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FOREWORD

of which this is the 29th report, was authorized by the 1960 Legislature to be
_ carried on by the Department of Conservation and Natural Resources in
%" cooperation with the U. S. Geological Survey. These two reports, together
with two reports in manuscript form, cover 50 of the 70 or more valleys or
- areas which are scheduled for study under this program.

A
Q The program of reconnaissance ground-water resources surveys,

This report, entitled, "A Brief Appraisal of the Grass Valley Area,
tHumboldt and Pershing Counties, Nevada", was prepared by Philip Cohen,
geologist with the U. 5. Geological Survey.

These reconnaissance ground-water resources surveys make available
pertinent information of great and immediate value to many State and Federal
agencies. As development takes place in any avea, demands for more
detailed information will arise, and studies to supply such information will
be undertaken, In the meantime, these reconnaissance-type studies are
timely and adequately meet the immediate needs for information on the
ground-water resources of the areas covered by the reports.
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A BRIEF APPRAISAL OF THE GROUND-WATER RESOURCES
OF THE GRASS VALLEY AREA,
HUMBOLDT AND PERSHING COUNTIES, NEVADA

by
Fhilip Cohen

e sl ve sl

SUMMARY

Girass Valley is a north-trending structural trough bordered by fault-
block mountains; it is in the Great Basin section of the Basin and Range physio«
graphic province, The valley is in north-central Nevada, and comprises an
area of about 520 square miles. It drains northward into the Humboldt River
valley--both on the land surface and in the subsurface,

The climate of the project area ranges from arid in the valley lowlands
to subhumid in the mountains, Precipitation within the drainage basin of the
valley is the ultimate source of practically all the ground water. The uncon-
solidated deposits of the valley fill and possibly a few interbedded basalt flows
store and transmit most of the economically recoverable ground water, The
unconsolidated deposits, which range in age from Miocene or Pliocene to
Recent, consist mainly of fluviatile and lacustrine strata that range from
highly permeable stringers of sand and gravel to moderately impermeable
beds of silt and silty clay. Most of the depoasits of the valley fill, which attain
a maximum thickness of at least several thousand feet, are structurally
deformed as are the consolidated rocks of the bordering mountain ranges.

The estimates of average annual natural recharge to and discharge
from the ground-water reservoir of Grass Valley are about 12, 000 to 13, 000
acre-feet. Most of the recharge is derived from the infiltration of snowmelt
runoff from the Sonoma Ranpe and occurs principally on the alluvial apron
bordering that range, Frora there, the ground water moves westward and
northwestward toward the valley lowlands where part of it, an average of
about 7, 000 acre«fecet per year, is discharged by evapotranspirasion, The
remainder, an average of about 6, 000 acre-feet per year, moves generally
northward and discharges into the Humboldt River valley.

A large amount of ground water is in storage in the valley fill of Grass
Valley--about 1.5 million acre-feet in the uppermost 100 feet of saturated
rmaterial, All the ground water sampled in the valley is of good to excellent
chemical quality and is suitable for agricultural and domestic use,




The study described in this report was undertaken and completed in
the spring of 1964, and mainly was limited to an analysis of the available data
rather than extensive additional field work. It was made under the direction .
of G. F. Worts, Jr., district chief in charge of hydrologic studies by the
U. 5. Geological Survey in Nevada,

Location and General Geographic Features:

In this report the phrase "Grass Valley area' is used to designate the
entire area shown on plate 1; it comprises all of Grass Valley plus an approxi-
mately 25-mile long reach of the Humboldt River valley that borders and is
continuous with the northern part of Grass Valley, To facilitate a quantitative
analysis of the pround-water hydrology, the northern margin of Grass Valley
is defined in this report by the heavy dashed line shown on plate 1. This line
coincides with a segment of the southern margin of the "storage units" in the
Humboldt River valley as defined by the writer in previous reports {(Cohen,
1964, and Cochen, 1963b). Topographic drainage divides comprise the east,
south, and west marging of Grass Valley.

As defined in the foregoing paragraph, Grass Valley is the northwest-
trending topographic trough bordered on the north by the storage units in the
Humboldt River valley, on the east by the crests of the Sonoma and Tobin
Ranges, on the south by an alluvial divide and the crests of the East Range
and the Goldbank Hills, and on the west by the crest of the Last Range.

Grass Valley, which is in Humboldt and Pershing Counties in north-central
Nevada, is approximately enclosed by lines of latitude 40930" N., and

41900' N., and longitude 117°30' W, and 117°955' W, (fig, 1). It is about

30 miles in length, averages about 15 miles in width, and has a2n area of about
520 gguare miles. '

U.S, Highway 40, which roughly follows the course of the Humboldt
River, crosses the northern part of the project area and provides the principal
access. A graded south-trending road along the east side of the valley pro-~
vides the principal access to Grass Valley. In addition, numerous unim-
proved trails and dirt roads croas the valley,

Winnemucca, which formerly was the center of a thriving mining
industry, is the only community within the project area; it had a population of
about 3, 500 in 1960, At present, little mining iz done in the area, and
farming, notably cattle raising and the production of forage crops, and the
tourist business are the principal sources of income.

Previous Work:

Many published and unpublished reports have been prepared describing
the hydrology, geology, and other physical features of parts of the project
area, Only those reports of historic interest and those used in the prepara-
tion of this report are described in the following paragtraphs.

3.
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The geology of the northern part of the project area first was inves-
tigated by King (1878). Subseguently, Russell (1883 and 1885) described the
geology of the Lake Lahontan deposits in Nevada, including those exposed in
the Grass Valley area, Ferguson, Muller, and Roberts (1951} and Ferguson,
Roberts, and Muller (1952) mapped the geolegy of the project area and '
vicinity with special emphasis on the stratigraphy and structure of the con-
solidated rocks, A reconnaissance geologic map of Humboldt County, which
includes the northern part of Grass Valley, was prepared by Willden (1961).

The ground-water geology and hydrology of the Grass Valley area
were considered in moderate detail by Robinson, Loeltz, and Phoenix (1949),
In addition, several reports regarding the geology and hydrology of the
northern part of the Grass Valley area have been published as a result of
the Humboldt River Research Project, These include the results of geophy-
sical studies by Dudley and Mc(Ginnis (1962), McGinnis and Dudley (1964),
and Cartwright, Swinderman, and Gimlett (1964); the results of hydrogeologic
studies by Bredehoeft (1963); and analyses of several aspects of the hydrology
by Cohen (1961la, b, and ¢; 1962a, b, ¢, and d; 1963a and b; and 1964},

Unpublished reports or reports in process of publication as of June
1964, prepared as a result of the Humnboldt River Research Project, include
a summary of the hydrology of the area by Cohen {in review) and five
graduate-school theses by G. M. Wilson {1960}, Onuschak (1960), Cartwright
(1961), Hawley (1962), and W. E, Wilson (1962).

Acknowledgments;

The writer is grateful for the cooperation and assistance of many of
the residents of the Grass Valley area who permitted access to their property
and who supplied data regarding wells, springs, and irrigated acreage. :
Personnel of the U, 5, Department of Agriculture supplied valuable informa-
tion reparding pumpage and irrigated acreage, :

Numbering of Wells and Springs:

Numbhers assigned to wells and springs in this report are based on
the rectangular subdivisions of the public lands referenced to the Mount
Diablo base line and meridian, FEach number congists of three units; the
first is the township north of the bask line. The second unit, separated
from the first by a slant, is the range east of the meridian. The third unit,
separated from the second by a dash, degignates the scction number which,
in turn, is followed by a letter that indicates the quarter section; the letters
a, b, ¢, and d designating the northeast, northwest, southeast, and south-
west quarters, respectively. Following the letter, a number indicates the
order in which the well or spring was recorded within the 160-acre tract,
For example, well 35/37-11cl is the first well recorded in the southwest
gquarter of sec, 1}, T. 35 N., R. 37 E., Mount Diablo base line and
meridian,
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Because of the limitation of space, wells and springs are identified
on plate 1 only by the section number, guarter-section letter, and the number
indicating the order in which the well or spring was located. Township and
range numbers are shown along the margins of the plate,

CLIMATE

The climate of the Grass Valley area is controlled mainly by the Sierra
Nevada, about 100 miles to the west, and by the prevailing eastward flow of
air, Warm, moist air masses moving eastward from the Pacific Ocean are
forced aloft by the Sierra Nevada causing large amounts of precipitation in the
mountains. As a result, the air masses moving across the Grass Valley area
normally have a low moisture content, This, in furn, causes the climate of
the valley lowlands of the project area to be arid to semiarid, Orographic
effects similar to those of the Sierra Nevada but of a lesser magnitude cause
the climate of the mountains of the project area to be subhurmid,

Climatological data have been obtained by the U, 5. Weather Bureau at
and near Winnemucca since 1870, The weather station was in Winnemucca
prior to 1948; in 1948 it was moved to the Winnemucca Municipal Airport,
about 6 miles southwest of the city. Sorne of the pertinent climatological data
collected at the Winnemucca weather station are summarized in table 1, For
the period 1871-1962, average annual precipitation was 8.40 inches. Most of '
the pr- cipitation on the valley Iowlands occutrs as snow in the winter and as
rain from isolated but intense thunderstorms in the summer. In the mountaing
most of the precipitation, an average of probably more than 20 inches per '
year on the highest peaks of the Sonorna Range, occurs in the winter as snow,

The average daily temperature as recorded at the Winnemucca weather
station is 49°F, The highest temperature of record, 108°F, occurred on
July 30, 1931; the lowest temperature of record, -36°F, occurred on |
January 21, 1937, Extreme diurnal temperature fluctuations, cormmonly as
much as 50°F, low relative humidity, and an abundance of sunshine further
characterize the climate of the Grass Valley area.

Evaporation data have been obtained in the Winnemucca area only since
the beginning of the Humboldt River Research Project in 1959, The average
annual rate of evaporation cannot be estimated from these short-term data;
however, data obtained in nearby areas and data given by Kohler, Nordenson,
and Baker (1959) suggest that the average annual rate of evaporation from
free-water surfaces in the valley lowlands is on the order of 4 feet, Accords
ingly, the estimated average annual rate of evaporation from free-water sur-
faces is nearly six times the average annual precipitation,

The length of the growing season in Grass Valley varies firom year to
year and from place to place within the valley, In addition, it depends on the
type of crop; some crops can survive light frosts, others cannot, According
to Houston (1950, p. 14), the average growing season in Grass Valley probably
is about 130 days,
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THE HYDROGEOLOGIC ENVIRONMENT

Many aspects of the hydrology and geology of the Grass Valley area
are closely related. For example, the rate of ground-water movement and
the amount of ground water in storage are closely related to the sizes and
shapes of the pore spaces or openings in the rocks, Similarly, many flow
characteristics of the streams in the area are dependent on geologic features,
such as the shapes and gradients of the stream channels. Because of the
previously described orographic effects, even the amount and distribution of
precipitation are related to the geolegy of the area, Accordingly, hefore con-
sidering the quantitative aspects of the ground.water hydrology, pertinent
features of the geology of the area are described briefly in the following
paragrapha,

Landforms and Drainage;

Grass Valley is one of more than a hundred roughly north-trending
valleys in Nevada and is in the Great Basin section of the Basin and Range
physiographic province, Thig section of the province is called the "Great
Basin'' because it is a closed hydrologic unit, Precipitation within the water-
shed of the Great Basin is the source of all the water in the area, and evapo~
transpiration is virtually the sole means by which water is discharged naturally
from the Great Basin, :

Mountains; As is characteristic of most of the Great Basin, the
mountains in the Grass Valley area are elongate, nearly north-trending, fault-
block ranges, They are composed almost entirely of consolidated rocks, most
of which have been moderately to intensely deformed by folding and thrust
faulting, Nevertheless, the general cutline of the ranges and the relief of the
project area, a maximum of about 5, 000 feet, are mainly the result of dis-
placement along normal fanlts,

Most of the lavger normal faults in the (Grass Valley area dip west-
ward, Accordingly, the western slopes of the ranges, which are deeply eroded
fault scarps, commonly are steeper than the eastern slopes. The more sub-
dued eastern slopes of the Sonoma and East Ranges are the so-called "dip
slopes', and are modifications of the topography that existed prior to faulting.

Alluvial Apron: The alluvial apron is the area of intermediate slope
between the steep, rugged mountains and the comparatively subdued valley
lowlands; it includes two major physiographic featurea of hydrologic signifi-
cance--alluvial fans and pediments,

Alluvial fans are cone-shaped deposits of unconsolidated material
formed along the bases of the ranges, Individual fans initially were formed
where streams discharged from the uplifted mountains onto the valley floor as.
a result of the abrupt flattening of the gradients and the consequent decrease in
the carrying capacity of the stream. As the fans grew larger they eventually
merged with one another forming the almost continuous apron girdling the
rangea.

'
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The overall shapes of the pediments in the Grass Valley area are
similar to those of the alluvial fans; however, unlike alluvial fans, pediments
are erosional features formed mainly as a result of lateral planation by
streams draining the mountains, The largest and best developed pediments
are along the western slope of the Sonoma Range, notably in T, 35 N,,

R, 38 E,, and in T. 31 N., R. 39 E. In both locations the pediments are cut
by moderately large fault scarps, ranging from about 20 feet in height in the
southern part of the valley to slightly more than 100 feet in height in the
noythern part,

Valley Lowlands: In the southern two-thirds of Grass Valley, the
valley floor is comprised mainly of coalescing alluvial fans that merge almost
imperceptibly along the northwest-trending axis of the valley, Beginning at
about the south end of T. 34 N,, the valley floor flattens abrubtly, until in
the northern-most part of the valley it has a very gentle slope of about 3 to 4
feet per mile to the northwest,

This moderately flat area represents the former bottom of an ancient
lake known as Lake Lahontan, which had a maximum altitude of about 4, 400
feet (Russell, 1885). Shoreline features and deposits associated with the
lake suggest that in gross aspect two deep stages and one intervening period
of desiccation characterized the history of Lake Lahontan. (See Russell, 1883;
Morrison, 1961; and Cohen, 1962¢ and 1963b), Beaches, bars, and wave-cut
terraces and scarps associated with the lake occur at altitudes ranging from
about 4, 260 to 4, 400 feet, and are best developed along the northwest margin
of the Sonoma Range.

Streams; The Humboldt River is the largest stream in the project
area, It heads near the eastern border of Nevada and flows westward and
southwestward for nearly 300 miles before discharging into the Humboldt Sink,
a playa in west-central Nevada.

In the project area, the Humboldt River is a sluggish and meandering
stream during most of the year; however, in the spring and early summer
during periods of high streamflow, it actively erodes its channel, scours deep
floodflow channels, and cuts off meander loops. The average gradient of the :
river is about 1,7 feet per mile; that of the flood plain is nearly 3.5 feet per
mile, The depth of the channel averages about 8 feet and ranges from about
6 to 15 feet; its width averapges about 80 feet and ranges from about 40 to 150
feet.

The course of the Humboldt River is oblique to the roughly northtrend-
ing regional structure, Accordingly, it is presumed that the river is an ante-
cedent stream, having eroded its channel about as rapidly as the fault-block
ranges were uplifted,

The smaller streams in the area head in the mountains bordering
Grass Valley; most of them drain radially towards the axis of Grass Valley,
and thence northwestward along the axis toward the Humboldt River, Nearly

8.



all these streams locally are perennial in the mountains; however, all are
ephemeral on the alluvial apron and on the valley floor, and they rarely dis-
charge into the Humboldt River even during periods of intense flooding.

Lithology and Water-Bearing Properties of the Rocks:

In previous reports, the rocks in the Grass Valley area have been
subdivided into more than 30 units (Ferpuson, Muller, and Roberts, 1951;
Cohen, 1963b; and Hawley and Wilson, 1964), However, in this report they
are subdivided into four major units: consolidated rocks, older alluvium,
interrnediate alluvium, and younger alluvium, The latter three units are
collectively termed "valley fill",

Consolidated Rockg: The consolidated rocks range in age from
Paleozoic to Cenozoic, and include most common types of sedimentary and
igneous rock. The Paleozoic rocks, which are best exposed in the Sonoma
Range and in the southern two-thirds of the East Range, range in age from
Early Cambrian to Permian, and have an aggregate thickness of nearly 60, 000
feet. They are comprised mainly of sedimentary rocks, notably sandstone and
limestone. Locally, the older Paleoroic rocks have been metamorphosed to
slate, phyllite, and achist, In addition, the younger Paleozoic rocks (those
of Permian age) locally are comprised mainly of volcanic rocks, such as
rhyolite and trachyte lava flows, breccia, tuif, and andesite,

Mast of the consolidated rocks of Mesgozoic age are exposed in the
northern part of the East Range where they attain an aggregate thickness of
at least 10, 000 feet, Most of these rocks are of sedimentary origin and are
comprised mainly of shale, sandstone, and limestone, in decreasing order of
abundance. The youngest Mesozoic rocks are of igneous origin and include
granite, grancodiorite, quart? monzonite, and diorite, These rocks are of
unknown thickness and are best exposed in the central part of the Sonoma
Range and in the southern part of the East Range.

Practically all the consolidated rocks of Cenozoic age are of igneous
origin; they include rhyolitic lava flows and aggociated tuff and andegite of
Tertiary age, basalt flows of Tertiary or Qua.ternary age, and spring sinter
of Quaternary age.

Most of the rocks of Paleozoic and Mesozoic age have little or no
interstitial porosity and permeability and, accordingly, they store and trans-
mit negligible quantities of ground water, Locally, however, small to moder-
ate amounts of water are stored and transmitted through {ractures and solution
openings, especially in the limestone, The Tertiary volcanic lava flows are
moderately deformed and mainly are barriers to the movement of water, The
younger basalt flows of Tertiary or Quaternary age are less deformed than the
older volcanic rocks and locally form distinct topographic forms known as
flatirons or louderbacks, Inasmuch as the basalt was formed from a cooling
liquid, it has little or no interstitial porosity or permeability, However,
moderately large quantities of water probably are transmitted through porous

9.



and permeable zones between lava flows. Both wells, 36/38-2b} and
36/38-194dl, reportedly tap basalt flows (table 9), The latter well reportedly
flows at a rate of 300 gpm (gallons per minute) and is one of four wells used
to supply municipal water to the city of Winnemucca,

Valley Fill: The oldest unit of the valley fill, the older alluvium,
ranges in age from Miocene or PPliocene to Pleistocene. The oldest strata of
this upit include conglomerate, sandstone, and siltsione and lesser amounts
of limestone, marl, and tuff, These strata are structurally deformed and
deeply eroded and locally are highly metamorphosed and silicified. Accord-
ingly, they are of low permeability and probably store and transmit only
small amounts of water.

Also included in the older alluvium are thousands of feet of unconsoli-
dated strata comprised largely of silt, sand, and gravel that were deposited
mainly as alluvial fans along the margins of the valley and as stream-~channel
and lake deposits in the valley lowlands. These deposits also are moderately
deformed and locally are partly cemented by calcium bicarbonate. For the
tmost part, however, they are highly porous and are moderately to highly
permeable,

The younger strata of the older alluvium comprise the principal aquifers
or water-bearing deposits in Grass Valley, Wells that tap well-sorted sand =
and gravel strata of the older alluvium, such as 35/37-+13dl and 35/37-25bl,
yield more than 1, 000 gpm,

The intermediate alluvium was deposited around the margins of and
within Lake Lahontan. It is comprised of at least five recognizable sub-units
{Cohen 1963b, table 3); however, only two, the medial gravel and the upper
silt and clay sub-units, are of hydrclogic significance in the Grass Valley
area,

The medial gravel sub-unit is recognized almost eatirely in the sub-
surface, It attains a maximum thickness of about 100 feet beneath the channel
of the Humboldt River, and thins markedly both notthward and southward from
the river. Accordingly, the maxirmum thickness of the sub-unit in Grass
Valley is less than 10 feet, In the northern part of the project area the medial
gravel sub-unit stores and transmits large amounts of water; its estimated
average field coefficient of permeability (the ability to transmit water at the
prevailing water temperature through 1 square foot of material under a unit
hydraulic gradient} is 5, 000 gpd}’ft2 (gallons per day per square foot), (Sece
Cohen 1963b, p. 32-34),

The upper silt and clay sub-unit comprises almost all of the intex-
mediate alluvium exposed at land surface, It consists mainly of alternating
beds of silt and silty clay, and atfains a maximum thickness of nearly 60 feet
along the axis of Grass Valley, This sub-unit, which was deposited in the
second and most recent deep stage of Lake Lzhontan, stores moderately large
quantities of water; however, because the sub-unit is {ine-grained, it trans-
mits only small quantities of water and yields negligible amounta to wells.
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The third major unit of the valley fill, the younger alluvium, is of
Recent age and includes the flood-plain and terrace deposits of the Humboldt
River (not shown on plate 1), stream-channel deposits, and alluvial-fan
deposits. Most of these deposits in Grass Valley probably are less than 50 to
100 feet thick, Moreover, most of thern are above the zone of saturation and,
accordingly, contain no ground water. Where saturated, their texture and
water-bearing character range from highly permeable stringers of sand and
gravel to lenses and layers of silt and clay of very low permeability.

Mainly as a result of displacement along normal faults but partly
because of erosion, the bedrock surfaces underlying and bordering the deposits
of the valley fill are highly irregular, Accordingly, the range in thickness of
these deposits is considerable., Along the axis of Grass Valley, the valley fill
is at least several thousand feet thick; however, along the margins of the
basin where unconsolidated deposits overlap the consolidated rocks of the
mountains, these depcsits thin to a feather edge.

Geolopic Structure;

Grass Valley is a north-trending structural depression bordered by
two structural highs, the Sonoma Range and its southward extension, the Tobin
Range on the east, and the East Range on the west, The rocks of the mountains,
which largely impede the movement of ground water, are tightly folded and are
breken by low-angle thrust faults. In addition, these rocks, the younger
Tertiary and Quaternary (?7) consolidated rocks, and most of the deposits of
the valley {ill are cut by roughly north«trending, high-angle normal faults,
Digplacement and warping associated with movement along normal faults has
resulted in the relative depression of the valley floor and the relative uplift of
the bordering mountains., The term "relative’ is used because it is uncertain
to what extent the mountains were uplifted and the valleys were depressed with
respect to each other,

Ag previously noted, joints and other fractures formed as a result of
movement along faults allow water to move through some of the otherwise
impermeable rocks. In addition, many of the solution openings, which locally
store and transrnit ground water through the carbonate rocks, were formed
along fractures related to faulting,

Primary and secondary structures in the unconsolidated deposits of
the valley fill significantly affect the movement and storage of ground water.
Bedding probably is one of the most significant of these structures. Where
strata of different lithology overlie one another, there normally are marked
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changes in hydraulic properties, notably porasity and permeability, For
example, the irrepular bedding surface that forms the contact between the
medial gravel and the upper silt and clay subunits is an example of a market
lithologic and hydrologic discontinuity.

The upper silt and clay subunit and other fine-grained lacustrine
strata beneath the subunit contain secondary accretionary structures formed
largely by chemical precipitation. These include nodules and layers of calcium
carbonate, rosettes of calcium sulfate, and calcium carbonate root fillings.
These structures decrease the porosity and permeability of the fine-grained
strata.

Geologic History:

For the most part, the following brief summary of the geologic history
of the Grass Valley area is adapted from a report prepared as a result of the :
Humboldt River Research Project (Cohen 1963b, p. 34-35),

1. Deposition of marine strata and lesser amounts of volcanic rocks
during early and middle Paleozoic time,.

2. Orogenic defcrmation characterized by tight folding and
thrust fauliing in early Pennsylvanian and again in Permian time.

3. Deposition mainly of marine strata in early Mesgozoic time,

4, Orogenic deformation in middle and late Mesozoic time
culrninating with the emplacement of intrugive rocks, mainly of granitic ;
composition, in Jurassic {?) time, '

5. Volcanism and epirogenic deformation characterized by
gentle warping and normal faulting in early Tertiary time.

6. Continued normal faulting, with possible vertical displacement
of 5, 000 feet or more, outlining the present gross topographic features
including the Humboldt River drainage system.

7. Continued deposition of the older alluvium in late Plivcene
and early and middle Pleistocene titne, accompanied by intermittent
normal faulting and volcanism,
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8. Inundation of the valley lowlands in late Pleistocene time by Lake
Lahontan, Deposition of the intermediate alluvium.,

9. Desiccation of Lake Lahontan at the end of the Pleistocene Epoch,
Entrenchment of the Humboldt River in résponse to the lowering of the level
of Lake Lahontan, Deposition of the younger alluvium, accompanied by con-
tinued intermittent normal faulting,

SURFACE-WATER HYDROLOGY OF THE NORTH END OF GRASS VALLEY

The surface-water hydrology of the north end of Grass Valley and the
adjoining segment of the Humboldt River valley is closely related to the ground-
water resources of the study area.. Cohen (1963b, p. 64-65) has demonstra.ted
that the gain in the flow of the Humboldt River opposite the mouth of Grass
Valley is mainly the result of ground-water outflow from Grass Valley, Thus,
the magnitude, time distribution, and characteristics of the flow of the
Humboldt River are pertinent elements in the quantitative evaluation of the
ground-water resources of the study area. The material presented in the
following paragraphs is taken in large part from a report by Hanson {1963,

p. 39-57).

Humboldt River:

In 1962, the flow of the Humboldt River was measured at two gaging
stations established by the U, S, Geological Survey in the project area, These
are designated formally, "Humboldt River near Winnemucca' and "Humboldt
River near Rose Creek", and in this report are referred to as the
Winnemucca and Rose Creek gaging stations, They are in the NE 1/4 sec. 17,
T. 36 N,, R. 38 E., and in the NW 1/4 sec. 36, T. 35 N., R, 35 E., respec~
tively, Streamflow records have been obtained at the Rose Creek gaging
station since April 1948 and at the Winnemucca gaging station for the period
Qctober 1960-November 1963,

Long-Term Flow Characteristics:

Although streamflow data have been obtained at the Rose Creek gaging
station only since 1948, correlation of these data with data obtained inter-
mittently since 1895 at the Comus gaging station (about 22 miles east of
Winnemucca) indicate that the short-term data obtained at the Rose Creek
gaping station are reasonably representative of long-term flow characteristics
of the Humboldt River,

As shown in table 2, the annual flow at the Rose Creek gaging station
in water years 1949-62 ranged from a high of 535, 800 acre-feet in water year
1952 to a low of 21, 840 acre-feet in water year 1955. Accordingly, the
maximum annual flow was nearly 25 times greater than the minimum, Inas-
much as there are no major upstream storage facilities on the river, the
extreme range in annual streamflow mainly reflects yearly climatic variations.
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Table 2. -- Yearly streamflow of the Humboldt River at the

Rose Creek gaving station, water years 1949-62

Streamflow

Water Year {acre~fcet)
1949 118, 500
1950 135, 000
1951 232,700
1952 535, 800
1953 120,100
1954 44, 270
1955 21,840
1956 197,200
1957 180, BOO
1958 243,200
1959 42,650
1960 36, 290
1961 24,670
1952 242,900
Average 155, 400
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Seasonal and Short-Term Flow Characteristics; As shown in table 3,
the flow at the Rose Creek gaging station at the bepinning of the water year
normally is the lowest of the year, {The water year is defined as the 12-month
period beginning Cctober 1 and ending September 30)., From November
through January the flow increases gradually as the weather turns cold,
causing native plants to consume less water and causing evaporation to de-
crease., The flow commonly increases in February and March because of
winter storms. In April the flow normally increases markedly as the weather
begins to turn warm and as the snowpack that accumulated during the previous
winter begins to melt; the spring snowmelt runoff usually reaches a peak in |
May. The snowpack commonly ig almost entirely depleted by the end of June,
causing the flow of the river to decrease markedly. It continues to decrease
until the end of the water year.

Monthly streamflow in an individual year may differ significantly from
the averages listed in table 3 mainly as a result of extreme climatic variations.
For example, the flow in March 1962, about 32, 000 acre-feet, was nearly ten
times greater than the flow in March 1961 and about twice the average flow |
for March. Similarly, the flow in May 1952, about 249, 000 acre-feet, was
almost seven times greater than the average flow for the month and was more
than the entire annual flow in each of the other years listed in table 2, ;

An especially pertinent feature of the flow of the Humboldt River in :
the project arca is that during periods of low strearnflow, the flow increases
substantially between the Winnemucca and Rose Creek gaping stations, even
though tributary streamflow very rarely discharges into this reach of the
river. This feature was investigated intensively by means of periodic seep- !
age measurements made as part of the Humboldt River Research Project,
(See Hanson, 1963, p. 47-52), The results of a typical series of low-flow
seepage measurements at nine stations, including the Winnemucca and Rose
Creek gaging stations, are listed in table 4, As considered in a subsequent
section of the report, the gain between stations and 0 and 3 in large part is
caused by the ground-water outflow from Grass Valley.,

Smaller Streams:

All of the smaller streams in the project area are dry most of the
time throughout most of their lengths, Some of these streams, however,
contain water during the entire year for short distances in the mountains
where they receive year-round springflow, Nevertheless, even in the moun-
tains most of the tributary streams normally flow only in the winter in res-
ponse to increased rain and snow, and in the spring and early summer in
response to the melting snow pack.

V'ery rarely does tributary streamflow discharge into the Humboldt
River in the Grass Valley area, Rather, the flows evaporate, are trans-
pired, infiltrate into the zone of aeration (the zone of unsaturated material
above the watexr table), or percolate downward to the water table and recharge
the ground-water reservoir. Even during intense summer thunderstorms or-
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Table 3, «~Average monthly streamflow of the Humboldt River

at the Rose Creek gaging station, water years 1949.62

Average streamflow

Month {(acre-feet)
October 1, 670
November 2,430
Decermber 3, 650
January 4, 840
February 8,780
March 16, 350
April 23,750
May 36,380
June 31,120
July 19, 570
August 4, 590
September 2,100

. Table 4. --Low-flow seepage measurements along the Humboldt River

between the Winnemucca and Rose Creek gaging stations, December 1961

{Rose Creek Station)

Station Streamflow Gains (+) or loss (-}
letter 1/ (CFS) (CFS)
M
{(Winnemucca Station) 2,94
+2.13
N 5,07
-1,35
O 3.72
+ .56
P 4,28
+4, 56
Q 8, 84
+4, 16
R 13. 0
+1.8
S 14,8
- .8
T 14,0
- +5
8] 13.5

1/ See plate ! for location of streamflow-measuring stations,

consistent with those used in pﬁzviously prepared reports,
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periods of warm rain on frozen ground, the resulting floodilows do not reach
the Humboldt River, For example, as a result of highly localized but intense
thunderstorms in July 1961 .an estimated peak flow of 1, 320 cfs (cubic feet
per second) occurred in Thomas Creek, and in August 1961 an estimated
peak flow of 11, 400 cfs occurred ih Clear Creek near the mouth of that
canyon (Hanson, 1963, p. 57). During both storms, none of the resulting
stream-flow discharged into the Hurnboldt River,

As is described in the following section of the report, the infiltration
of tributary streamflow is the source of most of the ground-water recharge

in Grass Valley,

GROUND-WATER HYDROGLOGY

Source:

Practically all the ground water in Grass Valley is derived from pre-
cipitation within the margins of the valley, Most of the deposits at land
surface in the valley lowlands are fine grained and, therefore, have a high
field capacity {the ability to retain moisture against the downward pull of
gravity)., Moreover, precipitation on the valley lowlands commonly occurs
as scattered and infrequent showers. Accordingly, most of this water
merely moistens the upper few inches of the zone of aeration from where it
untimately is lost by evapotranspiration.

Nearly all the ground water in Grass Valley is derived from the infil-
tration of tributary streamflow, most of which, in turn, is derived from
melting of the snowpack that accumulates during the winter, Some of this
streamflow infiltrates into cracks or other openings in the consolidated
rocks of the mountains and thence moves downgradient inte the deposits of
the valley fill, In addition, substantial quantities of ground-water recharge
also result from the infiltration of tributary streamflow as it crosses the
alluvial apron. Seepapge measurements by Hanson (1963, p. 40) indicate that
streamflow in the Grass Valley area normally decreases progressively
downslope on the alluvial apron. Some of this decrease in flow, especially
in the spring and summer, results from evapotranspiration., However,
most of the streamflow that infiltrates into the unconsolidated deposits in
excess of the field capacity of these deposits ultimately percolates downward
to the water table and recharges the ground-water reservoir,

Qc¢currence;

Nearly all the ground water of economic significance in Grass Valley
is in the pore spaces of the unconsolidated deposits of the valley fill, As
previously noted, the Tertiary or Quaternary basalt flows locally yield
moderately large quantities of water to several wells in the Humboldt River
valley irnmediately north of Grass Valley, However, to date {1964) no wells
in Grass Valley are known to have penetrated basalt.
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The more significant water-bearing properties of the deposits of the
valley fill, the porosity and permeability, largely are related to the sizes and
shapes of the particles and to the degree of compaction and cementation of the
material. All other factors being equal, coarse-grained materials have the
greatest permeabilities, and well-sorted materials have the most numerous
pore spaces. For example, although the upper silt and clay subunit is highly
porous and contains a large amount of ground water, it has a low permeability
and, therefore, yields little water to wells, Inasmuch as the medial gravel
subunit is less than 10 feet thick in Grass Valley, the most productive aquifers
in the valley (those that yield water most readily to wells) are lenses of sand
and gravel deposited by the streams draining the Sonoma Range, especially by
the larger streams, such as Clear and Thomas Creeks and the stream in
Sonoma Canyon,

Ground water in Grass Valley occurs under both artesian (confined) and
water«table {(unconfined) conditions. Artesian conditions are present mainly as
a result of the occurrence in the valley {ill of alternating layers of fine and
coarse~grained material of differing permeabilities. For example, water
levels in wells in the northern part of the valley that tap the medial gravel
subunit {within which ground water is confined by the upper silt and clay
subunit) respond rapidly, within a few hours to a few days, to changes in the
stage of the Humboldt River (Cohen, 1963b, p, 76~77). Inasmuch as these wells
are about 5 miles from the river, they could not respond so rapidly to a change
in the stage of the river unless one or more aquifers tapped by the wells were "
confined,

Artesian heads throughout most of the valley are insufficient to cause
ground-water levels to rise to or above the land surface. The water level in
only one well, 33/38-14cl, is above land surface.

Movement:

Ground water moves in the direction of least hydraulic head (down-
gradient) from recharge areas to discharge areas. Thus, the horizontal com-
ponent of the direction of ground-water movement is perpendicular to water~
level contoura, ’

The water-level contours on plate 1 show the direction of ground-water
movement in the Grass Valley area in December 1962, Although the shapes of
the contours change from day to day and from season to season, the contours
shown on the map are reasonably representative of the over-all direction of
ground-water movement in the entire project area during most of the year,
normally from about late July to mid-April (Cohen, 1963b, p. 60).

In the spring and early summer, when the flow of the Humboldt River
increases markedly as a result of snowmelt runoff upstream from the Grass
Valley area, ground-water levels beneath the flood plain of the river rise
abruptly and substantially, locally more than 8 feet, and a ground-water ridge
forms along the river, However, even during such times when the shapes of
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the water-level contours in the Humboldt River valley differ markedly from
those shown on plate 1, the shapes of the water-level contours in Grass
Valley are very similar to those shown on the map, Accordingly, the general
direction of ground-water movement in Grass Valley is similar to that of
surface water--from the mountains toward the valley lowlands, and thence
northwestward toward the Humboldt River,

Recharge:

As previously noted, precipitation within the drainage basin is the
ultirnate source of practically all the ground water in Grass Valley. As was
done in most of the previous reports of this series, a method described by
Eakin (1951) is used to obtain a prelirninary estimate of the average annual
recharge to the ground-water reservoir of Grass Valley, The method is
based on the assumption that a fixed percentage of a given average annual
rate of precipitation ultimately recharges the ground-water reservoir.

In overall aspect the average annual precipitation in Nevada is related
closely to altitude and can be estimated with a reasonable degree of accuracy
by assigning precipitation rates to various altitude zones {(Hardman, 1936},
The altitude zones in Grass Valley, the estimated average annual prec1p1ta.‘t10n
on these zones, the assumed percentage of recharge, and the quantity of
recharge to the ground-water reservoir are listed in table 5. The estimated
average annual precipitation in Grass Valley is about 250, 000 acre-feet; of
this amount, an estimated average of about 12, 000 acre-feet per year re-
charges the ground-water reservoir, Thus, only about 5 percent of the total
average annual precipitation ultimately recharges the ground-water reservoir
of Graass Valley, .

Table 5. --Estimated average annual precipitation and
ground-water recharge in Grass Valley, Nevada,

Estimated average Estimated average
annual precipitation annual recharge
Aver4 Aver- | Assumed
Average zone| Area Range age age percentage {acre-
{({feet) {acs.) {inches) {ieet) { {ac.ft. )i of precip. feet)
Above 8, 000 3,500|more than 20| 1,75 6, 100 25 i, 600
7,000 to 8,000 | 16,300( 15 to 20 1.46| 23,800 15 3, 600
6,000 to 7,000 | 52,800| 12 to 15 1.12| 59,100 7 4,100
5, 000 to 6, 000 |109, 000 8 to 12 « 83| 90,500 3 2,700
Below 5, 000|151, 200{less than 8 .50 75, 600 0 0
Total {rounded)|332, 800| -- -- {250, 000 - 12, 000
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Discharge:

Natural Discharge: Prior to the development of ground water by
man, all the natural ground-water discharge from Grass Valley was a result
of subsurface ground-water outflow to the Humboldt River valley and evapo-
transpiration,

Ground-water outflow: Ground-water outflow from Grass
Valley can be estimated by evaluating {a} the increase in flow of the Humboldt
River in the study area for selected time intervals, and (b) the differences
between the amounts of underflow moving through key sections perpendicular
to the river, Most of the time some of the ground-water outflow from Grass
Valley is consumed by evapotranspiration in the storage area of the Humboldt
River valley, some is discharged within the storage area by evapotranspira-
tion, some is discharged by underflow out of the storage area near the Rose
Creek gaginpg station, and the remainder discharges into the reach of the
Humboldt River between stations 0 and 5 (pl. 1, and Cohen, 1963b, p, 64-65),

In December of most years very little ground water in the storage
area is discharged by pumping and practically none by evapotranspiration,
Moreover, in water years 1960 and 1961, ground and surface water in stor-
age remained nearly constant in the storage area. Thus, in these years
almost all the ground-water outflow from Grass Valley discharged into the
Humboldt River between stations 0 and 5, or discharged out of the project
area near the Rose Creek gaging station. In December of water year 1961
the average increase in streamflow between stations 0 and S was about 11 cfs
(table 4}. Accordingly, subsurface outflow from Grass Valley into the
Humboldt River valley in December of water year 1961 was equal to the gain
in streamflow of 11 c¢fs minus the difference in underflow between stations
(0 and 5.

At station S, in the so-called Rose Creek constriction, consolidated
rocks having little or no interstitial permeability underlie the flood plain
of the Humboldt River at a depth of about 50 feet as a result of movement
along a normal fault that borders the western slope of the East Range and
that extends northward beneath the Humboldt River {Cohen, 1962a), Accor-
dingly, almost all the underflow parallel to the Humboldt River near station
8, about 3 cfs, is through the medial gravel subunit, The estimated under-
flow parallel to the Humboldt River past station €, where the cross-sec~
tional area of the medial gravel subunit is considerably more than that at
station 5, is about 6 cfs (Cohen, 1963b, table 16). Accordingly, the estima-
ted subsurface outflow from Grass Valley is 11 ¢fs minus 3 cfa, or about
8 cfs.

As previously noted, the shapes of the water-level contours in Grass
Valley remain about the same throughout the year, Thus, ground-water
outflow from the valley remains about constant, Accordingly, the estimated
average annual outflow from Grass Valley is about 6, 000 acre-feet per year,
This estimate is less than that given by Robinson, Loeltz, and Phoenix
(1949, p. 60-63), who observed that the flow of the Humboldt River increased
‘ 20.



an average of about 23 cfs between stations 0 and T in September and October,
1947, Most of the increase in flow was attributed to subsurface outflow from
Grass Valley, Largely on this basis, it was presumed that the average
annual subsurface outflow from Grass Valley was somewhat less than 16, 700
acre-feet, This estimate is considered too large because the results of the
Humboldt River Research Project indicate that the increase in the flow of the
river between stations 0 and T in September and October, 1947 probably
resulted not only from subsurface outflow from Grass Valley but also from
the return flow of hank storage.

Evapotranspiration: Phreatophytes, plants that derive at least part
and commonly most of their water supply from the zone of saturation, dis-
charge almost all the ground water lost by evapotranspiration in Grass
valley; a small amount is discharged by evaporation from bare soil in and
adjacent to areas covered by phreatophytes, The most common phreatophtes,
in decreasing order of abundance, are greasewood, native grasses, rabbit- '
brush, and willow, The distribution of these plants is shown on plate 1,

Two groups are shown, one in which greasewood is the predominant plant
and the other in which the grasses are predominant.

Table 6 summarizes the estimated natural evapotranspiration losses
from Grass Valley in 1962, The estimated evapotranspiration rates from
areas covered by the two major vegetative types are based mainly on the
work of Lee (1912), White {1932), Young and Blaney (1942}, and Robinson
{1963).

In 1962 the activities of man, notably the clearing of land and the
development of ground water for irrigation, had not appreciably affected
natural evapotransgpiration losses in Grass Valley, Accordingly, the estima-
ted long-term average annual natural evapotranspiration losses from Grass
Valley is 7, 000 acre-feet,

Table 6, «-Estimated natural evapotranspiration of

ground-water from Grass Valley, 1962

Evapotranspiration
Vegetative type Depth to water | Area {acre-feet
(feet) (acres) per acre) acre-feet
Greasewood 10 to 55 26,035 0.2 5,200
(Grasses 3 to 10 3,225 .5 1, 600
Totals (rounded) -- 29,250 -- 7, 000
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Springflow, ~~-Numerous small gprings and seeps discharge
ground water in the mountains and the foothills bordering Grass Valley; most
of these discharge only a few gallons per minute, Springs along the eastern
margin of the valley floor, notably 31/39-33¢l, 32/38-36al, and 34/38-21cl,
appear to be related to a major northetrending normal fault along the base of
the Sonoma Range, Spring 31/39-33cl reportedly flows at a rate that ranges
from about 5 to 15 gpm and discharges water having a temperature of 52°F.

Spring 32/28-36al represents a group of spring orifices and seeps,
locally known as L.each Hot Springs, that discharge from the base of a fault
scarp partly covered by dense siliceous spring sinter, The temperature
of the water ranges from about 1409F to 207°F, 'Total springflow of Leach
Hot Springs reportedly ranges from a high of about 0,3 cfs in the late winter
to a low of about 0,2 ¢fs in the summer,

Spring 34/38-21cl, the so-called Sonoma Ranch Spring, also issues
from the base of a fault scarp in alluvium, The flow of the spring in the early
1940's reportedly was more than 1, 000 gpm. Robiusoa, Loeltz, and Phoenix
(1949, p, 50) report that the flow was about 350 to 450 gprn in October 1947.
In the summer of 1960 it was less than 100 gpm, and in the spring of 1964 it
was about 150 gpm., The water issuing from this spring has a temperature of
54°F,

It is difficult to estimate the average annual natural ground-water dis-
charge resulting from springflow in Grass Valley, Total average annual
springflow may be on the order of 2, 000 acre-feet, Much of this water even-
tually seeps back into the ground-water reservoir; the remainder, probably a
few hundred acre-feet per year, is consumed by evapotranspiration.

Total average annual natural discharge, --The estimated total
average annual natural ground-water discharge from Grass Valley, including
ground-water outflow to the Humboldt River valley and evapotranspiration
from areas covered by phreatophytes, is about 13, 000 acre-feet.

Pumpage: Robinson, Loeltz, and Phoenix (1949, p. 63) report that
total ground-water pumpage in Grass Valley in 1947 was less than 200 acre-
feet, Since that time ground.water development for irrigation has increased
substantially., The estimated area of land irrigated with ground watexr in the
valley in 1962 was about 1, 500 acres; the estimated total pummpage during that
year was about 3, 000 to 4, 000 acre-feet, In 1963, the area irrigated with
ground water reportedly had increased to nearly 2, 500 acres. Part of this
land also wag irrigated with streamflow, namely from Thomas and Clear
Creeks. The estimated total pumpage in 1963 was about 5, 000 to 6, 000 acre-
feet,

Not all the pumpage is discharged from the valiey by evapotranspiration.

Some of it infiltrates beneath the root zone of the crops and eventually perco-
lates downward to the zone of saturation. The amount of water that returns to .

22.



the ground-water reservoir in this manner depends upon many complex factorsg
and probably ranges from a few percent in some areas to as much as 40 to 50
percent of the pumpage in others,

Ground-Water Budget:

Prior to the development of ground water by man, the ground-water
system in Grass Valley was in a state of long-term dynamic equilibrium--the
long-term average annual recharge equaled the long-term average annual
discharge, The estimates of average annual natural recharge and discharge,
as listed in previous sections of the report, are 12,000 and 13, 000 acre-feet,
respectively. The inequality of the independently derived values of recharge
and discharge reflects inaccuracies in the values used to compute the several
estimates rather than an imbalance of the system, Moreover, the near equality
of the two estimates should not be construed to indicate a high order of accur-
acy for either or both values., Because of the limited amount of available data.
and bec ause of the empirical nature of some of the assumptions used in
arriving at these estimates, they are considered to be preliminary and sub-
ject to refinement,

Ground-Water in Storage:

Ground water in storage is the water in the zone of saturation that
will drain by gravity when ground-water levels are lowered, Itis equal to
the product of the saturated thickness of the ground-water reservoir multiplied
by the average specific yield of the deposits, Specific yield, expressed as a
percentage, is the ratio of the volume of water that will drain by gravity to the
total volume of the saturated material, multiplied by 100,

The specific yield of the material in the uppermost 100 feet of the zone
of saturation probably ranges from nearly zero to more than 40 percent
{Cohen 1963a, p. 19). These saturated deposits underlie an area of roughly
150, 000 acres; therefore, their total volume is about 15 million acre-fecet,

If it is assumed that the average specific yield of the material in the upper-
most 100 feet of the zone of gaturation ig 10 percent, then the total amount of
ground water in storage therein is about 1,5 million acre-feet, or about

15, 000 acre-feet for each foot of saturated thickness,

Perennial Yield:

The perennial yield of the ground-water reservoir in Grass Valley is
the maximum rate at which ground water of suitable chemical quality can be
removed permanently from the system without causing a continual lowering
of ground-water levels and the eventual depletion of the reservoir, It is equal
to the average annual natural ground-water discharge from the valley which,
theoretically, is equal to the average annual recharge, The recharge and dis-
charge estimates of 12, 000 and 13, 000 acre-feet, respectively, do not agree.
Because the estimate of discharge is based on somewhat more reliable quanti-
tative data, the recharge and discharge are each considered to be about 13, 000
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acre-feet per year, Accordingly, the estimated perennial yield of the ground-
water reservoir of Grass Valley also is considered to be about 13, 000 acre-
feet,

The estimated pumpage in 1963 was 5, 000 to 6, 000 acre-feet, which is
considerably less than the estimated perennial yields Ag of 1964, pumping
had not appreciably reduced either the natural evapotranspiration or the
ground-water outflow to the Humboldt River valley,

To salvage all the natural ground-water discharge from (Grass Valley
and thereby develop ground water at a rate equal to the perennial yield, it
would be necessary to lower water levels sufficiently, perhaps locally as
much as 50 to 60 feet, to eliminate completely the natural evapotransgpiration
losses and the ground-water outflow from Grass Valley. Although it may be
difficult to achieve in practice, theoretically natural evapotranspiration
losses can be eliminated by a carefully located network of pumping wells, *On
the other hand, overdevelopment of ground water would cause a reversal in
ground-water gradients which not only would eliminate ground-water outflow
to the Humboldt River valley but eventually would induce secpage losses from
the river. The economic and legal implications of this course of action are
considered in the concluding section of this report,

CHEMICAL QUALITY OF THE GROUND WATER

Chemical analyses of 9 ground-water samples from Grass Valley and
31 samples from the segment of the Humboldt River valley immediately north
of Grass Valley are listed in table 7, Most of these analyses were made as
part of the Humboldt River Research Project. The small number of samples
from Grass Valley precludes a comprehensive evaluation of the water quality
of the area, However, sufficient data are available to make a preliminary
generalized appraisal of the suitability of the ground water for use and to
consider the chemical quality of the water and its relation to the hydrologic
system.

Suitability for use:

All of the approximately 100 elements and the many thousands of com-
pounds of these elements on and beneath the surface of the earth are, at least
to some extent, soluble in water. In the small quantities in which they coms
monly occur, most of the dissolved substances in water are harmless to plants
and animals, including man. In fact, many of these substances are necessary
for proper plant and animal nuirition, In quantities only slightly higher than
the optimum amounts needed, however, many of the materials found in natur-
ally occurring water can be harmful.

Because the industrial use of ground water in the project area is negli-
gible and because the standards for the chemical quality of water for such use
are extremely variable, only the chemical suitability of the ground water for
agricultural and domestic use are considered in this report.
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Wilcox (1955, p. 7) gives the following classification system for irriga-:
tion water based on figure 2:

. Cl, '""Low-salinity water can be used for irrigation with most crops
onn rmost soils with little likelihood that soil salinity will develop.
Some leaching is required, but this occurs under normal irriga-
tion practices except in soils of extremely low permeability,

- CZ2, "Medium-salinity water can be used if a moderate amount of
leaching occurs. Plants with moderate salt tolerance can be
grown in most cases without special practices for salinity con-
trDl.

C3. '"High-~salinity water cannot be used on soil with restricted drain-
age. Kven with adequate drainage, special management for
salinity control may be required and plants with good salt tolerance
should be selected.

C4., "Very high salinity water is not suitable for irrigation under
E ordinary conditions but may be used occasionally under very

special circumstances."

S§1, "Low-sodium water can be used for irrigation on almost all soils

z with little danger of the development of harmiful levels of exhange-
‘ able sodium. However, sodium-sensitive crops such as stone-
fruit trees and avocados may accumulate injurious concentrations

of sodiums.,

52. "Medium-sodium water will present an appreciable sodium hazard
in fine-textured soils having high cation-exchange capacity,
especially under low-leaching conditions, unless gypsum is
present in the goil, This water may be used on coarse-textured
or organic soils with good permeability,

33, ''High-sodium water may produce harmful levels of exchangeable
sodium in most soils and will require special soil management--
good drainage, high leaching, and organic matter additions.

S4. "“Very high-sodium water is generally unsatisfactory for irrigatior__z
purposes except under special circumstances,' '

All the samples from Grass Valley had a low sodium hazard (Sl); seven
of the nine samples had a medium salinity hazard (CZ), and the other two had
a high salinity hazard (C3). Accordingly, if these samples are representative
of ;most of the ground water in Grass Valley, some treatment of the water or.
the soil may be necessary in the future to alleviate difficulties resulting from
. the accumulation of excessive amounts of salt in the soil,
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Most of the samples from the Humboldt River valley immediately north
of Grass Valley had both higher salinity and sodium-hazard values, In
general, however, samples from wells closest to Grass Valley had character-
igtics .similar to those from Grass Valley,

Residual sodium carbonate (RS5C) is another factor that affects the
chemical suitability of water for irrigation. It was defined by Eaton (1950) as;

-- - ++
RSC = {CO  + HCO3) - {(Ca' T + Mg "),

where the values are expressed in equivalents per million (epm)., According
to Eaton, water having an RSC value larger than 2.5 epm generally is unsui-
table for irrigation because calcium and magnesium will be precipitated from
the water thus causing the sodium hazard of the water to increase. Water
having an RSC value of 1,25 epm to 2,5 epm is considered marginal, and
water having an RSC value of less than 1.5 epm probably is safe., All the
ground-water samples from Grass Valley had RSC values of zero and, accor-
dingly, they are excellent for irrigation in this regard, The RSC values of
most of the water from the Humboldt River valley north of Grass Valley was
less than 1.25 epm. However, the RSC values of some of the ground water,
especially the thermal water from springs 35/36-28al and 35/36-28dl,"indicate
that the water is unsuitable for irrigation.

Boron is one of the most critical constituents in irrigation water. It
is essential for proper plant nutrition in small guantities but is toxic to many
plants in amounts only slightly more than the needed amounts. Most of the
crops raised in the area are classified by the U, S. Department of Agriculture
(1954} as semitolerant and tolerant with respect to boron. The semi-tolerant
crops include most small grains, potatoes, and some other vegetables, The
tolerant crops include alfalfa, which is one of the important crops raised in
the area. Scofield (1936) showed permissible boron concentrations for semi-
tolerant and tolerant crops as follows:

Classes of water Boron content

Rating Grade Semi;;;l;z;ant crops Tole(;;z;;)crops
1 Excellent legs than 0. 67 less than 1,00
2 Good 6T to 1,33 1,00 to 2,00
3 Permigsible 1,33 to 2,00 2,00 to 3,00
4 Doubtful 2.00to 2,50 3.00to 3.75
5 Unsuitable more than 2.50 more than 3,75
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The boron content of the ground water from Grass Valley and most of
the ground water from the Humboldt River valley was less than the amount
that might be harmful to semi-tclerant crops., Exceptions were noted in the
water from the previously described thermal springs and from wells down-
gradient from the springs, where the boron content ranged irom 2 ppm to 15

PP,

Domestic Use:  Although sediment and bacterial content may adversely
affect the suitability of water for domestic use, these features were not studied
and, accordingly, are not considered in this report. Only the chemical suit-
ability of the water is considered.

Excessive amounts of some dissolved constituents in drinking water and
in water used for cooking may be toxic or otherwise harmful to human beings.,
In most water-quality studies, as in this report, standards established by the
U, S, Public Health Service (1962) for drinking water supplied by interstate |
carriers commonly are cited as standards for domestic use,

Excessive flouride may cause mottled tooth enamel in children, Accord-
ing to the U, S, Public Health Service {1962, p. 8), the recommended flouride
concentration in drinking water is related to the mean annual air temperature-
the higher the termnperature thelower the permissible quantity of flouride in
the water, In the Grass Valley area the recommended upper limit of flouride |
content in drinking water is about 1.7 pprn (parts per million); the optinmum
amount is 1.2 ppm, and the lower limit is 0.9 ppm. The flouride content of
the samples from Grass Valley ranged from zero to 0.6 ppm. Accordingly,
all these samplez contained less than the minimum recommended amount of
flouride, Children using this water for long periods of time presumably would
not develop mottled tooth enamel nor flourosis of the bones, However, the .
deficiency of flouride may have other adverse affects.

Two of the samples listed in table 7, those from springs 35/36-28al
and 35/36-28dl, contained excessive quantities of flouride, 12 ppm and 6 ppm,
respectively, Accordingly, care should be exercised in attempting to develcpf
ground water {or domestic use in the vicinity of these springs,

The U, 5. Public Health Service (1962, p. 7) also indicates that the
chemical substances listed in table 7 should not be present in a water supply
in excess of the following concentrations; l

Concentration
Substance in ppm
Chloride . . . . . 4 4 v o 4 « 450
Iron . o . o 0 0 s e e 0,3
Nitrate ., & v v v o v v v v v 45
Sulfate . . ., . . ¢ v v o 4 4 v 250
Total dissolved solids., . . . . 5Q0
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Except for the sample from well 36/38-28bl, which had a dissolved-
solids content of 680 ppm, all the samples from Grass Valley, and most of the
samples from the Humb oldt River valley contained less than the maximum
permissible amounts listed above,

Excessive hardness of water, which is caused principally by calciurmn zmd
magnesium, adversely affects the suitability of water for domestic use,
especially for cooking and washing. The U, 5. Geological Survey uses the
following numerical ranges and adjective ratings for classif{ying water hard-
ness:

Hardness range {ppm) Classification

0 - 60 2 & *+ & 4 & & & ¥ B OB & & ¥ SD{t

61 - 120- P e b W 4 A % 2 or o omw MﬂdﬂratELY hard
i2y - 180 ., ., .. .. .. PO Hard

Greater than 181 . . « « + 4+ « Very hard

All the water from Grass Valley and practically all the water from the
Humboldt River valley is hard or very hard, However, people in the area
reportedly do not find this feature objectionable, and water softeners are not
in use,

Relation of Water Quality to the Ground-Water System:

Although only limited data are available regarding the chemical guality
of the ground water in Grass Valley, these data and the selected water-quality
data for the Humboldt River valley that are listed in table 7 help verily some
of the conclusions and interpretations regarding the ground-water system
given in previous sections of this report, Specifically, the water-quality data
are useful in evaluating both gualitatively and quantitatively the source and
movement of ground water in Grass Valley.

All the samples from Grass Valley, except that from well 36/38.28bl,
are calcium bicarbonate water having a dissolved-solids content ranging from
about 220 ppm to 300 ppm. The water-level contours of plate 1 indicate that
the Sonoma Range is the source of much of this water, The range is com-
prised largely of limestone {CaCo3), and as is to be expected, the ground
water moving therefrom is a calcium carbonate type,

As this water moves downgradient toward the Humboldt River, it
dissolves additional material {rom the deposits of the ground-water reservoir.
{For example, compare analyses of samples from wells 35/37-25bl and
35/37-1541.) In addition, locally it mixes with ground water of moderately

- high dissolved-solids content agsociated with saline flood-plain deposits of the

Hurmboldt River, (See the analysis of the sample from well 35/36.24c2,)
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As was previously noted, a fault passes beneath the flood plain of the
Humboldt River near station 5. The thermal water of high dissolved-solids
content from springs 35/36-28al and 35/36-28d! and the ground-water mound
associated with the springs (pl. 1) are related to the fault (Cohen, 1962a}.

In December 1961 water samples were collected from the Humboldt
River at each of the streamflow measuring stations shown on plate 1. In
addition, ground water from representative wells and springs was sampled.
As the flow of the river changed from station to station {table 4), the water
quality changed {Cohen, 1963b, fig, 35). In addition to the overall increase in
the flow of the Humboldt River opposgite the mouth of Grass Valley, the dis-
solved~solids content of the stream decreased as a result of the inflow from
Grass Valley of the previously described calcium bicarbonate ground water of
moderately low dissolved-solids content. The decrease in dissolved-solids
content of the river plus additional water-guality data have been used to verify
that the estimated average annual ground-water outflow from Grass Valley
derived previously in this report, about 6, 000 acre-feet, is of the correct
order of magnitude {Cohen, 1963b, p. 92).

CONCLUSIONS

The ground-water resources of most of the valleys in Nevada currently
are being administered under the concept of perennial yield. Insofar as pos-
sible Federal and State agencies concerned with the development of ground
water in Nevada, principally the Bureau of Land Management and the Nevada
Department of Conservation and Natural Resources, are attempting to prevent
the overdevelopment of this valuable resource.

As previously noted, the estimated perennial yield of the ground-water
system of Grass Valley is 13, 000 acre-feet. To achieve thia degree of develop-
ment and to limit the development to the estimated perennial yield, a con- "
siderable amount of ground water would have to be withdrawn from storage so
as to lower ground-water levels sufficiently to eliminate all natural evapo-
transpiration losses -« about 7,000 acre-feet per year, Moreover, it wauld be
necessary to eliminate the estimated 6,000 acre-feet per year of ground-water
outflow to the Humboldt River valley. |

Two of several significant factors that should be considered when
attempting to limit ground-water development to the perennial yield of a valley
are the economic and technological feasibility of such development. It may be
economically and technologically impractical or impossible to eliminate all
natural evapotranspiration losses. For example, before any ground-water
development of the alluvial apron bordering the Sonoma Range could have an
appreciable effect on natural evapotranspiration losses along the axis of the
valley, ground-water levels in some wells may have to be lowered to a point
where it is no longer economical to pump.
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It generally is acknowledged that in most areas an evenly spaced net-
work of pumping wells eventually would salvage more natural evapotranspira-
tion losses than would closely grouped wells, However, adverse soil condi-
tions, economic considerations, water quality factors, or the inability to
develop high«capacity wells locally may preclude the development of evenly-
spaced irrigation wells in Grass Valley. These factors, in turn, might further
decrease the amount of natural evapotranspiration losses that could be 5
salvaged.

Nevada water law {(Hutchins, 1955) prohibits the development of ground
water if that development will infringe upon established surface-water rights,
Any ground-water development that would result in a decrgase in the amount
of subsurface outflow from Grass Valley to the Humboldt River valley con-
ceivably could decrease the flow of the river (whose water is entirely approp-
riated for downstream use) by an amount equal to the decrease in outflow
{Cohen, 1963b, p. 98-100), Accordingly, because of legal considerations
regarding ground-water outflow from the valley, it may be necessary to limit
the net withdrawals from the ground-water system in Grass Valley to the
natyral evapotranspiration losses that can be salvaged -~ an estimated maxi-
mum of about 7, 000 acre-feet per year,

Based solely on hydrologic considerations, it may be desirable to con=-
tinue to allow ground-water outflow from Grass Valley, Inasmuch as Clear
Creek probably has not discharged any water from the valley in historic time
(Hanson, 1963, p. 40), ground-water outflow is the principal means by which
potentially injurious salts are removed, or flushed, from the valley lowlands.

It is possible and perhaps likely that any ground-water development that
would result in a decrease in natural evapotranspiration losses, especially in
the northern part of the valley, also would decrease the amount of subsurface
outflow to the Humboldt River valley. In any event, if it is desired to limit
development in Grass Valley s0 as not to cause a continual depletion of the
ground water in storage and if it is desired to maintain the amount of ground-
water outflow discharging into the Humboldt River valley, net withdrawals
from the ground-water reservoir should not exceed the amount of natural
discharge by evapotranspiration -- an estimated maximum of 7, 000 acre-feet
per year. Total pumpage may exceed this quantity to the extent that some of
the purnped water will return to the ground-water reservoir.
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Table & -~ Dl'ille_r's' logs of representative wells
in the Grass Yalley area, Nevada

Thick- Thick-
ness Depth ness Depth
Material {feet) (feet) Material (Feet) ({eet)
31/38-26al 35/35-25¢c1 (U.S5.G. 5. auger hole)
Sand 2.5 2,5
Hardpan, light Sand, silty 4,9 7.4
yellow 125 125 Sand and gravel 10.1 17.5
Boulders, very Sand and gravel; some
hard, light yellow 44 169 silty clay 2 19.5
Limestone, very Sandy clay 5 20
hard, light brown 28 197
35/35-25d1 (U,5,G,5. auger hole)
32/38-18b1
Sandy silt 2,5 2,5
Clay 20 20 Silty sand; some clay 5.7 8.2
Gravel, cemented 80 100 Silty sand 2.3 106.5
Clay and gravel 30 130 Sand and gravel; some
silt 12 22,5
32/36-36bH1
35/36-13d1 {U,S.G. 5. auger hole
Silt and clay; some
hardpan 75 75 Silty clay; some fine to
Gravel 35 110 very fine sand 60 60
Sand; some silt & clay 30 90
34/37-3dl Sand 27,5 117.5
Sand and silly clay 4 4 35/36-19d1 (U.S.G.S. auger hole)
Silty clay, blocky
and dense 50 54 Clayey silt; some very
CGravel, water 1 55 fine sand 3 3
Silty clay, yellowish- Silty clay 2 5
brown. 15 70 Silty clay; some very
Sandy gravel, water 3 73 fine sand 2.5 7.5
Silty clay 9 82 Sand; some silt & clay 7.5 15
Gravel and coarse sand 2 84  5ilty clay; some sand 2.5 17.5
Silty clay 1 85
Gravel and sand; some 35/36-31d1 (U. 5.G.5. auvper hole)
silty clay 10 95
Silty clay 20 115 Silty clay; some fine
Sand and grav el 22 137 sand 10 10
Silty clay 13 150 Clayey silt; some fine
Sand 10 160 sand ' 30 40
Sand, very coatrse to
fine; some silt and
clay 68 108
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Thick= Thick~

ness Depth ness Depth
Material ({feet) ({eet) Material {feet) {feet)
35/37-5al (U.5,.G.5. auger hole) 35/37-144d1
Road fill 5 5 Topsoil 3 3
Silty clay; some fine Ash .5 3.5
to very fine sand 5 10 Clay 16.5 20
Clayey silt; some fine Gravel, cemented 8 28
to very fine sand 20 30 Clay, brown 17 45
Silty clay; some very Clay and rocks 19 64
fine sand 30 60 Gravel 2 66
Sand, very coarse to Clay, gray 14 80
very fine; some Gravel and sand, water & 86
silt and clay 10 70 Clay ) 92
Gravel and sand, water 4 96
35/37-5bl {U.5.G.5. auger hole) Clay and rocks, dry 96 192
Gravel and clay 68 260
Sand, medium to very Gravel and sand, water 20 280
fine; some silt and
clay 10 10 35/37-15d1
Silty clay; some very T
fine sand 5 15 Sandy clay 12 12
Silty clay; some Sand and clay 4 16
medium to very Sandy clay 49 65
fine sand 5 20 Gravel, cemented 5 70
Silty clay; some very Gravel andclay, water 3 73
fine sand 10 30 Sandy clay 31 104
Silty clay 20 50 Gravel and clay 1 105
Silty sand; some clay 20 70 Sand; some clay, water 21 126
Sand and gravel 40 110 Gravel and clay 1 127
Gravel and sand, water 21 148
35/37-11cl (U.5.G.S, auger hole) Gravel and clay 12 160
Silty clay; some fine 35/37-16bl
to very fine sand 10 10
Silty clay; trace of Topsoil 3 3
very fine sand 10 20 Clay, hard 20 23
Clay and silt; some Clay, soft 34 57
medium to very Gravel, wat er 7 64
fine sand 5 25 Clay 6 70
Silt and clay; some Sand, water 20 90
medium to very fine Clay, sandy, water 8 98
sand 5 30 Gravel, water 2 100
Clay, silty and sandy 20 50
Sand and gravel 12.5 62.5
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Table 9 -« continued

Thick- Thick«
ness Depth hess Denpth
Material {feet) (feet) Material {feet) {feet)
35/37-26zl 35/38-28a) {U.5,G. 5. auger hole)
Topsoil 5 5 Silty clay; some fine to
Clay 18 23 very fine sand 10 10
Gravel 17 40 Silty clay; some coarse
Clay 10 50 to very fine sand 47.5 57.5
Gravel 3 53 Silty clay; some very
Clay 4 57 coarse to very fine
Cravel 23 80 sand 5 62,5
Clay 7 87 Sand and gravel; some
Gravel and boulders 65 152 silty clay 15 77.5
Gravel, with layers Clay; some gilt and sand 22.5 100
of clay 14 166 Silty clay; some sand 17.5 117.5
Gravel and boulders,
layers of clay 49 215 36/37-2561 {U,5,G.5,. auger hole)
Lava rock, porous 305 520
Clayey silt; some very
35/37-26bl fine sand 2.5 2.5
Gilty sand 4.5 7
Topsoil and clay 22 22 Gravel 14 21
Gravel, coarse, dry 5 21 Silty clay 11.5 32.5
Clay 14 41
Gravel, coarse, water 1 42 36/37-2541 (U,5.G,S. auger hole)
Clay, with layers of
gravel ' 163 205 Silty clay 10 10
Gravel, coarse, Silty clay; some very
with clay 10 215 coarse to very fine
Clay and sand 225 440 sand 8 18
Hardpan 20 460 Sand and gravel 4.5 22,5
.Sand, fine, water Z0 480
Sand and clay 150 630 36/37-30al
35/38-6b1 Sand 12 12
Gravel, dry 4 16
Sand 8 8 Clay, hard 8 24
Gravel 8 16 Gravel, dry 4 28
Boulders 2 18 Clay, hard 12 40
Gravel and clay 34 B2 Gravel, dry 5 45
Boulders 28 80 Clay, hard 15 60
Clay and gravel 25 105 Clayey gravel 40 100
Sand and boulders il lié Clay, sandy 14 114
Gravel, fine 4 120 Gravel, water 4 118
Sand and gravel 28 146
Clayey gravel T4 220
Clay, blue; thin sand
layers 280 500
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‘t'ahle ¥ =« contd.

Material

Thicks
Nness Depth
feet) {feet) Material

36/37-3041 {(U.5,G,5. auger hole)

36/38--194d1

Silty sand
Clayey silt; some
gand

" Gravel: some sand

and silt
Silty sand
Sandy gravel
Sand
Gravel
Silty sand
Sand and gravel
Silty clay

5

[aN] w
]

-
LF I I R R s Ll A ¥
L.
i oUn

5
35

37
58
65
68
82.5
86
87.5
92.5

36/37-31al {(U.S.G. 8. aupger hole)

Silty sand

Silty clay; some very
fine sand

Silty clay

3

3
2

5ilt and very fine sand 16.5

Silty sand and gravel

Sand and gravel

Sand and gravel,
silty

Clay, silty & sandy

Sand and gravel

36738 .2b!

Sand and gravel

Sand and gravel;
some red clay

Sand and pravel;

- some silt & clay

Silty sand and gravel

Coarse sand and
gravel, silty

Coarse sand and
gravel, silty and
clayey

Sand and gravel

Rock, broken, brown

Rock, broken, gray
clay

Rock, broken; brown
clay

Rock, broken; green

clay
Rock, broken; main
water

2.5
31

10

9
8

30

10

35
50

40
51
13

12

20
10

3

6
¥5
31.5
34
65

75

84
92

30
40

75
125

160
200
251
264
276

284

304
314

Loam

Sand

Gravel

Sand and c¢lay
Sand and gravel

Gravel and boulders

Conglomerate
Sand and clay
Cemented pravel
Sandy clay

Sand and gravel
Clay

Sand
Cemented ""cap
Lava, gravel
Fissured lava

it

35,

Thick-
ness
{feet)

11

91
12
10
15
54
193

67
19

26

Depth
{feet)

15

19

22
113
125
135
150
204
397
403
470
475
495
499
525
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PREVIOUSLY PUBLISHED REPORTS OF THE
GROUND-WATER RESOURCES - RECONNAISSANCE SERIES
DR L

Report
No,

1. Ground-Water Appraisal of Newark Valley, White Pine County, Nevada.
Dec. 1960, by Thomas E. Eakin., (Supply Exhausted)

2, Ground-Water Appraisal of Pine Valley, Eureka and Elko Counties,
Nevada., Jan. 1961, by Thomas E. Eakin. (Supply Exhausted)

3. Ground-Water Appraisal of Long Valley, White Pine and Elko Counties,
Nevada. June 1961, by Thomas E, Eakin. (Supply Exhausted)

4. Ground-Water Rescurces of Pine Forest Valley, Humboldt County,
Nevada. Jan. 1962, by William C, Sinclair. (Supply Exhausted)

5. Ground-Water Appraisal of the Imlay A‘rea, Humboldt River Basin,
Pershing County, Nevada, Feb, 1962, by Thomas E. Eakin. (Sup. Ezh.)

6. Ground-Water Resources of Diamond Valley, Eureka and Elko
Counties, Nevada. Feb, 1962, by Thomas E. Eakin (Sup. Exh.)

7. Ground-Water Resources of Desert Valley, Humboldt County, Nevada,
April 1962, by William C, Sinclair,

8. Ground-Water Appraisal of Independence Valley, Western Elko. Cuunty,
Nevada, May 1962, by Thomas E. Eakin.

9. Ground-Water Appraisal of Gabbs Valley, Mineral and Nye Counties,
Nevada. June 1962, by Thomas E. Eakin.

10, CGround-Water Appraiszal of Sarcobatus Flat apd Oasis Valley, Nye
County, Nevada., Oct. 1962, by Glenn T. Malmberg and
Thormas E. Eakin.

11. Ground-Water Resources of Hualapai Flat, Washoe, Pershing and
Hurmboldt Counties, Nevada. Oct. 1962, by William C. Sinclair.

12. Ground~Water Appraisal of Ralston and Stonecabin Valleys, Nye
County, Nevada. Oct. 1962, by Thomas E. Eakin.

13. Ground-Water Appraisal of Cave Valley in Lincoln and White Pine
Counties, Nevada. Dec. 1962, by Thomas E. Eakin.

14. Ground-Water Resources of Amargosa Desert, Nevada-California.
March 1963, by George E. Walker and Thomas &. Eakin.

15, Ground-Water Appraisal of the Long Valley-Massacre Lake Region,
Washoe County, Nevada, by William C. Sinclair; also including a
section on The Soils of Long Valley by Richard L., Malchow, May 1963,
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List < f Previously Published Reports (continued)

Report
No,

16,

17.

18.

19,

20,

Z1.

22.

23,

24,

25,

26,

7.

28,

Ground-Water Appraisal of Dry Lake and Delamar Valleys, Lincoln
County, Nevada, May 1963, by Thomas E. Eakin,

Ground-Water Appraisal of Duck Lake Valley, Washoe County, Nevada.
June 1963, by William C. Sinclair.

Ground-Water Appraisal of Garden and Coal Valleys, Lincoln and Nye
Counties, Nevada. July 1963, by Thomas E, Eakin,

Ground-Water Appraisal of Antelope and Middle Reese River Valleys,
Lander County, Nevada. September 1963 by E, G. Crosthwaite.

Ground-Water Appraisal of the Black Rock Desert Area, Northwestern
Nevada, October 1963, by William €. Siaclair,

Ground-Water Appraisal of Pahranagat and Pahroc Valleys, Lincoln
and Nye Counties, Nevada, October 1963, by Thomas E. Eakin,

Ground-Water Appraisal of the Pueblo-Valley-Continental Lake
Region, Humboldt County, Nevada, Novermnber 1963, by William C,
Sinclair,

A Brief Appraisal of the Ground-Water Hydrology of the Dixie-Fairview
Valley Area, Nevada. Novernber 1963, by Philip Cohen and
D, E. Everett,

Ground-Water Appraisal of Lake Valley in Lincoln and White Pine
Counties, Nevada. December, 1963, by F. Eugene Rush and
Thomas K, Eakin.

Ground-Water Appraisal of Coyote Spring and Kane Spring Valleys and
Muddy River Springs area, Lincoln and Clark Counties, Nevada,
Feburary 1964, by Thomas E. Ezkin.

Ground-Water Appraisal of Edwards Creek Valley, Churchill County,
Nevada, April 1964, by D, E, Everett,

Ground-Water Appraisal of the Meadow Valley Area, Lincoln and
Clark Counties, Nevada, July, 1964, by F. Eugene Rush.

Ground-Water Appraisal of Smith Creeck and lone Valleys, Lander

and Nye Counties, Nevada, by D. E. Everett and F, Eugene Rush,
July 1964,
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Hydrogeology by Philip Cohen, 1964; partly adapted from Robinson,

Loeltz, and Phoenix (1949), Ferguson, Muller, and Roberts
(1951), Bredehoeft (1963), and Hawley and Wilson (1964)

Scale in miles

PLATE 1.—GENERALIZED HYDROGEOLOGIC MAP OF THE GRASS VALLEY AREA,
HUMBOLDT AND PERSHING COUNTIES, NEVADA

Base: U.S, Geological Survey 1:250,000 topographic quadrangles;

Winnemucca (1958) and McDermit (1959)






