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FOREWORD

This bulletin contains reconnaissance reports on ground-water
__conditions in several valleys in the eastern part of Nevada that
have been studied and reported upon by the U. S. Geological
_ Survey under the cooperative program with the State Engineer
of Nevada. (See Fig. 1, following page.) ,

While these reports are purely of a reconnaissance nature,
_ they form a basis for proper understanding of the oceurrence,
_ source, movement, and disposal of ground water in the respective
basins. Estimates are included on the amount of water that may
_ potentially be developed in each valley and therefore add much
to our knowledge of our water resources.

Very little ground-water development has so far been made
in the valleys covered by this bulletin. The demand for food and
forage will become more acute as time passes, and we anticipate
that many of the arid valleys in our State will eventually be
developed to their Tull petential,

We are indebted to the University of Nevada Agricultural
Experiment Station for their splendid cooperation in asgigning
_ Howard Mason, Agricultural Economist, to the task of making
_ reconnaissance land classification studies included in some of the
reports contained in this bulletin. We also wish to express our
_ appreciation for the valuable assistance of the U. S. Bureau of
Land Management, U. S. Scoil Conservation Service, and the
Nevada State Department of Highways.
~ The cooperative program is under the supervision {»f Hugh A.
 Shamberger, Assistant State Engineer of Nev ada, and Thomas

 W. Robinson, Distriet Engmeer Ground Water Branch, U. S.
'Geﬂle:»glcal Survey.
ALFRED MERRITT SMITH,
State Engineer.

 May 4, 1951,
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ABSTRACTS

GROUND WATER IN GOSHUTE-ANTELOPE VALLEY,
ELKO COUNTY, NEVADA

T. B Havaw and G, B Maxey, Geologists, and T. W, 30}311‘45{}’1' Engineer,
U B Geological Survey

 Goshute-Antelope Valley occupies an intermontane depression
in southeast Elko County, Nevada. The Pequop Mountains which
" form the west boundary of the valley separate it from the adia-
cent Independence Valley. The erest altitudes of the mountaing

mmonly rapge from 7,000 to 8000 feel above sea level, but

ceed 10,000 feet in the north-central part. The Goshute Moun-
tains and Toana Range form the east boundary of the valley.

¢ creat altitude is about 8,000 feet above sea level for about
30 miles along the central part of the mountains.

Most of the valley is used for grazing but a relatively smali
_acreage is irrigated east and southeast of Johnson Springs and
_ also about 4 miles northwest of Decoy. Some of the residents
. are employed by the Western Pacific Railroad, Southern Pacifie
- Company and the Nevada Northern Railroad for maintenance
_and operation of the respective railroads that pass through the
_ valley. The highway station at Oasis has a small permanent
_ population that serves travelers on U, 8. Highway 40,

- The main purpose of this reconnaissance investigation was
_ to study the source, occurrence, movement and disposal of ground
w&ter, and fo obtain an estimate of the annual amount of ground
water that might be developed by wells,
Available precipitation records suggest that precipltatmn on
he floor of the valley may average about 8 inches a year. The
pst-free or growing season is inferred to be about 100 days
n the basis of apparent similarity with the record in Clover
Valﬁey about 25 miles west of Shafter.
A few short steep streams discharge water during the gpring
noff from the adjacent flanks of the mountains bordering the
Hey.
The principal water-bearing beds probably are in the uncon-
_ solidated sediments underlying the alluvial apron and valley
floor. These generally oceur as beds of sand and gravel, but the
ontinuity and areal extent cannot be defined beeause of rela-
ively little information from well logs. Inlerbedded with the
_ water-bearing beds are deposits of fine-grained sediments.
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Information available from a 251-foot railroad supply well at
Shafter indieates that water was obtained between the depth of
117 and 251 feet. Aceording to the reported log the water is
derived from zones of gravel and possibly limestone. The yield
of this well has been reported to be as much as 1,000 gallons a
minute. , ' ‘

The principal source of ground water in Goshute-Antelope
Valley is from precipitation on the adjacent flanks of the moun-
tains bordering the west and east sides of the valley. Much of
the precipitation is lost by evaporation and transpiration before
it reaches the ground-water reservoir. Reconnaissance methods
of ‘estimating the ground-water recharge and discharge indicate
that both the average annual vecharge and discharge is about
10,000 acre-feet. Under extensive development about one-fourth
of this amount could be recovered by wells.,  Withdrawals by
wells at the time of this investigation were rather small in-aggre-
gate but supplied stock, domestic, irrigation and railroad require-
ments. The areal extent of the valley fill is very large and
consequently a very large quantity of ground water is in storage.
Assuming a specific yield of 10 percent, there would be about
26,000 acre-feet of water in storage for each foot in the upper
part of the saturated sediments. Thus a relatively large amount
of water iz available from storage for use. during protracted
periods of drought or for temporary periods of large with-
drawals: ,

The report includes a discussion of the general geology as it
relates o ground water, the results of four chemical analyses,
and a table of records of wells in the valley. The general geologic
and hydrologic data are shown on Plate 1. Tables of climatologic
data are given, as is a brief discussion of the vegetation and soils.

GROUND WATER IN THE VICINITY OF ELKO, NEVADA
By Jd. 0. Frevericrs, Geologist, and Q. J. Losrrz, Engineer,
U. 8. Geological Survey

Elko, lying in the valley of the Humboldt River, is the county
seat of Elko County. In 1940 it had a population of 4,094. The
municipal water supply is obtained from a well field at the north-
egst edee of the eity and from a group of springs in Kittridge
Canyvon about 6 miles northwest of Blko. An inerease in annual
pumpage from 269 million gallons in 1937 to about 408 million
gallons in 1946 taxed the existing facilities to a point where the
city deemed it advisable to augment the municipal supply.” The
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present study was made to determine the most favorable area
for future ground-water development.

The Elko Basin lies between the Biver Range on the narth~
west and the Blko Range on the southeast.  The altitude of the
creat of the River Bange is generally about 7,000 feet, and of
the Elko Bange somewhat less than 7,000 feet. The Humboldt
River enfering the basin from the northeast has built 8 narrow,
nearly flat flood plain ranging from a quarter of a mile to nearly
three-quarters of a mile wide, at an altitude of about 5,000 feet
above gea level.

The average annual precipitation at Elko based on 7b years
of record is 9.68 inches. The mean annual temperature is 46° F.

The roeks in the vieinity of Elko range in age from Paleozoic
limestones and quartzites to surficial Quaternary alluvial depos-
_ its. Tertiary alluvial and lacustrine deposits are the most favor-
able for developing large supplies for the city. The series of
rocks, called the Humboldt formation, may be several thousand
. feet thick. The logs of wells penetrating 400 to 600 feet of the
_ Humboldt formation near Elko indicate that the water-bearing

beds consist of sand and/or gravel and are generally lenticular

_ and of limited areal extent.  They commonly contain econsider-
able fine sand and silt which materially reduce the permeability
of the beds.  The Humboldt formation is recharged principally
by water from the Humboldt River, and by infiltvation of runoff
_ from the adjacent mountain ranges. Recharge appears to be
 considerably in excess of withdrawals by pumping. Although
water is encountered in the Quaternary alluvial deposits at shal-
_low depth in the flood plain of the Humboldt River, the yield of

wells penetrating these deposits probably would not be adequate
for augmenting the municipal supply.

Five city wells tap the Humboldt formation. The water, under
_ artesian head, rises to within 20 to 40 feet of the land surface.
Yields range from 204 1o 751 gallons per minute, and specific
__capacities range from 8.9 to 12.6 gallons per minute per foot
_ of drawdown. Warm to hot water, or mud has been encoun-
tered at depths less than 500 feet in some parts of the area.

 The thermal water is believed to have a common source with

_the Elko Hot Springs that arise 1 mile southwest of Elko. Water
in the Humboldt formation generally is only moderately mineral-
 ized and is suitable for domestic use.

_ An average transmissibility of about 40,000 gallons per day
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per fﬂot and a eoefficient of storaze of about 0.001 was deter
mined for the formations penetrated by the city wells. Assume
pumping schedules for a hypothetical well field penetrating a
ideal formation having hydrologic characteristies similar to th
formation penetrated by the city wells indicate significant change
in interference effects between wells with changes in pumpin
schedules. The simultaneous pumping of adjacent wells increase
interference effects 40 percent over the interference resulting
from pumping alternate wells. :
The most favorable area for future ground-water development
is northeast of Elko, along the Humboldt River plain. New well
should be drilled at least 1,500 feet and preferably 2,000 feet
~apart from any existing well in order to minimize interference
 effects. ; -
Included in the report is a table of monthly and annual pump-
age from 1937 to 1946, data on the performance of the city wells,
drillers’ logs, chemical analyses of water from five wells, and 2
table containing pertinent data for 14 wells. Illustrations include
maps of the area showing general geology, and location of well
and springs; and a graph showing the theoretical relation
between lowering of the water level, time after pumping begins, :
and distances from the pumped well,

GROUND WATER IN RUBY VALLEY, ELKO AND WHITE PINE
COUNTIES, NEVADA
By 1. B. Baxin und G, B. Maxey, Geologists, 17, 8. Geological Burvey

Ruby Valley is a north-south trending valley largely in the
south-central part of Elko County but with a small segment
extending south into White Pine County, Nevada.

The principal mountains which border the valley are the Ruby
Mountains on the west and the East Humboldt Range on the
- north and northeast. The crest of these mountains range in .
altitude from about B,000 to 11,000 feet above sea level and ;
may average nearly 10.000 feet. The mountains which horder
other parts of the valley have substantially lower altitudes.
The floor of Ruby Valley has an altitude of approximately 6,000
feet.

The principal activity in the valley is raising livestock and yk
some forape.  Mining operations are limited and intermitient.
The population is limited to residents on several ranches which
are distributed along the west, north, and northwest sides of
the valley. Gravel roads connect most of the ranches. Wells,
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the nearest town, is about 40 miles north from the northeast
art of the valley,
The main purpose of this reconnaissance investication was to
tudy the souree, oecurrence, movement and disposal of ground
_water, and to obtain an estimate of the annual amount of ground
water that might be recovered by wells.

Waeather records indicate that precipitation averages 10 fo 12
_inches per year on the floor of the valley. Snow survey records
_ suggest that precipitation in the mountaing is relatively heavy
_and loeally may exceed 35 iniches a year. The froat-free or prow-
__ing season has ranged from a minimum of 68 days to a maxi-
_mum of 151 davs during & vears of record from 1940 1948
_ Franklin River, which drains the mountains at the north end
_of the valley, is perennial at least to see. 11, T. 323 N, R. 60 B,
and during the spring runoff ordinarily discharges into the north
_end of Franklin Lake. Many short streams, which drain the
- east flank of the Ruby Mountaing, are perennial to the upper
art of the alluvial apron.

_ The prineipal water-bearing beds are in the alluvial apron and
- the younger unconsolidated deposits underlying the floor of the
. valley, These generally oceur as beds of sand or sand and gravel,
_but the continuity and areal extent cannot be defined because of
_relatively little information from well logs. The water-bearing
__beds are interbedded with deposits of velatively fine sediments
_frequently approximating silty fine sand. The consolidated and
__ioneous vocks of the mountsing arve relatively impermeable and
_ act as a barrier to the movement of ground water with local
. exceptions—that is, solution openings in limestone. These open-
_ ings form a conduit system and may supply water fo sprinps
_ such as that of Cave Creek. Water so transmitted in bedrock
_may also supply water directly to the ground-water reservoir in
_the valley fill.
~ The principal source of ground water is from precipitation on
_ the adjacent flanks of the Ruby Mountaing and East Humboldt
_ Range, but lesser amounts are supplied from the mountain areas
. nlong the east and south sides of Ruby Valley. Much of the
_ precipitation is lost by evaporation and iranspiration before it

reaches the ground-water reservoir. A reconnaissance method of

estimating average annual ground-water recharge from precipita-
tion indicates that the annual increment is about 68,000 acrefeet.
Ground water moves underground toward the lowest parts of
the valley where it is discharged by phreatophyte vegetation,
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evaporation from Ruby and Franklin Lakes, and evaporation
from soil.
‘Much of the ground water supplied to Ruby Lake supports
the lake which is used as a wildlife refuge. For this reason
potential ground-water withdrawals have been considered pri-
marily for the northern part of the valley—that is, the northern
part of Franklin Lake. 'In this area the average annual ground-
water discharge, largely by phreatophytes, is estimated to be
about 87,000 acre-feet. Under extensive ground-water develop- .
ment possibly one-half of the natural discharge could be recov-
ered by wells. Present well discharge is used for stock and
domestic purposes. ‘
The report includes: A discussion of the general geology as
it relates to ground water: the information obtained by drilling
a test well; ‘analyses of water from two water-bearing zones
in the test well and one for Sulphur Het Springs; a table of

records of wells in the valley. The general peologic and hydro-

logic data ave shown on Plate 2, tables summarizing climatologic
data are given, and the vegetation and soils are briefly discussed
from information obtained by Howard G. Mason, Agricultural
Keonomist, University of Nevada Agricultural - Experiment
Station. ‘

GROUND WATER IN CLOVER AND INDEPENDENCE
VALLEYS, ELKO COUNTY, NEVADA
By T, B, Bamiw and G. B, Maxey, Geologists, U, 8. Geological Survey

Clover and Independence Valleys are north-south trending wal-
leys in the south-central part of Elko County. Clover Valley lieg
adjacent to and northeast of Ruby Valley, and Independence
Valley adjoins Clover Valley on the east. Under conditions of
favorable runoff, surface water in Clover Valley could enter the
playa area of Independence Valley through a poorly defined
drainage way several miles south of Tobar.

The East Humboldt Range is the principal range that borders
Clover Valley on the west. The crest altitude of the range aver-
ages somewhal more than 10,000 feet above sea level for a dis-
tance of 10 miles. Spruce Mountain at the south end of the
valley has a peak altitude of 11,041 feet above sea level.  How-
ever; the altitude diminishes rapidly from this peint. - The moun-
tains which border other parts of the valley have substantially
lower altitudes. A marrow alluvial divide forms the north bound-
ary of the valley. !

The most prominent mountains which border Independence
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 Valley are the Pequop Mountains along the east margin. The
crest altitude commonly ranges from 7,000 to 8,000 feet above
_sen level, but exeeeds 10,000 feet in the north-central part of
_ the range. Elsewhere the highest parts of the encloging moun~
tains and divides probably nowhere exceed 8,000 feet above sea
level and ordinarily asre lesg than 7,000 feet,

The principal activity in the valleys is raising livestock and
forage. This activity is confined to several ranches along the
west side of Clover Valley.

Other than at the ranches, the only vesidents arve those at the
Western Pacific vailvoad station at Jasper and Ventosa in Inde-
pendence Valley and Tobar and Boaz in Clover Valley. U. 8.
Highway 93 traverses Clover Valley from north fo south more
 or less along the west side of the valley: eravel-surfaced roads
are conveniently located for use by the valley residents; and
trails make most parts of the valleys accessible in dry weather. -

The main purpose of this reconnaissance investization was to
study the soures, occurrence, movement and disposal of ground
water and to obtain an estimate of the annual amount of ground
water that might be recovered by wells.

Weather records at Clover Valley station for a 89-year period
ending in 1933 indicate an annual precipitation of 1822 inches.
This station was on the lower west side slope of Clover Valley
and therefore the record probably reflects g somewhat higher
precipitation than falls on the valley floor. The frost-free or
growing seasen for g 27-vear period ending 1982 at the Clover
 Valley station averaged about 100 days and ranged from 64 days
 in 1918 10 149 days in 1910,

Many short streams dvain the east flank of the East Humboldt
Bange and several are perennial to the uppser part of the gliuvial
apron. Ordinarily a substantial part of the runoff is used for
irvigation at the several ranches.

The principal water-bearing beds are in the lower parts of the
alluvial ‘apron and the younger unconsolidated deposits under-
lying the floor of the valley. These generally occur as beds of
sand and gravel, interbedded with finer sediments, but their con-
tinuity and areal extent have not been defined because of lack of
well logs, :

The bedrock of the mountains is relatively Iimpermeable and
_ aets as a barrvier to ground-water movement with loeal excep-
_ tions—that is, solution openings in limestone. These openings
may form a conduit system that supplies water to springs such
as the spring in the NE, sec. 30, T. 36 N., R. 62 E. and probably
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Warm Spring in the SE1, see. 12, T. 33 N, BR. 61 E. Such a con-
 duit system could also supply water &1rect1y to the ground—wamr
reservoir in the valley fill

The principal souree of gmund water is from precipitation on
the east flank of the Kast Humboldt Bange for Clover Valley
and the west flank of the Pequop Mountains for Independence
Valley, but lesser amounts are supplied from the other mountain
areas bordering the valleys. Much of the precipitation is lost
by evaporation or transpiration before it reaches the ground-

water reservoir. A reconndissance method of estimating average
annual ground-water recharge from precipitation indicates an
annual increment of about 21,000 acre-feet for Clover Valley and
about 9,000 acre-feet for Independence Valley. Ground water
moves toward the lower parts of the valleys where it is dis-
charsed by transpiration, or evaporation from soil and free-water

surfaces.

Bistimates of the average annual ground-water dischai’gef‘,"
suggest that about 19,000 acre-feet are discharged from Clover

Valley and about 9,600 acre-feet from Independence Valley.

Under extensive ground-water development p@ss:tbly one—half |

of the natural discharge could be recovered by in Clover
\Zal%ey and about one-fifth of the natural discharge from Inde-
“pendence Valley. Most of the existing wells are used to supply
stock and domestic requirements. The discharge from the springs
iz used principally for irrigation.

The report includes: A discussion of the general geology a8

it relates to ground water:; the information obiained by drilling
a test well in Clover Valley ; analyses of water from Warm Spring
(83/61-12D1) and from four zones in the test well (85/62-278B1) ;
and tables of records of wells in Clover and Independence Valleys,

The general pgeolopic and hydrologic features are shown on
Plate 3. Tables summarizing climatologic data are given and the
vegetation and soils of Clover Valley are discussed briefly on
the basig of information obtained in a field reconnaissance by

Howard G. Mason, Agricultural Economist, University of Nevada

Agricultural Experiment Station.

GROUND WATER IN RAILROAD, HOT CREEK, REVEILLE,
EAWICH, AND PENOYER VALLEYS, NYE, LINCOLN
AND WHITE PINE COUNTIES, NEVADA
By . B Maxey and T. K Baxin, Geologists, U, 8. Geological Survey

This report deseribes a region of alternate valleys and moun-
tain ranges covering about 5,570 square miles in the central part
of the Great Basin in east-central Nevada. Railroad Valley has
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interior drainage and Hot Creek and Reveille Valleys are tribue
Kawich and Penoyer Valleys are separate closed
In general, the vallevs and ranges trend northward
The sparse population is engaged principally in raising livestock
_ but there is some supplemental farming, Mining operations
_ are limited to a few scattered localities. The prineipal ranches
are adjacent to springs, or creeks supplied by springs. Wells are
_ used primarily to supply stock on the range, but they supply
 some domestic requirements also.
, The main purpose of this reconnaissance investigation was to
_ study the source, occurrence, movement, and disposal of ground

water and Lo obtain an estimate of the annual amount of ground

_ water that might be recovered by wells.

~ The principal water-bearing beds are the more permeable sand
_ and gravel deposits of the Tertiary and Quaternary valley fll.
Several wells drilled in the lower part of Railroad Valley and a
ew in Het CUreek Walley have yielded water under suffcient
artesian pressure to flow at the land surface. The maximum
reported yield for a flowing well is 480 gallons a minute, but
most wells flow less than 100 sallons a2 minute.

Ground water in the valleys is recharged principally by rain
_ water and snow melt from the adjacent mountains. Discharge
_of ground water In the region ullimately is by evaporation and
transpiration. In Railroad Valley, the estimated averase apnial
_discharge of ground water, including the discharge from Hot
Creek and Reveille Valley, is about 50,000 acre-feet. The average

echarge of course is the same. In Penoyer and Kawich Valleys
he estimated average annual recharge to and discharge from
grounc water are only a few thousand acre-feet gach.

Big Warm Spfmg at Duckwater in the northwestern part of
Railroad Valley is the largest spring in the repion, baving a dis-
eharpe that may average about 14 second-feet. It and some
_small nearby springs are used for irrigation on several ranches,
but a considerable part of the annual flow of the springs is dis-
charged to the southeast beyond the irrigated area. Of this
“waste’ waler 2 part infiltrates to the main ground-water reser.
yoir in Rallroad Valley, ;

The report contains climatological data, data on the discharge
_ of certain springs and of Current Creek, and the logs of several
relatively deep wells not previously published.

A reconnaissance report on land classification by Howard
G. Mason of the Nevada Agricultural Experiment Station is
ineluded,
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DESIGNATION OF WELLS AND SPRINGS

Wells and springs are designated by a single numbering sys-
tem used in all five reports of Bulletin 12, The number assigned
to a well or spring in these reports is both an identification and
location number. It 'is based on the Mt Diablo base and meridian
network of surveys established by the General Land Office.

A typical number usually consists of three units. The first unit
is the township number north of Mt. Diablo base unless some of
the townships in a valley or group of valleys comprising a unit
of thiz bulletin are south of the Mt. Diablo base, in which case
the township number in that unit is followed by the letter N or 8
to designate the township number north or south, respectively,
of the Mt Diablo base. The second unit, separated from the
first by a slant, is the range number east of Mt. Diablo meridian.
The third unit, separated from the second by a dash, ig the num-
ber of the section in the township. The section number is fol-
lowed by a letter, which designates the quarter section and
finally, a number designating the order in which the well or
spring was recorded in that quarter section. The letters A, B,
C, and D designate, respectively, the northeast, northwest, south-
west, and southeast quarters of the section.

Thus, well number 338/66-32A2 indicates this well was the
second well recorded in the NE1L of section 32, T. 33 N., R. 66 E,,
Mt Diablo base and meridian, . If the area covered by a report
includes wells on both sides of the Mt. Diablo base the well num-
ber iz modified as follows: Well number 8S,/54-13D1 indicates
the first well recorded in the SEL sec. 18, 7.3 8., R. 54 E., and
well number 5N /54-32C1 designates the first well recorded in
the SW1 sec. 32’1‘51*15 R. 54 E. ‘

Owing to space limitation wells and springs on Piates 1and 4
and Figures 2 and 8 are identified only by section number, a
letter showing the quarter section, and a number showing the
order in which it was recorded in the guarter section. On Plates
2.3 and 5, section numbers for wells are not given but they can
be determined by noting the corresponding section number shown
for T, 5 M., R. 55 E; Plate 5. Township and range numbers
are shown on the edges of the plates.
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GROUND WATER IN GOSHUTE-ANTELOPE
VALLEY, ELKO COUNTY, NEVADA

By T.E. Bakix and G. B. Maxey, Geologists, and T. W. Rosixsoy,
Engineer, U. 8. Geologieal Survey.

: INTRODUCTION
The area included in this report is in eastern Elko County
some 20 miles west of the Nevada-Utah State line between lati-
tudes 40°08% and 41°09” north and longitudes 114°14" and 114°48"
west (see pl. 1),

Goshute Valley occupies the northern part of this area, an inter-
montane depression, from the vicinity of Cobre on the north o
Shafter on the south. Antelope Valley extends from Shafter
southward and adjoins Spring Valley in White Pine County. For
this report it is defined to extend to a low alluvial divide about
at the south boundary of Elko County. A tongue of the valley
extends gouthwest from Dolly Varden siding to within 2 miles
of Currie, where it is connected with Steptoe Valley by a narrow
gap inthe bedrock. The total drainage area is about 1,230 square
miles,

The valleys are reasonably accessible by road. U. 8. High-
way 50 crosses Antelope Valley near the south end. U. S. High-
way 40 crosses the central part of Goshute Valley. Fairly good
dry-weather roads éxtend along the east and west sides of the
valley and conneet with U. 8. Highways 40 and 50,

The Southern Pacific Railroad crosses the extreme north end
of the valley at Cobre. The Western Pacific Railroad crosses the
valley and goes through Shafter. The Mevada Northern Rail-
road extends south from Cobre through Shafter and leaves the
valley at Currie. '

The population of the valley probably does not exceed 200.
The only populated places are the railroad stations of Shafter
and Cobre, the highway station of Qasis, and several ranches,
only two of which have permanent residents.

Most of the valley area iz grazing land, but small acreages are
irrigated from surface runoff in the southwest part of T. 33 N.,
R. 66 E., by pumping from a well situated approximately in
sec. 33, T. 35 N., R. 66 E., and from Johnson Springs, approxi-
mately in sec. 33, T 36 N., R. 66 E.

Previous work by the U, 8. Geological Survey in this area
includes a reconngissance in 1946 by H. V. Peterson to locate
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stock wells in Goshute Valley and adjacent areas, and an investi-
gation in 1942-1943 by P. E. Dennis of Johnson Springs and
vicinity for a water supply for the Army Air Base at Wendov&r,f
Utah, ,

The present report is based on field W{}l‘k in May and Juna,
1948, Field data on essentially all the wells in the ares were
obtained and a reconnaissance of the geology and hydrology was
made. Some additional office work was necessary to obtain other
pertinent data.

COLIMATE

The elimate of the valley is arid to semiarid and ahamctemzed
by low precipitation, low humidity, and high evaporation, and 3
large temperature range both daily and seasonally. Precipita-
tion is least on the valley floor and g‘re:atest in the higher parts
of the mountains.

The only precipitation record within the area is a short broken
record for Otego. These and the other climatological data are
from vecords of the U. 8. Weather Burean,

Average monthly and annual precipitation at *0tego, Blko ﬂounty
{Broken record, period 18771887

Jar - Febo Maro Wpre o Mays JunesoJuly o Aug 0 Bepte Ot i Novs D, Hear
GEE CLIR 0T ULER B8 DBR L 0BT BB 625 BEE 0L 10T 211

*Location and altitude uneertam.

_ The annual precipitation at Otego during the period of record
ranged from 1.85 inches in 1880 to 138.32 inches in 1884, .
A longer record is available at Toano, just west of Cobre.
There the period of record was from 1870 to 1905. The annual
precipitation ranged from 1.80 inches in 1881 to 20.38 inches in
1891 As the altitude of Toano (5,975 feet above ses level) s
about 3800 to 400 feet greater than that of the floor of Goshute.
Antelope Valley, the precipitation may be slightly oveater als
The following iable summarizes the precipitation at Toano:

Average monthly and annual precipitation at Toano, Elko County
(Becord broken)

Jan. Feb. May. Apr. May June July Aupg . Sep o0 move o Ber,
.82  BBL . 047 ORI OBZ OBR B2R {22 (.95 084 180

No temperature records are available for
Clover Valley station, about 25 miles west
representative. The temperature dala are summarized below
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Temperature 2t Ulaver Valley, Elko Conufy. Altitude 5,800 feet,
- Jan.  Feh  Mar.  Apr. AMay  June
verage® ol 28 958 85y 442 B10 BEg4
g mmzmum* ...... Lodga o 1fes 2931 989 asa dog
reraze maximum®,.. LoobB 408 483 504 BB6 0 T64

. July Sue. Bept. Ot Noy, Deci Year

vorage? 672 658  BTH 470 S6T 263 454
verage minimum?*,.. -+488 478 383 301 249 136 802
verage maximum® e .. B52 B39 757 838 518 390 6086
_ *Tempersture in degrees Fahx enlhieit; period of record 27 years, ending in 1930, .
The record of the frost-free period at Clover Valley is also
lieved to approximate that of Goshute-Antelope Valley. At
Clover Valley the frost-free period has ranged from 149 days in
0 to 64 days in 1918 and has averaged about 100 days for
e 22-year period ending in 1980. Thus, the growing season in
oshute-Antelope Valley is short and is suitable only for the pro-
yction of hay and ﬂiher frost-resistant or rapidly maturing
ops.

VEGETATION AND SOILS

The vegetation* on the floor of Goshute-Antelope Valley,
cording to Soil Conservation Service maps, includes big grease-
wood (Sarcobatus vermiculatus), shadscale (Atriplex conferti-
lia), big sagebrush (Artemisia tridentata), white sage (Eurotio
nata), big rabbit brush (Chrysothamuus sp.), and mixed grasses
and other members typzcal of the Northern Desert Shrub plant
5~assacmtmn

 The soils in the potential area of irrigation with ground water,
althaugh locally somewhat heavy and alkaline, appear to be suit-
able for crops commonly grown in eastern Nevada. These soils;
‘however, may require treatment for continued crop production.

PHYSIOGRAPHY AND DRAINAGE

Gﬂshute-Anteiupe Valley of this report lies within the Great
Ea&m section of the Basin and Range phyamgraphlc provinee.
It occupies a structural trough elongated in a general north-south
direction. In its south part the valley is separated into south-
west- and southeast-trending tongues separated by the Antelope
Range The valley is about 70 miles long and the valley floor
averages 8 to 10 miles in width. The lowest part of the valley is
:nearly flat in both east-west and porth-south directions. This is
indicated in part by a level line along the Nevada Nerthern Rail
road where, for a distance of 22 miles between Dolly Varden
siding and Shafter, there is an altitude differential of only 10

#*See list of references at end of report,
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feet. The altitude of the valley ﬁGOI‘ is about 5,600 feet above
sea level,

The valley is bounded on the east by the Goshute Mountains
to the south and the Toano Range to the north: The Peqguop
Mountains bound the valley on the west. The north end of the
valley is terminated by a mountain mass extending southward
and merging with the Peguop Mountaing and the Toano Range
in low passes. A low range of hills connects the Pequop Moun-
" taing with the Antelope Mountaing to the south, and a low alluvial
divide connects the Antelope Mountains with the Gosghute Moun-
tains,

The summit altitude of the Pequop Mountaing commonly ranges
between 7,000 and 8,000 feet above zea level but exceeds 10,000
feet westward from Johnson Springs. In the Toano-Goshute
Range, the summit altitude is somewhat above 8,000 feet from a
point about east of Shafter to a point about 5 miles north of
. 8. Highway b0,  Blsewhere the mountaing are lower.

Intermittent streams drain the flanks of these mountains adja-
cent to the valley. Some surface discharge may occasionally
enter the valley near Currie from Steptoe Valley. There is 1o

surface discharge from the Goshute-Antelope Valley:

GENERAL GEOLOGY
The oldest rocks in the area are exposed in the mountains sur-
rounding the valley.  They congist of limestones and assoelated
sedimentary rocks of Paleozoic age. Quartz monzonite of Meso-
zoic(?) age is intrusive into the Paleozoic sedimentary rocks in
the north part of the Antelope Range (the Dolly Varden Moun-
taing), in Silver Zone (Middle Zone) Pass of the Toano Range,
and in the White Horse distriet of the Goshute Bange (Hill, 1916),
The Paleozoic and Mesozoic(7) rocks are overlain unconformably
by Tertiary (?) lava flows of two periods of extrusion. Most of
the valley fill is of Tertiary age and is believed to consist primar-
ily of lacustrine sediments together with marginal alluvial-fan
deposits (see log of well 34/67-6A1 in well table). Deposits of
Pleistocene age are of minor importance but appear to form a
thin lacustrine mantle on the valley filoor. They oceur most prom-
inently in the forms of beaches, bars, spits, and other shore fea-
tures on the lower paris of the alluvial fans. Deposits of Recent
age appear to be very minor. A tentative geologic history is
given below: '
1. Depnmtwn of limestone and assﬁczated sedlmem;s of Paleo-
zoic pge.
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2. Quartz ‘monzonite intrusion accompanied by folding and
- faulting (Mesozoic(7) age).

. 3 Frosion. The debris resulting from this erogsion may have
been minor, covered by later deposits, or it may have
been removed from the area.

4. Extrusion of andesitic lava flows and associated e,]ectamenta
of early (1) Tertiary age.

Faulting, involving the flow rocks.

Hrosion in the mountaing. - Detritus from this erosion pos-

sibly related to lower member of Humboldt formation
as defined by Sharp (1939).

7. Extrusion of rhyolitic lava of Tertiary sge (contempora-
neous( 2}y with the Humboldt formation as defined by
Sharp (1939} 3.

8. Faulting and tilting involving rhyolitic flow rocks.

9. Frosion in mountaing.  Deposition of bulk of wvalley fill,
predominantly lacustrineg sediments with marginal allu-
vial fans;: of Tertiary age but probably also of early
Pleistocene age.  (Related in part(?) to upper member
of Humboldt formation as defined by Sharp (1939).)

10. Development of lake during late Pleistocene time. Two

prominent shore lines and several minor shore lines
developed during stages of the lake.  Deposition pri-
marily as lake-shore features.

i1, Desiecation of the Pleistocene lake:

12, Minor erosion and deposition in Recent time.

o o

GROUND WATER

The chief source of the ground water in Goshute-Antelope
Valley 1s precipitation within the valley and on the adjacent
flanks of the mountains. A small amount of water may enter
the walley occasionally from Steptoe Valley.

Most of the valley floor and marginal alluvial fans has an
average annual precipitation of about 8 inches, which probably
does not contribute materially to the ground-water reservoir.
Thus, essentially all- of the contribution to the ground water is
derived from precipitation on the flanks of the mountains adja-
cent to the valley floor. '

Ground water gecurs in the zone of saturation below the water
table in the valley fill and in the bedrock. However, it has been
obtained by wells only in the permeable sands and gravels of
the valley fill. . The bedrock has not been tested by wells to deter-

mine whether suitable bedrock aquifers occur in this area.
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The gzround water s reuharged largely by surface flow :fmm
the mountain canyons that percolates into the valley fill in the
alluvial-fan areas at the edges of the mountains. The slope and
movement of the ground water within the central part of the
valley fill have not been determined accurately. Available data
indicate that the water table is nearly flat. For example, the
“highway” well (28/68-8D1) has a water-level altitude of about
5,675 feet; well 81/66-30A1 has a water-level altitude of about
5,665 feet, and the railroad wells at Shafter (34/67-6A1, 2) have
water-level altitudes of about 5,560 feet. These wells are spaced
about 20 miles apart. Thus, in general, slow northerly movement
of ground water in the valley fill is indicated. The character of
the bedrock across the north end of the valley is not favorable
for underflow out of the valley; thus the water is discharged
largely or entirely by evaporation and transpiration by plants.

The depth to water is least in a narrow strip lying 2 to 5 miles
west of the road between Shafter and Oasis. Over most of this
area, topographically the lowest in the valley, the depth to water
is 15 to 20 feet below the land surface and the water table is at
its lowest altitude in the valley. The water table rises eastward
and southward but the land surface riges even morve rapidly, so
that the depth to water increases: for example, it is 64 feet in
well 82/67-24C1 and 101 feet in well 29/67-1A1. The 25- and 50-
foot depth-to-water contours are shown approximately on plate 1. .

HSTIMATED ANNUAL INUBEMENT TO GROUND WATER ,

The average annual increment to ground water can be esti-
mated as a percentage of the total precipitation within the drain-
age basin of Goshute-Antelope Valley. The best available basis
from which to estimate total precipitation is the “Precipitation
map of Nevada” showing areas of assumed equal rainfall, D
pared in 1986, under the supervision of George Hardman, by th
Nevada Agricultural Experiment Station. On this map preeip
tation is shown by zones of precipitation of less than 5 inche
5 to 8 inches, 8 to 12 inches, 12 to 15 inches, 15 to 20 inches,
over 20 inches, ,

Preliminary recharge studies in east-central Nevada, in wh
_estimates of ground-water discharge by natural losses were mad
for 18 valleys, indicate the approximate recharge in terms o
percentage of the precipitation. The rainfall was estimated fo
each valley, using the rainfall map as a basis. The recharg
percentages were balanced by trial and error against the est ;
mates of discharge by natural losses in the 13 valleys. Lack of .
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;agréement in the recharge and discharpe estimates for any one
~valley probably results primarily from insufficient detailed con-
trol for the precipitation map. The percentages derived agree

reasonably well with those obtained in the Las Vegas Valley,

Nevada, and the Roswell Basin, New Mexico, particularly for the
zones of higher precipitation. The estimates are as follows: No
_significant ground-water recharge is believed to occur in the
_ zones having precipitation of less than 8 inches. In the 8- fo 12-

inch zone the recharge may be about 3 percent of the precipi-
tation: in the 12- 1o 15-inch zone, about 7 percent; in the 15- 1o

20-inch zone, about 15 percent; and in the zone having over 20

inches, about 25 pereent.
For Goshute-Antelope Valley the percentage of recharge from

_precipitation in the 8- to 12-inch zone was reduced from 3 per-

cent to 1 percent. This was largely because of the relatively

great depth to the water table and because of the lack of eollect-

ing drainageways in the area included by the zone. Thus, there
is a greater opportunity for loss of water by evaporation and

transpiration by plants.

The areas of each zone of precipitation in the Goshute-Antelope
Valley were determined by planimeter. The data pertinent to
the estimate of recharge from precipitation are summarized in
the following table: '

Estimated average annual recharge Trom precipitation in Goshute-Antelope
Wallew, by zones

Precipitation Ares of mone Percentage of - Recharge

{inches}) {acreg) recharge facre-feet)
Hg2 : 240000 1 2,800
12-15 : 29,000 T 7.000
15-20 . 2 200 15 600
Potal ..o 10,400

ESTIMATED AVERAGE ANNUAL DISCHARGE OF GROUND WATER
Discharge of ground water from Goshute-Antelope Valley is

accomplished by pumpage from railroad wells; one irrigation

well: and several stock wells: by spring flow, the water being

_ disposed of eventually by evaporation and transpiration; and by

natural discharge by evaporation and transpiration. Discharge
by underground outflow is believed to be negligible. A summary

_of discharge is given in the following table:
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Estimated annual discharge of ground water from Goshute-Antelope Valley
Method of discharge §
Johuson Spring (26/66-29D1)-— Al dsheee
Discharge estimated at 1.500 gpm (8.8 secFL) . oL *2.400
Dolly Varden Spring (28/87-941)— :
Drischarge estimated at 50 gpm (001 secIt) . *6
Railroad wells {34/66-0641,2)—
Beported pumping rate 400 gpm for -A1, and 900 gpm for -AZ
Estimate very rough 150
Irrigation well {35/66-330C1 )~
Pumping rate abonf 450 gpm. 80+ acres irrigated : estimated
duty: 34 feet 200
Bvaporation and transpiration-— :
About: 107,000 acres, predominantly of greasewcod vegetation,
estimated average use about 0.03-foot. - Depth to water
along the outer margin of the area may be as much as
80 feot ; 8,200
About 16000 acves where depth to water is 25 feet or less;
includes - preasewood, glant. rabbit brush, and associated
planis.  Estimated avernge nse about 0.25-fo0t w000
Discharge of miscellaneous small springs and stock pumping *50

Total 10,075

1t should be emphasized that only a part of the discharge can
be salvaged perennially by pumping, because the recharge occurs
over a widespread area whereas the area in which pumping for
irrigation may be feasible is small and is distant from much of
the recharge area.  Adequate data are not available for estimat-
ing the recoverable part of the discharge, but an estimate of one-
fourth, or about 2,500 acre-feet, seems reasonable.

STORAGE ;

A large amount of ground water is stored in the valley fill of
Goshute-Antelope Valley. The magnitude of this storage is indi-
cated by the following: The valley fill has an area of approxi-
matlely 860,000 acres; assuming an average specifie vield (the
ratio of the volume of water a rock will vield by gravity to the
total volume of the rock, expressed as a percentage) of 10 per-
cent for the valley fill, the ground-water revervoir could yield
about 86,000 acre-feet for every foot of lowering of the water
table over the entire area of the valley fill. Of course, it is not
possible to lower the water table uniformly by means of pump-
ing, bul the estimate serves to show that a relatively larpe volume

24 part of the spring wotler ls dischareed by evavoration and lranspiration
near the spriogs and where it s wsed for irrvigation: This part is not inecluded
in the estimmates given for evaporation and trangpiration. . The remainder of the

spring waler returns fo the groumd-waler reservoly and 1s discharged later by
evaporalion and lranspivation. This part ds ineluded in the satimates for evann

ration snd tranepiration.  The foures for evaporation and transpiration and thus

foral discharge are high by the armotnt of spring water thai returns to the water
table %nd is discharged’ later, but data are not savailable for computing this
amount.
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of ground water is available in storage for maintaining an ade-
quate water supply for pumping during protracted periods of
drought or for temporary periods of high pumping rates such
as were required a few years ago for the military bases and
industrial projects. However, the perennial yield is limited by
the average annual recharge, only a part of which can be recov-
ered practicably, as stated previously.

The actual amount of ground-water storage in the Goshute-
Antelope Valley cannot be determined until after substantial well
development has been made. It may then be possible to evaluate
the specific yield of the valley fill by analysis of pumpage and

water-level data.
DEVELOPMENT

Throughaut most of  Goshute<Antelope Valley the depth to
water ig greater than in other areas of ground-water irrigation
in eastern Nevada. However, two areas in which the depth fo
water is 25 feet or less should be suitable for irrigation develop-
ment. - Here, if wells having a specific capaeity (yield in gallons
per minute per foot of drawdown) of 20 or more can be obtained,
‘an adequate water supply for irrigation would be available with
a moderate pumping Hft.

The principal area includes perhaps 10,000 acres Iying in a
strip parallel to and about 2 to 5 miles west of the graded road
between Shafter and Oasis.  Some of the discharge from Johnson
Springs is utilized for irrigation of native meadow in secs. 28
and 33, T. 36 N., R. 66 E. Irrigation by pumping was in progress
{June 1948) on abaut 60 acresin sec. 83, T. 356 N., B. 66 E. The
only data available on the performance of the well irrigating this
tract are the discharge (estimated at 450 gallons per minute) and
the static water level {(about 20 feet below land surface). The
construction of the well makes it difficult to get good data on
the pumping lift, but some useful information could be obtained
by determining the cost of pumping.

The second area includes about 6,000 acres in an 1rregu]a,r
strip extending from a point about 1 mile west of Decoy to about
1 mile north of Flowery Lake. Here well 33/66-32A2 (with a
4-inch eentrifugal pump) has been used to some extent for irri-
gation but iz now used principally for stock watering. The
reported yield of this well i5 350 to 400 gallons per mintte.

The average permeability of the water-bearing sediments of
the valley fill is believed to be relatively low, because lake sedi-
ments eonstitute the bulk of the valley fill. However, local areas
are known to be underlain by water-bearing sediments capable
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of yielding water in guantities suficient for irrigation, as indi-
cated by the following three wells in the north part of the valley:

The irrvigation well in sec. 83, T. 35 N, B. 66 E,, pumps about
450 gallons per minute: the railroad Weils at Shaftar (34/67-6A1
and BAZ) are reported to pump 400 and 900 gallons per minute,
respectively. - Well 34/87-6A1 is reporied to have yielded 204
gallons per minute with a drawdown of 8 feet (specific capacity
of 36 gallons per foot of drawdown). If ig also reported to have
yielded 1,000 gallons per minute with a drawdovwn of 7 feet 2
inches (specific capacity of 139 gallons per fool of drawdown).
It ig not ecertain which of these figures is more nearly eorrect,
but even the gmaller figure shows an adequate specific capacity
for irrigation wells where the water table is not far beneath the
land surface.

QUALITY OF WATER

The chemical character of the ground water in Goshute
Antelope Valley, as indicated by four analyses, shows wns;der-«
able variation.

Chemiecal analyses of ground water Trom four localities in
Goshute-Antelope Valley?

{Parts per million)
Moot Mo, 2 Mol o
12-10-4% 1-29-43 1-29-4: 1+89-43
Hiliea (810} i 15
fron (Fe} 0
taleinm (Ca) - 4 44
Magnesinm (Mg .36 ; 18
Sodium (Na i i . 10
Chiloride (O 9 13
Halfate (B0, 15
Nitrate (N0, Lo 0
Fluoride (F) Lo . 1
! 785
‘ < 172
Oarbﬁnate alkalinity (as Gaﬁeg} . o 30
Harduess {as CaCOg51. E 1R2
Yolatile and organic matter..._ . a4

Diswolved solids. i 191 29T

Percentsodiumt .05 10 11

*From data mmmle& By PooB Denvis during an investication for a Wate;t
=upply for Wendover Army An' Yase, ah April 1042
FUomputed,

1. Well 34/67-6A1. Western Pacific Railroad well at Shaf%er,
Nevada.
2 Weﬂ 34/67-16D1.  Utah Construetion Co. (U, C. Land and
' - Cattle Co.) well about 3 miles southeast of Shafter.
3. Large spring at Johnson Ranch (Johnson Springs).
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. 4. Small spring on Johnson Ranch, about half a mile northeast
of Johnson Springs. ‘

In general, the water in the central part of the valley is of
relatively poor guality (analyses 1 and 2) whereas in the mar-
ginal areas it is probably of better quality. In localized areas of
relatively large annual recharge the ground water is of excellent
quality (analyses 3 and 4). Additional chemical analyses of
ground water in various parts of the valley would better define
the areal distribution of water of different quality.

Within the central part of the valley, the water from water-
bearing zones of different depths is also variable. The water
from well 34/67-6A1 (analysis 1) probably is more or less repre-
sentative of the deeper zones and that of well 34/87-16D1
{analysis 2) mayv be representative of the shallow water-bearing
zones, '

Magistad and Christiansen {1944, pp. 8. 9) have given tenta-
tive gtandards for irrigation waters, but indicate that considera-
tion should be given to the characteristics of the type of soil and
the soil solution in evaluating the effect of a given chemiecal com-
position of the water on a given soil.

Standards for Irrigation waters

3

B Hanr CowreERy
{nieromhos Potal Per acre- Hodinm?
ab 257 (L) (p.pan) 0 foot (tons) (pereent)
R El] <2700
LG 0=3,000 TOG-2 000
et 0] 3,000
- Mheonereentape of sodinm ig ocaleulated from analyiical resulis ezpressed in
millleram equivalents per kilogram, These results arve obtaivied by dividing the
parts per omidion of sodium, caloivwm and snaenesium by 23, 20 and 12,24, respec-
tively: then 110 times the millleram eguivalents of sodium is divided by the sum
ol the milligram egulvalents of sodiun, caleium; and maegnesium) To milligram
pquivalents 100 Ha L iveenta ga e
NagCaidiie percentage of 8o b

Shxeellent fo good, suitable for most plants under most conditions,

oo tooingurions, probably harmfal to the more sensitive crops.

Mnpjurious to unsatisfactory, probably harmful to most crops and unsatisfac-
tory for all but the mpst tolorant. M dowater falle dn Class Soon apy basis, Loe,
conductance, salt content, percentage of sodium, or boron sontent, it shounld be
clansed as unsuttable under most eonditions. " Should the salts present be largely
sulfates, the values for galt content in each class can be raised 5 percent:

The available analyses do not include determination of con-
ductance or of boron,  However, comparison of the sodium per-
cent in the analysis of the water from well 34/67-16D1 (analysis
2) indicates unsuitability under most conditions. Water from
well 34/67-6A1 (analysis 1) is near the upper limit of percent
sodium for Class 1, but is probably suitable in peneral. The
water from the two springs (analysis 8 and 4) apparently is
satisfactory. ’

The water from well 34/67-16D1 (analysis 2) is too high in
sulfate, dissolved solids, and fluoride to meet the drinking-water
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standards set by the Public Health Service Reports (1946). The
water from well 84/67-6A1 (analysis 1) apparently Is satisfac-
tory for all constituents but approaches the upper limits of the
drinkinp-water standards for sulfate and dissolved solids. The
two other analyses indicate that the two springs on the Johnson
Ranch yield water that is satisfactory so far as mineral gquality
is concerned.
CONCLUSBIONS

Additional analyses of water from wells and springs distrib-
uted throughout Goshute-Antelope Valley are needed in order to
give a complete over-all picture of the chemical character of the
ground water,

Goshute-Antelope Valley has a very large ground-water storage
eapacity in comparigson to the estimated annual recharge. This,
together with the apparent lack of underflow from the valley,
may make the area sstisfactory for studies of storage capaeity
and specific yvield of valley-fill sediments.

It would be worth while to study consumptive use of ground
water by greasewood (Sareobatus permiculatus) in the Goshute-
Antelope Valley. As greasewood grows where the depth to water
ranges from 15 feet to as much as 80 feet or more, such a study

would determine whether a measurable draft on ground waler
by greasewood occurs throughout this depth range. Data on the
draft of ground water in this depth range are practically non-
existent.

The depth of drilling for irrigation or other large-capacity
wells may range from 150 to perhaps 300 feet, depending on the
permeability and depth of the water-bearing zones in the par-
ticular avea to be drilled. In drilling wells each substantial
water-bearing zone should be tested: and the wells shonld be
adequately constructed and developed to obtain water efficiently
from all potential water-bearing zones,

The following wells appear to be suitable for the periodic
observation of water-level fluctuations that are needed to provide
basic data on the effects of existing and future ground-water
developments: ‘

25/88-8D1. Well Is located on slope of fan from Goshule Range: unused;
nof locally affected by evaporation and transpiration: accessibility, excellent
32/6688D1. Well is loeated on lower slope of fan: unused: little effect
from evaporation and franspiration; aceessibility, poor in wet weather
, 34/66-8A1. Well is along margin of avea of trauspivation by plants: may
also be somewhat affected by irrigation-well pumping; unused; aceessibility,
poor in wet weather. It would be preferable to obtain or put in another well
in the same general sren for similar Information on water-level fluctuntion
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S4/67-6A2. Railroad supply well; measurements would be affected by punip-
ing from the well itself and from well . 34/67-6A1 ; accessibility, fair in wet
Wweather, - It milght be possible to fest these two wells to ohtain information
o1 the transmissibility and storage capicity of the water-bearing sediments
in this part of the valley.

34/67-16D1,  Well located on valley floor: lithe effeet from transpiration ;
used for stock ‘watering: accessibility, poor in wWet wenther,

WELL DATA
{For explanation of numbering system see page 16,5

28/68-5D1, “Highway well. . Public domain, Drrilled, - 6-inch casing:
eylinder pump; used for stock Depth to water, 98.85 feet below measuring
point, fop of casing, 0.5 foot above average land surtace, Jone 25, 1948,

20/67-1A1.  “Tteaina” well. - Public domain. - Dug, 4%ineh wood cribbing :
depth 113.5 feet below average land surface: eviinder pumpy need for stock.
Depth to water, 101.02 feet below weasuripg polnt, top of 4 by 4-inech sill on
erib, 3.0 feet above average land surface, June 25, 1948,

- 81/66-30A1. . Unknown. . Dug, diameter and depth - unknown i o pump;
uonused.  Depth fo water, 52,50 foet. below measuring point, top of I-inch pipe
or suchker rod dntake, 1.0:-foot above land surface, May 21, 1948,

B1/87-26101,  Bpafter well No. 4. U, ¢ Land and Cuttle Co. Drilled, 8-inch
casing ; eylinder pump; used for stock and domestic. Depth to water, TO.58
feet below measuring point; top of casing, land surface, Jane 25, 148

$2/66-33D1, Milum ( 2V, Drilled, Sdich easing’ depth, 55 feety no pump:
unused. . Depth to water, 4646 foet below megsuring point, fop of 3= by 6dnch
wood cribbing at land surface and 3.5 feet above fop of casing, May 21, 1948,

32/66-33D2.  Miluin( Y. Drilled, 6-inch casing; depth, 1102 feet; unused,

Depth to water, 37.36 feet below measuring point, top of vertieal 4= by 6-inch
wouod tie which s at land sueface and 117 feat above top of casing, May 21,
1048,

32/67-24C1, Shafter well No. 8 U, €. Lapd and Cattle Oo. Dug, digme-
ter ( 2); depth 732 feet: cylinder pump: used for stock. Depth to water,
05.91 feet below measuring point, top of iron plate covering over well, 3.0
feat above average land surface; June 25, 1048, :

A3/66-3241,  Griswold.  Drilled, 18inch caming; depth; 42 feety eylinder
pump, windmill; used for stock.: Depth to water, 25.96 feet bulow measuring
point, bottom of pump base, at land surfnee, May 21, 1948,

83/066-32A2. " Griswold.  Drilled, 18-inch easing; depth 51 feet; 4-inch cent
trifugal pump; gasoline engine:  reported ¥ield 360-400 gallons per minute:
used for stock. Heported depth to water, 28 foet,

S307T-26A1.  Shatter well No.o200 U, €, Land and Cattle Co. Dhug, diame-
ter( 7} depth, 65 feet: exlinder pump : used for stock: Depth to water, 5493
feet below measuring point, top of 8 by Sineh svood He cover on woll, 20
feet above average land surface; June 25, 1048,

S1/60-BA1,  Unknown,  Diameter and depth, anknown ;- hand pump: unnsed.
Depth to-water 19 feet below measuring point, Bottom of putip - bage, at Iand
surface, Jone 25, 1048

SE6T-6A1.  FOIA” well. Western Paeific Railvond o, Dirilled, 1925
depth, 251 feet: casing diameter 14 o 12%ineh perforated 117 1o 250 feet.

Turbine pump, diesel engine, 87.5 hp. Yield: 204 gallims per minute with a
 Gfoot drawdown {on graphic log dated November 6 19250 ;1000 gallons per

minute, drawdown 7 feet 2 Inches (reported in letfer from I B Dennis 1o

1. 1. Duggan, dated Janvary 27, 1842) © and 400 zallons per minute, drawdown
unknown (reported by pump operator May 21, 1948). Depth to water, 2351
_ feet below megasuring point, top of casing, 4.0 feet below land sarface, May 21,

&
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1948, Pollowing iz the log of the well, furnished by the Western Pacific Hall-

road Co.
Thickness | Depth Thickness . Dlepth

Materinl {ieet) {feat} ; . Materisl {feet) (feet)
Clay, wellow 23 23 Gravel, cemented, lights. 87 160
Clay, blug, little 17 40 Thmestone .. o0 B 165
Clay, vellow 10 al “Fock dust” and Hmes ,
Clay, hard o 61 stone, white o0 20 186
Cloy, hard, fine gravel & 6B axs Beht sandy, ;
Clav.yellow 25 85 somewater o L 228
Clay and gravel. o g 104 ’ Claay and sandy clay. . 25 251
Clav, gravel, and sando 1) 113 .
Ciravel cemmented, very Totaldepth oo O 2nl

hard oo 10 125

S4/67642. “New'! well. Western: Pacific Railroad Co. Drilled; 1064nch
casing: depth, 250 feet; turbine pump; gasoline engine; reported yield, 900
gallons per minute: railvoad. Depili to water, 29 88 feet below measuring
point. top of casing, 4.5 feet below land surface, May 21, 1948, .

34/67-16D1, Bhattér well No. 1. T G Tand and Cattle Co.  Dug, diame
ter{ i : depth, 5B feel; cylinder pump; gasoling engine and windmill; ns=ed
for stoek,  Depth to water, 46,57 feel below wmeasurving point, top of iron plate
well cover, 2.5 feet above average land surface, June 25 1048, ‘

55/66-3301 Kern Packing Company (7). Drilled, depth unknown ; turbine
pump; tractor engine with power takeoff.  Yield, 450 gallons per minute
Diepth to water helow land surface 20 feet {estimated).

36/66-2C1.  Ousis station. Drilled well; water level 225 feet below land
surface {Teported. :
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GROUND WATER IN THE VICINITY OF
EL KO, NEVADA

By J. C. Frevericks, Gedlogist, and O 1. Lorwnz, Englneer,
U. 8. Geological Survey. «

INTRODUCTION
The city of Elko is located in the valley of the Humboldt River,
in Elko County, northeastern Nevada, about 300 miles east of
Hene, and about 240 miles west of Salt Lake City, Utah, on U. 8
Highway 40.. The Southern Pacific and Western Pacific. Bail-
roads pass through Elko in following the natural thoroughfare
of the Humboldt River Valley. Elko is the county seat and supply
- center for the stock-raising and mining activities of Elko County.
The population of Elko in 1940, reported in the 16th Census of
the United States, was 4,094, The present population is probably
slightly greater than in 1940. :
The present city water supply iz from two ground-water
sources. The principal source iz a group of five wells in the city
well field at the northeast edpe of the city. (See Fig. 2.3 The
other souree is a group of springs located about six miles north-
west of Elko in the upper veaches of Kittridge Canvon. These
springs have been developéd by tunnels driven horizontally into
a consolidated conglomerate formation at the spring site. The
springs discharce at a fairly uniferm rate of about 200,000 gal-
lons per day, and the water flows by gravity through a pipe line
to City Reservoir No. 1 (capacity, 294,000 gallons) ; the overflow
from reservoir No. 1 going to reservoir No. 2 {(capacity, 555,000
gallons). The city wells discharge into reservoir No. 2 through
a common pipeline. Reservoir No. 2 feeds the city mains while
reservoir No. 1 is reserved as storage for fire protection. Both
reservolrs are apprommate}y 125 feet above the veneral elevation
of the city.
During 1946, and a few eariiez yvears, the summer peak demand
of the city and the Southern Pacific and Western Pacific rail-
_roads, which are supplied by the city, has been as much as
_’,1,75{},0()0 gallons per day. As the result of this peak demand
ere are beriods of exceptionally heavy draft on the city wells
during the summer months.
 The pumpage of water for use by the city ‘and railroads has
inereased steadily during the Bl—year period (Janu&ry 1937
through July 1946) for which records are available. During this
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period the pumpage increased from 269 million gallons in 1937
to a maximum of about 408 million gallons in 1944, or more than
50 percent. It dropped slightly in 1945, but partial records for
1946 indicate the maximum of 408 million gallons may have been
exceeded in that vear.

The table that follows gives the tofal monthly and annual
pumpage for the period of record (January 1937 through July
1946, based on the hours of operation of each well, and the
average discharge for each well. The average discharge for sach
well is based upon the best available data of discharge over the
period of record. The average rates of discharge used 10 com-
pute monthly and annual pumpage are as follows:

Well Mo, Discharge g.p.m.
e 250
10 480
11 300
A2 i 630
B R R U 620

The discharge rate for each well is not constant, but varies as
the result of interference effects, fluctuations in water level, and
changes in back pressure, depending upon whether there is indi-
vidual or combined discharge into the reservoir pipe line by one
or more wells. To ease the draft on the existing wells, caused
by the heavy peak load and the increasing demand, the city is
planning to drill additional wells.

In order to estimate the total amount of water used the amount
of water supplied by the springs in Kittridge Canyon must be
added to the amount shown in Table 1. These springs have a
- nearly constant flow of 200,000 gallons a dayv.  However, during
the period of record the pipe line to the City Reservoir No. 1 was
not always functioning due to leaks and breaks in the line. Hence,
the amount of water contributed from this source is not known
exactly.

The purpose of this report ig to record the ground—water con-
ditions in the vicinity of Elko, and suzgest the most favorable
area for future ground-water development.
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TABLE 1
. Total zxmntmy and annual pumpace in millions of gallons from wells
of the Uity of Elko, 183719458

Month L 1538 1439 1940 sl 1wz 1043 1044 1045 1946
Jan... - 20,97 23,06 1871 2005 2246 2762 U3.86 2000 832568 40.04
Feb. . 1547 2155 1845 JER0 20500 9491 Q457 2669 2530 09548
Mar.. 16,55 1833 1054 1081 9200 2500 954728 9% - 9207 2660

16,07 2018 2R 0T 2R AR A6 2645 0D 2714 .ob 82,18
18,52 243 28,10 5044 SLET - 2654 3407 89,90 3197 87.81
20,620 80,63 B341° 8362 2885 3486 25,62 2843 8208 BO.1S
22100 8487 35,02 3001 4135 4GB0 4742 AT5T 0 4741 5507
24,920 3248 8680 B%B0 3451 4804 46.R% BLOE . 475 ~
29,27 25,08 29004 BT.08 2BT6BT.14 43330 40058 3831

23,040 21,84 02226 20,17 24,85 2496 25,75 80,45 31,90

2041 8051 2180 0 R0 2488 DB AR B0 3R 05 08 L DBGR

SO83 2063 H0BR 2206 2R50 R4 IE G4 GL B RN 2048

DOEGT RR02R 0618 3T0C0E A6 20 369,15 38417 40T 300,52

GENERAL TOPOGRAPHIC FEATURES

In the vieinity of Elko the Humboldt Biver courses through a
trough-like basin between two roughly parallel elongated moun-
tain masses, the River Range lying to the northwest, and the
Elko Range lying to the southeast. The basin ranges in width
from T to 9 miles with the lowest part of the basin lving near
the base of the Elke Range.

The Humboldt River flows through the Elko Basin from the
northeast to the southwest with a relatively flat gradient of 7 to
10 feet per mile.

The aliuvial and lacustrine sediments deposited in the Elko
Basin have been dissected by the Humboldt River and its tribu-
tary drainage to form a unigue topographic pattern,  Northwest
of the Humboldt River a series of roughly parallel ridees with a
northwest trend extend 5 to 7 miles to the steep front of the
River Range. These ridges have short steep scarps on the south-
west slope 100 to 200 feet high, and gentle slopes a quarter of a
‘mile to half a mile long on the northeast slope. This series of
ridges is prominently developed for a distance of at least 15
miles.

The Humboldt River through down cutting and later deposi-
tion has built a narrow, nearly flat flood plain ranging from a
quarter of a mile to three-quarters of a mile in width, In the
process the low ridges, or spurs, were trunecated, and in many
places well developed river terraces were formed.

Southeast of the Humboldt River the ridge type of topography
is well developed only in loeal areas.  The erest of the Elko
Range is 1 to 2 miles from the Humboldt River, and only the
longer streams have been able to erode typical ridges in the
lacustrine and alluvial sediments which erop out between
the Humboldt River plain and the crest of the Elko Range.

The elevation of the river plain immediately southeast of Blko




Contributions to Hydrology of Eastern Nevade 43

is about 5,025 feet. To the northwest, the even-crested River
Range rises to an elevation of about 7,000 feet, with a few peaks
- reaching 7,400 feet, South of Elko, the summit of the Elko
Range i approximately 8,200 Teet, but riges to 7,000 feet about
10 miles to the northeast near the end of the range.

CLIMATE

The average annual precipitation at Elko, aceording to a 75-
vear rvecord by the U, 8, Weather Bureau, iz 9.68 inches. The
precipitation from year to vear may vary widely.  The least
vecorded during the T8-year period was 0.94 of an inch, in 1872,
and the greatest was 18.94 inches, in 1904,

Average monthly precipitation figures for the same length of
record show that the greatest amount of precipitation falls in
the winter months of December (1.02 inches), January (1.37
inches), February (1.18 inches), and March (0.98 inch). The
least amount of precipitation falls in the summer months of July
(0.41 inchy, August (032 inch), and September (0,42 ineh):

 The annual mean temperature at Elko, based on a 47-year
vecord by the U. S. Weather Bureau, is 46.0° F.  The coldest
temperature recorded during this period was =43 F. on Janu-

ary 21,1937, and the hottest temperature was 1072 F,

There are no records of precipitation in the adjacent Elko and
River ranges but undoubtedly it is greater than at Elko.  As the
River Range receives greater snowfall than the Elko Range the
greateat runcff into the basin may be expected from the north-
west, ‘

GENERAL GEOLOGY ‘

The rocks of the Elko area may be divided into three general
groups. (See Fig. 23 These are: {1) The older rocks, Paleo-
zoic limestones and quartzites which erop out in the River and
Flko ranges; (2) Tertiary alluvial and lacustrine sediments with
interbedded pyroclastic materials, which partially fill the basin
between the two ranges; and in addition Tertiary lavas which
in some parts of the area are interbedded with, or rest upon, the
Tertiary alluvial and lacustrine deposits; (3) surficial Quater-
nary alluvial deposits which underlie the plain of the Humboldt
River and the channels of its tributary drainage.

_ In general the Paleozoic limestones and guartzites, and the
Tertiary lavas, do not contain good water-bearing beds. Locally
ground water is discharged from seeps and springs which occur
at favorable locations along fractures and crushed zones in these
rocks. Since the Paleozoic limestones and guartzites, and the
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Tertiary lavas, are not favorable for the development of addi-
tional water for the eily, they will not be discussed further.

In the Elko Basin the Quaternary alluvial sediments were
deposited, for the most part, directly on the Tertiary alluvial
and lacustrine depogits; and since the Quaternary sediments con-
gist chiefly of re-worked Tertiary deposits, and consequently are
similar to the Tertiary rocks, it is generally difficult to establish
the contact between the two series of rocks from deseriptions in
drillers” logs. The base of the Quaternary deposits is not exposed
in the area of greatest deposition (in the vielnity of the Hum-
boldt River plain) but it is believed that these deposits are not
more than 75 feet thick.

GGround water is obtained from shallow wells in the Quaternary
alluvial deposits but the yield of individual wells is not large.

The Tertiary alluvial and lacustrine deposits contain much
good water-bearing material and are the prime soures of ground
water in the Elko area. Consequently, the geology of this series
of rocks will be discussed in greater detail.

HUMBOLDT FORMATION
During the Tertiary period Elko Basin wag the site of deposi-

tition of a relatively thick series of alluvial and lacustrine sedi-
ments with considerable interbedded pyroclastic material. ‘B. P.
Sharp* (1989) hag discussed this deries of rocks and inecluded
them in the Humboldt formation which he redefined. The identi-
fication of animal and plant remains indicate that the Humboldt
formation was deposited during late Miocene, and possibly early
Pliocene time.

In the vieinity of Elko, on the flanks of the River and Blko
ranges, the Humboldt formation is observed 1o vest unconform-
ably on the late Paleozoic limestones and quartzites.

Sharp (1939) has deseribed the section of his Humboldt for-
mation exposed along Huntington Creek about 12 miles south of
Elko and suggests that this be considered the tyvpe section. He
has divided the formation into three members as follows:

“Tower Member”

“The lower member is composed of shale, oil shale, fresh-water
Himestone, sandstone, and conglomerate. Ol shale and limestone
beds identify this member. In places the limestone and oil shale
erade laterally into mudstone, sandstone, and conglomerate, and

2Rep ligt of references al end of report.
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the member loses its distinctiveness.  The lower member iz 800-
1,000 feet thick at places of maximum thicknesses but is mzssmg
or 1nde¥;ermmate at other places.”

: “Middle Member”

“The middle member is characterized by rhyolitic tuff and ash.
Tuff and ash beds are found throughout the formation, but they
are particularly abundant in the middle member. A single out-
crop of ash or tuff does not identify this member, but a thickness
of a hundred feet or so of associated tuff and ash beds is dis-
tinctive within the writer’s experience. Voleanic activity of an
explosive nature seems to have been at a peak at this time. The
middle member has a maximum measured thickness of 1,300

feet.” “Uypper Member™ ,

“The upper members consists of fine conglomerate, sandstone,
mudstone, silistone, and shale beds. Mudstone and shale are
abundant near the fop. The conglomerate iz distinguished by a
large proportion of quartzite and granitic pebbles, compared to
the number composed of limestone. This member is identified
by its great thicknesses of mudstone and shale, and the relative
paucity of conglomerate beds. The maximum measured thick-
ness of the upper member is 8,600 feet, although it may be much
thicker, for the top of the formation is not known.” The agpre-
gate thickness of these members is about 5,800 feet:

The thickness of the Humboldt deposits in the Elko Basin is |
not known, but an oil-test well located about two miles north of
Elko penetrated more than 3,200 feet of material which undoubt-
edly can be identified as Humboldt, (See well 34 /65-4A1, Table 3.)

The Humboldt formation has a general southeast dip of 10 te

15 degrees in the central part of the basin, but near the marging
the structure of the formation is complicated by local folding and
. faulting.
The drillers’ logs of the city of BElko wells {see Table 3) lﬁfil-
eate that the 400 to 600 feet of the Humboldt formation pene-
trated by these wells is comparable to part of the upper member
of the formation described by Sharp (1939). The individual beds
are generally lenticular and of limited areal extent. There are
few clean beds of gravel and sand. Water-bearing sand and/or
gravel beds generally contain considerable amounts of fine sand,
and silt, which materially reduce their permeability.

GROUND WATER
In the vicinity of Elko, ground water occurs in the Humboldt
formation and the Quaternary alluvial deposits of the Humboldt
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 River plain. The water-bearing materials in these deposits
receive recharge from two main sources; (1) water from the
Humboldt River which percolates through the river deposits into
the Humboldt formation, and (2) runoft from the adjacent moun-

tain ranges, particularly the River Range. It is believed that a

large part of the runoff reaches the central part of the basin as
underflow as the majority of the streams that rise on the flanks =
of the mountains flow to the Humboldt River for only a short
time in the spring, and generally sink into the exposed Humboldt
formation before reaching the Humboldt River.  Direct precipi-
tation on the land surface may be considered as a minor source
of recharge.  Although no data arve available, it appears that the
gronnd-water recharge is considerably in excess of the relatively
small pumping withdrawals in the vieinity of Blke:

WATEE TABLE
The water table in the plain of the Humboldt River is near the
surface. In 1922 g series of shallow test wells were dug for the
city of Elko in see. 11, T, 84 N., B. 55 E. These wells were
between 20 and 30 feet deep, and most of them encountered the
water table about 15 feet below ground.  The vield of these wells

~ was reported fo be small, and no further consideration has been
given to the possibility of obtaining a municipal water supply
from shallow wells in the Quaternary alluvial deposits.

Many of the widely spaced ranches along the Humboldt River
plain obtain an adequate water supply for stock and domestic
use from shallow water-table wells but the withdrawals are small.

WATER-BEARING BEDS IN THE HUMBOLDT FORMATION

In the Humboldt formation water occurs in poorly soried sand
and pravel beds of limited areal extent. These lenticular beds
appear to be imperfectly interconnected as shown by the fluctua-
tions of water levels in wells pear a pumping well

In the vicinity of Elko, which is near the axis of the lowest
part of the Elko Basin, ground water in the Humboldt formation
is under artesian pressure and rises in wells o within 20 to 40
feet of the land surface.

The table that follows summarizes pertinent data on the per-
formanee of five wells that draw water from the Humboldt forma-
tion in the vicinity of Elko. With the exception of well No. 13
the data for digcharge and drawdown were obtained by speclal
‘pampmg‘ tests durmg November and December 19486,
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TABLE 2
Data on the performance of five wells that draw water from the Huwholds
formation in the vicinity of Elko, Nevada

Bpecific
eapacity of
Reporied Discharge, Diawdown wedl, gallons
depth of in gallons of water per minute
well, in ey lenved, iy per foid ol
Well number, rwirer fret, minute fent drawdown
54/50-11C8 0 Uity of Bdko. ... 7400 480 BE 7.8
1Mo, 1)
HESHLEN B L6 SRR City of Elko... . 570 630 85.5 T4
(Mo, 12
34;‘55~11051¢,...m0it:{k0f ElRo. e 485 751 T 107
No.o18)
S4BT Cityof Blko..._ 458 G0 49 12.6
LECTORE N :
25FE6-31B1. . Newada School
of Tndustry. ... 243 204 8.2 3.9

1Frony typewritten report by T, G, Thorum, conguliing. engineer to the city of
Hiko, January 1948,

In evaluating the data presented in Table 2, it is necessary to
note that there is some quéstion regarding the perforations in
well 84/55-11C4 {City of Elko No. 12). The Water Department
of the city of Elko reports that the casing in this well was per-
forated in place and there is some doubt as to whether all cuts
penetrated through the casing,

Although the amount of data available is insufficient to draw
definite conclusions, it may be noted first that all of the wells
have relatively low specific capacities, and second, disregarding
well 84/55-11C4, which reportedly may not have very -effective
perforations, specific capacity apparently increases with depth.
This is to be expected inasmuch as the number of water-bearing
beds penetrated in the Humbeoldt formation increases with depth.

The specific capacity of well 85/56-31B1, which is 243 feetf
deep, is 2.9 gallons per minute per foot of drawdown. This well
penetrates only 22 feet of water-bearing material (see log, Table
8), and it is possible the specific capacity could be increased by
deepening the well and penetrating additional water-bearing beds.

The specific capacity of future wells drilled to comparable
depths into the Humbeoldt formation could probably be increased
appreciably by altering the present type of well construction,
It ig believed that if well screens with the proper size openings
were substituted for perforated casing opposite water-bearing
beds, the specific capacity of a well could be increased due to the
inerease in percentage of openings fo the well, and the develop-
ment of a natural gravel pack around the well. - The net result
of this type of construction would be to decrease the lift for the
same discharge, or increase the discharge for the same lift. In
either case the amount of energy reguired to pump a given
amount of water would be decreased in direct proportion to the
inereased efficiency of the well.
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TEMPERATURE OF THE GROUND WATER

About 1 mile southwest of Elko in the SEf sec. 21, T. 34 N,
R. 55 E., there are several hot springs, known as the Elko Hot
Springs, discharging from openings in sedimentary rocks which
are probably of the same age as the lower part of the Humboldt
formation. These springs are supplied by hot waters ascending
from-depth along fractures agsociated with an immediately adja-
cent north-south fault.  (See Fig, 2.} Temperature of the water
in the springs ranges from 150 to 190 degrees Fahrenheit.

Several of the wells drilled in the vicinity of Elko have encoun-
tered warm o hot water, or mud, at various depths. (See Table
3.} These thermal waters and the hot springs probably have a
ecommon source. Well 84/55-15C1, drilled by the Western Pacific
Railway Company in 1911 at their roundhouse, encountered a
supply of “warm water’” between 845 and 360 feet which flowed
at the surface at the rate of 7 gallons per minute.  Another well,
34 /56-16C2, was drilled about 58 feet away from that well and
encountered “hot caving mud” at a depth of 280 feet, >

The city of Elke drilled a well, 34/55-10D1, nsar the old city
camp grounds, It is reported that a supply of cool water wasg
encountered between a depth of 890 to 400 feet, and “hot mud”
was penetrated at a depth of 425 feet,

The temperature of water pumped from Weﬂ No. 12 of the city
of Elko (84,/55-11C4}, which iz 570 feet deep, is 75° Fahrenheit.
City of Elko No. 14 (84/55-11C8), which is 720 feet southwest
of the city well No, 12 and 488 feet deep, discharges water with
a temperature of 66° Fahrenheit. - The 75° temperature of water
from city well No. 12 indicates abnormal temperature eonditions
at deyth

It'is apparent, from the cases cited above, that mtuatmns and
depths at which warm to hot water, or mud, may be encountered
in wells are variable in the Elko area. The drilling record of
well 84/55-10D1, mentioned above, indicates that temperatures
~may increase abruptly at depth, and in drilling a new well care
should be taken to carefully record, at frequent intervals, the
bottom-hole temperatures as drilling progresses,

QUALITY OF GROUND WATER
Well 34/55-1A1 is a shallow water-table well dug in the river
deposits of the Humboldt River plain. The analysis of water
from this well (see Table 4} shows this water to be moderately
mineralized and suitable for domestic use. In local areas along
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the Humboldt River plain the high alkali content of the soil has
made water from shallow wells unfit for domestic use.

Analyses of water from wells pumping from the Humboldt
formation {see Table 4) show considerable range in the amount
of various chemieal constituents.. Total solids range from 269
parts per million for well 84/55-11C4, to 451 parts per million
for well 84/556-11C2,  Altheugh the waters from wells pumping
from the Humboldt formation differ in chemical analysis, they
are in general only moderately mineralized. The water in all
wells iz suitable for domestic use.

ANALYSIS OF PUMPING-TEST DATA

The following discussion is a summary of the analysis of
pumping-test data for the municipal wells of the city of Elko.

Water-level and well-discharge data were eollected December
9-11, 1948, to determine the hydrologic characteristics of the for-
mations penctrated by the eity wells. (See Fig. 8 for location of
wells,) Knowing these hydrologic characteristics it is possible
to predict the drawdown, or lowering of the water level in a well,
caused by pumping in a nearby well. It i3 also possible to predict
the changes in water level that would cecur by varying the
distance between pumped wells and by changes in. pumping
sehedules,

The hydrologic characteristics of a formation are conveniently
expressed by the coeflicients of permeability, transmissibility, and
storage. The field coefficient of permeability has been defined by
Wenzel (1942} as: “the number of gallons of water a day that
percolates under prevailing conditions through each mile of
water-bearing bed under investigation (measured at right angles
to the direction of flow) for each foot of thickness of the beg,
and for each foot per mile of hydravlic gradient.” The coeflicient
of transmissibility, according to Theis (1935), is the product of
the field coeflicient of permeability and the thickness of the sal-
urated portion of the aguifer. The coefcient of storage is defined
by Theis (1938) as the volume of water measured in eubie feef,
released from storage in each column of the squifer havine a
base 1 foot sguare and a height eqgual to the thickness of the
aquifer, when the water table or other piezometric surface is
lowered 1 foot. , . ‘ ‘

j Cnefﬁcients of transmiszibility and storage were determined
from the data obtained December 9-11. The range in the values
of the coefficient of transmissibility for individual wells was quite
large. Most of the differences in coeflicients of transmissibility
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are probably caused by differences in the depths of the wells,
some wells failing to penetrate all the aquifers, and by the absence
of perforations in the casing opposite each of the saturated
water-bearing beds. Nevertheless, when all the data obtained are
taken into account it was found that a coefficient of transmissi-
bility of 40,000 gallons per day per foot (0.0618 cubic feet per
second per foot) and a coefficient of storage of 0.001 gave values
that checked the observed dats very well.  These coefficients were,
therefore, used for the preparation of Figure 4, and for all com-
putations of fluctuations in water level resulting from changes in
well spacing and changes in pumping schedules.

Figure 4 is a graphical representation of interference effects
in an ideal formation having water-bearing properties and hydro-
logie characteristics similar to those of the formations penetrated
by the city wells. Specifically it shows the effect of pumping a
well at a steady rate of 1 cubie foot per second, or about 450 gal-
lons per minute, for varying periods of time on the water level
in wells 500, 1,000, 1,500, and 2,000 feet distant.. The effects are
directly proportional to the rate of pumping so that the effect
for any other rate of pumping is obtained merely by multiplying
the effect shown on the graph by the ratio of the actual rate at
which the well is pumped to the arbitrarily chosen rate of 450
gallons per minute,

The amount of the lowering of the water level that will have

occurred at the end of any pumping period also can be read
directly from the graph when the well has been pumped at the
rate of 450 gallons per minute. For example, at the end of 8
hours of pumping the water level in a well 500 feet distant from
the pumped well would be lowered 3.6 feet; 1,000 feet distant,
1.9 feet: 2,000 feet distant, 0.7 foot, ele.
. When interference effects occur, more energy is required fo
pump a given amount of water, since the amount of lift is
increased. The additional energy may be determined by multi-
plying each increment of interference by the time during which
it oceurs, summing the products, and then multiplying the sum
by the weight of water in pounds pumped during the period inter-
ference took place. If the amount of interference is measured in
feet, the product will be energy in foot-pounds, which can readily
be converted to kilowatt-hours.

1sing the above method ‘it was found that the mtmferenee
caused by pumping a well steadily for 8 hours was about 5 times
larger in a well 720 feet distant, than in a well 1,600 feet dis-
tant.  Applied to the existing city wells it indicates that the
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interference resulting from well No. 14 pumping 8 hours is
about 5 times larger in well No. 12 than in well No. 13. How-
ever, the ratio of the interference decreases with time so that
if the well were pumped 16 hours instead of 8 hours the ratio
would be about 3.2 to 1.

The interference in well No, 12 caused by pumping well No. 14,
16 hours was computed to be almost 3 times the interference
caused by pumping well No. 14 only 8 hours. The ratio of the
interference effect in well No, 138 caused by pumping well No. 14,
16 hours instead of & was about 44 to 1. 1t is to be noted that
interference effects are not directly proportional to the length of
the pumping period but rather increase at a faster rate.

To show how interference effects might vary with pumping
schedules, computations were made assuming the following con-
ditions: The well field was to consist of four wells on line with
the same spacing (see Fig. 3) between wells as the city of Elko
field. - The rate of discharge from each well was assumed to be
450 gallons per minute. ‘The values used in the computations were
obtained from Figure 4, which shows interference effects similar
to those observed in the formations penetrated by the city wells.

According to Pumping Schedule “A,” wells No. 12 and 14 were
to be pumped simultaneously for 8 hours, after which the pumps
were to be shut off and wells No. 10 and 18 pumped simulta-
neously for 8 hours.  Pumping Schedule “B” consisted of pump-
ing wells No, 10 and 18 simultaneously for 8 hours, shutting the
pumps off, and then pumping wells No. 12 and 14 simultaneously
for 8 hours. Pumping Schedule “C” consisted of pumping wells
Ne. 10 and 12 simultaneously for 8 hours, shutting the pumps
off, and then pumping wells No. 13 and 14 simultaneously 8 hours.
According to Schedule “D” wells Wo. 18 and 14 were to be pumped
simultaneously for & hours after which the pumps were to be
stopped and wells No. 10 and 12 pumped simultaneously for 8
hours. The interference effects at the end of 16 hours operation
for Pumping Schedules “A” and “B” were the same as were the
interference effects for Pumping Schedules “C” and “D.”  How-
ever, the interference effects under Schedules “A” and “B” were
about 40 percent greater than the interference under Schedules
“C”and “I.”  Thus, it made no difference whether wells No. 10
and 13 were pumped the first or the second 8-hour peried. Like-
wige, it made no difference whether wells No. 10 and 12 were
pumped the first or the second 8-hour period. There was a dif-
ference, however, between simultaneous operation of adjacent
wells as compared with simultaneous operation of alternate wells.
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In the examples cited above the interference effects of simulia-
neous pumping of adjacent wells is about 40 percent greater
than simulianeous pumping of alternate wells.

Interference effects can be reduced by increasing the spacing
between wells. - This may be shown by the following example:
The well field wasg assumed to consist of five wells on g straight
line, spaced 500 feet apart, and tapping an aguifer with hydro-
logic characteristics similar to the aguifer tapped by the eity of
Elko wells. If all of the wells were pumped continuously at a
constant rate of 450 gallons per minute sach, the extra lift at the
end of one year due to interference was computed to range from
42.1 feet for the end wells o 46.7 feet for the middle well I
spaced 1,000 feet apart; the extra lift would range from 35.1 1o
39.6 feet; if spaced 1,600 feet apart, it would rvange from 31.0
to 35.5 feet: and if spaced 2,000 feet apart, 1t wonld range from
28,210 32.6 feet,  For each additional 500 feet of spacing between
wells, therefore, the maximum extra It caused by interference
is recquced by T.1, 4.1, and 2.9 feel, vespectively.  Thus, al the
end of a yedr the maximum difference in lift for 500-foot spacing
and 2,000-foot spacing would be 14.1 feet or about 30 percent.
A given increase in spacing is most effective in decreasing inter-
ference where the wells are closely spaced, As may be seen from
the above example the advantage to be gained by incressing the
spacing bebween wells from 1,000 to 1,500 feet is greater than
the advantage to be gained by increasing the spacing from 1,500
to 2,000 feet, ' ,

It is suppested that any new wells be drilled at least 1,500 and
preferably 2,000 feet from the nearest existing well.  This would
permit the simultaneous pumping of all wells =0 spaced without
excessive interference. v

Wells spaced too closely are always unéconomical, If the wells
are pumped simultaneously additional energy is required to pump
a given amount of water, due to the inereased lift resulting from
interference. If only alternate wells are pumped in order to
increase spacing between pumped wells and decrease interfer-
ence approximately twice the number of wells are required. On
the one hand energy requirements, and consequently costs, are
increased, and on the other hand capital expenditures are
inereased.
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MOST FAVORABLE AREAS FOR FUTURE GROUND-
4 WATER DEVELOPMENT

1t has been shown that the best source of ground water in the
vicinity of Elko is the Humboldt formation. If is desirable to
tap the water-bearing beds of this formation in the arvea veceiv-
ing maximum recharge, In the Elko Basin the area veceiving
maximum ground-water recharge follows the Humboldt River
plain.  Northwest and southeast of the river, surface water and
ground water follow the natural gradient and move toward the
lower level of the Humboldt River plain.

Although the favorable ground-water recharge conditions near
the trough of the Humboldt River plain extend several miles
northeast and southwest of Elko, it is not considered advisable
to drill within one or two miles southwest of Elko inasmich as
the records of well 84/85-15C1, and well 34/65-1502, indicate
undesirable thermal eonditions in that area.

The most favorable area for future ground-water development
then, is to the northeast of Elko, near, or on, the Humboldt River
plain. - As previously mentioned any future wells should be prop-
erly spaced to reduce interference effects due to pumping, and
care should be taken to check bottom temperatires while drill-
ing to avoid warm or hot water at depth.

o BUMMARY :

The best source of ground water in the vicinity of Elko is the
Humboldt formation.  The ground water occurs in lenticular
gravel and sand beds which are poorly interconnected. There is
adequate recharge to the water-bearing beds of the Humbeldt
formation from (1) the Humboldt River and its tributary drain-
age, and (2} runoff in the Elko Basin and the adjacent mountain
ranges which reaches the area receiving maximum recharse
chiefly as ground-water underflow.  The area receiving maxi-
mum recharge is roughly coextensive with the Humboldt River
plain.

In the vieinity of Elko, wells drilled to a depth of 400-600 feet
have an average specific capacity of about 10 gallons per minute
per foot of drawdown and yield between 500 and 750 gallons per
minute.. If well screens are used in construction of Tuture wells,
specific capacities would undoubtedly be increased over those
obtained in present wells,

The quality of water from wells tapping the water-bearing
beds of the Humboldt formation is suitable for domestic use:
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Data from well 84/55-15C1, and well 84/55-15C2, indiecate
that wells drilled in the Humboldt formation; southwest of Elko,
probably will encounter warm to hot water. This thermal water,
and the hot water being discharged from Elko Hot Springs, 1
mile southwest of Elko, probably have a common source.

The most favorable area for future ground-water development
in the vieinity of Elko is to the northeast of Elko, along the Hum-
boldt River plain. Any wells drilled in this area should be spaced
at least 1,500 to 2,000 feet apart in order to minimize the inter-
ference effects of pumping. Bottom: temperatures should be
recorded at frequent intervals as drilling progresses in order to
avoid penetrating deposits which have abnormal temperatures.

The analvsis of pumping test data for the wells of the eity of
Elko shows that the amount of energy required to pump ground
water to the surface e¢an be reduced by considering the spacing
of the wells and by using the proper pumping schedule for the
battery of city wells.

TABLES
The three tables that follow give the data that have been col
lected for representative wells in the vieinity of Elko. In tabular
form are given drillers® logs of wells, mineral analyses of well

water; and well records.  For explanation pf numbering system
of wells and springs, see page 16.

TABLE 3
ﬂmllers’ iogs of wells in the wvieinity of Elke, MNevada

45048 Owner nnknows, - Abandoned eil-test well.

Thickness "~ Drepth Thiekviess: " Diepth
Idaterial (fest) [fest} Material ffepty {feety
Gray Umie and shale Si]ﬁ so0 Dark red shale oo 16 959
Brownishile oo 08 Giraysand rock i o 32
Shale and white zand. o 5:’ i White sand rock 11 1. Q&Q
Sandy blue shile 28 THL Dark browe sand. 28 1Loan
Brown shale 17 208 Grayv sand 87 1,08’?
Blue shale 2 810 Diarl clay 17 1,104
Birown shale 6 248 TPrark paraifin shale 2 BER 1,362
Plue shale . Lo £90 Blue shale ooooniinnnl 365 1927
Brown sandefong ... 28 $18 WHite lime, gand shale. # %
Brown lme and shale . . 25 943 :

*Remainder of log not gvailable, weéll reported o have been drilled to adepth
greater than 3,200 feet,
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24/55-10D1.  City of Blko. {014 city well No. 13, destroyed.)  Diameter 18-
ineh outer surface rasing to 48 feet, 14-inch inner casing to 404 feel. This well
penetrated a cold water supply between 390 and 400 feet hut encountered hot
il at 425 fest,” The hot mud invaded the'easing and the well was abandoned.

Thickness  Depth Thickness  Depth
Material {feat) (fret) Material {fret) (foet)
1z 12 Sandy clay 13 240
10 22 Boft sandy clay - 24h
3 25 Cement gravel, hard .. 42 287
7 32 Sand .. 1 288
Coarse gravel—wats 4 26 Sandy ¢l 37 325
Sandy clay - 29 85 Thin layers gravel
Gravel .. - 1 66 and LAY e 5 230
£ Sandy clay, soft
20 B8 in SpoOtS e Lo 40 370
Fravel g 89 Band and gravel—
ement. gravel 21 119 WALET e 12 352
Sandy. clay 16 128 ement gravel 3 BRS
Cement gravel N 2 128 Bandy elay 0 o 51 J90
Slay with sand and Sand and gravel-=— :
gravel ... 24 152 water Lo 3 343
Cement. grav el ot Sandy clay.. 2 B84
very tight & 158 Band. and g
Sandy clay B4 232 water oo sl B 400
Cemented Coarss: gravd
might be wwater: 0 227 Total depth oo Ll 400

34/55-1101,  City of Blko.  {City Well No. 8. " Diameter 12 inches {o 50
feet, 10-inch inside 12-inch casing from surface to 148 feef, Ten-inch casing
perforated full length.

Thickness  Depth Thickness . Depth
Matarial {fert) {feet) Materisl {feat) {feet)

Hodl 7 7 Clay 136
1 ] Pea gravel to sand®. ] 128
1 b4 Clay S 3 146

3 12 Gravel, reter one
8 18 ineh, to gand 2 148
Clay . 15 163

5 23

12 35 Total depth SR 188

#Water roge to within 12 feet of land surface,

34/55-1102, City of Elko. {City Well No. 10.) Diameter 12 inches. Gravel
packed well.

; Thickness  Depth Thickness  Depih
Material {feet) {feet) Material {feet) {feet)

Surface soil 10 10 Bandy, clay-packed

Cemented rotk and lopse spots, carry
large Tock, little water .. 25 270
(07 29 30 Sandy clay {

Clermented rock, spots some water 5 275
of large rock-— Shale (very hard) 5 280
WALET il 44 Bandy, little clay, 1

Shale, wellow {very spots, carries “water.. 80 310
tight and tough).... 55 95 Bandy clay {packed )y .. 3] 360

Band, Httle clay, rock, Sandy clay, loose spots,
jittle gravel—water .. 25 188 varry some water 5 345

Sandy, little clay, Sandy clay {hard) e 5 405
earries water ... 125 245

Teta] Aepth — 400
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34/55-1103. City of Blko, {(City Well No. 11 Dwilled to 274 feet in 19386,
deepened to 403 feet in 1938, Diameter 16 inches to 43 feet, 12 inches o 2062
Teet, no record of casing from 202 to 403 feet.

Thirkness o Depth Thickness ' Depth

Mntarial {feery {fraty Material et} {feat}
Clayr .. SN & 19 Fine gravel—water
Dy gravel 3 Clay cenioent
Ol B Handy clay .
ine gravel—wate
Clay cemented - gravel..
Sandy cloy
Band and fine gravel—

Y
oy

ot
oy G
BE e ok el
b ok 10 7 ) 25 ok bk €2 £
S

j2-)

i

2 B0 LI b O Dy 03

Claﬁf cemented & ‘ 235 otal depth o

34/85-1104, - City of Bllko, - (City Well No. 120 Diameter 15-ineh casing
sof nt 42 feet, 12-nch casing get at 3895 feet, 10-inch casing from 891 to 535
feet.  15-inech casing pot perforated, 12-inch casing perforated at all gravel
and sand stratas;. Winch easing perforated in 8 rows, Y-inch by G-inch sglots.

Phickness T Depth Thickness Depil
Materiat 51 14 {feat) ial (st floety
15 g 5
Dsy grax’el 4 19
Cenent sand and
gravel; olay cement
Soft sandy clav.
Fiard sandy clay § Bandy olay
Band and fine gravel— Cerient gr
water . : %ﬁndy clay -

e O
S B
2 Gy

E L
o
A

f‘ LEARE \/E
Sand and fine gra
water
Sandy clay .
Hurd cement v
some free gravel
Sandy clay
Hard clay,
Eravel
Bandy clay
Tree zianvel
Sticky clay |
Bandy vla
Free sravel o
Bandy clay Clay and S'm(iy ol
Frard comented sand
dnd gravel i Total depth 00

S48 0100, City of Blko, (Uity Well Moo 150 Diameter 16inch outer
surface casing and 12-inch inner casing.

: Thickness o Depth Thichpess - Dhenths
Material {feet] (feptd Wlateriat fleetl o enl)
Clay, yellow o
Gravel—water
Clay, vellow
Gravel g
Clay, vellow
oy vellow
Graw,l 2 f in layers
Clay, vellow
Gravel and clay mized
Gravel
el I Sandy clay.
{}Im’ yellow Gravel
Gravel . 17 Bandy el
Clayv. vellow ma;y sticky
raovel Sand, ﬂitﬁe elavy .
Olaw, vellow Sand:f clay
Gravel Gravel and elay
Olasovellow and grawel
Sandy vellow elay Total depth oicinaininy
Grasel Lol

Cefnented sand and
gravel .

Baundy el

Cement grav

HSandyoelay

Clay eemented gravel

Bandy clay -

Free gravel o

S

e

i

R
o

ok

o
- QI R G ek ek S ] B QU

bl
B ko itk ek
e R
PO S S e e R

ok

ek
wy
B
{7
fe<

sa b
58 85 B DT A0 LY
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24/55-1106. City of Biko. (Clty Well No. 143 Diameter 155inch outer
surface casing set at 53 feet, 124 ineh casing to 487 feet.  121inch casing per-
forated from 50 to 487 feel.

Thickness - Dlepth Thickness " Depth
Wilaterial (leng) ) it Material {feet] Teet)
Sidace soll & ) 2 Sand and elay, elay
L 2 RN 4 8 predomingtes &R 178
Sand-and gra 2 8 Tree fine brown o 3 181
Sandy elay i (Same as 54 to 120
Coarse grave B 24 tont section) Tem-
bandv clay 23 perature 55 B0 134 215
7 94 Freg fine brown zand,
guicksand nature ... 5 320
mtﬁrla} ed with elay. Band, gravel, and clay,
Thin strata of clay, Sand and . gravel
sand; and  gravel strata carryving
with sand and gravel much water. Teém-
carryving much waler: perature 558°% Bl 185 485
Water increases with Moo record oo i 3 488
depth. Temperature
A5% W LR 120 Total depth oo ooy 488
Free fine brown sand E 123

34/55:1501.  Western Pacific Rallroad Company.  Diameter 115-inch easing
Ret at 240 feet, 92-ipch casing from the surface to 340 feet. 82-Inch casing per-
forated from 280 fo 340 feet. This well encountersd warm water between
345 and 260 feet whirh fowed at the surface at the rate of T gallons per
minite.

Thirkness. o Depth Thickuess  Depth
Material ) {feet) Waterial {feet) {feet)
Soil B 3 Lava, tough and sticky. 33 329
Chravel E g Conglomerate and shale 20 249
Yellow clay g 112 Hard rock in an
nght Ereen ¥, altered state oo oo 002 a0
Lomerate B3 189 Black bitumen shale 1 378
Dark green clay or
ghale "ol 58 248 Total depth o000 o 378
Light green ola 48 296

34/55-1502. Western Pacific Railroad Company.  Diameter 10-inch surface
easing set at 40 feet, open hole from 40 to 281 feet.  Well abandoned and
flled when hot caving material entered the hole.

Thickness ~ Deépth Thivkness " Depth
Material {feat) {feet) Material (feet) {feet)
Woleanic sand and Voltanic sand and
ash, caving ground, ash, no water ... IR -1 281
strong sulphur odor... 182 192
Grawvel, wolcanic sand Total depth oo lin oo 281
and ash ... &2 254

Woleanie.  sand, o fine
gravel, ~hot caving
g'mund e g 14 268
85/56-3001. Nevada School of Industry. {Owaer's Well No. 1.} = Diameter
6-inches. Caging perforated from 122 to 162 and 202 to 237 feet,

Thickness ~ Depth Thickness. - Depth
Haterial {feet) {fent) Material {feet) {fact)
Conglomerate 14 14 Cemented ‘sand and
Gravel .o ; 2 17 fine gravel i B 185
Conglomerate 22 39 Clay, streaks of
Cemented sand _ 2 41 1% 183
Clay with gravel .. 4 45 15 199
Hard eonglomerate . - & 51 2 201
Clay il B 54 22 223
Siravel--some water .1 a5 2 225
Aellow. olay . 10 65 E 228
Blue clay .. 38 104 1 228
Fellow sandy ciay 28 132 4 232
Gravel (water‘ roge . fo 4 247
o 135 13 250
150
151 Total depth i in 250
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35/5668-31B1. - Nevada ‘School of Industry. Diameter 12 inches. Perforated

from 85 to 99 and 200 to 240 feetl.

Thickness: - Depth
Mateiial {fest) i feet)

River deposit ool 18 16
Green clay ... e A0 a4
Dep blus clay.oe. BB 85
Cogrse gravel (frst

water) 49
Yellow clay, some small

stratas of sandy for-

mations, but very

Tittle o1 224

Thickness . Diépth
Waterial (feat) {foat)

Conrse gravel 242
Yellow clay 240

Total depth - 240




61

Contributions to Hydrology of Hastern Nevada

SIOTIRULIOYL IPIOGWINET Sul Ul Dog Bupredd-avius woly SuiMBIp [9Ms
SLRIANIE ATBWISTEnD oyl Ur 8pog Jurnieag-JaYes WIoIT SUIMBRID ‘(oM SIRI-JI8)BM MOIIRYS:r
UINUIHINTE PUR UOIT JO ge0ng) AJuo MOoys sojdules sacqe oyl 11y

cqT FET 8T 08 T8L 0 L 8L 0F 09 0 83 09 94 -IL U ATFUPTT JO [OOTUDE BPBAGN ™ SIHTE-96/88
PIE 88T 98 PG ZOT 6 6L 8T 9% 14 898 99 9P-gE-gr T (¥T "ON) O Jo Ayp- e DOTIGC/38
65T €IL 9 Lg 68T € 0% gl - 9% I8 69T Q1 9p-gp-gr T (21 "ON) o1l Jo L1y FOTT-C0/ 38
7oz 90% g9 6L 198 AL OF 0% 89 0L ISP P9 LG -9 (OL"0N) oM Jo 431 SZOTI-00/38
192 0S5 9% 6 18T 0 L8039 8E 698 09 9% 9 1T HOLEL THEQLCET TIVI-GC/58
}m )W % N .M Mm )W m mm m mm % m IOUMAH IHGUINU [FO M
P2 B8 5 B B 2 Zr o o5 g § 3 g
Qs oaF B e o8 L8 % & -~ w8 5
% & 2 g £ 5 & o2 5 5 B3
g 6 8 8 5 ~ gE B Q@ & & f E
s 2 b= L —Y - s : @ 2
5 ¢ T2 B w =2
s L erE m 8
.
£ 4
2

Cuormm yed spaed ur sesdpeuy 80l puy poog

30 quanrireda(l IoUOTSSIINIO) ‘SULBPY "G SULBAL JO TOUIDLIID 9UI JISPULL ‘BPRABN JO LIEISATU[) ‘UOIAL] 901Al0g ol[qud £q sosd|Buy)

BPRADN O Jo AJTUIOTA OUY UI S[[eM WI0IT I9jum IO sosA[euy
¥ AIEVL




62

Contributions to Hudrology of Eustern Nevada

Hoy siEApanY g 9y-1 ,nam,ﬁ e 21 v MO ANIsnDUT 3O [00UDE wpmASN - o TH1s-00/88
Horp o fe 4 nag GRET I Aamupir jo [ouing Bbesaon o aanpeegadoe
B0y
TP 901 poavius - Tesgen
FULAMD 10U Usym PRAOIIEND
P paudpuegw @M LB A ¥ - iR 18z vEGL g EEAIEN OUIOEL WisgEe g e aniteba/ey
IBVRAL LUAEM -
P L aoir o pododganp : <
PuR o peuoplRgR [1sa L EeY K 11671 Huwmoy o BBt e TI6T T ARANERE bR wInIEa T esaTania/ bR
GYET JIequIavady
1 A E (109 EJ; mi,:?ﬁmg ;
fasey. o durnd mﬂ fergAreuY WA SE-0T=2 1 i 24 Fri=R41 u%p Z61 MCLTTTUUTAVE OND OHInD 30 A0 a0 ET-ee/ve
wdtd a9y mwawwam k13 o BT T e Sy
pondodayy - 94l Emimuwﬂ Eias mw mﬁ mmwm :
UL TPSIIRISUT Huteq duind L Sorp ywoa CP-FI-TT 16E BTHGT T CORERT ST UONIOMIDL 308D T TR0 U/
PG T ABgULYT
ul ued S g E0 pretd paansgra
guer - dmnd 8o felwireuy AT SF-0T-8T 0'LE OTEETNET 02Y LT aar (BT UOND OMIDL JO &30y pn T p-on/pe
wedtd goss0er aw m_wmcﬁzm
UaTAC e Buone
SIe0BC] UL posh Jou [1em L 8ot g YE0T~ET i 44 P} B0V REGT T (11 opy oMy Jo A EOTI-65/¥8
. g0y ding . wed'E g L
9R61 W plerk UsisdBay L8O M SF-0T~E1 gg - (1T LEBT AT 0L OND OMIE 30 MDD T eDTT-ue/e
TPRUGDUBGY : 9y-Re-0t L858 R e .
A e CRIeT U P Rory N DG T8 GT'T¥ OIET QYL FEET O U UONDYOHIGE 10 SN0 e g e g
‘pakogiesp :
pue paucpuBgR [IHm I90T gny
P PR 0 DhIniunopun. § 8ory Eod R A o A T b $T9T et OF6T AT (8L 0N PIOYVONIDL Jo &30 7 T U0 TSue/vE
- IT-61 LLESE L T
a P EE0T 88788 8 5% IS6T  IGTTENBHY uelpul go ﬁ@fzm
o Storiar g0 e 8 T T IO 90 /ve
TPa jsey o pouopuRge o N SERT BUrmoyg 9 e (e i Ty | " IVP-05/¥8
wrEArRay a GE-tE=gT 90°0T BLEL G e Eng e oy ?m@aﬁ:&:;:E::Mﬁﬁlmmx e
SR m g W Wm.&.% 5 =] .mﬂ M ”M JouMEy : daquing (AL
. Hs o2 - B
g £ g g ¥
g & s i g b
-4 2 B W " el
= £ ¥ M m..
e AT MRV Aot %
(Puoaiioy 1 LeotATeR DIOng 3 teuop N fuonuEliay Cair fopsowmod NI--I9inM 30 8801
VPRASKN ‘O Jo A9TUIDIA O] UI S[eM J0I B1RD 0180[0IDAT
¢ g'EviIL




Contributions to Hydrology of Eastern N&bad& 64

REFERENCES ,

Sharp, R P, 1939, The Miocene Humboldt formation in northeastern Nevada:
Jour. Geology, vol, 47 no. 2, pp. 133160, ‘

Theis, (. V. 1935, The relation between the lowering of the plezometric sur-
fare fmd duration of discharze of a well nsing ground-water storage: Am,
Geophys., Union Trans., p. 520,

Theis, €. V., 1938, 'The significance and ‘nature of the cone of depression in
eround-water bodies: Beonomic Geology, p. 894

Wenzel, T K., 1942, Methods for determining permeahility of water-bearing
materials: U, 8 Geol. Survey Water-Supply Paper 887, p. 7.




STATE OF NEVADA
OFFICE OF THE STATE ENGINEER

GROUND WATER IN RUBY VALLEY, ELKO
AND WHITE PINE COUNTIES, NEVADA

By T. E. EAKIN ond G. B. MAXEY, Geologists,
U. 5. Geological Survey

Prepared cooperatively by the
UNITED STATES GEOLOGICAL SURVEY
1851



CONTENTS

Introduction
Liocation and general features of the area
Physiography and drainage
Ulimate
Vegetation and soils
General geology
Water-bearing properties .of the rocks
Ground water.
Greneral conditions
Estimated average annual recharge.
Hstimated average annual discharge
Development
Quality. i.
Results of drilling of the U, 8. Geological Survey test well in
Ruby Valley, Nevada
Swmmary
References

ILLUSTRATIONS

Plate 2. Map of Ruby Valley, Elko and ‘White Pine Counties,
Nevada, showing general geologic and bydrologie
features, loeation of wells and springs, - and: area

of transpiration In pocket

TABLES
Tab!e . Banm
1. Average monthly and annual precipitation, in inches, at
four stations in and near Ruby Valley; Nevada
. Average anuual water content of snow, in inches, in Ruby
Mountains, Nevada
. Estimated average annual ground-water recharge from pre-
cipitation in Ruby Valley, Nevada L
4. Estimated annual discharge of ground water, in acre-foot,
by transpiration and evaporation in Ruby Valley, Nevada
Chemiecal analyses of water from one hot spring and two
water-bearing zones in the U. 8. Geological Survey test well
in Buby Valley, Nevada
. Log of U. 8. Geological Survey test well, 32/60-29C1, in
Buby Valley, Nevada.
Reeord of wells in Ruby Valley, Nevada.




GROUND WATER IN RUBY VALLEY, ELKO AND
WHITE PINE COUNTIES, NEVADA

By T. E. Bagww and G. B, Maxey, Geologists, U. 8. Geological Survey.

IHTRODUCTION

Since July 1, 1945, the United States Geological Survey, Ground -
Water Branch, has been cooperating with the State Engineer of
Nevada in a State-wide study of the ground-water resources.
The potential ground-water supplies have been evaluated by
ground-water basing, which ordinarily eoincide with valley units
in the State.

The present report is based on about 2 weeks of field work
during the summer of 1948 and a similar peried of work in June
1649, That in 1949 was devoted larrely o the location and drill-
ing of a test well. Most of the well information was collected
and a field reconnaissance of the generval geologic and hydrologic
conditions was made in 1948. Chemical analyses were made of
samples of water from Sulphur Hot Springd and two water-
bearing zones in the test well. . Beveral wells were selected for
periodic measurement in accovdance with the State-wide obser-

vation-well program. In addition, a soils reconnaissance of the
valley floor was made in 1948 by Howard G. Mason, Agricultural
Feonomist, of the Nevada Agricnltural Experiment Station. The
investivation has been under the general supervigion of T. W.
Robinson, Distriet Engineer in Nevada, for the Ground Water
Branch, U. 8. Geological Survey.

The writers appreciate the eritical veview of this report by
their colleagues in the Geological Survey.

LOCATION AND GEMNERAL FPEATURES OF THE AREA

Ruby Valley, in the south-central part of Blko County and the
northwestern part of White Pine County, Nevada, 40 miles south-
southwest of Wells, Hes in the area between about latitudes 40°
and 41° N, and between longitudes 115%05” and 115°35° W. The
southernmost part of the valley extends about 15 miles into White
Pine County.

The valley Hes immediately east of the Buby Mountaing. Ruby
Monntaing merge on the north with the East Humboldl Ranee
which forms the northeast boundary of the vallev. A low, nearly
continuous bedrock ridge bounds the east side of the valley and
connects with Buby Mountaing closing the south end of the val-
ley. This ridge, in part, is known as the Valley Mountain. Ruby
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Valley is about 70 miles long and from 3 16 20 miles wide and
has a total drainage area of about 1,000 sqnare miles (see pl. 23,

The valley is readily accessible under most weather conditions
by gravel-surfaced roads. State Highway 11, connecting with
Ui 5. Highway 93 in Clover Valley, enters the valley from the
northeast, extends north along the east side of the vallsy, and
thence out of the valley through Secret Pass, joining U. 8. High-
way 40 at Halleck. The gravel-surfaced road along the west side
of the valley extends southward from the junction with State
Highway 11 near Seeret Pass and joins U. 8. Highway 50 about
35 miles west of Elv. Another gravel-surfaced road extends from
State Highway 11 southwestward across the valley and connects
with the gravel-surfaced road along the west side of the valley.
Numerous other roads and trails make other parts of the valley
accessible in good weather.

The rural population is distributed at a number of ranches
around the west, north, and northeast sides of the valley. :
The principal industry of the valley Is raising livestock, with
a substantial acreage of meadow hay and a2 small acreage of

domestic crops grown for feed.

Previous reports of the U. 8. Geological Survey that give
information on Ruby Valley include a memorandum report on
ground water by Taylor (1940) and a bulletin by Hill (1916)
that has some incidental references to the valley. Several reports
by Sharp (1938, 1939, 1940) contain information on geology,
structure, and geomorpholopy of this and the adjacent area to
the west. The Halleck quadrangle covers the northern part of
Buby Valley and the Jigegs quadrangle covers a part of the area
west of Ruby Lake.

PHYBIOGRAPHY AND DRAINAGE ,

Ruby Valley is in the Great Basin section of the Basin and
Range physiographic province. Tt vccupies an elongate structural
basin which trends about N. 20° E. The lowest part of the valley
in the vicinity of Ruby and Franklin Lakes is about 5,950 feet
above sea level. The altitude of the valley floor increases north-
ward from Franklin Lake to about 6,100 feet above sea level in
sec. 11, T. 33 N,, R. 60 E. In this 20-mile segment the average
slope is about 74 feet a mile, - Numerous Pleistocene lake foa-
tures, which include beaches, bars, spits and lake stands, are
prominent along the north and east sides of the valley below
an altitude of 6,100 feet. A bar form divides Ruby and Franklin
Lakes, :
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Ruby Mountains, along the west side of the valley, rise abruptly
from the valley floor to summit altitudes averaging about 10,000
foet above sea level within a distance of 1 to 3 miles. Several of
the peaks have altitudes in excess of 11,000 feet. Considerable
Pleistocene glaciation eccurred in the Ruby Mountaing and Rast
Humboldt Bange (Bharp, 1988},

The part of the west flank of the East Humboldt Bange that
draing to Buby Valley has summit altitudes of about 8,000 feet
at the south to about 11,000 feet at the north. This flank is less
bold than the east flank of the Ruby Mountains but still hag rvela-
tively steep slopes.

Manyv . of the streams draining the east flank of the Ruby
Mountaing are perennial in the canvons and aleng the upper
parts of the alluvial slopes. The Franklin River, which iz peren-
nial to about sec. 11,77, 83N, R, 60 BE., is supplied principally
by runoff from the East Humboldt Range.

Sharp (1940, p. 355}, in his discussion of the geﬂmmpheiegv
of the two ranges, states:

The west gide of the southern projection of the East
Humboeldt Mountains, the west flank of the Valley Moun-

tains, and most of the east flank of the Ruby Mountains
are bordered by alluvialcovered slopes which do not
have the undulatory cross section parallel to the moun-
tain front which typifies a piedwont slope formed by
coalescing alluvial fans. The veasonable interpretation
is that these slopes arve actualy debrigsmantled pedi-
ments, In & few places, notably just south of Bharps

-~ Ureek, streams cutting through this alluvial mantle have

cexposed a gently sloping surface eut on pre-Tertiary

rocks. The alluvial cover is not over 20 feet thick. Else-
where, isolated knobs of pre-Tertiary rvocks project
through the alluvial mantle, substantisting the postu-
Iate that the alluvium actually rests on a surface cut on
pre-Tertiary vocks.

The pediment on the east flank of the Ruby Mountaing
is unecovered and dissected between Smithers Creek and
Battle Creck. This surface iz cut on the pre-Tertiary
limestone and intrusives which compose the mountain
block.

This is a rather different geoclogic condition than that com-
monly found in other valleys studied in eastern Nevada, where
alluvial fans of considerable thickness are found marginal to the
yvalley floors.
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CLIMATE

The climate of Ruby Valley is arid to semiarid and is charac-
terized by low precipitation on the valley floor, low humidity,
high rate of evaporation, and a wide range in temperature sea-
sonal and daily. Precipitation increases generally with altitude
in the adjacent Ruby Mountains and East Humboldt Range.

Precipitation in the higher parts of these mountains ranks
closely ‘with other areas of heavy precipitation in Nevada and
may locally exceed 35 inches a year. Precipitation on the valley
floor may average between 10 and 12 inches a year:

Records of precipitation, available for two stations in the val-
ley at the base of the Ruby Mountaing and for two stations east
and north of the valley, are shown in Table 1. Table 2 shows
the average annual water content of snow at 16 snow. courses-in
the Buby Mountains as of about March 1 and April 1. It may
be noted that these records show a definite inecrease in precipita-
tion with altitude.

The growing or frost-free season in Ruby Valley is relatively
short and generally suited to growing only rapidly maturing or
frost-resistant ecrops. The only record of the growing season
within the valley is that at the Ruby Lake station, which for the
8 vears ending in 1948 has averaged 107 days. The minimum of
68 days cecurred in 1945, and the maximum of 151 days ocecurred
in 1947. Although this record is of short term, it compares
approximately with the longer but not overlapping record of
adjacent Clover Valley. The growing season at Clover Valley
averaged about 100 days for the 27-year period ending in 1932,
with & maximum of 149 days in 1910 and a minimum of 64 days
in 1918,
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VEGETATION AND SOILS

The native vegetation on the floor of Buby Valley includes big
greasewood (Sarcobatus vermiculofus), big rabbitbush (Chryso-
thamnus nouseosus), sagebrush (Artemisia tridentata), shad-
scale (Afriplex confertifolin), white sage (Eurotia lonata), salt-
grass (Distichlis spicata), and mixed grasses and other members
of the Northern Desert Shrub plant association.

The goils along the axis of the valley have been classed* in
general as slightly productive semisink or playa gray soil,
medium-textured but locally heavy and alkaline. The soils along
the west and north sides are predominantly meadow goil, and
are dark In color, of medium texture, highly productive, and
moisture retentive,

Several thousand acres in Ruby Valley within the area of
potential ground-water development were included by Mason dur-
ing his field reconnaissance, September 30, 1948, in Class I soils—
those deemed rather definitely suitable for development—and in
Class II soils—those considered generally less suitable for develop-
ment than Class 1, but usable with reclamation.

Class I land occupies about 6,500 acres in three areas of Ruby
Valley. The largest area, about 3,700 acres on the east side of
Franklin River, is from 1 to 11 miles wide and extends from
sec. 1, T. 833 N, R. 60 E., to about sec. 15, T. 32 N.; R. 60 E.
Here, most of the soil is of terrace or alluvial-fan type of
medium texture, with a lime hardpan. Along the western part
of this strip the soils are commonly 3 feet or more deep, but
probably thin up the slope to the east. The vegetation consists
of sagebrush and grass. The size of the sagebrush is an indiea-
tion of the degree of productivity of the seoil—that ig, the larger
the size of the sagebrush, the greater the productivity.

The second area of Class I land, about 2,000 acres, lies in parts
of sees. 11,12, 18,14, 15, 22, and 24, T, 81 N., R. 59 E,, and see. 7,
T. 81 N., R. 60 E. The soils in this area are classed as alluvial-
fan type, and are brownish gray medium-textured, permeable,
and moderately to highly productive. The vegetation is sagebrush
and grass. The size of the sagebrush is an indication of the
degree of productivity.

The third area, about 800 acres, lies in parts of secs. 19,20,
29, and 80, T. 30 N, B. 59 E. The soils are similar to those in
the second area.

*Thata on vegetation and soils based on a field reconnaissance Sept. 30, 1948,
by Howard G, Mason, Agricultural Economist, Agr. Exper. Sta., Reno, Nev.
and. “Physical conditions and forage resources maps of Hike County, Nev.”:
Soil Cons. Bervice, U. 8. Dept. Agr., and cooperating agencies,
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Approximately 12,000 to 15,000 acres of Class II land lie
principally west of Franklin River in parts of Tps. 81, 32, and
38 N, R. 60 E. Smaller areas are indicated west of Franklin
Lake in T. 80 N, R. B9 ., and at the south énd of Franklin Lake
inT.28 M., R. b8 E,

The goily of Class TI land in Huby Valley are derived almost
entirely from basin sediments, developed under arid conditions,
and are subject to periodie flooding and ground-water discharge.
Nearly all of this type are on the border line in alkali content.
Some of this soil adjacent to Franklin River has been consider-
ably modified by freguent and heavy flooding. This phase of the
clasy is the more desirable and is identified by its darker color,
more granular structure, and heavy vegetative growth. Reclama-
tion problems increase with the alkali content, and much of the
Class 11 land would reguire long and persistent treatment.

GENERAL GREOLOGY :
. The oldest rocks, consisting of Paleozoic limestone, dolomite,
and lesser amounts of sandstone and shale, erop out in the Ruby
Mountains and BEast Humboldt Range. These rocks have been
altered in varving degrees by intrusive granite and associated

rocks of early Tertiary or late Mesozsic age. Erosion of the
mountaing yielded a large volume of detritus which was deposited
~during the Tertiary period in the adjacent valleys, under sub-
aerial and lacustrine conditions. Sharp (1939h) described these
deposits, considered them of late Miocene or early Pliocene age,
and included them in the Humboldt formation. These in turn are
unconformably overlain locally by voleanic flows, breccias, and
tuffs of Pliocene(?) age. Pleistocens deposits overlie the gedi-
mentary vocks of the Humboldt formation in Buby Vallev. In
general, these are believed to be coarser in texturve, less consoli-
dated, and more permeable than the npper part of the Humboldt
formation, as indicated by the sand and gravel in the upper 174
feet of the U. 8. Geological Survey test well (32/60-29C1). (See
. Dpp. 86, 87.) Other Pleistocene deposits consist of glacial materials
that occur low on the flanks of the mountaing, terrace gravels,
and numerous lake-shore beaches, bars, and spits on the floor of
the valley, Deposits of Becent age are relatively minor.
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Sharp (1939%a, p. 887) summarized the rock sequence as fol-
lows:
: ; Thickness
Ade Formation Lithology {Teet)
Cuaternary, Drift, gravels; Pediment and térrace gravels,
alluvivm glacial drift, recent alluvium B=150
Pliocene {7} Pliocens {73 Prroxmene andesite “and olivine-
lava pyroxens bhasalt flows, bhreccia,
and tuff 200400
DUneonformity
Iliocene Humboldt Brecein, fanglomerate, conglom-
formation erate, sandstone, - mudstone
shale, oil shale, limestone, aszh,
tuff, and interbedded rhyolité
Aows 5,800
(Bhyolite not known o crop out
in area pf this report)
Harly Tertiary Binary grabite Binary granite, porphyritic
0 Poarphyritic granite, pegmatite,
Late Mesopzoic granite {Igneons rocks - intruded  into
Palevzole rocks)
~—-Uneonformity— = -
Undifferentiated Massive Hmestone, siliceous con- -2
Carboniferous glomerate guartsite ool 4,000
Carboniferous )
Migsissippian £ 7} Massive cherty -crinoidal  lbme-
stone 300
Upper Devils Gate Platy - arenacecus  and . agreilla-
formation cecus lmestone o000 300
Devonian
Laower Devils (Fate Dark gray, well-bedded, fossili-
formation ferous mestone 0 SO0
MNevada Gray, bedded, laminated and
formation mottled dclomite - 1,900
Bilurian Lone Mountain Magzive white dolomite... 1,350
formation )
e Unconformity
Ordovician FPogonip Cray, massive, cherty limestone;
Limestong platy, argillaceous Umestone;
shale and Iimy quarizite near "
the top 3,650
e TGO L O T ALY
Upper Thin-bedded lmestone, argilia-
Cambrian ceons limestone, Mmy argillite
and arenaceous beds 5,550
Middle T hin-bedded arenacecus and
Cambrian Cambrian argillaceous limestone . 2,100
Progpect Mountain Masgive guarizite . - 1,400

guartzite

Base not exposad

WOTE:
Sharp, B. P,

Mmuntam, Mevada
591,

The Paleozoic section is from . Plate 1 of :
1942, Stxamgéap;nqand structure of the spouthern Ruby
20 oc

America Bull, wol

B3, pp.

64T~

The post Paleozoic section is from Figure 3, Sharp, R. P., 1939, Baszin-
Hange strocture of the Ruby-Fast Tiumboldt Range Nﬂrthea,'stem

Mevada: Geol. Boc,

America Bull,

vol. 50, pp. BE1-330

The following tentative geologic history is adapted Eargely from

the published work of Sharp:

1. - Deposition of Paleozoic limestone, dolomite, sandstone, and

some shale,

2. Folding, with minor faulting, probably accompanied by
granitic intrusions in early Tertiary or late Mesozoic

time.

3. Erosion of the high areas and deposition in the basins.
4. Faulting during the latter part of the deposition of the
Humboldt formation in the basins.
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. Faulting and deposition during post-Humboldt time.
Extrusion of lava flows and deposition of related sediments
during PHocene(?) time,
. Faulting, involves post-Pliocene {7} lava flows.
Continued erosion and deposition extending inte late Pleis-
tocene time with the development of a relatively narrow
pediment marginal to the valley floor. Concurrently, the
formation, in whole or in part, of a Pleistocene lake with
several shore lines developed locally, z'epresentmg various
levels of the lake. ‘
9. Desiccation of the lake.
10, Erosion and deposition in Recent time,

WATER-BEARING PROPERTIES OF THE ROUES
The Paleozoic rocks in general are of low permeability, but
secondary  joints, fractures;, and solution channels may locally
transmit large quantities of water. Thus Cave Creek, which
issues from a lmestone cave, has an average discharge that
may be of the magnitude of 3 or 4 second-feet. Whether similar
openings in the Paleozoic rocks occur beneath the valley fill is
not known. However, ag only a few springs issue from such
* channels in the exposed bedrock, there is little probability of
encountering these openings by wells.

The intrusive rocks are exposed in the mountains and ean
carry water only in fractures, joints, or deeply weathered zones,
In Ruby Valley, the conditions are not generally favorable for
obtaining water from these rocks.

The older part of the valley fill (Humboldt formation) may
locally contain beds or lenses of permeable deposits along the
wwest, north, and northeast sides of the valley. No wells are

known to have penetrated these deposits in the marginal parts

of the valley. However, the upper part of the older valley fill
has been tested for water under artesian pressure in the central
part of the valley. It is veported by Mr. Duval, who had well
30/60-18A1 drilled to a depth of 510 feet, that blue clay was
encountered in the interval between 120 and 510 feet. This sng-

wests that suitable aguifers do not oceur in the upper part of
the older valley 6ill in the vieinity of this well.

The vounger valley-fill deposits in the same well ave reported
to be prineipally sand and gravel to a depth of 120 feet. In the
test well, 32/60-29C1, the depth of the younger valley-fill deposits
iz about 174 feet. The permeability of these deposits is believed
to be greater than that of the older valley fill and the Paleozoic
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bedrock. Where these deposits have an adequate saturated thick-
ness and permeability, moderate quantities of water can be trans-
mitted to wells of zood construction.

The pediment, where exposed, is cut on limestone and intrusive
bedrock along the west side of Ruby Valley, and is overlain, in
part, by a thin mantle of younger alluvium. If the pediment
extends farther east beneath the lower alluvial slopes; the sat-
urated part of the younger valley fill may be thin in this seg-
ment of the valley.

Similarly; the pediment cut on the older valley 61l (Humboldt
formation) along the east and northeast sides of the valley may
oceur at shallow depths, thereby minimizing the thickness of the
vounger valley fill in this area.

GROUND WATER

GENERAL CONDITIONS

The source of ground water in Ruby Valley is precipitation
within the drainage basin. - Precipitation on the flanks of the
Ruby Mountaing and the East Humboldt Range adjacent to Ruby
Valley supplies most of the recharge to the ground-water reser-
voir.,  The other surrounding mountains are low and receive
materially less precipitation, That on the valley floor is largely
evaporated or transpired by the vegetation before it ean pene-
trate to the water table. ‘

Ground water occurs below the zone of saturation in the val-
ley fill and in the underlying bedrock.  However, it has’ been
obtained only in the valley 6ill, and primarily in the vounger fill
deposits.. There are only a few wells in the valley at present.
Consequently, adequate information as to the distribution and
potential vield of water-bearing beds in the valley-fill deposits
in various parts of the valley will be obtained only by the drilling
of additional wells,

Ground-water recharge occurg principally on the upper parts
of the adjoining alluvial-covered slopes and the flanks of the
mountains.  From there it moves into the lower parts of the
valley. ‘"The slope of the water table conforms in general to
the slope of the land surface but ordinarily has a lesser gradient.
Thus, the slope of the water table is toward Ruby and Franklin
Lakes at all times except, perhaps, when surface runoff to the
lakes may raise the lake level temporarily and reverse the water-
table gradient in a narrow segment marginal to the lakes,

Ground water is discharged by transpiration of vegetation and
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by evaporation from soil and free-water surfaces. The valley is
a closed basin, and the possibility of underflow ouf of it iz remote,

The depth to water ordinarily is less than 10 feet in the floor
of the vallev and along the lower alluvial slopes to the west and
north. The depth generally increases toward the margins of the
valley because of the increased surface slope. Thus, at well
30/60-18A1, on the valley floor, the depth to water is about 13
feet, and at well 30/61-7D1, about 6 miles east, it is aboub 98
feet. It has been reported (Taylor 1940} that water levels in
stock-water sumps rose 2.5 feet during the spring of 1939.
Measurements in observation wells since 1948 sugpest that the
annual range in gverage water level may be 8 1o b feet

An annual fluctuation of this magnitude in the lower parts of
the valley sugpests that the annual increment to the ground water
may represent o considerable percentage of the available storage.
It also may indicate that the annual recharge is comparatively
large if the assumption is correct that the younger Vailey-ﬁl%
deposits transmit water freely.

Gravity-type springs and seeps commonly issue from the lower
parts of the alluvial slopes along the west margin of the valley

inthe vieinity of Buby and Franklin Lakes: A large number of
such springs on the west side of Ruby Lake supply 4 substantial
part of the annual contribution to the lake. A lesser number of
gravity springs west of Franklin: Lake are largely utilized in
supplving part of the water requirements for irvigated meadow
land in the area.

Sulphur Hot Springs, in NEINEL sec. 11, T.31 N, R. 59 E,,
igaues from several pools. These pools are on a mound buili by
deposition of minerals from the water of the spring. The tem-
perature of the water is 162° F. at a depth of B feet below the
surface of the main pool. If appears probable that the water
supplying these springs rises in openings adjacent to a fault.

Taylor (1940) mentions that similar gprings were reported on
the east side of the valley and somewhat south of the latitude of
Sulphur Hot Springs.

The warm springs insee. 2, T. 27 N., B. 58 K., along the north-
east margin of Ruby Lake, issue from valley fill a short distance
from the bedrock outerop. It is posmbie that these are the
springs to which Taylor refers.

ESTIMATED AVERAGE ANNUAL BECHARGE
The average annual recharge to the ground-water reserveir
can be estimated as a percentage of the total precipitation within
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the drainage basin of Ruby Valley. The best available basis on
which to estimate the total precipitation is the “Precipitation
map of Nevada,” prepared in 1936 under the supervision of
George Hardman, by the Nevada Agricultural Experiment Sta-
tion. This map shows areas of assumed equal precipitation by
zones of less than b inches, 5 to 8 inches, 8 10 12 inches, 12 to 15
inches, 15 to 20 inches, and more than 20 inches.

Preliminary studies in east-central Nevada, in which estimates
of ground-water discharge by natural losses were made for 13
valleys, indicate the approximate recharge in terms of percentage
of the precipitation. The precipitation was estimated for each
valley, the rainfall map being vsed as a basis, The recharge per-
centages were balanced by trial and ervor against the estimates
of discharge by natural losses in the 13 valleys. Lack of agree-
ment in the recharge and discharge estimates for any one valley
probably results from insufficiently detailed contrel for the pre-
cipitation map, and for density and distribution of mnative vege-
tation or for other reasons. The recharge percentages derived
agree reasonably well for those obtained in Las Vegas Valley,
Nevada (Maxey and Jameson, 1948), and Roswell Basin, New
Mexico (Fielder and Nye, 1938), particularly in areas of higher
precipitation. The estimates are as follows: Ne significant
ground-water recharge is believed to occur in the zones having
precipitation of less than 8 inches; in the 8- to 12-inch zone the
vecharge may be about 3. percent of the precipitation; in the
12- to 15-inch zone, about 7 percent; in the 15- to 20-inch zones,
about 15 percent; and in the over-20-inch zone, about 25 percent.

X TABLE 3
Estimated average annual ground-water recharge from precipitation in
Ruby Walley, Nevadsa

AREA NORTH OF FPRANKLIN LAKR
Approximate

Precipitation zone Aren of zone Pearcentage recharge
{inches) {atres} of recharge {avre-feet}
B-1% 135,004 3 3,400
13-15 33,900 7 2,700
1520 53,100 15 11,600
Crver 20 38,400 25 20,000
Estimated recharge - 37,706
AREA SOUTH OF NORTH END OF FRANKLIN LAKE
. . Approximate
Precipilation zone Areg of zone Percentage recharge
{inches] {aeres) of recharge - fagre-feet)
8-12 237,400 3 53,800
12-15 92,200 7 7,800
1520 29,4 04 15 6,400
Ower 20 20,500 25 10,700
Estimated recharge 20,3040

Fatimated total recharge,
Ruby Valleyw 68,500
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The zones of precipitation were transferred from the “Pre-
cipitation map” to the base map of this report and the aress
determined by planimeter. The 5- to 8«inch zone shown on the
“Precipitation map” was included in the 8- to 12-inch zone in
Ruby Valley because it is believed to more nearly approximate
the local conditions. Also, the average precipitation for the over-
20-inch zone was assumed to be 25 inches because of the rela-
tively heavy precipitation in the Ruby Mountains and the East
Humboeldt Range. In erder to consgider potential development,
the estimates have been divided into two areas—north and south
of the south line of T. 80 N., or roughly north and south of the
north end of Franklin Lake. The data pertinent to the estimates
of recharge from precipitation are summarized in Table 3.

The estimated 68,000 acre-feet of average asnnual recharge to
the ground-water reservoir is relatively high compared to other
valleys of similar area in-eastern Nevada. However, the Ruby
Mountains and the East Humboldt Range receive some of the
heaviest precipitation in the State. This precipitation, together
with the steep slopes in the higher parts of the mountaing, favors
a high-percentage runoff to the area of recharge and tends to
gualitatively support the estimate.

ESTIMATED AVERAGE ANNUAL DISCHARGE

Ground water is discharged by transpiration of phreatophyte
vegetation, evaporation from the soil and, in part, from Ruby
and Franklin Lakes, by springs, and by stock and domestic wells.
Asg essentially all of the water discharged from springs is finally
utilized by vegetation or is evaporated, it is included in the esti-
mates of discharge by transpivation and evaporation. The amount
of ground water withdrawn by stock and domestic wells is rela-
tively small and is not included in the estimate of discharge.

The average annual discharge of ground water from Ruby
Valley is estimated to be about 68,000 acre-feet of which a little
over 50 percent is discharged in the area north of Franklin Lake
{see Table 4). The area from which ground-water discharge
oceurs is approximately 143,000 acres as indicated by the field
reconnaissance, .

The scope of this investigation did not permit any detailed
studies of evapo-transpiration rates in Ruby Valley, therefore,
estimates of the rates of evapo-transpiration are based on dats
obtained from studies by Lee (1912}, and White (1932} in the
Great Basin and adapted to Ruby Valley. These compare reason-
ably with consumptive use estimates by Piper, Robinson, and
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Park (1939 for the Harney Basin, Oregon. 1t should be recog-
nized, however, that the accuracy of the estimate ig limited to
the degree of validity of transferring experimental data from
areas considerably removed from Ruby Valley as modified for
Tocal conditions.

"TARLE 4
Fstimated annual discharge of pround water; in acre-feet, by transpiration
and evaporation in Baby Valley, Mevads

AREA NORTH OF PRANKILIN LAKE
Approzishate
. discharge
Methaod of diseliarge Acres {aire-Teet)
Saltegrass; big rabbitbrosh 431,000 28,700
(Individually prez‘mmm&nt o mixed)
Aversge density o avernge depth to waler, 4 foef,
Eatimated average consumptive use, 0.7 Foot,
Greasewood; big rabbitbyash, shaﬁfzcale saltgrass 18,000 5, TG
Muderate density s depth to water, 5 to 10 fest.
% Bstimated average consinnplive use, 0.3 Toot. ;
Irrigated meadow 12.006 BRI
Trrigated principally by surface water
Estimpted ground-water consumaptive use, 125 oot

Betimated ground-water tHscharege 37,400

AREABOUTH OF WORTH END OF PRANELIN LAKE .
Approzimats
dischinrge
Wlethod of dischargs fiores {arrefeet)

Balterass, big rabbithrush = 14,700 10,300
{Individvally predomiiniant or miked)
Average denstby ) averakge depth to waler, 4 feel,
Betimated average congurmplive 0.7 foot ;
Greasewood, big rabibitbrush, shadseal 24,500 4,500
Laow 1o moderate fivnaziy :odepth to water, § to 40 feel.
Foliniated average conmumptive use, 0.2 fool,
Ewvaporation: from. Ruby and Franklin L’LF{@S, gl trans-
piration from mavsh vegetation
Touby Lake = 220.000 neres s cestiiated oot evapora-
tlon s partly supplied by ground water;
Franklin Take--10,000 necres;: evaporation substanti-
ally Iess thas from Huby Lake as Iake frequently

Booa diy
}?robahly nm‘: loss than 15,000 acre-feet of the total loss
byt evapo- twnsplmtmn igiosupplied by ground

water

Eetimated ground-water dischargs
Estimated total groundswater discharge frong Baby Vallew oo

Bstimates of both discharee and recharge could be made with
more assurance if they were based upon data on rates of dis-
charge and recharge which were obtained experimentally in the
valley or in one or more areas within the State of Nevada.

1t should be noted that the estimated losses from Ruby and
Franklin Lakes are considered a minimum. On the basis of a
4-foot annual evaporation from Ruby lake, and the fact that
surface runoft supplies most of the water to the lake, the amount
of stream discharge would have 1o be considerably higher than
it appears to be. This sugwests that ground-water recharge in
the upper parts of the alluvial slopes west of Ruby Lake is
ereater than elsewhere.

If this is true, then the contribution to Ruby Lake by dis-
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charge from the gravity springs along the west margin may be
substantially greater than the amount used in the estimate.

DEVELOPMENT

The area of potential ground-water development lies north of
Franklin Lake, In this area the estimated average annual
recharge and discharge is about 87,000 acre-feet,  Of this, pos-
sibly -no more than about one-half can be recovered annually
by wells under present conditions.

Ground-water development in the northern part of Buby Val-
ley, if Himited to about one-half of the annuval amount discharged
gnder natural conditions, should not have much effect on Ruby
Lake, as most of the recharge to the lake is supplied from the
Ruby Mountains immediately to the west. Such development
would be 10 miles or more away, and the lowering of water level
by pumping prebably would not greatly change the gradient
toward the lake.

As Ruby Lake is a wildlife refuge, it is assumed that the water
in the lake and the surface runoff and springs supplying the lake
will not be utilized for other purposes. However, limited irriga-
tion development might be feasible without material effect on

the lake level,
QUALITY

The chemical composition of water from one hot spring and
two water-bearing zones in the Geological Survey test well
(32/60-29C1) iz shown in Table 5. The analvses were made by
the Balt Lake City laboratory of the U. 8. Geological Survey,
Quality of Water Branch.

The analyses indicate that, except for the fluoride content of
the water from Sulphur Hot Spring, the water sampled is satis-
factory for domestic uses when compared to the limits recom-
mended by the 1. 8. Public Health Service (1942) for (irmkmg ,
water used on interstate carriers.

Water from the spring probably would eause mottled enamel
if used regularly for drinking by young children during the period
of caleification or formation of their teeth. The water from the
two water-bearing zones of the test well was not analyzed for
fluoride content,

Magistad and Christiansen (1944, pp. 8-9) have given tenta-
tive standards for irrigation waters, but they indiecate that con-
sideration should be given to the characteristics of the type of
soil and the soil solution in evaluating the effect of water of a
particular chemical composition on a given soil.
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Standards for fivigation waters

Chmdustance SauT CUKTENT .
{micrombes Total Per aore~ Boiliun? Boron
Water clags B {p.pas) fout (tons} (peresiit) {p.puini}
Clasg 12 <1 < T <1 <GB0 <05
Clasg 28 10003, 000 TO-2,000 -3 BT 5 i
Clags 84 Rl 2,000 >3 >Th e R

The percentage of sodium is caloulated from analytical results expregsed in
milligram squivalents per kilogram: These results are obtained by dividing the
parts per million of soditny, calelum, and magneshun by 28, 24, and 1224, respec-
tively; then 100 times the milligram eguivalents of sodium is divided by the sum
af the milligram eguivalents of sodivm, caleiurm, and magnesium.  In milligram
eguivalents 160 Na
Ma-Ca~- Mg

Txeellent to good, suitable for most plants wnder inost conditions.

sFond to injurioug, probably harwiful to the move sensgitive crops,

Apjuricous to unsatisfactory, probably harmful fo most crops and unsatisfac
tory’ for all but the most tolerant.  If a water falls in Class ¥ on any hasis, 1. 8,
conductance, =salt content, percentage of sodimm, or boron: content, it should be
classed as unsuitable under most conditions: - Should the salts present be largely
sulfatss, the values Tor galt content in each class can be ralsed 5O peroent.

== percentage of sodiun.

Cormparison of the analyses with the tentative standards indi-
cates that the water from the hot spring and the deep zone of
the well falls in Class 3 on the basis of the percentage of sodium,
and probably would be unsatisfactory as the sole irrigation sup-
ply for most erops.

TABLE 5
Chemical analyses of waler from ome hot spring and two water-bearing zonss
in the U, 8, Geological Burvey test well in Buby Valley, Wevada®

{Analydes by 8alt Lake Uity Laboratory, Quality of “Water Branch,
. 8. Geological Sorvey)
{(Parts per million}

Liraits
Saglphur Teast well et wrell renominiended
Hot (32760-9001) i ST R
: Byiring {depth 82 4. (el 202 145} Health Bervice
Billoa (0 78 29 123 s
1.
15 24 Z.4
Maghesitm (Mg) 5.8 5.4 1.1 125
Sodivn and: potassivm
(e R T 108 14 1z3
Bicarbotiate (B0 243 124 246
Bulfate (B0 59 5.6 651 250
Chloride (Ol 12 2.5 2T 251
Fluoride [Fhos B 1.8
Witvate (NOu). 0.5 0.9 0.1
Boron (B).. a4 .00 .
Dissolved solids. 01 43 47 1,000
Hardness s Talliy
Tatal B4 &2 1
Wonearbonate o i G L] {i
Byiecific conduoctance
Cmicromhor gt 357 L) aE0 211 82
Percent sodtivtn o i 27 a7

araples collected Juwe 1949 T B QL Perry, UL B Geological Burvey,

The water from the deep zone of the test well is similar in
character to that of Sulphur Hot Spring. However, there is a
greater amount of sodium and potassium and a lesser amount of
caleium and magnesium, which suggests that there has been a
degree of base exchange. Further, it 18 noted that the silica con-
tent of the water from the deep zone is substantially greater
than that of the hot-spring water. The similarity of the two
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waters sugpgests subsurface leakage of hot-spring type water into
permeable zones of the valley fill, at least in the vicinity of the
test well. As the area, or areas, of water of this type have not
been delimited, it would be desirable to have chemical analyses
“made of water from the deeper wells to determine suitability for
their contemplated use.

RESULTS OF DRILLING O0F THE U. 8. GEQOLOGICAL SURVEY
TEST WELL IN RUBY VALLEY, NEVADA

In June 1949, a test well was drilled in the northern part of
the valley under the supervision of the U. 8. Geological Survey.
- The cost of drilling, testing, and completing the well was financed
by cooperative funds. The purpose of such drilling was to obtain
geologic and hydrologic information on the sediments penetrated,
and also to determine the chemical quality of the ground water.

The well, 32/60-29C1, on land owned by the Federal Govern-
ment, is nearly 200 feet porth of the center line of the gravel
road that crosses the valley floor near the west line of sec. 29,
T. 32 N., R. 60 E. The land-surface altitude in this vicinity is
about 6,000 feet, as shown on the Halleck guadrangle,

The well was drilled with a cable-tool rig to a depth of 202
feet and cased with 6-inch steel casing to a depth of 187 feet. The
casing was not perforated and the water level in the well repre-
sents the head of the water-bearing zone between 145 and 174
feet below land surface (see p. 89). It is approximately 4 feet
above the unconfined water table. In order to compare fluctua-
tions of water level in the deeper zone with that of the water
table in the immediate vicinity, a 14-inch galvanized pipe with a
well point was driven along the outside of the 6-inch casing to a
depth of about 15 feet below land surface. Thus, comparison of
the water levels in the two wells are readily made.

Periodic water-level measurements will be made in these two
wells as a part of the State-wide observation-well program.

The log of the test well, in Table 6, is based on samples of mate-
rial collected during drilling. In general, the material encoun-
tered was gravelly silt and soil from the surface to 6 feet; loose,
fine sand to medium gravel from 6 to 20 feet; coarse to medium
sand, with varying amounts of fine sand, silf, or gravel, from 20
to 65 feet; coarse sand with fine to medium sand from 65 to 70
feet and from 78 to B2 feet, with fine and medium gand with silt
and layers of coarse sand in the interval between 70 to T8 feet;
fine to coarse sand and silt, generally in thin layers, from 82 to
145 feet; coarse sand to medium gravel from 145 to 157 feet and
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161 to 174 feet, with fine to medium sand between 157 and 161
feet: and fine to coarse sand from 174 to 202 feet.

TABLE B
Loz of the U, 5. Geological Survey test well, 82/60-2801; in Buby Valley, Mev.
Taocation s RW{ sec, 20, 7082 N, R.O60 E. In Euby Valley about 2 miles
west of Franklin River crossing and nearly 200 feet novth of gravel road that
connects State Highway 11 with the west-side road. Owner, U. 8. Geological

Swrvey.. Driller, . N. Robertson.  Depth; 202 feet; dlameter, 6 inches, Unper

forated to 187 feet, open hole from 137 to 202 feet.  Log from samples collected

during drilling by the U. 8. Geological Survey. Some samples Caken where

there was open-hole drilling may be partly modified by admixture of material
caved from above the zone sampled.

Thichness - Depth

Iiaterial {foaty {feot}

Boil and gravelly it &

Sand; coarse, witho lessdr dwaolints of Ane sand to mediun gravel : : L2
Cidparse sand, 60 %%y wmedinve gravel 155 0 finecgravel i ddoe
wiedivnygand, L% and fine sand,. 5% Bubangulir particles,

Toosely “eopsolidated, " Graing Tarpely giarts 'with some Teldspar
and ferromapnesisn mingralss  Color, dusky vellow to moddrate
alive brown [5¥ 57412

Band, mediumowith lesser ammounts of sllt to medivm grave
{Medivivn sand; 50%; cparse sand, 20% ;. fne sand, 18%
gravel B medivrg gravel 290 o and silt 2%, Ansnlar
anetlar pariictes, Topzely Hdated. - Gealng birgely guarts
and: feldspar with very Little mive and ferromagnesian minerals.
Color greenish yellow to-pale olive  [TOETTEL)

Sand, medindy anl conrge; with fine san
{Cloarse sand, c80oe s oo mdivm . gandy 309 fine saned, s 2800
mediin gravel, 3% 0 Ane gravel, 5% and sl 2% 0 Bubanguiny
particles, Tobkely consolidated.  Graing largely guartz, feldspar,
and. Terromagnesian wmigerals - Color, Jduskhy wellow o modarate

olive brown TEYS/4T0)

Bilt and e sand, with medivn o cobrse sand
(8l 35 9% Bne gand, 209 7 wmeditim 8and, 2000 coarse sand,
109 andomediion gravell B Bubangilar particles, loosely
consolidated. Graing largely guartz and feldspar. . Colow. dusky
wellow to moderate olive brown [Y57/41.)

Band. cosrse to fine, with gravel and some sill
(Pine toompdivm gravel, 309 L nedinm sand, 2594 d;
0o fne sand, A5% 0 and silt, 109, Bubangular particles,
lehtly consalidated. Orains larveely guariz and feldspar. Coloy,
moderate yellow o light olive brown [5Y68/81.)

Sand, coarse to medinm gravel, with medium to fine sand o
{Coaree sond, 8090 Ane to medit eravel 259 ¢ medium
109 and o fineosand, 550 Ansular o subangulay particles;
gkl congolidated, Grains lareely quartz sod white and pink
felilspar, with sowe mica and ferrvomagnesian miserals. . Color
pale preenishivellow to pale olive T10YT/21.)

Eand, conrse to Hne. with some il G
{nnree sand, 400 mediu sand, 259 Caand, Pan o
sravel, 59 and silb 5% Huobangular particles, Hehitly congoli-
datedd. | Grains rgelviguarts, feldspar, and some fermmdgnosiaon
miinerals, Color, . dosky wellow to o moderate olive | brown

: [a¥a/iT

Sand, codrse. with medivm to fine annd
Coarse sand; 8% 7 wadiurn sand, 209 Bune sand, 20% 5 and
Ane gravel, 5% SAngulay o bangular particl lightlv con-
sabidated. - Gratns largely guarts and owhite, Jgray. cand pink
foldgpar. Color, pale greenish yellow to pale plive [TI0WT/21.)

Sand, fne snd wedinm, with some coarse mand. sl and elay
[Fine sand, 46%; medium sand, 30% ; 'coarse sand, 15% : silf,
Efh cooelay, 4% and Bne gravel v Subanpular particles,
Heghtly  consolidated. . Grains  largely guarts, feldspay, and
mitgeorite  mica. o Color, pale greenish yellow oo pald colive
10Y7/21.

1AM samples contain sl amounts of ealoitm carbong Porcantages of pyain
sizes were obtalned by visnsl dvspection and, thevelore, ave velative within s given
sample and only approgimate betweon different saomples. Crain sizes arve sooording
to a seale-—conrse pravel i ogrester than & omillimeters, wedinm gravel from o 1o 8
millimeters, fAive sravel from 2 to ¢ millbneters, coarse sand frov & to 2 millhmeters,
wiedbun sand from 2 oto 2 omillmeter Boe sand from 2 fo 2 millheeter, and sl less
than 3 millbmieter,

28hmbers indicate 5 specific color as’ defined nthe  Bock Color Uhart system,
National Besegarch Council, T948.
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Tapiw G-Coutinued.

Thickness
Material (feet)
Band, coarge, with medinm to fne sand and fine gravel o0 4

{C@arse sand, §0% 5 medium sand, 20% ; fAne gravel, L0% 0 and
fine mand, Iﬁ% Angular to subangular particles, ‘lehily con-
solidated. Orains largely quarts, white and pink feldspar, and
green ferromagnesian minerals.  Color, greenish vellow to pale
olive JI0YT/21.)

SBand, medium and mm‘ conrse sand, and g little Hre gravel and giltil
{ Medium wand 359% ; ﬁne sand 4396 coarse gand, 2% Bne
gravel, 5% ; and Bilt, 2%, Suhangular to submunded patticles;
Hehtly Cﬂnbﬂliddtﬂé GDiﬂI‘, dusky vellow 15X 6/41.)

Band, medium, coarse, and fin
{Medium sand, 40% ; coarse sand, 200 o Ane sand, 259%. ;  and
fine gravel, 5%, Bubangular partic!e&, Heghtlv eongolidated.
Grains largely wgudartz and feldespar, with some ferromagnesian
miinerals, Color, dusky yellow o moderate olive br own [eX¥ord )

Band, coarse and mw%mm, with fine sgod andg sl
{Cﬂarsa sand, 40250 Smedivm gand, 405 Hie sand, 189 and
silt, 29 Subﬂngular to subrounded particiesrf Hehtly consoli-
dated, Grainglarvgely guartz, ft,l{%hﬂaf, ana ferromasnesisn nmin:
erals,  Color,: diusky wellow [8X6/4].

Band, co&r‘xg d?d meditng, with fine sand, & little fine gravel,

arul it

(loares sand, 359 0 medium sand, 33%; fine sand, 22 % fine
gravel, 5% and =l 8% Bubangdlar particles; lehitly con-
solidated,  Gralns largely guarts and feldspar.  Color, dusky wel-
low [BY B L)

Band, Gne with coarse and medivm sard; an{x a littie silt
(Bme gand, 429 5 coarse sand, 209 miediuny sand; 259 ssilt
200 and fine gravel, 1% ‘:”uuhangular particles; lighm ﬁon&oh«
dated, ‘Grains laredly qu&r‘tz and Teldspar. Color, dusky yellow
o dight olive grav FEY /310

Sand, coarse, with mediinn and fine sand, and a-lttle fine gravel oo
(Cc).:u se sand, éa% ryedivm sand; 055 % ;- fine sand, 209 @ and
fine gravel,  Hl: Suhangul&r partml‘esy Hghtly consolidated,
Graing targeh* quartz: and feldspar. - Color, dusky wyellow 1o
moderate olive brown [EY8/41)

Sand, coarss and medinn, with ‘some fing sand and fine gravei ,,,,,,,,,,,,
QCoamp and; 459 ¢ mediing sand, 408 - fine sand, 8% 'fine
eravel, B% 0 and Cmedivm gravel, 119G, Subamguhr {341"[.1(!1*38;
lightly consolidatad.  Graing Jarpely guarie and Teldspar, with
few ferromagnesian minerals, Color, dusky wellow to light olive
brown [4¥5/51.%

Band, coarse, with thedinm 1o fine sand .
(Coarse gand, 45% ; medinm sand, 30% 7 and fine sand, 25 %.
Subangular particles, Ughtly consolidated. | Grains baregely quarts
and feldspar, Color, dusky  wellow bo- lizght olive Sbrown

[5¥5/5].)
Band, medivm, coarge sand, and fine. gand
{ Bleditom sam} B0 ‘boarss gand, B5% 0 cand fine wsand, 15%,

Subangularto subrounded pammleb. lighily eongolidated, Girains
largely guarts, feldspar, amd ferromagnesian minerals.  Oolor,
dusky yellow to moderite olive brown [5¥5747.)

Gravel, fine to meditiny, with coarse sand, and a 1itile charse

gravel and medmm #anid
(Fine gravel, 40% ; mediom gravel, 309% ;. coarse gand, 209%
coprse gravel 390 and mediurmosand, 5% . Bubangular to sub-
rounded parmdes, Hehtly consolidated. Grams largely guariz
and feldspar.: Color, dusky yellow [5¥6/47.)

Sand, coarse, with medium to fae sand
{Coarse sand, B09% s orwedium pahd, 159% 0 and fine sand, 5%,
Subangular yartlcies, lightiy consolidated. OGraing largely quartz
and feldspar.: Color, grayigsh vellow to dusky wyellow [53¥7/41.)

Band, medium to fine, with some coarse sand and silt . o
fi[eehum sand B % ; ofne send, 85 % 1 coarse sand, 109 and
silt, 59%.  Subangulay partmies, lightly consolidated, . " Grains
mr%h guartz and feldspar,  Color, moderate. vellow: to light
olive brown [BYE/6]1.)

Band, voarse, with mediom sand, some fine sand, and fine grav&l,ﬂ
(Coarse sand, $0%% : -medivm sand, 859 fine sand, 109% ;7 and
fine gravel, 5 Bubangular  particles, lightly consolidated,
Graing Iargdv quartz feldspar, and. ferromagnesian minerals,
Calor, moderate vellow to light olive hrown [5¥6/81.0

Band, coarse, with medium sand and some fine sand
(C&arqe sand, 609 meditum sand, 809% ;. fAne sand, 8% ; and
fing gravel, 5“»" Subangular partmles, Hghtly mnsolldated.
Giraing largelv quartz, feldspar and ferromagnesian minerals
Color, moderate ¥ellow to light olive brown [5X6/61.)

Band, medium, with fine and coarse:sand

(Medmm sand, 509 fne sand, 259 coarse sand, 24% oand
fine gravel, 1 Su’bangular particles, lightly . consolidated.
Graing largely quartz and feldspar. Color,  moderate  vellow
to light olive brown [EYE/81) -

9

L g
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Depth
{feet)
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100
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185

140

170
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Taply GContinued.

Thickiess. " Dlepth
Msterial (fept} (foet]

Band, . fine to coarse 3 1BZ
{Fine sand, 409% : mediunm sand, 309 ; 4nd eoarse sand, 399
Subangular particles, lghtly consolidated.” Graing largely quartz
and: feldspar, - Color, s dusky wellow  to moderate olive brown
[6EB/4L.2

Sand, fAine, with medivm’ and coarse satid
(Fme sand, 509 ; medion sand, 309% ; and cparse sand,

Subangular particles, Ughtly consolidated, Grains largely gu ¥
%n%wféehmpar Color, moderate vellow to light ollve bmwm
b

Band, coarse and mediuny, with fine sand
{C‘Gal BE B %o wnedium gend, 259% ¢ Gne sand, 189 and
fine gravel, . Bubangulay partmle lightly LUYLSG! ated,
Graing. larg 1l - feldspar, {mim. dushy vellow 1o
raoderate olive hrown [5Y5/41.)

Hand, fine and medmm, th some 0o 4
{Pine sand, 509% ; median sand, and coarse. sand, 109
Subangnlar particles, lightly conzolidated. Grains largely qmuti
?n% fﬂi}d?pai Color,  dushy cwellow  to moderate olive brown

&%
Sand, eonrse and cosrse gravel, with gome medivm fo fine sand

and medium {o fine gravel
“Slopaped” sample-—probably. from 145+ to 151-foot sone, (Cmrw
Sayid, 30 coarge gravel, 2 medianm - sand, 2 v fine
gravel, 1549 @ medinm. grav and fHne zand, §%. . Bub-
augular to - subrodnded part ig aolids Graiis
largely guirtes, feldspar, and ferromag i inerals  Coloy,
moderate yollow to light olive brown [5XE/61L)

Band, doarse and medivm with fine sand. ..
{Coamq sa i, 4ﬂ% omnedinng sand, 359% ;. fine sand, 209 and
fing gravel, B9, - Subangular partzcle“ lightly « consolidated.

Grains largely quartz and feldspar with few ferroniagnesian mins
erals. . Color, dusky yvellow to moderate olive brown [8Y5/41)
Total depth 202

Sapplemental information obtained by R. C. Perry, geeimgiﬁt

U. 8. Geological Survey, during drilling is summarized below:
While drilling from 6 to 40 feet (depthy are veferred to land
surface) the casing was maintained near the bottom of the hole
to reduce the tendency of the loose sediments to “heave” into
the hole. After the casing was driven to the bottom of the hole
at 60 feet, bailing about 50 gallons in 21 minutes lowered the
water level almost to the bottom of the hole. The hole-was then
drilled to 65 feet and was left overnight. The following morning
it was still essentially dvy and waler was added to facilifate
drilling. When the hole was down te 75 feet the casing was
driven from 60 16 717 feet and the hole was still comparatively
dry. Drilling was continued to slightly below 78 feet at which
depth the water level began to rise. Al a depth of 80 feet the
water level had risen to 25.18 feet, and 30 minutes later it stood
at 11.29 feet.  Drilling was then continued to B2 feet, with the
casing at 714 feet. The sand from 78 to 82 feet was tested by
bailer at the rate of 36 gallong per minute for 15 minutes, at the
end of which time the drawdown wag 6.7 feel, Within 10 minutes
the water level recovered to 6.00 feet, which was 5.29 feet above
the level prior to bailing. The bailing test obviously developed
this zone to some extent as the rate of recovery indicates. How-
ever, the water level prior to the test was nct stabilized and
may have risen to the same level had sufficient time been allowed.
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A water sample was taken from this zone for chemical analysis
and the results are shown in Table 5.

With the easing maintained at 712 feet, drilling was continued
to 110 feet. The casing was then driven to 942 feet. Drilling was
continued to 136 feet, during which time the water level was
~depressed 25 to 40 feet (indicating practically no water yield
from the materials in the interval from 95 to 135 feet). The
casing was then driven to 116 feet, after which drilling was con-
tinued. At about 145 feet the hole wag cleaned out and the water
level rose from about 235 feet fto 856 feet, 20 minutes after
cleaning. The following morning the well was cleaned out again
and in 15 minutes the water level rose to 6.80 feet. After drilling
to 154 feet, with the casing at 116 feet, the water level stood at
6.47 feet. The casing was then driven to 137 feet. When the
drilling depth was 181 feet the water level was at 6.00 feet after
standing overnight. ,

At 200 feet, with the casing at 137 feet, the well was cleaned
out and after a short interval was tested by bailer at 25 gallons
per minute for 28 minutes. At the end of the test the water
level was at 11.00 feet but it recovered to 6:37 feet in 8 minutes.
Shortly afterward a2 second test was run, during which the bail-
ing rate of 39 gallons per minute was maintained for 14 minutes.
A drawdown of 9.6 feet resulted. After the test the water level
recovered to 4.02 feet in 1 hour and 50 minutes. During this test
the well filled in 10 feet to 190 feet; thig was cleaned out and
the well was drilled to 202 feet. Within 30 minutes after clean-
ing the water level had recovered to 4.06 feet. A water sample
was taken for chemical analysis near the end of this test, and
the results are shown in Table 5. The zones tested by bailing
were those from 145 to 157 feet and 161 to 174 feetf. ,

As indicated by the test drilling, three general water-bearing
zones were encountered—ifrom 6 to 20 feet, 78 to 82 feet, and
145 to 174 feet. The materials penetrated to 174 feet are believed
to represent. deposits belonging to the younger valley fill, and
those between 174 feet and the bottom of the well (202 feet) to
the upper part of the Humboldt formation. This is largely predi-
cated on the assumption that the deformation which terminated
deposition of the Humboldt formation resulted in deposition in
restricted basins and, in the Ruby Valley test well, may be repre-
sented by the sand and gravel interval between 145 and 174 feet.
The rocks exposed in Ruby Mountaing are the game iyvpes as
those that have supplied detritus to Ruby Valley since at least
upper Humboldt time, and there probably is not a sufficient
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variation in mineralogical ratios to separate the younger valley
fill from the upper Humboldt formation on this basis with the
information from only one well. Although it is recognized that
the full thickness of the younger valley fill may not have been
penetrated by the test well, the available information suggests
that the base may be at about 174 feet below the surface at the
test-well site. Of the three waler-bearing zones encountered, the
lowest (145 to 174 feet) appears most suitable for deveinpmen%
at this loeality. The log indicates that 24 feel of the zone containg
water-bearing sand and gravel The sand logged in this interval
is prineipally coarse with some gravel having fragments as large
as 6 millimeters. With proper development, this; or similar zones,
should be capable of yielding moderate guantities of water
through wells. It seems likely that the “shimped” sample obtained
at 198 feet was derived from the 145- to 174-foot zone. If this is
correct, this sample represents, in part, material as it occurs
naturally and pot that which has been broken by the drill bit.
It mayv be noted that water in the 145- to 174-Toot zone is under
artesian head sufBicient to raise the water level in the well 1o
about 2 to 4 Teet above the water table, although not encugh fo
raise it above land surface at the test-well site.

To develop moderate to large quantities of water by drilled
wells Trom the 6- to 20-Toot zone would be difficalt because of the
poor consolidation of the dediments and the tendency to “heave”
into the well. Thiz zone may be more favnrable for develapment
in other localities.

The 78- to 82-foot zone probably would not be satisfactory fﬂr
development of more than moderate yields, largely because of
its limited thickness. A substantially greater thickness of this
zone in other localities would be more favorable for pgtentzai
development. , ~

~ BUMMARY

V The f@ﬂfawmg summarizes the principal items of 'th}s TECOn-
naissance of Ruby Valley: : :
1. Of the average annual increment to the gmund-water resers
‘yoir, derived chiefly from precipitation on the Ruby
Mountaing and the East Humboldt Bange, perhaps about
20,000 acre-feet may be recovered annually by wells
~under full development in the area north of Frankhn ~

- Lake
2.  The permeable sand amﬁ gravel of the younger valley fill
may generally be the most satisfactory for obtaining
moderate to large yvields by wells, as indicated in part by
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- the resuits of the drilling of a test Weli insec. 29, T.32 N.,
R.6OE.

3. The soils in the area of potential development where free
from alkali, are suited for irrigated pasture and the pro-
duction of domestic hay in a long-time rotation with
grain or other row crops adapted to the elimate of the
valley. In a field reconnaissance by H. G. Mason, of the
University of Nevada Agricultural Experiment Station,
about 6,500 acres of Class I land—definitely suitable for
development-—and 12,000 to 15,000 acres of Class II
land—less suitable for development, but useable with
reclamation—were indicated in the potential ares of
ground-water development.

4. The frost-free or growing season in the valley is relatively
short, and may average 100 days.

TAEBLE 7
Record of wells in Buby Valley, Nev.

2;)/57 D1 U B Pish and Wildlife Service, Unused, dug well; depth, 13
feet; diameter, 48 inches. Houipped with bucket and chain, hand-operated.
Measuring point. top of 2- by 4-inch wood sill, northeast corner, 0.5 foot above
land surface. - Depth to water, below measuring point, 521 feet, July 8, 1948,

26/58-1041.  Unknown.  Unused, drilled well; depth, 59 feet; diameter, 81
inches; steel easing. Measuring point, top of eaging, 1.5 feet above land sur-
face.  Depth to water, below measuring point, 2850 feet, July 8, 1048

28/58-8C1. - Ruby  Valley “well' No. 1. Stock, dug well; depth, 44 feet:
diameter, 48 inches square; wood cribbing. Fguipped with a eylinder pump
driven by gasoline engine, Measuring point, top of 2 by 1Zipch sill, west
side, at land surface. Depth to water, below measuring point, ‘87.27 feet,
July ¥, 1848,

B0/60-18A1. R, Duval. - Stoek, “drilled “sell ; reported depth; 510 feet:
digmeter; 4 inches; steel casing reported to 180 feet.  Reported log, gravel to
120 feet, blue clay 120 to 510 feet,  Equipped with eylinder pump driven by
windmill and gasoline engine, Measuring point, Top of collar om 4-ineh casing,
10 foot above land surface.  Depth (o water, below measuring point, 1975
feet, December 8, 1989 (by G. H. Taylor), and 14,10 feet, August 26, 1948,

30/61-TDL. -Unknown,  Stock, dug well: depth, 180+ feet: diameter, 72
inches square; wood cribbing, Eguipped with a eylinder pump driven by a
gasoline engine, Meastring ‘point, top of 8- by Sinch pump suppert, 2.0 feet
above land surface. Depth to water, below measuring point, 100.78 feet, June
26, 1948,

31/60-4A1, . Unknown. . Btock, drilled ‘well: depth, 20 feet: diameter, 8
inches; steel casing,  Equipped with a cylinder pump driven by @ windmill.
Measuring point, top of casing; 1.0 foot above land surface. Depth to water,
below measoring point, 6.79 feet, June 50, 1948,

31/60-4D1, - Division of Grazing. Stock sump. Depth to water, helow land
surface, 7.1 feet, March 31, 1939. (Data from report by . H. Tayvlor,)

51/60-7CL Unknown. . Unused, dug well; depth, 9 feet; diameter, 24 by 48
inches ; stone eurbing. - Equipped with cylinder pump, hand-operated. | Measur-
ing point, top of rock sill, southeast corner, at land surface. Depth to water,
below measuring point, 8.53 feet, July 7, 1848,

31/60-16C1, - Unknown, . 8toek, drilled well; depth, 35 feet: diameter, 8
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inches; steel easing. Eguipped with eylinder pump dviven by windmill. Meas-
nring point, top of casing, 0.5 foot above land surface. Depth to water, below
measuring point, 8.27 feet, June 30, 19485,

31/60-21070.  Division of Grazing. RBtock sump. Depth fo water, below land
surface, B.7 feet, March 31, 1839, (Data from report by & H. Taylor)

32/60-2001. U. 8. Geologieal Survey. Test and observation well; depth,
202 feet; diameter, 6 ipches) steel casing. No eguipment., Measuring point,
top edge of 1-inch hole in steel plate on casing, (.7 foot above land surface.
Depth to water, below measuring poiunt, 3.45 feet, June 10, 1949; 4.20 feet,
July 19, 1949 5.08 feef, September 15, 1949 and 5.038 feet, Decernber 21, 1940,

B2/80-2902. U, 8, Geological Burvey. Observation well; depth, 15 feet;
diameter, 12 inches. Measuring polint, top. of Ii-inch galvanized Iron pipe,
205 feet above land. surface. . Depth to. water, below measuring point, 618
feet, June 10, 1849 9.00 feet, Heptember 15, 1949 ; and 8.90 feef, December 21,
1949,

32/60-27B1. Divigion of Grazing. Stock sump.  Depth to water, below land
gurface; 5.9 feef, March B1, 193%  {Data froin report by G H. Taylor.}

32/60-2081. Bharp and Smith well . Stock, bored well; veported depth 18
to 18 feet.  Measuring point, top of plank cover, at land surface, Depth 1o
water; below measuring point; 6.230 feet, December 8, 1938 {(by G. H. Taylor}:
4774 Teet; Jane 30, 1948,

85/60:101 0 Unkunown,  Btock, drilled. well i depth 302 feet; diameter, 4
inches 1 steel casing: - Eguipped with evlinder pomp o operated by hand and
windmill,  Meaguring point; fop of casing, atb land surface. Depth-to waler,
below. meaguring point, 4.62 feet, June 28, 1048,

83/680-130C1L - Lnkoown..  Btock, drilled. well: depth, 18 feet; diameter, 4
inrhess gteel casing.  Houipped with evlinder pump. déperated by hand: and
windmill.: Meaguring point, top of -casing, 0.5 foot above land surface. Depth
to water, below messuring point, 992 feet, June 29, 148

B3/60-21A71, . “0Old Buby City deep well” Unused; reported depth, €0 te
100 feet. Depth to water; below Iand surface, 13.0 feet, December 7, 1933 (by
i3 H. Tazioey.

A8/80-25A1. Division of Grazing.  Sftock sump.  Depth to water, below land
surfuce; 9.0 feet, June 6, 1989, (Data from report by G. H. Taylor}

83/60-29A1. Tnknown.. Unuged, dug well; depth, 85 feel: diameter, 86
inches. - Windmill stands over well, no. pump, - Measuring point, top of 8 by
Sdneh cover, U5 Toot above lavd surfsce. Depth to water, below measuring
point. 768 feet, June 30, 1045,

S3/60-8501,  Earl Wright {3y, Btock, dug well: diameter, 14 inches.
Eauipped with cylnder pump and windmill. . Measuring point, top of steel:
barrel easing, at Jand surface. Depth to water, below measuring point, 550
feet, June 29, 1048,

B33/60-35D2,  Earl Wright, Unnsed; drilled well; veported depth, 275 feet:
measured depth, 10.5: feet ; dlaweter,; 4 inches.  Eguipped with eylinder pump,
no engine.  Measuring point; top of casing, 2.0 feet above land surface.  Depth
to water, below measuring point, 11.25 Teot,. December 8, 1839 (by &, H. Tay-
Yord, 702 feet June 20, 1048, s :

BL/B0-86A0, FHarl Wright. Dug owell: depth, 18 feet; diameter. 32 feat:
reported depth to water, below land surface, 9= feet, 19388, (Data from report
by G, H. Taylor.)

S/60-3081. B, Dovall . Stoek, dug well ;. reported depth; 25 feet: dinmeter,
18 inches s tin easing,  Banlpped with covlinder pump operated by band and
windmill, - Measuring polat, top of casing, at land ‘surface.  Depth to water,
below. measuring point, 5.04 feel, August 26, 1048
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GROUND WATER IN
CLOVER AND INDEPENDENCE VALLEYS,
ELKO COUNTY, NEVADA

By T. E. Eaxiv and G. B. Maxuy, Geologists, Ground Water Branch,
U. 8. Geological Survey.
{September 1950

INTRODUCTION

Sinece July 1, 1945, the United States Geological Survey, Ground
Water Branch, has been cooperating with the State Engineer of
Nevada in a State-wide study of ground-water resources. The
resulting reports cover the various ground-water basins, which
ordinarily coineide with valley units.

The present report is based on reconnaissance field work during
the summer of 1948 and drilling operations in May 1949, at which
time the U. 8. Geological Survey test well (85/62-27B1) was
drilled. During the 1948 period essentially all available well and
spring information was collected, and a field reconnaissance of
the general geologic and hydrologic conditions was made. A water
sample was collected from the Warm Spring in SE} sec. 12, T.
33 N., R. 62 E., and other samples were collected from four zones
in the test well. They were analyzed by the Salt Lake City
laboratory of the U. S. Geological Survey, Quality of Water
Branch. A field reconnaissance of soil conditions was made by
Howard G. Mason, Agricultural Economist, Nevada Agricultural
Experiment Station, Beno, Nevada.

LOCATION AND GENERAL FEATURES

Clover and Independence Valleys are in the south-central part
of Elko County, Nevada. They lie between north latitudes 40°33°
and 41°15’ and west longitudes 114°35’ and 115°7". The north
end of Clover Valley is about 5 miles south of the town of Wells,
and from here the valley extends southward for about 35 miles.
Independence Valley lies adjacent to and east of Clover Valley.
The south end of Independence Valley is at about the same lati-
tude as the south end of Clover Valley and extends northward
about 48 miles. The combined drainage area of the two vallevs
is about 975 square miles. (See pl. 3.)

The East Humboldt Range and its low-lying southern exten-
sion, the south end of which is named Valley Mountain, form the
west margin of the area; Spruce Mountain and the low east-
west-trending ridges extending from it bound the area on the
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south; the Pequop Mountains are on the east; and an irregular
topographic high composed of bedrock and alluvial fill Hmits the
area on the north. In years of heavy runoff, discharge from
Clover Valley to Independence Valley may occur in a poorly
developed drainage way eastward through sec. 27, 7. 84 N, B.
63 E.

U. S. Highway 93 traverses the full length of Clover Valley,
and U. S. Highway 40 crosses the northern part of Independence
Valley. Both highways pass through the town of Wells. State
Highway 11 leaves U. 8. Highway 93 about 3% miles south of
Warm Spring and trends southwestward into Ruby Valley.
Numerous roads and trails traverse most of the valley-lowland
area. In part these roads are gravel-surfaced and are satisfac-
tory for travel except under wet-weather conditions.

The Western Pacific Railroad crosses the valleys in a general
northwest-southeast direction. It enters Independence Valley
near Jasper on the east and leaves Clover Valley at the north
end several miles south of Wells. The Southern Pacific Railroad
skirts the north end of Independence Valley.

The principal industry in the two valleys is raising livestock:

The population of Clover Valley includes residents of several
ranches along its west side and fewer residents at the railroad
stations of Tobar and Boaz. The population of Independence
Valley, with the exeception of one ranch, and possibly temporary
residents at Sonar, is limited to the residents at the railroad
stations of Jasper, Ventosa, Moor, and Fenelon.

Previous reports that cover parts of the area inelude those by
Hill (1916) and several by Sharp (1938, 1939, 1940} ;* the latter
author gives much information on the geology, structure, and
geomorphology of the Ruby-East Humboldt Ranges.

PHYSIOGRAPHY AND DRAINAGE

Clover and Independence Valleys are in the Great Basin sec-
tion of the Basin and Range physiographic province. Each occu-
pies an elongate structural basin which trends about north-south.
Snow Water Lake is a low areg in Clover Valley, and on the
Halleck guadrangle topographic map the lake is indicated as a
little less than 5,600 feet above sea level. The lake area receives
drainage from the western, southern, and southeastern parts of
Clover Valley. Drainage from the northern part of Clover Valley
may enter Independence Valley in years of heavy precipitation
and favorable runoff conditions., However, this is unusual and

#Sep list of references at end of report.
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generally runoff from the wmountaing replenishes the ground-
water reservoir or is lost by evaporation and transpiration within
the valley. As surface drainage can move from Clover to Inde-
pendence Valley, Independence Valley must be the lower of the
two. However, from field observation, it appears that the lowest
part of each valley differs little from the other in altitude. The
two valleys together form a closed basin.

Surficial topography in the lower parts of the valleys formed
during the Pleistocene consist primarily of beach features—
beaches, bars, and spits.  Some of the marginal beach features
are slightly modified by stream erosion. Dune topography ocetirs
in places in the vieinity of Snow Water Lake.

The BEast Humboldt Range, along the west side of Clover
Valley, is the principal mountain range in the area. The crest
altitude for about 10 miles along the central part of this range
averages somewhat more than 10,000 feet above sea level, with
several peake in excess of 11,000 feet.

The altitude of Spruce Mountain, at the south end of the area,
is 11,041 feet at its highest point. However, the altitude dimin-
ishes rapidly from this point. The erest of the northward exten-

sion from Spruce Mountain, Chase Spring Mountains, which in
part divides the two valleys, probably averages somewhat less
than 8,000 feet above sea level,

The summit altitude of the Pequop Mountains, along the east
side of Independence Valley, commonly ranges from 7,000 to
8,000 feet above sea level, but it exceeds 10,000 feet in the north-
central part of the range.

Elsewhere the highest parts of the enclosing mountains and
divides probably nowhere exceed 8,000 feet above sea level and
ordinarily are less than 7,000 feet.

Streams draining the mountain areas are short and steep.
Perennial streams occur only along the East Humbeldt Range,
and these are dissipated by the time they reach the lower alluvial
slopes.

Sharp (1940), in discussing the alluvial slopes along the east
side of the East Humboldt Range, suggests that the tipper half
of these slopes is a debris-mantled pedimént cut on the Hum-
boldt formation and that a pediment at the south end of the East
Humboldt Range is cut on Paleozoic rocks and Pliocene (?) lavas.
The physical characteristics of the present surface in the north-
eastern part of Clover Valley (north from Tobar) also sluggest
that a pediment cut on the Humboldt formation may underlie the
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surface st shallow depth. The presence of such pediment sur-
faces suggests that post-Humboldt deposits are relatively thin in
the central part of the valley.

CLIMATE

The climate of Clover and Independence Valleys is arid to semi-
arid and is characterized by low precipitation on the valley floor,
~ low humidity, high rate of evaporation, and a wide range in tem-
perature, both seasonal and daily.

Precipitation inereases generally with altitude in the adjacent
mountains. The higher parts of the East Humboldt Range rank
closely with other areas of heavy precipitation in Nevada and
locally the precipitation may exceed 35 inches.

Precipitation on the floor of Clover Valley probably ranges
from 5 to 12 inches a year, and on the floor of Independence
Valley, from 5 to 8 inches.

Records of precipitation are available for three stations:
Clover Valley, Fenelon, and Wells. The data are from records
of the 1. 8. Weather Bureau, and the locations of the stations are
given in Table 1.
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The frost-free or growing season, as indicated by the record
for Clover Valley station, is relatively short and generally suited
only to early maturing or frost-resistant crops. The record at
Clover Valley for the 27-year period ending in 1882 showed an
average of about 100 days between the last killing frost in spring
and the first killing frost in autumn, with a minimum of 64 days
in 1918, and a maximum of 149 days in 1910.

VEGETATION AND SOILS

The native vegetation® on the floor of Clover and Independence
Valleys include big greasewood (Sarcobatus wermiculatus), big
rabbitbrush (Chrysothamnus nauseosus), sagebrush (Artemisic
tridentata), shadscale (Atriplex confertifolia), white sage (Euro-
tie lanate), saltgrass (Distichlis spicate), mixed grasses, and
other members of the Northern Desert Shrub plant association.
Substantial acreages of meadow hay and small acreages of alfalfa
are grown Tor livestock feed in Clover Valley.

Mason indicated in his reconnaissance of Clover Valley about
6,000 acres of Class I land, which he defines as soils deemed
definitely suitable for development. Most of these soils are alluvial
deposits of outwash or modified basin deposits of Recent age.
They are medium-textured, permeable, free from alkali, and
highly productive, and surface slopes of 3 percent or less. The -
vegetation is meadow or upland grasses, sagebrush, or rabbit-
brush. The soils occur along the lower slopes on the west side
of Clover Valley, northward from Snow Water Lake, and also in
the lower parts of the drainage system that passes about 2 miles
to the west of Tobar and extends to a point about 4 miles south
of Tobar.

Mason also indicated a substantial acreage of Class 11 land—
soils considered generally less suitable for development than
Class I land—north and northwest of Snow Water Lake. This
land generally lies lower than Class I land and is marginal te it
These soils are derived almost entirely from basin sediments and
have developed under arid conditions, but they are subject to
periodic flooding and ground-water discharge. The soils in their
common phase are.of grayish color and medium-fine fexture, are
alkaline, and support a moderately light growth of sagebrush,
greasewood, shadseale, and some grasses. The presence of grease-
wood, shadscale, or saltgrass is evidence of soil conditions unfav-

*Pata on vegetation and soils based on a field reconnaizsance Sept. 30, 1948,
by Howard G. Mason, Agrienltural Feonomist, Agr. Exper. Sta,, Beno, Nev.,
and “Physical conditions and forage resources maps of Elko County, Nev.":
Sail Cong. Service, U. 8. Dept. Agr., and cooperating agencies.
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orable for agriculture. Most of the soils of this phase would be
difficult to reclaim and if brought under irrigation would likely
vary in productivity from spot to spot for a long time. However,
about 5,000 acres of the total indicated might be usable—princi-
pally in the central part of T. 84 N, R. 62 E. and in parts of secs.
32-34, T. 85 N,, R. 62 E. A modified phase of Class II soil is
present west and northwest of Tobar., There modification has
resulted from frequent and heavy flooding prior to diversion of
water for irrigation of the higher lands. It is identified by its
darker color, more granular texture, and heavy vegetative growth.
This phase is more desirable than the common phase of the Class
IT land. It occurs in parts of sees. 10, 14, 23, 24, 25, and 26,
T. 35 N., R. 62 E., and may include about 2,000 acres.

Thus, in Clover Valley about 6,000 acres of Class I land and
about 7,000 acres of usable Class II land were indicated in the
reconnalissance by Mason,

Soils in the central part of Independence Valley are predom-
- inantly either gray, heavy-textured, alkaline, unproduetive playa
soil, subject to flooding, or semisink (playa) soil, gray, heavy-
textured, alkaline and slightly productive. Only small acreages
around the margin of the valley might be suitable for develop-
ment with congiderable reclamation.

GENERAL GREOLOGY

The oldest rocks exposed in this area are Paleozoic Hmestone,
dolomite, guartzite, and some shale: -In part these were meta-
morphosed during late Mesozoic or early Tertiary time by intru-
sion of granitic and associated rocks. The intrusive rocks are
expoged over a-large arvea on the east flank of the East Humboldt
Bange. v

Faulting occurred in several periods, beginning in early upper
Miocene(?) time (Sharp, 1939b, p. 918). Erosion of the moun-
tains yielded the large volume of sediments deposited in “the
adjacent valleys. Most of these sediments were laid down under
subaerial and lacustrine conditions prior to Pleistocene time.

Pleistocene deposits in the western part of Clover Valley are
believed to contain a moderate proportion of sand and gravel. In
the ecentral and eastern parts of the valley and over most of the
floor of Independence Valley the deposits may be predominantly
clay or silty sand. Other surficial Pleistocene deposits consist of
glacial debris, low on the flanks of the East Humboldt Range
and lake-shore deposits in the form of beaches, bars, and spits.
Deposits of Recent age are of relatively minor importance.
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_ The generalized rock sequence has been summarized by Sharp
(1939b, p. 887) in a columnar section, which follows.

. : Thickness
Age Fouxation Lithelogy fioet)
Gaaternary Drift, gravels, Pediment. and terrace  gravels,
alluviing glacial drift, recent alluviom... E~150
SPlbcene 17 Plincene 47 Pyroxene  andesgite and o olivioe-
lava pyroxene bazalt Hows, breccis,
: and Tt 200400
Unconformity:
Mionene Humboldt Brectia, - fanglomerate, . conglom-
formation erate, sandstoiie,  mudstone
shale, oil shale, limestone, ‘ash,
tuff. and interbedded. rhyolite .
flows 5,800
{BEhyvelite nod Bonown to crop out
in ares of this repori)
Barly Tertiary Binary granite Binary cgranite, iporphyritic
or Porphyritic sranits, pegmatite: ;
Liate Mesozoic granite (Teneovs . rocks intruded  into
Paleozoic rocks)
Trneconformity -
Undifferentiated Massive Hmestone, silicoous con- w3
Carboniferous glomerate guartsite oo s 4,000
Clarbonifetous
Missiasipplan {7} D Magstve s cherty orinoidal. lime-
stong 308
Upper Devils Fate Platy  arenaccous. and’ argilla-
formation ous Timestone s i 300
Prevonian .
Liower Devils Gate Dark gray, well-bedded; Tossili-
formation ferons Hmestone oo L ano
Mevada Gray, - bedded, laiminated and !
formation mottled delomite o L 1,900
Silurian Lone Mountain Massive white dolomite. 1,350
formeation
Trncontormity
Crdovician Pogonip Crray, mhaasive, cherty . Hmestone
Limestone platy, argillacecns  limestone ;
shale and limy guarizite near .
the top 3,650
B Uneonformity
Tpper Thinshedided  lmestone,  argilla-
Cambrian cepns limestone, limy argillite
~pnid arenacecus beds 3,550
Middle T hin-bedded arenacepus and
Carabriagn ambrian argillaceous limestone o 2,140
Prospect Mountain Massive guarizite Lo loioi 1,400
gqugrizite :
Paae not exposed
NoTr: ~The Paleozoic section is Troma Plate 1 ol

structure of the. gouthern RBuby

Sharp, B, P, 1942, Stratigraphy and
Americs Bull, wvol, 5%, po. #47-

Mountain, Mevada . Geol, Bog,
The pﬁstﬁgﬂiieamic setion is. from: Pigure 3, Sharp, B. P, 1889, Basin-
Range structure of the Ruby-Bast Humboldt Range, Mortheastern
Nevada @ (eol, Soc, Americs Ball, vol. 51, oo, 881-020,
WATER-BEARING PROPERTIES OF THE ROCKS
Most of the Paleozoic rocks are of low permeability. However,
secondary faults, fractures, joints, and solution channels may
locally transmit substantial quantities of water.
 Water from several of the springs that issue from alluvium
near outerops of Paleozoic bedrock in the area is believed trans-
mitted through solution channels or fractures in the bedrock. The
distribution and probable infrequency of the fractures or solution
channels beneath the valley fill are not favorable for obtaining
large-capacity wells in the bedrock.
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The older valley fill (Humboldt formation) in Clover Valley
may locally contain beds or lenses of permeable deposits, particu-
larly along the west margin adjacent to the East Humboldt
Range. Well 85/62-26A1, an oil test well, reportedly was drilled
to a depth of 600 feet, but no log is available. This well is
reported to have encountered water under sufficient pressure to
flow at the land surface.. However, the U. S. Geological Survey
test well (35/62-27TB1}, about 11 miles west of this well, did not
encounter any water under sufficient pressure to flow within 286
feet of the land surface.

The maximum thickness of the younger valley fill (post-
Humbeldt) is not known. However, in the U. 8. Geological Sur-
vey test well it mayv be 110 or 155 feet thick, as discussed on
page 116, The permesbility of the eoarser sadiments of the
younger valley fill is inferred to be greater than that of the older
vallev fill because the younger strata have undergone less con-
solidation,

The pediment cut on Paleozoic and Pliocene(?) bedrock along
the southeast flank of the East Humboldt RBange, if extensive and
at relatively shallow depth, may effectively reduce the saturated
thickness of the valley fill beneath the lower alluvial slopes. Like-

wise, the suggested pediment (p. 101) cut on the older valley fill
(Humboldt formation) along the northeast side of Clover Valley
may oceur at shallow depth. Here the younger valley fill may be
above the water table and water would neecessarily be drawn
from the older valley fill. Low yields to wells in the older valley
fill would be expected from the inferred low average permeability
of these deposits. The logs of the Western Pacific Railroad wells
at Tobayr and the reported low yields tend to bear out this infer-
ence. ‘
~ GROUND WATER
OLOVER VALLEY
General Conditions
Ground water in Clover Valley is derived principally from
precipitation on the east flank of the East Humboldt Range, and
to a lesser extent from precipitation on the north side of Spruce
Mountain, the west flank of the Chase Spring Mountains, and
the high area bordering the northeastern part of the valley.
Ground water occurs below the water table—the upper surface
of the zone of saturation—in the valley fill and underlying bed-
rock. However, it has been developed only in the upper part of
the valley fill; the lower part has not been prospected for water.
Recharge to ground water occurs in the marginal parts of the
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valley fill and, to some extent, in the bedrock of the mountains,
From the areas of recharge, ground waler moves toward the
valley, usually in conformance with the general slope of the land
surface.

The information available indicates that in the central, west-
ern, and northwestern parts of Clover Valley the depth to water
is generally less than 15 feet and in most places is less than 10
feet. Here ground water is discharged by transpiration of vege-
tation and by evaporation from soil and from temporary free-
water surfaces.

Gravity-type springs or seeps issue from the lower alluvial
slopes along the west side of Clover Valley. These are utilized
Jargely for supplemental irrigation of meadowland.

Warm Spring, in SE$ gec. 12, T. 33 N., R. 61 E., which issues
from allovium, probably is largely controlled by conduits in the
underlying Paleozoic bedrock. . The discharge at the impounding
dam immediately below the spring was estimated to be between
4 and 5 second-feet in 1948,  Several weir measurements made
in 1912 at the ranch house several hundred yvards downstream
indicated a discharge of 5.84 second-feet. This higher rate of
" discharge may have been due, in part, to water rising along the
channel between the impounding dam and the weir location. The
temperature of the water at one of the discharge outlets of the
pool was 65°F, The water is used largely for irrigation of
meadowland,

Another spring, in the NEZI sec. 30, T. 36 N., R. 62 E,, issues
at a limestone-alluvial eontact and discharges into a large pool.
The discharge of this spring approximates 1 second-foot. The
water is used for irrigation of meadowland. '

The potential yield from water-bearing zones in the valley fill
has not been tested by wells. - However, it is reported that one
of the stock-watering pits (about a 500-square-fool area extend-
ing a few feet below the water table) vielded possibly 1 second-
foot without much lowering of the water level. This suggests
that the sand and gravel deposits in the younger wvalley fill
locally may be moderately to highly permeable.

Estimated Average Annual Ground-Water Recharge
The average annual recharge to the ground-water reservoir
can be estimated as a percentage of the total precipitation within
the drainage basin of Clover Valley.
The basis for such estimabes is the “Precipitation map of
Nevada” showing areas of assumed equal rainfall, prepared in
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1936 under the supervision of George Hardman by the Nevada
Agricultural Experiment Station. On this map are shown zones
of precipitation of less than 5 inches, of 5 .to 8 inches, 8 to 12
inches, 12 to 15 inches; 15 to 20 inches, and more than 20 imﬂles,
These zones were transferred to the base map, from which the
area of each zone was determined by planimeter. The data per-
tinent to the estimate are summarized in Table 2.

Ag indicated by preliminary recharge studies in east-central
Nevada (Eakin, Maxey, Robinson, 1949; Maxey and Eakin,
1949), zones of precipitation of less than 8 inches are considered
not to recharge the ground-water reservoir significantly; for the
8- to 12-inch zone the recharge may be 3 percent; 12- to 15-inch
zone, T percent; 15- to 20-nch zone, 15 percent: and over 20-
ineh zone, 25 percent.

: TABLE 2

Estimated average annual ground-water recharge from. precipitation
in Clover Valley, Nevada

Recharge
Precipitation sons Areaof zone Perpentage {approximate)

{inches) {geres) of recharge (atre-fost)
B-18 1185,300 3 2,900
12-15 31 4 T &, Dy
1520 = 25, ‘SGEJ 15 5,700
Orver 202 15,800 25 8,100
Total {order of masnitude) N o 20,700

tabout 440 percent of this area shown on the “Precipitation map of ?‘wwaﬂfx” in
believed to be actually in the 5- to S-inch zone. Recharge is therefore considersd
mﬂv for the remaining 60 percent of the area indicated,

tAverages precipifation foy this zone assumed to be 25 inches.

Estimated Average Apnual Ground-Water Discharge

Ground water is discharged from Clover Valley by transpira-
tion of vegetation, by evaporation from soil or free-water sur-
faces, by springs, and by domestic, stock, and irrigation wells.
Although underflow from Clover Valley to Independence Valley
is possible, it is believed to be very small because of the low
water-level gradient and low permeability of the sediments in
the segment between the two vallevs. Hssentially all the water
from springs is finally discharged from the valley by transpira-
tion and evaporation, and is accounted for in the estimates of
these logses. Discharge from wells at present constitutes but a
small percentage of the total discharge and, therefore, 18 not
included in the estimale of discharge. A summary of the ground-
water discharge ig given in Table 8.
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TABLE 3
”Eﬁtzmamﬂ annual discharge of ground water, in acre-feet, by transpiration
and evaporation in Clover Valley, Nevada

Diisehiaree ares anig Area Trscharge
rate of discliarge (apres) Ceire-feet)
Greasewood, big rabbitbrush, saltgrass, and shadscale oo 45600 18500
Moderate dengity.  De pth to water 5 to 15 feet, - Josti-
mated rate of discharge, (3 foot per year.
Trrigated aneadow 10200 2500
Trrigated cprincipally by Csurface runoff.  Depth to
water less than 10 Teet,  Estimated rate of discharge :
fromme ground water, 0.25 foot per yedr.
Snow Water Lake 5,004 5000
Dry much of the time. - Hstimated annual ev aporation,
1 fv{mt af which about e foot is supplisd from ground
water,

Total {order-of magnitude) e 18,000

Of the total estimated average annual dlscharge from the
ground-water reservoir in Clover Valley, it is believed practica-
ble to salvage about 10,000 aere-feet annually by pumping from
wells. Most of this amount could be developed in the area of
the Class 1 and Class 11 soils indicated by Masen in his recon-

naissance.
INDEPENDENCE VALLEY
General Conditions

Ground water in Independence Valley is derived principally
from precipitation on the west flank of the Pequop Mountains
and, to a lesser extent, from precipitation on the east flank of
the Chase Spring Mountains, the mountaing bordering the south
end of the valley, and the mountains bordering the northwestern
part of the valley. :

Ground water has been obtained only from the upper part of
the valley fill; the lower part has not been prospected for water.

Recharee to ground water oecurs in the marginal parts of the
valley fill and, to some extent, in the bedrock of the mountains.
From the areas of recharge, ground water moves toward the
lower parts of the valley. The slope of the water table ordi-
narily conforms with the general slope of the land surface.

The depth to water in the central and southern parts of Inde-
pendence Valley is generally less than 25 feet, and in most places
less than 15 feet. Here ground water is discharged by transpira-
tion of vegetation, and by evaporation from soil and, fo a small
extent, Trom free-water surfaces.

Gravity-type springs or seeps of small discharge occur locally
along the lower ‘alluvial slopes of the Chase Spring Mountains
and the Pequop Mouniains.

Ralph’s Warm Springs are in secs. 28 and 33, T. 36 N., R. 64 E.
The water issues from several pools and seeps along a nearly
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I-mile segment of the lower part of the alluvial slope. They prob-
ably are related to conduits in the underlying limestone bedrock
but may be controlled, in part, by faulting beneath the valley fill.
The temperature of the water is 65° F. at one of the pool outlets.
The total discharge is not known, but it supports an extensive
area of native meadow, : \

The only indication of the yield to wells from the water-bearing
zones in Independence Valley is a pumping test at Ventosa well
(34/63-1A1) of the Western Pacific Railroad. During September
1945, this well was pumped at the rate of 68 and 64 gallons per
minute, respectively, for a 9-hour and a 7-hour period. The yield
in 1948 is reported to be only about 30 gallons per minute after
several hours of pumping,

Estimated Average Annual Ground-Water Becharze
The average annual recharge to the ground-water reservoir
can be estimated as a percentage of the total precipitation within
the drainage basin of Independence Valley according to the
method deseribed for Clover Valley. The data pertinent to the
estimate are given in Table 4.

TABLE 4

Estimated average annual ground-waber recharge from precipitation
in Indegendence Walley, Nevada

- Rechiayge
Precipitation zone Aven of zong Percentage {approsinate)
{iichesy : {ucres) of recharse {orre-ieet)
£.12 1aRs a0 3 4,300
1215 44,000 T 8,000
152000 T.h00 13 1,500
Total (ovder of magnitudey o Gl 4,300

=hhout 40 percent of thig ared shown on the “Precipitation miap of Nevads' s
belisved to- be actually in the 5~ to S-ineh zone.  Recharge is therefore considerved
only for the rewaining 80 percent of The area indicated. :

Estimated Averaze Annnal Ground-Water Discharge

Ground water is discharged from Independence Valley by tran-
spiration, evaporation, springs, and stock, domestie, and railroad
wells, Water from springs is finally discharged by transpiration
and evaporation, and is accounted for in the estimates of these
losses. The total discharge from wells at present is very small
and is not included in the estimate of discharge. A summary of
the ground-water discharee is given in Table 5.
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TABLE &5
Estimated annusl discharge of ground water, in acre-feet, by irsuspiration
and evaporation in Independence Valley, Nevada ¥
Trschavge area aml Aren Disclhiarge
rete ol discharge {mores) {armre-fest)
Greasewood, shadscale, big rabbitbrush, and salt grass....... 85,000 8,500
Low density growth, Depth to water, 5 to 35 feet.
Tetimated rate of dischargs, .1 fool per ¥aar. - =
Meadowland 2,000 B i

Moderate density, TIrrigated primarily by spring dis-
charge. HEstimated rate of discharge, 0.5 foot per yeal.

Total (order of magnitude) 8,600

Of the total estimated discharge from the ground-water reser-
voir in Independence Valley it is believed practicable to salvage
about 2,000 acre-feet annually by pumping from wells. As most
of the recharge to the ground-water reservoir appears to be along
a 30-mile segment on the east and south sides of the valley, the
most effective development of ground water would result from
wide spacing of wells along this segment,

OHEMICAL QUALITY
Water samples were collected from Warm Spring (33/61-12D1)
and from four zones in the U. 8. Geological Survey test well :
(35/62-27B1). These samples were analyzed for mineral content
by the Salt Lake City Laboratory of the U. S. Geological Survey, '
Quality of Water Branch. The results are shown in Table 6. "



118

9 I8V L

=

=

2

=

@

N L8 O R Rp— i G winipos jJussded

o 98T gFe LET g¥E 18] €D o0 18 BOUWOOI)

o , anUESRPUOY syiaady

= o , 0 0 o DYEUOLIBITON

= 9¢ e ¥l Zye s CTEMY, P EDOED BE SSURIeIl

% 000°1 811 o 08¢ 288 ” wdd 1 spres POAJOSSIY

E &0° 460° e 01 ’ () Uodog
i 8" 8 e g (CON) S1BOIN

Haes, o8or o o _— ¥ 0T e {A) aprionid

@ 082 0T 8 ¥1 08 RE o (10) apLoly

= ULE o0& L1 9’6 8% 68 ) (') oyuimg

= PEL 26T 80T YL vEE CORH) MPUoqIsag

= 9e L £ ’ (31 -+ BN

.w winssmyod put Wnipoy

= 95T ¥y - vE 0g (BW) wnsausep

= Te o g ¥ ny (B} Wnoleh

= 4 - e T {9a1) UOIT

H R 8 87 0% ¥e a8 (FOR) BOIIE

SOTAISE YIESY] B0z J00) ooz J00§ auwE 400§ FUOZ J00F (1agi-16/¢8) (uorrurdad 9108y)
..m g °g 1 4Aq “%18 0% =461 ~EBL 9% ~BEL =8 OF ~0F ~£8 1 -8 Fugadg WIEM SPURNYIIEUOT)
pepusuIiossy e TR PO/ G0 VAN ISAT, ADAROEY "IVOTDUI0REY M T (Jrssmmesiommmsd

2 LRyt

= wpeAS ‘AOTTE A JSAOID WD [[PM 1893 LoAIng T0IS0108yH g "N 01} UI seues

.M, X FupIReq-1008M INoY woly pue Sumdg UITEAN TIOIT ASYEM 5O RORATEUR [EOTWOUD

= .

&

S

QL




114 Contributions to Hydrology of Eastern Nevada

The analyses indicate that the water is satisfactory when com-
pared to the limits recommended by the U. 8. Public Health
Service for drinking water used on interstate carriers.

Magistad and Christiansen (1944, pp. 8,9) have given tenta-
tive standards for irrigation waters, but they indicate that con-
sideration should be given to the characteristics of the type of
soil and the soil solution in evaluating the effect of water of a
given chemical composition on a given seil.

Standards for irvigation waters

; Clonduets s (e
{rieroankbos Total Pornire- Bodium® Boron
Water class at 25% £ S ) oot Ltoha) {pereent) {paya)
Class Iio oo 0 <1, 000 < <1 <l <05
Clasg 2 1.000-3,000 T2, 00 13 B985 R A1
Clase s 00 5,000 S, 000 fo s B it 30
~Ylhe percentage of sodium is caleulated from analitical results expressed in
milligvam eguivalents per kilogram. - These results are obtained by dividing the

parts per million of sodiurm, calelum, and magnesiom by 2%, 20, and 12.24, respec-
tvely: then 100 times the milligram equivalents of soditm s divided by the sum
of the milligram equivalents of sodium, calcium, and magnesium.  In milligram
eguivalents 100 Na
Mo Cax-Ie

“Ewecllont to good, sititable for most plants under most conditions,

Hrood'to-injuricus, probably haymful fo'the more sensitive crops

Hnjurious to unsatisfactory, probably harminl to most crops and unsatisfac-
tory Tor all but-the mest tolerant, 1P & water falls in Olass 3 on any basis, i, &,
conduciande, salt content, percentage of sodiam, or boron countent, it should be
classed as unsuitable under most conditions. Should the salts present be largely
sulfates, the values for salt content in each class can be ralsed 50 percent.

== percentage of sodiym

Comparison of the analyses with these standards indicates that
the water from the four zones in the well and from the Warm
Spring are in Class I for all constituents for which standards
have been listed. '

It seems likely that ground water of good quality can be
obtained generally along the west and north sides of Clover
Valley. From experience in other closed valleys in Nevada
some and probably considerable deterioration of quality may be
expected in the lowest part of the valley, which is in the vieinity
of Snow Water Lake

On the same basis it would be expected that pround water

along the marginal parts of Independence Valley would be of

better quality than that in the playa area in the lowest part of
the valley. If water is developed in either the vicinity of Snow
Water Lake (Clover Valley) or the playa area of Independence
Valley, it will be desirable to have chemical analyses made to
determine its suitability for the contemplated use. :

RESULTE OF DRILLING THE U, 8. CEOLOGICAL SURBVEY
TEST WELL IN CLOVER VALLEY, NEVADA
In May 1949 a test well was drilled in the northern part of
Clover Valley under the direction of the U. S. Geological Survey.
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The cost of drilling, testing, and completing the well was financed
by cooperative funds. The purpose of such drilling was to obtain
geologic and hydrologic information on the sediments penetrated
and to determine the chemical character of the ground water
 encountered.

The well iz on land owned by the State of Nevada, on the
right-of-way east of U. S. Highway 938, about 15 miles south of
Wells and about 3% miles west of the Western Pacific Railroad
station at Tobar.

The well wag drilled with a cable-tool rig to a depth of 286
foet and was cased to a depth of 197 feet with 6-inch casing.
The casing is not perforated, and the water level is representa-
tive of water-bearing zones in the interval between 197 and 286
feet. A companion observation well penetrates the sediments to
a depth of 15 feet. The water levels in the two wells are approxi-
mately equal. Periodic measurements will be made in the wells
as a part of the State-wide observation-well program.

The log of the test well, as shown in Table 7, is based on
samples of material obtained during drilling operations. In gen-
eral, the material encountered was fine- to coarse-grained sand
with lesser amounts of silt and gravel. Forty-eight samples were
taken from this 286-foot well. The average of all the samples
contained about 9 percent silt, 43 percent fine- to medium-grained -
sand, 45 percent coarse-grained sand and fine gravel, and 3 per-
cent medium or coarse gravel. Most samples ranged in grain size
from silt to fine gravel. No materials recovered were larger than
about half an inch in diameter.

Sediments having such poor sorting ordinarily are not highly
permeable and do not yield large quantities of water to drilled
wells.  However, some zones appear capable of development, the
more promising of which are those in the intervals from 40 to 43
feet, T4 to 80 feet, 145 to 155 feet, and 185 to 190 feet. Of these,
the 145- to 155-foot zone is believed to be the most suitable for
development. The sediments in the vicinity of the test well prob-
ably are finer-grained on the average than would be expected at
equivalent depths a mile or more west of the well. If this infer-
ence is correct, wells drilled to the west should encounter more
productive water-bearing zones than those penetrated by the test
well. The physical character of the materials encountered sug-
gest that satisfactory yields are not likely to be obtained by wells
of ordinary construction in the vicinity of the test well, and pos-
sibly in the lower parts of the valley. It is believed that the most
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efficient development of water in this area can be obtained
through a well properly sereened or gravel-packed, or both

The mineralogical character of the younger valley fill and the
upper part of the Humboldt formation is essentially the same
because both had the source of their materials in the Bast Hum-
boldt Range. Therefore, a separation on a mineralogical basis
is not believed to be possible.

The first 110 feet of materials penetrated by the well may
represent the thickness of the younger valley fill in this Ioeality.
Between 110 feet and the bottom of the well, at 286 feet, the
materials are believed to be a part of the Humboldt formation,
Although not entirely certain, the assumed break at about 110
feet iz based on the difference of drilling characteristics above
and below that level. The common characteristic of the sedi-
ments above 110 feet is the extremely “lovse” condition, which
permitted frequent “heaving” of the sand into the casing.

One other possible break between the younger valley fill and
the Humboldt formation is at 155 feet. Here the break is predi-
cated on the assumption that the coarse-grained sand and gravesl
in the interval between 145 and 155 feet represents a change in
conditions of deposition. The deformation that terminated the

deposition of the Humboldt formation initiated a period of depo-
-~ gition in restricted basins. Under these conditions the coarse
material in the 145- to 155-foot interval would represent the
initial deposits of the restricted basins.

Of the several water-bearing zones encountered by the test
well it seems likely that the zone between 145 and 155 feet may
be the most favorable for development. If this zone actually
represents the base of the vounger wvalley fill, the postulation
may be made that the zone would be at a shallower depth, and
* possibly thicker, between the well and the lower alluvial slopes
of the East Humbeldt Range.

TABLE 7

Log of the U. 8. Geological Survey tost well, 35/62-27R1, in Clover Valley, Nev.

Location: NEINWE sec. 27, 1. 85 N, B. 62 B In Clover Valley about 15
miles south of the town of Wells, on the right-of-way east of U, 8. Highway 95,
and at the only bend in the highway for several miles in either divection, just
south of a trail leading east from the highway to the railroad station of Tobar.
Owner: U. B Geological Survey, Driller, C. N Hobertson. Depth 258 feet:
8-ineh casing to 197 feel (not perforated); and open hole from 197 to 286 feet
Log from samples collected by B. O Perry, geologist, T. 8. Geclogical Burvey.
Home samples taken where open-hole drilling was In progress may contain
material “spalled off” from above the zone sampled:

i
i
|
|
|
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TABLE T=—Continued. Thitksess - Depth
Waterial {feet) {feat
Boil and silty graiel 18 18
® Sand, coarse, with meﬂium to fine sand. and fine gravel.,».m.,,__,,.,. SR B 23
{Coargs sand, 40% medium sand, 259 ; fne sand, 19% . fine

gravel 1% mlt 1,9. Angular to subangular particles, loosely
congolidated, (ﬁamz, largely guartg and  feldspar,  with small
amounts. of mica and other Terromagpesian minerals,  Color,
light i moderate olive brown [EXE/51.32
= Band, coarse to medium, with fine gravel and silt 5 28
{ toarge sand, 45 % '; medium sand, 30%; fine gravel, 15%; fine
sand, 109, Angular 1o subangular particles, llnCGnSOiii}ateﬁ.
CGirains, largely quariz, feldspar, with small amounts of mica and
pther ferromagnesian minerals. Color, pale gresnish yellow fo
pale olive [L0¥T/210
Band fAne to marae with silt S - 440
(Fine sand, 35% ; medium sand, 504 ; coarse sand, 20% ; silt,
15% Subfmgular particles, loossly consolidated. Grainsg, mostly
qaarfz and feldspar, with minor amounts of ferromagnesian min-
erals, Color, Hght to moderate olive brown [6Y5/51.)
Sand, coarse, with medium sand, fine gravel, and fnecsand. ool 3 43
{Conrgs, 82 BB iedinm %md (}%; fine -pravel, 14% ;. fne
sand, 10% b N Subangular particles, unconsolidated.
Gradns, chh:ﬁy guarts and feldspar, with minor smounts of Terro-
magnesian minerals.  Color, pile greenish yellow to pale olive
[10X7/2].0
Sand, coarse to fing
{Conrse sand, 45% ; medium sand, 805 ofine gand, 235 0 fine
gravel, 2865 eilt, 1%. CAngular o nub(mauidr particles, ancgn-
aolidated.:  Grains, 1ar°‘elj, qu&rtz f(klﬂbl}al and gmall amounis
of muscovite miica, Color, pale greenish yellow o pale olive
[10%¥7/2].)
Sand, fine and medivm with gt and coarse-gand ol
(14 tne gand, 359% . medium sand, 30% ;- sl 20 coarse sand,
155, Subangu!dr pariicles, hmaeiy eongolidated. CGraine, largely
i J uartz, feldspar and minor amounts of ferromag are mimﬂr.ﬂm
CL-IG‘T, «iﬂsky vellow 1o moederata olive bvown [FYE 41
fineg to o mediton sand and, sorme Coarse fm? 2 40
29 1 dine sand, 25% ; medium sand, 359% ;  coarse sand,
g fine gravel, 3 Subangular pal‘tisles, moderately con-
salidated. Larger particles entively guartz and feldspar. Color,
%= pale to grayish olive [10Y5/27.)
Band, medium, with coarse sand and fine sand
Tediurm sand, 40% ; coarse sand, 259 ; fine sand, o silt,
1844 ; fine wmvel 5 Qx:bqnmzlar particles, Eﬁoaeiy consoli-
dated, - GT ‘ns, 1al‘g varty, feldspar, mics, and small amount
of other ferromagne I‘Hiﬁf;"i‘kilﬁ, Ceiczr, Augky vellow to moder-
ate olive brown [5¥5/41.0 -
Sand, eoarse o ﬁnx 4 56
{Cuamt sand, 35% ; wedium sand, 80% ; fine sand, 229% ; =it
1% ; fine gravel, 3%. Subangular particles, loosely consoli-
dated. Grains, quartz, feldspar, and ferromagnesian minersls,
Celor, moderate yellow to light olive brown [5Y6/81.)
Banid, coarse and medium, with fine gravel and fine sand ... 4 60
{Coarse sand, 35% ; medium qand 309 ; fine gravel, 28% ; fine -
sand, 10% ; slit, X, Qubangu}ax D&Ftl(!li,n, mm}ﬁratelv consoli-
dated.” Grains largely -guarts and feldspar, Wlth some  ferro-
magnesian minerals. Color, dusky yvellow [5Y6/41.3

B
[
G4

E)
¥
=4

LY
@1
(34

Gravel, fine and coarse sand, with mediom and fine sand.______ 2 62
{Fine gravel, 209 © ecparse sand, 309 3 medium sand, 20% ; fine
gand, 10% @ silt, 1%. Subangular partlcles, loosely consolidated,
GI‘aan Iazgelv gquartz, white and pink feldspar, and small
amounts of Terromagnesian minerals. - Color, dusky wellow
[5¥6/41.3 ’
SBand, coarse, with medivum sand, fihe ;:myfh] and fine sand__ & i
{Coarse sand, & » medinm sand, 23% ; fine sand, 18
3¢ ; fine wmvei 29, SBubang nilar particles, unconselidated.
Graing, chleﬂv quat‘tz, white and pmk feldspar, and some ferro-
magnesian mineralz, Color, pale olive [1096/21.)
Baml, coarse to medium, with fitie gravel and fine sand_ 4 T4

{Coarwﬂ sand, 40%: medium sand, 309% ; fine gravel, 159%; fine
sand, 149 ; lt, 19%. Subangular  graing, uneonsolidated.

Gmm:;, qguariz, fd«_hpar, and ferromagnesian minerals - Color,

. pale fo g]‘ayish olive [10Y5/21.)
ANl samples contain small amounts of caleiwm carbonate, | Percentages of grain
sizes were obtained. by visual inspection and, therefore, are relative within a given
- and only approximate between dlﬁerent fmmple% Orain sizes are accopding
“ —coptse gravel is grealer than 6 millimeters, mediun tfra,ve! fmm 4 dnb

s, fine gravel from 2 to ¢ millimeters, coarese sand from & to 2 millimeters,
medium sand from 2 i0 % 111111111}9t€T, fine sand from L to % mllhmetel and silt lesg
than % millimeter. : ;

19 fgolors are hased on the Rock Color Chart system, National Research Coungil
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Tapty T Continned.

. Thickpesg ' Depth

Muterial L i{feet) et}

Crravel, fipe fo medivm with coarse to niediom dand o0 0 4 78
(Fine gravel 4005 0 ‘medium glavel, 30% 5 coarse sand, 18
mediue s, 100000 Bnesand 49 et L9 Sithangular
particles, vneonsolidated:  Grains, guarts, feldsoar and abundant
ferromagnesisn minerals, - Color, pale to grayish olive [10Y5/210)

Cravel mediam, o fBne sand b4 LA
(Coarse sand,” 30% ; medivm: sand, 209% : fine gravel, 20% :
medinm: gravel, 209 fine sand, 10%. - Subangulsr particles,
unconsclidated.  Grains lavgely gquarte and feldspar, with some

ferromagnesian  minerals Color,  pale to grayish olive
TI9Y B/
Band, coarge, with medium to fing sgnd & 58

(Coarse sand, §6% ; mediung sand, 209 ¢ fne sand, 159 ; silt,
24, Sabangular particles, unconsolidated.  Grains, quartsz, white
amd gray feldspar, with sowme ferromagnesian minerals . Tolor,
pale olive FIOWE/2TY

Sand, coarse, with fine pravel arnd medlong sand
(Coarse sand, 559 mediuni sand, 209% fine gravel. 309% ¢ fine
sand, 49y sl 1%, Bubangulay particles, D unconsolidated.
Oraing, guariz feldspar) aned some Tertornagnesian wninerals
Color, leht alive brown [5Y3/61.)

Sand, convee, with fne gravel and wmedbnuto Bns sand 0 0 n o 105
(lonrse sand, S5 % medium sand, 259 ¢ Ane gravel, 209 Ane
sand, 189 #ilt 2% . Subangular -pavticles;  ubcongolidated.
Grains, largely guartz and feldspar; with milen and other ferro-
mwggnesian minerals. Color, pale to grayish olive FLOWE/21)

Band, coarde to fing
sand, 0% o fne sand, 259 siln

=%
k=3
Y

167

8

[ Medivn sand, 35% . ¢
5oy fine gravel, 3%, Subangular particles,) loosely consolidated,
Gradng largely quartz and Teldspar, with some Torromapnesian
minerdalel Color; light olive brown [5Y5/61.)

Band, coarge, with Bne gravel and mmediuns to fine sand
(Conrse gand, 409 fne gravel, 205 mediur sand, 209 0 fne
wand, 149 5 0sllt, 1%, Bubangulay particles, moddrately vonsoli-
dated. . Graing  largely  guartz, white and: grayv. feldspar, and
minoe amounts of ferromaghesinn. mindrals, . Color pale to gray-
ish olive [1&“&’2{2}.}

11z

&

g - coarse - with - fine gravel and mediuns to fpe sand i : 124
(Uoarse sand, 50% ; mediom sand, 209 v fine gravel, 2095 7 ine
sand, 104, Subsneular graios, lghtly consolidatad. Particles
largely guartz, feldspar, mica, and other ferromagnesian. min-
erpla. Coloy, pale to grayish olive [10Y5/27.)

Gravel; fne, to fine sand, with silt and clay % igz
(Conrse sund, 9590 1 wiedivin sandd, BEOS Bne gravel S0 fine
saml ARG wile 2o Bobananlay particles, moderately conanli-
dated with elaw,  Graine quarte, feldspar, with some mies and .
other ferromaenesian minerals. - Color, dusky vellow. to light |
olive brown [5X5/5]0 L

Band, coarse, with medium to fine sand and foe gravel 0 0 6 1z8 i

Coavie pand, 45% 0 medium sand, 25900 fAve sand 1500 fine
gravel, 159, Bubangulary particles, lighily consolidated, rains,
Iargely guarts, feldspar, and abundant ferroniaenesian minerals,
Coloy, dusky wellow to moderate olive Brown [0Y5400
Gravel, fine, with cparse sand, litle medinm to fne sand. 00000 4 132
Bine gravel, $056 1 coarae sand, 20% ;o medhom sand, B9y fine
sand, 40p e gl Toto Subaneisla sy Cnarbicles - uneonsolidateds
Liraing, avedly guarviy, feldspar, and some forromaenesinng mins i
erals, | Color, grayish ollve [10¥4/21) .

Sand, fne fo conrse with some silt 0 oo e g 128
{Fine sand, 35% : conrse sand, 309 wediven sand, 250 0 =il
109, Subangulay particles, moderately consolidated, Urains,
largeby guarte, feldspar, and ferromasnesian minerals  Color;
duslky wellow fo Heht ollve brown [58Y5/50)

Gravel, medinm, to Snesand with lttle sflt o oo e
(Medivm gravel, 28% ;0 fine gravel, 209 ‘voarse sand, 209
medinm sand, 159 0 fine sand, 15% ; silt, 5%, SBubangulay
particles  modevately consnlidated Graine laveely quarts, white
and pink feldspar, and ferromagnesian minerals. Color, gravish
vellow to dushy wellow [5¥7/4]0) N

Gravel, voarse, to fne sand . ool e e g 155
{Fine sravel, 2590 wedium gravel, 209 conree sand, 209
coaree sravel 500 - omddiney sand 1000 0 flne sandd B0 aile
1%, Bubaneulay pacticles loosely consalidated. Geains, lareely
quarte, feldevar, and fevromapnesian miverals. Ualor moderate
vellow to Heght olive hrown [5YE/6].) .

Band, coarse, with fine gravel and medium gand, and little silt 0 0 g 184
{Coarse sand, 55% ; fine gravel, 20% © medium sand, 209 ; fine
sand, 5%, Subangulap parvticles; lightly consolidated.  Grains,
largely quartz, feldspar, land about ‘309% hornblende.  Color,
sravish olive [1OV4/21%

=
)
Yot
LS
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TasLe T—Continued,
Thickness - Thepth
Material ety (Teet)
Bilt, elayey, with fine to coarse sand. . il oL Ll b B 17n
(Rl 50% : fne sand, 200 ;. medhon sand, 15% : coarse sand,
109 fine gravel, 5%. Larger particles subangular to anpgular,
firmiy- eonsolidaterd with elay binder. Laveger graing consist of
quarts, feldspar, and ferromagnesian mineeals:  Celor, moderate
greenish vellow to pale olive [1UY7/8]:0

N sample & 175
Band, coarse, with medium to fine sand, and some fine to s
medinm gravel 10000186

{Coarse sand, 40% : mediwm gravel, 5% medium sand, 26%
fine sand. 18%: Ane gravel,  L0gh ;0 silt, 29, Subangular
particles, Hightly consolidated. ~Grains, largely gquartz, feldspar,
and ferromagnesian minerals. : ‘Color, dusky yellow fo moderate
olive brown [5TE/4]1.)
Grawvel, medium, to medinm and fine sand ) 180
(Cosrse. sand, 300 1 fine gravel, 25% ;  medium sand, v {10
medinm gravel, 159 ;o fine sand, 9% silt, 1% pubanzular
tn angular. particles, very loosely consolidated.  Grains, largely
guarty, feldspar, and ferromagnesian. minerels.  Color, dusky
wellow too Ught olive brown [3YE/51.)
Grrawel, medinm, to silt - = s R 195
Fine gravel, 26% . medium gravel, 20% ; medium sand, 15% ;
fine sand, 159 ; silt, 159 ; coarse sand, 10%. Bubangular
particles, moderately consolidated. Grains, largely guartz and
feldspar, with minor ameunts  of mica and ferromegnesian
minerals. Oolor, moderate vellow to-lght olive brown [3Y6/87)
#and, eonrse, with meditm 1o fine sand -
{Coarse sand, 50% @ medilon sand, 25% ; fne sand, 20% ; silt,
J, 0 fine. gravel,. 295, Subangular to subrounded  particles,
lightly consolidated,  Orains largely gquarts, feldspar, and minor
amounts, of mica s and ferromagnesian sminerals. o Colop, dusky
vellow to lght olive brown: [5¥5/810 : :
Band, coarse to fine : it 206
(Cparse sand, 409% ; medium sand, 80% 5 fine sand, 26% ; fine
gravel, 39 silt, 29, Subangular particlegs, lightly consolidated.
Graing, largely guartz, feldspar, and minor amounts of mica
and. ferromagnesian. migerals. - Coler, dusky  wellow to . light
F elive Brown [BYESETD
Sand, coarse to fine, with Hitle sii and fine gravel - &
(Coarse sand, 25% ; foe-sand, 25%; medium sand, 209 ; =il
159 fAne gravel, 12 ; ‘medium gravel, 3%, Bubangular to
subrounded particles, moderately conzolidated. - Grains, largely
quarts, - feldspar, and - some ferromagnesian minerals. - Color,
duskyovellow [§X6/41.%
fand, medivm, ard fine, with coarse sand and sl oo oo o 13
{Medium sand, 309 ; fine sand, 30% ; coarse pand, 20% ; =it
189, fine gravel, 2%,  Subangular particles, lightly consoli-
dated. Graine, largely guartz. feldspar, and  ferromagnesian
minerals. - Color, dusky sellow [5X6/41.)
Sand, fne ard medbom, with sl and coarse sand 5 250
{Fine sand, 35% ; medinm sand, 308 ;. silt, 19% 5 charsg sand,
159« fine gravel, 19, Subangular particles, lightly consalidated.
Graing, largely gusrts, feldspar, -and minor: amounts of . ferro-
magnesian minerals, . Color, dusky vellow [5Y8/41.)

& 204

B0
ey
121

g
e
&n

Hit with some fine Sand 1 281
(SilE, TR ;- fine sand, 159% ; medhum sand, 5% ;o oarse sand,
2t arger  particles - subshgularn, moderately - consolidated,

Crains, largely guarts with miner ameunts  of ferromagnesian
minerals. Color, moderate vellow to light olive brown [5X6/61.)
Sand, coarse, with medium sand to- silt (drilling difficulty 6 287
[Coarse sand, 4095 medinom sand, 209 7 fine sand, 209 ; =ilE,
199 5 fine cgravel, 1%, Bubangular particles, lightly consoli-
Aated, © 43rains,  largely guartz, fellspar, and ferromsgnesian
minerals.  Color, dusky vellow [5¥6/4].)
Band, fine to coarse, with silt & 245
(Fine sand, 30% ; medium sand, 25% ; coarse sand, 25% 5 sl
199 ; fine ‘gravel, 1%. Subangular particles, lightly consoli-
dmted. Crains, largely guariz, feldspar, and ferrompgnesian
minerals, - Color, dusky wellow [5Y6/41.)
Sand, fine and medium, with silt and coarse sand. oo
{Fine sand, 309 5 medium sand, 259% ; silt, 209 ; coavse sand,
209 » fne gravel, 5%, Bubangular particles, Hghily: consoli-
dated,  Graing, Jargely guartz, feldspar, and minor amounts of
ferromagnesian minerals. - Color, dusky  vellow to light .olive
hrown [HYE/G]) :
Band, coarse to fine B 262
(Coarse sand; #09% ;. medium sand, 30%; fine sand, 25% ; fine
eravel, 39 sl 29 Subangular to subrounded particles,
lightly consolidated, Orains, largely quarts, white and pink feld-
spar, and minor amounts of ferromagnesian minerals. Color,
moderate yellow to lght olive brown [BY8/61.)

-
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Tapre T—Continued,

Thickness © Depth
Miaterial {feety {feet)
Gravel: fing; to Gne sand 7 289
(Coarse sand; 309 Ane gravel, 259 ;. fine sand, 2495 medium
sand, 209 silt, 1%, Subangolar particles, lightly consalidated,
Fraing, larvgely quarts white' and pink Teldspar, and minor
amotnts ol ferromagnesian minerals: Color, dusky - vellow
RN A YN
Band, coarse, with some roeditm and five sand &
C(Coarse sand, 55% ; medium sand, 209 ; fine sand, 19% ; fine
gravel, 5% ; silt, 19%. Bubsngular to subrounded particles,
lightly consolidated. Grains, largely quartz, white and pink feld-
spar,and minor amounts of ferromagnesian mineralz.  Color,
miciderate yellow to light olive brown [5Y6/61.)
Sand, soarse, with fine and medium stind & 281
{odrse sand, 409% : fine sand, 28% ; medium sand, 259% : Ane
gravel, 5% ;. gilt, 29. Subangular particles, lightly consolidated.
Graing, largely guoartz and feldspar, with  mice and  ferro-
?mg@%s]ian minerals.  Color, moderate vellow to light olive brown
5Y 3

B
et
=

Sand, codarse to fine with Httle silt - . 5 286
(Coarse sand, $0% ; medium sand, 25% ¢ fine sand, 2096 silt,
109 .  fAne gravel, 5%,  Subangular particles, lightly congoali-
dated. | Grafos, largely gudrts and feldspay, with ferromagnesian
minerals, Color, dushy - wellow to o modevate  olive brown
[EYE/4TS :
Total depth - 2E6

Supplemental information was obtained during drilling opera-
tions by R. €. Perry, geologist, U. 8. Geological Survey, and is
summarized below (depths are referred to land surface):

When hole was slightly deeper than 18 feet, water was meas-
ured at 11.3 feet, and 1 hour later it was 9.4 feet. Water sample
of the 18- to 23-foot zone was taken at this depth. When hole

depth was 43 to 45 feet, depth to water was 23.45 feet and water
yield was small. Casing was maintained at the bottom of the
hole. Water sample of the 40- to 43-foot zone was then collected,
Material was added to the hole to reduce tendency for sand to
“heave” into casing. At 49 feet, brown sand was very loose.
When hole was 531 feet deep the casing was at 502 feet, and the
water at 19.75 feet. When the hole was 66 feet deep, the casing
was at 621 feet and water at 27.46 feet, and the hole had filled in
20 feet to 46 feet with loose brown sand. The casing was main-
tained at 621 feet and, after being cleaned out, the hole was car-
ried to 75 feet; at this time the depth to water was 10.25 feet.
Difficulty with sand heaving into the ecaging was encountered
intermittently until the casing was carried to 111 feet. Below
111 feet open-hole drilling was possible.. When the hole wasg 112
feet, the depth to water was 81.64 feet after drilling was stopned
in late afternoon. The following morning the depth to water was
15.70 feetl.

While drilling in “hard clay” with gravel pebbles, between 120
and 122 feet, the water level began fo rise; in 1} minutes water
started flowing over the casing in small quantity. At glightly
below 122 feet the tools were pulled out and well was bailed.
Withdrawal of about 150 gallons in 7 minutes lowered the water
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level to 28.78 feet. In 20 minutes the water level recovered to
16.10 feet. Subsequently, a 15-minute bailing fest was run atl
the rate of 20 gallons per minute. The water level at the end of
the test was 42.27 feet—a drawdown of about 26 feet. In 30
minutes the water level had recovered to 19.6 feet, The indicated
specific capacity was less than 1 gallon per minute per foot of
drawdown. A water sample of the 122- to 132-foot zone was
collected near the end of this bailing test. Drilling was carried
to 125 feet and the casing was driven from 111 fo 125 feet. The
depth to water was 21.10 feet when drilling operations were
stopped for the day. The following morning the water level was
22 39 feet, Drilling was continued to 155 feet and the casing was
carried to 132 feet. With the hole at 155 feet the depth to water
was 15.0 feet. With the casing maintained at 132 feet, the depth
to water was 21,77 Teet when the hole was at 170 feet, and 18.53
feet when the hole was at 18T feet. It is probable that these
water levels were not entirely stabilized. Drilling was carried to
212 feet and the casing driven to 197 feet. The depth to water
was then 16.55 feet. A 20-minute bailing test was run. With a
bailing rate of 25 gallons per minute the watler level was drawn
down to 31.64 feet at the end of the test. A water sample of the
197- to 212-foot zone was collected during the latter part of this
test. The hole was then drilled from 212 to 215 feet. One hour
after the bailing test the depth to water was 11.99 feet. Forty-
five minutes later the depth to water was 11.20 feet. With the
casing maintained at 197 feet, drilling was continued. Drilling
was hard between 231 and 237 feet. When the depth of the hole
was 255 feet the depth to water was 13.51 feet. Drilling ‘was
stopped at 286 feet, the casing was maintained at 197 feet, and
the depth to water was 12.62 feet on May 24, 1949, the depth to
water was 9.35 feet on May 31.

TABLE 8
Record of wells in Clover and Independence Valleys, Mevada

CLOVER VALLEY

81,/62-3A1, Owner, nnknown. “Deep” well. Stock, dug well, depth 141 feef,
cross section diameter 30 by 36 inches, wood-eribbed ; equipped with a cylinder
pump and gasoline engine. Measuring peint, top of 8- by 8-inch wood tie, which
is 1.5 feet above land surface. Depth to water below measuring point, 131.25
feet, August 24, 1048,

82/63-2181, Owner, nonknown., “R. H.” well, Btock, dug well, cross gection
diameter 48 by 48 inches. Equipped with a cylinder pump and gasoline engine,
Depth to water below land surface, 1354 feet.

33/63-28B1. Owner, unknown, Stock, drilled well, depth 66 feet, diameter
6 inches, steel casing ; eguipped with a cylinder pump and windmill., Measur-
ing point, top of casing, which is 0.5 foot below land surface. Depth to water
below measuring point; 46.60 feef, August 24, 1048,
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84/61-12A1. J. L. Vandiver and J. 8 Badt.  Domestic, dritled well, depth
105 feet, diameter 6 inches, steel casing.  Drilled September 1945, Water Jevel
reported 13 feet below surface when hole was 80 feet deep or less, 20 feet below
surface when 638 feet deep.  Bailing test (depth 25 {o 60 Teet) 1,500 gallons per
hour with a deawdown of 15 feet, bailing test (depth 105 feet) 1,500 gallons

per hour with a drawdown of 15+ feet. Log of well:
Thicknesy - Depth

Material {fout) {Tuet)
Band, fAne, Hitle clay 25 25
Gravel, fine, sandy 35 60
Gravei hard fne, -pandy 3 53
Gravel, some coarss, sand Hittle cluy 132 195
Total depth g 1957

34/62-14B1, J. P, Wallman. Btock, drilled well, depth 235 feet, diameter
i} Inches.  Reported depth to water 15 feet. - Driller’s Tog.
Thickness'  Depth

Buterial {feet) (foet)
“Hardpan” 5 B
Clay amd gravel grav. 13 18
Bandoand oravels water . 17 35
Total depth sl 358

34/63-2141  Lesle Davis.  Unused dug well, diameter 8 feet, conecrete
cribbed. - Measuring point, top of concrete eribbing, west side, which i3 at Iand
surface.  Depth to water below mweasuring point, 12.58 feet, August 25, 1048,

B5/62-26A1, ILloya Higley. (Formerly O’Neil oil test.) Unused drilled well,
reported depth 600 feet, diameter 81 inches, stesl casing. Reported to have
Howed g large amonnt from aquifer at 160 or 280 feet.  Measpring point, fop
af casing, which i 1.0 foot above land surface. Depth o water balow measur-
ing peint; 844 Teet, Avgust 25, 1048,

85/82-26A2.  Tioyd Higley,  Irrigation, dug well, depth 10 foot; oross mee:
tion diameter 6 by 7 feet, wood tie eribbing. - Bguipped with Zineh centrifogal :
pump and 23-horsepower gasoline engine,  Heported yield, 75 to 100 gallons per
minute, Measuring point, top of 8- by S-nch wood eribbing, west side, which
in at land surface. Depth to water below measuring point, 7.72 feet, Angust
25, 1948,

85/62.2601. J. P, Wallman.  Stock, drilled well, depth 38 feet, dlametm 64
inches. Reported depth fo witer 15 feet  Driller's log.

Thickness Depth

Waterial {foet) ffeety
YHardnan” Ll i 15 15
Sand and gravel, brown, loose: water Saniii: 23 Bt
Total depth e el 38

C89/022TBL . UL B Geological Survey,  Test am} observation, dvilled: well,
depth 286 feel, diameter 6 inches, cased to 197 feet. Casing not perforated.
Measuring point, top of 1-Huch bole In plate on G-ineh casing which is 045 foot
above land surface.. Depth to watler below measuring point, 1049+ 935 feet,
May 31, B89 feet, June 23: 9.22 foet, July 19: 89.84 feol Avgust 257 1008
feet. Septembear I4; and 10.23 feet, December 21,

25/62-2T82. - U.. B Geological  Survey.,  Observation well, depth 15 feet,
diaweter 1 inch,  Measuring polnt, fop of 1-ineh iron pipe;, which is 045 foot
above land surface. Depth fo water below measuring point, 194971 941 feet,
June 8: 912 feet, July 19: 970 feet; Auzust 25; 1000 feet, September 14
and 10.22 feet, December 21,

Sh/22BAl. J P Wallman. Stock, drilled well, depth 41 feet, diameter 6
inches. Bguipped with windmill and eylinder pump.  Measuring point, top of
Gi-inch casing, which is 0.6 foot above land surface.  Depth to water below
measuring point, 1949: 1140 feet, May 4: 11.84 feet, September 14 Drillers
log.

: Thickness . Drepth
Material {feet] Lfenty

4 “Haz‘dﬁ&n" ' : 15 15
Sand and gravel; Joose - water : 28 47

Total depth 41
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35/63-2001. Western Pacific Railvoad, "01d” well at Tobar.  Doniestic and
railroad, drilled well, depth 180 feet, diameter 4 inches, slteel casing to 128
feet,  Bguipped with a eylinder pump and gasoline engine,  Reported pnniping
rate 9 gallons per minute; pumpage abont 20,000 gallons per month,

" Thickness | Depth
Material {Foet) [Teet)

Gravel, vemented 22 22
Clay 34 56
Quicksand ; waler i 57
Clay and gravel g6 123
Gravel: ter 4 127
Zlay anid “hardpan® ' 3 130
Total depth - 130

35/63-2002, . Western Pacific: Railroad, . “New” 'well at Tobar.  Railroad,
drilled ‘well, reported depth 132 feet, diameter 6 inches, steel casing.  Drilled
August 1948 ; bailing test, about 24 gallons per minute with little effect on
water level. - No equipment at time of this veport.  Measuring polut, top of
casing, which is 0.5 foot above land surface. Depth to water below measnring
point, 57.40 feet, Augnst 25, 1048,

Thickness - Depth

Muaterial i {feet) (feet)
Gravel i0 in
Gravel and: clay, vellow, 50 £}
Zravel 1 Ta
Gravel and clay, vellow 12 82
el ) 3 55
Grawvel and elay. 23 108
Hand 8 118
Gravel and clay ! is 132
Total depth i 132

56/61-36A1. K. C. Banch, Unused dug well, depth 23 feet, diameter 48
inches. Measuring point, top of 8 by S-inch timber cover, which is 0.5 foot
above land surface,  Depth to water below measuring point, 5.55 feet, July 7.
194K,

INDEPENDENCE VALLEY

832/64-4B1. Griswold (7Y, Domestic and stock, dng well, depth and diameter
nuknown.  Well eaved around pump column, but pumps water readily. Water
estimated about 10 feet below land surface,

82/64-4B2.  Griswold{?), - Stoek, drilled well, depth 60 feet, diameter 4
inches, “steel “eusing,  Eauipped with eylinder pomp, no engine. Measuring
point, top of casing, which is at land surface. Depth to water below measaring
point, 27.88 feet, August 24, 1048,

32/65-6C1.  Owner, unknown. Stock, drilled well, diameter 6 inches, steel
caging. Equipped with evlinder pump and gasoline engine. " Measuring peint,
top.of casing, which is at land surface. Depth to waler below measuring
point, 120.75 feet, August 24, 1948,

33/65-10D1,  {Unsurveved.) Jasper well, Stock. Hguoipped with a cylinder
pump and gasoline engine.  Could not measure.

84/68-1A1. Western Parific Railroad. Ventosa well, Railroad, drilled well,
depth 320 feet, diameter 11% inches, steel casing to 315 feet. Drilled 1908(2).
Test pumped September 1945, 37.000 gallons in O hours, and 27000 gallons in
7 hours. Present vield reported to have decreased to less than 2,000 gallons
per hour after several hours of pumping.  Log of well @

Thickness. . Depth

Muterial {feet) {foet}
Clay i 1]
Sand and gravel; water at 210 feet 150 210
Band ; 85 295
Gravel, cemented . 25 220

Total depth i 320




124 Contributions to Hydrology of Eastern Nevada

84/65-2001. (Unsurveyed. ) Western Pacifie Bailvoad.  Sonar well, Unused
bored well; depth 108 feet, cased to hardpan at 86 feet. . Bored in 1981 Log
of dwell

Thickness. - Depth

Blaterinl {feat) {fesk)
C Ay i i e L T D s e 12 14
Sand, firne, white & 1%
{llas, aam}y 7 26
Band, hard-packed ; water. 12 38
Clay 2 63
Yomicksand” ; wery little water . 2 T
Clay, sandy, or packed sand in £4

26 108

icksand” ;s very little water P 168
Total depth o 148

36/65-6C1 Owner, unknown. Doinestic and stock, dug well. Eginipped
with g evlinder pump and windmill, Depth to bedrock reported at 58 to 69
feet {bottom of well}, Water level reported 56== feef below land surface.

BUMMARY

The following summarizes pertinent items of this reconnais-
sance on Clover and Independence Valleys:

‘1. The amount of ground water that it may be practicable to
recover annually is estimated {0 be about 10,000 acre-feet in
Clover Valley and about 2,000 acre-feet in Independence Valley.

2. Shallow wells of a “pit” type may prove satisfactory for
irrigation use in the area north and northwest of Snow Wai:er
Liake in Clover Valley

8. Potential yields of ground water from relatively deep water-
bearing zones in the valley' £l in Clover Valley have not been
thoroughly explored. The U. 8. Geological Survey test well
(35/62-27B1) encountered several relatively thin water-bearing
zones from which small to moderate supplies could be developed.

The reported pumping rate of the 320-foct railroad well at
Ventosa in Independence Valley suggests that conditions are not
favorable for deep wells to produee large vields in the cenkral
part of Independence Valley. More permeable water-bearing
zones might be expected in the marginal portions of - Inde-
pendernice Valley but no data are available,

4. ‘About 6,000 acres of Class I'land; suitable for development,
and about 7,000 acres of Class II land, less suitable for develop-
ment, are indicated by soil reconnaissance in Clover Valley. Only
small acreages may be developed locally in Independence Valley.

5. The frost-free or growing season in Clover and Independ-
ence Valleys is relatively short, averaging about 100 days.
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GROUND WATER IN
RAILROAD, HOT CREEK, REVEILLE, KAWICH,
AND PENOYER VALLEYS, NYE, LINCOLN,
AND WHITE PINE COUNTIES, NEVADA

By 4. B. Maxzy and T. B. BEagin, Geologists, Ground Waoter Branch,
. 8. Geological Survey.
{November 1950)

INTRODUCTION

Since July 1, 1945, the United States Geological Survey,
Ground Water Branch, in cooperation with the State Engineer
of Nevada, has been engaged in a survey of the pround-water
resources of Nevada. The State is represented in the joint pro-
gram by Hugh A, Shamberger, Assistant State Engineer, and the
work is under the direction of Thomas W. Robinson, District
Engineer of the Ground Water Braoch in Nevada. The studies
and veporis are of ‘two general types—one of a4 more or less
detailed character for areas in which ground water is moderately
or extensively developed, and the other of a reconnaissance type

where little ground-water development has taken place. This is
a reconnaissance report,

Field studies of the general geclogic and hydrologic conditions
in the region covered by this report were made in the spring of
31948, During this time most of the known wells and springs
were visited and basic hydrolopic data were obtained. Logs and
data for wells drilled between July 1, 1847, and December 31,
1949, obtained from the files of the State Engineer, are included
in the report.

The purpose of the study was: (1) To determine the approxi-
mate order of magnitude of the average annual recharge to and
discharge from the pround-water reservoirs, (2) to estimate the
approximate fraction of the annual increment that might be
available for development, and (3) a general consideration of
the guality of the ground water.

LOCATION AND CULTURAL FEATURES OF THE ARPA

The region described in this report includes about 5,570 square
miles in the northeastern part of Nye County, the northwest cor-
ner of Lincoln Uounty, and the southwestern part of White Pine
County in east-ventral Nevada, between 115215 and 11630
west longitude and 37°157 and 39°15’ north latitude. The popu-
lation is sparse, there being no towns. The principal industries
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are livestock raising and some mining. Some farming is carried
on in connection with the livestock industry. The principal trade
centers are Tonopah, about 50 miles west, Eureka, about 40 miles
north, Ely, about 60 miles northeast, and Caliente, about 70 miles
east of the region. Ely and Caliente also serve as the principal
shipping points. The region is accessible by automobile. U, S.
Highway 6 enters it from the east at Currant Summit, crosses it
diagonally in a southwesterly direction, and leaves it a few miles
southwest of Warm Springs in Hot Creek Valley. Also, Nevada
State Highway 25 crosses the southern part of the region, and
Nevada State Highway 20 connects U, S. Highway 6 at Currant
with U, 8. Highway 50 near Eureka. Numerous dry-weather
roads and trails connect the most important points within the
region, :
PHYSBIOGRAPHY AND DRAINAGE

The region is near the central part of the Great Basin section
of the Basin and Range physiographic province. It has the typi-
cal characteristics of the Great Basin——elongate valleys partly
filled with unconsolidated and poorly consolidated alluvial and
lacustrine deposits. The valleys lie between narrow, northward-
trending mountains composed of well-consolidated sedimentary
and igneous rocks. ‘

The region contains five valleys, Railroad, Hot Creek, Reveille,
Kawich, and Penoyer, which are separated from each other and
from adjacent regions by relatively high northward-trending
mountain ranges (7,000 to 11,000 feet above sea level). Hot
Creek and Reveille Valleys drain eastward through low passes
- into -Railroad Valley, whereas Railroad, Kawich, "and Penoyer
Valleys are basins with interior drainage. (See Pl 1.)

The area of the five valleys below an altitude of 6,000 feet
iz about 2,680 square miles. Railroad Valley contains 1,370
square miles or about half of this area, Hot Creek and Reveille
Valleys together contain about 605 square miles, Kawich Valley
has about 160 square miles, and Penoyer Valley about 445 square
miles. The lowest part of the region is the playa area in the
north-central part of Bailroad Valley. There the altitude aver-
ages about 4,760 feet above sea level.

The White Pine, Horse, Grant, Quinn Canyon, Worthington,
and Timpahute Ranges bound the region on the east and south-
east. The White Pine Range at the north and the Grant Range
lying east of the central part of Railroad Valley are the highest
of these ranges. They reach altitudes of more than 11,000 feet,
and average about 9,000 feet above sea level, which is from 4,000




Contributions to Hydrology of Eastern Nevada 133

to 5,000 feet above the valley floor. The crests of Hot Creek and
Kawich Ranges bounding the west side of the region probably
do not average more than about 8,000 feet above sea level, but
they contain peaks as high as 9,500 feet. The Pancake Range
bounds the northern and northwestern parts of the region. A
low-lying southward-trending spur of this range, and farther
south the Reveille Range, separate Railroad and Hot Creek Val-
leys.  The south side of the region is bounded by the Belted and
Timpahute Ranges, the ¢rests of which reach altitudes as high as
9,000 feet but average about 7,500 feet above e lovel, A norths
ward extension of the Belted Range bounds the southwest end
of Penoyer Valley. Kawich and Penoyer Valleys are separated
from Railroad Valley by the south end of Quinn Canyon Range.

Railroad, Kawich, and Penoyer Valleys contain large playas
near the central parts of the valleys, in addition to the alluvial
aprons adjacent to the mountains. As a result, there are three
local physiographic provinces within the region: (1) The high-
lands—areas of erosion, characterized by steep slopes much dis-
sected and composed commonly of well-indurated bedrock; (2)
the alluvial apron—ordinarily a province of deposition, but also
an area eroded and dissected in many places, with slopes ranging
from 5° to 18°, and composed of unconsolidated or poorly consoli-
dated, irregular alluvial and lacustrine beds which commonly dip
toward the axes of the valleys; and (8) the valley lowlands—areas
of deposition, nearly level and underlain by thick predominantly
fine grained alluvial and lacustrine deposits. The third province
is not present in Hot Creek and Reveille Valleys. The contact of
the highland and alluvial-apron provinces roughly approximates
the 6,000-foot contour shown on Plate 1. The contact of the
alluvial apron and the valley lowland is ordinarily marked by a
shore line or perimeter of the playas.

Wave-cut shoreline terraces, offshore bars and apits, and
beaches built in lakes that existed during Pleistocene time are
especially prominent along the margins of the lower part of
Railroad Valley from the latitude of Currant to as far south as
Nyala. No prominent lake-cut features were observed in the
other valleys but it is likely that Penoyer and Kawich Valleys also
were occupied by shallow, more or less ephemeral Pleistocene
lakes,
~ The only perennial streams in the region are Currant and
Duckwater Creeks in the northern part of Railroad Vallev and
Hot Creek in the northwest corner of Hot Creek Valley. The
other streams are intermittent except for short reaches in the
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mountains, and water runs in their channels only during the
spring runoff or during torrential storms.

Currant Creek heads high on the east slopes of the White Pine
Mountains and flows southward for about 10 miles. It then flows
westward through a deep gorge in the southern part of the range
and over the alluvial apron toward the playa in the north-central
part of Railroad Valley. According to reports from the Office
 of the State Engineer, Currant Creek discharges 10 to 15 second-
feet of water during the spring. However, for short periods
during the spring runoff the discharge may be as much as 25
second-feet. During the period of low flow, from about July to
March, the discharge of the creek ranges from 3 to 5 gsecond-feet,
(See Tables 2 and 3.) The flow of the creek during this period is
maintained by the discharge of springs in the deep gorge through
which the creek passes. Above the gorge the stream is generally
dry during this period.

Duckwater Creek rises in the northwest corner of Railroad
Valley. Its source is a group of springs in the vicinity of - the
Duckwater Indian Reservation. (See Tables 4A and 4B.) The
two largest springs in this group are known as Big Warm Spring
and Little Warm Spring. The creek flows south and when its flow
along the upper reaches of the creek is not completely used for
irrigation it discharges into the playa. Big Warm Spring, the
principal source of Duckwater Creek, has an average discharge
of about 14 second-feet.

Hot Creek rises in the Hot Creek and Monitor Ranges north-
west of Hot Creek Valley and flows southeastward toward Twin
Springs in the east-central part of the valley. The discharge
From the creek is used for irrigation along its course, and during
~ the irrigation season it never flows farther south than U. S. High-
way 6 in the central part of Hot Creek Valley. During the non-
irrigation season and in the winter months the flow may reach
Twin Springs and mingle with the flow of those springs. '

CLIMATE _

The climate in the area of the report is arid to semiarid, for
the precipitation is secant, the relative humidity is low, and the
evaporation is high. The daily and seasonal temperature range
is unusually wide. Snow may fall on the valley lowlands during
any month from October to April and on the mountains during
any month from September to June. Strong winds are common
in the valleys throughout the year. The frost-free growing
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period, as indicated by U. 8. Weather Buresu records, ranges
from a maximum of 130 days to & minimum of 90 davs at Cur-
rant (b-vear period of record, 1942-1946), and from 194 to 144
days at Rattlesnake (5-vear period of record, 1942-1947, exclu-
sive of 1946). It appears likely that the length of the growing
period in most parts of the region will more closely approximate
the Currant record because the conditions at Cuorrant more
closely resemble those of the lower parts of the valleys,

Precipitation records of the U. 8. Weather Bureau for short
periods are available from four stations in Het Creek and Rail-
road Valleys. A summary of these records showing the monthly
and annual averapge precipitation iz given in Table 1. The annual
precipitation at Currant has ranged from 8.01 inches to 12.52
inches during the period of record (1942-1947); at Tybo from
6.33 inches to 13.90 inches between 1892 and 1901 ; and at Rattle-
snake from 1.27 1o 6.44 inches between 1942 and 1947,

A map showing the annual precipitation in Nevada by zones
(Hardman, 1936) * indicates that precipitation varies greatly with
elevation, the higher areas receiving more precipitation. Accord-
ing to this map, only small areas on the highest parts of White

Pine and Grant Ranges receive precipitation exceeding 20 inches
a year. Large areas in the lower parts of the valley, approxi-
mately beneath the 6,000-foot contour, receive 8 inches or less of
precipitation annually.

*Bee list of refersuces at end of report.
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VEGETATION AND BOILS8 \

The higher areas in the region, which range from 6,000 to
10,000 feet in altitude, are commonly covered by a vigorous
growth of juniper and pifion pine associated with sagebrush,
blackbrush, little rabbitbrush, and other typical members of the
Northern Desert Shrub plant association. The alluvial apron and
the valley floor are commonly covered by sagebrush, little rabbit-
brush, and associated shrubs and grasses, except in places where
the water table is near the land surface. The only large areas
of valley floor in which the water table is shallow are in the north-
central part of Railroad Valley and in the vicinity of Twin
Springs in Hot Creek Valley. Common phreatophytes such as
rabbitbrush, saltgrass, and greasewood grow in abundance in
these areas.

A reconnaissance of the soils in the region, except in Kawich
and Reveille Valleys, by Howard G. Mason, Agricultural Econ-
omist of the Nevada Agricultural Experiment Station, was made
during the early summer of 1948. The results of this study are
given in the following letter: '

NEVADA AGRICULTURAL EXPERIMENT STATION

RENO, NEVADA, July 8, 1948.

Mr. ALFRED MERRITT SMITH, State Engineer, Carson City,
Newvada. ;

DEAR MR. SMmITH: I should like to present for your considera-
tion the following observations on agricultural land resources in
Railroad, Hot Creek, and Penoyer Valleys.

I visited Railroad Valley with Mr. Eakin on May 25, at which
time we made a circuit of that part of the valley whieh lies south
of Highway 6. On July 1, with Mr. Maxey, I looked at the rest
of Railroad Valley, which is estimated to have water develop-
ment possibilities. We also inspected Hot Creek and Penoyer
Valleys. : , '

In Railroad Valley I saw only two areas of land which appeared
at all promising. One of about 800 acres, is on the east side of
the Valley about 27 miles south of Currant and a mile or two
north of Troy (Irwin) Creek. This tract lies well for irrigation
and has a deep fine sandy loam soil which appears to be free from
harmful amounts of alkali.

The other body of land which appeared possibly feasible of
development extends from Highway 6 northerly and westerly
through the middle of T. 10 N., R. 57 E. The area is only a few
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hundred yards wide along the highway and probably extends
only a short distance south, The potential agricultural land is

identified by a mixed vegetation of big sagebrush and rabbit-

brush, and where it reaches the highway, by growth of volunteer
sweetelover in the borrow pit. The limits of the area to the north
were not determined and may include a gross of several thousand
acres, There ig a small tract of cultivated land within this area;
which has several acres of alfalfa, poplar and willow trees, and
several common perennial weed species growing on it. No occur-
vence of excessive alkali was noted on the cultivated land. The
place has had little care recently and the condition of the trees,
the alfalfa, and the absence of annual weeds indicates that there
has been no drrigation this season.

The soil in this area is deep and of fine texture Where free
from alkali it may be highly productive. However, it appears
to be near the borderline for alkali and much reclamation would
probably not be feasible. '

Development of this area should be preceded by an intensive
survey of salinity in both the surface soil and the subsoil.

Over the rest of Railroad Valley, within the assumed limifs of
economic lift for irrigation, there appears to me to be very little
opportunity for agricultural development because of the lack of
suitable land. My hypothesis for this condition is that the lands
at the lower levels were heavily impregnated with salts by the
reeedmg lake and since desiecation there has been too little pre-
cipitation for salt removal. There has also been very little devel-
opment of alluvial soil in this part of the valley since the
dizappearance of the lake. If it should ever become economically
feasible to lift water 75 to 100 feet in this area, lands higher up
off the valley floor and charged with less alkali would begin to
come into the picture.

In Hot Creek Valley an area in T. 4 N., R. 50 E., just east of
Warm Springs, was inspected. The land in this vicinity appears
to be satisfactory for agriculture except for its light texture and
gravelly subsoil. The land would not be permanently productive
without special conservation practices, including periodic appli-
cation of mineral fertilizer. Water requirements would be high
and efficient application would be difficult and zzﬂs,tiy as it prob-
ably would involve surface pipe or sprinkler installation.

The potential area in Penoyer Valley is covered by an almost
pure stand of greasewood. There is liftle or no understory of
annual or perennial plants between the greasewood clumps. This




Contributions to Hydrology of Eastern Nevada 139

indicates a very narrow range in adaptability to plant growth—
also, even if a few of the most tolerant crop plants could be
grown, it would probably be necessary to irrigate very frequently |
in order to satisfy their water requirements under the existing |
soil conditions. I consider the possibilities for development in
this area to be velatively unfavorable:

I bope these notes on soil resources in the three valleys visited
will satisfy the immediate purposes of the cooperative investiga-
tions you are conducting.

YVery respectively,
(Signed) HowWARD G. MASON,
Agrienltural Eeonomist.

GENERAL GEOLOGY AND WATER-BEARING PROPERTIES
OF THE ROCES

The rocks of the region are divided into two general groups
on the basis of their age, orivin, vecurrence, and influence on
the occurrence and movement of ground water. These groups
are: (1) The older sedimentary and igneous rocks in the moun-
tains and foothills, and (2) the alluvial deposits and lake beds of
the valleys,

The older sedimentary and igneous rocks are not known to
have been studied and mapped in detail anywhere within the
region. The results of several investigations of widely separated
mining districts have been published (Ball, 1907: Hill, 1916;
Ferguson, 1933; Kirk, 1933) and reveal, to some extent, the
general nature of the older rocks. These and similar rocks were
also examined by the authors during brief reconnaissance studies
in-this and adjacent regions. The following summary is based
upon available published reports and these studies, ,

The older sedimentary rocks range in age from Cambrian to
Carboniferous, and possibly Permian, and include great thick-
nesses of limestone with lesser amounts of dolomite, quartzite,
and shale. Most of the limestone beds are not cavernous. All the
sedimentary rocks are moderately to greatly disturbed by fault-
ing and folding and well-jointed sections are common in both the
caleareous and clastic sediments. _

The older sedimentary clasties are commonly well-consolidated
and therefore relatively impermeable. Only when these rocks are
jointed are they capable of transmitting appreciable guantities
of ground water. Only a few beds of limestone in the mountain
areas were noted to be even moderately cavernous. Therefore,
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the limestone beds are alsc rvelatively impermeable unless they
have been jointed by structural movement. A localized system
of conduits in limestone may be ecapable of transmitting a sub-
stantial quantity of water. It is believed that the discharge of
Big Warm Spring near Duckwater represents the outlet for
such a conduit system. In general, however, the older sedimen-
tary and igneous rocks in the region are not important water-
bearing beds and commonly act as barriers to ground-water
movement.

The igneous rocks are commonly extrusive and in some areas
there are large deposits of ejectamenta such as scoria, voleanie
ash, and pumice. Small areas of intrusive rocks also are present
inthe White Pine and Grant Ranges. The most extension period
of volcanism was probably during the middle Tertiary, but some
of the igneous rocks may have been extruded before that time
and undoubtedly some of the lavas of the Pancake Range are
- of Pleistocene or Recent age. The igneous rocks are relatively
impermeable and transmit water only where they are jointed or
fractured. '

The alluvial deposits of the valley fill contain the most impor-
tant water-bearing beds in the region. They are composed of
urrconsolidated and poorly consolidated gravel, sand, silt, and clay
that are interbedded with lacustrine sand, silt, and clay. The
alluvial deposits form the alluvial apron and much of the valley
fill in the central parts of the valleys, whereas the lacustrine
deposits are commonly found interbedded with the alluvial mate-
rials in the lower parts of the valleys. The contact of the alluvial
deposits and the older consolidated rocks averages about 6,500
feot above sea level, but in many places, especially in the larger
canyons in the mountains, outcrops of the alluvial deposits are
found at altitudes as high as 7,500 feet, Locally, the contact is
considerably lower in the vicinity of spurs of bedrock that jut
into the valley from the mountaing and in the interfan areas on
the allgvial apron.

Outerops where the physical characteristics of the alluvial
deposits may be observed are numerous along the upper parts
of the alluvial apron. There the deposits consist of unconsoli-
dated boulder, cobble, and gravel beds with minor guantities of
gsand ‘interbedded with a few thin lenses of silt. Outcrops are
fewer farther down on the alluvial apron and, although the sedi-
ments near the surface of the toe of the apron appear to be finer-
orained, little is known concerning the nature of the sediments
at depth, except where logs of wells drilled in this part of the
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apron have been recorded. Wells logs are available from well-
drilling operations by the Railroad Valley Saline Co. and the
Fish and Wildlife Service, U. 8. Department of the Interior
(formerly the Biological Survey), in the north-central part of
Railroad Valley. These wells were drilled in the valley lowlands
about 75 to 150 feet below the uppermost lake-built features and
are lower than the present toe of the alluvial apron. The logs
of these wells are given at the end of this report. They show
that the materials of the valley fill are predominantly fine-grained
in the central part of the valley with a little gravel and fine-
grained sand in thin beds.

The valley fill ranges in thickness from a feather edge to at
least 1,204 feet, the depth of the deepest known well (BN /56-2D1)
in the area, and may be considerably thicker. In one well
(TN/66-3C1} basalt, which may be bedrock, was encountered at
794 feet. The character of the deposits underlying the alluvial
apron is in part indicated by the log of well 3N /54-5C1.

The water-bearing properties of the valley-fill deposits, as indi-
cated by the physical character of the sediments, are favorable
for the development of considerable guantities of water, especi-
ally in the area above the toe of the alluvial apron. Loeally.

however, as in the northeastern part of T. 3 N, R. 54 E., bedrock
may underlie the surface of the alluvial apron at depths of only
a few tens of feet. The alluvial sand and gravel are permeable
and capable of transmitting large quantities of water. The inter-
bedded lacustrine deposits are relatively impermeable and thus
act as confining beds that hold the ground water under pressure
in the deposits of coarser and more permeable materials. Thus,
water under artesian pressure is found in Railroad Valley and
may possibly be present in Penoyer Valley.

GROUND WATER
SPRINGE
Large springs provide most of the water now used for irriga~
tion in the region. The most important of these are the springs

in the vicinity of Duckwater, which are the source of Duckwater
Creek, and the springs in Currant Creek Canyon, the base supply
of Currant Creek. The reported discharge of Currant Creek
usually ranges from 10 to 15 second-feet during the spring runoff
to 3 to B second-feef during the period of low flow, as shown in
Tables 2 and 3. The discharge during the low-flow period is
approximately the discharge of the springs.

The discharge of Duckwater Cresk ig supplied largely from
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Big Warm Spring. Records of discharge of Big Warm BSpring,
shown in Tables 4A and 4B, indicate an average discharge of
about 14 second-feet. Table b shows the discharge of Duckwater
Creck at a point about 2 miles downstream from Big Warm
Spring. Diversions from the creek, and some inflow from small
springs, affect the recorded discharge of  Duckwater Creek.
According to records in the Office of the State Engineer, total
irrigation diversions of the waters from the springs at Duck-
water amount to 20 to 25 second-feet. This is possible because
of a large re-use of water and return flow along the creek. Other
well-known springs that supply minor quantities of water for
irrigation, domestic, and stock use are listed in Table 8.

TABLE 2 :
Daily discharge, in second-fect, of Currant Creek at Cazier’s ranch
near Currant, Nevada

(Data from U. 8. Geological Burvey Water-Supply Papers 360, 300, 410,

440, 460, and 570)

Tocation s In see. 25 T, 11 N. R..58 B, at Cagler's ranch, about 2% miles
below inflow from Cazier's reserveir and about 2 miles above Currant Post
Difice. The flow is somewhat affected by regulation of discharge from Cazier’s
veservoir.  Total discharge for vear ending September 30, 1915, was 5,430
scre-feet, and for year ending September 80, 1917, was 4.650 acre-foet,

1913

Diate Wlay | Fune July Ang, . Bept. Diate Hay . June: o July Ang. Bepth.
BIEETDY N B8 B 3.7 5.0 5.8 8.4 4.8 5.5 2.5
B 5.8 8.5 4.4 . <11, 6.8 T8 4.8 1.1 2.5
4. AR 6.1 4.8 2.5 B0 7.8 48 1.9 £
4 PRSI € 5.1 %8 2.9 5.4 6.8 5.4 2.2 3.5
5 40001 5.8 4.8 3l 6.0 L RN 5.1
5 G R b 8.8 5.5 .1 6.1 6.5 Bt 2.4 3.1
T LR b B8 2.3 31 B8 6.8 5.4 5.4 5.1
B s A K 5.1 3.5 2.5 T8 B.5 4.8 R 2.5
2 R 5.8 2.3 3.7 &4 6.8 1.8 Bl 3.5
£ 10, 4.7 4.5 3.3 8.4 6.1 4.8 4.8 2.3

51 1% 4.4 5.3 3.5 4 B.1 4.8 2.7 2.2

51 11 4.0 2.3 3.1 .y 6.0 4.4 3.7 2.5

4.5 1L 5.1 2.5 28 ) Bl 4.0 2.9 2.8

5.4 1L 4.8 4.0 B8 B Bl 4.4 2.8 2.7

5.1 1% B 3.5 2.3 8 i &4 B

5:1 9.8 4.4 2.5 2.3 off {acre-feet) i . S 211

June July Atg, - Beph June Julby Ang. - Bept.

188 - 1L5 1.8 4.8 15.0 5.5 6.4 3.8

16.8 LG 7.8 4.8 15.8 R 8.6 2.8

188 - 105 T4 15.0 8.9 6.7 3.4

16,8 105 7.8 4.8 16.8 8.9 5.7 2.6

18.8 - 10,5 7.8 4.8 154 5.4 &7 3.6

15,7 0 1E T.h 4,8 15.0 8.5 5.7 2.8

14,6 13 7.8 4.8 148 5.5 5.7 2.4

125 1L3 T8 4.8 14,6 8.5 5.7 3.8

11.5. 115 76 4.8 14.6 5.5 5.7 3.6

125 " 1L5 7.0 4.8 13.5 8.5 52 3.6

186 . 115 7.0 4.2 13.6 5.5 4.8 2.8

14,6 - 115 7.0 4,2 12,5 BE 4.8 2.6

150 115 7.0 4.2 115 B.E 4.8 3.8

155 - 1Lb 68 2.6 11.5 8.1 - S

15.0 9.5 6.5 2.8 S T8 4.8 e

16.8 9.5 .6 5.6 off {gere-feet) i inis 2,330
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Panng 2=Continyed.

191610107
Diite Ot Novi Dee o, Peb, - Mar o Apr o MeyJune s July Aup o Bept.
B B [ g & 4 4 4 T 1 ] 6 =
B 1 5 6 6 4 4 4 B 10 B &
6 & i ) ] 4 4 B 10 B 13
B 6 ] i 6 4 4 4 B 10 B 6
B 6 B 6 (] 4 4 4 B 0 & B
) i 8 . ] 4 4 4 & 1 5 3 ¥
B B fi 6 & 4 4 5 B 10 # i3
L] B B B G 4 4 5 B 10 ] i
8 B [ B 8 4 4 5 % 10 B 6
i1 B & 6 ] 4 4 5} & ] @ 4
6 £ [ [ 4 4 4 7 8 B B 3
] 6 7 1 6 4 4 4 ] § B [
& 6 B 6 B 4 4 & ] 7 6 ]
B B ] f ] 4 4 10 11 7 G B
& g 6 B G 4 & 15 13 & B ]
|1 & [ B & 4 4 2 18 & ] (]
] 6 B B ] 4 4 1B 15 8 ] &
] B 8 & 4 4 4 12 15 5 G G
& [ 6 B 4 4 4 12 15 & B G
B & 6 B 4 4 4 12 14 8 5 1
L3 8 B 5 & 4 4 12 14 B i3 B
B [ 6 8 4 4 4 1% 14 7 i £
B 6 6 & 4 4 4 10 12 B 6 ]
6 8 5 5 4 4 4 14 11 5 3 fi
] 33 & & 4 4 4 24 11 B i &
& 6 13 B 4 4 & 15 11 6 4 6
& 6 B 6 4 4 4 4 10 & & B
B 3 8 & 4 4 4 13 11 B B &
6 6 |7 & 4 E 11 11 & B 3
& 8 B (3 4 4 10 11 & 6 &
B B B 4 oy 9 L B [
Total runoff {acre-feet) - 4 650 £
1923
Datse Jan. Fab. Mar. Apr. Blay June Juby o Aug.
1. 1 1 4 10 14 8 7
2 - 1 1 4 13 15 12 7 -
3 - 1 1 4 10 15 12 7
4 e 1 L] 4 3 13 12 ki
5 s L *3 4 14 16 12 T
B - 1 e 4 15 15 10 i
T 1 *3 ) 16 15 10 7
8 — 1 *3 5 21 15 10 5
4 1 *3 5 21 13 10 5
e 1 #3 5 20 13 10 &
1 =3 ] 18 13 10 5
1 =3 5 17 13 9 5
1 *3 B 11 13 9 T
1 3 53 11 13 a 5
e 1 i & 10 13 Ed 5
— 1 *3 7 iz 12 & 5
1 B B 13 10 4 5
1 i 8 15 10 1] 5
i 4 8 15 10 9 5
1 4 & 15 g 9 5
1 1 4 & 16 ] 8 5
1 1 4 1 15 g ] 5
1 1 4 10 15 8 8 5
1 1 4 14 15 8 8 5
1 1 4 10 16 g 3 &
1 1 4 10 16 k] 8 5
1 1 4 10 15 4 B 5
1 1 4 10 15 g 8 &
1 4 14 13 9 8 5
1 4 14 15 g & B
S | 4 e 18 8 5
Total runcif {acre-feel) ... 060
*Hstimated. .

Miscellaneous discharge measurements of Currant Creek at Cazier's fanch
gauging site:

April 29, 1932 .2 gecond-foet

21
June 4, 1823 15.8 second-faet :
4.0 second-feet -

June 18, 1929
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: TABLE 3
Traily discharge, in second-feet, of Currant COreek at Ranger Station near
Currant, Wevada, for the period May 6 to Aungust 31, 1913
{Data from . 8. Geologieal Burvey Water-Supply: Paper 360}

Toeation: About 42 miles above Currant Post Office and ahout 1. mile
above the Ranger Station, . The How is affected by storage changes in Cazjer's
reservoir {off channel) a short distance above the sfation,

Drate Bay June July Anug: Wiy Jone July A
6.5 3.6 = 4.5 G4 0.8 8.4

7.6 8.4 4 4 5.t W4 o

6.5 3.0 4 4.5 4 4

8.0 2.6 4 EA B 2

6.5 2.2 4 5.4 W 2

2: B4 1.5 4 4.5 4 2
2.5 4.5 2.3 4 B:5 hod B 24
2.8 5.4 1.7 4 7.6 6.5 B A
3.8 4.5 1.7 & 9.0 {79 1 N A
3.5 4.5 1.7° A 9.0 4.5 1.2 4
4.5 45 1.7 W T8 4.5 4 1.9
2.8 4.5 1.2 2 3.8 5.6 1 1.2
4.0 f.4 1.2 W LA 2.6 1 1.2
4.5 g 1.2 .4 T8 4.8 ) 8
God 4 L8 4 E1 BN i %] oA B
4.5 5. B 4 Total runoff (acresfeet) . .o 2711

TABLE 4A
Average monthly discharge, in second-feet, of Big Warm Spring near
Duckwater, Nevada, for year ending September 30, 1016
{Data from U. 8, Geological Survey Water-Supply. Paper 440}

Tocation: About 300 vards below spring, about 1 mile south of Duckwater.

Wlonth Thischarge Blonth - Discharge
October 13.3 April 14.1
November 13.5 May 14.4
Dreember 135 June 14.4
January 13.5 July 14.5
February 13.5 Augost 14.6
March 18.5 September 14.6

Average discharge 14.0
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TAPLE 4B ,
Iiscellanieous measurements of discharze, in second-feet, of Biz Warm Spring
near Duckwater, Nevada

(Compiled from records in office of the Siute Enginesy)

Discharpe
Dute fapoond - feet) Bemarks

Am‘il oAbl o o aas In ch:%miai betwien Warm Spring and works of
contra

Ontober 151913 0119 Immediately downstream from swamp diversion.

Beptewmber 12, 1914 L1338 At Tognoni's welr,

Beplember §, 131 L 3. Inchannel between spring pool and Tegnoni's
diversion.

Noveniber: 210 i o 18,8 Gate' o swanmipopen, 1.0 gecond-foot leakape

thm:.]ijgh Tognoni’s gate,

Ma}' F A LR T N

.Imm ?j
Aargust '3'

A Tormer gagmg Stai:zmz
Medr (70 spring outlsl,

D
At gates at outlet from spring pook
D {7}

July g1
Avigust 23
Heptembar 32




e e e el i NP R R SRl

147

9500 o ot o A S S S YR
777?777?7?7777???777nin{?n¢?7n§n:n‘n[ﬂ¢

o
]
4
&
4
3
8
3
2
2
2
2
2
2
2
2

B 42 1

A
£ 550 0 A0 et il et g g wipe .
el e e g o W e | il g S e £ R S A B 0 0 D T e B e B B B B 1 Bl

o e R e e 155 e o o o o Do o e Do o B e 1 SRR S T S e R S S S A
5 sErEE i = & 8 6 0 6 00 605 68 4 o B B B B €8 b o 10 5048 @ A0 0B 4B WP IR
W5r35v3ﬁ—&~333331f41111EJGNDAWQU.QWBQWHJnJVJ».HJHJnJ

mee el Gemeis e B £ R B B B

e 00 0 00 G090 0 00 1 vl .05 00 00 50,08 50 7 00 S0 10 50 < LIS SR

WW5~ﬂ§r@5?ﬂu3rﬂ(ﬁ??ﬂ£555?nﬁﬁg 8000080087(3.& M AM 7888838883983888883838883888383

Mar.
q
9
3
2,
g
g
)
5
)
8
g,
9
)
G
9
9
g
&,
&
R
9.
3
]
9
9‘
g
8
&
&
9.

194510186
1917

TABLE 5
Daily discharge, in second-feet, of Duckwaler Creelr near Duckwater, Nevada
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Tatal runof (Acre-faet)

B B e SR TR =g Sog < )

{Data from U, B, Geologieal Burvey Water Bupply Paper 440}
Tocakion: In ' 12 N, B 56 1. 200 feet below old stone building, 14 miles

below Duckseater, 2 miles by chanuel below Big Warm Spring The flow 15
affected by o fow smalll?) ditehes diverting water from creek above zage.

Nore—Daily discharge interpolated for several short periods during year,
Trate

Total ranoit {ac
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Most of the springs along the east side of Railroad Valley
issue from the valley alluvium near the toe of the alluvial apron
on the periphery of the playa. They are probably gravity springs
and most of the water that issues from them comes to the sur-
face along the outcrop area of the relatively permeable water-
bearing beds that overlie impermeable beds in the alluvial
deposits. Butterfield Springs is an example of this type of
spring. ,

Other springs, such as Duckwater, Lockes, Hot Creek, and
Warm Springs, issue from or in the vicinity of Paleozoic sedi-
mentary rocks and Tertiary and Quaternary extrusive rocks. All
these springs discharge warm or hot water, which may indicate
either that some or all of the water circulates to considerable
depth beneath the land surface or that there is a high geothermal
gradient in the region. The latter condition is probable because
in some places, especially in the hills west and southwest of
Lockes Springs, voleanism occurred in Pleistocene and possibly

Recent time.
BRATLBOAD VALLEY

The ‘souree of essentially all the ground water in Railroad
Valley is precipitation falling within the drainage boundaries
enclosing it and its tributary wvalleys, Hot Creek and Reveille.
The greater part of the precipitation that enters the ground-
water reserveir is believed to fall on that part of the drainage
basin at an altitude exceeding 6,000 feel, because the precipita-
tion at lower alfitudes is 8 inches or less, and is probably lost
by evaporation and transpiration before it can percolate to the
water table. Much of the water from precipitation at the higher
altitudes also is discharged by evaporation and transpiration and
some of it runs off, especially during floods and the melting sea-
son, and is lost by evaporation from the playas. The remainder
of the water, which percolates deeply into the soil mantle and
rocks of the highlands and the gravels of the alluvial apron,
moves downward into the ground-water reservoir. There it is
stored until the level of the ground water in the reservoir is
raised sufficiently to allow losses by natural discharge—by
springs, or by evaporation, or by transpiration by phreatophytes.
Thus, the ground-water level is high in the marshy playa in the
central part of Rallroad Valley from about 1 mile north of U, 8.
Highway 6 to about the latitude of Nyala. Large guantities of
ground water are discharged by evaporation and transpiration
from this playa.
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Water Inventory

The basin fﬂrmed by Railroad Valley and the tributary Hot
Creek and Reveille Valleys is a closed basin having interior
drainage. There Is no evidence of discharge of ground water as
underflow from it. Thus, the only way in which ground water
can be discharged is by evaporation and transpivation

Under natural conditions the ground water in a closed basin
is in hydrologic balance—that is, the average annual recharge
is egual to the average annual discharge, Data are available for
an estimate of both the recharge and discharge. Although not
exact, they are believed sufficiently accurate to show the magni-
tude of the recharge and discharge,

The average annual discharge may be estimated approximately
by use of transpiration and evaporation rates determined from
studies in somewhat similar areas in the Great Basin and in
other parts of the southwestern United States. Saltgrass, grease-
wood, and rabbitbrush are the three predominant phreatophytes
growing in Railroad Valley. In addition, much water is trans-
pired from several small areas of native meadow grasses and
from small tracts of alfalfa and other irrigated crops. Studies
by Lee (1912) and White (1932) afford a basis for estimating the

annual rate of loss from saltgrass, greasewood, and rabbithrush
areas. The annual rate of evapo-transpiration loss from native
meadow and alfalfa has been studied or estimated by Piper, Rob-
inson, and Park (1939); Blaney, Taylor, and Young (1930) :
and Young and Blaney (1942). The rates of use of water by
the various phreatophytes determined or used in these studies
have been adapted for this area with consideration of depth to
_ water and plant density and size. The rate of use by saltgrass
is estimated to average about 1 foot a year, by greasewood and
rabbitbrush, about } foot a year, and by irrigated meadow grasses
and alfalfa, about 11 feet a vear

The area in Railread Valley in which the water table is 15
feet or less below land surface includes about 96,000 acres. Salt-
grass, greasewood, and rabbithrush grow in about half of this
area. Thus, about 24,000 acre-feet may be discharged annually
by the saltgrass, and about 16,000 acre-feet by greasewood and
rabbitbrush. Additionally, an area of about 8,000 acres of land
along Duckwater Creek, Currant Creek, and the margin of the
playa is covered by meadow grasses and other irrigated crops.
The evapo-transpiration losses in these places are estimated to
be about 10,000 acre-feet annually. Therefore, the total annual
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loss of water by evapo-transpiration from Railroad Valley is eati-
mated to be on the order of magnitude of 50,000 acre-feet.

It is possible to estimate the total annual increment of ground
water to Railroad Valley by determining the amount of precipi-
tation within the drainage boundaries that annually enters the
ground-water reservoir. As Reveille Valley drains into Railroad
Valley and only negligible amounts of ground water are dis-
charged from it by evaporation and transpiration, precipitation .
in its drainage basin is included in the following discussion. Hot
Creek Valley also drains into Railroad Valley, but precipitation
in its drainage basin is not included in the following calculation.
A simpler and more accurate method of estimating its contri-
bution to the ground-water reservoir in Railroad Valley is
described in the following pages.

According to the zonal precipitation map of Nevada (Hard-
man, 1936), the annual precipitation in each zone above the
5- to 8-inch zone and the area of each zone in Railroad and
Reveille Valleys are as shown in Table 7. Also shown in the table
are the estimated percentages of total precipitation that enfers
the ground-water reservoir. These estimated percentages are
based on preliminary studies in 15 valleys in east-central Nevada.
They were determined by trial-and-error balancing of recharge
estimates based on them against estimates of discharge in each
valley. The final column in the table shows the estimated annual
inerement to the ground-water reservoir furnished by each zone
and the estimated total inerement.

TABLE 7
Estimated average annual ground-water recharge, by zones, from precipitation
in - Railroad Valley, Nevada

Precipitation Total precipl- Percentage Approximate
Fone Arenof mone tutinn inzone of echarg
{inphes) S{Rores) {mera-feet) regharge {acre-fent)
Bed Qoo ol CRLR BT 515,400 3 15,600
A _AEBIND 185,700 T 13,000
Ly 94,200 15 14,400
16, RD0 29,900 25 7,500

i 54,400

Hot Creek Valley drains into Railroad Valley through a chan-
nel in a narrow gap in the mountains east of Twin Springs,
Part of this surface water is lost by evaporation and transpira-
tion but possibly as much as 0.5 second-foot percolates deeply
into the gravels and thus recharges the ground-water TEservoir
in Railroad Valley. Possibly as much as 1 second-foot of water
passes through this gap as underflow into Railroad  Valley.
Therefore, probably as much as 1,100 acre-feet of water from




162 Contributions to Hydrology of Eastern Nevada

Hot Creek Valley annually recharges the ground-water reservoir
in Bailroad Valley.

The total annual increment to the ground water in Railroad
Valley, as estimated by the precipitation and underflow method,
is therefore about 51,500 acre-feet of water. This estimate closely
approximates the discharge estimate of 50,000 acre-feet deter-
mined by the evapo-transpiration method.

Only about 10,000 acre-feet of water in Railroad Valley was
put to beneficial use in 1948. However, not all the remaining
water can be used for irrigation, owing to the lack of arable
land. Not more than 2,000 or 3,000 acres, largely land that must
be reclaimed, is available for cultivation, aceording to the recon-
naissance soil survey. Most of this land lies in an area where
flowing artesian wells may be expected. One such well {1ON /57-

32B1) already has been drilled near the central part of the
area. Assuming the maximum acreage of arable land in Rail-
road Valley to be 3,000 acres and the duty of water to be 4 feet
a year, the total expected use of ground water might be about
12,000 acre-feet, an amount easily available without exceeding
the safe yield of the ground-water reservoir. A large part of
the remaining water now lost by natural discharge would be

avalable tor uses other than irrigation

Wells

The information obtained from deep drilling in the lower part
of Railroad Valley indicates that flowing wells can be developed
in some places although yields may be variable from well to well.
Data for well 6N/56-5B1 (Pl 5) indicate that a flow ranging
from 180 to 300 pallons per minute was developed in zones
between 174 and 412 feet below land surface, and that drilling
water was lost at depths of 785 to 745 feet. To the north wells
inT. 7 N, R. 56 K. were reported to yield no flowing water, to
- a depth as great as 9901 feet in well TN /66-2241, Wellsin T. 8
N., Bs. 55 to 57 E., developed flowing water at a rate ranging
from 50 to 230 gallons per minute at depths to as mueh as 969
feet. The depths of wells in these townships range from 120 feet

in 8N/57-14A1 to 1,204 feet in 8N/56-2D1. Two wells in the

southern part of T. 9 N, R. 56 E., developed flows ranging from
46 to about 100 gallons per minute. Two other wells in T. 10 M.,
R. b7 E. developed flows, one of which (10N /57-82B1) was
reported to be 480 gallons per minute,

This information allows certain generalizations:

(1) Much of the area in T. 7 N. is underlain by a thick sec-

L.
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tion of clay containing very litle sand, from which it is doubtful
that satisfactory flowing wells can be developed.

{2) In the northern part of T. 6 N, R. 56 E., and posgibly
farther south, a moderate proportion of sand will probably yield
water to wells of good construction, although “dry” sand may
take water, ag in the zone between 735 to 745 feet in well
6N/56-6B1.

(8) In parts-of Tps. 8 and 9 N., Bs. 56 and 57 E., moderate
yvield may be developed by utilizing several water-bearing zones,

(4} The yield of well 10N /57-32B1 suggests that good yields
are possible in the southwestern part of T. 10 N., R. b7 K., and
perhaps in the southeastern part of T, 10 N., R. 56 E., if one
or more zones of sand and gravel are encountered.

Chemical Quality
Analyses of water from two springs and one well in Railroad
Valley are shown in Table 8. These analyses were made in 1912
by S. C. Dinsmore, of the Nevada Agricultural Experiment Sta-
tion, and were published in U. 5. Geological Survey Water-Supply
Paper 365, '
TABLE 8

Chemical analyses of water from three localities in
Railroad Valley, Mevaida

Blue Bagle Railrosd Valley
Constituents Duckwater Croek Spring - Saling Co, well
{parts per mdllion) at frwin's ranch (8N /57-11001% (8N /56-2101)
Silica (Bi0g) A6 17 83
Iron {Fe} 1 B 1.9
Caleium (Ca) T2 80 25
Maognesium (M) e 43 2 8.5
Sodium and potassivm
(e B BY <11} 59
Carbonate (C0g) b N A
Biecarbonate (HOO i oo 414 385 223
Sulfate (50, 127 34 5.7
Chloride (1) 25 10 45
Mitrate (M} 1.8 £} 3
Dissolved solids ;
ppm 580 485 421
Total hardness
{as CaCO) 356 200 100
Percent sodiuml 30 18 ) ]

Wiomputed by G, B, Maxey.

Magistad and Christiansen (1944} have given fentative stand-
ards for irrigation waters, but they indicate that consideration
should be given to the characteristics of the type of soil and the
goil golution in evaluating the effect of water of a given chemical
composition on a given seil.
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Standards for irvization waters

Conductance Sanr Commenr———
(mierombios Potal Por sere- Bodium? Boron
Water cluss ab 257 O fppm fout Ltons) {percent) (p.pom.)

Claes 12 . = 10040 <700
Clazs o 1,%%»3 ang T00. 2,{){11} 12
Clags 3% Ssa.a00 2 a0h =2

ga af sodivm 3= caleulated from analvtieal resulls exprossed in
millievam equivalents per Kilogram. These results are oblained by ilividing the
parts ver million of sodivm, caltium, and magnesinom by 28,20 and 12 24, vespec-
tively: then T timen the mﬂhgram equivalents of sodium s dwu}rzd by the sum
of the milligram eqmvaéeﬁts of ‘sodium; calcium, and magnesiom,  In milligram

equwa}ents 160
Wa+0a+’\1g

fHixcellent o good, sultable for nost plants under yost conditions,

2Good to injurious, probably harmful to the more sensitive crops,

Aniurvious to unsatistaciory probably harmbil to most crops and ansatisgfac-
tory for all but the most tolerant.. If & water falls in class 3 on any basis, {. e.,
conducianes, sall content, percentage of sodivun or boron content, 3t should be
classed as unsuitable under most conditions. Should the salis pres&nt be largely
sulfates the values for salt content in each class can be vaised 50 percent,

The available analyvses do not inelude determination of horon.
However, the water from Bailroad Valley Saline Co well would
be placed in Class 2 on the basis of the percent sodium and may
be unsuitable for irrigation when used on the heavy saline soils
that oceur in the lower part of the valley. The waters from Duck-
water Creek and from Blue Eagle Spring are in Class 1, on the
basis of percent sodinm and disselved selida.

The analysis of water from Duckwater Ureek indieates that it
is satisfactory for domestic use. The water from Blue Eagle
Spring and from the Railroad Valley Saline Co. well would not
be satisfactory for domestic use if unireated, becavse of the indi-
cated high iron content. An iron concentration in excess of about
0.3 part per million causes staining and is therefore undesirable.
The water could be made suitable for domestic use by aerating
and fltering to rewove most of the iron.

= pereentage ol sodinm;

HOT CREEE VALLEY

The source of most of the ground water in Hot Creek Valley,
as in Railroad Valley, is precipitation within the drainage boun-
daries of the valley. After the water from precipitation has
percolated into the ground it moves toward the lower part of
the valley where it is discharged by underilow and stream flow
in the gap southeast of Twin Springs, and by evapo-transpiration
in the vicinity of Twin Springs and from irrigated lands along
Hot Creek. As conditions in Hot Creek Valley are similar to
those in Railroad Valley, it is possible to estimate the amount
of ground water annually available for development by the same
method that was psed in that valley,

The quantity of water discharged from Hot Creek Valley by
surface flow and underflow through the gap east of Twin Springs
and entering the ground-waler reservoir of Rallroad Valley is
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about 1.5 second-feet or 1,100 acre-feet per year, as previously
estimated (pp. 151, 152).

In the vicinity of Twin Springs and Hot Creek Springs and
adjacent to Hot Creek south of U. 8. Highway 6 there is an esti-
mated 7,000 acres from which water is discharged. The vegeta-
tion in this area consists largely of native meadow grasses but
includes areas of saltgrass, rabbitbrush, and greasewood. Nearly
all of the water discharged by evapo-transpiration in this area ig
ground water. The amount of ground water so discharged is
believed not fo execeed 9,000 acre-feel.

The total discharge of Hot Creek Valley is the sum of the
stream flow and underflow out of the valley plus the evapo-
transpiration loss, or about 10,000 acre-feet of water annually.

The average annual increment to the ground-water reservoir
estimated by the precipitation method previously described
(p. 151) is on the order of magnitude of 10,600 acre-feet of water.

The amount of water in the valley utilized annually for irri-
gation and livestock probably never exceeds 2,500 acre-feet.
Although much of the remaining 7,500 acre-feet of water that is
being lost by natural discharge should be available for develop-
ment, such development does not appear to be feasible under
existing economic conditions. Little is known concerning the
ability of the water-bearing materials to yield water, as only a
few wells have been drilled in the valley, Most of them are
shallow and are in places that are not suitable for pumping for
irrigation. Thus, their records are not necessarily indicative of
ground-water conditions in the potential irrigation areas. It is
possible that satisfactory irrigation wells could be constructed
in the vicinity of the tract of land mentioned by Mason (page
138) in his report on soil conditions. It is estimated that as
much as 5,000 acre-feet of ground water could be developed from

wellg in fthe valley.
REVEILLE VALLEY

The geologic, hydrologic, and topographic conditions indicate
that only a small amount of ground water is available for
development in Reveille Valley. The available evidence indicates
that ground water in the valley may drain southeastward into
Railroad Valley and northward into Hot Creek Valley. The depth
to water probably is not less than 100 feet in the valley proper.
The only areas of transpiration observed were very small ones
adjacent to small springs in or near the mountains.
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KAWICH VALLEY

Only the northern part of Kawich Valley was visited during
the reconnaissance studies on which this report is based. Kawich
Valley is essentially an isolated ground-water basin enclosed by
low mountains, with the exception of an alluvial divide at the
- north end which rises about 400 feet above a playa in the central
~part of the valley. Residents of the region report that possibly
three wells have been drilled near the central part of the valley
to depths of as much as 350 feet without yielding water. A small
amount of water might be developed on the alluvial apron, but
~the pumping lift would be high. It appears likely that Kawich
Valley is similar to Reveille Valley in having little ground water
= available for development.

PHNOYER VALLEY

Penoyer Valley, known by some residents of Lincoln County
ag Sand Bprings Valley, is an idolated eround-water basin con-
taining a small transpiration area covered largely by grease-
wood, The water level within the transpiration area appears to
be no closer to the land surface than 10 feet and may be as much
as 20 feet. Ground water has been pumped to supply mining and
milling operations in the east-central part of the valley, and to
supply stock with drinking water.” The estimated annual inere-
ment of water to the ground-water reservoir, based on the pre-
cipitation method of caleulation, is about 13,500 acre-feet. This
estimate is probably high because the annual increment, as esti-
mated by the natural-discharge method, is only about 6,400 acre-
feet of water. As indicated by Mason’s report on the soils, there
is probably no land in the valley within economic reach of ground
water that may be cultivated profitably., However, it is estimated
that as much as 3,000 acre-feet of water might be availabla for
development.

SUMDARY :

The prineipal source of ground water is precipitation within
the drainage boundaries of the several valleys included in this
report.

Railroad Valley receives some contribution frop it tributary
valleys, Hot Creek and Reveille. The average annual recharge
to and discharge from the ground-water reservoir in Railroad
Valley are estimated to be about 50,000 acre-feet. From this,
beneficial use is made of an estimated 10,000 acre-feet. It is
probable that an additional 10,000 to 15,000 acre-feet could be
developed readily. Wells have developed water under sufficient
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pressure to flow at the land surface in T. 6 N, R. 56 E,, Tps. 8
and 9 N, Rs. 56and 57 E,, and T. 10 N, B, 57 E.

The quality of ground water in Railroad Valley, as shown by
three analyses, is generally satisfactory for most uses in the
marginal parts of the valley but may be unsatisfactory for some
uses loeally in the lowest part of the valley.

In Hot Creek Valley, possibly as much as 5,000 acre-feet now
lost by natural discharge may be available annually for develop—
ment.

Possibly. 3,000 acre-feet of ground water is available fur
development in Penoyer Valley. No ground water appears to be
available for irrigation development in Reveille Valley, and prob-
ably very little is available in Kawich Valley.

No analyses are available for ground water in Hot Creek
Reveille, Kawich, or Penoyer Valleys.

On the bagis of the soils reconnaissance by Howard G. Mason,
Agricultural Economist, Nevada Agricultural Experiment Sta-
tion, 2,000 to 3,000 acres of land in T. 10 M., B, 57 B., in Railroad
Valley may be suitable for irrigation development.

In Hot Creek Valley a part of T. 4 N., R. 50 E., may also be
suitable for development. . However, the light fexture of the soil
and the gravelly subsoil probably would require certain amend-
ments and the soil would have a high water requirement,
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TABLE 9
Bevords of well data in Bailroad, Hot Creek, and Penoyer Valleys, Nevada

BAILRUAD VALLEY

1N/63-5B1, Fallinl Bros.  Owner’s designation, “Fred's well”  Dug stock
well, eguipped with windmill, gasoline motor, and evlinder pump, dimmneter 48
inches, depth 110 feet. . Yields brackizh water. Water level reporied by owner
to be 80 feet below lund strface on May 5, 1948

IN/B3-27B1. Fallini Bros. Drilled stock well, dismeter 6 inches, depth 200
feet. Casing to 195 feetf, perforations - by S-inch slots from 175 to 190 feet.
Depth to waler 1800Y) feet. Driller's log.

. Thickuess - Dlepth

. Tiaterial { {fopt)
il ;
Band and gravel
Clay.
Gravel .

Band and zravel Water -
Tuotal depth :

BN/G2-2D1 (unsurveyed).  Public Domain (Fallini Bros.). Dug stock and
domestic well, now unused and uneguipped, diameter 42 inches, depth 27.5 feet.
Measuring point, bottom of top Idneh plank of sill at laod surface. . Water
level, 2485 feel below measuring point, April 2419458

AN/B4-501. - Ho No Bharp. Drilled stock well, diameter 6 fo 4 inches, depth
2325 feet,  Caslng perforations 3= by Zdnch slots between 285 and 325 feet;
177 feet of Gineh casing, and 160 feet of d-inch easing.  Beporied depth fo
water 265 feet. Log from records of J. 1 HHIL driller.

: Fhivkness - Drepth
- Maderial {fent) {feet)

Bock sandsand . 00 17

“Bolid rock” {extrusive (1) rock) - 1

45541701 AL B, Bordoll, Dirilled stock well, diametor § inches. depth
150 feet. Casing perforations 1- by Tinch slots from 130 to 140 feer. Siinch
casing to 148-9 feet. Reported depth to water 130 feet. Drilley’s 1oz,

Thickness . Depth
Mlaterial . {foety {feety

Dt sandd and gravel _ 1%n
%51?3 gl sravel. Waler :
St

Band
Total depth.

ol /oka A ¥, Bordoll, Drilled stock(
110 feet. Casing perforations {- by Zinch slols fvomn 85 to 106 feet 5
casing to 107-110 feet. RBeported depth to water 80 feet, Iuiller’s log
; Thickness  Depth
Muterinl (lent) {lenty
“hipt sand and pravel a0
Sgaﬁ-& and gravel, Water g
e S e
Sand and gravel.  Water
Total depth :
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Sheldon Lamb.  Drilled test Weli; unnsed and uneguipped,

diameter 3 inches (steel easing), depth 175 feet (reported). Measuring point,

top of fHange on easing at land surface. Wa

ing point, April 24, 1948, .
6N/06-58B1. 1. B Fish and Wildlife Service,

diameter 6 inches, depth 745 feet.

“O1d well No.
Flow 180-300 zallops per minute. Tem-

o
i '”

ter level, 4,17 feet below measur-

Dirilled,

perature of water 65° B, Log from records 'kaf . W. Millard and Son.

i Thickness
Miterial (fet)
Clay, gandy, and clean sand, alternafing . oo s BN 151
Sand, five, varh-codorad oo 1%
Clay, sandy, and clean sand, altermating. o0 B8
Sand, coarse. Strone artesian flow, increasing toward bottonm.

(Smells of hydrogen sulphidel. il il s 3 8
Clay, sandy ... A 14
Sand with thin lavers of sandy clay, = 16
Saywbio s 14
Clay, hard, sandy. .. . 4
Sand, coarse. Strong artesian flow.. . o 4
Clay, hard, sandy._ . = -
Clay, sandy, and clean sand, alternating .48
Band, fire oo i 11
Clay, sandy, and clean sand, alternating e 8
Band. Stroug artesian fAow. = b
Clay, hard, sandy 18
Sand.. Strong artesian fow. ... ‘ 20
Clay, sandy, and coarss sand, alternaling 831
Band, fine.  Strong artesian flow. 3
Clay, sanay, amd clenn sand, slternatine 14
Sand, conrse. . Very strong artesian flow, 12
Clay, sandy, and clean sand, alternating 1E
Sand, very fine ; 12
Sand, fine, with thin layers of sandy clay. 82
Clay, sandy o - 6
Clay, sandy, and coarse sand, alternating 38
Clay, sandy: harder and less sandy in upper partooo oo o 22
Band, clean i apparently partly cemented 28
Band, fine: not comented T
Sand, coarse: partly cemented 4
Sand, fne; not cemented 11
Band, coarse: partly cemented iz
Sand, coarse; partly cemented with oceasional layers of sandy elay .. 18
Sand, fine. o 16
Hand, with very thin lavers of sandy clay 12
Sand, coarss; partly. cemented with very thin layers of sandy clay... 15
Clay, sandy, and coarse sand, alternating biid)
Clay, sandy, with occasional thin layers of eoarse sand. oo %z
Sand, “with cceasional thin layers of coarse sand 23
Sand, goarse. Drill water lost 10
Total depth i

TN/B-1D1. T 8. Fish and Wildlife Service. “0ld well No. 3.7
depth 770 feel.  Flow 1% gallous per minute, ~Log from records of F. W, Mil-
lard and Son.

Trepih
{feat}
95

Drilled,

Thickness . Dlepth

Material {feet) {feet}
Clay, gray 15 15
Mud, Black oo 23 38
Clay, tough, gray . 52 90
Clay, black mixed, with gray clay alternating 40 130
Claw, gray 25 155
Clay, gray, with o Lttle spnd 51 150
Clay, gray = 15 175
Clay, ‘mixed black and Eray. &9 264
Clay, sticky, lead-colored kS 2T
Clay, gray and black, alternating 14 235
Clay, Jead-colorid £ 283
Clay,. gray. and black, alisrnating 17 44
Clay, gray RESRE 16 415
Clay, mixed gray and black, probably slternating 18 ga2
Clay, Heht- and dark-gray, alternating 2 240
Clay, Bray. oo 15 255
Clay, mixed light- and. dark-gray ) 260
Clay, Bray oo o 36 248’
Clay, soft, black 15 415
Clay, gray 5 420
Clay, light- and dark-gray, alternating 10 420
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Tapie S—Continued.
Thickness - Depth

Bloterinl (fent] ifept)

Clay, toughy blackoo o o e 4 454
Clay, giay, cementod with caleite or gayiussme, probably the latter o 2 436
Clay, gray oo b 49 485
Olasy, pritty, glay, comammg snall portmns of mand 15 500
Olay, soft, gray i G0
Clay; hard light-gray, somewhat sandy in lower povkion. 0 o001 S0
Clay, mixéd gray and plack . 00 T 40 560
Clay, mixed gray and black, small proportion of sand 16 575
Olay, gray 22 587
Clay, gray with sowe dand and o Tew enleite oryatal i 860
Clay, tough, gray 18 6§16
Clay, gray, with numerous caleite erystals B8 652
Ciay, light-gray, not aticky 5 657
Clay, stichy, gray, changing to black in Idwer portion 22 5A{
Clay, black, changing to gray in lower portion 7 BET
Clay, gray, contalning soroe rhyolitic sand 15 762
Clay, black somewhat saling, containing calvite erystals) - Proce

of sodinm carbonate 3 708
Clay, ‘gradual transition to sandy, gray 12 720
Ulay, sray, with less sand 35 755
Clay, gray, sandy, with proporticn of sand inereasing toward bottom . 15 T70
Total. depth oty 170

TN/66-8CL. U 8, Pish and Wildlife Serviee, “Old well No. 5" Drilled,
depth 795 feet. . Bmall flow of saline water reported.  Log from records of
FoW, Millard and Son, 0

Thickness - Depth

Material K flestl (Teet)
Clay, gray i 10
Clay, black B 7
Clay, gritty, black 15 a1
Clay, black (smells of hydrogen sulphide in upper party . . &9 143
Clay, mixed gray and blsck 29 165
Mud, gmtty, black il 178
Clay, black, with small admixture of gray clay at about 210 feet o 0 95 271
Clay, biack, with ealeite erystaly, some grit 29 304
Clay, mixed gray ool black, with ealeite crvaial 20 F20
Clay; black, with caleite crystals 13 383
Clay, gray S i1 844
Clay, black, with ealeite ervetals in lower part 41 %85
Clay, gray, with some sand and ealeite crystals 135 520
Clay, sandy, gray with partly cemented Tayers 29 549
Clay, sandy, sgray 121 B0
Clay, less sandy, gray. 27 88T
ey, sandy, gr;n! 16 743
Clay, sandy, gra 6l 794
Basalt {roek), impassmle to penetrdte 1 745

Total depth = 745

TN/B6-11B1. T. 8. Fish and Wildlife SBervice. “0Old Well No. 27 Dwilled,
depth 841 feet. Reported no water.  Log from records of BW. Millard and
Son,

Thickness . Depth

; Matepial (fent) ety
lay, muw a1 2%
ﬂiay, AAAAAA o 10 22

Mud, soft, black 22 44
Clay, gr 8 52
Mud, black 5 55
Clay, sray 1 56
Mud, black 1z 54
Clay, dark-gray . ; G 18 85
Mud, black 28 113
Clay, gray i 114
Mud, black 7 121
Clay, gray 1 128
Mud, Mack 8 138
lay, gray S 12 14%
Clay, hard, blaek oo 0 2 iRt
Clay, biack and gray, alternating thin laye 1x 169
Clay, soft, black and brown, alternating thin lavers 4 173
Clay, stiff. gray 18 191
Clay, soft, black and gra o S 4 1as
ay, harﬂ black and pray, ghﬂ:ry saline e B3 232
Mud, havd, black - G g 241
Claveeray oo G 1 251
Clay, gray, cemented with on of a caleareous 5

cement,. probably caleite 7 255
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Vapry 9-=Continned.
Thickaess - Depth
Materigl o) eety
Clay, gray 14
Claw, cemented, gray
Clay, soft, black
Clay, vemented, blaek
Clay, goft, black and grayv
Claw, eemented, Hack
Clay, solt, grayv and black
law; mented, black
Clay, gray
Clay, soft, white
[ hard; probably cemented
Clay, gray and black; probably alternate lavers
Clay,  hard, black
Claw, havd, gray
Clay, cémented, black
Clay, hard, black
Clay, eht-gray and bhiown
Clay, cemented, black
Clay, black
Clacy, gemented, black
Clay,; hard-gray
Ash, voleanie: 2-inch stratum, hard, rhyolitic
Clay, hard, gray.
Ashy wolvanic; thin stratiom, rhvolitic
Clay, gray aml blge
Clay, cemented, black
Claw, soft white and brown
Clay, stiff, white and brown
Claw, soft, white and brown.
Clay, light-gray, with neeasional cemented streak
Cl hard, Heht-brown, partly cermented
Clay, tough; gray
Clay, soft, gray
Clay, hard, brown, sorewhat saline
Clay, tongh, sray
Clay, eray, with ervstals of gaviussite and car eying rany-hard
layers cemented with gaviussit
Clay, gray, with the proportion of gayvluseite crvstals
inereasing downward
Gaylussite, oryatalline
Gaylussite, orystalline: rapid slternations and many. hard
layers cemented with gavlussite
Gaylussite ervstalline
Gaylussite, crystalline, with occasional Iavers of era
carrying gayiussite crystals
Total depth

TH/BELICL. . UL 8 Fish and Wildlife Service. . "0l well N, Drilled.
depth 762 feet.  Reported no water. Log from records of ¥ W, Millard and

[y
e £ B 0 S e D ik Y

i . Thickness -~ Depth
Fdateria] Lheety {icet)

CoBTaY
YTy gra,
gray, darker towonl bottom
sandy, gray -

Black i
mixed gray and black; probably alternations.. .
black L
niimed black and gray
grav

black, slightly gritiy
Black, with faint odor of hydrogen sulphide
bluck ;. no grit.
black, darkisray. .

L black with some oy in dower portion
mixed black and gray, somewhat sritty.
milaed gray and Black
mized gray and black, somewhat sritty

gray AR
soft. black

LErAY o
milwed gray and black
Black
mixed prav oamt bl
black
mixed gray and black
aott, black
black, somewhat sandy

v, black

RE LD O T O S M B L
S GRS G Oor s B B sy ey e
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Tapre 9—Continued.
Thickness: Denth

Minterial 1ieel) {festy
Clay,gray 5 a60
Clay, mized gray and black G gl 382
Clay, soff, black, slightly saline ae L 4 988
Qlay. black o 0 G - 25 411
ol mimed gravaand black o L 19 430
Clay, pray, somewhat variable in color; containg hard streaks . 88 B28
Clay, mixed gray and hlack . L 7 545
Clay, gray, variable in color and hardness 27 B2
Olay, mixed gray and black. ool o 65 637
Clay, mixed gray and black, with occasional gritty layers.. Spa 689
Clay, mized gray and black, with oecagional cemented Inayers. 2 £92
Clay, mived gray. and black - k 24 718
Clav. mixed gray o and black, with seattered  gaylussite crystals;
gaylussite more plentiful toward bottom S48 T2
Total depth oo EE 782

TN/BG-22A1 U, 8. Pish and Wildlife Berviee. “01d well No. 6.7 Drilled,
depth 9901 feet. Beporfed no water. Log from records of . W, Millard and
Bon. . :

Thickness - Depth

Wiateriat : {fest) {Teet)y
Clay, pray i e N L e U 259 29
Clay, lead-colored . - B8 85
Clay, blagk : slightly salty dn upper parti ol o : 0 155
Clay tough, Bray. oot . 15 178
Clay, black: B-inch layer cemented with caleite orgaylussite. o o 170
Sifay, gray o slightly saline At 200
Clay, mixed gray and black = 20 a20
Clay, soft, black : i 8 200
Clay, mixzed gray and black: probably alternati a0
Clay, mixed gray and black, with grit and calcite ervaials 590
Claw, gray: oaleite cryvetals 5
Clav, gray, with oceasional thin cemented layern 675
Clay, eray, with Httle grit. - Mo caleite erystal 782
Clay, gray, with gritand calcite:cryatal T8
Clay, gray, with grit, slightly saline to Taste 785
Clay, gray, with grit and gaylussite crystal g440
Clay, gray, with gaylussite crystals present, bitt Jess plentiful 2
than abowve R Bl Gl
Clay, gray, with gaylussite erystal 6 Bh
Havivssite, solid cryvstalline . £3 988
Gaviussite, solid crystaliine, too hard to peneirate with .
rotary. drilling 13 2902
Total depth : st 2005

8N/65-2441. U, 8. Fish and Wildlife Service. ''New well No. 1.7 Dirilled,
diameter 8 inchés to 41 feet, § inches to 403 feet, open hole to 107 feel, depth
600 feet. Casing perforations 128135, 148158, 155-160, 190-200, 210-220 237 947,
945950, 275-280, 285-202, 208303, 820-325, 340-345, and 370-375 feet. Tem-
perature 687 F. before perforating and 66° F. after perforating. Flow 55 1o
115 gallons per minute. - Data from files of U. 8. Bureau of Biological Survey.
Thickness - Depth

Material [feet) (font)
Clay, white 18 18
ey, blue.  Burface water at 27 fesl 18 38
Band and clay, blue 1 37

ay, pray, water strata at 38 feet. Artesian water at 55 fest 15 55
Ciay, Blue. Artesian water'at 82 feet) flow 2 gallons per minute 45
Clay;gray, tough Y] 134

Sand, cemented. Artesian water; flow 7 gallons per minute.. 2 136
Clay, gray 28 1g2
Clay, gray. Artesian waterat 156 to 165 feet; flow 20 gallons

peraninite 4 166
Clay, Bray 28 154
Sand, black,  Artesian water; flow 15 gallons per mirate sl B 60
Clay; gray 18 214
Clay, gray, and fineg sapd. Artesian water 4 220
Clay. eray : 17 237
Clay, gray aod black sand ; E 240
Ciad, pray.  Artesian water at 250 feet 20 260
Clay, pray, and gravel ' Ak i 285
Sapd, blue 10 275
ey, gray : 12 288
Sand blue.  Artesian water at 285 fo 290 feet; flow 50

eallong per minute = 2 284
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Tuapte 9 Continued.

Thickness  Dlepth
(feet) [ feet)
Clay, gray, mived with sand Soitanianiionid paaniinsan -
giay, igmy, and sand, Sulphurated hydrogen at 354 fee
ravel : i
Clay, blue, sand and zravel A
Clay, blue
Clay, blue, fAne gravel and sand
Clay, hlue
Bray
woblne
Clasy, gray
Clay, yvellow -
Clay, yellow, and very little sand
Clay, lead-coloved, conrse sand, and some gravel
Clay, yellow, some gravel and coarse rock
Clay, vellow, sand and gravel. Artesian water: flow 41 gallons
per mdnute . temperature §A° T
Clay, rellow )

Total depth

BN/56-2B1. V. 8. Fish and Wildlife Bervice. “New well No. 47 Dirilled,
diameter 6 inches to 4 inches, depth 430 feet. Uasing perforations % by 5
Inches per foot staggered around casing, 173178 205210, 220908 258-208,
269274, 300305, 308318 and 365-370 Teet. Flow 158 to 175 gallons per minute.
Temperature 58° ¥, Data from files of T, 8. Burean of Biologieal Surver,

Thickeess  Drerth
Materinl {Epet) Cfent)

&
.

SISHER I LA ch S eato A c i ED
SRl RN SR i ey e g e

2oy

S IO R O D e Wl GO BB G 8

fons

Lers
et
gy

s blue, black
blue

Ay
gray, and little gravel
gray, sand
gray, and Iittle gravel .
GoBEray, sandy o5
LoBrAy: sandy, and Dithe graael
ErAY, sandy.
gray, sandy, and little gravel
gray, sdandy
ryovellowish-gray, & b

bt ok
SIS e ST L b

SN O S e

o e
R o L ek S5 S

col im oot relinble. Beeanee

of d-inch perforated vasing that was Used to case the hole
below the 168-4oot level, sand ran through the perforations,
diluting all samples

Clay, erav, and sand

Band, fine

Clay, gray: sand ran TH ‘

Claw, eray, and sand . pravel and sand strata at 350 fee

Clay, gray, and sand S

Band strote and sroy

Band and elay; flow of water washes out

of sand only.
Band strata with gray cla

Total depth . -

BN, 08201, Hailroud Valley Baline Co. Well Noo 1. (“0ld well No 17
U, 8 Fish and Wildlife Serviese?) Drilled. diameter 10 inches, depth 1204 feer.
Flow 208 to 231 gallons per minute. Temperature 67° . Los from 1. 8
Geglogieal Burvey Water-Supply Paper 365, pp. 7678

o S

SR e o S I i e
LEnneTe s

BE e ea s cn ey
Jod s e ey

-
‘i
A

e
e
e el

Thickness . Diepth
(foety  (lopt)
Bard with aoen - : . 22 a2
Qulehennd 71 1z
Clay and g
at 178 feot
Clay, white smiall seams fine 2r
Clay, heayy - -
Guicksand, n wate
Clay and sand, javers 1 to 10 feet thick, alternas
water in sands, especially at 220 and 250 feet
Sand, conrser in ubper part. Pebbles 2 t0 4 inches
at 285 feet. Arviesian wate .
Clay, tough - L
Quicksand with some clay and small evavel.  Artesian water
Clay with oocasional streaks of guicksand . - o
Quiicksand with very small streaks of clay.  Artesion water
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Tapre O COontinued.

Thickness

Wfaterial
Clay, tough, sray

Quicksand.  Small artesian fow =
ay, tough, gray :
Lmickennd,  Small artesian flow
Clay, brown
Guicksand. " Bmall artesisin o
Clay, brown in upper part, changing to gray in lower
Chtieksand: Artesian water
lay, blue-green, with white layer at top
Quicksand.  Artesian watern
Clay, Jead-colored
Hand, very fine
Clay, white and hlue-green
Clay, hlie-green, with some coarse sand
Clay, white and blue-green
Guicksand, Artesian water smelling of sulphured hydrogen ... 0
Clay, gray, with oceasional sand gtreaks. Bmall artesian fows
inssad oAl smell of sulphured hyidrogen
Clay, gray

Quicksand, very fine
Clay, blue-green
Chsickeand, some Hght-colored elay and sorne coaise gravel,

Strong artesian oo,
Clay, vellowish, white;and blus-gremm

Quicksand.s Artesian fow 5
Clavy, blue-green and white

Guicksand; Artesian fHow (small)

Clay

Sand and clay, alernating proportion of sand increasing downward.
Small artesian fow. at 605 feet

o, whiterin upper part

Ouicksand

Clay, tough, white and greenigh in color

Lricksand, Bmall artesian flow
Clay and sand, alternating
Clay, white
Clay and sandd, alternating
Claw, brownish at top
Bang
Clay, brivwnish
Clayv-and auickesand, mixed, Bome coarse gravel
Wery small artesian flow
Clav, tough, brownish
Sand alternsting with tough brownish olay, © Very small
artepian flows in san
Clay, - tough, brownish
Quicksand, .  Artesian flow
Clay
Clay, sapdy streak. Small artesian: fow
Clay, “brownish R
Clay and sand, alternating
Clays, Tiard and brown in lower part
pdicksand and gravel - Artesian water
Clay, “hard, white g
Clay and sind alternating every 2 .to § inches. . Proportion of clay
inereases with depth.  Strong artesian flows in all sand strata
Clay, brownish
Band ‘and ‘gravel
Claw and sand, rapidly altermating
Clay, gray
Giravel, coarse. Artesian water
Sand, fine o
Clay and -sand, alternating.
Clay, gray
Band and gravel.  Strong artesian flow
Clay, Heght-gray
Band, fine
Clay,  Eray s
Band
Clay, vellow on top, gray below
Sand and gravel. Small artesian. fow
Clay, hrown, o [ittle zandy in upper part
Rand, fine, dry
Claw, hawd, bhrowi
Clay, brown, with a few thin streaks of sand. 8and probably dry...-
Clay, tough, brown, - ¥ery thin sand sireak at L1831 feel. Dy
Hay, hrown .
Qand cemented by caleium carbonate and gaylussite

Clay, gray -
Clay  and sand, rapidly alternating e
Sand eeniented by caleium vcarbonate. Characteristic

lake-leposited tufa i
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Tapie S—LContinued.

Thickeess - Thepth
Muterial {Tept) {foety

Clay, reddish, with oceagional very thin sand streaks o i 1804
Bottom of hole in guicksand s "

Total depth 1,204

BN/S6-3AL . U8, Fish and Witdlife Service, “New well No. 37 Drilled,
dinmeter 6 inches, depth 560 feet, Casing pérforations, 185100, 206:211, 217229,
200-255, 270-275, 200-205, 310-315, and 360-865 feet.  ¥Flow 110 to 125 gallons
per minute. Temperature B8” ¥, Data from fites of U. 8. Bureau of Biologi-
eal Burvey.

Thickness " Depth
Material {feet) {feez)
Clay, blues  Burface water at 10/ feet
Clay, gray
Claw, blue
Clay, gray, with some.gravel
ey gray, and sayid \mth particles of cap ronk
Clay, gray, cap rock and trace of water gravel
Dlay, g woand - sand
Cldy, gray
Clay, eray,; and sone sgnd
Claw, gray, and doms gravel
Clay, srayv. and sand
Llas, gray, sand and gravel
Sand and gravel with saome: elay. o Artesian water, ' Flow 12
gallons per minute
Clay, yellow, - Gag ot 347 fest
Bamiple washed gt
SBand and olays Verv small-Bowal 263 feet
Sand and gravel,; little clay.  Simall fow at 266 feet. . . oo
Clay, white; and =sand .
Clay, gray, sand and gravel
Band - and gravel
Clay, aticky, and some sand

b R
st ey

R

ol B0 2

Clay and wodrgs sand
Banid, fine
Band, coarse
Sand, fne and some grdvel. - Artesian water ;. fow 63 gallons
peromibnote ; Ctempetratiore H7°
Mo smanpke
Clayy gray @
Clay, sticky, white, with some sand ;
Clay, sandy, white
Sand and gravel, Ariesian water at 371 oot Aow sb gallons
per minute o tempersture 55 1
Clay, white, and sand:
Clay, grav, with Some sand
Clay, gray
Clay, gray, and sonie sand
Band
Samd and some olay
Clay, sandy, gray.  Artepian water: flow 32 pallons
pet mdnule s temiperature BEY R 00
Clay, gray
Clay, eray. sand and gruvels
Clay, Brecnish-gray; sand and gravel, gravel stvate 537 to 538 fest ..
Clay, gray, sand and gravel

Totaldepth :

BX/T-4A1 U 80 Fish and Wildlife: Sevvice.  “New well No. 6. Drilled,
diameter 6 inches, depth 635 feet.  Casing perforations, 860:365, 510515, and
8305356 fept. . Flow 110 to 125 gallons per minute. Temperatnre 662 1. Data
from files of U B, Bureaw of Biologieal Snrver.

ok ki
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Thickorss Depth

. Materinl feet
¢ blue, sandy o
, blue-gray, sandy.

eray, sand

tough, gra

gray, and fine pand

hi - ¥

L btue~gmv sandy
black, sandy. ﬁtmells of hivarogen sulphide (.87
gray, sandy
Heht-Blue, and sand
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PapLe S -Cantinued.
Thickness  Depth

: Blaterial . [ foet) Chpat)
Claw, gray. and sand S 5 4240
UHaw, blue-preen, sandy oo o0 a8 475
Clay, pray, sondy. o = SoBl 505
Clay, blue-gray, sandy._ " 5 510
Clay, blue, and black sand Bmall artesian fow GBI feer. 7 ¢ 817
Clay, sticky, blue, and little sand. o i BAE
lay, blue, saoidy, and zome gravel 7 542
Clay, blue, and black sand a2 045
Ulay, zray, sandy. Rht 25 870
Clay, hard sanly strata .o i EiRnagy BTB
Ulay, srayosandy.  Sand strate 50040 582 feet, Artesion ;
water. D Wlow 80 pallons periminute &0 LiEh

Total depth i . G35

SN/BY-14A1. H. XN, Bharp. Drilled domestic well, dismeter § inches, depth
120 feef. 118 feet of G-inch casing, perforations 15- by 2-inch slots between
50 and 98 feet. Flow B0 gallons per minute. Log from reeords of J.. D,
LI, driller. .

Thickneas  Depth

Hlaterial {ioet]) {foet)
“AMudt L i 14
Clay . 5 16
Sand and gravel. Water R L iy g%
Nl £t e T

Sand. . Walter - 3 45
Clay .. . 5 Bl
Saﬁd Water i Gl
Clay i 7 b8
Sand Water = 5 1 58
1 Ba

1 B

4 65

10 7

S B2

3 428

5 a4

1 na

2 a7

2 9%

B 105

2 107

3 5 1312
Sand. Water 1 113
Clay 5 118
Band, | Water 2 126
Total depth o 120

OM /502801 (tentative). Harvey Titus,  Drilled stock well, diameter ©
inches, depth 70 feet.  Casing perforations %- by Z-inch slots from 30 ta 50
feety G-inch casing to b9 feet. “Depth to water 40.(7) feet.  Driller's log.

Thiskmess  Drepth

Material (fent) {feet)
Clay, sandy 40 490
SBand. . Water 1 41
Clay, sandy g 48
Sand, Water 2 51
St 13 T
Total depth : 7

OW/5R-3401, U, 8. Fish and Wildlife Service. "New well No. 27 Drilled,
dinmeter 6 inches, depth 700 feet. No artesian Sows developed during drilling.
However, when casing wag pulled it parted at 1722 feel, resuliing in an initial
flow of 190 gallons per minute which gradually reduced to sbont 100 galions
per minute. T&mp&ratﬁre of water 58% B, Log from files of 1. 8. Borean of
Biological Survey.

Thickness " Tiepth

Winterial (foety {fent}
Clay, blue: " Burface water st 10 feet 1 15
Clay, dark-blue 5 20
Clay, gray 23 43
lay, vellow 473 86
ey, vellow, and “sandstons” : 11 U7

Clay, gray B 108
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Tanty S -Continued.

167

Thickpess  Depth

Blnterind {ieat) {ient

Clay, blue iy Ll o 5
Clay, blue, sand gravel . 8 i1z
Clay, wellow, and gravel o 2 5 11y
Clay nud sandl, 100 oot of water in casing . an 1
Clay, eray, sandy . B3 iis
Band, gray iRl 195
Clay, eray 15 210
Clay and gravel ig 242
Clay and gravel, also Ybedirock capping” 8 256
Clay and eravel B ia0
Gravel . i 240
Clay, yellow, and gravel 32 272
Cravel . 10 282
Clay and gravel 34 315
Guicksand and gravel 18 225
Gravel and black sand 1 242
Crdekeand and giavel a B85
Sand and gravel o Sihaaniian iz 848
Clay, pray, and gravelo Lo b 1 258
Sand and fipe gravel 2 a6l
Clay, gray, and sand, alisrnating 104 i64
Clay and gravel 4 1838
Clay, gray, and ﬁam} 12 480
Clay, wellow, spd sand o o 24 500
Clay, gray, and adnd altema.tmg 35 638
Clay, wellew 000 ) Bl G54
Clay and sand alternatine oo B8 620
Clay, wellow, and gravel in streals (dry) <12 633
Hay, vellaw 22 Boh
Qlay; blue and vellow & B0
Clay, gumbe, with some pea zravel 4 B4
Clay and sand with some gravel 1 855
Clay, yellow g5 T
Total depth 700
8/00-8600, U B Fish and Wildlife SBervice, . "New well No. 5.0 Dirilled,

digmeter B inches depth 560 Teel. Casing perforations 123-126, 130132, 1458
149, 152154, 158-160, 190-193, 196-200, 220-225, 260-253, 260-265, 270-272, 302-507,
220-825. 357330, 341-343. 350-353, 3?{}'3’23 420425, 432 487, 450:455, and 478483
feet.  Flow 46 to 51 gallons per mmut%‘ Temperature 617 ¥, Data from files

of II. 8. Burean of Biological Survey.

Thickness . Depth

Material (feet) {feet)
Clay, blue . SR ! g 20
Clay, slay, a,nd some pﬁ& gxmel i a0
Clay, groay, sandy. oo 0 40 an
lay 10 B0
10 a0
- a5
ay, gray o o an o135
Hand, black, Snaadl artesian fow 130 o 181 fecl b 180
Clay, gray, saoedy. 0 0 20 150
Clav, gray, sanidy, and sand. Avtestan flow at 15 # 15s
Mo sample. Muddine ol sang strate and ﬂuvmg casmg 12 i
Clay, grayosandy 00l el 20 180
Band., Artesian water 192 to 185 feet 4 i
Bangd,  Aviesian water of 200 feetl 5 200
Clay, sravish brown, and sanid 15 215
Clay and sond, sand gt 2249 feef. Artesian water 18 285
Clay, pray, sandy. o i 10 255
Clay, gray, sandy, an ravel i 245
Clay, pray, sandy . 1a 280
Band, Bioall artes 2 263
Ca% hrown, and Bne sand 4 267
Sand. Ariesing water: flo 8 200
{Hay, erav sl Boe sang ii .
Sand, qnmksand at 204 fock i g0t
Sand and elay - ann
Band coaree. Arvtesian water 000 4o 3@; e ,
. eollore per minule & 248
oy, sray, sanily 12 3u0
L’.‘ﬁiazf gray, sundy, and conrse sanil
Bmall arvtesiap fow 828 fo 427 feet vl 327
Clay, eray, and gravel 0 0 i3 340
Gravel  Smiall artestan flow . 2 342
Clav apd gravel. Artesisn fow ot 352 Taet 18 552
Clay, sticky, and gravel. . i SR a6l
Clay, sticky, and fine sand B 431
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HOT CREEE VALLEY ‘
BN /BU-15A1 (tentative). PFallini Bros. “Charlie’s” well Tirilled sm«‘:k well,
diameter G inches, depth 320 feet Six-inch easing te 320 feel, perforations
16~ by Z-ineh slote from 200 to 310 feel Repmteﬂ ﬁepth to water 2850 feet.

Diriller’s log.
i Thickness | Depth
Material {foet)

Thrs sand and pravel ¢ . R
sile 12

1
Sand and gravel,  Waler

UI
Sanﬂ and gravel.” Water

Total depth

AM/51-14D1 (tentative ). Fallind Bros. Drilled stock well, diameter 6 inches,
depth 210 feel,  CUasing to 210 feet, perforations 14- hy 2»1114:1} slots from 40 to
180 feel. Wiow 5O gallons per minute reported,  Drillev’s log.

Thiciness - Dapth
{Tentl {‘z‘eet}

Clay =~ - ) 44

Band . o 45
Clay LB B0
Eamﬁ and gmvei Waler . 110
Sand . Water{ : 210

Total depih . . 210

SN /B02441. F&Iimz Brog. Dug stock well, eqnip;}e{i with windmill, zaso-
line motor, and cylinder pump, diaweter 48 inches {wood cribbing), depth
52+ feet. Measuring point, top of & by Sinch timber at top of wood corib
1.5 feet above land surface.  Water level in feet, below mensnring point, 1048
January 6, 8818 April 24, 3854,

. BN/B0-18D1 (tentative).  Uenstant Vener. At pwouth of Tybo Canyosn,
Dirilled stock well, diameter 6 inches, depth 216 feet.  Siz-inch ecasing to 890
foet, no perforations. Beported depth fo water 80 feet. Driller’s log,

Thickness | Depth

Material (feet) (fraet}

BB Bb

131 216

. . oy

6}@/%2431 {tentative).  Constant Vener. About 7 mwiles east of Tyvbo

Canyon.  Drilled stock well diameter 8 inches depth 220 feet.  Hixinch

easing to 220 feet, no perforntions.  Reported depth to water 185 feel, Driller’s
loe.

Material
Bodl
Sand :md gr;:avel

65 /003481 {tentatwe) Constant Vener. About & miles west of U 8
Highway 6, alonz Tybo voad.  Dirilled stock well, dinmeter 6 inches deplh 205
fept. Bix-ineh caring to 200 Jeet, no perforations (7). Beported depth to
water 170 feet.  Diriller’s log

Matorinl

ﬁ:smﬁ and eravel
lay

Dutal depth
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8N/6031D1.  Joseph Willlaws.  Drilled domestic well, diameter 6 inches,
depth 180 feet. Uasing to 180 feet, perforations 14- by Z-inch slote from 150 o

170 feet. Depih to water 150 feet. Diriller’s log.
Thickness . Depth

‘ Material (feet) {fent)

Gravei aemented : L i i 145
,,,,,,,,,, - - - e 3B 166

Sanﬁ  Water .1 181
SHL 14 155
Band and gravel . B 180
Total depth o0 i i 150

&M /B0-8401. Joseph Williams, Drilled slock well diameter § inches, depih
155 feet, Casing to 155 feet, perforations - by 2inch slots from 120 to 145
feet. Depth to water 110 feet. Diriller’s log,

Thickness . Dlepth

Material : : Cheet) (feeﬁ)
Clay and gilt . i i 20 20
Sand and gravel . i . al 20
Silt & i 45 125
Baud 128
C‘lay s i  1zn
Sand i 25 168
Tota,l depth ... - 155

PENOYER VALLEY
28/54.13D1.  Unknown. Drilled stock well, equipped with gasoline motor
and evlinder pump, diameter B inches (steel casing), depth 185+ feet. Measur-
ing point, top of iron cover on ¢asing at land surface. Watler level 141.01 feet
below measuring point, Joly 1, 1948,
88/65-8A1, Unknown. Dmg and drilled stock well, equipped with wooden
windmill and eylinder pump, diameter B inches (steel ecasing), depth (drilled
well) 20 feet. Measuring point, top of collar on caging, 40 feet below land
surface. Water level 14,75 feet below measuring point, May B, 1048

@




UNITED STATES DEPARTMENT OF |INTERIOR
GEOLOGICAL SURVEY STATE ENGINEER OF NEVADA WATER RESOURCES BULLETIN NO.12, PLATE |
EXPLANATION @ﬂ T. 38N.
ol \\QE
Valley fill
Largely lacustrine sediments of late
Tertiary (?) to mid-Pleistocene(?) age; .- T.37N.
late Pleistocene sediments principally
in the form of beaches, bars, spits, 17
and similar shore sediments. Recent
sediments very minor. »
A
/
\;\QtSt;t\ P A e
Bedrock - \ ///I” T.36N.
. . . //
- Largely limestones of Paleozoic age; o
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MAP OF

Showing general geologic and hydrologic features,

EXPLANATION

Valley fill

Includes lacustrine, fan, and stream
deposits of Quaternary and late Terti-
ary(?) age and locally, in the eastern
part, deposits of the Humboldt forma-
tion of Miocene and Pliocene(?) age.

T
Bedrock

Includes sedimentary rocks of I"aleozoic

age, granitic intrusive rocks of early Ter-

tiary or late Mesozoic age, and locally,

lavas of Pliocene(?) age and sedimen-

tary rocks of the Humboldt formation
of Miocene and Pliocene(?) age.
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Area of Transpiration

In valley fill. Principal vegetation includes

big greasewood, giant rabbitbrush and

saltgrass. Depth to water, not more than
15 feet and ordinarily less than 10 feet.

Land Classification (Mason)

Area of Class I land—Soils suitable for
development within area where the depth
to water is not more than about 50 feet.

AR
Area of Class II land—Soils less suitable
for development than Class ] within area

where the depth to water is not more
than about 50 feet.

Approximate drainage divide of Ruby Valley

Approximate contact between bedrock
and younger valley fill

o
Well, nonflowing

ad
Stock sump

Y
Spring

Boundary of Ruby Lake
Wildlife Refuge

Scale

e

locations of wells and springs, and area of transpiration

RUBY VALLEY, ELKO AND WHITE PINE COUNTIES, NEVADA
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Map compiled from Halleck quadrangle, U. S. Geological Survey and “Physical conditions and for-
est resources maps, northeastern Nevada,” Soil Conservation Service and cooperating agencies.
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114° 40'

114°50'
EXPLANATION

115° 00

R.62 E. To Valley Fill

Includes lacustrine, fan, and stream
deposits of Quarternary and late Terti-
ary(?) age, but locally may include
deposits of the Humboldt formation of
Moicene and Pliocene(?) age.

To \\
Salt Lake /
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Includes sedimentary rocks of Paleozoic

age, granite intrusive rocks of early Ter-

tiary or late Mesozoic age, and locally,

lavas of Pliocene(?) age and sedimen-

tary rocks of the Humboldt formation
of Miocene and Pliocene(?) age.

N7 L\_

Area of Transpiration

In valley fill. Principal vegetation in-
cludes big greasewood, giant rabbit-
brush, and saltgrass. In Independence
Valley, includes a substantial area of

bare playa.

Land Classification (Mason)

Area of Class I land—Soils suitable for
development within area where depth
to water is not more than about 50 feet.
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MAP OF CLOVER AND INDEPENDENCE VALLEYS, ELKO COUNTY, NEVADA

Showing general geologic and hydrologic features,
locations of wells and springs, and area of transpiration
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Meridion

Includes unconsolidated gravel, sand, silt, and clay, and locally,
lavas and pyroclastics of Quaternary age. S

Bedrock, approximate area

Includes sedimentary rocks of Paleozoic age, lavas and inter-
bedded sediments of Tertiary age, and locally intrusive rocks of

39900 Mesozoic or Cenozoic age. 39°00"
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Showing general geologic features and locations of wells and springs.
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MAP OF A PART OF RAILROAD VALLEY

Showing locations of wells and springs, between Currant and Nyala, Nye County, Nevada.
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