosa Range dip at
high angles to the east and are strongly folded and compressed.

The Tertiary basalt flows, possibly of Miocene age, uncon-
formably overlie the older rocks. They compose the Santa Rosa
Range from Spring Peak north to the Nevada-Oregon State
boundary and from Spring Peak southeast to the north end of
the Hot Springs Range. Elsewhere, they form “flatirons” on the
east side of the Santa Rosa Range from Trap Butte north to the
base of Spring Peak, and they again crop out in the south end
of Paradise Valley on the east flank of Winnemuecca Mountain.

The regional structure of the Tertiary (Miocene(?) ) Tava flows

indgren, Waldemar, Geology and mineral deposits of the Nationnl mining
digtrict, Nevada ;- T, B, Geol. Survey Bull. 601, p. 11, 1915,
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is simple. From the scarp bordering the north and east edge of
Paradise Valley they dip 15° to 18° to the northeast, forming a
plateau dissected by the headwaters of Martin Creek and the
Little Humboldt River. “Flatirons” of basalt at the base of the
Santa Rosa Range dip 10° to 20° to the northeast and pass beneath
the alluvium of the valley floor. It is believed that a large part of
the mountain uplift occurred after the lava flows were extruded.
These flows may be the same that reappear, bordering the valley,
between the mouths of Martin Creek and the Little Humboldt
River about 8 miles to the east. In the south end of the valley
the basalt flows flanking the east side of Winnemucca Mountain
also pass beneath the floor of the valley. These flows are believed
to be bounded on the north by a fault which is obscured by late
valley fill.

Water may occur in these lava flows, as they are commonly
jointed and fractured, and they compose the highlands over
which many of the streams in the area flow. Prospecting for
water in these voleanic rocks has never been undertaken in Para-
dise Valley, as they are covered by at least several hundred feet

of valley fill.
VALLEY FILL

The rocks of the valley fill consist of the deep valley fill (pos-
sibly the Humboldt formation), and the shallow valley fill of
stream or delta sand and gravels, alluvial-fan debris, late Quater-
nary lake sediments, and sand-dune materials. The more per-
meable of these sediments lying below the water table are those
from which ground water may be withdrawn economically for
various needs.

The deep valley fill is believed to consist of interbedded clay
and silt and underlies the coarser materials generally prospected
by wells in the valley. The deep fill is believed to have been pene-
trated by only one well, This well (39/39-24B2) (see page 57
for explanation of well number) was bored in 1889 to a reported
depth of 800 feet. Items appearing in the Winnemucca news-
paper at that time state that sandstone was encountered from
274 to 294 feet below the land surface, and that from 294 to 800
feet the formation consisted of “soft ground” and “clay forma-
tions” through which it was possible to bore at the rate of 75
to 80 feet a day. No highly permeable materials were reported
below 274 feet. If the material reported to have been encoun-
tered in the well is representative of the material in the deep
valley fill, the water-bearing properties of the deep valley fill are
not good.
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Stream or delta sand and gravel overlie the deeper valley fill,
and consists of interbedded and mixed sand, gravel, and some
silt and clay.

The manner of deposition of these materials is important to
the occurrence of ground water in Paradise Valley. It is believed
that during the Pleistocene epoch the channels of Martin Creek
and the Little Humboldt River were eroded at least 275 feet below
their present levels in the valley floor. These channels and their
tributaries were then filled by stream-laid gravels and delta sedi-
ments, which in turn were covered by a thin veneer of Lake
Lahontan beds (see cross section, pl. 1). The stream  terrace
along the east side of Paradise Valley may be the only remain-
ing surface expression of this old channel.

The water-bearing properties of the stream-laid gravels and
delta sediments are good. Well 39/39-13C3, on the edst side of
the floor of Paradise Valley, has penetrated these materials 225
feet. Well 39/39-13C1, a few feet distant, is only 105 feet deep
but has a specific capacity (yield in gallons per minute per foot
of drawdown) greater than 50. The log of well 39/39-16B1,
about 8 miles due west, indicates that the material underlying
the floor of the valley consists of highly permeable coarse sand
and gravel, interbedded with fine sand and silt to a depth of 276
feet. It is reported that in well 40/39-26A1 the materials pene-
trated consisted almost entirely of sand and gravel. - The well
was abandoned at a depth of about 300 feet when two strings of
drilling tools were lost in the hole.

Alluvial-fan deposits fringe the valley at the base of the
mountains. It ig believed these deposits have been accumulating
throughout a great part of the Quaternary period and are a result
of variations in climate, and of progressive changes in land forms
throughout this time.

The sediments contained in the alluvial fans are gen=rally
crudely bedded and poeorly sorted, although both the bedding and
the degree of sorting vary with the place of deposition on ithe
fan slope. Near the apex of the fan the materials are generally
coarse-textured. Farther out on the slope at lower elevations,
approaching the lower edges of the fans, the sediments gradually
change to more evenly sorted and finer material until the fan
deposits merge with the material of the valley floor. The dip
of the bedding in these deposits is toward the toe of the fan, and
hecomes flatter as the toe is approached. Generally the dip
approximates the profile of the fan.

The alluvial-fan deposits contain ground water but the water
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cannot be readily developed in all parts of the fan. At the upper
end of the fans, near the apexes, the material is poorly sorted and
will not readily yield water to wells. There, too, the greater
depth to the water level often makes the pumping lift excessive.
At the toes of the fans, formed by perennial streams, the fan
material iz much better suited for the development of ground
water, and the pumping lift would not be great. It is believed
that the fans opposite the mouths of normally dry canyons are
not good places to develop ground water. The material of these
fans is, for the most part, poorly sorted throughout, having been
deposited largely by torrential floods resulting from cloudbursts
of short duration.

During late Quaternary time Lake Lahontan covered the valley
floor to about the point where the Little Humboldt River enters
the valley proper. However, the valley is unlike many others
occupied by the lake in that few clues remain to indicate lake
stages. It is believed that the life span of this arm of the lake
was of only short duration, so that the lake left no well-marked
shore lines or terraces. Shingle gravels and well-sorted sands
were found in a borrow pit in see. 26, T. 41 N, R. 39 E. These
sediments are near the upper limit of the highest shore line. The
elevation of the pit is about 4,435 feet above mean sea level.

The sediments deposited in the floor of the lake consist pre-
dominantly of silt and clay. In part they overlie the stream and
delta deposits of the Little Humboldt River. In the floor of the
valley, below the narrows of the Little Humboldt River, these
sediments are only 5 or 6 feet thick. They form the soil mantle
overlying the stream-laid gravels. Farther south, in the vicinity
of Gumboot Lake, an augered well (38/39-33B1) penetrated 18
feet of the lake sediments before entering gravel and sand. Part
of this material was deposited during the existence of the now
ephemeral Gumboot Lake. Thin-shelled fresh-water gastropods
are found on the floor of this lake and indicate that in the past
this lake was perennial. The sand dunes in the area hetween
Gumboot Lake and the Humboldt River in part represent a
reworking of the thin cover of sediments of Lake Lahontan. The
lake sediments exposed in the water gap of the Little Humboldt
River at its confluence with the Humboldt River are sediments
of Lake Lahontan. (See pl. 2.)

Ground water does not oceur in appreciable quantities in the
Lake Lahontan beds, as the greater part of them lis above the
water table.
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LATE TERTIARY AND QUATERNARY GEOLOGIC HISTORY

The late Tertiary and Quaternary geologic history of Paradise
Valley is important for a clear interpretation of the oecurrence
of ground water in the area. The geologic proecesses involved
in the development of Paradise Valley explain the presence of
the important water-bearing materials underlying the valley floor
and help to indicate their distribution. It is believed that the
important events insofar as they relate to the oeccurrence of
ground water are as follows:

1. Miocene vulcanism resulting in the distribution of basalt
and other types of flow rocks over a large part of north-central
Nevada.

2. Tilting of these flow rocks by Basin and Range faulting fol-
lowed by the accumulation of the Humboldt (7) formation, prob-
ably of both Miocene and Pliocene age. These sediments were
deposited to a thickness which may reach 2,000 feet or more in
some of the basing of northwestern Nevada, and their deposition
was probably accompanied by some vuleanism. In Paradise Val-
ley a well (39/39-24B2) exploring these beds encountered a pre-
ponderance of clay. It is possible that the deposition of the clay
beds was interrupted by abrupt climatic changes, or accompanied
by intermittent Bagin Range faulting or both.

3. Change to arid climate and dessication of lakes existing
prior to Lake Lahontan, followed by the major development of
the drainage pattern of the Humboldt River drainage system;
continued Basin Range faulting and tilting of the basin sedi-
ments; antecedent downcutting by the Humboldt River through
the Osgood Range and by the Little Humboldt River through the
Hot Springs Range, and through the basalt flows at the south
end of Paradise Valley; possible continued downecutting by the
Humboldt Biver and its tributaries into the basin deposits; the
beginning of the present day alluvial fans which prier to this
were probably deposited as pre-Lake Lahontan shore-line sedi-
ments. The alluvial fans were probably accumulating during a
great part of the early Pleistocene; at least the bulk of the debris
composing them accumulated prior to the advance of the first
major cycle of Lake Lahontan.

4. The first major cycle advance of Lake Lahontan, accom-
panied clesely by deposition of sediments, largely sand and gravel
in the Humboldt and Little Humboldt River channels. Deposi-
tion of small amounts of lake sediments in the floor of Grass
Valley, and aceumulation of thin lake sediments in the lower end
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of Paradise Valley; cutting of lake shore lines, continued alluvial-
fan deposition, and probably local Basin Range faulting. Accord-
ing to R. B. Morrison? the highest shore-line features of Lake
Lahontan seemed to have been almost entirely developed in the
early cycle.

5. Retreat and dessication of Lake Lahontan; continued
alluvial-fan deposition.

6. The second major cycle advance of Lake Lahontan, accom-
panied by aggradation of the Humboldt and Little Humboldt
Rivers. The lake at this time is again believed to have deposited
only small amounts of sediments,

7. Retreat of Lake Lahontan, followed by the development of
meander serolls and ox-bow lakes in the flood plain of the Hum-
boldt River; establishment of drifting sand dune areas (a process
which was probably active during prior arid periods); late
movement along pre-established Basin Range faults as shown by
scarps in the alluvial fans fronting the west side of the Sonoma
Range; continued deposition of alluvial-fan debris.

GROUND WATER
OCCURRENCE

Most of the ground water occurs in the part of the valley fill
that is composed of stream or delta deposits and alluvial-fan
materials. These materials consist of interbedded and mixed
sand, gravel, and some clay. The sands and gravels are quite
permeable, so that water may enter or be withdrawn from them
freely.

Ground water probably occurs also in the deep valley fill
underlying the stream or delta deposits and alluvial-fan mate-
rials. Little is known regarding the occurrence of water in
these materials. They are believed, for the most part, to be
fine-grained and of low permeability and, therefore, would not
vield water to wells readily.

The water in the stream or delta deposits and alluvial-fan
materials generally occurs under water-table conditions. The
water table in the floor of the valley ig generally less than 10
feet below the land surface. Its slope, as shown by the con-
tours on Plate 1, is from north to south, ranging from about 60
feet per mile at the north end to about 8 feet per mile in the
vie'nity of Toll House. The movement of eround water is, of
course, in the same direction. Eventually, that portion of the

Prepsonal communication,




Ground Water In Paradise Valley 31

water which is not lost by evaporation and transpiration reaches
the Humboldt River Valley.

RECHARGE

The source of the ground water in Paradise Valley is the pre-
cipitation within its drainage basin. Recharge to the ground-
water reservoir from this source iz effected in four Ways:
(1) Infiltration of water from perennial streams and of flood
waters from normally dry canyons; (2) downward percolation
of irrigation water; (3) direct precipitation on the valley floor;
and (4) underground inflow of water from the bedrock.

Infiltration of water from perennial streams and of flood
waters from normally dry canyons—A substantial part of the
water in the valley fill is derived by infiltration of water from
perennial streams and of flood waters from normally dry can-
yons. Infiltration from streams is greatest in the northern end
of the valley, as there the streams are quite numerous and the
material immediately underlying them is coarse and permeable.

The numerous alluvial fans that extend from the mouths of
the canyons toward the axis of the valley also offer an excellent
opportunity for recharge, as almost all the runoff from the hills
and mountains bordering the valley passes across them. The
coarsest and more permeable material is ordinarily found near
the apex of each fan, coarse to fine material between the apex
and toe of the fan, and the finest material at the toe of the fan.

During the summer of 1947, measurements of stream flow
were made at different points on Colony, Stone House, and Provo
Creeks to determine the magnitude of the stream losses. The
results of these measurements are given in Table 3. There
were no surface contributions to or artificial diversions from
the streams between the points of measurement. The only
losses were those from evaporation and transpiration, and from
infiltration. After adjusting for the estimated losses due to
evaporation and transpiration, the losses due to infiltration
ranged from 0.40 to 0.85 second-foot per mile. The rate of
infiltration is not constant. Many factors influence the rate of
infiltration for any given reach of a stream. One of the most
important factors is the quantity of water. In general, the
larger the quantity, the larger the losses. TFor small Hows, as
shown by Table 3, the losg appears to be between 0.40 and 0.50
second-foot per mile. In view of the great total length of stream
channels passing over the alluvial fans, especially in theé north
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part of the valley, it is evident that there is considerable recharge
to the ground water by infiltration.

Downward percolation of irrigation water—The largest con-
tribution of water to the underground reservoir in Paradise Val-
ley is believed to be by the downward percolation of irrigation
water. During the irrigation season almost all the stream flow
reaching the valley is diverted and spread for irrigation. About
40,000 acreg of land in the valley have surface-water rights for
irrigation. Most of this land lies in the northern part of the
valley where the soil mantle ig relatively thin, and the underlying
materials quite coarse and highly permeable. The common
method of irrigation is by flooding, and generally more water is
applied than is necessary for the crop requirements., Conse-
gquently, that part of the irrigation water not lost by evaporation
or transpiration is available for recharge to the ground-water
reservoir. Ag a result of this combination of favorable factors,
the opportunity for recharge is excellent.  Actually, although not
intentionally, this is a successful example of artificial recharge
by water spreading. '

Direct precipitation on the valley floor—1It is believed that the
average annual precipitation, which is only 8.87 inches at Para-
dise Valley and 8.54 inches at Winnemucca, is not sufficient to
contribute materially to the ground water in the valley. The
greater part of the precipitation is believed to be utilized in
supporting the growth of vegetation, or is lost by evaporation.
Consequently, the annual recharge to the ground-water reservoir
from precipitation is believed to be negligible.

Underground inflow of water from the bedroek—The contribu-
tions to the ground-water supply from the bedrock are believed
to be relatively unimportant. Probably most of this recharge is
derived from the source or sources supplying the several thermal
gprings and well that are found within the drainage area of the
valley, Warm springs are reported in the channel of Martin
Creek less than 1 mile upstream from the Geological Survey
gaging station. The Hot Springs (41/41-19A1) adjacent to the
channel of the Little Humboldt River are the most picturesque
evidence of the present-day thermal-spring activity in the region.
The flow of the Hot Springs on February 26, 1948, was 60 gallons
per minute, and the temperature of the water 135° F. Well
37/39-3D1, in the south end of the valley, is 61 feet deep and
flows at the rate of 2% gallons per minute. The temperature of
the water is 158 F. It is reported that this well was drilled at



34 Ground Water In Puradise Valley

the site of a small spring which ceased to flow after the well was
drilled.

The distribution of the thermal springs and well suggests that
thermal water from the bedrock may be recharging the ground-
water reservoir in other parts of the valley. In some areas,
especially where the permeability of the valley fill is high and the
rate of recharge is small, no surface indication of such thermal
activity may be apparent. Even where such activity is indicated
at the land surface, the flow of the spring or well represents only
a part of the recharge, the rest moving laterally underground into
the valley fill. It is possible, therefore, that the annual contribu-
tion of thermal water from the bedrock is larger than the flows
of the thermal springs and well might suggest. However, if the
contributions were large the water in wells in the immediate
vicinity of points of such recharge would have a somewhat higher
temperature than the water in wells some distance away. No
reports of thermal water in any of the wells in the valley, other
than well 87/39-3D1, were received from the inhabitants of the
valley, Furthermore, the temperatures of the water pumped from
wells in different parts of the valley were found to be consistently
low. It is therefore believed that, although the contributions to
the ground-water reservoir from the bedrock may be larger than
the total flow of the thermal springs and well, the magnitude of
the contribution is but a small percentage of the total annual
recharge.

Average annucl recharge—Over long periods of time the
ground-water recharge of a basin is equal to the ground-water
discharge. Therefore, when making a study of the ground-water
resources of a basin it is desirable to determine independently
both the average annual recharge and the average annual dis-
charge in order to see that they are in essential agreement.

In Paradise Valley it was impracticable to obtain exact figures
for the average annual contributions to ground water from each
of the four sources of recharge. It is desirable, nevertheless, to
make as close an estimate as possible of the average annual
recharge in order to see if it is in essential agreement with the
estimated average annual discharge.

The average annual recharge may be estimated by computing
the amount of water available for recharge and then deducting
therefrom all losses that occur before the water reaches the water
table.

The amount of water available for recharge may be considered
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to be the precipitation within the drainage basin less that part
which is evaporated or transpired before running off.

That part of the precipitation lost by evaporation or transpira-
tion before running off can be obtained by considering it to be
the difference between the total precipitation in a drainage area
and the runoff out of the area, provided that little water infil-
trates into the ground.

The Martin Creek drainage basin at the mnortheast corner of
the valley is the most suitable for computing these evaporation
and transpiration losses. Martin Creek hag the largest runoff
of all the streams in the valley and also has the longest record
of runoff. A Geological Survey gaging station at the mouth of
Martin Creek canyon has been in operation continuously, except
for the year 1927, since 1921 (see pl. 1). There are no diver-
sions above the gaging station and the underflow. is believed to
be negligible. The average annual runoff of Martin Creek at
the station therefore should approximate the average annual pre-
cipitation less the evapo-transpiration requirements in the Martin
Creek drainage basin.

The total precipitation in the Martin Creek drainage basin was
computed, using as a basis the precipitation map of Nevada pre-
pared under the direction of George Hardman.” Hardman’s map
shows the average annual precipitation by areas and precipita-
tion zones. The zones are thoge of 5 fo & inches, 8 to 12 inches,
12 to 15 inches, 15 to 20 inches, and more than 20 inches of pre-
cipitation. On the basis of the zones as shown on this map, it
was found that the average annual runoff of Martin Creek during
the 25-year period for which records are available was equal to
the total precipitation over its drainage basin less 9 inches over
the drainage basin. In other words, 9 Inches of precipitation
was required to satisly evapo-transpiration requirements in the
Martin Creek drainage basin. In estimating the probable amount
of water available for recharge in drainage areas for which
stream runoff records were not available, a similar deduction of
9 inches was made from the total precipitation. Where stream-
flow records were available they were considered to be the best
indication of the amount of water available for recharge.

Discharge records for Martin Creek are available for the
25-year period 1922-1926 and 1928-1947: for the Little Hum-
boldt River, 1944-1947; and for Cottonwood Creek, 1945-1947

Hardman, George, Nevada precipitation and acreages of land by rainfall
s, Nev., Univ. Agr. BExper. Sta, mimeographed report and map, 10 pp., June
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(see table 4). The average annual discharge of Martin Creek
during this 25-year period was 20,140 acre-feet. The average
annual discharge of the Little Humboldt River during the 4-year
period of record was 15,240 acre-feet. An average based on only
4 years of record, however, probably only approximates the
25-year average, so it is desirable to adjust the 4-year average
to the probable 25-year average. This may be done by estab-
lishing the relationship of the average discharge of Martin Creek
for the 4-year period 1944-1947 to the 25-year period of record.
It was found that the average discharge of Martin Creek in the
4-year period was 108 percent of the 25-year average. Adjust-
ing the average discharge of the Little Humboldt River on this
basis, it was found that the average annual discharge for the
25-year period would be about 16,500 acre-feet.

Although a gaging station has been in operation on Cotton-
wood Creek near the town of Paradise Valley since 1944, the
records are of little value in estimating the runoff, as there are
several unmeasured diversions above the gaging station and
undetermined but probably substantial seepage losses from the
stream as it passes over its alluvial fan before reaching the gag-
ing station. Consequently, it is necessary to estimate the runoff
of Cottonwood Creek and the other minor streams, using as a
basis Hardman’s precipitation map and deducting 9 inches of
precipitation over each of the drainage basins. The yearly dis-
charges, in second-feet, at gaging stations on Martin Creek, Little
Humboldt River, and Cottonwood Creek are given in Table 4.
The estimated average annual runoff in acre-feet for the various
drainage areas in Paradise Valley are given in the table follow-
ing Table 4.
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. N TABLE 4
Vearly discharge, in & feet, at gaging stations on Martin Creek, Little
Humboldt River, and Cottonwood Creek in Paradise Valley, Nevada.

,—-wW ATER YRAR BNDING SEPTEMEER 30
Little Humboldt uﬂmnvmd
River Crock

Poeriod

h "'ﬂ()
16,800
17,600
20,700
11 u()(l

y L 11,310
16, wo 9,260
9,280 916

Estimated Average Annual Runoff, in Acre-Feet, in Paradise Valley
\I.nnn { Leek e . . "(b 100

l’m\kn \\ Mn ( Neal, "mm 1 Boeet Creg .

Runoff from Santa Rosu Range south of Paradise l‘(-wl\__” e

Runoft from Hot ‘mmm"s hlhf{’ sonth of the Little Humlmldi
River. e TR U S,

[ K CY 8 D UOR P S SRRSO rennne

As shown in the above table, the estimated average annual
runofl ig 70,500 acre-feet. This approximates the quantity of
water available for ground-water recharge. However, because
of evaporation and transpiration of water used for irrigation and
of other unavoidable losses, the actual quantity that recharges
the ground water is a great deal less.

The principal loss from the estimated average annual runoff
is the amount of water evaporated and transpired in the grow-
ing of crops being irrigated with surface water. It is difficult
to make an estimate of the average annual amount of surface
water used in the growing of irrigated erops, as the number of
acres irrigated and the amount of water applied vary greatly




38 Ground Water In Paradise Valley

from year to year, depending on the available supply and the
time of its availability.

The surface-water rights for the irrigated land are classified
as A, B, and C rights. According to the Little Humboldt River
decree, No. 3157, the classification of lands and length of irriga-
tion season are summarized as follows:

Class A, or harvest-crop lands, include all lands
devoted to cultivated crops, and, also, all irrigated native
or other grass lands which normally receive sufficient
water to produce a crop which will justify cutting for
hay. The irrigation season for these lands is limited to
180 days. Class B, or meadow-pasture lands include all
lands free from brush which receive sufficient water to
produce what may be classified as good pasture, but not
of sufficient character to warrant cutting hay thereon.
The irrigation season for these lands is limited to 90
days. Class C, or diversified-pasture lands include all
lands from which the brush has not been cleared, but
which are irrigated to some extent for the production
of grasses or pasturage. Diversified pasture may he
watered oxﬁy when the stream system is in flood, or
when there is excess water above the needs of higher
class culture. The irrigation season for these lands is
limited to 30 days.

The water is diverted for irrigation according to the priority
of the right, the earliest rights having first priority, and the
latest rights the lowest priority. Thus, in years of low runoff
only the holders of earlier rights would receive water, as none
would be available for the later rights. The runoff and hence
the acreage irrigated have ranged widely. This may be seen by
inspecting the discharge of Martin Creek for the 25-year period.
It will be seen that the maximum discharge of 46,070 acre-feet
in 1943 was approximately 8 times the minimum of 5,910 acre-
feet in 1931. In 1943 the requirements of all users were satis-
fied, and in addition a considerable quantity of unused water
passed through the valley and into Gumboot Lake:

Acecording to the records in the office of the State Engineer
of Nevada, about 40,400 acres of land in the valley have surface-
water rights. Approximately 30,400 acres have Clags A rights;
1,200 acres, Clasg B rights; and 8,800 acres, Class C rights.
Tnasmuch as lands having Class A rights are entitled to 3.6 acre-
feet per acre annually; lands having Class B rights, 1.8 acre-feet
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per acre annually ; and lands having Class C rights, 0.9 acre-foot
per acre annually, the surface-water rights total about 118,000
acre-feet annually.

Obviously during a vear of average runoff there iz insufficient
water to satisfy all the rights.  Therefore, during years of nor-
mal runcff most of the estimated 70,500 acre-feet available is
probably diverted for irrigation. The amount of the water thus
diverted that reaches the ground-water reservoir depends largely
on the acreage irrigated and the consumptive use of the crops
grown. It seems reasonable to assume that about 20,000 acres
are irrigated during a year of average runoff. Inasmuch as a
large part of the irrigation is accomplished by flooding lands
devoted to the growing of native hay and other grasses, the con-
sumptive use is believed to be about 2 acre-feet per acre or dhout
40,000 acre-feet. Evaporation and transpiration losses along
stream channels and ditches further reduces the amount avail-
able for ground-water recharge,

It appears on this basis that the average annual recharge is
less than half the average annual runoff—probably about one-
third.

DISCHARGE

In Paradise Valley the principal way in which ground water
is discharged is by the process of evaporation and transpiration.
Some water is discharged by underflow out of the valley into the
Humboldt River. There was no pumping for irrigation in 1947,
and the withdrawals by pumping for stock and domestic use from
approximately 100 wells was insignificant as compared to the
total discharge. The capacities of the pumps in the majority of
wells is about 5 gallons per minute. As the pumps were not in
continuous operation, it may be seen that the guantity of water
pumped was not large, probably between 100 and 200 acre-feet.

Discharge by evaporation and tronspiretion—Ground water is
discharged by evaporation where the water table is sufficiently
shallow so that the capillary fringe extends to the land surface.
It is also discharged by water-loving plants, called phreatophytes,
that obtain their water supply from the water table or from the
overlying capillary fringe. Generally, phreatophytes grow where
the water table is so shallow that both evaporation and transpira-
tion go on simultaneously. The principal species of phreato-
phytes in Paradise Valley are greasewood and saltgrass. Other
phreatophytes found in the valley are ryegrass, rabbitbrush,
pickleweed, and willows.

The areas in whieh phreatophytes are the dominant vegetation
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were mapped in the field. In general, it was found that saltgrass
was the dominant plant in the trough of the valley south of T.
40 N. In T. 40 N. and northward the plants in the trough of the
valley are largely native grasses which are cuf for hay.

In the north part of the valley the various distributory chan-
nels are usually lined with a dense growth of willows. The salt-
grass and pasture land area is bordered on either side of the valley
by a strip of greasewood that ranges from a quarter of a mile to
2 miles in width. These greasewood strips south of 41 N. corre-
spond very closely to the area in which the depth to water below
land surface ranges from 10 to 15 feet, shown on Plate 1. The
areas covered by saltgrass and greasewood are shown by town-
ships in the following table:

'l‘m\ nship

TORT N, RBRE. )

T3 N and "0 LA. 1 (}0 11 800
B 39 and 40 B 5,800 6,000
T, 40 I B39 and 40 B 2000 4,000
T, 41 ) 39 and 40 B 7,500
42 N, hs. 59 and 40 E 5.500

T 35,800

In the area of saltgrass the depth of water ranged up to 11
feet, although over most of the area it was less than 10 feet.
During the growing season it ranged from 3 to 8 feet, and aver-
aged about 5 feet. It is estimated on the basis of findings of
other workers* on the use of water by phreatophytes that the
annual draft on ground water is about 0.7-foot per acre. In
arriving at this figure, consideration was given to the depth to

water, and also to the difference in length of growing season.
On this basis, the quantity of ground water discharged by evapo-
ration and transpiration from the area covered by saltgrass is
estimated to be about 7,400 acre-feet per year.

On the same basis it is estimated that the draft on ground
water in the area covered by greasewood where the depth to water
ranges from 10 to 15 feet is about 0.4 acre-foot per acre. Using
this figure, the quantity of ground water discharged from the area
covered by greasewood is about 14,300 acre-feet a year.

In addition to the ground water discharged by sallgrass and
greasewood, there is also discharge by willows and associated
bl ush. North of Shelton Lane, and ’10 some ev;té,nt houth of it,

hased on dis-
dgations in Esca-

1“ hite, W. N., A method of estimating ground-w aTm \upp}'
charge by plants and evaporation from soll—results of in
lante Valley, Utah: 17, 8. Geol. Burvey Water-Bupply Paper A, p. 87, 1932,

Young, A, A.. and Blancy, I1. ¥., Use of water by native vegetation: Calif,
Dept. of Public Works, Div. of Water Resources Bull. No. 50, 1942,
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the various distributory channels are lined with a thick growth
of willows and other brush. Willows have a much higher use
than saltgrass or greasewood.  In the latitude of Paradise Val-
ley it is estimated to be between 4 and 5 acre-feet per acre. No
effort was made to map the area of willows but it is known to
aggregate several hundred acres.

The annual discharge of water by evapo-transpiration from
the areas of saltgrass, greasewood, and willows is estimated to
be not less than 23,000 acre-feet.

Digcharge by wnderflow—As indicated by the contours of
the water table (see pl. 1) the ground water moves southward
through the valley fill and thence into the Humboldt River {see
pl 2}.

In order to estimate the amount of underflow out of Paradise
Valley, stream-discharge measurements were made during the
late summer of 1947 at several points on the Humboldt River,
upstream and downstream from the confluence of the channel
of the Little Humboldt River with the Humboldt River Valley.
The location of points at which the stream was measured are
shown on Plate 1 and the results of the discharge measurements
are given in Table 5.

TABLE 5

Flow of the Humboldt Biver at four places between a point -2 miles north of
Goleonda and a peint 1§ miles north of Winnemucea, Nevada.

Station in Date of X
downstream . meaguretent Discharge
arder Liccation () {second-feet)
1 BWi see. 21, T. 36 N, R, 40 B, 5

downstream from bridge, 2 miles

of Goleomdf s Bept. 6 1.98
2 NWisee 4,1, 36 N, R. 30 1., 50 yards

upstream from footbridge; and about

Y4 mile northwest of Bullhead Ranch Hept. 4 4.01

headgnarters.. Ocet. 1 T1H7
3 NEL sec. B, T. 36 N, IL. 38 K., Y4 mile Sept. 4 BOR

north of Eearng ranch headguarters...... Oet, 1 3.18
4 NE$ see. 17, T. 36 N., R, 38 F.. 200 vards Hept. b 865

downstream from bridge.... .o Oct. 1 3.16

Conditions for determining the seepage gain or loss in the
Humbeldt River during the period were exeellent.  The flow of
the river, as indicated by the Geological Survey gaging station
at Comus about 25 miles upstream from Winnemueea, had been
less than 1.0 second-foot since August 15, and the flow from
August 24 to September 6 had been constant at 0.2 second-foot.
During the month of September the flow at Comus was between
0.2 and 0.4 second-foot. Ag a result of the long period of low
flow, bank storage from previous high flows was at a minimum,
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and the increase in flow was due to the inflow of ground water
rather than to return flow from bank storage. There were no
diversions from the river immediately preceding or during each
set of measurements,

After careful consideration of the geologic and hydrologie con-
ditions, it appears that the increase in flow between stations 2
and 4 is a measure of the underflow out of Paradise Valley. The
known or inferred position of the bedrock, and the water-table
contours, indicate that there is little opportunity for underflow
into the Humboldt River Valley above or below these stations.
The average discharge for the two sets of measurements on Sep-
tember 4 and 5 and on October 1, 1947, between stations 2 and
4, is 4.41 second-feet. This is equivalent to an annual discharge
of 3,200 acre-feet,

The greater part of the 3,200 acre-feet is believed to come from
Paradise Valley. There may be some inflow of ground water
from the north end of the Sonoma Mountains south of the river.
However, this inflow eannot be large because the drainage area
is small. Consequently, it is believed that the underflow out of
Paradise Valley closely approximates 3,200 acre-feet annually.

Average annual discharge—As mentioned earlier, the average
annual discharge of a ground-water area under natural condi-
tions over a long period of time is equal to the average annual
recharge. Much better data are available with which to estimate
the average annual discharge than are available for estimating
the average annual recharge. A summary of the estimates given
in the preceding pages shows that not less than 23,000 acre-Teet
of ground water is discharged by evaporation and transpiration,
and about 3,200 acre-feet by underflow out of the valley. Thus,
the total ground-water discharge is in the neighborhood of
26,000 acre-feet per year. This shows that the estimate for
recharge of about a third of the average annual runoff of 70,500
acre-feet is in the correct order of magnitude.

FLUCTUATIONS OF THE WATER TABLE

Periodic measurements of water level in 10 observation wells
strategically located throughout the valley were begun in the
autumn of 1945. The measurements were made and are still
being made at approximately 1-month intervals. Hydrographs
showing the changes in water level in these wells, together with
the runoff as measured at the Geologieal Survey gaging station
on Martin Creek, are shown in Figure 2. Contributions to the
ground-water supply are made not only by the water naturally
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FIGURE 2
Hydrographs of 10 wells downstream from Martin Creek and runoff
of Martin Creek, Paradise Valley, July 1945 to December 1947,
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infiltrating into the alluvium but, also, by infiltration of surface
water used for irrigation. In the northern end of the valley,
where most of the important streams and the irrigated land are
located, there is a direct correlation between runoff and changes
in water level. The ground-water level begins to rise with the
beginning of the runoff in the spring, reaches its highest level
at the peak of the runoff, and then declines slowly until the next
season. Toward the south end of the valley, far removed from
the points of recharge, minor changes in runoff are not reflected
by varying water-level stages.

The hydrographs indicate that the maximum annual range in
water levels is about 9 feet in the northern part of the valley,
about b feet in the central part of the valley, and 2 feet in the
gsouthern part of the valley.

A general downward trend in water levels during the years
1946 and 1947 is also apparent. In many parts of the valley the
lowest stage in 1947 was somewhat more than 2 feet lower than
the lowest stage in 1945. This general lowering is not the result
of increased withdrawals of ground water during the period but
rather reflects a decline in the annual recharge. In the follow-
ing tabulation are listed the amounts of precipitation recorded at
the town of Paradise Valley precipitation station, and the runoff
of Martin Creek as measured at the Geological Survey gaging
station.

Pre
Year ending A
Hept, 30

1945

194

The runoff of Martin Creek is a more reliable index of recharge
for the valley than is the precipitation at the town of Paradise
Valley, for, as discussed earlier, infiltration of stream flow and
irrigation water accounts for most of the recharge to the under-
ground supply.

Both the precipitation and runoff data indicate that 1946 was
very nearly a normal year.

ARTESIAN CONDITIONS

No known wells encounter water under artesian head in the
valley fill in the northern part of the valley. In the southern
part of the valley artesian heads 2 or 3 feet above the water table
were reported in test wells drilled in T. 38 N, R. 39 I&. These
heads, however, were sufficient to raise the static water level in
test holes only to within 3 or 4 feet of the land surface. Well
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a guide for classifying waters with respect to their suitability
for irrigation:?!

Criass T Crass 1T Craag 11T
Exeellent to Cood to Injurious to
good injurious ungatisfactory

Dissolved solids

(purts per million) ... . Lesgs than 700 700 to 2,000 More than 2,000

Boron (parts permillion) . .5 05 to2.0 Morethan 2.0
Percent sodiun... - 60 60-to 7h More than 756
Chloride concentration (equiv-

alent parts permillion) ... 5 Gto10 More than 10

The boron content of an irrigation water is significant because
of the relative sensitiveness of certain plants to boron. ‘Beans are
extremely sensitive whereas garden beets have a great tolerance
for boron.? BSodium, in combination with the sulfate and ecar-
bonate radicals, form the salts that are most commonly referred
to as alkalies in agricultural and soil studies. Potassium occurs
only in small coneentrations in the waters of Paradise Valley,
therefore, it has been calculated and reported with the sodium.
The percentage of sodium is ealculated from analytical results
expressed in milligram equivalents per kilogram. ~When the
results of the analyses are expressed in party per million they can
be expressed as milligram equivalents per kilogram by dividing
the parts per million of sodium, caleium, and magnesium, by their
chemical combining weights, which are 23, 20, and 12.2, respec-
tively. Then, 100 times the milligram equivalents of godium is
divided by the sum of the milligram equivalents of sodium; ecal-
cium, and magnesium. Water in which the percentage of sodium
is more than 60 may injure a soil having poor drainage, whereas
a sandy soil with good drainage may not-be adversely affected
with water containing as much ag 80 percent sodium. Chloride
concentration is expressed as equivalent parts per million.
Equivalent parts per million, for practical purposes, can be com-
puted by dividing the chloride concentration expressed in parts
per million by 35.5,

Class I water is considered to be suitable for most plants under
most conditions.  Class 11 water will probably be harmful to the
more sensitive crops.  Class 111 water probably will be harmful
to most crops and unsatisfactory for all but the most tolerant.

Applying the above criteria to the analydes in Table 6 indi-
cates that the water from well 39/39=13C1 is the best water
{for irrigation. Water from well 39/39-24B1 is very gimilar fo it.
Both these waters are Class I waters. The water from well

IMagistad, O, O, and Christiansen, J. E., Saline soilg, thelr nature and mans
agement : T 8, Dept. Agr. L TO7, 1944,
gistad, O, ¢, and Christinnsen, J. K, op. ¢it, p. O
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42/40-16A1, 4 miles northeast of the town of Paradise Valley,
is also Class I water for irrigation, although it approaches Class
IT water because of its boron content and percentage of sodium.
It is probably representative of the water in the north end of
the valley in those areas where the infiltration of water from
streams is but a small percentage of the recharge to the ground
water. The quality of the ground water in the north end of the
valley will be somewhat better where it receives substantial
recharge by infiltration of water from the more important
streams.

The analyses of the water from well 37 /88-2A1 indieates that
special care will be required in growing crops sensitive to boron
and alkali salts. However, this water occurs only in a very lim-
ited area in comparison with the areas in which large guantities
of good water can be obtained; therefore, it need not retard the
complete development of ground water in the valley.

Water from the thermal well 37,/39-3D1 is Class TII water
because of its high percentage of sodium. It would probably be
harmful to most crops and unsatisfactory for all but the most
alkali resistant plants.

The water from the Hot Springs, 41/41-19A1, is also Class TII
water. Inasmuch as the springs are about 2 miles east of the
valley, the quality of the water is significant only insofar as it
affects the quality of the water of the Little Humboldt River into
which it eventually flows. The discharge from the springs has
been measured as 60 gallons per minute, and the flow of the Little
Humboldi River is rarely less than 8 second-feet, so the poor
quality of the water from the springs has little effect on the
quality of the water in the Little Humboldt River.

The small effect that the flow from the Hot Springs has on the
quality of the water of the Little Humboldt River is shown by
comparing the quality of the water of the river just above and
below the Hot Springs. As shown in Table 6, the sample of the
river water obtained at a point in the SW1 sec. 23, T. 41 N., R.
40 L., about 21 miles downstream from the Hot Springs, was
almost as good in quality as the sample collected at a point in
the NE} sec. 19, T. 41 N., R. 41 E., just upstream from the
Hot Springs. The samples of Cottonwood, Colony, and Martin
Creeks show these waters to be Class I waters for irrigation.
The analyses of water from streams, as shown in Table 6, indi-
cate that the quality of the water in all streams in Paradise
Valley is probably Class I for irrigation.

The analyses of the nonthermal ground water in the valley
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indicate that it is generally suitable for growing all the common
crop plants,

DEVELOPMENT OF GROUND WATER
STATUS OF GROUND-WATER DEVELOPMENT, 1947

Most of the development of ground water in Paradise Valley
has been for domestic and stock use. With the exception of well
87/39-3D1, which flows at the rate of 2% gallons per minute, all
other wells. in use in the valley are pumped. There are approxi-
mately 100 pumped wells in the valley, more than half of which
are equipped with lift pumps having capacities of about 5 gal-
lons per minute. Perhaps a dozen wells are equipped with pumps
having capacities of about 50 gallons per minute. The water
from these wells is used to irrigate small lawns and gardens and
represents most of the ground water pumped for irrigation.

An attempt to obtain artesian water was made in 1889 when
well 39/39-24B2 was bored to a depth of more than 800 feet
hefore being abandoned because of a broken boring rod which
could not be extricated from the hole. The artesian head of 2
feet above land surface when the well was at a depth of 87 feet,
if the report is correct, is believed to be a local condition. The
3.inch casing evidently sealed off the reported artesian stratum,
as the water level in the well in 1947 was at the same level as
the water table. Tt is doubtful if this well was ever pumped.

Well 39/39-13C1 has been pumped at a higher rate than any
other well thus far drilled in the valley. At the end of a 4-hour
performance test, February 25, 1948, the well yielded 2,350 gal-
lons per minute with a lift to land surface of about 45 feet. As
the drawdown was only 38} feet, the specific capacity of the well
at the time of the test was about 60 gallons per minute per foot
of drawdown. The specific capacity is not constant but varies
with pumping rates, length of pumping periods, seasonal changes
in water level, and other factors. However, the rate at which
the water level was declining at the end of the test was so small
that no change in the reading of the air-line gage was apparent
during the last 2 hours of pumping. It can, therefore, be inferred
that even with prolonged pumping the specific capacity, although
decreasing somewhat, will still be in excess of 50 gallons per
minute per foot of drawdown. The well was drilled and equipped
with a turbine pump in 1941, but as late as 1947 had never bheen
used for irrigation. However, an adequate power plant was
installed in the early spring of 1948 and water was pumped for
irrigation in the 1948 season,

Well 39/39-13C2 is a pit about 30 feet wide, 200 feet long, and
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17 feet deep that had been uged intermittently to lrrigate alfalfa.
It is reported that during the years when the pit was pumped
the yield was as much as 2,500 gallons per minute in June when
the water table was at its highest stage, but that the vield declined
later in the summer because of a seasonal decline of the water
table.

Well 39/39-16B1, about 3 miles west of the above well, was
drilled in 1948 to a depth of 291 feet. TFrom the surface to a
depth of 276 feet the log indicates at least 144 feet of highly
permeable coarse sand and gravel

Well 40/39-26B1 was drilled in an effort to obtain artesian
water but was abandoned at about 300 feet when two strings of
drilling tools were lost in the hole. It is reported that the forma-
tion consisted almost entirely of sand and gravel, and that the
drawdown is less than 1 foot when the well is pumped at the rate
of 50 gallons per minute. Inasmuch as the water level is only
about 9 feet below the land surface, it is probable that yields of
several second-feet could be obtained with & 1ift of less than 50
feet.

The development of ground water for irrigation in Paradise
Valley up to 1947 may be summarized as follows: With the
exception of water for gardens and lawns, the only irrigation
pumpage has been from well 39,/89-13C2, and thiz has been inter-
mittent. It has been demonstrated that water-bearing material
capable of yielding large supplies of water suitable for irrigation
underlies much of the valley floor. Large supplies of water can
be obtained with pumping lifts of less than 50 feet in parts of
T. 89 and 40 N., R. 89 K.

FUTURE DEVELOPMENT FOR IRRIGATION OR OTHER LARGE USES

Quantity available—The average annual amount of ground
water available for pumping in Paradise Valley may be consid-
ered as the sum of the recoverable part of the average annual
outflow out of the valley and the savings in evaporation and trans-
piration losses that can be effected by a feasible lowering of the
water levels in the areas where these losses are large.

The contours of the water-table map indicate that a general
lowering of the water levels of about 20 feet near the south
boundary of T. 38 N. would be sufficient to stop practically all
underflow from the valley. This general lowering of the water
table would also eliminate practically all the evaporation and
transpiration losses in areas in which saltgrass is the dominant
vegetation. In addition, the greater depth to water would reduce
the average rate of use of water by greasewood. The amount of
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water that would be made available for pumping because of
lessened evaporation and transpiration losses in greasewood areas
is believed to be between one-third and one-fourth of the amount
lost, or about 4,000 acre-feet annually.

Under these conditions the annual amount of water available
for pumping then would be 3,200 acre-feet of underflow out of
the valley; 7,400 acre-feet now being evaporated or transpired
in areas where saltgrass is the dominant vegetation; and about
4,000 acre-feet now being lost by evaporation and transpiration
in greasewood areas; making a total of about 15,000 acre-feet.

The available data do not permit a precise estimate of the
average annual amount of water that ean be pumped. As devel-
opment of ground water proceeds, the amount and effect of pump-
ing should be carefully determined and the climatic conditions
noted. These data will form a basis for a closer determination
of the safe yield of the ground-water reservoir.

FAVORABLE AREAS

Wells that are feasible for irrigation or other purposes prob-
ably can be developed in the alluvium underlying the floor of
Paradise Valley from the mouth of Martin Creek canyon to about
the south line of T. 38 N. South of this line it is possible that
similar wells may be developed along the old channel of the Little
Humboldt River, but the quality of the water may not be suitable
for irrigation.

Inasmuch as most of the stream flow is used for irrigation in
the north end of the valley, there would appear to be little need
for developing ground water for irrigation in this part of the
valley. The development of ground water in the area from about
the middle of T. 40 N. to about the south line of T. 38 N. would
effect the best salvage of ground water now being lost by evapo-
transpiration, and on the whole bring about the most efficient
utilization of the ground-water supply of the valley.

TABLES

The three tables that follow, 7, 8, and 9, contain data concern-
ing wells in Paradise Valley and the adjacent portion of the
Humboldt River Valley.

These wells are identified by a numbering system based on the
network of surveys established by the General Land Office. This
numbering system serves to locate each well in the townghip,
range, and section. The first unit is the number of the township;
the second unit, separated from the first by a diagonal line, is the
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range; the next unit, separated by a dash, shows the section, quar-
ter section, and individual well number.  The gection has been
divided into four 160-acre tracts, each of which has been assigned
a symbol. Beginning with the northeast quarter the letters have
been assigned in a counterclockwise direction. Thus, the north-
east quarter is “A,” the northwest quarter “B,” the southwest
quarter “C,” and the southeast quarter “D.” The first well
recorded in a given quarter section iz designed-by the numeral
1, the second by 2, and so forth. Thus, the first well located in
the northwest quarter of section 13, T. 39 N., R. 39 E., would be
numbered 39/39-13B1, the second would be 39/39-13B2, and so
forth.

On Plate 1, only that part of the number designating the quar-
ter section, and the order in which the well was recorded is shown.
The section number in any township can be found from the corre-
sponding sections numbered in T, 39 N,, R. 40 E. The township
and range numbers are shown on the edges of Plate 1.

Table 7 is a list of most of the wells in Paradise Valley and
adjacent portion of the Humboldt River Valley, The list con-
tains data for 112 wells. The locations of these wells are shown
on Plate 1. Some of the data were reported orally, but most of
the data were taken from written records or were collected in
the field.

Table 8 is a list of the available well logs and casing records.

Table 9 is a list of observation wells and the measuremeénts of
water levels made for the period July 1945 to January 1948,
inclusive.
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TABLE 28
Logs and casing records of wells in Paradise Valley and adjscent portion of
Humboldt River Valley, Nevada.
36/88-2R1, Jack Kearns, Drilled by Mel Meyer. - Caging diameter 12 incheg
to a depth of 304 feet, open hole below. Land-surface altitude 4,301 feat above
mean sea level,

i Thickness Depth
Material {Feat) {feet)

D 30% of 8 ‘1’11)](’ greater than

Band, fine, to grit, gr

% inch in diameter . [ &
Sand, fine, to geit, gray, subroun to subangular; 10% of

sample larger than I inch In diameter: silt, le than 5%

of volume - 2 20
Sand, medium, to fine gravpl mundwl to subrounded ; reddish

clay, i 10 40
Sand, medium srounded ;. reddish silt and

clay, less than 1( o of volunw 35 75
SBand, medium, to mediuvm gravel, rounded to subrounded; light-

brown silf, less than 10% of volume a0 125
Band, oo . to fine gravel, rounded to subrounded ; light-brown

silt, less than 109% of volume b 160
Sand, coarse, to fine gravel, rounded to subangular; brown silt »

and clay, about 30% of volume 449 200
Sand, coarse, to medium gravel, rounded: to subangular; lght-

brown silt and clay, less than 4% of volume 51 251
Rock, broken, hmwn . 13 264
Rock, broken ; v oclay iz 276
Rock, broken ; bwwn c'lqv : 2 284
Rock, broken T oEresn N S | 304
Rock, brown; maln wi 10 314
Total depth ... o . SR 214

AR/80-16A1. T, C. Cordoza. Drilled by ¢ B, Keenor. Diameter 12 iuclxes
to a depth of 7564 feet, no casing installed. Landsurface altitude 4,818 feot
above mean sea level. Owner's log (from memory ).

Thickness Depth
. Muterial (feet) (feot)
top 1 Z Y 123

M S . 5 174
Sand and gravel streaks in clay. i 224
Clay 7% 30
Sand and gravel ... . S S S s D 5
Clay .. 7 ?
TTOERT I oo e e e e e o T il
a8/89-21B1. 1. C. Cordoza. Drilled by €. B. Keener, Casing diamefer 6
inches to a depth of 756 feet. Land-surface altitude 14 feet above mean sed

level. Owner's log (from memory).

Thickness Depth

Material {fewt) {fest}
Soil, top [ 1“% 123
Clay .) 174
Sand 288
Olay, ¢ : . 12& a5
SBand and gravel 44 75
Total depth e 75
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<

TanLe &—Continued
39/39-12C8, Bennett and Biltz (Johnson well). Drilled by Underwood.
Land-surface altitude 4,354 feet above mean sep level. Driller's log. This well
filled in shortly after bheing drilled because easing was. twisted off 100 feet
below land surface. Well 30/30-13C1 was drilled 50 feet west of this well,

Thickness Diepth
Materisl {feetl) {feet)
Seil, top 15
Sand and gravel - - — 52
rel, hes 23
Hardpan ... R . - 1
Sand, small 3
Clay, hard ... A e e S 3
Gravel, small ribs of ¢ 15
(Jm vel, heavy S — 25
avel, ribs of L]dV SR ¥: S
avel 9
Y oand sand .o T S §
vl El
Clay and g

1, gmvvl in buttum e 14

Total de

30/39-16B1. Bennett and Biliz. Drilled by A, E. Hosack and Bon, Casing
dinmeter 20 inches to a depth of 291 feet. Factory-perforated casing from 70
to 270 feet.

. Thirknessz Drepth
Material (feet) ({eat)

Soil, black 9 9
Sand to silt, mediun, ill-gorted ; light brown. .. e 7 18
Silt, light brown 4 z20
& coarse, to fine sand; gravel 20% of sample and sub-
dar to rounded, consgists of voleanie and metamorphic
rocks 1 21
Hilt and clay, light bmwn 28 44
Sanw 3 ﬁmn 20 to 2 64
9 (]
of sample
- 1 70
Sand, edium gravel, angular to subrounded b b
(?l:%v, 5i d, and g 1o Sample is coherent 3 78
Gravel, to fine sa subangular 1 $ -3 86
o l@w nnd ]:;,M brown to white, with less
1 graing kS 94
Silt, JR— 11 105
t 7 112
B nd, m A E 135
Silt and clay, gray, ,md fine s 2 187
Silt and clay, cementing medlum gm\wl io ﬁne 5 142
Gravel, medium, to ) 20 162
Silt and fine wmd BT b 167
and mc«]'um, tu o ) 184
16 200
a2 232
14 2486
d 26 272
Clay and SIH yellow .. 4 278
2ilt and fine to coarse s ] 285
Clay and silt, yvellow .. & 291
Total depth . 2481
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TanLy S—Continued
39/59-24B2.  Bennett and Biltz. Well bored in 1889 by a group of Paradise
Valley ranchers, Casing diamefer 5 inches, measured depth in 1947, 61 feet.
Land-surface altitnde 4334 feet sabhove mean level.  Log complled from
daily editions of The Silver State, Winnemuees, \(‘Tdﬂel newspaper, during
the period June 8, 1889, to July 29, 1889,

Thicknes Diepth
Material (foer (feet)
Lo, om0l e [T G 9
Gravel, hard and cemented, water level at 84 feet, fevt
a hm & land surfac . 80 29
14 103
.G ists
orn smooth. ‘-cmm of t}w '“owlm‘ tm‘ewi m) hv the pumn
e flat and xmom[h fmd nearly as large as a dime.e. 50 158
Tnknown . - - 121 274
Sandstone, hard - e B0 294
Ground, soft, drilling 10 feet an hour ® 294
Ground, £t — T 450
lay, drilling 85 feet a d T 540
Clay, drilling 7 e T 700
Unlﬂm“ n, drill rod m‘ulwn well ahandonsd & 800
Total depth .. e et e e eeeme e 300 b~

H—'mluw ';*Abovc and below,

41/39-8A1, Gaviea Land Co. Drilled by Mel Mey
inches to a depth of 166 feet, casing perforated from 17
log.

er. (lasing diameter 6
! to 162 feet, Driller’s

Thickness Diepth

Material (fewt) (fest)

Soil, top 5 )
Gravel and clay 9
Clay, sandy U - ¥ §
Clay and gravel .. 29

Clay, sandy 20
Rovk, hard, .

Clay, mimu
Band, water 1
Clay . 1
Total depth P

41/39-8A2, Gaviea Land Co. Drilled by Mel Meyer. Casing diameter 6
inches to a depth of 219 fret, casing perforated from 148 to 170 feet, 6-inch

by #-inch slots. Driller’s log.
- Thickness Depth
Muaterial {feet) {feet)
b
g
2
Roclk, 71
mavwl and ¢ 29
il ; S 1]
Gr s e 14
Sand and OO &1
Gravel 2

Total depth ..

417392402, George J, Miller. Dirilled by Mel Mever. Owner’s log from
memory 0 to 137 feet; driller’s log 187 to 190 feot.

Thiskness Depth

Material (fest) (foet)

tediments, interstratified with water we;m 50 50
Clay and sl .nmmnt of ,L' 37 111
Sand and gravel, waler . e 18 180

Total depth B . i 190
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Tastr &—Continued
4174016831, K. Gondra. Dirilled by owner, Casging diameter 8 inches to a
depth of 656 feet. Diriller’s log (from memory).

Thickness Depth
Material . (feet) {fpet)
il, ton ) . 2 2

H

ardpan (clay) T G
Gravel and boulde - hé 65
Total depth oo o 65

4278092001, R, Fl. Schwartz. Drilled by E. Gondra. Casing diameter 8
inches. Reported depth 230 feet. Land-surface altitude 4,378 feet above mean
sea level, Owner’s log (from memory) : No good water-bearing strafa pene-
trated by well. Material from surface to bottom of the hole resembles fine
alluvial-fan gravels cemented with clay.

TABLE 9
Measnrement of water level in observation wells in Paradise Valley and adja-
cent portion of the Humboldt River Valley, Nevada, 1945-1948
27/38-2A1. Burean of Land Management. Known as Toll House well
f)n]]ml stock well, diameter 6 inches, depth 79 feet. Measuring point, top of
4- by 4-inch wood block, 4,.335.4 feet above mean sea level, 0.5 Toot above con-
crete floor of corrugated iron pump shed, 1.1 feet above land surface.
Water level, in feet below measuring point, 1945-1948

Water Waler

Tate level Trate level Date
Sept. 20, 1945 .. 34.0 Oct. 2, 1948 34.96 June 24, 1947.
Jan, 16, 1846 34.4 Jet. 81 July 18
Mar. 3 24,5 July 31
Apr. 1 34.4 Aug., 25
Apr. 25 34.62 Sept. 9
May 28 . - 347 Oot. 24 ..
Juno 28 46,13 Dec, 18 3f
July 29 . 34.90 Jan., 30, 1948 1
Aug. I8 . 35.02

ur emvnt probab naccurate,
TWell pumped 1 hour before measurement,

37/89-35B1. DBureau of Land Management. Drilled stock well, diameter 12
inches, depth 26 feet, Measuring point, fop of casing, 4,510.8 feet above mean
sen level, 1.2 feet above land surface,

Water level, in feet below measuring point, 1047

Water Water Water
Diate level Tiate level Date level

June 27 Oct, 1 e 12,26

July 15 .

7.82 July 25
9.14 Sept. 6 ...

28/80-9C1. Godebeanx Cattle Co. Drilled stock well, diameter ¥ inches,
depth 78 feet. Measuring point, fop of casing, 4315

15.3 feet above mean sea
level, at land surface. Water levelg, in fm\f below meaguring point:  August
16, 1945, 6.01; May 20, 1947, 820 July 18, 899 September 9, 9.63.

30/80-1802. Bennett and Biltz. Dug irrigation pit, 30 by 200 feet, depth
17 feet. Mmmuring point, top of pipe coupling, 4,333.6 feet above mean sea
level, at land surface.

Water level, in feel below measuring poeint, 1045-1947
Water Water Water
Trate level Diate level Date level
July 20, 184 . 3.85 May 24, J‘HT - 5.98 July 21, 18470 7.31

Aug. 15 - 4.70 July 14 7.15
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TapLr 9——Continued
38/30-24B1.  Bennett and Biltz. Drilled domestic well, diameter 6 inches,
depth 24 fect, Measuring point, top of casing, 48358 feet above mean sea
level, 1.4 feet above land surface,
Water level, in feet below measuring point, 19451948

Water Water Water
Date Tevel Dhate level TDate IW al
Aug, 15, 5 7.04 Aug, 28, 1846 - %10 June 25, 4
Sept. 22 £.10 31 8.7 9.47
Jan. 16, T4 2.5 .66
Foh, 16 . 7.85 8.3 10.0
A 7.00 8.5 1015
4.70 7.8 10.0
8,11 6.8 ;18 9,45
7.80 7.76 Fan. 30, .8

July 28 §.80 Mf{f\? 2 %30
39/30-33C1L  Bennett and Biltz. Drilled stock well, diameter 12 inches,

gy e

depth 37 feet, Meaguring point, top of ecasing, 43189 feet above mean sea
el, level with concrete eurb, 0.7 foot above and gurface,

Water level, in feet below measuring point, 19451048

) Water Water Water
Date level level Date lavel

4\\1;.: 16, 1945 oo B.UE Aug. 35 T.50 May 3(’). 1947 ..
pt, 28 ’ 3 Oct. 81 7.1 June 24 7.7
Nov. 7.65 July 18 8.7
Dee, 7.5 I 9.0
Jan, 2 6.5 9,12
Mar, ! 7.6 .2
June 28 . Mar. 7.1 e 18 e
July 28 .. Apr. . 6.8 Jan, 80, 1848 8.6

40/39-10D1.  Unknown, formerly ¢ L. Lewis. TUnused drilled irrigation
woll, diameter 12 inches, depth 55 feet. Measuring point, top of casing, ¥
feet above mean gen level, 0.2 foot above land surface,

Water level, in feet below measuring point, 1945-1948

Water Water Water
Drate level Da te level
Aug. 15, 1945 o AD.24 Apr. . 44,89
Bept., 28 e 42.20 May 2 44,22
Jan. 16, 1846 e 437 June 47.08
Feh, 16 Aug. 49.0
Sept, 46,26

3

Jan.

June 28

40/89-2681. Henry MeCleary Timber Co, Drilled well, dinmeter 16 inches,
depth 800 feef, Measuring point, top of ecaging, 4,860.6 feet above mean sea
level, 0.6 foot above land surfuace,

Water level, in feet below measurving point, 19451948

Water Water Water
level Date level Dste fevel

July 29, 19 . Apr. 22, 1947 . 8.3

. 2 b May 29 7.59

8. June 24 g.1¢

7.5 July 23 8.95

7.2 Aug. 25 9.68

R Bept. 18 9.62

4,03 Dot 24 8.75

4.4 Dee. 18 . 980

June 28 5.80 Jan., 20, 1948 .88
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41/40-6C1.  Joe Boggio.

Unused drilled well,
feet, Measuring peint, top of casing, 4,458 feet above

TABLE D—Continued

dinmeter 8 inches, depth 52
mean sea level, at land

surface.
Water level, in feet below measuring point, 10451948
Water Water Water
Date Tevel Date level Date level
July “(l 1945 - 4,84 June 28, 1946 4.7h Apr. 22, 1947 6.55
Aug, . 6.86 July 29 7.30 May 29 .. 7.86
Septl. 8.39 Aug. 25 e 8.40 June 24 8.7%
Jar. .G Oct, 2 5 July 23 9.51
Jeb. 4,94 Aug. 2h . 115
Mar, 4,59 Oct, 24 . 11.87
Anr. 2.89 Tree. 18 . 11,25
Apr. 25 2.80 Jan. 30, 1948 . 10.838
May 258 3.356 5

41/40-50A1. Shelton Lane School

Drilled well, diameter 8 inches, depth

27 feet. Measuring point, bottom edge of break in pump housing, 4,415 feet

above mean sea level, 1.7

t above land surface.

Water level, in jeel below measuring point, 1945-1948

Water Water Water
Tiate level Date level Date level
July 20, 1945 6.19 June 28, 1848 — _8.80 Mar, 18, 1947 .. &5
Aug, 14 . 7.80 . 10,00 Apr. 22 I
Hept, 22 9.85 e 10,25 June 29
Jan, 16 1946 8.2 e 11,01 July i
Feb. 16 . 8140 . 1088 Aug.
Mar, 2 e 7.80 9.6 Sept.
Apr. 1 0.4 9.2 Oct.
2 3.77 4.2 Dec,
3.75 8.9 Jan, 30
42/39-25C1,  Civilian Conservation Corps. Unused dug well, diameter 5.3
fect, depth 18 feef, Measuring point, top of concrefe pump summlt spanning
well, 4,518 feet above mean sen level, 4.4 feet below land surface,
Water level, in feel h()]ow measuring point, 1945-1048
Water ‘Water Water
Date lovel Tiate level Diate level
Aug. 17, 1945 2.61 Aug, 25, 1946 3.81 May 28, 1947 e B.5B
. 3.10 X 2 June 24 . 3.48
3.00 E July 2% 272
2.80 £ Aug. 25 4.47
2.4 Oct. 3 4.88
1.14 Ot 4.88
3470 Dec, 18 4,76
0.29 Jan. 20, 1948 4.41
a i

42/40-14C1. J. M. Freeman.

depth 18 fe
mean sen le

1.

point,

Bored domestic well, diameter 12 inches,
Measuring point, top of concrete platform, 4,606 feet above
el, level with land surface.

Water level, in feet below measuring

19461948

Water
Date level
Apr, 2I ), 18446

Water

Tinte level
Nav. ‘”) 1846 . .95
91

Imw *l

Water

Date level

July 28, 1947 ... .61
Aug. 25 8. 86
Sept. 23 . 9.76
Oot, 24 . 837
Dec. 18 L
Jan. 30, . 8.28
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42 /401511,
199 feet.
foot above land surface.

J. M. Freeman,

TaArLE S9—Continued

Unused drilled well, diameter 8 inches, depth
Measuring point, top of casing, 4,607 feet above mean sea level, 0.4

Water level, in feet below measuring point, 1945-1948

Water Water Water
Date leyvel Diate level Date level
July 20, 1945 . 28.566 May 28, 1946 ... 71,35 June 25, 7
Aug, 14 . 28.95 June 28 72.20 July 23
Sept. 16 . 29.40 Nov. 28 . . T2.5 A
Nov, § o 30,90 Dec, 2 . 782
Jan. 16, 194 38.6 Jan. 71.7
Mar, 2 . 65,40 Mar. 3 71.6
Apr. 1 68.6 Mar. 71.41
Apr., 25 72.1¢ Apr, 71.47
May 16 ... - TLTG May 2 71.44

42/40-18A1.

well, dinmeter 12 inches, depth 53 feet,
feet above mean gea level, 0.2 foot above land surface.

. C. Lye, formerly K. M, Taylor.

Unused drilled irrigation
Measuring point, top of casing, 4,614

Water level, in feet below measuring point, 1945-1048

) Water Water Water

Date level Diate level Drate level
Aug, 14, 1945 .. w118 July 29, 1846 ... 807 May 29 e 0.35
Sept, 21 848 Awg, 25 . 2,80 June 24 8.27
Nov. 5 . 10,58 Qe 2o July 8,28
Jan., 16, 19486 12.88 Aug, 25 9.05
Fob, 16 10.68 Sept, 27 10,18
Mar. 2 . 9.48 Oot, 24 11.89
Apr. 1 6.96 Dec, 13.92
Apr, 2! 6.08 Jan. R
May 28 . 5.87
June 2§ 7.02
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MAP OF PARADISE VALLEY AND ADJACENT PORTION OF HUMBOLDT RIVER VALLEY,
HUMBOLDT COUNTY, NEVADA '

Showing areas of unconsolidated sediments, ground-water conditions, and location of wells and springs,

" September 1947
: Scale
RS T i R
1948

Datum is mean sea level
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