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HYDROLOGIC RECONNAISSANCE OF THE
HUMBOLDT RIVER BASIN, NEVADA

By THOMAS E. EAKIN and ROBERT D. LAMKE

ABSTRACT

The Humboldt River basin is entirely within
Nevada and includes an area of nearly 17,000
square miles in the Basin and Range physio-
graphic province. This basin of interior drainage
Is comprised of a series of alternating north-
trending mountains and intervening valleys, whose
altitudes range between about 11,800 and 3,900
feet above mean sea level, Average annual precipi-
tation ranges from about 40 inches in the Ruby
Mountains to about 4 inches in the lowest part of
the basin near the Humboldt Sink. If distributed
evenly over all the area of the basin, the average
annual rainfall would be slightly more than 10
inches,

The Humboldt River basin was divided into
three general units, and estimated average annual
hydrologic values, in thousands of acre-feet,
rounded to two significant figures, are summarized
below:

Evapo-
_ i Precip-  Yield from transpi-
Upper basin above itation mountaing  ration Outflow
Palisade . . e 3,400 aB0 3,100 250
Middle basin between
Palisade and Comus, 4,200 290 4,200 180
Lower below
OIS o .. 1,800 156 2,000 741
Humboldt River busin.. 4,400 404G 9,300 T4

ost by evapotranspiration from Humboldt Sink and occa-
sional outflow to Carson Sink. .

Variations occur from vear to year and from
place to place within the hydrologic system. For
example, it is estimated that the annual precipi-
tation might range from 17 to 3.5 million acre-feet
and annual runoff might range from 1.8 to 0.3
million acre-feet. Recharge occurs mainly during
years of high precipitation. Ground-water storage
in the upper 100 feet of saturated valley fill is esti-
mated to be about 28 million acre-feet and is rela-
tively constant through long periods of time.
Locally however, seasonal or year to year changes

may be significant. In the upper 10 feet of satu-
rated deposits beneath the flood plain of Humboldt
River and its tributaries, short-term natural vari-
ations may be as much as 500,000 acre-feet from
extreme low levels to very high levels of ground-
water storage,

The water in the Humboldt River basin com-
monly is a calcium bicarbonate type in the upper
basin but tends to be modified toward sodium
bicarbonate water downstream. Water in Hum-
boldt River and its principal perennial tributaries
commonly has a dissolved-solids content ranging
from 300 to 600 ppm (parts per million). However,
snowmelt runoff has a very low concentration, and
water being concentrated by evaporation, such ag
in Humboldt Sink, may have a dissolved-solids
content of several thousand parts per million,
Ground water tends to have a somewhat higher
concentration than the water in the perennial
streams. However, it too is variable, generally
having low concentration near the areas of
recharge and high concentration near areas of
discharge by evapotranspiration.

The hydrology of the Humboldt River basin has
been analyzed using available data. These esti-
mates reasonably represent the components of the
hydrologic system. However, many of the esti-
mates were obtainable largely or entirely by differ-
ences. Increased reliability of estimates requires
additional data and more direct means of deter-
mining the quantities of water in the various com.-
ponents of the hydrologic system. Additional data
are required concerning precipitation, tempera-
ture, evaporation, transpiration, surface water,
ground water, and water quality; as well as
geology and meteorology. The degree to which the
various data are needed ig dependent to a large
extent on the degree to which optimum develop-
ment of the system is contemplated.




CHAPTER |
INTRODUCTION

Man’s use of water in the Humboldt River basin
has been increasing during the past few decades.
Increased demands for water tend to result in
increasing modifications of the hydrologic system,
in increasing diversity of use, and in competition
for the water among the users,

Final emphasis of water development in the
Humboldt River basin will be determined by a
combination of social, political, economic, and
physical considerations. However, any successful
long-range water development must be based upon
a sound knowledge and understanding of the
hydrologic system.

The hydrologic system of the Humboldt River
basin (fig. 1, pls. 1, 2) as herein used, refers to the
total amount of water, considered as an entity,
within the basin and its interrelations in time and
space with the environment in which the water
occurs. It includes the precipitation from the
atmosphere, the water flowing or in storage on
the ground surface and underground, the water
returned to the atmosphere by -evaporation and
transpiration, and water entering or leaving the
basin by underflow and upon the surface. Much of
the water in the Humboldt River basin is removed
from the basin more or less where it entered the
basin as precipitation. Much of the runoff is lost
by evapotranspiration without becoming a part of
Humboldt River or its perennial tributaries. Thus,
the hydrologic system of the Humboldt River
basin involves a substantial number of sub-
systems which may function most of the time as
‘almost separate hydrologic systems.

The emphasis in this report is on the existing
hydrologic system in the basin which has been
only slightly modified from the natural system by
storage and diversion. For that reason the hydro-
logic effects of present development can be
included in the analysis of the natural system with
little adjustment.

PRESENT DEVELOPMENT

The early development of water in the Hum-
boldt River basin largely was in support of the
livestock industry—water was diverted to grow
hay for winter feed and onto pasture land. Later,
water was diverted for farming, mainly to supply
the principal farming area near Lovelock. More

recently ground water has been developed for irri-
gation in new farming areas in Grass, Paradige,
and middle and upper Reese River Valleys, As
towns developed, water was needed for public
supply. Water was needed for the railroads, min-
ing, and industry. Recreational use of water is
increaging rapidly.

12000 198%00° W ity 4
42%0" - -

Avrea described
inthis report B0 -F

Scale

50 ] 50 100 150 Miles

FIGURE 1. Map of Nevada showing the location of
the area deseribed in this report.

With the development of the water, more atten-
tion has been given to management and control of
the water. Thus, Rye Patch Reservoir has provided
regulation of the flow of Humboldt River in the
lower part of the basin since 1936, Conservation
measures have been applied on numerous ranches
in the basin as well as on range and forest land.

Rights to water supplies were recognized very
early. Court decisions and legislation concerning
water rights preceded Nevada’s admission to
Statehood, October 31, 1864. The latest re-enact-
ment of the present “water code” was in 1918
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(Hutchins, 1955, p. 4). A statute relating to
ground waters was enacted in 1939. The waters
of the Humboldt River and its principal tributaries
were adjudicated during the interval 1923-38
(Mashburn and Mathews, compilers, 1943). Hen-
nen (1964, p. 6) notes that “the court has found
that the water of the stream system is fully
appropriated and that in an average year, as
shown by the flow in the stream system, there is
no surplus water for irrigation. This finding is
contained in findings of Fact 44, Bartlett Decree,
p. 28 of the compiled edition, Humboldt River
Adjudication.” Fact 44 concludes with the state-
ment, “The Court makes no finding of the water
available for storage of water in the nonirrigation
season on the Humboldt River stream system.”

Further development of Humboldt River and
its tributaries thus must consider the present
water rights. Most or all the streamflow in the
other streams in the basin also has been appro-
priated. Ground water too, has been appropriated
in many places. With these limitations, it will be
more and more necessary to have adequate data
concerning the hydrologic system to assist in the
sound determination of possible additional devel-
opment.

THE HUMBOLDT RIVER
RESEARCH PROJECT

Recognizing the inereasing need for hydrologic
data and information, the Nevada State Legisla-
ture authorized the Humboldt River Research
Project in 1959 (Chap. 97, Stats. 1959). That
project provided a substantial stimulus toward
acquiring technical information about water in
the Humbeldt River basin. Fourteen State, Fed-
eral, and other organizations (see Cohen, 1964a,
p. 12) conducted studies in hydrology, geology,
and meteorology. In these studies, particular
emphasis was given to the seetion of the Humboldt
River valley between Comus and Roge Creek near
Winnemucca.

The results of the 5-year study of water in the

Winnemucea area are summarized by Cohen
(1964a). During the 1965 fiscal year, besides the
continuing and areal studies within the basin such
as the stream-gaging program, phreatophyte
study, reconnaissance water-resources programs,
and zeological investigations, the Geological Sur-
vey has made a provisional evaluation of the
hydrologic system of the Humboldt River basin.
The results of that evaluation are contained in
this report.

F THE HUMBOLDT RIVER BABIN

PURPOSE AND SCOPE OF THIS
INVESTIGATION AND
REPORT

The purpose of this investigation is: to identify
hydrologic data and information available for the
Humboldt River basin; to review and analyze this
material; to quanitatively describe in prelimi-
nary fashion essentially all of the hydrologic
processes in the basin. and develop generalized
hydrologic budgets; and on the basis of these,
indicate additional needs for data and special
studies. The investigation is of a reconnaissance
level,

The results of the investigation are presented
in the following ways:

(1) This report analyzes the available data and
presents provisional hydrologic budgets for the
basin. Budgets were developed for the 1912-63
reference period as representing about average
conditions but it is recognized that variations
from “average” conditions, in fact, are normal;

(2) Basic records and information relating to
the hydrology of the Humboldt River basin are
summarized in the appendix of this report: and

(3) Suggestions of additional needs for data and
special studies are contained in a statement to the
Director of the Nevada Department of Congerva-
tion and Natural Resources.

For some purposes, it may be desirable to
develop estimates based on various frequencies of
oceurrence, such as have been used by the U.S.
Department of Agriculture in its “Water and
Related Land Resources” studies in the Humboldt
River basin. Such estimates would be expected to
diverge to some extent from those contained in
this report. Additionally, some variations should
be expected because insufficient data require vary-
ing degrees of subjective judgment.

Many of the estimates of the prineipal com-
ponents of the hydrologic system had to be made
with few direct data; a number of the estimates
presently can be made only by differences between
estimates of other components; and some can be
made only by differences of estimates that in turn
were obtained by difference. Although the result-
ing hydrologic budgets probably are reasonably
valid general representations of actual conditions,
they may be in considerable error in detail.

Present use of water is considered herein only
in relation to the hydrologic system. For this
report then, the analysis is directed toward the
removal of water from the hydrologic system
rather than whether or not it has been used. The
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merits, effectiveness, and relative efficiency of the
various uses are beyond the scope of this report.
The determination of possible changes in use or
of the type, amount, and location of future devel-
opment is not a function of this report.

REFERENCE PERIOD USED IN
THIS REPORT

A common reference period should be used in
analyzing hydrologic conditions, The data avail-
able do not allow this to be done for all elements
of the hydrelogic system of the Humboldt River
basin. However, for most of the streamflow and
runoff data the reference period 1912-63 is used
for this study. The 1912-63 period represents the
continuous-record interval of the flow of Humboldt
River at Palizade to the time this study began.
Averages for streamflow at other gaging stations
were adjusted to this period. Estimates of runoff
are based on the reference period,

Precipitation and temperature data are given
for the reference period where available, However,
shorter periods were used where necessary in lieu
of estimating significant non-record intervals.
Averages used in estimates of ground-water levels
are based on shorter periods of record than the
reference period. Averages used in estimates of
ground-water quantities are based on general con-
ditions rather than a specific period of reference.
Ground-water conditions, however, change but
slowly under natural conditions as is true for most
of the Humboldt River basin, For this reason, the
averages used are probably not significantly differ-
ent from the reference-period average.

NUMBERING SYSTEMS

Gaging Stations

Gaging stations at which streamflow records
have been collected are listed and numbered in &
downstream direction along the main stem of the
river with all stations on a fributary entering
above a main-stem station listed before that sta-
tion. The complete number for each station, such
as 10-3315.00, includes the part number “107,
assigned to the Great Basin, and a six digit station
number. In this report, because of the limitation
of space, only the essential digits of the station
number are shown; for example, the complete
humber 10-3315.00 appears as 3315.

Wells, Springs, Sample Points

Numbering of all control points and samples,
except streamflow measuring stations along the
Humboldt River and water samples from the river,
is based on the rectangular system for the sub-
division of public lands. Accordingly, the numbers
both identify and locate each control point and
sample. The first unit of each number indicates the
township north of the Mount Diablo base line.
The second unit, separated from the first by a
slant, indicates the range east of the Mount Diablo
meridian. The third unit, separated from the first
two units by a hyphen, lists the section number,
followed in turn by a letter that designates the
quarter section. The letter is followed by a number
that indieates the ¢hronological order in which the
control point was recorded within the 160-acre
subdivision. The letters a, b, ¢, and d designate,
respectively, the northeast, northwest, southwest,
and southeast quarters of each unit. For example,
well number 33/52-27d1 designates the first well
recorded in the SEY, sec. 27, T. 33 N,, R. b2 E.,
Mount Disablo base line and meridian. Because of
the limitation of space, only that part of the num-
ber designating the subdivision of the section and
the order in which the control point was recorded
iz shown on the maps accompanying this report.
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CHAPTER 1

WATER AND ITS ENVIRONMENT
THE HYDROLOGIC SYSTEM

Precipitation supplies virtually all of the inflow
of water to the Humboldt River basin. Water
oceurs as streamflow and ground-water recharge
principally because most of the precipitation is
localized in cooler mountainous areas, because the
cold winter is a period of low evapotranspi-
ration rates, and because precipitation commonly
accumulates as snow. Additionally, warm-weather
precipitation may be sufficiently localized and of
sufficient intensity to provide water in excess of
immediate evapotranspiration requirements.

Evaporation and transpiration provide the
means by which water is removed from the Hum-
boldt River basin, Although the rates of loss vary
with time and place, potential evapotranspiration
loss at a given location tends to be relatively con-
sistent from year to year. Potential evapotranspi-
ration varies with temperature, cloud cover,
precipitation, humidity, and wind movement, The
concept of potential evapotranspiration assumes
that water is readily available. In fact, the poten-
tial evapotranspiration is greater than the total
precipitation in the Humboldt River basin, and
actual evapotranspiration is smaller than potential
evapotranspiration.

The movement or ocecurrence of water between
the time it enters the basin and the time it leaves
the basin makes up the hydrologic system of the
Humboldt River basin.

Inflow to the hydrologic system equals outflow
from that system under natural conditions over
a long period of time. Inflow may not equal out-
flow for shorter periods but the difference must be
accounted for by a change in storage within the
system.

Storage changes within the basin may be sea-
sonal or long-term. Seasonal storage may occur in
the snow pack, streams, ponds, lakes, reservoirs,
soil moisture, or ground water. Lakes and reser-
voirs generally reflect seasonal changes of storage
but also may reflect long-term storage changes.
Local fluctuations in the level or surface of the
ground-water reservoir reflect diurnal, seasonal,
and other short-term storage changes; but over
a large area fluctuations of water levels tend to
reflect long-term storage changes caused by defi-
ciencies or excesses of recharge.

A simplified flow pattern is shown in figure 2

and represents the general character of the over-
all system and the major subsystems of the Hum-
boldt River bagin.

Several major factors have an important influ-
ence on the particular hydrologic system. For the
Humboldt River basin, the meteorology, the land
surface, and the geology all exert an influence on
the various components of that hydrologic system.
These together with some physieal features are
diseussed subsequently in this chapter to provide
a useful framework to the analysis and interpre-
tations which are presented later in this report.

Landforms and the Hydrologic System

The Humboldt River basin is in the Great Basin
section of the Basin and Range physiographic
provinee. Plate 1 shows that the basin includes a
number of valleys separated by mountains and
drained in part by the Humboldt River. The basin
includes  an area of about 17,000 square miles
mainly in Elko, Eureka, Humbeoldt, Lander, and
Pershing Counties. The altitude ranges from about
3,900 to 11,800 feet above geg level, The vegetative
cover generally ig of brush or grassland types but
is absent in some of the playa and saline aréas.
Greasewood, rabbitbrush, native grasses, willow,
and irrigated ecrops oceur in the valley lowlands.
In the mountains pifion and juniper stands. are
common but pine and fir oceurs in favorable areas
and aspen generally are found along many of the
mountain streams,

The simplified flow system for the Humboldt
River basin shown in figure 2 groups the general
hydrologic characteristics and intervelations of
“subcycles” according to landforms. The three
hydrologically significant landforms "are moun-
tains, valley uplands, and valley lowlands;

Mountains—The crests of the mountains ordi-
narily are 2,000 to 8,000 feet above the floor of
the adjacent valley, but locally the difference is
as much ag 5,000 feet adjacent to parts of the
Toiyabe Range and Ruby Mountaing. Crest alti-
tudes of the mountains vary to some extent but
commonly exceed 8,000 feet in the western and
central part of the basin, such as in the Santa
Rosa, Sonoma, and Humboldt Ranges. However,
the highest altitudes are in the Toiyabe Range,
Ruby Mountains, and East Humboldt Range,
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where crest altitudes exceeding 11,000 feet occur;
for example, Toiyabe Dome, altitude 11,788 feet
and Ruby Dome, altitude 11,349 feet. The flanks
of the mountaing commonly are steep with slopes
ranging from several hundred to more than 1,000
feet per mile.

The crests of the mountain ranges form surface-
water drainage divides. Ground-water divides
ordinarily oecur in the ranges, because of the low
permeability of the complexly faulted masses of
consolidated dense rocks in the mountains, Sea-
sonal storage of water plays an important role in
the mountain hydrologic subeycle. Water stored
as snow, or in lakes, ponds, or reservoirs supplies
most of the streamflow to the valley uplands,
Water stored as soil moisture supplies muech of
the summer requirements of vegetation. Water
stored seasonally as ground water supplies much
of the late season flow of the streams, Also, some
of this ground water is transmitted along faults
or fractures at relatively shallow depth in the
general direction of the slope of the overlying land
surface. However, more than %0 percent of the
brecipitation in the mountains is lost by evapo-
transpiration in the mountains.

Valley uplands—The valley uplands can be iden-
tified conveniently as an area of intermediate
slope between the mountains and the valley low-
lands. Valley uplands in the Humboldt River basin
are classified in two general types. One type con-
sists of a series of dissected terraces cut in partly
consolidated Tertiary rocks. These surfaces com-
monly have a thin veneer of well-drained slope
wash, alluvial fan, or stream deposits. Stream
erosion has deeply dissected the valley fill, Locally
the digsection is as much as several hundred feet.
Downeutting of the valleys was interrupted sev-
eral times, and these episodes were marked by the
development of terraces or benches. Successively
lower entrenchment partly removed the older
terraces but locally several levels can be identified,
particularly in Pine (Eakin, 1961, figs. 1, 2) and
Huntington Valleys. This type of valley upland is
common in the upper Humboldt River basin.

The other type consists of a single generally
sloping surface which is referred to as an alluvial
apron. Such areas also may be underlain by only
a veneer of unconsolidated rocks, but in other
localities they may be underlain by alluvial-fan
deposits several hundred feet thick. The large
alluvial fan at the mouth of Big Creek, near Aus-
tin, in upper Reese River valley is a good example
of a well-formed alluvial fan. Alluvial fans also
are well illustrated along the west flank of the

Cortez Mountains in Crescent Valley (Zones, 1961,
p. 9). Alluvial aprons are well developed in Grass
and Paradise Valleys and elsewhere in the lower
basin. Both valley upland and alluvial-apron areas
oceur in the middle basin.

Where the valley uplands principally are cut
surfaces in partly consolidated to consolidated
rocks, percolation to the ground-water reservoir
proportionally is small and streamflow is large. In
contrast, valley uplands underlain by thick sec-
tions of permeable unconsolidated alluvial-fan or
stream depogits are favorable areas for recharge
to the ground-water reservoir and relatively
unfavorable for runoff. In either case, precipita-
tion and runcf on the valley uplands provides
substantial quantities of water to the soil zone.
Most of the soil moisture subsequently supports
vegetation which provides much of the range feed
for livestock but some water percolates downward
and becomes perched or semiperched ground
water, Most of the evapotranspiration occurring
in the valley uplands is supplied by local precipi-
tation and to some extent runoff from the moun-
tains. Ground water, with minor exceptions, is too
deep to support vegetation on the surface,

Valley lowlands—The valley lowlands include
the flood plains of the Humboldt River and its
tributaries and also the playas or dry lake areas
of the closed or semiclosed subbasins. The well-
developed flood plains of the main stem of Hum-
boldt River and its tributaries in the upper basin
and Pine Valley are included in the valley low-
lands. The less developed flood plains of Crescent,
Carico Lake, Reese River, Boulder, Kelly-Evang
Creek, Paradise, and Grass Valleys as well as the
playas or dry lake areas in Crescent, Carico Lake,
Buffalo, and Paradise Valleys are also included.

The flood plain of the Humboldt River comronly
is about 1 mile wide, but Cohen (1963, p. 25) indi-
cates that in the Winnemuecca gection it locally is
as much as 5 miles and as little as 0.2 mile wide.
The maximum width of the Humboldt River flood
plain near Battle Mountain also is on the order of
5 miles. The flood plain is very narrow in the bed-
rock constrictions or narrows through which the
river flows, such as those between Elko and
Beowawe and in Emigrant Canyon. For. the most
part the width of the flood plains of tributary
streams is less than that of the Humboldt River.
The longitudinal gradient of the flood plain ranges
from less than 3 feet per mile in the lower basin
to more than 100 feet per mile at the head of some
tributaries in the upper basin.

The valley lowlands are underlain by “late
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Quaternary deposits of yneonsolidated stream-
laid gravel, sand, silt, and clay, commonly to
depths of several tens of feet. However, the thick-
ness of these deposits ranges from a few feet in
bedrock narrows, such as neay Palisade, to several
hundred feet, as in the central part of the Winne-
mucea section (Cohen, 1963, p. 25). The late
Quaternary deposits underlying playas or areas
having poor exterior drainage tend to be fine-
grained, similar to the silty clay units of Lake
Lahontan deposits referred to by Cohen (1963,
table 3).

Seasonal storage of water in the valley lowlands,
particularly in the flood plains of the principal
perennial streams, occurs in the stream channels,
ponds, surface reservoirs, soil moisture, and
ground-water reservoirs. Movement of water into
and out of, and temporary storage in the flood-
plain deposits are dominant features in the hydro-
logic regimen of the basin and the Humboldt
River. This transient storage acts to retard or
delay streamflow in its route to the Humboldt
Sink. Also, evapotranspiration rates are high in
the lowlands, which results in significant water
losses, even though the lowland area iz only a
small part of the basin.

The Meteorological Environment and the
Hydrologic System

The meteorological environment provides the
means by which water is brought into and
removed from the Humboldt River basin. Moisture
in the air masses moving into the region provides
a supply from which precipitation over the basin
oceurs. Relatively dry air moving over the region
acts like a blotter to remove water from the basin.
Thus, the atmosphere functions as the beginning
and the end of the hydrologic system of the Hum-
boldt River basin.

Air-mass movement over the Humboldt River
basin is a part of the general circulation pattern
of the northern hemisphere. Its regional char-
acteristics and relation to hydrology are discussed
by Thomas (1962, p. A8-A14) in conjunction with
studies of droughts in the southwest. The Hum-
boldt River basin is along the northern gide of the
area considered by Thomas.

The Pacific Ocean provides most of the moisture
that is brought into this part of the Great Basin.
Winter precipitation is supplied mainly from the
¢ool moist Pacific air mass that is generated in
the northern Pacific area and which sweeps south-
eastward into the northwestern States and on

eastward. The general path of these air masses
shifts southward during the winter in response
to an expansion of the high pressure system in
Canada and shifts northward during the summer
months as that system contracts or moves north-
ward. During the winter, the path of storms also
varies, both for individual storms and from year
to year. Thus a series of storms that move over
the Humboldt River basin in a given year may
result in a relatively wet year. This may be con-
trasted with a dry year in which there are fewer
storms or the seasonal storms may tend to pass
north of the Humboldt River basin.

Infrequently warm, moist air masses developed
in the tropical Pacific enter the continent in the
latitude of southern California and move east-
ward. Occasionally the trajectory of the tropical
Pacific air mass may shift northward far enough
to pass through parts or all of the Humboldt River
basin, The warm heavy winter rains that occur
occagionally in the basin in part may be of  this
type. ’

During the summer months, moisture brought
in from the south by the tropical Gulf air mass
usually reaches the southern part of Nevada, but
the Humboldt River basin normally is beyond the
limits of that supply.

The inflow of moisture from the Pacific Ocean
is interrupted by the Sierra Nevada in California
and the Cascade Mountains of Oregon and Wash-
ington. These ranges exert a strong orographic
influence, resulting . in substantial precipitation
from the air masses moving over them. Thus the
Great Basin generally is arid to semiarid as the
result of being more or less in the rain shadow of
these prominent ranges. However, within the
Great Basin and the Humboldt River basin spe-
cifically, the valley floors rise in altitude to the
east. Further, the corrugated effect of alternating
mountains and valleys and the fact that the crests
of the higher ranges commonly exceed 10,000 feet
and locally exceed 11,000 feet all combine to wring
moisture out of the atmosphere. In doing so, how-
ever, the distribution of precipitation is localized
so that the higher average precipitation occurs in
the mountains. Even in the mountains precipita-
tion is localized. The Ruby and East Humboldt
Ranges and the Jarbidge and Santa Rosa Moun-
taing normally recelve more precipitation than
other mountain ranges in the basin. The mountain
and valley terrain also favors the development of
differential thermal heating conducive to local
convective thunderstorms-—a feature that occurs
most commonly during the summer.




®

HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN 17

The Geological Environment and the
Hydrologic System

The geological environment is a major con-
trolling factor in the hydrologic system within the
Humboldt River basin. The stratigraphy and
strueture control the present-day topography, the
gross form of the land surface. The resulting
sequence of mountains and valleys forms the char-
acteristic corrugated land surface which influences
the air masses moving over the basin, and the
amount and distribution of precipitation within
the basin.

Geologie conditions also control the routing of
water through the hydrologic system. Thus in
mountainous areas where impermeable rock is at
the surface, precipitation in excess of evapotran-
spiration requirements largely is disposed of as
overland runoff. In contrast, excess precipitation
on mountain areas with a deep soil mantle or more
permeable rocks largely infiltrates to the ground-
water reservoir. Water, whatever its source,
rapidly infiltrates the unconsolidated sand and
gravel deposits that underlie the younger alluvial
fang and flood-plain areas.

Collectively the rocks provide a tremendous
reservoir for natural water storage in the basin.
Locally, even the consolidated rocks have fractures
that contain water; of course the valley-fll
deposits that underlie the valley uplands and low-
lands form the largest reservoirs. This water in
storage provides a balance to the wide year-to-
year variations of total inflow to and ocutflow from
the hydrologic system in the basin,

Drainage

The Humboldt River of today largely is the
result of prior events in Quaternary time. During
the more humid intervals of Pleistocene time run-
off was sufficient to develop an integrated drainage
system that supplied water to Lake Lahontan in
late Pleistocene time. During at least one interval
the drainage area was about 3,100 square miles
greater than the area shown in plate 1. At that
time runoff from Monitor, Antelope, Kobeh, and
Diamond Valleys in central Nevada overflowed
through Railroad Pass in northeastern Diamond
Valley into Huntington Valley and thus was tribu-
tary to Huntington Creek,

During late Pleistocene time, Humboldt River
and its tributaries, particularly. upstream: from
Palisade and in Pine Valley, cut deeply into the
valley fill and locally into consolidated rocks; and
the present drainage system developed principally

during this period. Several levels of dissection are
recorded in those areas which attest to the fact
that the downcutting varied in intensity and time,
The detritus excavated from the upper basin was
transported downstream and largely was deposited
in Lake Lahontan and to a lesser extent along the
river channel upstream from the lake. At the high-
est levels, Lake Lahontan covered the lower parts
of the lower Humboldt River basin downstream
from Emigrant Canyon, including the floors of
Paradise and Grass Valleys. With desiccation of
the lake, the Lahontan deposits were dissected by
the Humboldt River as the river flowed over the
lake deposits to reach the lake at suecessively
lower levels (Cohen, 1963, p. 24).

The present-day Humboldt River follows a large
looping westward course across north-central
Nevada terminating in the Humboldt Sink, about
15 miles southwest of Lovelock. From the town of
Wells the flood-plain distance is about 300 miles to
the Humboldt Sink. Actual river-channel distance
probably is twice the flood-plain distance, because
of the meandering course of the channel. '

For convenience in discussion; the Humboldt
River basin is divided into three major units—
upper, middle, and lower basins,

Upper basin—The upper basin ' is the drainage
area of about 5,000 square miles upstream from
Palisade. The principal tributaries draining the
northern part of the upper Humboldt River basin
are Marys River and North Fork Humboldt River
with drainage areas of about 520 and 1,020 square
miles, respectively. However, more than half of
the streamflow in the Humboldt River at Palisade
is contributed by streams draining the northwest
flanks of the Ruby Mountain and East Humboldt
Range. These streams include the comparatively
small drainage areas extending southward from
Ackler Creek, Lamoille Creek, and the headwaters
of the South Fork Humboldt River. The Bishop,
Tabor, Maggie, and Susie Creek drainages, and
minor tributary drainages along the main stem
between Deeth and Palisade also contribute
streamflow. Mean annual flow of the Humboldt
River increases to a maximum of about 260,000
acre-feet downstream from Palisade just below
the confluence with Pine Creek. Downstream from
that point, evapotrangpiration losses exceed inflow
and the flow decreases to the Humboldt Sink.

Middle basin——The middle basin has a drainage
area-of about 7,800 sguare miles between Palisade
and Emigrant Canyon—a narrow gap downstream
from Comus. South of the main stream, it includes
Pine Valley, Crescent Valley, Carico Lake Valley,




18 HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN

Reese River Valley, Antelope Valley, and Buffalo
Valley, and the smaller Whirlwind and Pumper-
nickel Valleys. North of the main stream are the
Rock Creek drainage area and the smaller Boulder
Creek area and Evans-Kelly Creek area, Pine Creek
has a perennial flow at the mouth. Rock Creek
discharges a substantial guantity of water into
Boulder Valley. Much of this water iz lost by
evapotranspiration before it reaches the Humbeldt
River. However, Rock Creek seasonally reaches
the Humboldt River in most years. Kelly Creek
similarly loses much of itg flow prior to reaching
the Humboldt River, but commonly extends to the
Humboldt River during the spring runoff. Reese
River Valley, with a drainage area of more than
2,000 square miles, contributes a significant quan-
tity of water to the Humboldt River only during
infrequent times of exceptional runoff.

Lower basin—The lower basin is the area down-
stream from Emigrant Canyon te and including
Humboldt Sink, an area of about 4,100 square
miles. It includes Paradise Valley, Grass Valley,
and minor tributary drainages along the main
stem, such as Pole and Little Rock Creek. Little
Humboldt River, Martin Creek, and smaller
streams provide a substantial streamflow into
Paradise Valley. However, streamflow seldom
reaches the Humboldt River from their combined
drainage area of about 1,770 square miles. Gum-
boot Lake, near the mouth of Paradise Valley, was
drained into the Humboldt River in 1953 and 1958

by artificially removing the sand dunes that
blocked the channel. The Little Humboldt River
has discharged naturally to the Humboldt River
(Nevada Department of Conservation and Natural
Resources and U.S. Department of Agriculture,
1962, table 18) about 8 times in the last 100 years
of which three occurrences were in the last BO
yvears, The quantities of water are not known, but
the average probably is not more than a few
thousand acre-feet per year. Streamflow from
(Grass Valley and other minor {ributary drainages
into the Humboldt River is inconsequential. Run-
off from the mountaing occasionally extends across
the alluvial apron and into the valley lowland.

The Humboldt River drains into Humboldt Sink.
When water ig available, Humboldt Drain, at the
southwestern end of Humbeldt Sink, drains water
through the alkali flat to Humboldt Slough, which
in turn drains to Carson Sink.

Valley of the Humboldt River—Later in this
report the term valley of the Humboldt River as
distinet from the Humboldt River basin is used.
The valley of the Humboldt River refers to the
flood plain and adjacent minor tributary drainages
downstream from the gaging station known as
Humboldt River near Elko (3185) which is in the
narrows near Ryndon. The main stem of the Hum-
boldt River is divided into upper, middle, and
lower sections using the narrows at Palisade and
below Comus as dividing points.
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CHAPTER I
ANALYSIS AND INTERPRETATION OF DATA

This chapter presents analyses, interpretation,
and estimates of the various components of the
hydrologic system for the Humboldt River. Most
of the data and estimates have not previously been
analyzed, synthesized, or reported. However, this
report incorporates some analytical and interpre-
tative material presented in previous reports,
especially the material concerning the Winne-
mucea area {Cohen, 1963 and 1964a).

The concept of average conditions generally is
used to convey the characteristics of the ocecur-
rence and movement of water in a hydrologie
system, However, this concept presents an incom-
plete picture, as it involves much simplification
especially with respect to the variability that
actually occurs. Divergence from average condi-
tions brings about those natural crises, drought
or flood, that bear heavily on man’s utilization of
water. Variability in time and space, however, is
also a principal factor in the production in local
areas of quantities of water that are susceptible
to management and use. Thus, in the Humboldt
River basin the usable precipitation, or that which
produces significant streamflow or recharge, in
large part accumulates as snow in the mountains
during the winter. If the same amount of precipi-
tation were uniformly distributed throughout
the year and over the entire basin, little stream-
flow or ground-water recharge would occur. The
only water available to man would be that obtained
from ground water stored during former times of
greater precipitation. The general hydrologie eycle
visualized for the Humboldt River system is illus-
trated in figure 2.

CLIMATE

Precipitation

Most of the precipitation in the Humboldt River
bagin oceurs between December and May, gen-
erally as snow in the mountains. Snowmelt com-
bined with spring rains causes seasonal runoff that
supplies most of the flow to Humboldt River and
its tributaries. The amount of water accumulated
varies from vear to vear at a given locality, and
the amount of precipitation during a given year
varies from place to place.

In a general way precipitation increases with
altitude but this relation is modified by exposure,
orientation, local relief, and relative rate of rise

of land surface. Figure 3 shows the distribution
of precipitation in the Humboldt River basin by
generalized lines of equal precipitation (ischyets)
as adapted from Hardman (1964, written com-
mun.), The average annual precipitation in the
Humboldt River basin ranges from about 4 inches
in the Humboldt Sink to about 40 inches in parts
of the Ruby Mountains and Jarbidge Mountains.
The average annual precipitation in the Humboldt
River basin ealculated from data shown on figure
3 is about 9.4 million acre-feet or 10.4 inches. Of
this amount about 60 percent occurs in the moun-
tains and about 40 percent occurs on the valley
uplands and lowlands. Table 1 shows the estimated
distribution of precipitation, based on figure 3.

TABLE 1. DISTRIBUTION OF AVERAGE
ANNUAL PRECIPITATION

(Values, in thousands of acre-feet, to two

significant figures)

; i VALLEY B
Basin segment Total  Mountains Uplands . Lowlands

Upper basite. .- 3,400 2,100 1,100 ?49

Middle basin 2,600 1.300 260
Lower basin... 1,100 620 120
Humboldt River

basin, total e §400 5,800 3.000 620

Variations in precipitation from year {o year
at given points are illustrated in figure 4 by the
graphs of cumulative departure from average
annual precipitation forfive stations in the Hum-
boldt River basin. The rising trends indicate suc-
cessive years of above average precipitation and
the declining trends reflect several years of below
average precipitation. Although the ‘trends are
not the game for all stations for the entire period,
most stations show above average precipitation
in the late 1930°s and early 1940’s. All sta-
tions show below average precipitation during
the 1950°s; the Lovelock graph most nearly
approaches average precipitation during the period
illustrated. In gross aspect these graphs suggest
that the wet and dry periods range in length from
10 to 20 vears and are reasonably similar at all
stations.

The distribution of precipitation within the year
is summarized for five gtations in figure 5, Maxi-
mum and minimym precipitation by months. is
shown for the period 1912-63. Additionally the
bars indicate values for which monthly precipita-
tion iz equaled or exceeded 25, 50, and 75 percent
of the time. The maximum recorded water-year
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_ EXPLANATION
o

o
«®  Average annual precipitation
in inches

1520

=5 Précipitation data adapted from the fourth
draft of @ Revised Precipiiation Map of Nevada
wreparéd by Grorge Mardman, Dotober, 1964

FIGURE 3. Map of the basin showing distribution of precipitation.
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precipitation is nearly equal to the sum of the
upper quartile values for the 12 months. Similarly
the minimum recorded water-year precipitation
ig approximately equal to the sum of the lower
quartile values for the 12 months.

Temperature

Records of temperature are not as complete as
those of precipitation in the Humbeldt River
basin. Generally however, temperature fluctuates
through a wide daily and seasonal range. The daily
range of temperature commonly is 30° to 40° F
and occasionally more than 50° F. The wide range
tends to obscure some of the geographic differ-
ences of temperature, but average temperature
commonly deereases 1° to 3° F per thousand feet
increase in altitude. Variations also are to be
expected resulting from orientation and exposure
of the land surface as well as in response to
weather systems moving over the basin,

Variations in annual mean temperatures are
illustrated by the cumulative departure graphs for
Elko and Winnemucca in figure 6. Thomas (1962,
p. A29) noted that at seven stations in the
southwest maximum average temperatures were
recorded in the early 1940’s. A similar tendency
also is indicated in the records for Elko and
Winnemucca.
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FIGURE 6. Cumaulative departure from average
annual temperature at Elko and Winnemucea.

Variations in temperature from month to month
are shown in figure 7. Maximum and minimum
monthly average temperatures are shown in the
bar graph. Additionally the bars indicate values
for which monthly average temperature was
equaled or exceeded 25, 50, and 75 percent of the
time.
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FIGURE 7. Distribution of monthly temperature at

Elko and Winnemucea.

Evapotranspiration

Evaporation and transpiration are the natural
processes by whichnearly all the water is removed
from the Humboldt River basin. Kohler, Norden-
son, and Baker (1959, pl. 2) indicate that annual
lake evaporation averages from about 42 inches in
the northeastern part of Humboldt River basin to
about 52 inches in the Humboldt Sink area. Thorn-
thwaite (1948, fig. 3) indicates potential evapo-
transpiration for most of the middle and upper
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parts of the Humboldt River basin to range from
18 to 24 inches a year and somewhat more than
24 inches a year in the lower basin and the low-
land section downstream from about Battle Moun-
tain. The ranges for lake evaporation and potential
evapotranspiration are substantially greater than
the estimated average annual precipitation of 10.4
inches for the basin.

Evaporation varies seasonally and ordinarily is
greatest in July and least in January as is indi-
cated in figure 8 which shows average monthly pan
evaporation records at three stations. The record
for Fallon although outside of the Humboldt River
basin, is shown to indicate the low evaporation
rates prevailing during the winter months,

Evapotranspiration by vegetation also follows
seasonal trends. After a dormant period during
the winter months in most of the basin, evapo-
transpiration ordinarily beging in early spring,
reaches peak rates during optimum plant activity
and declines to minor amounts in the fall.

Evapotranspiration rates vary with vegetation
physiology, density, and type. They also vary to
some degree in response to available water, cloud
cover, wind velocity, air temperature, humidity,
and topographic parameters. As these show sub-
stantial variations locally within the Humboldt
River basin, it is to be expected that actual evapo-
transpiration also should show variations within
the basin.

Data on these factors are not available to esti-
mate precisely actual evapotranspiration through-
out the basin. However, rough estimates illustrate
the general distribution of evapotranspiration in
the basin. Table 2 summarizes those estimates.

TABLE 2. ESTIMATED AVERAGE ANNUAL
EVAPOTRANSPIRATION

(Values, in thousands of acre-feet, to two
significant figures)

R D Y § 3 T—
Unit Total  Mountaing Uplands  Lowlands

Upper basin_________ - %100 1,600 1,100 530
Middle basin... e 4,200 2,800 1,300 610
Lower basin 2,000 980 620 280
Humbaoldt River o o

bagin, total . 8800 4,800 3,000 1,500

The estimated total evapotranspiration in the
Humbeoldt River basin of 9.3 million acre-feet very
nearly equals the estimated total precipitation of
9.4 million acre-feet (table 1). About 90 percent
of the total precipitation in the basin is lost by
evapotransgpiration about where it falls, either
immediately or after a seasonal period of storage
as snow or soil moisture. Further, of the approxi-
mately 10 percent of the total precipitation that
becomes runoff or ground water, nearly all of it
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ultimately is lost by evapotrangpiration within the
bagin,

Thusg, evapotranspiration beging to remove
water from the Humboldt River basin almost from
the instant precipitation begins. This is a con-
tinuing though variable demand for water in the
Humboldt River basin, and water for other uses
is available only as the supply locally is greater
than that required by evapotranspiration, or as
the supply can be utilized prior to evapotran-
spiration. Thus, water in excess of that demanded
by evapotranspiration becomes available as runoff
or ground-water underflow from the mountains.

‘Most of the water for evapotranspiration from
the valley uplands probably is derived from pre-
cipitation on the valley uplands, although some
undoubtedly is supplied by runoff from the moun-
tains, Also, ground water supplies some water to
phreatophytes where the water table is shallow
in the valley uplands (commonly 50 feet or less).
For example, phreatophytes on the bench land
adjacent to the flood plain of the Humboldt River
near Winnemuecca derive part of their supply from
the principal ground-water reservoir in the valley
fill (Cohen, 1963, pl. 5, p. 73).

Table 3 summarizes the estimated losses by
evapotranspiration in the flood plain and lowland
areas in the upper, middle, and lower parts of the
Humboldt River basin. Two areas—rthe “wet, semi-
wet, or irrigated areas” and the “other shallow
~ ground-water areas” make up the shallow-water
areas shown on plate 1. The third area “residual
lowlands” includes normally dry tributary chan-
nels and other relatively dry lowland areas, espe-
cially where the depth to ground water may be
greater than 10 feet but where evapotranspiration
of ground water occurs. This area is partly identi-
fied on plate 1 by the 25-foot depth-to-water sup-
plemental contours in the middle and lower basgin.

The rates of evapotranspiration used for the
several conditions are given in the footnotes of
table 8. The appropriate rate is then applied to
the indicated area. In a few places, values from
previous reports were used in lieu of the compu-
tation method of this report. Presently, nearly
all of the water used is removed subsequently by
evapotranspiration at or near the points of use. In
this report estimates of evapotranspiration losses
from valley lowlands include water used bene-
ficially.

Table 4 summarizes the evapotranspiration
losses from the valley lowlands by grouping the
estimates in table 3 in terms of sources of water.
Of the water estimated to be removed from the

valley lowlands by evapotranspiration, roughly 40
percent is supplied from direct precipitation, 30
percent is from streamflow, and 30 percent is
eround water. However, much of the ground water
discharged from the valley lowlands, in turn, is
derived from infiltration of surface water as it.
crosses the flood plains.

GROUND WATER

Hydrogeology

The rocks that erop out in the Humboldt River
basin range in age from Precambrian to Recent
and represent a time span of more than 600 million
years. The oldest rocks are metamorphosed and
crop out in the Ruby Mountains. A wide variety
of sedimentary, volcanic, and locally intrusive
rocks are exposed in the basin. The wide variety of
rock types reflect wide variations in the capacity
of the rocks to store and transmit water. These
variationg can be significant either vertically or
laterally in short distances. However, for the pur-
pose of illustrating the common general hydrologic
relations in the basin, the geologic units can be
divided into two main groups: the consolidated
rocks and the valley fill. The general surficial dis-
tribution of the two groups is shown on plate 1.
A more detailed breakdown of the geoclogy is
shown on the geologic map (pl. Al) in the
appendix of this report.

The metamorphie and intrusive rocks commonly
are the least permeable of the consolidated rocks,
but in fractures and weathered parts they may
contain and transmit small quantities of water.
Ordinarily this characteristic is limited to a depth
of a few hundred feet, and the water moves in the
direction of the general gradient of the overlying
land surface.

The Paleozoic and Mesozoic sedimentary and
volcanic rocks generally have low permeability.

‘ohen (1963, table 2) summarizes the hydrologie
properties of the Paleozoic and Mesozoic rocks in
the Winnemuecca area, Fractures store and trans-
mit some water mosgtly within a few hundred feet
of land surface. Where extensive areas of these
fractured rocks are in the zone of saturation, the
quantity of water in storage is substantial. In the
mountaing many small springs are supplied by
water moving in these rocks.

The carbonate rocks, limestone and delomite,
principally of Paleozoic age but including some of
Mesozoic age in the western part of the basin, in
part are exceptions to the above statement. Locally
the carbonate rocks may transmit substantial
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26 HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN

quantities of water in fractures and solution open-
ings. The Paleozoic carbonate rocks largely are
included in the Cambrian to Devonian sedimentary
and the undifferentiated Paleozoic rock units
shown on the geologic map (pl. Al) in the
appendix. The Paleozoic carbonate rocks occur
largely in the eastern part of the middle basin
and in the upper basin of the Humboldt River.

TABLE 4. ESTIMATED AVERAGE ANNUAL EVAPO-
TRANSBPIRATION LOSSES FROM VALLEY
LOWLANDS BY SOURCE OF WATER
(Values, in thousands of acre-feet, to two
significant figures)

Precipitation Burface Gronmd

TInit water water Hum

Upper bagin .. 240 178 120 530

Middle basin. e 2ED 140 210 610

Lower Dasin......o.. 120 160 100 380
Humboldt River B o

BASI i e B2 470 430 1,500

Cenozoic voleanic and sedimentary deposits are
extensively exposed in the Humboldt River basin
and were deposited during the last 65 million
vears. Commonly the volcanic rocks crop out in
the mountains. Regnier (1960) described a section
of about 10,000 feet of Tertiary rocks in the Pine
Valley area. These are exposed in the mountains
but by projection extend beneath the valley floor.

In the Winnemucea area the Quaternary geology
hag been described by Hawley and Wilson (1965).
Cohen (1963, table 3) described the hydrologic
properties of 12 lithologic units of Cenozoic age
for the Winnemucca area. These deposits, or their
equivalents, are present elsewhere in the lower
basin. The lacustrine deposits of Lake Lahontan
are limited to the lower parts of the lower basin.
Deposits similar in type and age, other than the
Lake Lahontan deposits listed by Cohen (1963,
table 3), occur locally elsewhere in the upper and
middle basins.

Tertiary and early Pleistocene(?) deposits
extensively underlie the valleys in the upper and
middle basins. However, the upper basin was an
area of erosion during late Pleistocene time when
Lake Lahontan received large volumes of sedi-
ments. Thus, when the deposits of Lake Lahontan
were being laid down in the lower basin, erosion
of the valley fill in the upper basin was active, and
the detritus removed from the upper basin was
carried downstream toward Lake Lahontan. Pine
Valley, upper and middle Reese River valley, and
Rock Creek Valley were similarly eroded but some
deposition occurred in the lower parts of the
middle basin. Thus, late Pleistocene and Recent
deposits tend to be relatively thin in the upper
basin and the higher parts of the middle basin.

Tocally deposits reached a substantial thickness
in late Pleistocene time. For example, the large
alluvial fan at the mouth of Big Creek in upper
Reese River valley and the fans along the west
flank of the Cortez Range in Crescent Valley con-
tain several hundred feet of deposits. Although
broad generalizations can be made of the Cenczoic
geology in the basin, much more study is needed
to assist in further defining its effect on the hydro-
logic regimen. Generally the more permeable
deposits are the unconsolidated stream-laid sand
and gravel of Quaternary age, The Tertiary sedi-
mentary and voleanic deposits are more consoli-
dated and typically have rather low permeability
but do contain a very large amount of water in
storage beneath the floors of the valleys.

The complicated structural history of the region
affects the hydrologic regimen, but the full effect
iz not yet entirely known. Locally faulting impedes
ground-water movement, but elsewhere faulting
may result in fracturing the adjacent rocks, par-
ticularly some of the carbonate rocks, which in
turn aids in transmitting water, The late Cenozoic
structural events largely established the present-
day configuration of the mountains and valleys,
which in turn have a dominant influence on the
occurrence and movement of water in the Hum-
boldt River basin.

Thus in general, the valley fill shown on plate
1 includes the Quaternary deposits in most valleys
together with Tertiary sedimentary and volecanic
rocks beneath the Quaternary deposits, and these
collectively function as ground-water storage
units. Locally in the upper basin and in the higher
valleys in the middle bagin the Quaternary
deposits may be absent or above the zone of
saturation; there ground water occurs principally
in the Tertiary valley-fill deposits. ‘

The consolidated-rock units shown on plate 1
tor the most part, includes rocks exposed in the
mountains. These consolidated rocks include all of
the rocks of Mesozoic age and older. Where the
Tertiary volcanic and associated - sedimentary
rocks oeccur in the mountains and are unsaturated
or contain only perched or semiperched ground
water, they are included in the consolidated-rock
unit on plate 1. As a group the consolidated rocks
have a much smaller capacity to transmit ground
water than does the valley fill. Locally, however,
segments of the consolidated rocks, such as the
previously mentioned carbonate rocks, may trans-
mit water freely through fractures or solution
openings. Conversely the fine-grained valley fll
may . transmit water only slowly.
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The generally low permeability of the consoli-
dated rocks, the commonly steep slopes in the
mountains where they occur, and the greater aver-
age precipitation in the mountains favor the
development of runoff in the mountain areas, This
combination of physical features is most pro-
nounced in the Ruby Mountains and East Hum-
boldt Range, an area where perhaps the maximum
rate of runoff (about 60 percent of the precipita-
tion) is generated in the Humboldt River bagin.

Qccurrence

For purposes of discussion subsurface water was
divided into three zones by Meinzer (1923, p. 23),
as ig illustrated in figure 9. Water in the zones of
aeration and saturation are of principal impor-
tance in the hydrologic system. The zone of
aeration includes soil water, intermediate vadose
water, and water in the capillary fringe. Below
this is the zone of saturation in which ground
water occurs. The two zoneg are separated by the
water table or upper surface of the zone of satura-
tion.

Land surface
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FIGURE 9. Diagram showing the divisions of sub-
surface water. (After Meinzer, 1923, p. 23.)

Ground water occurs extensively in the valley
fill in the Humboldt River basin. Commonly the
water table is close to land surface along the valley

axis orflood plain of valleys with exterior drainage
or beneath the playa in-closed valleys. The water
table slopes upward from these areas toward
the mountaing but-at a gradient less than that of
the overlying land surface. Ground water occurs
in the interstitial openings of the porous valley-fill
deposits forming an area of continuous saturation.

Ground water also occurs in the consolidated
rocks that are exposed prineipally in the moun-
taing and hills and underlie the valley fill. In those
rocks, ground water occurs in fractures or
weathered zones and locally in solution openings
of carbonate rocks especially in the eastern part of
the basin. Although a large amount of ground
water is stored in the comsolidated rocks, the
ground water commonly is not a continuous body
through an entire mountain range. Rather, local
barriers formed by faults or rocks of low permea-
bility produce a c¢omplex pattern of perched and
semiperched ground-water bodies. Ground-water
bodies of this type ordinarily provide the prinecipal
supply of water for the numerous small springs
in the mountaing and much of the late season flow
of the mountain streams.

Movement

Ground water moves from areas of recharge to
areas of discharge. The gctual flow lines however,
follow paths that may have a considerable vertical
component, particularly near the areas of recharge
and discharge. Figure 10 shows that the flow lineg
most distant from the river are nearly parallel and
the slope diverges only slightly from the hydraulic
gradient indicated by the water table. Near the
stream into which ground water is discharging,
the flow lines converge and some are nearly verti-
cal. In this sense water-level contour lines on maps
show the general hydraulic gradient, and flow lines
normal to the contours refer only to the lateral
component of flow. Plate 1 shows partial water-
level contours of equal altitude to illustrate the
general direction of lateral ground-water flow in
the Humboldt River basin, They show movement
away from the mountains, which represent gen-
eral areag of recharge, to areas of discharge. In
and for some digtance downgradient from the
recharge areas the vertieal component of the flow
line is steeply: downward and the lateral com-
ponent of flow is at right angles to the contour,

Although the general movement of ground
water-is from the mountaing toward the lowlands,
local conditions may cause variations from  the
general pattern. Along the flood plain, the inter-
relation of surface water and ground water is such
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that, depending on the river stage, the flood plain
funections both as an area of recharge and dis-
charge. At low flow of the stream, the ground-
water movement is toward the river, as is shown
by the contours of plate 1 and by flow lines in
figure 10. However, at high flow, the river surface
is higher than that of the adjacent ground water
and water moves from the stream to the ground-
water reservoir, as is illustrated in figure 11.
Under the extreme conditions of flooding, most of
the flood plain is inundated and water percolates
downward to the water table. Subsequently, as the
surface water flows off and is evaporated, evapo-
transpiration begins to remove soil moisture and
to draw upon ground water. Within a few months
the general pattern of flow toward the river is
reestablished. Variations in the configuration of
water-level contours adjacent to the river under
different conditiong are illustrated in figure 12.
However, in the gross sense, the water-level con-
tours in the flood plain and lowland areas are con-
cave downstream, as is shown on plate 1.
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FIGURE 10. Schematic ¢ross section showing the
direction of ground-water movement in the Hum-
boldt River vallev near Winnemucea, when the
stage and flow of the river are low. (After Cohen,
1964a, p. 37.)

The principal flood plains, especially those in the
upper basin and Pine Valley, then, generally func-
tion as ground-water drains to carry off ground
water that otherwise is not lost by evapo-
transpiration. Thus the ground-water component
of streamflow from Pine Valley, estimated by
Eakin (1961, p. 23, 24) to provide more than one-
half the streamflow, is ground water that is in
excess of the amount discharged by evapotran-
gpiration from the valley under existing condi-
tions,

The spacing between contours along the flood

plain of the Humboldt River in the middle and
lower basins is controlled by the gradient of the
flood plain which commonly is less than 5 feet per
mile, In Pine Valley the indicated water-level
gradient iz steeper, about 12 feet per mile, and
even steeper than that in the upper parts of the
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Humbneidt River
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{ Evapotranspiration
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FIGURE 11. Schematic cross section showing the
direction of ground-water movement in the Hum-
boldt River valley near Winnemucea, when the
stage and flow of the river are high. (Affer
Cohen, 1964a, p. 37.)
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FIGURE 12. Diagrammatic shape of water-level con-
tours ‘as they c¢ross the Humbeldt River for var-
ious conditions along the river. Belid arrows
indicate the  direction of streamflow; dashed
arrows indicate the horizontal component of the
direction of ground-water movement. (After
Cohen, 1963, p. 62
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principal tributaries in the upper basin. For
example, the gradients near the flanks of the Ruby
Mountains approach 100 feet per mile (pl. 1).
These steep gradients occur in the Tertiary valley
fill in the interstream areas and suggest that the
capacity of the deposits to transmit water is low.
Similar areas occur extensively in the upper basin.

Water-level fluctuations—The amount of ground
water in storage varies in response to seasonal
and year-to-year variations of recharge and dis-
charge. The largest range of natural fluctuations
probably occurs in the areas of recharge, although
no records are available fo demonstrate the
extremes. Significant fluctuations also oceur in the
areas of ground-water discharge. The natural
range of fluctuations of water levels in discharge
areas probably is less than fluctuations in recharge
areas. As water levels rise toward the land sur-
face, evapotranspiration increases to offset con-
tinued rise. As water levels decline, decreased
evapotranspiration reduces the rate and amount
of decline. In effect the natural system tends to
dampen the range of fluctuations,

Water-level fluctuations are demonstrated by
the hydrographs of four wells in Lamoille Valley
(fig. 18). Plate 1 shows the location of the wells.
The hydrograph for the upstream well 33/58~
30acd, which is nearest the mountains, commonly
has an annual water-level fluctuation about five
times that of the downstream well 34/58-31ddb,
about 6 miles downstream. The large annual rise
of water level in the upstream well is in response
to recharge during the spring runoff of Lamoille
Creek. The subsequent decline reflects the deple-
tion of the recharge mound as water moves away
from the mountain front in an expanding cross
section, As the ground water moves outward from
the mountains, the fluctuations are dampened as
is illustrated in the hydrographs. The 2- to 4-foot
range commonly shown in the hydrograph for well
34/b8-31ddb is not greatly different from water-
level fluctuations in some of the flood-plain areas.
Long-term extreme ranges of water level in the
flood plain may be as much as 5 feet above and
b feet below average water levels.

Storage

The very large area of the Humboldt River basin
together with the characteristics of ground-water
occurrence discussed above, indicate that the quan-
tity of ground water in storage is large. Although
the absolute amount of ground water in storage
cannot . be determined, the following caleulation
partly illustrates the magnitude of storage.

The area of valley fill shown on plate 1 oecupies
about 2.8 million acres, This represents the
approximate areal extent of the principal ground-
water reservoirs. Assume that the upper 100 feet
of saturated deposits underlying this: area have
an -average specific yield 'of 10 percent, Thus, the
volume of ground water stored in thig volume of
deposits is about 28 million acre-feet. Although
this is about three times the estimated average
annual precipitation over the entire Humboldt
River basin, it still represents only a'small fraction
of the total amount of ground water in storage.
Ground water also ig stored in fractures in the
consolidated rocks, and the valley fill in many of
the valleys may be saturated to a depth of several
thousand feet. The assumed specific yield (10 per-
cent) of the deposits is conservative, The quantity
of ground water in storage, therefore, far exceeds
the quantity of water moving yearly into and -out
of the hydrologic system of the Humboldt River
basin.

Of the estimated 28 million acre-feet of water
stored in the upper 100 feet of saturated valley
fill for the basin as a whole, about 9 million, 13
million, and 6 million acre-feet are stored in the
upper, middle, and lower basins, respectively.

Much of the ground water stored in the valley
fill is far from Humboldt River and its principal
tributaries and has little natural effect on the
river and the river hag little effect on it. Therefore,
we may use a more réstricted example of ground
water in storage. Along the main stem of the
Humboldt River downstream from the nparrows
near Ryndon (fig. 32), excluding the principal
tributaries, the estimated storage in the upper 100
feet of saturated deposits of valley fill is about
0.6, 3.7, and 3.6 million acre-feet for the upper,
middle, and lower basins, respeetively. This volume
is nearly '8 million acre-feet, which is more than
30 times the average annual flow of the Humboldt
River at Palisade.

Within this storage area in the wvalley of the
Humboldt River only a small fraction of the vol-
ume-is involved in natural short-term changes.
Most of the short-term gtorage changes oeccur in
the upper few feet of ‘deposits beneath the flood
plain. In the Winnemucca area, Cohen (1964a,
table 6) -showed 2 seasonal gain in storage of
26,000 acre-feet during the period December—June
1962; but about 80 percent of this was depleted
by the end of the water year. The flood plains of
perennial streams thus form a dynamic though
localized environment for changes of ground water
in storage,
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Changes in water stored beneath the flood plains
of the river system may be an important factor in
controlling the magnitude of the flow in the Hum-
boldt River, The changes in the volume of water
stored beneath the surface area of the flood plain
of the Humboldt River and its principal perennial
tributaries may be illustrated by the following
calculation. Thig area, which iz not equivalent fo
the irrigated area, is about 260,000 acres. During
wet years substantial recharge raises water levels
virtually to land surface. Water levels may aver-
age about 5 feet above the mean water level in
the flood plain. If the average specific yield of the
upper part of the flood-plain deposits is 20 percent
(Cohen, 1963, table 22), then 260,000 acre-feet of
water may be stored temporarily in the zone above
mean water level in the flood plain. On the other
hand, through an extended dry period, the water
level may decline as much as 5 feet below average.
The range of natural fluctuation is then on the
order of 10 feet. This would indicate a possible
range of temporary storage of somewhat more
than 500,000 acre-feet beneath the flood plain
under the present general climatic conditions
Inasmuch as surface water and ground water in
the flood plain are closely interrelated (figs. 10,
11), recharge of the flood-plain deposits by surface
water is quite variable from year to year. Further,
thig recharge may have a marked effect on down-
stream streamflow.

Recharge

Precipitation within the Humboldt River basin
provides virtually all of the water that enters the
ground-water system. Precipitation may infiltrate
directly to the ground-water reservoir, may
accumulate as snow, which after melting infil-
trates to the ground-water reservoir, or becomes
runoff and then in part infiltrates.

As precipitation provides the supply for ground
water, its distribution is significant in determining
where ground-water recharge may occur. Thus,
areas of greatest average precipitation are areas
of the greatest potential recharge. Whether or not
recharge does occur also depends upon the infiltra-
tion characteristics of the rocks in those areas.
If the rocks are permeable, recharge oceurs, but
if they are impermeable excess water will collect
in streams. The streams then may flow over
permeable areas and recharge the ground-water
reservoir in the valley fill, The effectiveness of
this manner of recharge is increased by overbank
flooding and diversions for irrigation.

Estimates of average annual recharge presented

in published reports for nine areas in the Hum-
boldt River basin are:

Eutinated average
sl recharge

Aren {acre-fest) Remarks
Huntington Valley..._... 28,000 Rush and Hverett (1965) ;
(drainage d@res of South e il recharge  much

¥ork Humboldt River) BT er but is rejected

e B 00050,000 - Wakin (1961) ; value about
2 times the estimated
discharge

Pine Valleyo.. ...

Crescent Valley ... o 13,600 Zones (1961)

Upper Reegé

Biver valley .. 39,000 Fakin and others (1965}
Middle Reege— )

Antelope Vallevs 18,000 Crosthwaite (1963)

24,0004 Loelty and others (1949)
12,000 Clotien (18841

Hakin (1962)

Everctt and Rush (1968)

Paradise Valley.. ... ...
Grass Valley i
Imlay aress e i 7,060

Lovelock Vallev 25,200+

For six of the valleys in the above tabulation
the estimates of ground-water recharge and dis-
charge are in reagonable agreement. But in Pine
and Huntington Valleys, the two upstream valleys,
the estimates of recharge are substantially larger
than the estimates of discharge. In Huntington
Valley, stream gradients are steep, ground water
oceurs at shallow depth beneath the flood plains
of the more prominent streams, and the valley 41l
is substantially dissected. The direct estimate of
recharge in that valley may represent a potential
recharge that is not realized. Actually much of the
potential recharge probably is rejected, and leaves
the valley as streamflow. This characteristic seems
to be representative of ‘most or all the tributary
areas in the upper basin and perhaps oceurs locally
in the middle and lower basins. For this reason a
direct estimate for the basin as a whole is ot
included in the hydrologic budget. However, under
long-time natural ¢onditions, recharge equals dis-
charge.

Discharge

Ground water ig discharged from the Humboldt
River basin almost entirely by evapotranspiration.
For the most part, the discharge oceurs within the
shallow water area shown on plate 1. Some ground
water is discharged by evapotranspiration adja-
cent to the areas shown on plate 1, where depths
to water may be 25 feet or more, as is indicated
for Paradise Valley (Loeltz, Phoenix, and Robin-
son, 1949, p. 40), Crescent Valley (Zones, 1961, p.
21), Pine Valley (Eakin, 1961, p. 22), middle Reese
River Valley (Crosthwaite, 1963, p. 14), Winne-
muceca area (Cohen, 1963, p. 73), Grass Valley
{Cohen, 1964b, p. 21), and upper Reese River
Valley (Eakin, Moore, and Everett, 1965, table 5).

A-miner amount of ground water may discharge
across the drainage divides of the basin by sub-
surface outflow.. SBuch outflow may oceur in areas
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such as in the southern part of the Ruby Moun-
tains and in the Sulphur Spring Range.

The estimated average annual discharge of
ground water by evapotranspiration for the valley
lowlands of the basin is about 430,000 acre-feet
per year (table 4). Of the estimated total, about
120,000 ascre-feet is discharged from the upper
basin, 210,000 acre-feet from the middle basin, and
100,000 acre-feet from the lower basin. The losses
from ground water by evapotranspiration for the
upper basin are about 60 percent of those from the
middle basin. However, as the upper basin sup-
plies most of the streamflow to the middle and
lower bagins, the losses in the upper basin are not
as obvious. Additionally, most of the ground-water
loss by evapotranspiration in the upper basin is
very closely associated with Humboldt River and
its principal tributaries. One-third of the ground-
water losses in the middle basin oceurs in tribu-
tary areas, most of which contribute little actual
flow to the Humboldt River. In the lower basin,
most of the ground-water losses occur in or adja-
cent to the Humboldt River flood plain.

SURFACE WATER
Runoff

Runoff characteristiecs—Runoff is defined as
that part of precipitation that appears in surface
streams. Most of the runoff is produced by melting
snow in the mountainous regions of the Humboldt
River basin, because greater precipitation and
snow accumulations generally occur at higher ele-
vations. Also, the soil mantle overlying the bed-
rock commonly iz thin in the mountains, the
consolidated rocks in the mountains ordinarily
have low permeability, and the mountain slopes
are steep; all these factors favor the production of
runoff. The mountain tributaries are gaining
streams until they near the mouths of the canyons
or the bage of the mountain front. The mountain
front thus commonly represents the point of maxi-
mum flow of the mountain streams, Some runoff
originates below this point of maximum surface
flow, but typically the streams heading in the
lower-lying areas flow only during a short snow-
melt period or after high-intensity precipitation.

Runoff values—The method used to estimate
runoff at the mountain front is described in detail
by Riggs and Moore (1965, D199-D202). Briefly,
altitude-runoff relations for general areag were
based on long-term records of streamflow and pre-
cipitation. For this report all available streamflow
data were adjusted on the basis of the longer

gaging stations records to a common reference
period, 191263, and expressed as average annual
gtreamflow. Some of these average streamflow
values were then used to adjust the previously
derived runoff-altitude relations for general areas
to account for local variations in the runoff-
altitude relation.

Streamflow near the base of the mountain front
and upstream from irrigation diversions or with
minor upstream diversions is the best indicator of
local variations in the runoff-altitude relation. The
streamflow data used to adjust the relation ranged
from single streamflow measurements at several
sites, to long-term discharge records, and included
series of measurements at some gites and short-
term discharge records at other sites.

A runoff map (pl. 2) was developed from the
runoff-altitude relations for the various areas. The
isopleth lines connect points of inferred equal
mean annual runoff, expressed as depth in inches.
Plate 1 shows areas where runoff of more than 5
inches originates.

Table 5 shows the estimated average annual
runoff for the upper, middle, and lower basins.
For each, the estimated runoff originating in the
mountaing and valley uplands is separately shown.
Runoff from the mountains accounts for more
than 90 percent of the total. The runoff originating
within the valley lowlands is negligible and is not
shown. The estimated average runoff originating
in the whole Humboldt River basin is 854,000 acre-
feet per year.

TABLE 5. ESTIMATED AVERAGE
ANNUAL RUNOFF
(Values, in thousands of acre-feet, to two
significant figures)

Valley

Unit Total Muountains uplands
Upper bagin. - B3O 466 64
Middle basin 184 180 14
Laywer basin. 130 129 1
Humboldt River i - 77 -
basin, total e ahd 775 74

Streamflow

Streamflow is the flow that occurs in a natural
channel, The term, streamflow, i§ more general
than runoff as streamflow may be applied to flow
whether or not it is affected by diversion or reg-
ulation. Some of the characteristics of streamflow
in the Humboldt River basin are presented by
describing the variations in streamflow with time
and geographic location,

Time variations-—An example of expressing the
minute-to-minute variations in streamflow is pre-
sented later in this report under flood magnitude
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and frequency, Another example i in the day-to- precipitation for representative pregipitation rec-
day variations as presented in figure 14. The prob- ords. "The composite precipitation records repre-
ability that the indicated mean daily streamflow sent the combined records collected at several
of the Humboldt River at Palisade (8225) will be stations and were welghted according to amounts
equaled or exceeded on a particular date is indi- of runcff securring in their respective arveas. The
cated -in this graph. The graph was prepared by flow typically iz above or below average in any
listing the daily flow at 5-day intervals for water given year and may remain above or below normal
yvears 1945 through 1963 and ranking those flows for several sucecessive vears. Man-made changes
in“order of magnitude. Next, the lower quartile in-the envirenment may obscure long-term trends
median, and upper quartile values of streamflow in streamflow. However, figure 16 showsg certain
were determined and plotted for every fifth day. definite frends in past years as cumulative depart-
The curve was drawn mainly through: the plotted ures from average streamflow. An upward slope
points, although a minor amount of eurve smooth- of the line over a period of years indicates a period
ing was necessary. of greater than average streamflow: conversely,

The average seasonal pattern of streamflow at a downward slope indicates a dry period. Normally
selected gaging stations is shown 'in figure 15, a period of greater than average precipitation pro-
Becauge the pattern varies from year to year, the duces - streamflow proportionately greater than
average seasonal pattern provides only a rough average, The effect of antecedent precipitation,
indication of the amount of flow to be expected in however, is seen where periods of greater than
any given year. average precipitation have resulied in less than

Figure 16 shows the variations in streamflow average streamflow because of @ prolonged ante-
a8 cumulative departures from average annual cedent dry spell; Differences in digtribution eof
streamflow for the period 1912-63, for three precipitation within the year also result in differ-
selected streams that have long-term discharge ences in streamflow even though the total precipi-
records. Figure 16 also shows the variations in tation may be about the game:
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EXPLANATION

Water year (Oct. 1-5ept. 30)
4
.3
.2

Gaging station symbol

ANMUAL STREAMFLOW

A

Station Number

RATHY OF AVERAGE MONTHLY
STREAMFLOW TO AVERAGE

FIGURE 15. Map showing average seasonal pattern of streamflow at selected gaging stations.




The theory that streamflow in the upper basin
has decreased in the last few years because of
changing irrigation practices was tested by double-
mass curve. technigues (Searcy and Hardison,
1960).. Double-mass curves (fig. 17) of measured
streamflow versus computed streamflow were pre-
pared for the gaging stations, Humboldt River at
Palisade (3225), where the streamflow leaving the
upper bagin is measured and for South Fork Hum-
boldt “River near Elko (3205). The computed
streamflow was based on composite effective long-
term preeipitation records adjusted (Searcy and
Hardison, 1960, p. 34-42, 44-50) to the reference
period, 1912-63. If the flow at these stations had
decreased, perhaps 20 percent or more, in the last
few years because of changing irrigation practices,
the plotted points on the graphs in figure 17 would
rise at an angle greater than the dotted 45-degree
line. However, the plotted points roughly follow
‘the 4b-degree line. This may be due to compen-
sating factors or that decreased flow due to chang-
ing irrigation practices is not sufficient to be
reflected in this relatively coarse plot. A more
refined “analysis would be required to test the
theory in detail,
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Geographic variations——Plate 2 shows that the
runoff . originating at similar altitudes varies at
different locations. Streamflow at the base of the
mountains is effectively an accumulation of the
runoff ‘originating in that drainage area; there-
fore, the amount of streamflow is dependent upon
the grosg size of the drainage area as well as the
relative size of the areas of high and low runoff
within that drainage area. As the stream pro-
gresses down-the alluvial apron, the streamflow
generally decreases because of ‘increased infiltra-
tion, evapotranspiration, and irrigation diversions,
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Site-to-site variability in streamflow is shown
on plates 1 and 2 by the values of average annual
streamflow at selected gaging stations for the
reference period. Figure 18 shows how streamflow
varies geographically by a graphic representation
of the stream system of the Humboldt River basin.
The streamflow data are listed in table A3 in the
appendix.

Locally, streamflow increases on the larger
streams because of ground-water inflow to the
stream. For example, there was a net increase in
flow of dbout 7 to 10 cfs (cubic feet per sécond)
in September and November 1964 between low
flow measurements made at the gaging station,
South Fork Humboldt River near Elko (3205),
and at the mouth of South Fork. Another example
i the increage in flow between the gaging stations
on the Humboldt River at Comus (3275) and near
Rose Creek (3315) during periods of low flow
(Cohen, 1964a, p. 35).

The Humboldt River gains in streamflow in the
upper basin until an average annual flow of 260,
000 acre-feet (fig. 18, pl. 1, 2) is reached just below
Pine Creek. Average annual streamflow decreases
downstream from this point to 175,000 acre-feet
at the gaging station, Humboldt River at Comus
(3275). These points are approximately the bound-
arieg of the middle basin. In the lower basin aver-
age annual streamflow decreases from Comus to
relatively ‘minor infrequent outflow from Hum-
boldt Sink into Carson Sink.

Streamflow values—The average annual stream-
flow for the reference period is listed (table A3)
for 46 gaging stations. Table 6 lists the estimated
average annual streamflow for the reference
period at the mouths of streams or valleys tribu-
tary to the main stem of the Humboldt River.

The range from 3 to 59 complete water years
of record for the 85 gaging stations listed in part
1 of table A3 indicates the need for adjusting the
record to a common reference period. Short-term
records may be obtained during a series of wet or
dry vears (fig, 16) but can hardly include a repre-
sentative distribution of the variations in flow
typical of a longer period.

Average values thus may differ substantially
depending upon the particular periods used. For
example, based on streamflow data collected at the
gaging  station, Humboldt River at Palisade
(3225), the following periods and their correspond-
ing average annual streamflow were computed:

Averags
anmigl
) Length streamfow
Parjod (vears) (acre-feot)
Y 256,000

Remarks
Périod of complete. yeéars of
record
Reference period
Drought period
Standard 30<year period
Bhorter reference period
Wet. period
Laigt decade

191283 iveivnnn B2 251,000
1923—-40... 18 170,000
193160 s 30 254,600
1931-63... e 33 251,000
1941—-46.. SV 449,000
1TH51-60. ] 240,000

In the above tabulation the average streamflow
based on the dry period 1923-40is only 38 percent
of the average streamflow based on the wet period
194146,

TABLE 6. ESTIMATED AVERAGE ANNUAL
STREAMFLOW, IN ACRE-FEET, FOR
HUMBOLDT RIVER TRIBUTARIES
AT MOUTH

Average annusl

Stream or valley streamfiow Base

Tishop Creek. ... 4,000 Digcharge measurements. in
1964

Dlwhwge measureiments - in
1960, 1951, 1958, (1962, "and
1964
Upstream . gaging  station  dis-
charge and tributary  stream-
fHow. minus evapotranspiration
losses
See table § for period of gag-
ing gtation discharge record
Lamoille Valley .. 486 Do,
North Fork
Humboldi River ... 33 Do.
South Fork
Humboldt River ~ABT 000 Do,
Susie Creek. < UB 00 See table 3 for:period of sea-
gonal gaging station discharge
records
Bee iable 3 for period. of gag-
ing station: discharge record
Fine Creek s 3400 T,
Crescent Valley.. Lo A,000 Observation
Boulder Creek . {b) o,
Rock Creek.. . 16:2] Do,
Reese River.. e ©5,000 Observation and discha rge
measurements
Observation
Obgervation and dischargs
meagurements
Fock-Pole Creekoo0 (dy Do
Paradise Valley..... «2,000 Rare food-water overflow  or
drainage from Gumboot Lake
Obsgervation

Tabor Oreek o 24000

Marva Biver . e B2,000

Starr Valley o

Maggie Uresk ool 15,000

Pumpernickel Valley.... (b}
Wellv-Evans Creck...... {d)

Crrags Valley {d)

a~—Ineluded an estimated 9,000 acre-feet .of springflow down-
stream from gaging station near Wko (3205).

b—Unknown; flow i largely dissipated on flood plain before
reaching main channel

~High flows ocour about once every 15 vears, on the average.

d-—Minor, flow ig lmgt‘-]y dissipated “on  fAood plain before
reaching main channel (Cohen, 1964a, p.-30).

e—Water from Gumboot Lake overfiowed Into. Humboldt River
in 1814 and 58,000 acre-feet of flood water drained from Gumi-
boot Lake in 1853 and 1958 {Caler, 1964a, p. 30).

Adjusting the streamflow records to a common
reference period produces values that probably
reflect the differences in basin characteristics more
than variations in elimate. The longest continuous
streamflow record in the Humboldt River basin is
for the Humboldt River at Palisade (3225), which
gpans the water years 1912-63. Generally missing
streamflow records were estimated by graphieal
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EXPLANATION

Width of river indicates average annual
streamflow in thousands of acre-Teet

{not to scale below 20,000 acre-feat)

FIGURE 18, Map showing geographic variation in average annnal streamflow.
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correlation with other streamflow records as
described by Searcy (1960) to obtain values for the
191263 reference period at other locations, The
cumulative departure graphs of figure 16 were
used in a few cases to determine shorter represen-
tative periods, mainly 1931-63 for the two upper
Humboldt River stations near Elko (3185) and
Carlin (3210) and Little Humboldt River station
near Paradise Valley (3290). The period 1945-63
was used for South Fork Humboldt River and
Huntington Creek near Lee (3190 and 3195).
These shorter periods were used to avoid esti-
mating an excessive amount of discharge record
and because of possible changes through the years
in the correlation between the comparative station
records.

Flood-plain gradient and cross section—Flood
plains develop from the interaction of streamflow
and the rocks over which the stream flows; the
gradient and width of the flood plain thus, in part,
influences the flow of the stream along its course.
The gradient and width of the flood plain may
influence gains or losses, the time of travel, chan-
nel storage, and high or low flow. The gradient of
the Humboldt River flood plain is less than b feet
per mile through the middle basin and is even less
in the lower basin., Figure 19 shows the longi-
tudinal profiles of the flood plain of the main stem
of the Humboldt River and those of the principal
tributaries. Cohen (1963, p. 27) noted in the
Winnemucea area that the gradient of the Hum-
boldt River, which meanders down the flood plain,
iz about 1.7 feet per mile, or about one-half the
gradient of the flood plain. This ratio of river
gradient to flood-plain gradient probably. holds
throughout most of the course of the Humboldt
River in the middle and lower basing. The stream
and flood-plain gradients increase in the upper
basin, although a meander pattern still is a prom-
inent channel characteristic, The gradient of the
flood plain generally decreases downstream, but
the profile is not everywhere a smooth curve. Local
changes in slope occur-in or upstream from bed-
rock gaps where the gradient may be slightly flat-
tened. This is consistent with the fact that the
bedrock in the narrows is resistant to erosion and
therefore restriets vertical erosion.

The principal tributaries that regularly econ-
tribute streamflow to the Humboldt River have
relatively high gradients, 15 feet per mile or
greater at their mouth, and relatively narrow
flood plains. Lamoille Creek is an example where
the gradient and also the precipitation are fairly
high. Maggie and Susie Creeks, which have even

steeper gradients but appreciably less precipita-
tion in their bagins than in the Lamoille Creek
drainage basin, contribute considerable stream-
flow to the Humbeldt River. Tributary drainage
areas with low gradient surfaces near their con-
fluence with the Humboldt River contribute little
surface flow. Thus, the relatively low gradienits at
the downstream end of Reese River and Paradise
Valleys sre compatible with the fact that they con-
tribute little streamflow to the Humboldt River.

The cross section of the present-day Humboldt
River flood plain has been developed by lateral
migration of the river, as is indicated by the
meander scroll pattern which ig particularly well
developed in the wider segments of the flood plain.
Abandoned channels may be nearly as deep as the
main channel, as is shown in figure 20 by ‘the
several cross sections in the vicinity of Winne-
mucea (Hanson, 1963, fig. 21). Such wide, low-
gradient flood plains provide favorable sites for
overbank flooding ‘and temporary storage of
streamflow in and on the flood-plain deposits. Much
of the water in temporary storage is removed later
by evapotranspiration.

Losses—Annual flow .in the main stem of the
Humboldt River is affected by evapotranspiration
losses ‘in the flood plain as well as by tributary
inflow. The loszes are estimated to average 17,000,
88,000, and 94,000 acre-feet per year, respectively,
for the upper, middle, and lower sections of the
valley of the Humboldt River; or nearly 200,000
sere-feet per year for the entire main stem.
The estimated average annual evapotrangpiration
losses from streamflow in all the lowlands (main
stem, tributary flood plaing and valley floors, and
playas) is about 170,000, 140,000, and 160,000
acre-feet per year (table 4) for the upper, middle,
and lower basins, respectively, or a total of 470,000
acre-feet for-the entire basin:

Different evapotranspiration rates (table 3)
were used for the three different classifications of
flood-plain water-loss areas, which was explained
earlier in the section on evapotrangpiration. Also,
the evapotranspiration losses were separated into
those from a surface-water or ground-water sup-
ply. However, this separation is based on an arbi-
trary definition of whether the water source is
primarily surface or ground water. Much of the
lowland ground water was derived from surface
water infiltrating the flood plain, Much of the sur-
face water considered lost by evapotranspiration
temporarily becomes soil moisture before evapo-
ration and transpiration.

Evaporation losses from the water surface of
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ALTITUDE, IN FEET
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FIGURE 20. Flood-plain profiles across the Humboldt River near Winnemueca.
View is downstream. (After Hanson, 1963, p. 53.)

the ¢hannel are included in the evapotranspiration
totals listed in table 3. Hanson (1963, fig. 23)
shows a relation between the annual streamflow
at the Comus gaging station (3275) to. annual
water-gurface evaporation losses between the
Comus and Rose Creek gaging stations (8315);
this relation is shown in figure 21, Average annual
evaporation loss from the main-stem water sur-
face is estimated to be about 50,000 to 80,000
acre-feet. This estimate is based on an average
annual streamflow at Comus-of 175,000 acre-feet,
the relation: shown in figure 21, and an approxi-
mation that the main-stem water-surface area is
3 to 5 times greater than the main-stem water-
surface area in the Comus to Rose Creek section
used for figure 21.

Evapotranspiration in the valley uplands and
the mountains ocecurs from precipitation, runoff,
soil ‘moisture, and ground water, However, it is
difficult to distinguish among them. Therefore, in
the valley upland and mountainsg a single evapo-
transpiration less value was determined. The

estimated values are listed in table 2 for the upper,
middle, and lower basins.

Time of travel—Time of travel.on the main stem
of the Humboldt River depends upon a c¢omplex
interrelation between the amount of streamflow,
amount of available channel storage, amount of
water retained behind diversion dams, roughness,
slope and shape of channel, and rate of increase
or decrease in streamflow. For these reasons
specific travel time between points on the main
stem varies at different times. However, the Hum-
boldt River Water Distribution District presently
i1ses the general times of travel between gaging
stations shown In table 7 in distributing water
along themain stem (D. L. Danner, oral commun.,
1965},

The times of travel are considered to apply
mainly to a range of digcharge from 50 to 200
cfs and are reasonably applicable for discharges
up to 1,000 cfs. Hanson (1963, table 14) states that
the time of travel, based on g study of 1962 peak
flows between “Comus. (3275) and Rose Creek
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FIGURE 21. Relation of annual streamflow at the
Comus. gaging station to annual water-surface
evaporation losses between the Comus and Rose
Creek gaging stations, water years 1950, 195253,
1955,-1958, 1961-62. (After Hanson, 1963, p. 54.)

(3815}, ranges from 8 to 12 days for flows of about
1,000 cfs,

Along the South Fork Humboldt River the time
of travel between the gaging station, South Fork
Humboldt River near Elko (3205) and the gage
near Carlin (3210) is three-fourths of a day.
TABLE 7. TIME OF TRAVEL BETWEEN SELECTED

HUMBOLDT RIVER GAGING STATIONS

{Approximate values from Humboldt River Water
Distribution Distriet)

Approximate
Tise or Travin  flood-plain

) ) s { DAY 8 Y miles
- CIATTNG BIATION S, Between Cumula~  between
From To fages tive ghges
(3185) Elko (3210) Carlin 3 39
{3210} Carlin (3225) Palisade 3 24 18
{32253 Palisade (2235) Argenta 3 63 31
(2285) Argenta (8250) Battle
Mountsin 2 88 20
(3250) Battle {32753 Comus 6 148 43
Mountain
{32753 Comus (3315) Rose 9 233 45
Crreel
{3315) Rose (3530) Imlay 1 244 15
Creck

Channel storage—Hanson (1963, fig. 24) shows
a relation of channel storage between Comus
(3275) and Rose Creek (3315) and the average of
streamflow at the two gaging stations. This rela-
tion is shown as figure 22. The channel storage for
the entire main stem of the Humboldt River would
probably be 3 to b times greater than that shown
in figure 22. For example, if the average flow was
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about. 1,000 ¢fs throughout the Humboldt River
main stem, channel storage would be approxi-
mately 70,000 to 110,000 scre-feet. The relation
between channel storage and flow for the main
stem: was not developed further because of the
lack of adequate maps showing the channel dimen-
sions.
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FIGURE 22. - Relation of total surface water in stor-
age between the Comus and Rose Creek paging
stations to the average streamflow at the two
gaging stations. (After Hanson, 1963, p. 55)

Flood characteristiecs—Floods in the Humboldt
Biver basin generally can be divided into three
main types as to when they occur and how they
are caused. Winter floods are caused primarily by
large-area rainstorms falling on low altitude snow
or on frozen ground. Spring floods occur a8 4 result
of rising temperatures that melt the snowpacks
accumulated in the winter. Heavy rains during the
spring can accelerate or augment the snow-melt
runoff. Summer floods oceur as the result of local-
ized high-intensity rainfall and are capable of pro-
ducing ‘peaks of extreme magnitude and short
duration on small drainage basgins.

Most of the annual maximum instantaneous dis-
charges at gaging stations occur during the spring
ag a result of snowmelt. For example, at the gaging
station, Humboldt River at Palisade (3225), of
the 57 annual maximum discharges for which
dates -and discharges are known, 52 oecurred in
the spring. Hydrographs of spring floods are of
long duration and of slow rise and fall;

The maximum instantaneous discharge that has
occurred at most gaging stations occurred during
the winter and ‘was eavsed by regional raing or
snow, Winter-flood hydrographs are characterized
by a rapid rige and fall, and are of short durstion.
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Examples of the larger winter floods are those
that occurred in 1910, 1943, and 1962. The 1910
flood occurred throughout the Humboldt River
basin, whereas the other two floods occurred
mainly in the upstream portion of the basin. The
spring flood of 1952 resulted from the rapid melt-
ing of the large amount of snow accumulated dur-
ing the winter. Pertinent facts about these floods
at the Palisade gaging station are presented
below:

Gage height Peak flow
Data {ft) {efs)
‘About Féb, 28, 1910 .. about 17 about 17,000
Fehb, 26, 1943 . 9.92 5,250
o May 2, 1952 9.53 6,060

RS ST TS T B 1 O ——— 10,00 6,610

Because of the localized nature of the summer
storms, only a very few of the annual maximum
instantaneous discharges recorded at gaging sta-
tions occurred as a result of thunderstorms. Flood
flows from this type of flood usually originate in
the mountains and usually carry considerable mud
and debris. The flood waters spread out and are
dissipated on the alluvial aprons and the debris is
deposited.

The flagh floods of July and August 1961 are
examples of summer floods caused by thunder-
storms. Peak flow was determined by indirect
methods at four sites. A summary of these peak
flows is listed in table &,

TABLE 8. SUMMARY OF PEAK FLOWS CAUSED
BY THUNDERSTORMS DURING 1961
AT FOUR LOCATIONS

Drrainage
i aren Peak fow
Btream Loeation (3. miles) Drate (efs)
Pole
Creek.......At Pole Creek gaging
station near Golconda  10.7 Aug, 6 aboul 4,000
Claar
CoCreek.o L SWh sec. 13, T, 33 N, 324 Aug. § 11.400

R. 3% 1., 0.9 mile
shove Clear CUreek
Ranch, 17 miles south
of Winnemucoea

Thomsas

Creck...... 8% sec. 17, T. 35 IV, 2,38 8
. 38 ML, 28 miles or 4
above Grass Valley
Road, b miles south
of Winnemucca

Eldorado )

Canvon ... N5 see, 27, T, 81 M., 3.683
R’ 38 1., 1.4 miles
aagt of 1.8 Highway
490, ¢ miles northeast
of Rye Patch

Aug. B1 1,880

Frequency analysis

Discharge data collected at long-term gaging
stations were analyzed statistically to determine
the frequency characteristics of the streamflow
in the Humboldt River basin.

Flow-duration—The flow-duration -curve is a
cumulative frequency curve that shows the per-
cent of time specified discharges were equaled or

exceeded during a given period (Searcy, 1959, p.
1). Curves were prepared for 23 gaging stations,
Flow-duration curves for four represeniative gag-
ing stations are shown in figure 23. The ordinate
used in figure 23 is expressed as a ratio of daily
mean streamflow to average annual streamflow to
permit comparison of streams with different mag-
nitudes of streamflow on a single graph. The figure
shows that the average annual streamflow has
been equaled or exceeded about 25 percent of the
time in the 52-year period analyzed. Table 9 con-
tains data from which flow-duration curves can
be plotted for the 23 gaging station discharge rec-
ords analyzed,
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FIGURE 23, - Flow-duration curves for
four gaging stations, 1912-63.
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Searcy (1959) discussed the hydrologic sig-
nificance and the uses of the flow-duration curve.
A curve with a steep slope indicates a “flashy”
stream, such as Rock Creek (fig. 23) with flow
mainly from storm or snowmelt runoff. A curve
with a flat slope at the lower end indicates a high




"PA0OBI DEIBYDSID UL PIPISUL J0U. pUe 9Fed Bugeeddy MopuesIyg,

AXNH W0 aEIVABE 81 CS40 NI CEDNVEHOSI(] IVELT, FWLY, 80 IX30EET

£
ol
o
MM Q002 DEST  GOTML B BES 008 GiT 201 o ¥ 23 £ 88 o o
P ¥4 EEd 98 2R BE 078 {1 e g &1 L i By o
W o - 9%1 0L %8 6L 06 58 Ny '8 2% 1 1 I 84 gl gt T
m Q085 029 OI8'L 08I 008 0¥ OEE HET E8 ¥ FAARI (] G ] ¥ B0 B
000°'8  0FSZ 00T OFFT 046 0Ly O¥E By 88 5 08 81 0f -9 EE ¥ L4
i GIIT 016 WEL 01y BiE 4% EL ¥ i1 Tz 81 S iE 91 1 L
m 05F o 4 [EES 8% LT 112 52 LT BT 96 59 ¥y 1e ¥1 1 ¥
m £ I k4 g 0r |11 BE 0F 3 0% 0L 0% 0% 56 84 23 SRG
jo OXH ¥ ORWVALE B1 'S40 NI “BOUVEDSIT S¥EJ, €LY, 40 INS0NIg ;
=
=
B 06T 00FT 00T'T (B8 ¥ 9 8¥E 06T 411 |34 e 115 5 ¥ T %6 L 84
S0E B¥E LET TET I+ i 7 T bI L'y BL Lg g e L'F £ 5E
W QU8 907 58T L gg i34 31 Tt 6 s gL [ i L] 98 a5 e
=) 006 O06'T 0187 0l T ogs 08E  L6T 80T Bg 18 EL. B0 i 54 ' Ttk GO0
6] A ﬁmm.ﬁ mmm 1 mmm T _mmm mmw mmm . .WW.H ¢ L ; ww . wm ¢ mﬁ mm wwm T ' g0
] ¢ ez . 13 7 (o5 - - . . . . S,
w mmw 1o mhm 0F ¥E mm TE w,m @.m 98 670 o] Te o wro - -
) 088°¢  002°2 DOE'EZ  088'T O0T'T  ¢B GaE 051 L kg ¥ 18 il s 0T ¥ Le
w 9% DEE UET 0EL L 9% A g R g A ] g0 B0 BOO O ZO0 TOO
M DETT - 026 DEL 0y [ LEEE) A E¥ LE B EEL 0 OTL ¥ .J,
= 08¥ e 957 SFT 68 aF (134 ¥ ot g 8 L8 5 81 1 60 L
W a1g 05% a4 ¢¥E jae BOT 8% g1 jas 6 g 1L L'g L'¥ U ¥E g
W.w 026 09T ONET 000°T Gl19 008 . BYT [ 5y & gL ¥E BT 60 ] ¥ g0
e HER ki wa¥ 14 G1E s 0F 9% 0z 5T IT 0 ®® 8g L'g 9% 8T B
) L¥E OIE BLE jiTa ger ¥y 61 ] 2L g 18 ¥ ¥E 88 2E {14 L
m nog OFF OLE i34 OE 08 34 il [ L ¥ e o1 o] £ 0 T
mw g T g 4 01 i g 0¥ 08 i3 0L a8 il 453 B6 G5 SEE
5]
=
e
P

PAOIBE JO PO1IBd JI0US,
“TIEDNIS SIMES U0 FuoI1els Suisns 15110 IR N,

P pobted 2ouBLafed 0 SUNSHIPE J0U Jo] SHORRHY

E4-9%61
EE-8ERT L T SABTUIL IBBU IBAIY JDIOQUET 0868
FECOEQY T SARITRA BEIDBIR
ABHU HHAID PODMINII00 DOEE
BO-EOR T T FOUOT B IPATH AR fere
E8-Lper T TEIELELY JBAEIBALRT IPIOGUINE] T SERE
SO=FFBL T UIAR IBOT JHALY JPIOGUIET BIgE
E9=6FBL. T TOMIH IR FHIIY JIXIT
SADGE IPIOYUITE HA0H WInog 0058
LE=816T . T TUIBAL BR IBAT SAJERY T BeIE
FIRATEDE SUIRL WO ARG
T PRST UoHRig
HIOD L
‘porrad sousiages oy paisnipe 10N I LUV
FIg Rl BSOH IBOU JeAlY JQOQUnEy CIRE
Fre AB1[BA SSIPERIB JESU Moy UIMBPL T SREE
8 34 TAB[IRA BSIPBIBI
JABOU ASAIY IPIOQUUNE ST 068
S SRAMOT) 3B 3BT - YPIOGIUNE LT
885 UIElUnoL] 1318 18 JIAI IPIogqUIng PR
Tee T UPBIUNOTY S8 B0 304 OO TTTRREE
ogr BUBNITEd JERU BRI SULL neEe
g o SPESITBI 18 JBATH IPIOqUINE] LR
Lg e WAB) ¥8 §owa) s188epg [i}#:4=
SOT OHIE Jesu
dBATH JDIOGUERE] MI0H YInog 2058
gy T 977 JBDU Mool HORSWIIUNIT TR TE
R . B9 A\DHY
JBALY IPIOGUINE] MIouE djnogr o 06Te
1 O3IH TRAU JBATH JPIOQUInE c818
nrgg e HODBEL IBOU DYBL) STLASCT
32 ISAlY APIOGUINEL A0 YMON 77 ¢LIE
S 2 — SIIOTR ] JBIU HoRdD) JI{IoIre 2918
Tag T Ui9a(l JEU ‘Yearly wSurdg
MO BAOQR JBAIY SAIERL eofg
Spa LAt ple M AN
afreyosip TOTFEIG
uBayy
"E9-Z161 pored svusisyed 01 paysulpy T LHVI

SNOLLV.LS DNIDVD-WVHYLS GELOATIS 304 L4VIIAS NOILVENT-MOTd 6 WIgVi




44 HYDROLOGIC RECONNAISSANCE 0F THE HUMBOLDT RIVER BASIN

base flow from ground-water storage; two exam-
ples are Martin Creek (fig. 23) and Little Hum-
boldt River.

The flow-duration curves do not shew the
sequence of streamflow. However, the graphs of
figure 15, presented earlier, show the monthly
distribution of streamflow for selected gaging sta-
tions and can generally be used to determine when
the high- and low-flow periods occur.

Flood magnitude and frequency—Using widely
accepted procedures for analyzing flood data (Dal-
rymple, 1960), Butler, Reid, and Berwick (1966)
have made a study of the relation between flood
magnitude and Trequency in the Great Basin, of
which the Humboldt River basin is a part. The
following text, illustrations, and procedures for
the Humboldt River basin are briefly summarized
from Butler, Reid, and Berwick (1966).

1. Flood-frequency curves were computed to
show the relation between annual peak flows and
the recurrence interval at long-term gaging sta-
tions. Four examples of a flood-frequency curve
for selected gaging stations in the Humboldt River
basin are presented in figure 24, The abscissa (fig.
24) is recurrence interval, which may be defined
a8 the average interval of time within which a
peak flow of a given magnitude will be equaled or
exceeded once. In a sense, recurrence interval is
the reciprocal of the percent chance of a peak flow
of a given magnitude being equaled or exceeded;
that is, s flood with a 50-year recurrence interval
has a 2 percent chance of being equaled or
exceeded in any given year. A flood with a recur-
rence interval of 2.33 years commonly is referred
to as the mean annual flood.

2. Two homogeneous flood regions (fig. 25)
in the Humboldt River basin were gelected by
comparing the shapes and slopes of the individual
flood-frequency curves. Flood region A covers the
area upstream from the gaging station, Humboldt
River near Carlin (3210), and flood region B
covers the area downstream from the Carlin
gaging station. Average or composite flood-fre-
quency curves (fig. 26) for flood regions A and
B were developed. Each composite curve provides
the most likely shape and slope of the flood-fre-
quency curve for any site, gaged or ungaged, on
any stream in the homogeneous region to which it
applies. However, the main stem of the Humboldt
River iz treated differently, as discussed later in
this report.

3. The Humbeoldt River basin was divided into

two hydrologic areas (fig. 27) by correlating the
mean annual flood with drainage area and, where
significant, with mean basin altitude. Most of the
basin is in hydrologic area 8. Hydrologic area 7
includes the major runoff-producing areas, as
shown in figure 27. A graphical method of esti-
mating the mean annual flood for hydrologic areas
7 and 8 is presented in figure 28,
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FIGURE 24. Flood-frequency curves for four gaging
stations, based on 1938-59 period. (After Butler,
Reid, and Berwick, 1966.)
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HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN 45

e

A © i

Fiood region boundary gg&

Paoorly defined

FIGURE 25. Flood regions. (After Butler; Reid, and Berwick, 1966.)
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FIGURE 27. - Map showing hydrologic areas. (After Butler, Reid, and Berwick, 1966.)
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The magnitude and frequeney of floods for
recurrence intervals ranging between 1.1 -and 50
years can be estimated for any site in the Hum-
boldt River basin, gaged or ungaged, within the
limits of the base data. The flood-frequency rela-
tions are defined from the records of streams with
natural flow. Curves should not be extrapolated
beyond the limits shown. Magnitude and frequency
of floods on regulated streams will require cor-
rections for manmade development. Frequency
estimates presented are in terms of averages for
very long periods of time, and no prediction is
made for regularity of recurrence. For example,
several 50-year floods may occur in a given 50-
vear period, or no 50-year flood may occur in a
period much longer than 50 vears.

An example of the determination of fhe peak
digscharge for a selected recurrence interval at a
hypothetical site is presented:

1. Drainage area=225 square miles,

2. Flood region B and hydrologic area 7 (from
figs. 25 and 27).

3. Mean altitude=6,000 feet.

4. Mean annual flood=—=680 cfs (from fig: 28).

5. For-a recurrence interval of 20 years, the
flood ratio=—=3.6. (Use curve for flood region B in
fig. 26.)

6. Magnitude of 20<year flood=680 x 36—
2,400 cfs.

To estimate the value of the 50-vear flood at a
point on the main stem of the Humboldt River:

L. Secale the mileage of the main stem from
Rye Patch Reservoir, as indicated in fipure 29,

2. Select magnitude of 50-year flood from fig-
ure 29,
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High-flow frequency—High-flow volume and fre-
quency relations can be developed by methods
gimilar to those used in developing flood magnitude
and frequency relations, The method used is
appropriate for streams having one major high-
water period in any given year.

Frequency curves of annual highest average
discharge for gaging station, Humboldt River

at Palisade (3225), for 1-, 7-, 30-, 90-, and
183-day periods are shown in figure 30. Simi-
lar curves can be plotted for 12 other selected
gaging stations from data presented in table
10.

High-flow frequency curves can be used to define
the flood-control storage needed to schedule reser-
voir releases to a certain limit.
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-Marys River above Hot Springs Creek, near Deeth.
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3225, .. Humboldt River at Palisade

s B0ek Cresk near Battle Mountain

22600 Humboldt River at Battle Mountain

R S— Humboldt River at Comus

3205 Martin Creek near Paradise Valley.
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TABLE 10. HIGH-FLOW FREQUENCY TABLE, ADJUSTED TO REFERENCE PERIOD 1912-63, FOR SELECTED
STREAM-GAGING STATIONS

DIIRCTARGE, 1 OFS,

ik Be Bovasen

TER-VBAR

75 50 25 10 4 2
56 91 130 170 220 270
a8 174 230 290 260 420
140 250 340 400 450 B70
180 320 420 b3 6840 T
200 350 460 (1] T8 B0
62 79 93 100 110 120
120 150 170 190 210 220
180 240 270 200 J20 240
250 300 340 380 130 450
280 240 390 440 520 5RO
51 100 170 230 290 3b0
86 180 280 380 500 620
110 250 380 it BB0 240
180 350 530 ThG 1,000 1,200
220 450 720 1,000 s300 1.700
170 340 520 760 1,100 1,400
270 50 780 1,100 1400 1,700
390 770 1,200 1,500 2,000 2.500
520 1,000 1,600 2,100 2,700 F.300
620 1,200 1,800 2,700 4,100 5E00
32 51 75 114 160 220
43 76 110 180 230 S0
68 1340 200 220 BOU 700
100 184 300 470 TE0 1,000
130 260 400 670 1,100 Lson
110 180 270 360 480 580
200 320 450 600 TTR 930
330 500 620 B8R0 1,100 1,400
450 870 900 1,200 1,600 2,000
520 B10 1,100 1,600 2,100 Z 1600
300 ] B&0 1,880 1,800 2,100
450 280 1400 1,900 2,400 2.800
G660 1;300 1,800 2,500 3,800 4,00
830 1,800 2,500 3,400 4,400 5,000
960 SB00 2,700 3,800 5000 6,000
16 43 89 150 210 270
28 73 150 250 250 530
38 120 230 280 600 50
71 180 a60 650 l 100 1,700
110 F00 620 1,100 2,000 3,000
220 430 720 1,000 1,300 L.500
330 680 1,000 1,500 2,100 2,700
480 H40 1;400 2,000 2,800 3,800
570 1100 1,800 2,500 2,300 4,400
650 1,200 1,700 2,600 8,500 5,300
150 370 610 480 1.500 2,100
260 BBO 230 1,500 2,200 2000
380 780 1,200 1,800 2800 700
450 920 1,400 2,200 8,300 4,500
500 1,000 1.600 2700 4,200 5,800
17 27 48 70 140 170
25 47 87 150 220 280
28 56 110 200 320 420
30 62 130 250 400 jifath)
40 33 170 230 580 850
31 47 71 160 180 180
48 20 120 170 230 290
65 110 160 280 310 400
1) 150 224 210 460 GO0
110 180 340 620 1,160 1800
110 230 480 280 1800 1,700
150 320 870 1,200 1,800 Z:400
220 450 51 1,500 2,500 2400
260 510 200 1,600 2:600 3,800
250 560 290 1,760 2,800 4,000



Daily samples have been collected by the U.8.
Geological Survey at three locations on the Hum-
boldt River: Humboldt River near Rye Patech for
extended periods during the interval December
1951 to the present time (1966) ; Humboldt River
at Palisade for the period May 1962 to August
1964; and Humboldt River near Carlin for the
period September 1964 to the present time. In
addition, miscellaneous water samples were col-
lected from other locations on the Humboldt River
and from most of its tributaries. Analyses of the
samples taken for this investigation are given in
table 11, and their locations are shown on figure
31.

Major tributaries sampled in the upper basin
include Marys River, North Fork Humboldt River,
Lamoille Creek, South Fork Humboldt River, Susie
Creek, and Maggie Creek. Water from all these
streams is a calcium bicarbonate type and usually
is low in dissolved-solids content. In the Marys
River, North Fork Humboldt River, and South
Fork Humboldt River the concentration of dis-
solved solids varies inversely with streamflow and
increases as the water moves downstream. Base
flow, or low sustained flow, of a stream generally is
water that has entered the stream from the
ground-water reservoir, This water has been in
contact with rock and soil particles and has
leached some of the soluble minerals. At high
stages the more mineralized ground water enter-
ing the stream is diluted by large volumes of sur-
face runoff. For example, the gpecific conductance
of water from Marys River near Deeth increased
from 208 micromhos per centimeter during the
high-flow period (158 cfs) in May 1964 to 406
micromhos during the low-flow period (3.65 cfs)
in August 1964,

Chemical analyses of daily water samples from
the Humboldt River at Palisade, however, show
very little variation in chemical concentration
between high and low flow (U.S. Geological Sur-
vey, 1964, p. 229). During high-flow periods in
May and June, the South Fork Humboldt River
contributes about 25 to 35 percent of the dissolved
solids and about 20 to 25 percent of the flow of
the Humboldt River which passes the daily
sampling station at Palisade. However, during
low-flow periods, the South Fork Humboldt River
contributes about 70 to 80 percent of the dissolved
solids and about 90 percent of the flow. The quality

CHEMICAL QUALITY
By D. E. Everett

of Humboldt River water which flows past Pali-
sade does not vary greatly, because the quality of
South Fork Humboldt River water at low flow,
which controls the quality of water at low flow in
the main stem at Palisade, is similar to the quality
of Humboldt River water at high flow.

The major tributaries sampled between Palisade
and the Humboldt Sink are Rock Cresk and Pine
Creek. Water from Rock Creek is a sodium bicar-
bonate type in which the specific conductance val-
ues ranged from 241 to 488 micromhos in samples
analyzed. Water from Pine Creek alse ig'a sodium
bicarbonate type but is more mineralized than that
of Rock Creek. Specific conductance values ranged
from 830 to 981 micromhos in samples analyzed.

Chemical analyses of Humboldt River water
from five locations, designated in downstream
order A, B, C, D, and E on figure 31, show that
the water becomes more mineralized as it moves
downstream. The water also changes from g cal-
cium bicarbonate to a sodium bicarbonate type.
Shown below are the water types and dissolved-
solids contents of water from these five locations;
and the tons per day of dissolved solids which
passed each location during September 1964

Dhssorver Sovips

RPN BER 1964
(totis

Station  Liention Watsl type {ppmy perday)
A Near Cavlin....oCaletum bicarbonate 312 128
E At Beowawe. . Sodium caleivm biearbonate - §71 7.0
¢ AL Battle )

Mountain. ... Bodiun Bearbonate 4358 14.9
D Near

Winnemucoa_. Sodium bicarbonate 555 48.2
E  MNear Imlay..... Sodiwwn bicarbonate 541 95.7

The accumulation of dissolved solids as the water
moves downstream 1is usually an additive proc-
ess. Streamflow from each tributary contributes
its own load to the stream. Where water is being
diverted or lost to the ground-water reservoir,
however; there is a loss in dissolved-solids- load.
In the absence of inflow or outflow the chemical
quality is relatively constant between points on
the same stream. The loss in tons per day of dis-
solved solids between Carlin and Beowawe was due
to diversions for irrigation, which at that time
amounted fo about 65 percent of the flow. The
large increase between Battle Mountain and Imlay
was due mainly -to ground-water seepage fo the
river. Ground water, of nearly the same concen-
tration as Humboldt River water, discharges to
the Humboldt River from Grass Valley. This inflow
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TABLE 11, CHEMICAL ANALYSES, IN PARTS PER MILLION, OF WATER FROM SELECTED POINTS ON THE ‘
HUMBOLDT RIVER AND TRIBUTARIES ) .
(Analyses by the U.8. Geological Survey)
Mean Mag- Po-
dig- Cal- = Ho- fag Biear- Clar-
Diateof charge Bitiea Trom e SN dium #ium bonate bonate
colleetion (efs) (8i0,) (I'e) (Ca) (Mg) (Mu) (K) (HCO (€0
Humboldt Biver at Battle Mountain (site C)
- 50 11 85 244 16
12.7 34 0.03 43 21 58 8.4 284 3
11 b-64... 29.7 #2 08 48 17 &8 B4 251 i
Humhboldt Biver at Beowawe (site B)
B TG4 wer 37 8.1 32 164 12
9— Z-64 7.0 33 .00 50 13 58 8.5 256 )
—64. C e 31 .01 54 20 5E 8.4 280 0
Huwboldt Biver near Carlin (zite A)
14.6 15 15 40 7.9 264 4
50 14 43 8.0 276 0
e e o6 15 B4 7.5 298 0
Humboldt Biver near Blko
- e 48 11 44 241 1l
1.98 49 00 50 14 43 £.0 246 0
16.2 30 .02 52 15 54 5.8 302 0
Humboldt Biver neay Imlay (site E)
655 33 00 57 18 a6 8.4 334 1]
47.2 35 .01 58 25 123 s.4 342 14
Fumboldt Biver above Liovelock (site ¥)
2 a8 a7 42 18 HES 13 288 13
Humholdt River helow Lovelock (site &)
£ 7 S 38 .02 45 25 1,180 19 329 27
Humboldt Biver at Palisade (annual weighted average) )
- S — 245 36 01 51 13 44 R.4 265 2
430 49 12 42 7.4 258 i
Humbolit River near RBye Patch (annual weighted average)
172 37 51 21 198 21 325 i
128 38 a2 30 203 26 345 1
300 39 .02 49 13 45 13 277 4
138 39 01 51 7 113 14 339 3
197 45 17 115 314 8
FEumboldt Biver near Winnemucea (site D)
41 02 50 21 108 4.4 353 0
35 42 b8 23 135 9.2 368 G
Tamoille Oreek mear Lamoille
22 0.7 3.7 72 o
9.68 24 2.2 4.4 114 0
Maggie Creek near Oarlin
615641 . - 46 17 21 198 11
FoBdG45 41 18 39 200 8
Marys Blver near TUharleszion
Bl f—G41 .. 218 5.1 1.1 3.7 22 ]
916641 . 1.80 11 4.0 8.7 a7 0
Marys River near Deeth
Be16—643 20 4.8 14 100 1]
83164 . 1.83 B2 0.00 38 16 23 8.5 240 o
11— 2«64, 7.29 80 .02 44 13 22 £.1 220 [
Morth Pork Humboldt River, at Devils Gate, near Halleck
1564 . 23 8.1 32 175 o
82164 8.10 49 .02 21 11 34 &7 160 0
11— 264 13.5 43 .02 28 8.0 a0 7.8 148 §
Worth Fork Bumboldt River, below Haysiack Bauch, near Horth Fork
B-14—-G41 e 34 9.2 14 16 0
B2 7641 e 35 9.5 18 180 0
Worth Pork Humboldt River, at Doheny Banch, near North Fork
— e 11 3.0 3.8 47 o
o 35 10 7.8 1586 0
Pine (reek near Palisade
R—Z4-B42. . 66 23 104 304 0
Bl d—G4L ., — 32 29 113 229 ]
Rock Creek near Battle Mountain
Bl 2843 . 19 4.7 26 104 0
§-31—64 13 Rive 20 6.8 68 2.9 144 ]
11— b-64... 3.81 25 00 31 7.4 42 55 153 i
South Fork Humboldt River near BElko
28 4.4 17 132 L]
5164 1.84 33 01 29 9.4 42 8.0 202 4
11~ 4-64... 12.4 27 Ryt 57 12 40 6.9 286 0
south Fork Bumboldt Biver; at mouth, neay Blko
Tt I 11 U —— 22.7 41 . 12 45 240 0
susie Oreek mear Tarlin
[0S S £ & . B 51 14 43 186 18

Sew footnotes on page B3,




Date of
eollection

B2 Tof 41
B Zeefid
11— 484

9/1-30/64__
10/1-31/84
117130784,

B 364
10— 664 e
10— BG4,
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B3 —G4L.
89— 3-647__.

b1 bmB4%...
L ST S

b5—16-64%.. -
916641 -

B=16-64%_ .
8-31—6

14641
B-27-64%

14645
827641

824641 __
914643,

B—12-643__.

B— 4641
83164
11— 4-64..

R T 1 ——

[ R S ——

60

TABLE 1l—{Continued)

EOF THE HUMBOLDT RIVER BASIN

Drigsnuved BovIps HarpNESS
—(RESITE AT 180°0)— A {lal0
Parts Tons
Chlo- Fluo- Mi-~ Bo- per per Caleium Noms
ride ride trate ton mils seres mag- earhoti-
L (4] (NGO, (B) lion foot nesium ate
Humboldt River at Battle Mountain (slte ©}
23 - _— 172 0
40 0.9 5.0 0.3 4355 0.5% 193 0
38 8 7 .8 2414 56 191 0
Humboldt River at Beowaws (gite B)
11 e 128 ¥
30 7 2.5 .3 371 R 180 0
36 7 6 .2 2408 (b5 218 0
Homboldl River near Carlin (site A)
| S 1.5 .2 312 A2 175 o
16 & 2 329 A5 184 o
20 1.2 4 382 .52 200 1]
Humboldt River near Elko
8.8 . e 164 0
23 1.2 1.5 .2 358 48 182 0
18 8 .3 .3 2363 A9 180 i}
Humboldt Biver near Imlay (gite &)
62 1.0 2.5 .6 541 N 215 1]
8 R 9 N 606 B2 248 0
Humboldt Biver ahove Lovelock (gite )
61 7 1.8 i 492 178 1]
Humboldt River below Lovelock (site ()
1,590 8 8.7 5.0 3,830 214 i}
Humboldt River at Pallaade (annual welgphted average)
19 .6 1.0 2 845 AT 181 1]
16 2.8 .2 327 N 177 0
Huomboldt Biver near Rye Patch {annusl weighted average)
201 3 R 307 1.10 214 0
447 1.4 1.3 1,286 174 253 71
&4 .7 1.3 A4 4807 .65 178 0
75 .8 R B 580 .75 200 1
. B51 75 183 O
Humboldt Biver near Winnemunces (site T}
59 1.1 3.1 .5 b6 ST 213 ]
20 1.1 4 .8 R7T 87 240 0
Lamollle Ureek near Tamoills
1.8 - SN BR i
3.9 . 94 1
Maggie Ureek near Carlin
12 o - 184 3
15 — 176 ]
Marys Biver neay Ohavleston
2.1 — B 17 1]
2.6 44 0
Marys River near Deeth
4.9 - - (i3] 1]
5.8 0.7 2.7 0.2 28D 3.39 160 I
5.8 5 1 0 2263 i 162 0
Morth Fork HEumboldt Biver, at Devils Gate, near Halleck
12 o 120 [
14 T 0 .2 255 .35 38 0
14 8 N By 2249 32 108 0
Korth Fork Humboldt River, below Haystack Banch, near North Fork
6.1 128 1]
5.0 e 128 0
North Fork Humboldt River, at Doheny Banch; near North Fork
2.0 _— 40 2
2.8 129 I
Pine OUreek near Palisade
91 261 12
106 200 13
Rock CUreek near Battle Monutain
11 e 67 il
38 1.4 3.5 3 298 41 77 0
26 1.5 B B 248 534 108 0
South Fork Humboldt Biver near Blko
8.0 . e A% 0
12 .8 2.1 .2 263 38 111 0
16 .6 i A 2335 A% 180 0
South Fork Humbolit Biver, at mouth, near Elko
15 150 (1]
Susie Ureek near Cariin
20 i 184 0

tRleld analyses by the U.B. Geological Survey,
#Diesolved-solids calculated.

53

Specifie
eoniduet-
anee
[
mhiis st
ZH0C) pH
G085 8.5
a0 8.0
684 B.2
373 B.6
597 7.8
640 8.2
208 81
537 8.2
587 8.2
496 8.4
538 7.9
h&8 8.2
BG2 8.1
1,010 8.4
a4 B.8
6,070 B:6
533
512 e
1,330 in
2,150
3T i
BR1 e
566 .
R78 8.2
1,310 8.3
127 7.6
181 7.9
486 B
o2 B4
5 74
103 7.5
208 7.8
4086 7.8
390 T8
354 8.2
351 81
343 84
303 80
300 8.0
94 7.5
263 T.5
881 &2
830 8.2
241 7.3
488 7.5
409 79
240 )
400 84
832 78
478 B2
520 8.4
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FIGURE 31. Sampling points for selected chemical analyses listed in table 11.




accounts for most of the increase in the amount of
dissolved solids (tons per day) between the two
stations.

Chemical analyses of water samples collected
daily from the Humboldt River at Palisade and
from Rye Patch release also show that the water
becomes more mineralized as it moves down-
stream. The tons per acre-foot of dissolved solids
at Palisade for the water years 1963 and 1964
were 0.47 and 0.45, respectively, whereas at Rye
Patch release, the tons per acre-foot were 0.75
for both years. The total dissolved-solids load was
not compared between these two stations because
of the effects of controlled release of water from
Rye Patch Reservoir; during some years there is
a net loss in water storage, whereas for other
years there is a net gain.

The quality of both surface water and ground
water in the Winnemucca section of the Humboldt
River valley between Comus and Rose Creek is
presented in a report by Cohen (1963, p. 85-92).
More than 225 chemical analyses were made of
samples of surface water and ground water col-
lected in three periods, July and August 1961,
November and December 1961, and April and May
1962, Cohen discusses variations of quality along
the Humboldt River and quality variation in
ground water both vertically and laterally. The
dissolved-solids content of most of the ground
water is less than 600 ppm, although locally it is
more than 5,000 ppm. Sodium and bicarbonate
commonly are the most abundant ions. Eakin
(1962, p. 89-42) describes the water quality
between Rose Creek and Rye Patch Dam. The
quality of both surface water and ground water
in Lovelock Valley between Rye Patch Dam and
Humboldt Sink is presented in a report by Everett
and Rush (1965). Ground water in the upper part
of Lovelock Valley has a dissolved-solids content
generally less than 500 ppm, whereas below Love-
lock it is more mineralized with dissolved solids
greater than 1,000 ppm. Humboldt River water
also becomes more mineralized as it moves south-
ward. During October 1964 the dissolved solids
increased from 492 ppm at site F to 3,330 ppm at
site G (fig. 31). This increase was due largely to
irrigation return flow.

Data on the chemical quality of ground water
throughout the Humboldt River basin are ade-
quate to provide only a general description of the
distribution of chemical constituents. For example,
in Paradise Valley (Loeltz, Phoenix, and Robinson,
1949, p. 48) six samples of ground water ranged
from 339 to 1,250 ppm in dissolved-solids content ;
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in the upper Reese River valley (Eakin, Moore,
and Everett, 1965, table 6) 12 samples of ground
water ‘ranged from 280 to 1,440 mieromhos in
specific conductance, equivalent to a range of about
200 to 1,000 ppm of dissolved-solids content: in
middle Reese River and Crescent Valleys (Cros-
thwaite, 1963, p. 20 and Zones, 1961, p. 28, 29)
10 samples of ground water ranged from 265 to
1,140 ppm in dissolved-solids content: and in the
Elko area (Fredericks and Loeltz, 1947, p. 61) five
samples of ground water ranged from 269 to 451
ppm of dissolved-solids content.

These analyses indicate a common range of dis-
solved-solids content of 250 to 500 ppm with a
few areas having concentrations of 1,000 ppm or
more throughout the Humboldt River basin,

Ground water near an area of recharge is gen-
erally similar to that available for recharge. Thus
recharge supplied directly from nearby precipita-
tion.or from snowmelt streamflow generally has
a low concentration. The concentrstion tends to
increase as the water moves through the ground-
water system. Near areas of discharge by evapo-
transpiration the concentration tends to be high
as the dissolved solids are left behind by evapora-
tion and largely rejected by plant roots during
transpiration. If the discharge is by inflow to a
stream, such as the discharge from Grass Valley
to the Humboldt River in the Winnemuecca section,
the concentration of dissolved solids may be only
moderate. If the circulation through the ground-
water  system is relatively  free, concentration
tends to be low. If restricted, the concentration
tends to be high: If the rocks through which the
ground-water system functions are relatively
insoluble, the concentration of the water tends to
remain low. If the rocks are highly soluble, the
concentration of the ground water will be high.

From these generalizations it may be inferred
that:

1. The dissolved-solids content of ground water
might be relatively ‘high in much of the older
valley fill away from the flood-plain areas in the
upper basin and in Pine Valley, because low trans-
missibility is inferred from the close spacing of
water-level contours {pl. 1) in that area.

2. In the middle and lower basins, excluding
Pine Valley, ground water in the Quaternary
valley fill, beneath the alluvial apron, and other
areas where ground-water circulation is relatively
rapid, will tend to be of moderate concentration.

High concentration may be expected in and

- adjacent to principal areas of discharge by evapo-

transpiration.” This ‘may be modified if local
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recharge may be significant, such as in the flood
plain of the Humboldt River.

These generalizations in no way replace the
need for specific data. They do indicate that the
variations in the chemical quality of ground water,
sometimes in very short distances, may have a
significant bearing on ground-water development.

HYDROLOGIC BUDGETS OF SUBAREAS

Although the hydrologic budgets for the upper,
middle, lower basins, and the entire basin are
reasonably balanced, budgets for some of the sub-
areas illustrate that significant imbalances may
occur, Further, compensating errors may occur in
subareas for which there is an apparent balance.
Hydrologic budgets to show the dynamic inter-
relationship between the various components of
the hydrologic cycle within main subareas of the
basin are given in table 12. The table lists values
for the principal components of the simplified flow
gystem shown in figure 2. The subareas (table 12)
are shown in figure 32. Some of the components
were obtained by direct determinations; however,
other components were obtained by differences,
as shown in the footnotes of table 12. For this
reason, the hydrologic budgets of the subareas
(table 12) should be considered as tentative or
generalized. However, the values listed are con-
sidered to be a reasonable representation of aver-
age conditions. A simplified graphie version of
table 12 is presented in figure 33.

In the Elko section of the Humboldt River
valley the direct estimate of locally derived
ground-water recharge is 13,000 acre-feet per
year. The value of 28,000 acre-feet for water yield
from the mountains to ground water (table 12,
column 6), which is obtained by difference, sug-
gests that 15,000 acre-feet is derived from outside
of this section, The following information suggests
that the higher value may be reasonable, although
the actual quantity was not directly determined.
Springs occur in and along the flood plain in the
Elko section. Elko Hot Spring, the springs along
the South Fork Humboldt River between the
gaging station and the Humboldt River, the spring
ares in the flood plain southwest of Carlin, the
springs at the mouth of Marys Creek near Carlin,
and others suggest this part of the flood plain may
be characterized as one of rising ground water.
Also, records of the Carlin and Palisade gaging
stations indicate a gain of nearly 16 cfs between

the two stations during October, Typically, Octo-
ber is a period of minor evapotranspiration losses,
minor runoff from current precipitation, and minor
return flow from seasonal storage in the flood
plain.

Another example of imbalance occurs in the
Rock Creek Valley subarea where the estimated
yield (50,000 acre-feet) exceeds the estimated
streamflow and ground-water losses by evapo-
transpiration (9,000 acre-feet) plus outflow (21,-
000 acre-feet at the gaging station) by 20,000
acre-feet. The estimated surface-water yield from
the mountains seems reasonable in that the area
appears to be in a relatively high runoff environ-
ment. Additional data might produce values for
the several estimates that would be more com-
patible. However, if all three estimates are reason-
ably correct and an imbalance does exist, then a
ground-water outflow of 20,000 acre-feet is indi-
cated, Significant underflow in the alluvium at the
gaging site is unlikely ; but underflow through the
underlying consolidated rocks may occur.

A potential hydraulic gradient exists to the
southwest between the upper Rock Creek Valley
and the Valmy section of the Humboldt River
valley. The Valmy section is losing more surface
water and ground water by evapotranspiration and
outflow than can be accounted for by inflow. This
fact is compatible with the inference of ground-
water underflow from Rock Creek Valley, Addi-
tional support for this theory is suggested by the
significant and nearly uniform discharge, about
2 cfs, of the Izzenhood Ranch Springs (fig. A3).
These springs come to the surface not far from
outcrops of carbonate rocks. The surficial drainage
immediately upgradient from the springs is inade-
quate to support this flow. A large part of their
supply probably originates outside the local drain-
age area. Upper Rock Creek Valley lies beyond the
area to the east and northeast and at higher alti-
tude. Thus the location and uniformity of dis-
charge of the Izzenhood Ranch Springs strongly
support the possibility of ground-water underflow
from upper Rock Creek Valley toward the Valmy
section, .

The Valmy section of the Humboldt River valley
offers another example of hydrologic imbalance,
but one in which the estimated evapotranspiration
losses from surface water and ground water plus
outflow were substantially greater than the esti-
mated inflow and locally generated surface water
and ground water, Balance is obtained by differ-
ence, resulting in a value of 40,000 acre-feet being
assigned to water yield from the mountains to
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EXPLANATION \\I‘

P )
Basin boyndary

s T i
Sub-basin boundary

Humboldt River hesdwatérarea

Huntington Vallay o
Maggig-Susie Creek area Y
Humbualdt River Valley (Elko section) \
Ping Valley i
Cresént-Larico Lake Valleys

Rock Creek Valley

Humbeldt River Valley (Argenta section)

Upper Reese River Yalley

10, 'Middle Reese River and Antelope Valleys

1. Lower-Reese River and Bullale Valleys

12, Humboldt River Valley (Valmy section)

13, Little Humboldf River ares 5
14, Grass Valley- i‘
18, - Humboldt River Valley (Winnemucda section)

16, —Imlay darea

17.—bLovelock Valley

B NG S

The Hiumboldl River Valley as defined in this report
and referred to in table 15 is-located within areas 4,
818,115,168, and 17

FIGURE 32. Bubareas used in table 12 and figure 3%
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TABLE 12. HYDROLOGIC BUDGETS OF MAIN SUBAREAS

(Values, in thousands of acre-feet a year, are significant to not ‘'more than two figures) .
Map - Tnflow Warer Yirin
number . . from e JU RO O TN TATN B
(fig. 32) Basin and subarea st PR TP TATION Upstresm Buifnse Ground
Tprin BARIN i Mountain unit water wither
T Humboldt River headwaler & 1 &) 4y (8) (6}
(above gage nr, Tlko) . - st e 1,828 1,203 ik 304 31
~Huntington Valley (Drainage aren of i
8. Fork of the Humboldt River) 203 5o %538 i 154 12
. ggie-Susie Creeks area 396 225 171 o 23 19
4 Humboldt R, Valley (Elko section) 245 85 160 248 5 223
MIppLE BasiN
bl Pine Valley. 654 399 255 - 24 14
6. Crescent and Carico Lake Vallevs 602 335 287 . 12 14
1o Bock Creek Valley, 489 474 15 e 450
8. Humboldt River Valley (Argenta section). 223 140 83 283 11 2
9. Reege River Valley (Upperd ... 702 874 328 - 36 23
10 Middie Re and Antelope Valley. 482 223 209 3.5 13 2
11. Lower Reese and Buffalo Valley.. a1y 346 178 10 12 14
12 Flumboldt River Valley (Valmy se 5h7 280 287 218 22 440
Lower Basin
13 Little Humboldt River area 910 711 199 . 102 1
14 Grass Valley, S, 250 179 71 12.5 11
16 Humboldt River V&He {(Winnemucoen, s ) 187 40 97 186 8.5 E]
16 Humbaldt River thllLy {Imlay aren). 302 110 182 168 3.2 1
17 _Humboldt River Valley (Lovelock Vall 282 72 180 185 3 Tr.
Humboldt River Basin 9,411 5,756 3,655 : et 774 214

CorLrMy NoTes

(1} Direct caloulation—sum of ares of ppt. zone thnes average ppt. for each zone within designated drainage ares.

(2) Direct caleulation as in (1) for mountain part of drainage area.

{3) Direct caleulation as in (1) for valley part of draina

(4) Measgured, estimated, or combination thereof of surface wg ﬂlt‘:l" and ground water from upitream areas beyvond designated drain-

{53y Direct commputation {(zee description of methmi in this chapter).

{63 Obtained by difference: sum of (10}, 13, (15), minusg (5) and (4) where approprigte. This includes errors of estimutes of
those cols, Represents ground water derived m litmn to the part of surface water runeff that later becomes grounid waler.

(7)-Obtained by difference: col. {(2) minus sum of (5), (6).

{8} Obtained by difference: col. (§) minus (2). Value (a) iz evapotranspiration from divect precipitation on:valley dpland 1 value
{bj, Lv:lpf)tr.emprratmn of runoff originating on valley upland.

(9) Direct calenlation: area of defined lowland thmes assumed average precipitation.

(10 Direct ealeulation:  sum of wet, intermediate, and residual lowland areas by rates of "Lt 035 x 025 of acreags, 10,
respectively.

(11} Direct, calculation: sum of wet, intermediate, and residual lowland areas by rates of 0.5,0.4, 0.1 foof, respectively,
(123 Summation of cols. (83, (10}, and (113,

(13) Streamflow from unit under consideration : messured for most larger units, estimated or measured at others,

(14} Ground-water underflow from unit-under consideration; estimated values,

(15} Summation of vols. (13) and (14).
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TABLE 12— (Continued)

- Evspoimansrimarion Losses
Faom Variey LowLaNpg—-

M‘?’ R Fromm i ST PPLAED - FROM — OrrpLow:
“(E“” é;’ . . From valley Frecip Burfaey Cironnd Surface . . Ground
(fig. 32) : Basin and subares mountains  uplands tation water water Sum water water Sum
Uppenk BARIN (7 &) €} €10y an an (13 {14) (15
1o Humbolit Biver headwater arca {ay (b :
{above gage nr, EIKO) iovcecinieee. BEE 439 36 148.7 110.8 2.4 344 141 Tr, 141
184
2. Huntington Valley (Draijnage area
of 8, Fork of the Humboldt River).... 404 290 14 48.9 38.3 209 108 78.5 19 87
59
________ Maggie-Sugie Creeks area. 194 144 8.3 18.8 6% 12 8.1 32 20 T2y 20
—Humboldt R. Valley (Elko section)... 67 131 6.2 22,7 17 0 13 58 251 Ty 251
i
MipnLE BASIN
i PR VBV oo 86T 1y 7 313 127 15 59 9.4 3 10
28
e CPegeent and Carico Lake Valleys.o.o 309 225 2 39.6 5.5 19.8 &5 Tr. Tr, 1
25
....... Rock Creek Valley . 424 10 Tr. 5.2 5.5 2.8 14 21 Tr. 421
9
S Humboldt River Valley
(Argenta 5200NY oo 127 4% Ty, 3B 56 g6 30.4 129 208 2 210
e Revge River Valley (1UIpper) i %15 414 Tr. 14 1% - 37 70 3 < b <85
=
........ Middle Reese and Antelope Valley ... 208 184 2 13 1.6 o 8.5 21 1 9 10
e Livwer Reese and Bullalo Valley.o.. 318 134 3 31 4 30 26 61 5 3 4
S Humboldt River Valley )
{Valmy section) o i 228 178 Tr. 88 225 - 71.8 192 175 1 176
Liowen BasiN
e Laittle umboldt River avef . 608 164 Tr, 354 64.8 » 32:8 182 2 a5 8
L]
........ Crass Valley oo 158 55 Tr. 15.7 5.5 4 12.8 a5 4 4
b
B Humboldt River Valley :
{Winnemuces $2ction b ... e 23 7% Tr. 17.6 8.1 159 63 155 i 158
45
16 Humboldt River Valley
CTmlay ares ) e e 108 ive B 1% 530 74 56 184 1 125
37
17 ... Humboldt River Valley
(Lovelock Valley ) o e cesnoions 69 154 Tr. 36.5 34.7 s 311 103 851 823 V74
Humboldt River Basif... ... 4,786 2,955 79 621 da 48 1,528 L 074
50

etimated outflow to downstream part of Humboeoldt River baszin: excludes zeveral thousand aecre-feet -of underflow from - southern
Ruby Mountains to Ruby Valley. , . ey

:Computed local recharge by direct estimate of 12,000 acre-feet suggests at least 15,000 acre-feet is derived from outside of boundary
of Hlko section, which is not included in col. 4. ] .
sComputed surface-water runoff exceeds estimated evapotranspiration from surfaceé water and ground water plus outflow by 20,000
acre-feet.
*Value is outflow at gaging station Rock Creek vear Battle Mountain (32457).
*Computed local recharge by direct estimate of 15000 acre-feel sugppests at least 22,000 sorve-feet may be derived from dutside of
houndary of Valmy section.,
fIncludes. 20,000 acre-feet estimated average annual evaporation loss from Rye Patch reservoir,
Camputed value differs from 140,000 acre-feet used by Everett and Rush (19657 largely because of different reference period,
fHatimated evapotrangpiration losses from surface water and ground water plug outfow fre: 12,000 acre-foct greater than inflow plus
locally derived surface water and ground water. Probably due primarily to the effcet in "average™ outflow of a few years. of very
high- fow to Humboldt Bink since 1940 being extended fo 1912-83 reflerence period.
fLast by evapotranspiration in the Humboldt Sink and occaszlonal outflow o Chrson Sink:
WNumberd in thiz column are the sum of columns 10 and 11,




HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN

[}
Humboldt River headwater ares

P 1,828 .
Yield from piration 1,887
mountaing 335 ‘Surface waler {41
infiow - Ground water__{r,
Gutflow 141

Humboldt River near Etho
Surface water 141
Ground water tr.

Outtiow 141
1] {4} - @
Haggis-Susis Crecks srea Humboldt River Valisy Huntinglon Valley area
{Elke section}
Procipitation 396 Evapotrans \tat 245 P Pracipl 903 L1
¥ield from piration 378 Yiald from =/ piration 257 Yieid from plration
mountaing 33 Surface waler 20 35 Surfsce water 281 mauniaing 148 Surface waler 785
inflow - Ground water _Lr. (1) Inflow. o4 Ground water_ tr. intlow - Ground water %
Gutflow 20 Cutflow ) Lutflow BT
] ®
Humbeldt River 5t Palisade Pine Vailey
Surface water 251 Procipitstion” - §54 - Evapotrans

Sround water ir. ) Yield ffom piration Bid

Qutfiow maountsing 38 - ‘Buriace water 8.4
il £ Infiow = Ground water .3
| Outtlow_ 16
n Humboldt River Vaile o
Rock Crevkarga u(rRrganta s;:(tiaz) i Crescent-Carico Lake Valleys
P ion 488 E e i 23 Brocipltation 609 - Evapotrans . 801
Yield from 37 _piration a“r - vield from Pl e s Yisld from piration
mountsing 80 Surface water 21 21 . inflow Cround water 2 mountaing 35 Surface water 1
Intlow - Ground water_tf. 4, ] el 55 Inflow ~ < Ground water ir___
Quttiow 71 l QutHiow 1
Humboldt River at Battle Mtn
Surface water 208
Ground water 2
Gutflow 210
{12} 910,11}
Humbsldt River Valisy Reese River Valley
(Valmy) =
Precipitation 557 Evapntrans . Precipitation 1553 . Evapolrans
Yieid from piration 599 Yield from piration 1,845
mountains 59"/ Surlace waler 175 = = mantaing 102 Burface water 5
Inflow 21§ ‘Broundwater 1 inflow - imround water [ 3
Guthiow 178 Dutflow 8
Humbeldt River at Comus
Surface water 175
Ground water o
Qutflow 178
{13 {18} {14}
Littie Humboldt River area Humbsldt River Yalley Grags Yalley
g {Winnemugcca area) ;
Praci { a5 E & ipi 137 Evapotrans Procipitation 230 - Evapolrans
Yield from piration 904 I ¥isid from piration 185 Yisid fiom piration 248
mountaing 108 Surface water 2 1 i8 . Surface water 158 mountains 24, zurface water i
inflow - Ground water_ 4 Inflow t88 Ground water 3 infiow - . Ground water
Sutflow [] Qutflow {58 Gutflow 4

Humboldt River near Rose Creek
Surface water 155
Ground water 3

Gutflow 158
(18}
imiay arsa

Precipitation 30z Evapoirans

Yield frtorln spirrf&t(on N 124335
mountains 4 urface waler
Inflow 158 Bround water EXPLANATION
Cutflow 125
- l Mumbers 1n parenthesiz at fop of large boxes ais.map
Humbeldt River near Rye Patch numbsrs for arews showron fig. 32,
Surface water 124
Ground water i Valuss, inthousands of acre-feet a year, are from table
Outfiow 188 . 12: sigiificant to no more than twe figures,
i Hee sppropriste nufbered footnotes on table 12

an
Lavelock Valley

F itat az6
Yield fram ation By
mountaing ?/ Surfaca water §1g 7
inflow 12 Srourft‘d water 23 = 23 97
Qutilow

Humbaldt Sink
E vapmanratmndu

on Sink
Evapntrangplr‘ tion

FIGURE 33.  Hydrologic budgets of the principal subareas.



HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN - 61

ground water (table 12, column 6). However, loca
ground-water recharge is estimated directly -as
about 18,000 acre-feet, which suggests that about
22,000 acre-feet is derived from outside of the'sec-
tion.” The difference could be aceounted for by
uging higher underflow values-entering the section
from the Reese River valley and Argenta sections
of the Humboldt River valley, as these values also
are estimated. However, present information sug-
gests that underflow from Rock Creek Valley may
be more likely. The principal problem again is that
assumptions in the absence of adequate data must
be used to make the estimates.

A final illustration of how imbalances may come
about occurs in the hyvdrologic budget for the
Lovelock Valley subarea. The estimated evapo-
transpiration losses from surface water and
ground water plus outflow to the Humboldt Sink
are 140,000 acre-feet per yvear. This is 12,000 acre-
feet ‘more than the inflow plus local water yield
from the miountains. Again because gome of the
elements are obtained by difference; the summa-
tion of possible errors in estimates used are

in¢luded in the residual value. However, the sur-
face-water outflow value (5,100 acre-feet) shown
in table 12, is for conditions since constriction of
Rye Patch Reservoir, The reservoir caused 4 con-
siderable loeal change in the hydrology of Love-
lock Valley. Because of this change no effort was
made to extend the surface-water outflow value
to the 1912-63 reference period. Nearly 95 percent
of the actual outflow tothe Humboldt Sink during
the 26-year period (1936-61) occurred in & years
(1942, 1943, 1945, 1946, and 1952), which had a
combined outflow of about 114 million acre-feet.
Possible errors in ‘determining the amount of
water discharged to the Humboldt Sink in three
high runoff years might make a significant differ-
ence between the estimated and actual average
outflow to the Humboldt Sink.

Even though some of the estimates are subject
to error, as deseribed above, the overall values are
believed to represent reasonably the proportional
distribution and gquantities of the water compris-
ing the dynamic phases of the hydrologic system
of the Humboldt River basin.



The hydrologic budget shown in table 13 indi-
cates the distribution of the components of the
hydrologic cycle for the Humboldt River basin as
a whole, and for the upper, middle, and lower
basins. The generalized budgets presented in this
report are considered to represent average condi-
tions for the 191263 reference period.

The following generalizations for the Humboldt
River basin can be deduced from table 13. About
60 percent of the total precipitation occurs in the
mountaing which in turn supplies most of the
streamflow and ground water. Evapotranspiration
losses in the mountains are estimated to be about
one-half of the total precipitation. Evapotran-
spiration losses in the valley uplands are about
one-third of the total precipitation. Thus, about
85 percent of the total precipitation is lost by
evapotranspiration in the mountains and valley
uplands. Five percent of the total precipitation
falls directly in the valley lowlands and is lost by
evapotranspiration.

Other inferences are that about one-quarter of
- the runoff from the mountains becomes ground-
water recharge, and that total runoff is about
twice the ground-water recharge (see table 12).

The water that becomes streamflow and ground
water is roughly 10 percent of the total precipita-
tion. This water is of particular importance as it
represents the amount of water generally con-
sidered to be available for development by man.
The general quantity and distribution of this
water within the basin is summarized in table 14.

The estimates of evapotranspiration losses from
surface water and ground water in the valley low-
lands includes most of the water presently used
for irrigation and municipal supply. The magni-
tude of these losses in the upper basin is signifi-
cant but ordinarily tends to be obscured by the
fact that the upper basin is the principal source
of water for downstream use.

The hydrologic budget (table 13) does not read-
ily distinguish lowland losses along the main stem
of the Humboldt River from those in tributary
areas, some of which contributes little if any water
to the main stem of the Humboldt River. There-
fore, a hydrologic budget for the main stem of
the Humboldt River also is of interest. A general
hydrologic budget primarily for the main stem
of the Humboldt River—referred to as the valley

CHAPTER 1V

SUMMARY OF THE HYDROLOGIC SYSTEM
GENERALIZED HYDROLOGIC BUDGETS

of the Humboldt River to distinguish it from the
entire Humboldt River basin—is given by inelud-
ing the flood plain of the Humboldt River down-
stream. from the ‘main stem gaging station,
Humboldt River near Elko (3185). The valley also
ineludes local tributary areas draining to the Hum-
boldt River flood plain comprising areas 4, 8, 12,
15,.16, and 17 shown on the map in figure 32 and
listed in table 12 and figure 33.

The hydrologic budget for the valley of the
Humboldt River, so defined, is given in table 15,
The elements in table 15 are the same as those
used in table 13. However, inflow to the Humboldt
River wvalley is proportionally of much greater
importance,

From table 15 the surface-water and ground-
water intlow to and outflow from the flood plain
of :the main stem of the Humbeldt River iz sum-
marized  in table 18. The -indicatéd evapotran-
spiration losses from the flood pldin in the middle
section, which is 44 percent of the indicated total
inflow, is particularly striking. The evapotran-
spiration losseys for the ppper seetion in-this table
are small relative to those estimated for the entire
upper-basin because of the restricted area defined
for table 16.

VARIATIONS FROM AVERAGE
CONDITIONS

The hydrologie budgets discussed in this chapter
identify quantities of the several components in
terms of average conditions. However, the “aver-
age” year may never occur. The components most
susceptible to: wide variations are precipitation,
runoff, and streamflow. in order of oceurrence but
in inverse order of variation range. Variations in
these components, in turn, may result in year-to-
vear variations in the amount of evapotranspira-
tion, in soil-moisture storage, in ground-water
recharge, and of ground water in storage. The
variations in year-to-year gains or losses of ground
water in gtorage, however, are insignificant com-
pared to the total quantity of ground water in
storage. ,

The range in annual precipitation in the Hum-
boldt River basin varies widely from the estimated
average annual 9.4 million acre-feet, This may be
illustrated by the following ecalculation. The
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TABLE 14, SUMMARY OF SURFACE-WATER AND
GROUND-WATER INFLOW AND OUTFLOW,
HUMEBOLDT RIVER BASIN

(Values, in thousands of acre-feet per year,
to two significant figures)

INFLOW:
Water yield Upper Middle Lower
from mountaing hasin basin hagin Total
Surface water. 466 180 128 174
CGrreound water. 81 111 22 214
Inflow from
upstream basgin
Streamflow.... ] 251 176 -
Ground water: 1] Prace 1 —
Total (1) o mmms 547 542 326 988
OUTFLOW :
Iivapotranspiration
logzes from
valley lowlands
gurface water 173 137 164 474
Ground wate 124 208 100 E3:3:
Outilow to
downstream basgin
Streamflow . 251 175 51 i51
Ground water ... Trace 1 23 123
Total (27l B4R 522 338 981
ITMBALANCE: (1)-(2)... —I1 20 —12 7

ioEt by evapotranspiration from Humboldt and Carson Hinka,

TABLE 16, SUMMARY OF SURFACE-WATER AND
GROUND-WATER INFLOW AND OUTFLOW
ALONG THE MAIN STEM OF THE HUM-
BOLDT RIVER

(Values, in thousands of acre-feet per year,
to two significant figures)

INFLOW :
‘Water yield from
the mountains Upper Middle Lower )
within valley section seoetion section Total
Surface water... 5 33 156 53
Grround water. 128 243 10 80
Infow from ups
section and other
tributary arveas
Surface water. 259 288 177 277
iround water... 9 3 9 21
T 0 B T T — 281 366 211 431
OUTFLOW
rapotranspiration
Jomses from
valley lowlands i
Surface water. 17 88 94 199
Ground water.. 13 102 5B 170
{hitflow to
downstream gection
Stream oW e 2h1 175 51 351
Ciround water.. Trace 1 823
Total (2) e 281 366 223 443
IMBALANCE: [ 0 12 312

Womputed local recharge, by direct egtimate, of 13,000 acre«
teet suggests at least 15,000 acre-feel derived from outside: the
section of Humboldt River valley,

wComputed local recharge, by direct estimate, of 18,000 acre-

fept Tor Valmy section suggests at least 22,000 acre-feet may be

derived from outside the boundary of this section.

sL,ost by evapotranspiration from HHumboldt and Carson Sinks,

fstimated evapotrangpiration losses from -surface and- ground
water plus outflow are 12,000 acre-fect great than inflow plus
tocally “derived surface water and g wind water ;. probably due
primarily fo-the effect on “average” outflow of a few years of
very high flow to. Humboldt ®ink since 1940 being extended to
1912—6% reference period.

average annual precipitation at Elko for the period
1912-63 was 8.89 inches. During that period, pre-
cipitation ranged from a high of 16.24 inches
(1941) to a low of 3.30 inches (1930). The maxi-
mum year was about 1.8 times the average and
the minimum year was about 0.37 of the average

year. If these proportions are applicable to the
basin-wide precipitation, total basin-wide precipi-
tation might range from about 17 million to 3.5
million acre-feet in a particular year.

Runoff also varies widely from year to year but
not necessarily in the same degree as does precipi-
tation. Within a given year, temperature vari-
ations may accelerate or retard the timing of runoff
and increase or decrease the amount of runoff for
a given amount of precipitation. However, varia-
tions in runoff are illustrated by the streamflow
records for Lamoille Creek and Martin Creek, the
gaging stations that are at points where runoff
from the mountains ordinarily is measured. The
streamflow at long-term gaging stations near the
base of the mountains and above diversions can
be used to represent the variations in basin-wide
runoff. The following tabulation was prepared for
these two stations from data in part 1 of table A3:

ANNUAL BIRBAMFLOW, I8
AcgE-FRET, FOR

Clomplete Covperere YEARS Ralio lf{u/r,io

31685 T.amoille  vearsof ~oF RECORD- of max. of min,
N ('?reek a.% record Average Max. Mimn. toav, 1o av.
Lamoille... 191523, 30,840 : 46,2007 14,800 1.5 047

194463 1821y (195%)
3295 Martin
Creek
near
Paradise
Valley. 192268 21,940 63,040 5810 2.7 627
{1952) (1931)
Mean ratic 210 0.8

The range between the maximum and minimum
annual streamflow has been from about 2.1 to 0.37
times the average. If these proportions are appli-
cable basin-wide, surface-water runoff (average
854,000 acre-feet a year) might range from about
1.8 million to 0.3 million acre-feet in a given year.

Streamflow variations are well illustrated by
records at Palisade, the point of outflow from the
upper basin. Here the annual flow of the Humboldt
River averaged 251,000 acre-feet for the period
1912-63. However, the recorded maximum annual
flow (636,400 acre-feet in 1952) is more than 2.5
times the average and the recorded minimum
annual flow (25,170 in 1934) is about 0.1 the
average.

The variation of ground water in storage is pro-
portionally small compared to the total volume in
storage throughout the basin. In the Winnemucca
area, Cohen (1964a, table 6) showed a geasonal
gain in storage in the flood-plain deposits of 26,000
acre-feet during the period December—June 1962,
of which 80 percent was dissipated by the end of
that water year (September 30). Thus, in the
flood-plain deposits ground water in storage locally
may vary considerably through relatively short
intervals. Similar information was not available
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for the entire flood plain’ of the Humboldt River
and its principal tributaries. However, in the pre-
ceding chapter it was estimated that these flood-
plain deposits may be capable of “temporarily
storing about 500,000 acre-feet of water. This value

approximately represents a limiting value for the
range in natural fluctuations of ground water in
storage in the flood-plain deposits. The ordinary
seasonal storage variations probably are less than
half this value.
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APPENDIX 1
SUMMARY OF BASIC RECORDS AND INFORMATION




INTRODUCTION

Basic records and information, as used in this report, refers not only
to data concerning water in its various environments but also to data
concerning the environment in which the water exists.

Water records can be grouped conveniently on the basis of types of
publications and the agencies which collect the data. Thus, most of the
climatological data on precipitation, temperature, and wind movement are
published by the U.S. Weather Bureau. Similarly, most snow-survey data
are published by the U.S. Soil Conservation Service, and data on stream-
- flow, ground water, and water quality are published by the U.8. Geological
Survey, However, a substantial degree of cooperation i§ generally involved
in the collection of nearly all kinds of water data and commonly invelves
funds and personnel from many State and Federal agencies and other
groups and individuals.
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CLIMATE

Table A~1 summarizes records of precipitation,
snow surveys, temperature, and evaporation, The
locations of the stations are shown in figure A-~1
Sixteen of the storage-gage locations shown in
the general vicinity of Winnemucca are operated
by the Nevada Department of Conservation
and Natural Resources, and although the rec-
ords have not been published, the data are
available  for reference in the - offices of the
Department.

In addition to stations shown on figure A-1
precipitation and temperature records are obtained
at other locations in conjunction with special

studies. For example, precipitation and tempera-
ture records have been obtained at the test plots
in conjunction with evapotranspiration studies in
the Winunemucea area. Additionally, observations
are made for local veference by many people in
the basin.

Published records of evaporation are available
at only two locations in the basin and “one
nearby station at Ruby Lake. Evaporation records
(unpublished) slso have been obtained at the test
plots near Winnemueea in conjunetion with evapo-
transpiration studies under the Humboldt River
Research Project.



HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN

TABLE A-1. SUMMARY OF AVAILABLE CLIMATIC DATA IN AND ADJACENT TO THE
HUMBOLDT RIVER BASIN, NEVADA .

(From published records of the U.B. Weather Bureau, published summaries of snow survey records of U.S. Dept. of
Agriculture, and measurements made by Nevada Department of Conservation and Natural Resources.)

PART 1. Stations measuring precipitation, {emperature, evaporation, and wind movement.

Losation Facords avallabls
N Summayy of datal
Station Total no. Contingity of record T
nAmE Lat} Long., Elevatisn  Typs years - Average  Maxi ik .
somplets © 2 2 2 a = 2 @ o 2 vu:s'g(e axzmurix Mmm\:xxz Remarks
record! @ 3 % 2 = = B é g 37 ELBUER ANHUA ARDRLA
f
Arthuy 40%77 - 1157110 6,280  precip. 56 14.87 23:63 .42
5
Augtin 54°507 0 117°0%" 6,600 presip. 73 12,03 231507 §:34
LEmp. &b 4F B 51:8 45,8
FBattie 507387 116756° 4,515 precip. $2 §.70 15.03 240 Sration moved from town of Battle
Hountain remp, 4 48.8 53,0 45,3 Mountain te alvport in 1945,
Beowawe - 4036 116729 5,695 precip. He 6.65 1452 2.37
temp, 2] 4.0 52,4 45,3
Buckskin 61°%7° 117733° 7,800 precip 13 25,79 28,79 18,58 Storsge gage stavion
Wountain
Cabin 41°430 1177320 6,500 precip. % 12.30 15766 9,53 Brorage gage statiomy T
Lrevk
Clear Cp. 407637 1177347 5,000 precip. 4 10,27 12,67 8,40 Storage gage stetion, T
Canyon
Teath A1°04% 1157170 5,33  precip, 12 10,20 18.00 5.97
remp . 13 43,4 £5.3 41,2
Dby 40%54% 1157520 §,600 precip. 1o 9,38 13.3 £,35 Brovage gapgs starion
Summit
Dun Gleon 407671 1177277 7,000 precip. 4 10,89 6.82 Storage gape starion, T
Paidk
Duteh FLat4i®ogt. 1177310 5,500  precip. 5 .75 £.58 Srorvage gage station
Mine
Elko KOO0 115%477 5,075 precip. 8y 18,94 9% Seatien moved frew town of Elko
temp, 4y 9.1 &£3;0 %o airport in 1948
Emigrant 407391 118718t 5,760  precip. 17 1671 5.59
Pags ey,
&t
detchely »i1%12¢ 117°18° 6,000  precip. 5 15:14 3,10 Storage page station;y f
Mine
Golpoida 40°58Y 117°29° 4,392 precip, 13 12.03 144
LEmp, 4d 5L.8 453
Gonce 41%18%  1157s5° 6,360 precip, B 14,36 6,24 Srovage gage station
Craek
Hanks 51°27t 115%%? 6,700 15 13,22 §.77 Brorage gage stabion
Creek
Hards 41738°  117716° 6,000  precip. & 10,35 3% Brorage mage statiomy f
serabble
Haerigon -H0°207 0 119731 7,300 precip. 17 1960 T1.B4 - Storage gage station
Pass
Hinkey A1%41Y 1177337 & 16.87 10,65 Btoyage goge  station
Suminit
Imlay 4UCHDY 1187090 4,200 pracip. 87 11,68 1,68
temp. 4l 53.6 48.0
Indian 4105t 1177zt 6,800  precip. 5 26,74 203,52 Brprape gage station +
Greek
Jacks £1°33% 116007 7,725 precip. 15 4108 7248 Srbvage puige svation
Cr. Pans
Jiggs 4621t 115%0' - 5,450 - presip. 51 17,73 6,74
tanp. k] 45,8 507
Kelly Cr. 437207 1177077 5,000  precip. 5 1163 7,30 ‘Storage page statloen; ¥
Ranch
Jampille 40°41% 1157287 &,9%G  precip. 5B 29.16 8,00
F. oM. TEME . 4y 5.4 hE.7
EVAR. 23 @ * Seagenal values {May = Oct)
wind 25 & * sewsonal values (May = Qer)
lovelock  40°11° 118°25¢ 3,977 preeip. 70 11,83 L85
tap. 44 5.6 48.1
Lovelock 4UT04T  118°337 3,200  precip. 3 8,57 1,60
Pak AP tEmp. 16 2.3 48,0

Hes footnotes on page 78,
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TABLE - A=l-—(Continued)

PART I-—(Continued)

Locatign Records -availabie Supmary of data’ -
Spation Toba ) . Conbinnity Of record
T 1AL, Long. Elsvation Type yearz £ @ &8 O - Average  Maxinim. Minimum Remavks
complets = = 0o = 5 K FH Soomioom AL dnnual o dnsua T
ceoord ®
Mala Vista 41%19° 115°13¢ 5,585 precip. 2z 15:83 6,37
Ranch temp, 25 454 41,0
Magtin 417387 117°17% 7,200  precip. 5 2659 19,83 Srovegs gage wtation: |
Craak
MeGleary - 417287 11673%¢ 4,800 precip, 5 1721 7.1Y . Brovage gage sration: |
L H. Ranch
Midas 4T°12' 116%447 5.200  precip. 11 15.02 617
4. 8E
Novth Fork §1729Y 1157497 6,200 presip. 33 17,82 5560
Mate
Overland  40%01' 113°33° 6,78%  precip. 1% 16,91 5.0%  Storage gage station
Pass
Fapsdise  &1°30°  1i7egut 4,675 precip. 47 1746 3.18
vallay 1MW cemp, i3 5005 5.3
PFole 407547 117°34° 6,040 pracip. 4 28.16 13,84 Brorapd gapge statiow: f
Creck
Reed 41%22%  1p7Cave 4,600 precip. 3 8.9 7.39 Brovage gage Skatiow f
Ranch
Rishy A0°12' 115°30' 6,012 precip. 21 18.84 .20
Lioke tamp, 2% 48D 43.2
avap., 17 # x Béasonal averdge (May < 0EE)
wind 17 # ; Beasonal sverage (May = 0810
417397 11Fea2 8,000 precip. 4 20055 2101 Srovape page $fation
Rye Patch 407287 118°i8? 4,135 precip. e 1343
Dt tamp, 28 5.4
evap.y * '\' Seasonal value {May -« 06ty
wind # Beasonal valus {May < Det)
Sadliay A0%12Y 0 115%4" 5,693 precip, jiA 1ETE &3 Srorige gage Station
Raneh g
Saventy 407547 115°1%° 5,530  precip. 1% .21 2,35
One-Ranch
Sheep Or, 40%36° 117734 5,500 precip. 5 12.12 6,36 Srerags gage FEELisg, 3
Canyon
Emokey 38%7' 1177107 5,623 precip, 11 1174 2.51
Yallsy
Baldier 407460 1153°18° 7,300 presip. 13 2206 467
Treek
Spaclding 40739'  117°17° 6,200 precip. § 14,86 W45 Brorage gage sbatien; f
Gamyon
Twin 3884 11771 6,500  precip. 5 8.90 4,5% - Hrovdge gage staltion
Riversa
Wells 417077 1147387 5,633 precip. 58 18,51 3.40 Years 1902-1908 contain monthily
Lemp. 25 &6.5 41,8 © values From:Clover Valley & are
not Included
Winnemuses 405540 1177480 4,299 precip. g3 18,38 .13 Bration woved from towd of
bewp. 87 3.2 46.0  Winnemucos bo alrpect in 1949
Walues given are preeipitation and evaporstion in. inches, temperabure in degrees Fahrenheit, and. wind in $otal movement in miles per season: Asterisk *)

mdieates insufficient data. .
2¥eoars of record for tempersture commonly inedndes paptial-ricord  years, o .
“Lagger (1) fodicates gage Installed snd maintained by Nevads Department of Conservation and Natural Resotrces.
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TABLE A-l—(Continued)
PART 11, Suow courses in the Humboldt River drainage basin.

Records  Available

Cunras Location
Continuity of racord
Name Nuwher Lar, Llong. Elev. L:;al E % :g?: ;;i E §{ § (ﬂ:; E—S § watey Remarks
yedrs TR I — = content !
Big Orvegk Campground  17K1 aavzet 1177087 &, BOG 23 1.E
Rig Cresk Mine 1782 39°70° 1Rt 7,600 23 3%
Big Uresk Ppper 17K3 337180 137°07° §,.000 23 7.
Backskin, Lowver 17HZ 41°53* 117%32° &, 700 33 7.8
Buckskin, Uppsre 7ML 417567 1177340 7200 33 0.1
Gorral Danyon 18312 40°18° 115°30¢ & 500 30 18.8
Corrsl, lowsy I7LY a8%ag! 117°26" 7,500 23 ! 1.1
Coyyal, Upper 1¥Le 3RS0 1377247 8,300 23 E \ 3.7
Dorsey BEsin 1831 4t 115712 8,100 a3 ‘ | 15,4
Dry Gresk 1533 407571 1159137 &,500 s | \ 3.7
Firy. Canyon 1507 417387 1159541 8,700 31 { &.3
Goloenda #2 173z BO=53° 13177347 &, 000 25 i “ 1.9
Granite Paik 17HA 51939 117435 7,800 33 % 11.5
Green Mountdin 1539 40°22' 115°15° 8,000 30 | 13.5
Harrison Pass #1 13310 40719t 115%az2t & 00 L1 ‘i 3.7
Baryizon Pags #2 15711 4nt1a’ 11ata’ 7,400 3% 4.7
Yamangs Orock 1785 407190 115330 & 000 33 t 7l
Lamoille 41 1534 402390 1157257 7,300 43 \ g6
Lameitle #2 1533 407391 115934 7,300 43 H.%
Tampille #3 1516 4£03°38" 1154237 7,700 304 132
Lameille #5 1537 40377 115°22 §,000 25 18.8
Tawei 1le 5 1438 407361 115%z2t 8,700 30 27.7
Martin.-Cresk 1783 41%1° 1iFeat &,700 33 .0
Midas 1683 417157 116°45° 7,200 23 2.8
Rod«:‘c Flag 13HE 417347 1359547 &,800 31 )
Ryan Banch 1832 407540 1157187 3,800 33 (U]
Tremewsan Bandh 1aHE £1°17° 115°%471 5,700 33 0%
Trout Uresk, lawer 15810 41703} 115%061 §.900 30 2,8
Trout Creek, Upper 15411 417007 1137087 #5040 30 LN

Average from total pumber of April 1 messurements, in inches,
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%, @

EXPLANATION

'?%

Bprings (For detalls see table) 5
Carlin Springs ' \gﬁ@
Elko Hot Springs
Halland Springs
Hot Creek Springs
5 Hot Bprings

& Bpring Creek

TN e

7 ‘Willow Creek Springs /f
& Mot Springs 5,
&
4 9. Goleconda Hot Springs &
N X §
‘g@ 10" . Hot'Springs

Ed Hot Bprings
12 lzrenhood Ranch Springs
13 Beowawe Gaysers

FIGURE A-3. Map showing location of selected springs.
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TABLE ‘A-5. PUBLISHED DATA ON GROUND-WATER LEVELS
PART I, Published measurements at observation wells.

owner and common name of well Perind of publishad record’
Location as described in publication

£
i)
o
o

Elko - County

33/52+27d1 Carlin Town Government
337532041 C. B, Lee, Khown as Box K Ranch

33/54-8a1 Charles 5. Howdvd, known ag
Hunter and Banks Well

33756-8d41 Moffat, known as Tén Mile well

33757~224d1 Sutacha, formerly Ryan

33/58~5al George Ogilvie

/5878l No, 2 Lytton Lane
33/58-8al No, 1 Lytton Lane
33/58-17b1 MeKinney Gate

33/88-18cl John Patterson

33/58=18ad1 - H. Conrad, Tamoille Church
33/58=1901 H, L, Case

33/58=30a Joe ‘Bustacha, known s Charles
Well

34/55-11eb City of Elke

34757-18al 0.8, Bureau of Land Management
Known as Dry-Lake Well

34./57-25b1 Balboa, Balboa No. 1

34/57-2562 Balbon, Balboa No. 2

34/58-15¢1 Papama well

34/58-28¢1 Ci-Laucesica, known ag Reinken
well

34/58=31d1 E. Martin

35/56-1b1 Moflat

35756-30cl Fernald

35757441 Tower Service Station
35/58=-3cbl Randolph

35/58-4b1 Clarencs Gosh, known as. Glazier
Well

357581401 MelIntyre
35/58-35b1 Unknown,  known as Johwo Day Well
36/58-1cl Unlinown, known as 0'Boy Well

37/59-26al Deeth

See footnoie on phgs B4
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EXPLANATION

&
@ © O Pesclpitation station only 8
> Q - Precipitation storage station 6{&;
6\?\0 S @ D <O Precipitation and temperature station
o & L
S wb o T o .
X)f"f &' Brow survey course
TYPE OF GAGE ’
e @ Recording; © Both types: O Non-recording

& Double circle combinations Indicate the avallability
of more detailed meterclogical dats

FIGURE A-1., Map showing loeation of selected climatic stations.




Basic data on streamflow in the Humboldt River
basin since 1895 are available in various U.S.
Geological Survey publications. Streamflow data
for 1895 and 1896 are in U.S. Geological Survey
Bulletin 140 and the Eighteenth Annual Report of
the United States Geological Survey, Part IV,
Hydrography, respectively, Water-Supply Papers
containing streamflow records from 1897 to 1960
are listed in table A-2.

TABLE A-2. WATER-SUPPLY PAPERS CONTAIN-
ING STREAMFLOW RECORDS, 1856-1960

Year No.. Year No. Year No.o Yesr Mo, Year No.
1897 16 1911 310 5 610 1938 §60 1951 1214
1898 28 1912 330 6 630 1939 B8O 1952 1244
1899 381913 360 7 650 1840 900 1853 1284

D A
Pt

1

1900 51 1914 890 1928 670 1941 930 1954 1344
1907 66,75 1815 410 1929 680 1947 960 19565 1394
1902 851916 440 1330 7T0h 1943 980 1956 1444
1903 100 1917 460 1931 720 1944 1910 1957 1514
1904 133 1918 480 1932 735 1945 1040 19568 1564
1905 176 1919-20°510 1933 750 1946 1060 1959 1634
1906 212 1921 530 1934 765 1947 1090 1960 1714
19078 250 1922 GRO 18385 790 1848 1120 T
1909 270 1923 5701838 810 1949 1150

1910 280 1924 590 1937 830 1950 1180

Monthly and yearly streamflow data have been
compiled in the following U.S. Geological Sur-
vey Water-Supply Papers:

Water yvoar Water-Supply Paper
18951950 1314
1951-1860 1734

Beginning with the 1961 water year, the pub-
lication format was changed, and streamflow data
were published for water years 1961, 1962, 1963,
and 1964 in annual reports entitled, “Surface
Water Recordg of Nevada.”

Data concerning 35 long-term stream-gaging
stations, of which only 15 have 20 complete years
or more of streamflow records as of September 30,
1963, are summarized in part 1 of table A-3. The
locations of these stations listed in part 1 of table
A-3 are shown on plates 1 and 2. Part 2 of table
A—3, an abbreviated version of part 1, lists short-
term and seasonal streamflow data collected at 20
locations by the U.S. Geological Survey and the
Humboldt River Water Distribution District.
Additional seasonal discharge records were col-
lected by the District, the data for which are on
file at the Elko office of the District.

FLOOD DATA

A nearly complete gualitative summary of
floods in the Humboldt River basin during the

HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN

SURFACE WATER
DISCHARGE DATA

period 1861 to 1962 is available in a report pub-
lished by the Nevada Department of Conservation
and Natural Resources and the U.S. Department of
Agrieulture entitled, “Chronology of Flood Years
and High Water Years, 1962.” A description of
the February 1962 flood on the Humboldt River
is given in U.S. Geological Survey Circular 467
entitled, “Floods of February 1962 in Southeérn
Tdaho and Northeastern Nevada.” In addition, the
momentary maximum or maximum daily dis-
charges for each year are published in Water-
Supply Papers 1314 and 1734 and in the annual
Statewide reports from 1961 on. Butler, Reid, and
Berwick (1966)1 list floods above a base for
selected gaging stations. Table A-4 summarizes
data on the maximum discharges at 35 long-term
gaging stations.

Since 1961, 12 crest-stage gage stations have
been egtablished in the Humboldt River basin as
part of the Statewide cooperative program with
the Nevada Highway Department. Data collected
at these stations are published. in “Surface Water
Records of Nevada.” ‘The program  is directed
toward obtaining data on maximum discharge and
volume of flow from small drainage basing for
use in designing highway bridges and culverts.
Another part of this cooperative program is to
make indirect measurenments of unusual peak flows
at ungaged sites. The results of these indirect
measurements are published ag miscellaneous
measurements in- “Surface Water Records of
Nevada.”

MISCELLANEOUS MEASUREMENTS

Miscellaneous streamflow measurements have
been made for special-purpose studies, and include
the series of seepage measurements made at 18
gites along the Humboldt River between the gag-
ing stations at Comus (3275) and near Rose Creek
(3315) and a series of streamflow measurements
made on the tributaries between these stations
(Hanson, 1963, p. 47-50). The data obtained are
published in Water-Supply Paper 1714 and in

“Surface Water Records of Nevada” for 1961,

‘References ecited in -appendix - are listed - either in
selected veferences at the end of “the ‘appendix or in
references cited at the end of the main report.
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1962, and 1963. For this study, a series of stream-
flow measurements were made during the 1964
and 1965 water year by the Humboldt River Water
Distribution District at 26 sites, and a series of
low-flow measurements were made along the Hum-
boldt River in early September and early Novem-
ber 1964. Parts of these data are published in
“Syrface Water Becords of Nevada” for 1964, and
the rest of the data will be published in the 1965
edition of the above report.

Additional miscellaneous streamflow measure-
ments have been made at sites within the Hum-
boldt River bagin, Measurements made by the
Geological Survey have generally been published
in the Annual Water-Supply Papers for The Great
Basin, Part 10, prior to 1961 and in “Surface
Water Records of Nevada” since then, Numerous
measurements made by the Humboldt River Water
Distribution District in conjunction with the dis-
tribution of water from the Humboldt River and
its tributaries are filed in their Elko Office. Also,
the Nevada Fish and Game Commission has made
a number of measurements which are filed in their
- “Reno office.

INTERPRETATIVE AND RELATED REPORTS

A series of reports, collectively entitled, “Water
and Related Land Resources, Humboldt River
Basin, Nevada,” (Nevada Department of Consger-
vation and Natural Resources and U.8. Depart-
ment of Agriculture, 1962-65) on subbasins of the
Humboldt River, contain selected information on
water resources and use, Cohen (1963 and 1964a)
in Nevada Water Resources Bulletins 24 and 27
concerning the Humboldt River Research Project
conducted on an area near Winnemucca during
1959-64 discussed the water resources. Some
information on surface water is contained in areal
ground-water investigations.

Several reports, the most recent by Hennen
(1964), relating to the distribution of water for
irrigation in the Humboldt River basin have been
prepared by the Nevada Department of Conser-
vation and Natural Resources, Also, ‘reports
(Mashburn and others, 1935 and 1943) on the
adjudication of water rights for the Humboldt
River and Little Humboldt River have been pre-
pared by the State Courts. Additionally, court
records of adjudications in the basin are on file in
the State Courts.
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GROUND WATER

WEL

Information on wells within the Humboldt
River bagin is on file in the State Engineer’s office.
Well drillers file this information in accordance
with the requirements of State Ground Water
Law. In areas where ground-water studies have
been made, field inventories of wells and available
information are included in the resultant report.
~ The available well data are relatively complete as
of the end of the field investigation in the respee-
tive areas. These data commonly include depth of
well, caging diameter, depth to water, drillers’
log, ‘and approximate location. They also may
include, results of test or development pumping,
and types of pumping equipment,

WATER-LEVEL RECORDS

Periodic water-level measurements. commonly
are made in areas where ground-water studies
extend over a moderate period of time. Thus, in
the study of the Winnemucea section, periodic
water-level measurements were made at some 150
observation points during a several-year peried.

Similarly, the Department of Conservation and
Natural Resources has made periodic water-level
measurements during the lagt 5 years in about 37
wells ‘in the general aréa of Boulder Valley and
Battle Mountain. Depending upon the purposes of
study, ~water-level measurements may be made
continuously with water-stage recorders or as
infrequently as about one measurement a year.
Information on water-level records and fluctua-
tiong generally is given in the reports covering the
specific area.

Under a general program of water-level obser-
vation, periodic measurements have been made by
the Geglogical Survey on 75 wells in the Humboldt
River basin. Water-level data for these wells have
been published in Nevada Water Resources Bul-
letin' 8 and subsequently in several Geological Sur-
vey Water-Supply Papers, The locations of these
wells are shown in figure A-2, Table A-5 gives the
well locations, periods of record, and published
reports in which the data are given.

SPRING DATA

Most springs having defined flow have been
appropriated under the Surface Water Law. Loca-
tiong of these springs are on file in the SBtate

L DATA

Engineer’s office. Many of the springs have been
measured at least once in conjunction with their
appropriation or adjudication, Many of the larger
springs have been described briefly in Water-
Supply Papers by Meinzer (1927) and Stearns and
others (1935). A reeent report (Lamke and Moore,
1965, table 2) lists several of the wellknown
gprings in the Humboeldt River basin. Only a few
springs in the basin have been measured and none
have been mesasured frequently or continuously to
establish their flow characteristics. The discharge
and chemical quality of water from springs is
discussed in ground-water reports.

The locations of some of the larger and better-
known springs are shown on figure A-3. Some of
the data for these springs are given in table A-8.
However, many other springs occur within the
basin. Mozt of the latter springy occur in the
mountains and alluvial apron areas, have small
yields, and usually are used forwatering stock:

PUMPAGE INVENTORIES

Ground water is pumped 1o some extent
throughout the Humboldt River basin. Most of the
pumped wells are wused for stock, ranch, and
domestic supply. The widespread distribution of
these wells and the small average rates of pump-
ing have a negligible effect on the hydrologic sys-
tem of the bagin, For many vears ground water
hag been pumped for public supply at Battle Moun-
tain, Elko, Lovelock, Wells, and Winnemueca as
well as at many other communities. Collectively
the annual pumpage for these purposes probably
is not more than 6,000 or 7,000 acre-feet.

No basin-wide inventory of annual pumpage has
been made. However, the number of wells drilled
for irrigation in the lagt Tew vears has increased
every yvear. It seems likely that pumpage for irri-
gation probably did not exceed about 50,000 acre-
feet in 1964 but ean be expected to increase rapidly
as more wells are put into operation. Pumpage for
municipal, domestic, and stock and industrial usze
also 18 Increasing.

A limited amount of ground water has been
pumped for irrigation, beginning about 20 vears
ago with a few wells in Paradise and Grass
Valleys. During the last several vears, pumpage
for irrigation has increased considerably. The
increase has been related 1o land development
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EXPLANATION

2
®
® Obsarvation well for which periodic
&8 measuremenis have been published

Nevada State Department of Conservation
& and Matural Rescurces observation well, &
measuregments not published <

Salected point, showing approximate altitude
5200, stwater table; used for control in’ constriction
of water-level contours on Plate 1

FIGURE A-2.  Map showing location of selected observation wells.
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TABLE A-5<{Continued)
PART I—(Continued)

P & ¥
Oyner and common name of well Period of publighed vecord
Location as’ described in publication

Eureka County

29/48-3d1 U, '8, Geological Survey

29/48-34cl  pan Filippini

29/48-34¢2  Dan Filippini

30/49-6a1 U, 5, Geological Survey
31/49-5¢1 Wm, Connelly

Humbo ldt  County

35/36-14el  Charles Hilver
35/37-2b1  Henry Harrar
357/37-842 D, H, McNideh

35/37=14d3 Kenmneth Eddie

35/37-28b1 U.5. Bureau of Land Management
35/37-34a2  Unknown

A6/38-16:1 Geo. Hay Co.

36/40~19d1 Dismond 8. Ranch

35/40-302a1 Diamond §. Ranch

37/38=2al  U.S8. Boreau:of Land Mapagement
37/38-33d1 Geo. Hay Cou

37/39-33d1 . Bullhead. Ranch

38/39-2841 Cordoza

39739+3¢l Gerhard Miller Br.

39739-11bl George Miller Sr.

39/39-16d1 Dwight C. Vedder

39/39-24b1 Dwight C. Vedder

39/39-33cl  Unknown

40739-10d1 Unknown, formerly C. L. Lewis
40/39-26b1 Henry McCleary Timber: Co.

LYJ40=6c] J. Boggio

L1/0-22d41  Eroest Gondra

417/40-3041 Shelton Scheol
42739<25¢1 - 'U.5. Buveau of Land Mapagement
42/40-14¢l J, M, Freeman
42/40-15d1 C. E. Roberts

42/46<18al E. C. Lye

See footnobe on page 94
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TABLE A-5-—(Continued)
PART I-(Continued)

: Quner and common name of well Period of published record
Location a5 described in publicarion
2 3 2 2 2 g
oy
= H = = 5 =

Lapder County
27 /43-33edl Unknown, &t Watts

29/48=-29¢cd Beowawe Farms

30/62-24ec] .58, Bureau of Land Msnagement
30/43-%9aa1 Coppeér  Canyon Mining Co.
30/44<18adl Copper Canyon Mining Go.
30/44=22ebl Unknown at Dillon

30/45-4Dd1 iﬁartin Jenkins Ranch

30/45-18aa1 U.5, Bureau of Land Management

30/48%33cl H, J. Buthaneau
32/45-281 E. Marvel

32745-9abl Unknown

32/45-11d1 U.5, Geological Suivey
A2/45%1142 U.8, Geological Burvey
32/45-20b1 R My Clatk

327452261 Unikriown

32/46-10d1 1.8, Bureau of Reclamation
AFi46-1141 U.8, Bureau of Reclamation
32/46-16d1 U.S, Bureai of Reclamation

32/46-276al Southern Facific Co.

32748=316b1 Humbaldt Petroleum Co.

Parshing County
25/31~4ecl T, 0. Roberts
27/31=26cl Pershing Co. General Hospital
27/32-78L C. Elges
28/32-28al H. Marker
29/33-33cl Southern Pacific Co.
32/33-28di C1iff & Cecil Campbell
32/38-18b1 1,8, Bureau of Land Management
32/38-3601L Fred Kerlee
33/37-24al Lloyd Sweeney
34/37-2641 Lloyd Sweeney
3373843261 WS, Boreéauw of Land Mandgement
3/ 37-2281 I Ballard

IMensurements ‘of ‘water levels prior to 1948 are-contsined in State of ‘Nevaids Water Resourees Bulleting No. 3 Measurements made in 1946 and subsequent
: re published in a serles-of Geologieal Survey Waler-Supply Papers -entitled SWater Develd and Astesisn Pressures-in Observation Wells I the
Tnited States, Part 6. Southwestern States and len ory-of Hawai.” The following \Vm‘wmf:nupplv Papers eontaln i cornate - for - the pericd of . time

indieated: No. 1170, Trom 1946--50; No. 1196, 1951 No. 1296, 1952; No, 1270, 19537 No. 1326, 1054; No, 108, 19550 and No. 1970, from 1956-60.
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TABLE A-5~—(Continued)
PART II. Miscellaneous measuréments of selected wells published in previeus reporis.

Year Number of wells fox

Type of publication publisghed which ‘information was
published

State of Nevada Depdrtment of
Congservation and Natursl
Respurces Bulletins:
No. .2 Lovelock Valley

No. 10 Paradige Valley

No, 12 Vicinity of Elko
State of Nevada Department of
Conservation and Natural
Resources Reconnaissance
Series:
‘No, 2 Pine Valley 1961
No, 5 Imlay Area 1962

No. 19 Antelope and Middle Reese
Rivey Valley 1963

Neo. 29 Grass Valley 1964

No, 31 Upper Reese FEive .
Valley I press

No. 33 Lovelock Valley In. press
No, 35 Huntington Valle In press

U.5. Geological Survey
Water-Supply Papers:

425-D Reess Hiver Basi

1581 Crescent Valley
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under provisions of the Desert Land Act, in areas
guch as upper Reese River valley and middle
Reese River-Antelope Valleys. However, pumpage
also has increased as the vesult of efforts to sup-
plement deficient surface-water supplies during
drought vears or for expanded irrigation activities
on existing ranches,

1t is estimated that about 150 wells ‘may be
pumped for irrigation in the Humboldt River
bagin. Of these about half are used todrrigate land
withdrawn under the Degert Land Actand provide
the entire irrigation supply, if the land is farmed.
The remaining wells are used during part of
almost every vear, principally to supplement sur-
face-water supplies.

Pumpage inventories, or estimates, have been
madé at the time of ground-water investigations,
some of which are several years old and thus do
not necesgarily reflect current conditions. Avail-
able egtimates of annual pumpage in acre-feet, for
irrigation are:

Battle Mountain-Boulder Valley.. ... .
(Lioeltz and Malmberg, 1961, p. 14)
Crescent Valley
(Loeltz and Malmberg, 1961, p. 14)

Grass Valley

2,200

2,000

5,000

(Cohen, 1964b, p. 2)
Middle Reese River-Antelope Valleys . 4,000
{Crosthwaite, 1963, p. 14)
Upper Reese River Valley
(Eakin, Moore, and Everett, 1965, p. 35)

3,000

Paradise Valley 6,500

(Loeltz and Malmberg, 1961, p. 15)

Humboldt River valley near Winnemucca .
(Cohen, 1963, p. 74)

4,000

AREAL INVESTIGATIONS

The most intengive ground-water studies made
within the Humboldt River basin are those in the
Humboldt River valley between Comus and Rose
Creek—commonly referred to as the Winnemucea
area. These studies (Cohen, 1963 and 1964a) were
made as g part of the Humboldt River Research
Project during the period 1959-64, and included
data on most phases of ground water with par-
ticular emphasis on its interrelation with the
Humboldt River. Areal ground-water resource
evaluations have been made in 9 other aress as
shown in figure A—4. Other local or special purpose
studies have been made.

CHEMICAL QUALITY OF WATER

Colien (1962d, 1963, and 1964a) describes the
water quality of both surface and ground water in
the Humboldt River valley near Winnemiucea.
Variations in water quality and the relation
between water quality and the source and move-
ment of water are emphasized as well as the suit-
ability of the water for domestic and agricultural
uses: The studies were based on more than 225
chemical analyses of ‘water samples which were
collected in-July and August 1961, November and
December 1961, and April and May 1962,

Miller {1950) described the quality of Humboldt
River water with emphasis on its suitability for
agricultural use. Water samples were collected
several times a month between 1941 and 1949 from
the Humboldt Biver at Palisade; Comus, Callahan
Bridge, and below Rye Patch Reservoir.

At the gaging station (8350) below Bye Patch
Reservoir, daily samples have been collected dur-
ing the periods December 1951 to September 1958,
October 1959 to September 1961, and May 1962 to
the present (1966). At Palisade gaging station
(3225) daily samples were collected for the peried
May 1962 to August 1964, Subsequently daily
sampling hag been continued at the gaging station
near  Carlin  (8210), "These data are published
antivally. in the 'U.S. Geological Survey Water-
Supply Paper series under the title “Quality of
Surface Waters in the United States, Parts 92147

During this investigation, a limited number of
samples was collected at additional points along
the Humboldt River: and the principal tributaries.
These and the three daily sampling locations are
shown in figure 31.

The guality of both surface and ground water
and its suitability Tor agricultural uses is deseribed
in water-resources reconnaissance reports. by
Cohen (1964b), Crosthwaite (1963), Eakin (1962),
Eakin, Moore, and Everett (1965), Everett and
Rush (1965}, and Rush and Everett (1965) for
Grass Valley, Antelope and middle Reese River
Valleys, the Imlay ares, upper Reese River valley,
Lovelock Valley, and Huntingten Valley, respec-
tively. .

The report “Analyses of municipal water sup-
plies of Nevada,” published by the Nevada State
Department of Health in 1962, includes analyses
for eight loealities in the Humboldt River basin

Samples of water submitted by Nevada resi-
dents -also are analyzed by the Agricultural
Experiment Station to determine suitability for
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EXPLANATION

Area which has been studied Intensively under
the Humboldt River Research Project; resultitig
in the publication of several.reports. Study
summarized In Nevada Depariment Conservation
and Matural -Resources, Water Resources Bullelin 27 777

Z

Areas which have been studiad at reconnaissance fevel
{Numbers refer to publication series number, see list references)

$ 7 % Report published as U.5. Geological

H m Survey Water-Supply Paper

Report published as Water Resources Bulletin of Nevada
- Department Conservation and Natural Resources

Report published as Reconnaissance Seéries
Report of Nevada Department Conservation and Natural Resources

FIGURE A~4.  Map showing location of areal ground-water studies;




irrigation. Similarly, gamples of ‘water submitted
to the Nevada Department of Health are analyzed
to determine suitability for domestic use. Many
samples have been analyzed by these two agencies
and their vesults are on file in the respective
offices,

GEOLOGY

A substantial amount of geological investigation
has been made in the Humboldt River basgin. To
7 large extent investigations have been oriented
toward clarification of the Paleozoic and Mesozoic
stratigraphy and the structure of the region. More
recently, increased attention hag been given to
the Tertiary rocks. Only a small part of the total
geologic effort has been directed to Quaternary
geology within the basin.
Plate A-1 is a generalized geologic map of the
Humboldt River basin and is after the geologic
map of Nevada, compiled by K. M. Tagg and others
in Mineral and Water Resources of Nevada (1.8,
Geological Survey and Nevada Bureau of Mines,
1964), The present map containg a few modifica-
tions by the same authors made since the map
was published. That report also contains concise
statements of the various aspects of the complex
geology relating to the Humboldt River basin.
These include articles by J. H. Stewart on the
Precambrian and Lower Cambrian rocks, R. J.
Roberts on the Paleozoic rocks, N. J. Silberling on
the Mesozoic rocks, J. P. Albers on the Tertiary
and Quaternary rocks, R. R. Coats on the intrusive

HYDROLOGIC RECONNAISSANCE OF THE HUMBOLDT RIVER BASIN 99

rocks, and R. E, Wallace on the structural evolu-
tion. Table 2 of that publication lists the published
references used in the preparation of the geologic
map of Nevada. Figure 5 of that publication shows
areas of geologic mapping at scales of 1:250,000
or larger. Residual areas are shown as provisional
and subject to revision upon completion of more
detailed mapping. Within the Humboldt River
basin, geologic mapping in some degree is avails
able for most of the basin. Some areas have been
studied in substantial detail. However, for a large
part of the basin, principally in Elko and Lander
Counties, the geology is known only in general
terms.

Most of the loealized studies for hydrologic pur-
poses have been made as a part of the Humboldt
River Research Project. For example, Bredehoeft
(1963) mapped valley-fill deposits in the lower
Humboldt River basin and prepared local litho-
facies maps based on interpretation of drillers’
logs. Hawley and Wilson (1965) examined the
Quaternary geology in the Winnemuccea area. Dud-
ley and MeGinnis (1964) conducted experiments
with seismic refraction and electrical resistivity
ingtruments in the vicinity of Winnenucea. Cart-
wright, Swinderman, and Gimlett (1964) made a
gravity survey to explore the possibility of a bed-
rock high in the Rose Creek area southwest of
Winnemucea. The relation of geclogy to ground-
water hydrology is included-in the yeconnaissance
studies which have been made in nine valley areas
of the basin, (See fig. A-4.) Much of the published
information on geology in the Humboldt River
basin ig given in the list of selected references,
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MAPS
TOPOGRAPHIC MAPS

Topographic maps provide ‘a valuable base in
mapping various Teatures and data pertaining to
the hydrology of an area. For the entire Humboldt
River basin, topographic maps are now available
at the following scales:

{a) 1:1,000,000, contour ‘interval 1,000  feet;
Map of Nevada prepared by the Nevada Bureau
of Mines from the 1:1,000,000 U.5. aeronautical
charts; available in ozalid prints

(b} 1:500,000, contour interval 500 feet; Map
of Nevada, prepared by U.S. Geological Survey,
1964. Available from U.8. Geological Survey, Map
Information. Office, Menlo Park, California, Den-
yer; Uolorado, or Washington, D.C,

(c) 1:250,000, contour interval 200 feet: Series
of “1° by 27 quadrangles, prepared by the Army
Map Bervice, with limited revigion by the U.S,
Geological Survey. Awvailable through U.8, Geo-
logical Burvey, Map Information Office. Humboldt
River basin area is included in part on Elko, Ely,
Lovelock, McDermitt, - Millett, Reno, Tenopah,
Winnemuecs, and Wells quadrangles of this series,

Large seale topographic maps are available for
parts-of the Humboldt River basin, Figure A-5
shows ‘the distribution of available topographic
maps at a scale of 1:62,5600, about-one mile to the
inch. Topographic maps published at a scale of
1:24,000 are available in the vicinity of Elko. How-
ever, blue-line prints can be obtained for a number
of areas where 1:62,500-scale maps-have been pub-
lished. All published and large-scale blue-line topo-
graphic maps. are available through the U.S.
Geological Survey, Map Information Office, Menlo
Park, California.

The Soil Conservation Service prepared a topo-
graphic map of the flood plain of the Humboldt
River between Comus and Rose Creek, near
Winnemucea, for use in the Humboldt River
Research Project. The map, which is at the scale
of 1:24,000 and which has a contour interval of
2 feet, iz on file at their office in Reno.

OTHER BASE MAPS

Early in the Humboldt River Research Project
Studies, the Soil Conservation Service prepared
planimetric base maps of the Humboldt River
basin at several scales. These maps were based
on ‘the 1:250,000-scale topographic quadrangles,
referred to above.

AERIAL PHOTOGRAPHY

Aerial photography is available for the entire
Humboldt River basgin. This photography was
flown during the middle 1950’s and was used fo
prepare -the 1:250,000-scale topographic guad-
rangles. Most of the flying was at an altitude of
40,000t0 60,000 feet and provides photographs at
a scale of approximately 1 mile to an ineh. Almeést
all of the 1:62,500 topographic quadrangles were
constructed ‘from aerial photography flown for
that purpose.

Additional  lew-altitude photography ~of the
Humboldt River flood plain near Winnemucea was
used by the Soil Conservation Serviee in prepa-
ration of the large-scale topographic map of the
flood plain,




EXPLANATION
Areas for which 15" or 704" topographic

quadrangle maps sre available

Fublighed

Inprogress

FIGURE A-B. - Map showing topographic coverage as of April 1, 1965
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Preliminary compilation of geology by K. M. Tagg
based on published sources as listed in table 2 and
figure 4 in Mineral and Water Resources of Nevada,
1964

{ Provisional information compiled by K. M. Tagg and
others, subject to revision upon completion of detailed
geologic mapping
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