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FOREWORD

This bulletin, entitled, “An Evaluation of the Water Resources of the
Humboldt River Valley Near Winnemucca, N evada,” prepared by Mr.
Philip- Cohen ‘of the US, Geological Survey, is No. 24 in the series of
Water Resources Bulletins of the Department of Conservation and Natural
Resources, ‘

This bulletin summarizes much of the technical information on the geol-
ogy and hydrology of the area which has been collected over the past
several years in the operations of the Humboldt River Research Project.
Information has been drawn from reports which have been made on studies
conducted by the Desert Research Institute and the Mackay School of
Mines of the University of N evada, and the Department of Geology of the
University of Illinois, as well as those carried out by the U.8. Geological
Survey, Data on soils and vegetation in the area have been contributed from
surveys conducted by the Soil Conservation Service. The Apgriculture Re-
search Service and the General Hydrology Branch of the US. Geologieal
Survey have furnished data from their experiments on the consumptive
use of water by meadow grasses and sedges and by woody phreatophytes.
Detailed climatic data have been collected at the Winnemucea experimental
plot from a class A weather station operated by the Department of Con-
servation and Natural Resources,

The quantitative estimates given in previously prepared interim reports
are refined in this bulletin. It gives the final results of those phases of the
study that have been completed and also gives the preliminary results of
the phreatophytic and soil moisture studies. Qualitative interrelationships
among the hydraulic systems are described in considerable detail In addis
tion, the quantitative interrelations are summarized by means of water
budget analyses prepared for high, low, and normal water Supply years.

HUGH A. SHAMBERGER, Director
Department of Conservation
and Natural Resources




AN EVALUATION OF THE WATER RESOURCES
OF THE HUMBOLDT RIVER VALLEY
NEAR WINNEMUCCA, NEVADA

By Philip Cohen

ABSTRACT

This report, resulting from studies made by the
.8, Geological Survey as part of the interagency
Humboldt River Research Project, describes the
qualitative and quantitative relations among
the components of the hydrologic system in the
Winnemucea Reach of the Humboldt River valley
The study area includes the segment of the Hum-
boldt River valley between the Comus and Ros
Creek gaging stations. Tt is almost entirely i
Humboldt County in north-central Nevada, and
is about 200 miles downstream from the head-
waters of the Humboldt River.

Agriculture is the major economic activity ir
the area. Inasmuch as the valley lowlands receive
an average of about 8 inches of precipitation per
year and because the rate of evaporation from
free-water surfaces is about six times: the aver-
age annual precipitation, all crops in the area
(largely forage crops) are irrigated. About R5
percent of the cultivated land is irrigated with
Humboldt River water ; the remainder is irrigated
from about 20 irrigation wells.

The consolidated rocks of the uplifted fault-
block mountains are largely barriers to the move-
ment of ground water and form ground-water and
surface-water divides. Unconsolidated deposits of
late Tertiary and Quaternary -age tunderlie the
valley lowlands to a maximum depth. of about
5,000 feet. These deposits are in hydraulic continu-
ity with the Humboldt River and store and trans-
mit most of the economically recoverable ground
water. Included in the valley fill is a highly per-
meable sand and gravel deposit having a maxi-
mury thickness of about 90 to 100 feet yoit
underlies the flood plain and bordering terraces

is almost completely saturated and contains about
500,000 acre-feet of ground water in storage.

The Humboldt River is the source of 90 to 95
percent of the surface-water inflow to the study
area. In water years 1949-62 the average annual
streamflow at the Comus gaging station at the
upstream margin of the area was 172,100 aeve-
feet; outflow at the Rose Creek gaging station

throughout most of the project area. This deposit

averaged about 155,400 acre-feet. Accordingly,
the measured loss of Humboldt River streamflow
averaged nearly 17,000 serefeet per vear, Most
of this water was transpired by phreatophvies
and crops, evaporated from free-water surfaces,
and evaporated from bare soil.

Inasmuch as practically no tributary stream-
flow normally discharges into the river in the
Winnemucea Reach and because pumpage is vir-
tually negligible during the nonirrigation Season,
gains and losses of streamflow during most of the
vear reflect the close interrelation of the Hum-
boldt River and the ground-water reservoir. An
estimated average of about 14,000 acre-feet per
vear of ground-water underflow moves toward
the Humboldt River from tributary areas. Much
of this water discharges into the Humboldt River:-
however, some evaporates or is transpired before
reaching the river,

More than 65 percent of the average annual
flow of the river normally occurs in April, May,
and June, owing to the spring runoff. The gtape
of the river usually rises rapidly during these
months causing water to move from the river to
the ground-water reservoir. Furthermore, the
period of high streamflow normally coincides with
the irrigation season, and much of the excess
irrigation water diverted from the river perco-
lates downward to the zone of saturation.

The net measured loss of streamflow in April-
June, which averaged about 24,000 acre-feet in
water years 1949-62, was about 7,000 acre-feet
more than the average annual loss. The estimated
net average annual increase of ground water in
storage during these months in this period was
on the order of 10,000 acre-feet. Following the
spring runoff and the irrigation season, normally
in July, some of the ground water stored in the
flood-plain deposits during the spring runoff
beging to discharge into the river. In addition,
ground-water inflow from tributary areas again
begins to discharge into the river.

Experiments utilizing a neutron-scattering soil-
moisture meter suggest that considerable water is
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stored in the zone of aeration in the shallow flood-
plain deposits during the spring runoff. Most of
this water eventually evaporates or is transpired
by phreatophytes. Preliminary results of evapo-
transpiration experiments indicate that, of the
plants studied, willow uses the most water, about
4 gere-feet per acre per year.

Sodium and bicarbonate commonly are the most
abundant ions in the surface water and ground
water of the area. The dissolved-solids content of
most of the ground water is less than 600 ppm,
although locally it is more than 5,000 ppm. Almost
all the water is moderate to very hard; otherwise,
it is suitable for most uses.

In December 1961, nearly all the water in
the Humboldt River between the Comus and

Rose Creek gaging stations was seepage from
the ground-water reservoir. The chemieal quality
of the river largely reflected the chemical quality
of ground-water underflow from tributary areas.

An estimated average of 95,000 to 120,000 acre-
feet per year of the total inflow to the lowlands
of the study area, including streamflow, ground-
water inflow, and precipitation, was lost by evapo-
transpiration in water years 1949-62. Increased
irrigation efficiency and the conjunctive use of
ground water and surface water would conserve
much of this water. However, intensive ground-
water development, especially from the sand and
gravel aquifer beneath the flood plain, will partly
deplete the flow of the Humboldt River and may
infringe upon downstream surface-water rights.
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INTRODUCTION

THE HUMBOLDT RIVER
RESEARCH PROJECT

The Humboldt River Research Project is a Fed-
eral-State cooperative interagency study largely
concerned with developing data and techniques
needed to evaluate the water resources of the
Humboldt River basin. The project was author-
ized by the 1959 Nevada Legiglature (Ch. 97,
Stats. 1959), and the Nevada Department of Con-
servation and Natural Resources was designated
the coordinating agency. Federal agencies partici-
pating in-the study are the United States Ceo-
logical Survey, Bureau of Reclamation, Bureau
of Land Management, Soil Conservation Service,
Agricultural Research Service, Forest Service,
and the Weather Bureau. State agencies partici-
pating in the study are the Nevada Department
of Conservation and Natural Resources, including
the Division of Water Resources and the Division
of Forestry; the University of Nevada, including
the Department of Geology, the Max C. Fleisch-
mann College of - Agriculture, and  the Desert
Research Institute; the Nevada Bureau of Mines:
and the Department of Geology of the Universits
- of Illinois. Each agency is studying one or mor
aspects of the hydrologic system or related physi
cal and economic features of the basin.

The principal hydrologic objective of the proj-
ect is to provide the information needed to
achieve the most effective use of the wates
resources of the basin.. Specifically, information
was desired relative to (a) the amount, disposi-
tion, and chemical quality of water in the basin,
(b) the interrelations among the components of
the hydrologic system, and (c) the effects of pos-
sible modifications of the hydrologic regimen.
Research aspects of the study include devising
and testing methods for evaluating the compo-
nents of the hydrologic system, and determining
the feasibility of replacing phreatophytes with
more beneficial vegetation.

Because of the large -size of the biasin and
because of the complexity of the hydrologic sys-
tem, most of the initial studies are being made
in the so-called “Winnemuceca Reach” of the Hum-
boldt River valley (page 14); Less intensive pre-
liminary studies are being made by some of the
agencies in the upstream reaches of the basin

SCOPE OF THE INVESTIGATION AND
PURPOSE OF THE REPORT

In 1959 the U.S. Geological Survey entered into
a cooperative agreement with the Nevada Depart-
ment of Conservation and Natural Besources fo
participate in the interavency Humboldt River
Research Project. It was agreed that the Geo-
logical Survey would study the following
components of the hydrologic system in the
Winnemucca Reach of the Humboldt River valley :
(a) Ground-water recharge and surface-water
inflow; (b) routing, disposition, and storage of
ground and surface water within the area; (c¢)
ground-water discharee and surface-water out-
flow; (d) use of water by selected phreatophytes,
including greasewood, rabbitbrush, willow, and
wildrose; and (e) the chemical quality of the ;
water. In 1961 the participation by the Geological
Survey was expanded to include an evaluation
of the use of a neutron-seattering soil-molisture
meter to determine changes in the total water
content of the shallow floodiplain deposits. In
1962 the Geological Survey accepted the respon-
sibility of preparing an interagency summary
report when the work of all the participating
agencies is completed.

Field work bepan in 1959 and most of it was
completed by December 1962. The research
aspects of the Geological Survey’s studies, the
phreatophyte and soil-moisture experiments, prob-
ably will be continued for several years. The work
has been accomplished in large part with coop-
erative funds made available jointly by the Geo-
logical Survey and the State. The Bureau of
Reclamation is supplying funds to help defray
the cost of the phreatophyte experiments.

Three moderately detailed interim reports and
several short papers and progress reports,
describing field and laboratory procedures and
giving the preliminary results of the studies, have
been prepared. (See page 16.) The purpose of
this report is to summarize the hydrogeologic
information and refine the quantitative sgtimates
given in those reports, to give the final results of
the completed studies, and o describe the pre-
liminary results of the phreatophyte and soil-
moisture studies.

Some aspects of the climatology and geology
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of the area and their relation to the hydrologie
system are described. The geology is considered
briefly and only to the extent that it bears upon
the hydrologic system. Quantitative and qualita-
tive interrelations among the major components
of the hydrologic system, especially those between
the Humboldt River and the ground-water reser-
voir, ‘are emphasized. To describe further the
quantitative interrelations among the components
of the hydrologic system, preliminary hydrologic-
budget analyses are given for three selected time
intervals. Finally, the' results of the hydrologic
studies are used to evaluate some of the more
signifieant-water-management problems.

The investigation was begun under the direct
supervision of O. J. Loeltz, formerly district engi-
neer of the Ground Water Branch of the Geologi-
cal Survey in charge of ground-water studies in
Nevada, and was completed under the supervi-
sion of G F. Worts, Jr., district chief in charge
of hydrologic investigations in the State. The
ground-water and interpretive water-quality stud-
ies were made by Philip Cohen, assisted by R. A.
Lyman, Jr. R. 1. Hanson was in charge of the
surface-water studies. .'T. W. Robinson super-
vised the phreatophyte experiments, and the soil-
moisture studies were made by A. O. Waananen.
Particle-size-distribution, specific-yield, and per-
meability determinations were made at the Geo-
logical Survey’s Hydrologic Laboratory under the
gupervision of ‘A. 1. Johnson. In addition, a power
auger operated by personnel of the Hydrologic
Laboratory was used to drill'several hundred test
holes and complete about 160 obzervation wells
(Plate B). Chemical analyses of water samples
were made at the Geological Survey laboratories
in Sacramento, California, under the supervigion
of BEugene Brown.

LOCATION AND GENERAL
GEOGRAPHIC FEATURES

The Humboldt River drainage basin, which has

an area of about 18,000 square miles, includes
about 16 pereent of the total area of Nevada
{Figure 1) and about one-third the irrigated land
of the State. Agriculture is the major economic
activity, and cattle raising and the production
of forage erops, nearly all of which are irrigated,
provide most of the agricultural income. About
80 percent of the irrigated land in the basin,
approximately 230,000 acres, is irrigated with
Humboldt River water.

The project area as described in this report
includes the entire area shown on the plates

accompanying the report. It is about 520 miles
in area (Figure 1). It comprises the Winnemucca
Reach of the Humboldt River valley between
the Comus paging station (‘Humboldt River at
Comus”) in the SE1, NEY,8ELY] sec. 14, T. 36 N,
R. 41 ‘E., and the Rose Creek gaging station
(“Humboldt River Near Rose Creek”) in the
NW1,8E14NWL, sec. 36, T. 856 N., R.-35 E. The
paging stations are about 22 miles east and 15
miles southwest of the city —of Winnemucea,
regpectively. :

In-addition to the Humboldt River valley, the
project area includes the downstream segments
of Paradise and Grass Valleys and parts of the
mountains and foothills bordering the Humboldt
River valley;

The mountaing trend roughly northward and
their crests range in altitude from about 7,500 to
9.500 feet. The altitude of the Humboldt River
is about 4,360 feet at the Comus gaging station,
ahout 4,260 feet at Winnemuicca, and about 4,200
feet at the Rose Creek gaging station. Accord-
ingly, the maximum relief of the area is on the

~order of 5,000 feet.

Meadow grasses are the principal crops raised
inthe area. About 85 percent of the irrigated land
is on the flood plain of the Humboldt River and
practically all the irrigation water for this land
is diverted from the Humboldt River. Meadows
on the flood plain are irrigated partly by over-
bank flooding and partly by diversionary strue-
tures and a network of unlined ditches. All of
the diversionary structures are privately owned,
the largest being the Stahl Dam about 15 miles
east of Winnemueca (Figure 6). The acreage of
irrigated land is difficult to estimate because it
changes markedly from year to year depending
largely on the flow of the Humboldt River. Dur-
ing years of average or near average streamflow,
about 50 percent of the flood plain, or about 12,000
acres, is irrigated; in years of low flow probably
only about 20 percent of the flood plain, or about
5,000 acres, is irvigated.

Some of the smaller streams in the area, notably
Kelly, Rock, Pole, Thomas, and Rose Creeks,
also are used to irrigate meadow grasses and
alfalfa. During the irrigation season, virtually
all: the water from Kelly Creek is diverted
upstream from the project area. Water from Pole
and Rock Creeks is used to irrigate the lower
alluvial slopes and flood plain near the town of
Golconda. Thomag Creek is diverted onto culti-
vated land in the mouth of Grass Valley, and Rose
Creek is usged to irrigate land near the toe of the
alluvial fan.
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1n 1962 about 20 wells were used for irrigation.
 Crops irrigated by ground water include native
grasses, alfalfa, small grains, and potatoes. Most
of the acreage irrigated with ground water is in
_the mouth of Grass Valley and on the terraces
pordering the Humboldt River.

Winnemuces . formerly was the center of &
thriving mining industry. The principal products
were gold, silver, mereury, and tungsten: At pres-
ent little mining is done in the area, although
recently one of the larger gold mines, about 30
miles east of the project area, was reactivated.
The population of Winnemucca, the ‘county seat
~of Humboldt County, was nearly 3,500 in 1960,

PREVIOUS WORK

Many published and unpublished reports on the
hydrology, geology, and other physical features
of the project area and vicinity have been pre-
pared. Reports of historic interest, those used in
the preparation of this report, and those prepared
- as part of the Humboldt River Research Project
are described in the following paragraphs.

The first investigation of the geology of the
project area was made during the survey of the
40th parallel under the direction of King (1878).
The geology of the Lake Lahontan deposits in
Nevada, including those exposed in the project
area, was described by Russell (1883, 1885).
Some of the informal stratigraphic terms intro-
duced by Russell are maintained, with only slight
modification, in the present report,  Ferguson;
Muller, and Roberts (1951) and - Ferguson,
Roberts, and Muller (1952) mapped the geology
of the Winnemuces and Golconda quadrangles,
respectively. They concentrated most of their
efforts on the geology of the consolidated: rocks.

A reconnaissance geologic map of Humboldt

County was prepared by Willden (1961), and the
geology of the Osgood Mountains quadrangle near
the eastern margin of the project -area was
mapped by Hotz and Willden (1961).

A report describing the occurrence of ground
water in Paradise Valley was prepared by Loeltz,
Phoenix, and Robinson (1949). Ground water in
Grass Valley was described by Robinson, Loeltz
and Phoenix (1949). Water and related land
resources of Paradise Valley, and floods in the
Humboldt River basin were described i joint
publications by the Nevada Department of Con-
servation and Natural Resources and the 1.5,
Department of Agriculture (1962a, b). Thomas
and Lamke (1962) discussed floods in the Hum-
boldt River basin in 1962.

Published reports resulting from the Humboldt

River Research Project include a general deserip-
tion of the project by Maxey and Shamberger
(1961), a description of geophysical studies by
Dudley and McGinnis (1962), and analyses of
several aspects of the hydrogeology of the area
by Cohen (1961a, b, and e; 1962a, b, ¢, and d;
and 1963). Four interagency progress reports
largely describing the purpose and scope of the
project, field techniques, and preliminary results
of some of the studies were published by the
Nevada Department of Conservation and Natural
Regources (1960, 1961, 1962, and 1963).

A moderately detailed report describing the
hydrogeology of the area has been prepared
(Cohen, in press). Five unpublished theses result-
ing from studies made as part of the Humboldt
River Research Project have been completed.
These describe the results of geophysical studies
by G. M. Wilson (1960), an evaluation of the
oceurrence of carbonate compounds in the allu-
vial fans by Onuschak (1960), studies of Lake
Lahontan stratigraphy by Cartwright (1961), an
evaluation of the Pleistocene and Recent geology
by Hawley (1962), and studies of the lithology
and geomorphology of the piedmont slopes by W.
7. Wildon (1962).

NUMBERING OF CONTROL POINTS
AND SAMPLES

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
subdivision of public lands (Figure 2). Accord-
ingly, 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, sepa-
rated from the first two units by a hyphen, lists
the section number, followed in turn by three
letters that designate the quarter gection, the
quarter-quarter section, and the quarter-quarter-
quarter section, respectively. The three letters are
followed by a number that indicates the chrono-
logical order in which the eontrol point was
recorded within the 10-acre subdivision. The
letters a, b, ¢, and d designate, respectively, the
northeast, northwest, southwest, and southeast
quarters of each unit. For example, well number
36/37-25bdbl designates the first well recorded
in the NW14SE1,NW1, sec. 25, T. 36 N, R. 87
E., Mount Diablo base line and meridian. Because
of the limitation of space, only that part of the
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FIGURE 2.— Diagram showing numbering system
for wells, springs, other control points, and samples

number designating the subdivision of the section
and the order in which the control point was
recorded is shown on the maps accompanying
this report,

For clarity and in accordance with previous
usage, streamflow measuring stations along the
Humboldt River are identified by capital letters.
The letters assigned to these stations and their
location are listed in Table 12.

Samples are given numbers corresponding to
the sites at which they were obtained. The order

in which a sample was obtained at a given site
is indicated by a number, preceded by a hyphen,
following the control-point number or letter, For
example, number 36/37-25bdbl-2 was assigned to
the second water sample obtained from the pre-
viously described well; water sample M-3 is the
third sample obtained from the Humboldt River
at streamflow measuring station M.
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-~ CLIMATE

The most significant factors controlling the eli-
mate of the project area are the regional prevail-
ing eastward flow of air and the Sierra Nevada
range about 150 miles to the west. Warm moist
air masses moving eastward from the Pacific
Ocean are forced aloft by the Sierra Nevada and,
as a result, the air cools and moisture condenses
causing heavy precipitation in the mountains.
Consequently, air masses moving eastward over
the project area normally have a low moisture
content causing the climate of the valley lowlands
to be arid to semiarid. Orographic effects, similar
to those caused by the Sierra Nevada but of a
lesser magnitude, result in greater precipitation
in the mountain ranges of the project area where
the climate locally is subhumid.

Weather records have been obtained by the U.8,
Weather Bureau at and near Winnemucea gince
1870. Prior to 1948, the station was in Winne-
mucea, In 1948 the station was moved to the
Winnemucea airport, about 6 miles southwest of
the city. Table 1 and Figures 3, 4, and 5 summa-
rize temperature and precipitation data. The
mean daily temperature is 49°F. The highest tem-
perature of record, 108°F., occurred on July 20,
1981 ; the lowest temperature of record, ——36°F,,
occurred on January 21, 1937, Owing largely to
the normally very low humidity and the relatively
high altitude of the project area, diurnal tem-
perature fluctuations of more than 50°F., are com-

mon. Freezing temperatures have oceurred in
every month of the yvear but are not common in
June, Joly;and August.

The average annual precipitation for the period
1871-1962 is 8.40 inches. Most of the precipitation
normally occurs in December and January; the
least precipitation normally occurs in J uly and
August (Figure 5). In the winter, precipitation
normally occurs as snow and, in the summer, coni-
monly as rain from isolated thunderstorms. Dur-
ing the period of record, precipitation of neaxly
an inch or more in a 24-hour period occurred in
every month of the year but August. The maxi-
mum monthly recorded precipitation, 5.23 inches,
oceurted in March 1884. No precipitation occurred
in‘many months.

In Figure 4, the slope of the graph showing
cumulative departure from average precipitation
indicates whether precipitation in a given year
or in several successive years was above or below
average. A positive or upward slope to the right
indicates above-average precipitation: a negative
slope indicates below-average precipitation. A
cumulative deficiency of precipitation of about
11 inches occurred during the 10-year period
1871-80. The period 1880-85 was one of above-
average precipitation. Although there were some
years of above-average precipitation, the period
1885-1983 was characterized largely by below-

average precipitation. Precipitation generally was
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considerably above average in the period 1933-46
and below average in the period 1952-62.
Evaporation-pan data have been obtained in the
Winnemuceca darea only gince the beginning of the
Hiumboldt River Research Project. The average
annual rate of evaporation cannot be estimated
from these meager data; however, data obtained
at Rye Patch Reservoir (page 26) and data given
by Kohler, Nordenson, and Baker (1959) suggest
that the average rate of evaporation from free-
water surfaces in the Winnemucea area is on
the order of 4 feet per year. Accordingly, the
estimated average annual rate of evaporation

from free-water surfaces is nearly six times the
average annual precipitation.

PRECIPITATION, IH IHIHES

JAR. FEB. MAR, AFPR. MAY SUNE JULY. AU EBERT.  OCY. HOV. DEC.
FIGURE 5.— Average monthly precipitation at and
near Winnemueca, Nev., 1871-1962
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GEOLOGY AND ITS RELATION TO THE HYDROLOGIC SYSTEM

Many aspects of the hydrology and geology of
the area are closely related. Tt is apparent that
streamflow characteristics are at least partly
related to the geomorphology and geometry of the
stream channels. Similarly, the rate of ground-
water movement is a function of several inter-
related  geologic and hydrologic parameters,

Largely because of orographic effects, even the

occurrence and intensity of precipitation is con-
trolled partly by the geology of the project area.
Thus, an evaluation of pertinent aspects of the
geology is an integral part of an analysis of the
hydrology.

LAND FORMS AND DRAINAGE
The project area is in the Great Basin section
of the Basin and Range physiographic province,
and the geomorphology of the area is typical of

the Great Basin. The gross topographic features,

elongate north-trending mountains and inter-
vening valleys of approximately = equal width,
were formed as a result of displacement along
roughly north-trending, high-angle, normal faults.
Although some of the faults cut younger,
unconsolidated, relatively permeable sedimentary
deposits, most of the displacement involves older
consolidated and relatively impermeable rocks.
The relatively impermeable rocks of the struc-
tural highs commonly impede the movement of
water between adjacent valleys and normally do
not yield large quantities of water to wells. N early
all the ground water is stored in and transmitted
through relatively permeable unconsolidated sedi-
mentary deposits filling structural lows, or is
stored in and transmitted through stream-channel
deposits connecting adjoining valleys,

Mountains

The ranges are asymmetrical, fault-block moun-
tains composed largely of dense, comparatively
impermeable, consolidated rocks. Their crests are
the surface-water drainage divides. Similarly, the
ranges are largely barriers to the movement of
ground water and form ground-water divides
Because most of the precipitation oceurs in the
mountains, the gross directions of surface-water
and ground-water movement are from the moun-
tains toward the valley lowlands.

Most of the normal faults within and bordering
the ranges dip westward; therefore, the western
slopes of the ranges commonly are steeper than
the eastern slopes. Some of the western slopes

are eroded fault planes but most are complex
fault zones that have been modified by erosion.
The eastern slopes largely are modifications of the
topography prior to faulting,

In overall aspect the topography is independent
of the lithology and internal structure of the
ranges; however, locally the topography reflects
these features. The topography of dreas underlain
by granitic rocks, as at Winnemuceca Mountain,
and partly consolidated sedimentary rocks, as in
parts of the East Range, is characterized by low
rounded ridges and smooth valley walls. Sharp
rugged crests oecur in areas underlain by lime-
stone, quartzite, and extrusive voleanic rocks.
Streamflow in the latter areas commonly is less
flashy and the opportunity for ground-water
recharge is greater:

Alluvial Apron

The alluvial apron is the area of intermediate
slope between the mountains and the compara-
tively flat valley floor. It consists largely of coa-
lescing  alluvial fans which are depositional
features, but locally includes pediments  whieh
are erosional features.

Alluvial fans and remnants of alluvial fans
of at least four ages vecur in the area; however,
largely on the basis of their hydrologic signifi-
cance, the alluvial-fan deposits are subdivided
into three units in this report (Plate 1 and Table
3). The oldest alluvialifan deposits, mapped as
older fanglomerate, are structurally deformed,
deeply eroded, and occur as remnant pediment
surfaces along the northwestern slope of ‘the
Sonoma Range. Isolated exposures of moderately
cemented and structurally deformed fanglomerate
along the slopes of the Osgood Mountains prob-
ably are equivalent in age to the deposits along
the northwestern slope of the Sonoma Range and
are mapped ag older fanglomerate;

Most of the alluvial apron is composed of strue-
turally deformed and moderately eroded alluvial
fans of late Tertiary or Quaternary age. These
alluvial-fan deposits are mapped as younger fan-
glomerate. The youngest alluvial fans are of
Recent age and are included in the unit mapped
as younger alluvium. These deposits are post-Lake
Lahontan in age (page 24), for the most part are.
structurally undeformed, and are not appreciably
eroded,

Throughout most of the year, nearly all the
streamflow originating in the mountains normally
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“is dissipated on the alluvial apron. Some of the
flow evaporates, some is transpired by vegetation
along the streams, and some percolates down-
ward to the ground-water reservoir. During the
spring and early summer when the flows com-
monly are highest, some gstreamflow - discharges
from the alluvial apron onto the valley floor where
it largely evaporates or is transpired.

As g result of unusually large amounts of pre-
cipitation in August 1961 (page 57 ), sheet wash
and mud flows occurred in the Sonoma Range.
Large amounts of alluvial debris were washed out
of the mountains onto the alluvial apron. Accord-
ing to some of the oldest residents in the area,
this was one of the few times this phenomenon
oceurred in the last 50 years. Even during this
unusually large runoff, streams flowing across
the alluvial apron along the western slope of the
Qonoma Range did not reach the Humboldt River,
but discharged onto the floor of Grass Valley
where an ephemeral lake was formed. A amall
amount of the flow in Pole Creek probably dis-
charged into the Humboldt River at the time.

Valley Floor
Considerable ground-water recharge occurs on
parts of the valley floor largely as a result of
seepage from the Humboldt River (pages 66-68),
and most of the ground-water discharge occurs
there by evapotranspiration. The Humboldt River,
of course, is the most prominent stream.

Features Formed by Lake Lahontan

Lake Lahontan, a large and relatively deep lake
covered the lowlands of the project area in late
Pleistocene time and some of the physiographic
features of the valley floor were formed at that
time. The maximum altitude of the lake was
roughly 4,400 feet. Shoreline features and deposits
formed within and near the margins of the lake
suggest that, in gross aspect, two deep stages
and one intervening period of desiccation charac-
terized the history of Lake Lahontan. (See Rus-
sell, 1885; Morrison, 1961; and Cohen, 1962¢.)
Beaches, bars, and wave-cut terraces and scarps
oceur at altitudes ranging from about 4,260 to
4,400 feet. The beaches largely have been obscured
by erosion and sedimentation and, therefore, are
not shown in Plate 1; the more prominent wave-
cut terraces and scarps are shown. The floors
of Paradise and Grass Valleys, except as they
have been modified by post-Lake Lahontan wind
and stream action, represent the floor of the sec-
ond and most recent deep stage of the lake. This
surface is nearly flat, has a gradient of about

3 4o 4 feet per mile to the northwest near the
mouth of Grass Valley, and is almost horizontal
in the mouth of Paradise Valley.

Becatise of its relatively recent age and low
gradient the drainage system on the former floor
of Lake Lahontan is poorly developed. The floor
of Paradise Valley is drained by the Little Hum-
boldt River and the floor of Grass Valley is
drained by Clear Creek. Both streams have very
low gradients and their channel capacities are
small. As a result, nearly all the streamflow from
the bordering mountains that reaches the floors
of Paradise and Grass Valleys ponds and guickly
evaporates. Gumboot Lake, an ephemeral lake in
the mouth of Paradise Valley, contains water only
during years of unusually high runofl or when
sand dunes block the course of the Little Hum-
boldt River (page 40).

The deposits- of the former bottom of Lake
Lahontan are composed largely of strata of silt
and clay that have a very low permeability and
high field capacity (ability to retain moisture in
the soil against the downward pull of gravity).
Accordingly, virtually none of the precipitation
and practically none of the streamflow on the
former bottom of Lake Lahontan recharges the
ground-water reservoir.

Elood Plain ond Terraces of ‘the Humboldt River

Four relatively flat surfaces or terraces border
the channel of the Humboldt River at successively
higher altitudes. The highest surface, the so-called
“ypper terrace,” is the former floor of “Lake
Lahontan and is largely a depositional feature.
The next two lower surfaces are river-cut terraces
yeforred to as the “middle terrace” and “lower
terrace.” The lowest surface is the present flood
plain of the Humboldt River; it is a complex sur-
face characterized by both depositional and ero-
sional features. ‘

The lower and middle terraces discontinuously
border the flood plain of the Humboldt River
from the downstream margin of the project area
upstream to about the vicinity of Golconda, Both
are nearly flat surfaces that locally have been
modified by wind action; sand dunes as high as
20 feet are common. In places, as near the south-
western margin of the study area, both terraces
have been removed by erosion and nearly vertical
scarps about 50 feet high separate the flood plain
from the upper terrace. The lower terrace is pre-
served only downstream from Winnemucca, and
the middle terrace is best exposed between Winne-
mucea and Goleonda. Two small remnants of the
middle terrace, each less than 1 square mile in
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area, occur-downstream from Winnemuces (Plat
1).

The downstream gradients of the lower an
middle terraces vary slightly ‘and they are abou
the same as that of the flood plain, averagin
about 8.t6 4 feet per mile, Locally, as immediately
upstream from Winnemucea, the middle terrace
is almost horizontal. Because the gradient of the
upper ferrace is somewhat less than the averape
gradient of the river-cut terraces and the flooc
plain, the height of the scarps bordering the floo
plain  generally becomes progressively - less
upstream.

The flood plain of the Humboldt River is the sur-
face bordering the river that periodically largely is
covered by flood water: it includes local physio-
graphic features such as sand dunes that ravely if
ever are covered by water. In this report the flood
plain is considered a single physiographic unit.
Its ‘most charvacteristic geomorphic: features are
meander loops of the Humboldt River, meander
scrolls of abandoned channels, and floodflow chari.
nels which are relatively straight depressions
that normally carry water only during  periods
of flood or as a result of irrigation practices.
(See Figures 7, 9, and 21.) The width of the
meander belt of the present channel ranges from
about one-half the width of the flood plain, as in
sec, 15, T. 35 N., R. 36 E., to less than one-eighth
the width of the flood plain, as in sec. 12, T. 36
N., R. 89 E, ~

The width of the flood plain ranges from about
0.2 mile to 5 miles. At the upstream margin of
the project area it is about 5 miles wide: in Emi-
grant Canyon it narrows to about 0.2 mile in
width; at Button Point it is about 0.7 mile wide:
and near Winnemucca at the so-called Winne-
mucca narrows it is about 0.3 mile wide. The
flood plain is about 1 mile wide opposite the mouth
of Grass Valley and narrows to about 0.3 mile
at the Rose Creek constriction

Emigrant Canyon, the Winnemucea narrows,
and the Rose Creek constriction are areas where
the width of the flood plain and the thickness of
the  deposits * of the ground-water = reserveir
decrease markedly. Test drilling and geophysical
studies (Dudley and MeGinnis, 1962, p. 11-13)
suggest that bedrock occurs at a depth of ‘about
40 to 50 feet in Emigrant Canyon, (See Plate 2;
Section A-A’; and Figure 6.)

At the Winnemucea narrows the flood plain is
constricted by alluvial-fans deposited along the
flanks of Winnemucca Mountain and the Sonoma
Range. Consolidated rock, probably basalt, vreport-
edly was penetrated by well 36,38-19deal at a

depth of 500 feet. Well 36/38-30deal, about half
a mile southwest of Winnemueea, reportedly pene-
trated lava at a depth of 495 feet. Well B6/88-
2bebl, about 4.5 miles northeast of Winnemuces,
reportedly penetrated consolidated rock at a depth
of about 300 feet below land surface. Diamond-
core test hole 37/38-34adal, about 1 mile north
of well 86,/38-2bcbl, penetrated basalt at a depth
of about 47 feet (Plate 2, Section C-C’y. Basaltis
exposed at land surface about 114 miles north and
northwest of the diamond-core test hole. Thege
data plus geophysical data (Dudley and MeGinnis,
1962, p. 12-17; and G. M. Wilson, 1960) suggest
that' consolidated rocks form a fairly shallow

FIGURE !
miiles L Winnemueea, Nev, View is toward the
ly impermenble slate, phyllite; sehist,
ite ‘border the canyon. Stahl dam i i

the foreground. Photograph by L 1. Gourtey.

few of Emiprant Canyon about 15

trough beneath the unconsolidated deposits of
the ground-water reservoir in the Winnemucea
narrows and in the area extending about 4 to 5
miles upstream. The buried bedrock surface
appears to plunge southwestward toward the
mouth of Grass Valley where the estimated depth
to bedrock is on the order of 5,000 feet (G M.
Wilson, 1960). ‘

At the Rose Creek constriction the flood plain
is contained between the Krum Hills and the
alluvial apron along the northern slope of the
East Range. (See Plate 3, Section F-F” ;and Figure
7.) A consolidated siliceous spring deposit is
exposed in the NW1j see. 21, T.35 N, R. 36 E.
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Further, diamond-core test hole 35/36-21cced
penetrated consolidated rock at a depth of about
40 feet, and well 35/36-21bdb2 reportedly -pene-
trated consolidated rock at a depth of about 15
feet and hydrothermally altered rock(?) from 15
to 480 feet. Lithologic logs of other wells in the
area, test borings, water-quality data, and geo-
physical studies suggest that bedrock oeccurring
at and close to land surface in the Rose Creek con-
striction is related to vertical displacement along
the normal fault bordering the west side of the

;

of the Humboldt River villey

SR e P
FTIGURE 7. rial view
at the Rose Creek constriction about 12 miles
downstream from Winnemucen, Nev, View 18 toward
the northeast. Tmpermeable slate and shale of Tri-
assic age exposed in the hills in the upper left of
the pieture. Photograph-by L. L. Gowrley.

Fast Range and extending northeastward beneath
the flood plain of the Humboldt River (Dudley
and MecGinnis, 1962; Cohen, 1962a; and G, M.
© Wilson, 1960).

STREAMS

Humboldt River

The Humboldt River, one of the largest streams
in North America that does not discharge into
the ocean, heads near the eastern border of
Nevada and flows westward for about 200 miles
before entering the study area (Figure 1). It then
fows southwestward for about 70 miles to Rye
Pateh Reservoir, the largest reservoir on the
river (Figure 8). The natural terminus of the

river is the Humboldt Sink, about 17 miles south-
west of the reservoir. Prior to construction of
the reservoir, water sometimes overflowed south-
westward from the Humboldt Sink into the Car-
son Sink where Humboldt River water mixed
with water from the Carson River which drains
the Sierra Nevada.

Most of the water released from Rye Patch
Reservoir is used for irrigation in the Lovelock
area several miles downstream from the reéser-
voir. (See Robinson and Fredericks, 1946; and

FIGURE 8--Aerial view of Rye Pateh Dam and Beser-
voir about 45 miles southwest  of  Winnemuees,
Nev. Lake Labontan deposits exposed along {he
hanks of the reservoir, Photograph by L. L. Gouwr-
Ley.

Eakin, 1962.) Most of the water currently dis-
charging to the Humboldt Sink is excess irriga-
tion water and tail waste from the Lovelock area.

The course of the Humboldt River in the proj-
ect area is transverse to the mnorth-trending
regional structure. The river probably is an ante-
cedent stream, having eroded its channel about
as rapidly as the fault-block mountaing were
uplifted. Throughout most of the year the stream
is sluggish and meandering, locally eroding and
locally depositing material. During the spring
runoff, it actively erodes ifs channel, cuts off
meander loops, and scours deep floodflow chan-
nels. Thin layers of silt and clay normally are
deposited on the flood plain during periods of
overbank flooding.

The river-mile distance between the Comus and
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Rose Creek gaging stations, that is, the distane
measured along the meandering  channel of  th
Humboldt River during periods of low strean
flow is about 92 miles. The fiood-plain - distane
or the distance measured along straight segmen
parallel to the main thread of the river, is abou
45 miles, or about one-half the river-mile distane
The average gradient of the river is about 1.7
feet per mile or about one-half the gradient of
the flood plain. The depth of the channel ranges
from about 6 to 15 feet and averages about 8
feet (Figure 21). Its width ranges from 40 to
150 feet and averages about 80 feet. Loeally, aban-
doned channels and floodflow channels are nearly
as deep and as wide as the present channel.

Smaller Streams

Based on its drainage area (Table 6), the Little
Humboldt River is the second largest stream i
the project area. Its south fork heads in ar
unnamed mountain range north of the Osgood
Mountains about 70 miles northeast of Winne-
mucca, and its north fork heads in the Santa Ros
Range about 50 miles north of Winnemucea. Both
forks join about 85 miles northeast of Winne-
muecea; the river then flows along the axis of
Paradise Valley and joins a secondary channel
of the Humboldt River in sec. 34, T. 87 N., R.
38 E. (Figure 9). Near its junction with the
Humboldt River its gradient is about 4 feet per
mile,

During the period of this study (1959-62), the
Little Humboldt River discharged little water into
the Humboldt River. N early the entire flow norm-
ally is diverted for irrigation in Paradise Valley
and eventually evaporates, is transpired, or per-
colates downward to the water table. During the
spring and early summer when the altitudes of
water levels are usually highest, the channel com-
monly intersects the water table and contains
water from sec. 21, T. 37 N., R. 38 E. southwest-
ward to the Humboldt River,

Kelly Creek heads in an unnamed- range east
of the Osgood Mountains, flows southwestward
for about 25 miles and joins the Humboldt River
about 2 miles downstream from the Comus gag-
ing station. It is ephemeral in its lower reaches
and rarely discharges into the Humboldt River.
From southwest to northeast, the principal
streams draining the Sonoma Range are those
in Mullen and Dry Canyons, Thomas Creek, those
in Water, Harmony, and Devils Canyon, Pole
Creek, and Rock Creek. All are locally perennial
in their upper reaches, ephemeral in their lower

reaches, and rarely discharge into the Humboldt
River, ‘

Rose Creek, the principal stream draining that
portion of the East Range in the project area,
flows northward toward the Humboldt River. It
Jjoins Clear Creek; which drains the axig of Grass
Valley, in sec. 24, T. 35 N., R. 36 E. The combined
channel, which ig deeply incised into the upper
terrace, rarely carries water even duving the
spring runoff, ‘

IGURE 9-<&érial view of the Humboldt River valley
about -4 wmiles upstream  from Winnemucen, Nev,
View is-toward the northeast. The Little Humboldt
River Hows between basalt flows and Jjoing the Huam:
boldt River ‘nedr the upper 1eff of the pieture,
Light eolored beds evposed neay the bases of “the
basalt flows are ta of the upper gt and elay
unit of Lake Tahontan age Photograph by I. 1.
Gourley.

"HYDROGEOLOGIC CHARACTER
OF THE ROCKS

Based largely on their hydrologic properties,
the rocks of the area are divided into two groups:
consolidated rocks, most of which have virtually
no interstitial porosity and permeability, and
unconsolidated and partly consolidated sedimen-
tary deposits which store and transmit most of
the ground water. Their hydrologic properties,
lithology, occurrence, and other pertinent charac-
teristics are summarized in Tables 2 and 3. More
detailed information is given in a previous report
(Cohen, in press). Inasmuch as only one of the
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WATER RESOURCES OF HUMBOLDT RIVER VALLEY NEAR WINNEMUECA

consolidated-rock units (basalt) yields water
readily to wells and because the hydrologic prop-
erties of the consolidated rocks were not studied
in detail in the field or in the laboratory, the
hydrologic information listed in Table 2 neces-
sarily is generalized.

Most of the unconsolidated deposits tapped by
irrigation wells in the area are older than the
Lake Lahontan deposits and younger than the
older sedimentary deposits of Tertiary age. These
deposits are largely of fluviatile origin and prob-
ably are largely the stratigraphic time correla-
tives of  the younger fanglomerate. These
subsurface deposits are shown as undifferentiated
alluvium in Plates 1-and 2.

The hydrogeologic properties of the unconsoli-
dated deposits forming the ground-water reser-
voir were studied in the field and in the laboratory.
Representative data are shown in Table 4 and in
Figures 10, 11, and 12. More detailed information
on specific yield and related data are given in
Table 22 and on pages 77-80.
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PARTICLE-SIZE DIAMETER, IN MILLIMETERS

FIGURE 10.— Particle-size distribution of seleeted
samples of fluviatile deposits in the flood plain
of the Humboldt River near Winnemucca, Nev.

Values for the laboratory coefficients of perme-
ability of the deposits ranged from 0.001 gpd/ft2
(gallons per day per square foot) for a sample
of slope wash to 7,000 gpd/ft* for o sample of the
medial gravel unit. The laboratory coefficient of
permeability is equal to the rate of flow of water,
having a temperature of 60°F., through 1 square
foot of material under a hydraulic gradient of
1 foot per foot. These values are only slightly
higher than those of the field coefficients of per-
meability because the average temperature of
ground water in the project area is about B53°F.
(See Wenzel, 1942, . 62.)

The coefficient of transmissibility is"the rate
of flow of water through a vertical strip of aquifer
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FIGURE 11.— Particle-size distribution of
selected samples of terrace deposits in the
Humboldt River valley near Winnemuces,
Nev.
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FIGURE 12.—  Particle-size distribution of selected
samples of the medial gravel unit inthe Humboldt
River valley near Winnemucca, Nev.

1 foot wide extending the full gaturated height
of the aquifer under a hydraulic gradient of 1
foot per foot at the prevailing water temperature.
Thus, the coefficient of transmissibility is equal
to the field coefficient of permeability multiplied
by the saturated thickness of the aquifer. Coeffi-
cients of transmissibility can be obtained from
controlled pumping tests. Unfortunately, very few
wells in the area were adequately equipped and
constructed to obtain reasonably aceurate and
meaningful estimates of the coefficients of trans-
missibility. Data obtained from two tests at well
35/37-8dadl indicate that the medial gravel unit,
which has a saturated thickness of about 90 to
95 feet near the well, has a coefficient of transmig-
gibility of about 500,000 gpd/ft (gallons per day
per foot). Accordingly, the estimated average field
coefficient of permeability of the wunit in the
vicinity of the well is on the order of 5,000 gpd/
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34 WATER RESOURCES OF HUMBOLDT RIVER VALLEY NEAR WINNEMUCCA

ft2. This agrees reasonably well with the labora-
tory permeability of 7,000 gpd/ft* for sample
35/36-15ddbl-2 (Table 4). The sample probably
is representative of the most permeable facies of
the gravel. Accordingly, the coeflicient of perme-
ability of about 5,000 gpd/ft? obtained from the
aquifer tests is considered to be more nearly rep-
resentative of the average permeability of the
unit,

GEOLOGIC STRUCTURES

Geologic structures affect the storage and move-
mernt of water in the project area, Although there
is some overlap, the structures of hydrologic
significance are divided into two groups—tectonic
structures and internal primary and secondary
structures. Tectonic structures are those formed
as a vresult of relatively large deformational
forces within the earth’s crust and include normal
faults, thrust faults, joints, and other fractures.
These fractures allow water to move through
some of the otherwise impermeable consolidated
rocks. Furthermore, many of the solution open-
ings, which locally transmit water through some
of the carbonate rocks, were formed along tectonic
fractures.

Internal primary structures that store and
transmit water inelude interflow scoracious and
fractured zones in the Tertiary or Quaternary
basalt flows. Inasmuch as the basalt was formed
from a cooling liquid, it has practically no inter-
stitial porosity and permeability. Accordingly,
primary structures and, locally, secondary strue-
tures, afford almost the only opportunity for the
storage and movement of water in these rocks,

Primary and secondary structures also affect
the hydrologic properties of the unconsolidated
deposits forming the ground-water reservoir. Bed-
ding or stratification is one of the most common
primary sedimentary structures. Where strata of
gimilar lithology overlie one another, there nor-
mally are little or no marked vertical changes
in hydraulic properties. However, bedding sur-
faces commonly demark substantial changes in
lithology and, accordingly, changes in hydraulic
properties. The irregular bedding surface which
forms the contact between the medial gravel unit

and the overlying upper silt and clay unit is an

example of a marked lithologic and hydraulic
digscontinuity.

Commonly, the unconsolidated deposits are
composed of nonequidimensional particles’ that
tend to be oriented with their flatest surface
parallel to the bedding, thus imparting aniso-
tropie hydraulic properties  to most of these

deposits. Permeability ordinarily is much greater
parallel to the bedding than across the bedding:

Secondary - accretionary structures, formed
largely by chemical’ precipitation; are common
in the deposits of the ground-water reservoir and
include nodules and layers of ecalcium carbonate,
rosetfes of calcium sulfate, and calcium carbonate
root fillings. These structures decrease porosity
and permeability. Other secondary  structures,
such as cavities formed by burrowing snails and
crustaceans, cavities formed by the solution of
fossil shells, and fractures formed as a result
of desiceation, loeally ‘vesult in & high secondary
porosity, especially 'in some of the floodiplain
deposits.

GEOLOGIC HISTORY

The following brief summary of the Paleozoic
geologic history largely is adapted from Ferguson,
Muller, and Roberts (1951).

Most of the Paleozoic rocks of the area were
deposited in a fairly shallow marine environment.
A major period of orogenic deformation, charac-
terized largely by tight folding and thrust fault-
ing, occurred before Middle Pennsylvanian time.
Another period of orogenic deformation: accom-
panied by voleanism began in the Permian Period,
as evidenced in the Sonoma Range where rocks
of Carboniferous age are thrust over rocks of
Permian{?) agé. Orogenic deformation continued
in Triassic time and probably culminated  in
Jurassic or Early Cretaceous time contempora-
neous with the emplacemernit of granitic plutons
of Jurassic(?7) age.

Early Tertiary geologic history is not well
documented in the project-area. Voleanism. and
epeirogenic deformation. characterized by gentle
warping and normal faulting probably were the
most significant geologic events in early Tertiary
time. The oldest sedimentary deposits of the
ground-water reservoir accumulated partly in a
lacustrine and partly in a subaerial environment
in late Tertiary time. These deposits subsequently
were broken by dormal faults of large vertical
displacement, possibly on the order of 3,000 to
5,000 feet or more. Following and perhaps partly
contemporaneous with this deformation, the Ter-
tiary or Quaternary basalt flows were extruded,

The present gross topographic features, includ-
ing the Humboldt River drainage system, were
outlined during and following the last-mentioned
interval of structural deformation. Coarse allu-
vial wedges of older fanglomerate were deposited
along the bases of the newly uplifted ranges.
Finer grained fluvigtile and lacustrine deposits
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were formed in the valley lowlands. Continued
relative uplift of the ranges deformed the older
fanglomerate. Subsequently, the vounger fan-
glomerate was deposited along the slopes of the
ranges, Its finer grained correlative, the undiffer-
entiated alluvium, was deposited contemporane-
ously in the valley lowlands.

Throughout late Tertiary and Quaternary time,
intermittent uplift along normal faults disrupted
the regional drainage system. The course of the
Humboldt River periodically was blocked by the
newly uplifted mountain ranges; lakes formed
in. which some of the fine-grained, relatively
impermeable strata of the ground-water reservoir
were deposited. Eventually, water gaps, such as
those at Emigrant Canyon and the buried gaps
at the Winnemueca narrows and the Rose Creek
constriction, were formed.

In response to a change in climate in late Pleis-
tocene time, Lake Lahontan covered the lowlands
of the project area. As the climate became more
humid, the flow of the Humboldt River and its
tributaries increased and the lake encroached
about as far eastward as the Comus gaging sta-
tion. The lower silt and clay unit was deposited
in the deeper parts of the lake. Subsequently, in
regponse to a more arid climate, the level of the
lake declined. Eventually, the lake completely
receded from the project area, and alluvial mate-
rial was deposited by streams flowing across the
former lake bottom.

In response to increased precipitation, the flow
of the Humboldt River and its tributaries again
inereased. The river carried large volumes of
coarse material and probably channeled the under-
lying deposits. In time, Lake Lahontan again
covered the lowlands of the project area. As the
lake rose, rapidly shifting shorelines partly
reworked the coarse material being transported
and deposited by the Humboldt River. In addi-
tion, waves reworked some of the alluvial-fan
deposits, and beaches, bars and spits were formed,
All these well-sorted, highly permeable materials
formed the medial gravel unit. As the lake con-
tinued to rise, the medial gravel unit was covered
by the upper silt and elay unit. Most of the gravel
bars exposed at land surface at present were
formed near the shore of this second deep stage
of the lake,

Subsequently, the climate again became more
arid - and Lake Lahontan receded downstream
from the study area toward the Humboldt Sink.
The Humboldt River then cut through the upper
silt and clay unit into the upper few feet of the
medial gravel unit. The rviver-cut terraces were
formed during pauses in the decline in lake level,
The present flood plain was formed on a river-cut
surface that was covered by about 10 to 20 feet
of largely fluviatile post-lake Lahontan deposits.
The younger alluvium and wind-blown material
were deposited following the final desiecation of
the lake,
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SCOPE AND OBJECTIVES OF THE HYDROLOGIC ESTIMATES

All the components of the hydrologic system
that were studied by the Geological Survey are
described in the following sectiong of the report.
In addition, hydrologic budgets are computed for
three time intervals, water years 1949-62, water
vear 1962, and December through June of water
year 1962 (page 93). The period, water years
1949-62, was selected because Humboldt River
streamflow data at both the upstream and down-
stream marging of the area are available only
for this period. A budget is given for water year
1962 because the largest measured annual loss of
streamflow and the largest measured increase of
ground water in storage occurred during that
vear. A budget is given for December through
June of water year 1962 because the largest meas-
ured seasonal increases of ground water and
surface water in storage oceurred during this
period.

Hydrologic-budeget analyses are not made for
the entive project area as outlined on the maps
accompanying - this report; rather, they are
restricted to the storage units showin on Plate b
largely because nearly all the changes of ground
water and surface water in storage and most of
the evapotranspiration occurs “in these areas.
Accordingly, ~where appropriate,  guantitative
hydrologic estimates for the storage units and
for the three time intervals are deseribed in the

following sections of the report.

Inasmuch as all the components of the hydro-
logic system have not been studied and because
some of the studies have not been completed yet,
preliminary and very approximate estimates of
some components are made to develop the data
needed for the hydrologic-budget analyses.
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SURFACE WATER
By R. L. Hanson

The principle objectives of the surface-water
studies were to determine the amount of surface-
water inflow and outflow from the area, and to
describe the routing and disposition of surface
water within the area. These components of the
hydrologic system are emphasized in this section
of the report: estimates needed for the water-
budget analyses are included.

Streamflow data were obtained and analyzed
at three recording stream-gaging stations, and
periodic streamflow measurements were made at
18 intermediate nonrecording gages along the
Humboldt River within the study reach. Tribu-
tary streamflow was obtained for nine small
streams entering the project area. These data
were obtained at several measuring sites on each
tributary and at a gaging station on Pole Creek,

The three gaging stations on the main stem of
the Humboldt River are formally designated as
“Humboldt River at Comus,” “Humboldt River at
Winnemucea,” and “Humboldt River near Rose
Creek.” In this report these are referred to as
the Comus, Winnemuceca, and Rose Creek gaging
stations. The 3 stations and the 18 intermediate

stations are listed in Table 12 and are shown in

Plate 5. The gaging station on Pole Creek is
formally designated “Pole Creek Near Goleonda,”
and . is referred to as the Pole Creek gaging sta-
tion. The locations of the Pole Creek station and
miscellaneous streamflow measuring sites on the
other tributaries are listed in Table 7.

INFLOW

Humboldt River

Surface-water inflow to the project area is
mainly from the Humboldt River and has been
evaluated largely on the basis of long-term
streamflow data obtained at the Comus gaging
gtation. This station i8 9 miles northwest of Go
conda and about 8 miles downstream from the
eastern border of the project area. The drainage
area of the Humboldt River above the Comus gag-
ing station is approximately 12,100 square miles.

Monthly and yearly streamflow data for Hum-
boldt River at Comus are available for 48 water
vears, 1895-1909, 191126, and 1946-62. Most of
these data are given in the following U.8. Geo-
logical Survey Water-supply Papers:

Water year ‘Water-supply Paper
1895~-1950 1314
19511960 1184 (in preparation)

H

Beginning with the 1961 water vear, annual
water-supply papers  were  discontinued, and
streamflow records at the Comus gaping station
for water years 1961 and 1962 were published in
annual reports entitled, “Surface Water Records
of Nevada,”

Table 5 summarizes streamflow at the Comus
gaging station for the 48 water yvears of 'record.
The substantial difference between the mean and
median annual flow, and the very large difference
between the extreme yvears suggest that there are
wide variations in annual Humboldt River inflow
to the study area.

TABLE 5--8UMMARY OF ANNUAL STREAMFLOW
AT THE COMUS GAGING STATION
Streamfiow

Water vear {acrg-foot)
Mean annual. .0l F1ROH~1962 199,100
Median annual RO5-1962 145,500
Maximum anmual. 1907 65,100
Minimunm annoaal...i 1920 26,700
*Does not inchude water vears 1910 and 1827245,

Tributary Streams

Nine small streams were investigated during
water years 1960-62 to estimate the averape
annual tributary steeamflow into the project area
and into the storage units, and the amount of this
flow that discharges into the Humboldt River
as “surface flow. The tributaries  investigated
south of the Humboldt River were Bock Creek,;
Pole Creek, Devils Canyon, Harmony Canvon,
Water Canyon, Thomas Canyon, and Roge Creeok.
Because Clear Creek, which drains Grass Valley,
had no perceptible flow in the area during the
period of study, a streamflow measuring site was
not established. The tributaries investigated north
of the Humboldt River were Kelly Creek and the
Little Humboldt River,

The Pole Creek gaging station is the only tribu-
tary streamflow measuring station equipped with
a water-stage recorder (Table 6). This station has
been used as a basis for estimating the average
annual streamflow from the other major tribu-
taries flowing into the project area. Records for
Pole Creek are available in “Surface Water
Records of Nevada” for water vears 1961 and
1962,

The drainage area between the Comus and Hose
Creek gaging stations is about 8,100 square miles.
The ‘tributaries and valleys which ‘comprise this
area are listed in Table 6. The sum of the drain-
age areas of Kelly Ureek, Little Humboldt River,
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and Clear: Creek iz about 2,500 square miles, or
about &0 percent of the total drainage area
between the Comus and Rose Creek gaging sta-
tions. However, an almost negligible amount of
tributary streamflow from these three. basins
reaches the Humboldt River.

Kelly Creek flows into the Humboldt River
shout 2 miles downstream from the Comus gaging
station. Almost all the flow from this stream is
used upstream for irrigation and seldom reaches
the river. Some flow from Kelly Creek may reach
its mouth during the spring runoff or during pe-
riods of high flow when no irrigation occurs.

The Little Humboldt River, which flows into
the Humboldt River about 2 miles upstream from
Winnemuces, is-utilized for irrigation in Paradise
Valley.- Most of the remaining flow is blocked
by sand dunes across the valley floor about 6 miles
upstream from the mouth of the Little Humboldt
River and forms Gumboot Lake. Surface flows
of about 0.5 ¢fs and less were observed near the
mouth of the river in April and May of water
vear 1962, Most of this flow was ground-water
seepage and did not discharge into the Humboldt
River. Normally, the Little Humboldt River is
dry within the study area throughout most of
the year.

Clear Creek, which had no significant stream-
flow in the project area during the study period,
has a well-defined channel on the floor of Grass
Valley in the project area, indicating that flow
has oeeurred in the past. A flood flow of 11,000
cfs was measured on Clear Creek about 18 -miles
upstream from the project area in August 1961
(Table 15). Virtually all of this flow.ponded and

was lost by evapotranspiration, however, before
reaching the study area.

The remaining tributaries investigated, Roc
Creek, Pole Creek, Devils Canyon, Harmony Can-
yon, Water Canyon, Thomas Canyon;, and Rose
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Creek comprise about 105 square miles of drain-
age area, or about 3 percent of the total, between
the Comus and Rose Creek gaging stations: Table
6 shows that, except for Rock Creek which has
a drainage area of about 52 square miles, the
drainage area of each of these tributaries is less
than 15 square miles. This relatively minor part
of the total drainage avea furnishes most of the
total tributary streamflow to the project area.

During the summer months, most of the streams
originate at springs near their headwaters. Snow
melt normally increases the flow beginning in
March or April and ending in June or July. Occa-
sional thunder showers on these watersheds result
in flash floods.

Discharge measurements were made periodi-
cally along each tributary to determine approxi-
mately the point of maximum surface flow. This
point, which is most eagily determined during
periods of * low streamflow, generally ranges
between an altitude 5,000 and 5,500 feet for the
tributaries studied.

The tributaries above this altitude u%ually are
gaining streams, which are replenished by springs
and snow melt. Below this altitude they are losing
streams, as the flows evaporate, are transpired,; or
percolate into the alluvial fill in the canyon floor.
Table 7 lists the -approximate point of maximum
flow for each tributary investigated. Streamflow
data for these sites in water vear 1960 are listed
in Water-supply Paper 1714; data for water
vears 1961-62 are listed in- “Surface-water
Records of Nevada” (U.8. Geological  Survey,
19614, 1962).

During periods of high flow most of the run-
off spreads out over the alluvium into many dis-
tributary channels and perecolates into the ground
or is diverted into fields for irrvigation. Flows of
about 20 cfs or less may have reached the river

from Rock Creek and Pole Creek during periods

TABLE 6—TRIBUTARY STREAMS AND VALLEYS FORMING THE TOTAL DRAINAGE AREA
BETWEEN THE COMUS AND ROBE CREEK GAGING BTATIONS

Approximate
drainage area
{square miles)

Tributary or valley
{in downstroam order)

Kelly Creek. . 300
B s e VOSSR H2
ey O U PRSP 13
Devils Canyon.... . 5
Hittle Humboldt Rwezr (I amdm\ Valley ) oo 1,500
Harmony Canyon 9
WAET ORIV OTL oot e e e e b e nm e 7
THOTRAS CATITOTE et eerbee ks cnane e nane s b nmn s s e sarranns 11
Clear Creek (Grass Valley) oo itime oo 480
Rose OreeRi . 8
Humboldt River flood-plain and foothill areas: o bealid

Total..... 8,070

Remarks

Above mouth

Above U8 Highway 40 crossing

Above 1.8, Iighway 40 ¢rogsing

Abdve U8, Highway 40 erossing

Above mouth

Above T8 Highway 40 erossing

Above diversion diteh: three- quartew ol amile gouth
of Winnemucea

Above Grass Valley road er uwuw

Above U8, Highway 40 crossi

Above confluence with Clear Creck tlbme .8, High-
wiay 4

Between the Comus and Rose Creck gaging stations;
excludes drainage areas listed above
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TABLE 7—STREAMFLOW-MEASURING STATIONS ON TRIBUTARY BTREAMB AT
APPROXIMATE POINTS OF MAXIMUM STREAMFLOW

Dirainage

CAltItEde
Hymbol® Designation Laoeation (feet)
,,,,,,,, Kelly Creek nenr Goleonda, Nev Wi sec, 0, 8T N, R 43 1,500
Rock Creek near Golconda . SELNWI sec. 1TV NSRS E, 122 D440
ddel Pole Creek near Goleonda, Nev.t BWILBEYBEY, sec 12, T, 35 N, RO3H B, 107 4,920
abal Drevils Canyon vear Goleonda, Nev, S NBUNWILLNEY seco 11,1085 N, RA8YE. 4.4 5,080
dbel Little Humboldt River near Winnemucea, Nev, BWIANWIYBIEY see. 27, T 8T N, R B8 B, 11,800 4,200
adel Harmony Canyon near Winnemucea, N SWILBEYNWY, sec, 836, T.36 Ny R 351, 6.2 5,190
adel Water Canyon near Winnemucea, Nev, SWYHREYNWL - sec. 11, T 85 N R85 1. 3.9 5,680
edel Thomas Canyon near Winnemucesn, Nev., SWILSHEYLSWIL sec 15, T8 N ROBR 1. 1.2 5,180
abbl Roge Creek near Winnemueen, Nev. NWILNWYNEY gec 2,108 N, RO36E 5.2 5080

*Bymbols used to identify streamflow ineasuring stations shown in Plate 5. Kelly Creek and Rock Cresk streamflow measuring stations
are beyond the marging of the project aren and are not shown in Flate 5,

TApproximate.

IPole Creek gaging station, All other streamflow measuring stations are st miscellineous gites,

of high runoff in February, April, and May 1962.
Normally, however, a negligible amount of sur
face flow redches the Humboldt River.

Total tributary inflow to the project area was
estimated for water years 1961 and 1962. Approx-
imate annual hydrographs were reconstructed
for each tributary stream studied by comparing
streamflow data at the Pole Cresk gaging station
with the periodic measurements made at the
approximate points of maximum flow. Based on
these hydrographs, the estimated total inflow for
the tributaries studied was about 2,800 acre-feet
in water year 1961 and 12,000 acre-feet in water
yvear 1962. These streams drain approximately
80 percent of total tributary drainage area con-
tributing streamflow to the project area. Accord-
ingly, the estimated total tributary streamflow
wasg about 3,500 acre-feet in water year 1961 and
about 15,000 acre-feet in water year 1962.

Relatively long-term records at two nearby
gaging stations, Martin Creek near Paradise Val-
ley and Little Humboldt River near Paradise Val-
ley, indicate that streamflow at both stations was
about 45 percent of the long-term average in
water year 1961 and about 185 percent of the
long-term average in water year 1962. It is
assumed that the long-term flow characteristics
of Martin Creek and the Little Humboldt River
are comparable to those of the smaller streams
in the project area. On this basis, the average
annual fributary streamflow at the points of
maximum streamflow in the project area is esti-
mated to be between 8,000 and 11,000 acre-fest
or roughly 10,000 acre-feet per vear.

The estimated average annual tributary stream-

|3

flow that reached the outer margins of the storage

units in water years 1949-62 was about 4,500
acre-feet; it was about 5,800 acre-feet in water
year 1962, and about 5,000 acre-feet in December
through June of water year 1962. On the average,
very -little of this water reached the Humboldt
River as surface flow.

OUTFLOW

Humboldt River streamflow as measured “at
the Rose Creek gaging station constitutes almost
all the surface-water outflow from the project
area. The drainage area upstream from the gag-
ing station is approximately 15,200 square miles:
Monthly and yearly streamflow data for the
station are available since 1948 and are piven
in Water-supply Paper 1734  (in preparation).
Records for water years 1961-62 have been pub-
lished in “Surface Water Records of Nevada.

Table 8 summarizes streamflow data at the pag-
ing station for the 14 complete water years of
record; 1949262, The data show that the median
annual streamflow for the period of record is
about 80 percent of the mean annual flow. The
maximum recorded annual streamflow occurred in
water year 1952 and was about 25 times greater
than the minimum annual flow which oceurred in
water year 1955, The outflow is less than the
inflow listed in Table 5.

TABLE 5—38UMMARY OF ANNUAL STREAMFLOW AT
THE ROSE CREEK GAGING STATION

Streamflow
) Water vear Caore-foet)
Mean -amnual. o 194062 155,400
Median annual... 2194862 127,600
Maximum  annual.s o 1952 BEHR00
Minimum annusl ; o 19565 Z1.840

STREAMFLOW CHARACTERISTICS

Streamflow-at the Comus gaging station is more
dependent upon ‘precipitation in the headwater
area than precipitation in  the projeet area.
Because most of the headwater precipitation falls
in the form  of ‘snow, most of the runofl at the
Comus gaging station occurs during the snow-
melt period, normally April through June. The
storms producing the snowpsack in the upper
watershed usually are regional and cover wide
areas. Asa result, as shown in Figure 13, a fair
correlation exists between precipitation at Winne-
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mucca and streamflow at the Comus gaging sta-
tions. There is -a relatively close correlation
between precipitation and streamflow in water
yvears 1946-62. Both streamflow and precipitation
were below average in water years 1946-50, 1953-
55, and 1959-61, and above average in water
yvears 1951-52, 1956-58, and 1962. The graph also
shows that streamflow in 30 years, or nearly two-
thirds of the 48 water years of record at the
Comus gaging station, was below average.

The percent of time that a specific daily mean
rate of flow oceurred or was exceeded at the gag-
ing station can be ascertained from Figure 14,
which is a flow-duration curve for the Humboldt
River at Comus for water vears 1918-26 and
1946-62, the period during which streamflow
data were obtained at the site of the present sta-
tion. The curve was prepared by the so-called
“total-period” method (Searcy, 1959; p. 3). A
mean annual streamflow of 275 cfy (199,100 acre-
feet per year) at the Comus gaging station was
equaled or exceeded about 25 percent of the time.
A daily mean flow of 70 cfs was equaled or
exceeded about 50 percent of the time. The daily
mean discharge exceeded 2,000 cfs only about 1
percent of the time, and 4,000 ¢fs about 0.2 per-
cent of the time. The river was dry at the Comus

gaging station for a total of 110 days, slightly
more than 1 percent of the time. During the pres-
ent study, it was dry for a total of 10 days.

Average annual precipitation at Elko, Nevada
{near the headwaters of the Humboldt River) for
the 48 years of streamflow record at the Comus
gaging station was about 10 percent more than
the average annual long-term . precipitation at
Elko (1870-1962). On the other hand, average
annual precipitation at Winnemuceca for the 48
vears was aboul 5 percent less than the average
annual long-term precipitation at Winnemucca
(1871-1962) . On the basis of these data, it is'pre-
sumed that the 48 years of streamflow record at
the Comus gaging station is reasonably represent-
ative of the past 90 years or so.

Data for the 48 years of record at the Comus
gaging station and for the period during which
both the Comus and Rose Creek gaging stations
were in operation {water vyears 1949-62) are
summarized in Table 9. Mean annual streamflow
for the common period of record was 14 percent
less than that for the long-term period of record;
median annual streamflow was b percent more
than that for the long-term period. In.addition,
the annual maximum and minimum extremes for
the common period very nearly approached the
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long-term extremes. Accordingly, in overall agpect
streamflow at the two gaging stations during the
common period of record probably was reasonably
representative of long-term streamflow character-
istics in the study reach.
Streamflow at the Comus gaging station was
about 22 percent of average in water years 1959~
61 and about 160 percent of average in water
vear 1962. Thus, the flow of the Humboldt River
in the project area was considerably below aver-
age during 3 of the 4 years of the present study
and was significantly above average during the
4th year.

Figure 15 ig g bar graph of annual streamflow

PERCENT OF TIME DAILY MEAN STREAMFLOW WAS EQUAL TO OR

EXCEEDED INDICATED VALUES
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DAILY MEAN STREAMELOW, IN CUBIC FEET PER SECOND

FIGURE 14.—  Duration curve of daily mean
streamflow, Humboldt River at Comus, Nev.,
water years 1918-26, 1946-62
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at the Comus and Rose Creek gaging stations for
the common period of record. The graph shows
that streamflow at the Rose Creek gaging station
generally was less than that at the Comus gaging
station. Years of shove average flow at the Comus
gaging station corresponded with yvears of above
average flow at the Rose Creek gaging station;
the converse was also true.

TABLE 9—STREAMFLOW, IN ACRE-FEET, OF THE
HUMBOLDT RIVEE AT THE COMUS
GAGING STATION

PP ERIOD OF BRCORD ( WATER YHARE ) <
18051908, 191 128,
184962

194662
199,100 172,100

149,500 156,500
daxtmum annual. e B8R 100 BhR.500
Minimum annual 26,700 20580

Mean  antuasl
Median - annaal.
Maxi

Monthly and vearly streamflow at the Comus
and Rose Creek gaging stations for the common
period of record are listed in Table 10 average
monthly streamflow is shown in Figure 18. The
graph shows that the lowest monthly flow at both
gaging stations commonly occurs in September
and October. This is a result of evapotranspira-
tion and the depletion of channel and bank storage
from the previous spring runoff, Streamflow
begins to increase by November, owing mainly to
a reduction of evapotranspiration. By December,
practically no evapotranspiration oceurs and
streamflow increases slightly. The flow continues
to increase through January and February as a -
result of winter precipitation. Spring runoff from
the winter’s snowpack usually begins in March
or April, resulting in peak flows in May and June.
The flow gradually recedes following the peak
as water is used for irrigation and is consurued
by evapotranspiration. Normally, by July most
of the winter’s snowpack has been depleted, water
is flowing out of channel storage, and the river is
drawing from the ground-water reservoir. In
August, streamflow continues to decrease as the
only significant source of water is that which 1is

-supplied from the ground-water reservoir, By

September or October the river dgain reaches its
point of minimum flow.

The preceding discussion describes the monthly
trends in streamflow of the Humboldt River dur-
ing an average water year. Unusual weather con-
ditions, such as prolonged periods of drought or
unusual storms as exemplified by the February
1962 peak flows, however, may affect the monthly
flow pattern in a given water vear.
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STREAMFLOW DISPOSITION
AND ROUTING

Gains and Losses

A comparison of the monthly streamflow at
the Comus and Rose Creek gaging stations listed
in Table 10 and summarized in Figure 16 shows
periods of gains and losses in streamflow between
the two main-stem stations. Some of the more
significant hydrologic factors affecting these gains
and losses are the amount of streamflow, avail-
able channel storage, ground-water conditions,
soil-moisture conditions, and irrigation practices,

During the 14-year period of common record,
about 60 to 70 percent of the total flow in the
Humboldt River occurred during the spring run-
off in April, May, and June. An average of about
24,000 acre-feet more water passed the Comus
gaging station than the Rose Creek gaging sta-
tion during this 8-month period. The loss in
streamflow between the two gaging stations was
caused largely by increases in channel storage, tse
of water for irrigation, recharge to the ground-
water reservoir, evaporation from open bodies of
water, and transpiration by vegetation.

Generally, the transition from a losing stream
to a gaining stream between the Comus and Roge
Creek gaging stations occurs quite abruptly in
June or July. Considerably more water is passing
the Rose Creek gaging station than the Comus
gaging station by the end of the water yvear as
water flows out of channel storage and is dis-
charged from the ground-water reservoir. The
river continues to gain into January as the result
of a reduction in evapotranspiration, Normally,
not until February does the river again become
a losing stream, when the stage of the river rises
as the result of winter precipitation. Thus, the
data indicate that on the average the Humboldt
River gains water between the Comus and Rose
Creek gaging stations during the periods of low
flow from July through January, and loses wate
during the periods of medium and high flow from
February through June,

Table 11 lists the annual net gains and losses
of streamflow between the Comus and Rose Creek
gaging station during water years 1949-62, and
the percent of total flow at Comus represented by
the gains and losses. Net losses ranged from
54,300 acre-feet in 1962 to 5,690 acre-feet in 1955,
Net gains ranged from 14,400 acre-feet in 1958
to 680 acre-feet in 1954. In the 14-year period the
net loss averaged about 17,000 acre-feet, or 15
percent of the average annual flow at the Comus
gaging station,

%

TABLE 11—ANNUAL GAINS OR LOSSES IN STREAM-
FLOW OF THE HUMBOLDT RIVER, BETWEEN THE
COMUS AND ROSE CREEK GAUGING STATIONS,
WATER YEARS 1949-62

Percent of
annual dow
at the Comus
Water veqr { gaging station
19490 20
1950w i 800 18

10

4

T

‘?

............................ 21
........................... 4 18
1957 ...................... i 82700 14
IOG8 i - 100 G
7,740 29

10,510 ‘ 42

11,210 31

54,300 18

Averages... ... s T d 6,700 15

Seepage Studies

In September 1959, 18 intermediate streamflow-
measuring stations equipped with staff gages
were established on the main stem of the Hum-
boldt River between the Comus and Rose Creek
gaging stations. Eight of the stations were at
or near dams. In addition, in September 1960
the Geological Survey established the Winnemucea
gaging station about 2 miles north of Winnemuecesa
to measure Humbeldt River streamflow  about
midway through the study reach. These stations
are listed in Table 12 and are shown in Plate 5
During the study period, seepage measurements
were made periodically at the intermediate sta-
tions and at the three regular recording stations

 to help evaluate seepage gains and losses of the

river. Streamflow data for these stations are listed
in Water-supply Paper 1734 and in the “Surface-
water Records of Nevada” for water years 1961
and 1962,

Seventeen sets of seepage measurements were
made during the period 1959-62, and the results
are shown on Figures 17, 18, -and 19. Kach set
of seepage measurements is defined by plotting
the measured streamflow at each intermediate and
regular gaging station. Lines sloping upward to
the left indicate a gain in streamflow, whereas
lines sloping downward to the left indicate a loss
in streamflow.

Table 18 summarizes the results of the geepage
measurements. During periods when the flow
was 50 cfs or less, the river was a gaining stream.
These periods commonly occurred in the late.
summer, fall, and early winter. The graphs show
that the patterns of gains and losses during pe-
riods of low flow were very uniform. (Figures 17
to 19). The gains and losses were caused largely
by the interchange of water between the river
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WATER RESOURCES OF HUMBOLDT RIVER VALLEY NEAR WINNEMUCCA

and the groundswater reservolr {pages 61-64).
Increases in base flow from the fall to the winter
for example from October to December 1960 an
1961, resulted largely from seasonal reduction
in évapotranspiration losses.

Medium to high flows of 50 ¢fs or more occur
“red in April and June during the irrigation sea
son.The graphs for these months show a losg in
streamflow between the Comus and Rose Creek
gaging -stations, which- was due mainly to the
diversion of water for irrigation and recharge
to the ground-water reservoir., Marked decreases
in flow between some of the intermediate stations
during these months were largely the result of
diversions for irrigation of meadow lands adja-
cent to the river. Increases in flow probably were
the vesult of the return flow to the river of some
of the water diverted for irrigation.

Gains and losses during periods of peak flow
are related primarily to the amount of stream-
flow, the amount of channel and bank storage
available to be filled within the study reach, and
the amount of water retained behind dams for
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TABLE 13--8UMMARY OF BEEPAGE MEASUREMENTS
BETWEEN THE COMUS AND ROSE CBREER GAG-
ING STATIONS, WATER YEARS 195063
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FIGURE 17.— Streamflow measurements along the Humboldt River between the Comus and Rose Creek gaging
stations near Winnemucea, Nev,, water years 1955-60
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irrigation. Gains and losses during these periods
are affected to a lesser degree by evaporation
from open bodies of water and franspiration by
vegetation.

Variations in the gains and losses during pe-
riods of high flow are shown by the hydrographs
in Figure 20 for the Comus, Winnemucca, and
Rose Creek gaging stations during the period
February through July of water vear 1962, Table
14 compares the four major peak flows shown in
the figure and lists the peak-flow travel time
between stations:

The-rapid increase in-flow in February, reach-
ing a peak flow at Comus on February 21, was
caused by heavy rainsg on snow upstream from the
study area. By the time the peak reached the
Winnemucca gaging station, it had been reduced
by nearly 35 percent of the peak flow at Comus.
By the time the peak reached the Rose Creek gag-
ing station, it had been reduced by nearly 50
percent of the peak flow at Comus. This large

reduction in flow was due primarily to retention
of water ‘behind irrigation dams and storage of
water ‘in the channel and banks. A second peak

TABLE 14—8UMMARY OF FOUR PEAK FLOWS AT
THE COMUS, WINNEMUCCA, AND ROSE CREEE
GAGING BTATIONS, WATER YEAR 1962 ‘

Toss in peak Travel time

Daily menn between
Diate of peak flow
peak tofs)
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FIGURE 18.— Btreamflow measurements along the Humboldt River between the Comus and Rose Cresk gaging
stations near Winnemucca, Nev., water year 1961
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flow oceurred at the Winnemucca gaging station
on March 8 and 9. Because this peak did not
appear upstream at the Comus gaging station, it
probably was the result of the release of water
stored behind dams between the two stations.

The hydrographs also show that the February
peak was followed by three other significant peaks
during the spring runoff in April, June, and July.
Preceding the three peaks, the flow increased at

a slower rate than that preceding the February -

peak. This slower rate of increase in flow is typi-
cal of spring-runoff characteristics of the Hum-
boldt River in the study reach. The peak flows
during February and March filled much of ‘the
available channel storage within the flood plain,
leaving little storage space available for the subse-
guent peaks. As a result the logses in-streamflow
for these three peaks, as shown in Table 14, were
less than the losses which occurred during the
February peak, and were due primarily to the
divergion of ‘water for irrigation, evapotranspira-
tion, and recharge to the ground-water reservoir.

The hydrographs show that the highest peak
at the Comus gaging station for the 1962 water
year occurred in February, whereas the hichest
peak at the Rose Creek gaging station occirred
in July. Because much of the available channel
storage was filled by the February peak, the lower
subsequent peaks retained much of their volume
in their progress downstream,

~ Travel Time
A correlation between travel time and stream.
flow requires a very complex analysis of the chan-
nel and flow characteristics of a study veach. In

- this report consideration of streamflow travel

time is limited to a brief analysis of the travel
time of wave fronts of peak flows (Rantz, 1961).
Some ‘of “the factors “which affect streamflow
travel fime within the study reach are amount of
streamflow, amount of available channel storage,
amount of water retained behind dams, rough-
ness, slope, and shape of the channel, and rate
of increase or decrease in streamflow.
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gaging stations near Winnemucea; Nev.; Pebruary-Tuly of water vear 1962
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The wave front of a peak flow normally travels
downstream at a faster rate than the volume of
water contained in the peak. The travel time
for the February, April, June, and July peaks
during water year 1962 are shown in Table 14
The table shows that travel time of waves (or
peaks) between the Comus and Winnemuecs gag-
ing stations ranges between 514 to 914 days, or
6 to 10 miles per day, for peak flows of about
1,000 efs. Travel time between the Winnemuecca
and Rose Creek gaging stations ranges between
Zoand 2446 days, or on the order of 15 1o 20 miles
per day, for peak flows of the same magnitude:

Evaporation Lesses From Open Bodies of Water

Man has increased water-surface evaporation
logses within the project area by placing various
constrictions across the valley floor. Numerous
road and railroad crossings between the Comus
and Rose Creek gaging stations cause back water
and additional flooding during high flows. In addi-
tion; about 16 small dams store water for irriga-

tion ‘purposes. Evaporation from water behind
the dams and evaporation resulting from natural
flooding are evaluated in the following para-
graphs: however, no attempt is made in this
report to  evaluate surface-water evaporation
losses from irrigated fields that often are almost
completely inundated artificially for several weeks
at a time.

To estimate the evaporation losses from open
bodies of water, the water-surface area and its
relation to the amount of streamflow, and the
rate of evaporation from these surface areas were
evaluated, Flood-plain profiles were drawn at 18-
of the 21 intermediate and recording gaging sta-
tions utilizing large-scale topographic maps pre-
pared by the BSoil Conservation Service. Four
typical profiles (Figure 21) show that the width
of the flood plain varies considerably, and that
the flood plain is charvacterized by numerous
gide channels and depressions, Each of the 18
profiles was assumed o be typical of the flood
plain halfway between the adjacent upstream and
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downstream cross-sections. ‘Based on the stage-
discharge relation of the main channel at each
profile, a relation between discharge and water-
surface area was determined. The total water:
surface area between the Comus and Rose Creek
gaging stations could then be computed. Figure
22 shows a curve relating the total water-surface
area between the two gaging stations to the aver-
age of streamflow at the two gaging stations. The
figure shows that the surface area increases from
about 1,000 acres for an average flow of 20 cfs
to-about 12,000 acres for an average flow of
5,000 ¢fs,

Wide variations in evaporation rates and water-
surface areas occur throughout the year. There-
fore, water-surface evaporation losses were
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FIGURE 22.— - Relation of total water-surface areéa
between the Comus and Rose Creek gaging
stations to the average of streamflow at the
two gaging stations ‘

determined on a monthly basis rather than a
yearly basis. The average monthly streamflow of
the river was estimated by averaging monthly
streamflow data at the Comus and Rose Creek gag-
ing gtations. Monthly water-surface areas were
then obtained from  the discharge surface-ares
curve in Figure 22. Monthly evaporation rates
from free-water surfaces were estimated on the
bagis of partial short-term evaporation data near
Winnemucea and more complete yet partial evapo-
ration data at Rye Pateh Reservoir, 45 miles
southwest of Winnemuecca, and at the Fallon
experimental - station, 115 'miles  southwest of
Winnemuceca. The water-surface evaporation loss

for ‘a given month is the product of the water-
surface area and the evaporation rate for that
month. The annual water-surface evaporation loss
for a given yvear is the summation of the monthly
water-surface evaporation losses for that year.

The relation of annual streamflow at the Comus
gaging station to the estimated annual evapora-
tion losses from free-water surfaces between the
Comus and Rose Creek gaging stations is shown
in Figure 23. Evaporation from free-water sur-
faces was-on the order of 5,000 acre-feet, or 17
pereent of the total flow, when the annual flow at

ANNUAL EVAPORATION, IH THOUSARDS OF ACRE-FEET

i i 1
100 200 300 400 &0
ANNUAL BTREAMFLOW AT THECOMUS GAGING STATION,
INTHOUSANDS OF ACRE-FEET

FIGURE 23.— - Relation of annual atreamflow at
the Comus gaging station to annual water-
surface evaporation losses between the
Comus and Rose Creek gaging stations,

. water years 1950, 19562-58, 19565, 1958,
-1961-62

the Comus gaging station was about 30,000 acre-
feet; it was about 9 percent when the annual
streamflow was about 200,000 acre-feet, and about
5 percent when the annual streamflow was about
500,000 acre-feet. :

The following table shows a comparigon of the
estimated annual water-surface evaporation losses
and annual gains or losses in stréamflow betwesn
the Comus and Rose Creek gaging stations for
the 7 water vears and for the common period of
record. There does not appear to be a close corre-
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lation between water-surface evaporation losses
and annual gains or losses in streamflow. The
table indicates, however, that water-surface evap-
oration losses are significant when compared with
the annual gains and losses in streamflow.

Annual gain (<) or

logs (=) betwesn the

Comis and Rose Crev

Waiter losses gaging stations
{acre-feet) (acre-feat )

16,800 —20,900

. 23,400 22700

.. 11,900 8,000
18656 R GRD w3600
1958.... 17,800 14,400
1961 o 5A00 11,210
1062 1400 54,300

Averages, 1940-62.... 14,000 °

Water-gurface
evapoaration

«=17,000

The estimated average annual water-surfa
evaporation losses for water years 194962 is
the order of 14,000 acre-feet. The estimated evap
ration losses from free-water surfaces in Deecen
ber through June of water year 1962 is 14,0
acre-feet.

Some of the factors affecting water-surface
evaporation losses which were not investigated
in this analysis are irrigation flooding, vegetal

cover over flooded areas, relation between depth

of water and evaporation rates, and increased
water-surface areas based on daily mean stream-
flow rather than monthly mean streamflow.

more complete evaluation of these factors wou
require the collection of considerably more data
and a more detailed and comprehensive analys
of the data. However, the results obtained in th
study probably are a reasonable indication ¢
the order of magnitude of evaporation losses from
free-water surfaces and the extent to which this
evaporation affects the total water budget.

Surface-water Storage

Channel storage has a significant effect on the
flow characteristics and disposition of streamflow
throughout the study reach. As a result of
increased channel storage, peak flows are reduced
as they move downstream, surface-water evapo-
ration losses increase, and the ground-water
reservoir is replenished.

The normal channel-storage capacity of the
river is greatly increased by the numerous dams
in the main channel. Diversions at the dams flood
meadow lands, side channels, and other depres-
sions, further increasing the surface-water stor-
age capacily. The amount of surface water in
storage varies widely during the irrigation season
when flash boards are added to or removed from
the dams, and diversion structures are opened o

closed. No attempt is made to analyze changes in
the amount of surface water in storage as a result
of irrigation practices.

Channel storage was defermined in s mannéer
similar to water-surface area (page 53) ; that is,
a relation between discharge and crossésectional
ares was obtained at each topographic profils.
From this, the relation of the total surface water
in storage between the Comius and Rose Creek
gaging stations to the average of streamflow at
the two gaging stations was deterniined to define
the curve shown in Figure 24. The graph shows
that surface water in storage between the two
gaging station® increases from about 1,000 acre-
feet Tor an average streamflow of 10 efs to about
33,000 acre-feet for an average streamflow of
5,000 cfs.
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FIGURE 24.— Relation of total surface water in

storage between the Comus and Rose Creek

gaging stations to the average of streamflow
at the two gaging stations

On the average, the stage and flow of the river
is the same at the beginning and end of a water
vear. Accordingly, the net change of surface
water in storage from the beginning to the end of
a water year normally is zero or very nearly so.
However, the flow of the Humboldt River aver-
aged about 5 cfs at the Comus and Rose Creek
gaging stations at the beginning of water year
1962 and about 22 cfs at the end of the water
vear. Thus, the estimated net inerease of surface
water in storage for this period was about 1,800
acre-feet. The flow averaged 7 cfs on December
1, 1961, and 1,170 cfs on June 30, 1962; the esti-
mated net increase of surface water in storage
during this period was on the order of 22,000
acre-feet,
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FLOODS

Floods in the Humboldt River and its tributaries
are characterized by several different weather
conditions. Peaks of extreme magnitude usually
occur  during the winter, gpring, ‘and - early
summer. Floods during the winter -usually are
caused by rain on snow or heavy rain on frozen
ground. Floods during the spring normally are
‘the result of runoff from the winter's snowpack.
“The magnitudes of peak flows are dependent
Jargely on the amount of snow pack in the moun-
taing and on the amount of rain. Heavily concen-
trated rain showers may occur at any time and
caude floods of unusually high magnitude from
tributaries having relativelyv small drainage areas.

Extreme high flows of the Humboldt River
usually inundate much of the flood plain resulting
in loss of livestock and damage to bridges, roads,
railroads, and irrigation structures. Mud and
sheet flows from tributaries occasionally block
or wash out roads and railroads.

A flood-frequency study was made of the Huom-
boldt River at the Comus gaging station to evalu-
ate the flood potential of the river in that area.
This study involved the determination of the

magnitude of peak flows and their frequency, or
rectirrence interval. The recurrence interval may
be defined as the average interval of time within
which a peak flow of a given magnitude will be
equaled or exceeded once.

A method developed by the U.S. Geological Sur-
vey (Dalrymple, 1960, p. 16) was used to draw
the flood-frequency curve on Figure 25, which
shows the relation between the annual peak flows
and the recurrence interval. The curve shows
that the February 21, 1962 peak flow of 1,690 cfs
at the Comus gaging station has a recurrence
interval of about 4.3 vears. In other words the
peak flow which occurred in water year 1962 theo-
retically would be expected to occur once every
4.5 years.

The mean annual flood or the peak flow which
may be expected to occur 50 percent of the time
is, by definition (Dalrymple, 1960, p. 29), that
flood having a recurrence interval of 2.33 years.
From Figure 28, the mean annual flood at the
Comus gaging station is about 1,070 ¢fs.

The magnitude of floods in the upper Humboldt
River bagin is not always an indication of the
magnitude of floods in the lower basin. For exam-
ple, the February 1962 peak flows at many gaging
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stations in the upper basin were the highest of
record, whereas the highest peak flow of record
at -the Comus gaging station oecurred during
water year 1955.

Relatively few additional data are available o1
the magnitude and frequency of floods in the
study area. Old newspaper reports indicate tha
unusually high floods occurred throughout the
Humboldt River basin during water year 1910,
No data are available, however, to establish the
magnitude of this flood. Unusually high flows
from: tributaries in the Winnemucea area occur-
red in July and August 1961 as the result of
heavily concentrated thunder showers. Peak-flow
measurements were made by indirect methods on
Pole Creek, Thomas Canyon, and Clear Creek,
which drain the Sonoma Range. A summary of
these peak flows is listed in Table 15. The rela-

as

TABLE 15--8UMMARY OF PEAK FLOWS ON POLE CREEEK, THOMAS CANYON,
AND CLEAE UREER, WATER VEAR 1061

tively small drainage areas above the measuring
sites on these tributaries contributed a very high
unit runoff. Flood flows from the tributaries car-
ried “congiderable mud and debris which were
deposited on the alluvial aprons. The Pole Creek
gaging station and an earth fill dam on Clear
Creek were washed ont:

A nearly complete summary of floods in the
Humboldt River basin during the period 1861 to
1962 is available in a report published by the
Nevada Department of Conservation and Natural
Resources and the U.S. Department of Agricul-
ture 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.B. Geological Survey Circular 467
entitled, “Floods of February 1963 in Southern
Idaho and Northeastern Nevada.”

Dirainage
AT, : Peak flow
Btream Laoestion (sd. miles) Date {efe)
Pole Creel......._...... At the Pole Creek gaging station pear Gol-
conda, Nevada g 10.7 Aug, 6, 1961 oo 4,000
Thomas Canyon.......About 2% miles upstream from the Grass
, Valley Road crossing and 4% miles south
of Winnemucen; Nevadsa. . [P 8.4 July Soor 4, 19610000000 1,820
Clear Creek ... About % mile upstream from Clear Creck :
Ranch and® 17 miles south of Winpe- i
mucen, Nevada. .. Ll 324 Adge B, 1981 11400 7
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GROUND WATER

Those aspects of the ground-water system of
the project area studied by the T.8. Geological
Survey are emphasized in this section of the
report. Quantitative estimates of recharge to, dis-
charge from, and changes of ground water in
storage in the storage units outlined in Plate 5
are stressed for the purpose of developing the
data needed for the water-budget analyses. Pre-
liminary estimates of several components of the
hydrologic system are included.

THE GROUND-WATER RESERVOIR

Nearly all the economically recoverable ground
water in the project area and virtually all the
ground water closely associated with the flow
of the Humboldt River is in the unconsolidated
and partly consolidated Tertiary and Quaternary
sedimentary deposits. Where saturated, these
deposits and a few basalt flows collectively are
termed the ground-water reservoir. Stratigraphic
units in the ground-water reservoir capable of
yielding significant quantities of water to wells
are termed aquifers. Some ground water probably
oceurs in the consolidated rocks of the area in
addition to the basalt flows; however, in overall
aspect most of the older consolidated rocks have
little or no interstitial porosity and permeability
and therefore are not considered pazt of the
ground-water reservoir.

Partly because of erosion but largely as a result
of displacement along normal faults, the bedrock
surfaces underlying and bordering the ground-
water reservoir are highly irregular. Accordingly,
the range in thickness of the ground-water reser-
voir is considerable. In the mouth of Grass Valley,
it is at least several thousand feet thick. In other
areas, such as Emigrant Canyon and the Rose
Creek constrietion, the reservoir is only about
40 to 50 feet thick. Along the margins of the
basin where saturated deposits overlap the rocks
of the bordering mountains, it thins to a feather
edge.

OCCURRENCE OF GROUND WATER

Water in the ground-water reservoir occurs
almost entirely in the interstices or pore gpaces
between granular sedimentary particles and chem-
ical precipitates. The porosity and permeability
of ‘the deposits largely are related to the size
and shape of the particles and the degree of

compaction and cementation of the material. All
other factors being equal, well:sorted material
hasg the most numerous pore spaces, and coarse-
erained material has the greatest permeability.
Accordingly, well-sorted, coarse-grained strata
normally store and yield the most water and
poorly-sorted, fine-grained strata normally store
and vield the least water. Because of the plate-
like shape of some of ‘the fine-grained particles,
because of the loose compaction, and because of
primary and secondary sedimentary structures,
some of the fine-grained deposits in the project
area are moderately to highly porous and conse-
quently contain relatively large amounts of water.
Nevertheless, because they are fine-grained, these
deposits have a low permeability and yield little
water to wells.

Little is known about the occurrence of water
in the deeper parts of the pround-water reservoir
because no wells in the area are more than about
600 feet deep. Presumably, deposits similar to
the Miocene or Pliocene deposits (Table 3) oecur
at depth; however, it is difficult to predict at what
depth they occur. because they are broken by
faults of large vertical displacement and have
been deeply eroded. Loeltz, Phoenix, and Robin-
son- {1949; p. 26 and Plate 1) indicate that the
older Miocene or Pliocene deposits consist largely
of fine-grained material having low permeability
and underlie most of the floor of Paradise Valley
below a depth of about 300 feet. The older deposits
apparently were nolb penetrated by any of the
wells in the mouth of Grass Valley or along the
Humboldt River, It is surmised that the older
Miocene or Pliocene deposits transmit only small
quantities of water largelv because they are fine
grained,; structurally deformed, moderafely com-
pacted, and partly cemented.

During the drilling of most of the test borings
at nearly 175 sites, ground-water levels did not
change with depth, indicating that ground water
oceurs under water-table (unconfined) conditions
in most-of the shallow deposits. Locally, however,
artesian (confined) conditions occur where lenses
of relatively permeable sand and gravel are inter-
bedded with or overlain by less permenble mate-
rial “in’ the ‘alluvial-fan deposits and in the
flood-plain deposits.
 Beneath the flood plain and river-cut terraces,
ground water occurs under water-table conditions
in the medial gravel unit during most of the year.
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In the mouth of Grass Valley, artesian conditions
probably oceur in the medial gravel unit where
it is overlain by the clay facies of the upper silt
and clay unit. (See Section E-E’, Plate 2.) Locally,
water-table conditions probably oceur in the sand
facies of the upper silt and clay unit.

Thermal springs and two flowing wells, one
thermal and one nonthermal, define five addi-
tional, relatively small areas where water occurs
under artesian conditions. A ground-water mound
of thermal water -about 100 feet above the
regional water tablé oceurs along the Kast Range
fault. (See Plates 3 and 4.) The mound is defined
by water levels at springs 35/36-28abal and
35/36-28deel, and by the water level in - well
35/86-27bbbl. Flowing well 36/38-19deal, which
is in the city of Winnemucca, reportedly pene-
trated mostly fluviatile deposits to a depth of
499 feet and basalt to depth of 525 feet; report-
edly, it has an artesian head of about 10 to 12
feet above land surface. Well 37/39-8dcel is
the only flowing well in the mouth of Paradise
Valley, and reportedly is the only well discharging
thermal water in Paradise Valley (Loeltz, Phoe-
nix, and Robinson, 1949, pp. 38-34). The well iz 61
feet deep, flows at a rate of about 2 gpm, and dis-
charges water having a temperature of about
168°F. Thermal water having & maximum tem-
perature of 148°F. forms a ground-water mound
just west of Goleonda. The mound, which is about
50 feet above the regional water table, is defined
by the levelg of spring pools and by the water
level “in-well 86/40-29cdal.- The fifth area of
artesian flow occurs about 2 miles north of the
Comus gaging station, where springs 36/41-
Z2aacl and 36/41-2aac¢2 discharege thermal water.

SOURCE AND MOVEMENT OF
GROUND WATER

Infiltration of precipitation within the Hum-
boldt River drainage basin is the ultimate source
of mearly all the ground water in the project
area, . As described subsequently in the rveport
the direct infiltration of precipitation probably
contributes only a small part of the average
annual ground-water recharge. Rather, the source
of most of the ground water is seepage of stream-
flow, the ultimate source of the streamflow being
precipitation.

The source of the apparently small amount of
thermal water in the area is not known. That
the water is hot suggests possible deep circulation
through fractured zones in the consolidated rocks.

Direction of Movement

Ground water moves in the direction of least
hydraulic head, perpendicular to water-level con-
tours, from recharge greas to discharge areas.
Plates 3 and 4 show water-level ¢contours based
largely on the. altitude of water levels in wells
that penetrate only the upper few feet of the
zone of saturation and on the altitude of the
Humboldt River at 21 staff gages. Accordingly,
the maps do not necessarily indicate the precise
direction of ground-water movement at any
appreciable depth below the top of the zone of
saturation, especially in: arveas underlain by con-
fined aquifers. However, ag previously indicated,
most of the aquifers in the area probably contain
unconfined water; therefore, the maps probably
indicate the peneral horizontal component of the
direction of ground-water movement o ‘a depth
of several hundred feet in most parts of the proj-
ect area. Loeltz, Phoenix; and Robinson (1949,
Plate 1) show water-level contours in the mouth
of Paradise Valley, baged on the altitude of ‘water
levels in moderately deep wells. In overall aspect,
these contours are similar to those shown in
Plateg 3 and 4. This suggests that the general
direction of the horizontal component of ground-
water movement at depth probably is similar to
that in the shallow aquifers.

Plate 3 shows water-level contours in December
1961. Contours showing artesian heads neay the
East Range fault and near Goleonda are shown;
however, inasmuch as only meager data are avail-
able relative to the extent of other artesian agui-
fers in the area, artesian heads in the two flowing
wells in the area and of the springs near the
Comus gaging station are not shown. Although
the shape of the contours change from day to day
and season to season, their overall shape during
most of the year (normally from about late July
to mid-April) remains about the same. Thus, dur-
ing most of the year, the gross direction of
ground-water movement is, as shown in Plate 3,
toward the: Humboldt River and thenee westward
and southwestward roughly parallel to the river.

Rate of Movement

Most of the ground water in the project area
moves at rates ranging from g small fraction of
a foot to a few hundred feet per year; depending
on the porosity, permeability, and hydraulic
gradient. Except under special ecircumstances,
such as flow through large fractures or golution
openings in consolidated rocks or flow through
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highly permeable unconsolidated aguifers having

unusually steep hydraulic gradients (as in the

vicinity . of pumping wells), the quantity of
ground-water flow or underflow can be computed
by theequation

Q = PIA, W

where Q =— the quantity of ground-water flow
in gallons per day,
P — the field coefficient of permeability
in gallons per day per sguare foot,
I = the hydraulic gradient in feet per
mile, and
A = the cross-sectional .area through
which the flow occurs.

The rate of flow in feet per day, V, through a
‘given section having a cross-sectional area, A,
can be computed from the equation

Q Pla
7.48n 7.48n
where 1118 porosity expressed in percent and 7.48
is a factor for converting gallons to cubic feet.
The following data and computations {llustrate
the method of calculating the velocity of ground-
water flow. Sample 35/36-19dbel=2 had a labora-
tory coefficient of permeability of 1,400 gpd/ft?
and a porosity of about 38 percent (Table 4). The
estimated field coefficient of permeability of the
material is about 1,850 gpd/ft2. The hydraulic
gradient in the aquifer near the well from which
the sample was obtained normally is about 4 feet
per mile. For convenience, the cross-sectional
area through which the flow occurs may be taken
as 1 square foot. Substituting these data in equa-
tion 2

4 1
V o= (1,350) [ ][ ] = 0.36
5,280 7.48 x 0.38.4 feet per
day,

or about 130 feet per year. Because the field
coefficient - of permeability of most of the flood-
plain- deposits probably s somewhat less than
1,850 gpd/ft2, and because the hydraulic gradient
commonly is not more than 4 feet per mile, the
average velocity of ground-water flow in these
deposits is assumed to be somewhat less than 130
feet per year.

The estimated average field coefficient of perme-
ability of the medial gravel unit is 5,000 gpd/ft?
{(page 32). Its estimated average porogity is about
30 percent. Thus, where the hydraulic gradient
is 4 feet per mile the velocity of ground-water
flow in the unit is ‘

4 1
v = oom [ ][ 1=
5,280 L T48 x 080 4 feet per
day,

or about 600 feet pér year. Where the hydraulic -
gradient iz steeper the velocity is proportionately
greater.

GROUND-WATER MOVEMENT AND ITS
RELATION TO THE FLOW OF
THE HUMBOLDT RIVER

As described in a subsequent section “of the
report (page 64). ground-water movement and
its relation to the flow of the Humboldt River in
December are highly significant with respect to
the quantitative analysis of ground-water inflow
from tributary. areas. Moreover, many of the
observed hydrologic features of the project area
can be explained on the hasis of interrelations
between the river and the ground-water reservoir;

Normally ‘in . December, very little water is
diverted dirvectly from the river, no tributary
streamflow discharges into: the river, no signifi-
cant changes in channel storage oceur, and vir-
tually no deereases in streamflow oceur as a result
of ‘evaporation and transpirvation. Pumping in
December is almost entirely for domestic and
municipal use in Winnemucea, In the past 10
years, pumpage in the vicinity of Winnemucca
in December probably averaged about 0.5 efs,
Much of this water and some springflow (page
T4) wag discharged into the river through the
municipal sewage plant in the NW1,SEV NEY,
gec. 30, T. 36 N., K. 38 E. The esfimated rate of
sewage effluent discharging into the river was
slightly less than the pumpage and spring dis-
charge used in Winnemucca. Some of the pumpage
probably was indirectly diverted from the river
(page '99). For the sake of gimplicity, it is
assumed that the amount of water diverted from
the river by pumpage was approximately equal
to the amount of return flow to the river through
the sewage plant. Inasmuch as the sewage plant
is less than 0.5 mile downstream from the prin-
cipal ares of pumpage, the effects on the flow
of the river of pumpage and the discharge of
sewage effiuent into the river in December are
presumed to cancel each other,

The shape of the water-level eontours, as they
eross the Humboldt River, indicates the relations
betweern the river and the ground-water reser-
voir. Figure 26 shows the diagrammatic shape
of water-level contours as they cross the stream
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for various conditions along the Humboldt River.
Figure 26a shows ground-water seepage to the
river where the hydrostatic head in the aquifers
is greater than that in the river. Figure 26b
shows seepage from the river to the aquifers
where the head in the aguifers is less than that
in the river. Figure 26¢ shows ground-water flow
parallel to the river where the head and gradient
in the aquifers is the same ag that in the river.
Figure 26d shows a reach of the river where
ground water moves obliquely across the trend
of the river because the head in the aguifers on
one gide of the river is greater than that in the

Heepage to the river

s e %
-
B R e At S

e N d
Underflow parailel to the river
Mo sespage loss of gain

Boepage gains and losses caused by a dam

FIGURE 26.— Diagrammatic shape of water-level contours
as they cross the Humboldt River for various conditions
along the river. Solid arrows indicate the direction of
streamﬁow; dashed arrows indicate the horizontal

component of the direction of ground-water movement.

river, and the head in the aquifers on the other
gide of the river is less than that in the river.
Figure 26e shows the shape of water-level con-
tours at a dam. Some distance upstream from
the dam, ground-water movement is roughly
parallel to the river; immediately upstream,
ground-water movement is away from the river;
iminediately downstream, ground-water move-
ment is toward the river.

Btreamflow measurements along the Humboldt
River in December 1961 are shown in Figure 19.
The flow at the Comus gaging station (station A)
was 0.15 cfs, and increased to about 0.5 efs at

station F as a result of ground-water seepage o
the river. This is verified by the shape of the
water-level contours between stations A and F
(Plate 3) which were slightly  concave down-
stream,  indicating =~ ground-water -~ movement
toward the river. The flow increased to about 1.4
cfs at station H. As suggested by the shape of the
water-level contours of Plate 3, the increase in
flow was a result of ground-water seepage from
the deposits adjacent to the river near the Stahl
Darmn (station ¥), and ground-water underflow
to the river from the drainage basin of Rock
Creek. A small part of the ineréase in flow may
have been the result of subsurface inflow to the
river of thermal water from the hot spring system
near Golconda. Streamflow decreased to 0.7 ¢fs
at station XK. In this reach, the contours were
oblique to the general trend of the river suggest-
ing ground-water movement from the southeast
toward the river (probably largely from the Pole
Creek drainage basin), and ground-water move-
ment away from the river toward the northwest.
Apparently; streamflow decreased because the
rate of movement away from the river toward
the northwest was greater than the rate of move-
ment toward the river from the southeast.

Streamflow increased to -about 5.1 cfs at sta-
tion N. The increase in flow was partly a result
of ground-water underflow to the river from the
north and northeast, and partly a result of a
decrease in the crosg-sectional area of the ground-
water reservoir in the Winnemuecca narrows, The
width of the medial gravel unit at station O is
geveral times the width of the unit in the Winne-
muecea. narrows. (See Plate 2.) The increased
width resulted in seepage losses from the river
between stations N and O.

The increase in streamflow from about 8.7 ¢fs
at station O o 14.8 cfy at station S was partly the
result of ground-water underflow from Grass Val-
ley and the northwestern slope of the Sonoma
Range discharging into the river and partly the
result of a partial barrier to ground-water move:
ment at the Rose Creek constrietion. The eontours
of Plate 3 indicate that some ground water moved
gsouthwestward from the mouth of the valley par-
allel to the river as ground-water underflow. In
the vicinity of station 8, the cross-sectional area
of the medial gravel unit decreases markedly
where it overlies consolidated rock in the Rose
Creek constriction (Section F-F’, Plate 2) causing
ground water to move upward and laterally into
the river. The abrupt flattening of the hydraulie
gradient immediately upstream from station S
probably is related to the partial bedrock barrier
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which functions as 4 subsurface dam. Seemingly,
the relatively flat hydraulic gradient is analogous
to a pond upstream from-a surface-water dam.
The steep hydraulic gradient downstream from
station S-is comparable to the spillway of a sur-
face dam.

Streamflow decreased about 1.3 cfs between

“stations S and U in December 1961. Virtually all
of the decrease occeurred between stations 8 and
T where the cross-gsectional area of the medial
gravel unit increases markedly downstream from
the bedrock barrier,

Because the shape of the contours shown in
Plate 3 remains about the same during low-flow
periods, ground-water movement and the result-
ing changes in the flow of the river during most
of the year are similar to those already described.
However, during periods of high streamflow,
which normally occur during the spring runoff,
the shape of the water-level contours and, accord-
ingly, the direction of ground-water movement
near the river changes markedly. Plate 4 shows
the shape of water-level contours in June 1962.
Streamflow in the spring of 1962 was above
normal (Table 10). Accordingly, the altitude of
the contours probably was somewhat higher than
average for June. '

In June 1962, a pronounced ground-water ridge
developed along the Humboldt River. As a result
of the rapidly rising and relative high stage of
the river, ranging from about 3 to 7 feet above
the stage in December 1961, water moved from the
river -to the ground-water reservoir. A loss of
streamflow of about 200 efs was measured
between the Comus and Rose Creek gaging sta-
tions on June 13-17, 1962 (Figure 19). However,
because of diversions for irrigation, evaporation,
transpiration, and increases in channel storage,
only a-small part of the measured loss entered the
ground-water reservoir.

The fact that the average rate of ground-water
movement in the flood-plain deposgits probably is
less than 130 feet per year (page B1) bears
directly -on the character of the ground-water
ridge formed along the Humboldt River in June
1962, In places the ridge was more than a mile
wide. Obviously, if the river funectioned as a line
source of recharge, ground water could not have
moved this far from the river during the few
months it took for the ridge to form. If the satu-
rated flood-plain deposits were largely confined,
that is, if the water were under artesian pressure,

the ground-water ridge largeély would refleet an

increase in artesian pressure which would oceur
in a relatively short period of time. Some aspects

of the ground-water ridge shown in Plate 4 may
have been related to increased artesian pressure;
however, in overall aspect the ridge probably was
indicative of a rise In the water table and the
actual movement of water to the ground-water
reservoir rather than merely a transmission of
pressure. In addition to the river functioning as
a line source of ground-water recharge, it also
supplies water to many of the depressions on the
flood plain as a result of natural flooding or diver-
sions for irrigation. Bach of the filled depressions
serves a® a source of ground-water recharge.
Because the depressions oceur throughout virtu-
ally the entire flood plain and becauge they are
closely spaced, ground water actually moves rela-
tively = short  distances from  the sources  of
recharge.

During the period of high river stage in June
1962, ground water continved to move toward
the Humboldt River valley from tributary areas.
At the same time, the hydrostatic head in the
river was above that in the immediately adjacent
aquifers causing ‘ground-water movement from
the river ‘to the ground-water reservoir. This
resulted in the formation of two troughs in the
water-level surface, one on each side of the river,
parallel to the ground-water ridge along the river.
The troughs were especially well-defined in the
mouth of Grass Valley and north of the river
opposite the mouth of Grass Valley. Ground water
apparently moved into the troughs and thence
southwestward parallel to the river. Exeeptions
oceurred in the reach of the river extending about
a mile downstream from station @ and in the
vicinity of station H where ground water prob-
ably discharged into the river.

Ground-water levels in June 1962 were at or
very clogse to land surface in the flood plain of
the Humboldt River between the Stahl Dam and
gtation C. In other words, the ground-water reser-
volr was nearly full. As a result, virtually no
water moved from the river to the ground-water
reservoir. Accordingly, the water-level contours
in this reach were practically perpendiculark’to
the river. ‘

The gverage rige of ground-water levels from
December 1861 to June 1962 in the flood-plain
deposits near the western margin of the project
area was 2.8 feet. (See Table 23.) A few miles
upstream, the average rise was 5.7 feet, The
increase in the stape of the river and the geology

of the flood-plain deposits in both areas are com-

parable. The difference in the average rize of
water levels was largely a result of irrigation

practices; a comparatively small amount of water
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was diverted for irrigation in the former ares,
whereas a considerable amount was diverted in
the latter area. Thus, it seems that the ground-
water ridge was formed partly by the infiltration
of irrigation water diverted from the river, and
in large part probably reflected a rise in the water
table rather than an increase in artesian pressure.

In the late summer of water year 1962 after
the stage of the river declined following the spring
runoff, .the ground-water ridge and the parallel
troughs dissipated largely asa result of the return
flow of bank storage to the river. The shape of
the water-level contours again closely resembled
that of the contours shown in Plate 3.

RECHARGE

Practically all the ground-water recharge to
the storage units outlined in Plate 5 results from
subsurface ground-water inflow, infiltration of
streamflow and diverted irrigation water, and the
direct infiltration and deep percolation of precipi-
tation. ‘

Subsurface Ground-water Inflow

The areas that contribute most of the subsur-
face ground-water inflow to the storage units are,
in upstream order, Grass Valley and the north-
western slope -of the Sonoma Range, Paradise
Valley, the drainage basing of Pole Creek and
Rock Creek; herein referred to as the Pole Creek-
Rock Creek area, and the Humboldt River valley
upstream from the storage units. Subsurface
inflow from the remaining parts of the project
area is-considered neglizible because of the com-
paratively small watersheds of these areas and
because of the shape of the water-level contours
in Plates 3 and 4, ;

Total subsurface inflow and that from each of
the major tributary areas was computed on the
basig of increases in the flow of the Humboldt
River and differences between underflow through
key sections perpendicular to the river. Although
seasonal c¢hanges in ground-water levels of as
much a8 10 feet oceur near the Humboeldt River,
ground-water levels commonly fluctuate within a
comparatively narrow range, commonly only 4
fraction of a foot, near the margins of the storage
units. Accordingly, hydraulic gradients, and there-
fore the amount of subsurface inflow to the stor-
age units, remain nearly constant.

In December of most years very little ground
water was discharged by pumping and virtually
none by evapotranspiration. In water vears 1955,
1960, and 1961, ground and surface water in stor-
age remained nearly constant, - Accordingly, in

those years virtually all the subsurface inflow to
the storage units discharged into the Humboldt
River or discharged out of the project area near
the Rose Creek gaging station (page 73). The
average inérease in flow between the Rose Creek
and Comus gaging station in Deécember of water
vears 19558, 1960, and 1961 wasg about 900 acre-
feet, or 15 c¢fs, Because of the preceding years
of drought, little or none of the gain in stream-
flow in these vears was caused by the returnflow
of bank storage. Furthermore, streamflow at the
Comus gaging station was nearly constant during
the preceding few months. Thus, the sum of the
average inerease in streamflow of about 15 cfs
plus the estimated underflow out of the project
area near the Rose Creek gaging station, about
4 cfs (page 73) probably is a reasonably dccu:
rate estimate of the amount of subsurface ground-
water -inflow to the storage units. Because the
hydraulic gradients neay the margins of the stor-
age units remain virtually consgtant threughout
the year, the estimated average annual recharge
to the storage units by subsurface ground-water
inflow was about 19 efs, or about 14,000 acre-feet
per year.

Subsurface inflow to the storage units from
each of the major tributary areas was estimated
separately by evaluating the increase in flow of
the Humboldt River in Deecember of water vears
1960 and 1961 (Figures 17 and ‘18) and differ-
enices in the amount of underflow moving through
cross-gections perpendicular to the river at station
¢, half ‘a mile downstream from station K, at
station O, and half a mile downstream from sta-
tion 8. Most of the underflow through these sec-
tions probably occurs in the highly permeable
medial gravel unit and can be estimated by means
of the following equation:

Q = TIW, (3)

where @ and 1 are as previously defined (page
61), T ig the coefficient of transmissibility in
gpd /Lt (page 32), and W iz the width, in miles,
of - the saturated deposits perpendicular to. the
direction of flow.

The water-level contours shown in Plate 3 were
practically - identical to those in  December of
water vears 1960 and 1961. Accordingly, values
for the hydraulic gradient-and width of the eross
gections were obtained: from Plate 3. Values for
the coeflicient of fransmissibility were estimated
lareely on the basis of the estimated average field
coeflicient of permeability of 5,000 gpd/ft2 (page
32) multiplied by the average thickness of the
medial gravel unit at each section. These data



and computations and the estimates of underflow
through the four key sections across the Humboldt
River valley are listed in Table 16. Banges are
given for the estimated coefficients of transmis-
sibility because of the limited data on permeabil-
ity and thickness. The ranges in the coefficients of
transmissibility are believed to be sufficiently
large to allow for underflow oceurring in the
deposits adjacent to and beneath the medial gravel
unit.

Grass Valley and the Northwestern Slope
of the Sonoma Range

As suggested by the relation between ground
water and the Humboldt River in December (page
61) and by the water-level contours shown in
Plate 3, most of the subsurface inflow to the
storage units from Grass Valley and the north-
western slope of the Sonoma Range discharged
into the Humboldt River between stations O and
S in December of water years 1960 and 1961.
Thus, subsurface inflow from Grass Valley and
the northwestern slope of the Sonoma, Range was
equal to the increase in streamflow between sta.
tions O and S in December of water yvears 1960
and 1961, which averaged about 11 ¢fs (Figures
17 and 18), minus the decrease in underflow mov-
ing parallel to the Humboldt River near stations
O and 8. The estimated underflow past station
O was 2.5 to 4 c¢fs more than the underflow past
station S (Table 16) ; therefore, total subsurface
inflow from Grass Valley and the northwestern
slope of the Sonoma Range was 11 efs minus
2.5 to 4 cfs, or 7 to 8.5 cfs. Accordingly, the esti-
mated average annual subsurface inflow from
Grass Valley and the northwestern slope of the
Sonoma Range is about 5,000 to 6,000 acre-feet
per year.

This estimate is less than that given by Robin-
son, Loeltz, and Phoenix (1949, pp. 60-63), who
observed that the flow of the Humboldt River
increased an average of about 23 c¢fs between

(2)
Estimated average

(3) (4) (5)

(1) eoeflicient of Approximate Apvroximate HETIMATED UNDERFLOW % il
Location of sections transmissibility water-tabile width -of {cublc feet (acre-foet
perpendicular to the (gallons per day gradient section Parsecond) peryvear)

Humboldt River per foot) (fL, permile) (miles) {rounded) {rounded)

............................... 100,000 to 200,000, 8 1 05 to1 A50 ta- 700

Half a mile down-

stream from )

station Koo ... 200,000 to 300,000, 4 3 20 to 5.5 2,500 to 4,000
Atstation O .. 400,000 to 600,000. 2 B boTh 8,600 to 5,500
Half a mile down-

stream from

station S 200,000 to 300,000 . ..o & 1 25 t0 ah 2,000 to 2500

*Column b5 is the product of columns 2,8, and 4,
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stations O and T in September and October 1947
Most of the increase in flow was attributed to
subsurface inflow from CGrass Valley. Largely on
this basis, it was presumed that the average
annual subsurface inflow from Grass Valley was
somewhat less than 16,700 acre-feet. This esti-
mate is considered too large because the results
of this study indicate that the increase in the flow
of the river between stations O and T in Septem-
ber and October 1947 probably resulted not only
from subsurface inflow from Grass Valley but
also from the return fow of bank gtorape,

Paradise Valley

Most of the subsurface inflow from Paradise
Valley in December of water years 1960 and 1961
probably discharged into the Humboldt River
between stations K and 0. The increase in stream.
flow between the two stations averaged about 2.7
cfs (Figures 17 and 18). The estimated underflow
parallel to the Humboldt River near station K
was 1.5 to 2 cfs less than underflow near station
O (Table 16). Thus, the estimated inflow from
Paradise Valley was about 4 to 5 efs or about
3,000 to 3,500 acre-feet per year. This agrees
closely with the estimate of 3,200 acrefeet made
by Loeltz, Phoenix, and Robinson (1949, p. 42).

Pole Creek—Rock Creek Area

Virtually all the subsurface inflow from the
Pole Creek-Roclk Creek area discharged into the
Humboldt River valley between stations C and
K in December of water years 1960 and 1961,
The increase in streamflow between the gtations
averaged about 1.1 efs (Figures 17 and 18). The
estimated underflow parallel to the Humboldt
River was 8 to 4.5 cfs greater near station K than
near station C (Table 16). Therefore, the esti-
mated subsurface inflow from the Pole Creek.
Rock Creek area was about 4 to 5.5 cfs, or about
3,000 to 4,000 acre-feet per vear,
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Humboldt River Valley Upstream From
the Storage Units

Practically no ground water was discharged
between station A, near the upstream margin of
the study area, and station C in December of
water years 1960 and 1961. The change in stream-
flow of the Humboldt River between the stations
was negligible. Therefore, underflow near station
C was a measure of subsurface inflow to the
storage units near station A. The estimated under-
flow near station C and, accordingly, the esti-
mated subsurface inflow derived from the
Humboldt River valley upstream from the project
area, was 0.5 to 1 cfs (Table 16), or about 350 to
700 acre-feet per year.

Summary of Estimated Ground-water Inflow
to the Storage Units

The estimated average annual ground-water
inflow from major tributary areas to the storage
units in the project area is shown in Table 17.
The estimated total average annual subsurface
inflow obtained by adding the inflow from each
of the areas agrees reasonably well with the esti-
mated total average annual inflow of 14,000 acre-
feet calculated on page 64.

TABLE 17—ESTIMATED AVERAGE ANNUAL
BRECHARGE FROM SUBSURFACE GROUND-
WATER INFLOW TO THE STORAGE UNITS

E GROTIND-WATER INFLOW N
Acre-fest
par year

Areas contributing
ground-water inflow ofs
Girass Valley and the
northwestern slope of

the Sonomé Range......... T to BH 5,000 to 6,000
Paradizse Valley... ot 4 to 5 3,000 to 3,500
Pole Creek—Rock

Creek BTeH e 4 to OO 2,000 to 4,000
Humboldt River valley

upstreant from the

BEOTAZe TWOIIS. oo 00to 1 350 to Y00
Totals (rounded) e 15 to 20 11,000 to 14,000

Infiltration of Streamflow

Tributary Streamflow

In the mountains, part of the tributary stream-
fow infiltrates into fractures and other openings
in the consolidated rocks. Some of this water is
digcharged by springs and by evapotranspiration
and some moves valleyward as ground-water
underflow toward the Humboldt River. Seepage
measurements along the tributary streams indi-
cate that streamflow normally decreases progres-
sively downslope on the alluvial aprons (page
40). Much of the decrease in flow, especially
during the spring and summer, results from

evapotranspiration. However, that part of  the
streamflow that infiltrates into the deposits in
excess of field capacity percolates downward to
the ground-water reservoir.

Insufficient data are available to determine the
amount of recharge from tributary streams; how-
ever, recharge occurring in this manner and
recharge resulting from the infiltration of some
of the tributary streamflow diverted for irrigation
are the source of most of the ground-water inflow
to the storage units and are included in the esti-
mates listed on page 64 and in Table 17.

In water years 1949-62 an estimated average
of 4,500 acre-feet per year of tributary stream-
flow discharged into the storage units and vir-
tually none of it discharged into the Humboldt
River. Thus, nearly all of this water either was
lost by evapotranspiration or recharged = the
ground-water reservoir beneath the storage units.
Insufficient data are available to evaluate this
element of ground-water recharge to the storage
units. Tt may have averaged about 1,500 to 2,000
acre-feet per year.

Humboldt River Streamflow

Figure 27 shows hydrographs of the stage of
the Humboldt River at the Winnemucca gaging
station and ground-water levels in well 36/38-
30ddel. In overall aspect, the deposits tapped by
the well are in hydraulic continuity with the river.
As the stage of the river rises, ground-water levels
rise, and the converse is true. Although seepage
losses to the ground-water reservoir occur along
some reaches of the Humboldt River throughout
most of the year, most of the recharge resulting
from the infiltration of Humboldt River water
commonly occurs in April, May, and June when
the stage and flow of river normally are at their
vearly highs.

Natural flooding, but more commonly, flooding
resulting from the installation of temporary dams
and headgates for irrigation, recharges the
ground-water reservoir. Some of the flood water
flows into oxbow lakes, floodflow channels, and
other depressions on the flood plain. During the
spring and early summey, these depressions com-
monly intersect the water table, and flood water
flowing into the depressions directly enters the
ground-water reservoir. Infiltration losses from
irrigation ditches and the downward percolation
of some of the excess irrigation water diverted
onto cultivated fields and meadows also recharges
the ground-water reservoir. Some of the surface
water applied for irrigation is consumed by vege-
tation, some evaporates from the land surface,
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and some evaporates from the zone of soil mois-
ture. The amount that enters the ground in excess
of field capacity percolates to the water table.
Virtually all the ground-water recharge result-
ing from the infiltration of Humboldt River water
normally occurs in the storage units outlined on
Plate 5 in April, May, and June. The average
annual measured loss of streamflow between the
Comus and Rose Creek gaging stations during
those months was 24,000 acre-feet. However, as
previously noted not all of this water recharged
the ground-water reservoir. Although much of it
probably did, only the net amount could be iden-
tified. Based on the estimated net average annual
increase of ground water in storage in the spring
and early summer, the estimated net average
annual ground-water recharge from the Hum-
boldt River iz on the order of 10,000 acre-feet.

Direct Infiltration of Precipitation

Average annual precipitation at the Winne-
mucea weather station in water years 1949-62
wag about 7.6 inches. The total area of the stor-
age units is about 93,000 acres (Table 23). Thus,
the average annual precipitation on the storage
units in water years 1949-62 was about 59,000
acre-feet, Most of this precipitation evaporated
from land surface soon after it occurred or was
stored in the zone of aeration and subsequently
was lost by evapotranspiration.

Practically all the recharge resulting from the
direct infiltration of precipitation on the storage
units probably occurred on the flood plain during
the spring and early summer when the water
table and the overlying capillary fringe locally
were at or close to land surface. Because (a) these
areas were comparatively small, ranging from
about 10,000 to 20,000 acres, (b) the length of
time during which ground-water levels were fairly
close to land surface normally was not more than
3 months (April, May, and June), (c¢) precipita-
tion during those months averaged only about
2 inches, and (d) evapotranspiration rates were
moderately high during this time, the estimated
average annual ground-water recharge from this
source in water years 1949-62 was only about
2,000 acre-feet.

Most of the deposits at land surface in those
parts of the storage units other than the flood
plain are fine grained and have a high field capac-
ity. Moreover, ground-water levels averaged more
than 10 to 15 feet below land surface and locally

were ~more than 50 feet below land  surface.

Accordingly, nearly all the precipitation on these
areas probably evaporated from land surface soon

after it occurred or was stored in the upper few
feet of the zone of aeration and subsequently was
consumed by evapotranspiration.

In addition to the 2,000 acre-feet of precipita-
tion that recharged the ground-water reservoir,
about 600 acre-feet fell on the Humboldt River
and was discharged from the storage units as
streamflow. Thus, in water years 1949-62; it is
estimated that about 56,000 acre-feet of precipita-
tion on the storage units was lost by evapotranspi-
ration from land surface and from the zone of
aeration.

About 7.7 inches of precipitation, or about
60,000 acre-feet, fell on the storage units in water
year 1962. It is estimated that about 2,000 acre-
feet recharged the ground-water reservoir and
that about 1,000 acre-feet fell on the Humboldf
River and was discharged from the project area
as streamflow. The remainder, about 57,000 acre-
feet was consumed by evapotranspiration. About
6 inches of precipitation, 47,000 acre-feet, fell on
the storage units in December through June of
water year 1962. It is assumed that most of the
precipitation during this period, about 40,000
acre-feet, was consumed by evaporation; most of
the remainder wag stored in the zone of aeration
and subsequently consumed by evapotranspiration
in July, August, and September.

The soil mantle is comparatively permeable in
most of the project area outside the storage units,
especially in the mountains and on the alluvial
aprons. Moreover, larger amounts of precipita-
tion occur in these areas. Accordingly, the anount
of recharge resulting from the direct infiltration
of precipitation is considerably larger than that
oceurring in the storage units. This aspect of the
hydrology was not studied quantitatively; how-
ever, nearly all the resulting recharge moves
downgradient as subsurface ground-water inflow
to the storage units and thus is included in the
estimates listed on page 64 and in Table 17.

DISCHARGE

Ground water is discharged from the project
area by seepage to the Humboldt River, evapo-
transpiration, subsurface outflow near the Rose

; Creek gaging station, springflow, and pumping.

Discharge Into the Humboldt River
When and where the hydrostatic head in the
ground-water reservoir adjacent to or beneath
the Humboldt River is higher than the stage of
the river, ground water discharges into the river.
Table 18 shows that on the average the flow of
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the Humboldt River increased between the Comus
and Rose Creek gaging stations from July through
January in water years 1949-62. Tnasmuch as
virtually no surface water discharged into this
reach of the river, nearly the entire increase in
flow during these months was the result of ground
water discharging into the river. On the average,
during the remaining months of the vear, Febru-
ary through June, water moved from the river t
the ground-water reservoir and the flow of th
river decreased,

The average increase in the flow of the Hum-
boldt River between the Comus and Rose Creek
gaging stations in July through J anuary of water
years 1949-62 was 11,300 acre-feet. A few hun-
dred acre-feet of the increase resulted from
precipitation directly on the river. Thus, the esti-
mated net average annual ground-water discharge
into the river in water years 1949-62 was about
11,000 acre-feet.

[{ -]

TABLE 18-—AVERAGE JULY THROUGH JANUARY
MONTHLY INCREASE IN THE FLOW OF THE
HUMBOLDT RIVER BETWEEN THE COMUS AND
ROBE CREEK GAGING STATIONS, WATER YEARS

194962
Average
streamfow Average
at the streamflow

Comus INCREASE TN

gaging oot TR A MF L0 Wby
station {acre- {cubic feet
Month © {acra-feet) feet) per gecond)
.......... 16,220 3,850 a5
e 108G 2,660 43
131 1970 33
79 1,590 26
e 1,040 2,080 990 17
B 3,080 3,660 a70 9
Jan. ... 4,660 4,840 180 3
Totals. . 27,150 11,300

The largest increase in flow between the Comus
and Rose Creek gaging stations usually oceurred
in July when the hydraulic gradient from the
ground-water reservoir toward the river was

steepest and consequently the rate of seepage to
the river was highest. N early all the ground water
discharging into the river in J uly normally was
bank storage derived from the river during the
preceding spring runoff. However, not all the
water stored in the deposits adjacent to the river
returned to the river; some evaporated from the
capillary fringe, some was transpired by vegeta-

tion, and a small amount was discharged by

pumping.

Ag the ground-water ridge dissipated in late
summer, the gradient toward the river decreased,
and consequently the rate of return flow of bank
storage to the river decreased. After the ground-
water ridge declined sufficiently, on the average

in mid-August, ground-water inflow from tribu-
tary areas began to discharge into the river. Thus,
in the fall, ground water discharging into the
river normally included both bank storage derived
from the river during the spring runoff and sub-
surface inflow from tributary areas. The propor-
tion of subsurface inflow from tributary areas
discharging into the river increased as the
ground-water ridge dissipated. Normally, by
December nearly all the ground water discharging
into the river was derived from the tributary
areas.

Evapotranspiration

Most of the ‘pround-water discharge in the
area results from evaporation from bare soil
and evapotranspiration from areas oceupied by
phreatophytes. Phreatophytes are plants that
obtain water principally from the zone of satura-
tion or the capillary fringe. Transpiration’ by
native grasses is being evaluated by the Agricul-
tural Research Service. The Geological Survey
is studying transpiration by the woody phreato-
phytes and evaporation from bare soil. The evapo-
transpiration studies have not yet been completed:
however, preliminary results of the work of the
Geological Survey are given in the following -
section of the report.

Water-use Studies Utilizing
~ Evapotranspiration Tanks

By T. W. Robinson

One of the large unknowns in the comprehen-
sive study of the water resources of the project
area is the evaportranspiration loss. Of particu-
lar concern is that portion of the evapolranspira-
tion loss that results from the draft on the
ground-water reservoir by nonbeneficial woody
phreatophytes. Phreatophytes are plants  that
depend upon ground water for their water supply.
The common nonbeneficial woody phreatophytes
in the Humboldt River basin are greasewood; wil-
low, rabbitbrush, and wildrose. Of these, grease-
wood and willow are the most prominent and
widespread.

The existing information on the use of water
by both greasewood and willow is not only meager
but was obtained under environmental conditions
that were different from those of the Humboldt
River basin. For this reason studies were started
in late 1959 and early 1960 to obtain water-use
data on greasewood and willow, and later were
expanded to include wildroge and rabbitbrush,
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and also evaporation from bare soil. The studies
are being made by growing the plants under con-
trolled conditions in large evapotranspiration
tanks. Insofar as possible, water-use data are
being obtained under conditions and in terms
that can be used to evaluate the evapotranspira-
tion discharge in naturally occurring areas of
growth. However, in growth areas where the
depth to the water table is greater than can be
maintained in the tanks, about 10 feet, it will be
necessary to extrapolate water use at the greater
depth.

The tanks are in a test site about 4 miles south-
west of Winnemucca, partly on the lower terrace
and partly on the flood plain of the Humboldt
River. The test site is a parcel of land 300 feet
by 600 feet composed about equally of low-lying
meadow land covered with grasses and some wil-
low, and an adjacent portion about 4 feet higher
covered largely with greasewood.

Twelve tanks have been installed at the site
since the work began in 1959. The time of con-
struction, number and size of the tanks, and the
gpecies grown are:

Clonstrue-

tion ) Planting

date HBize (Teet) Bpecies date
Nov, 1959 e 30x30x10.5 Gireasewoml April 1860
Mar, 1860 10x10x 7.5 Willow April 1960
May 1961, 10x10x7 Wildrose June 14961
May 1961 10x10=7 Bare s0il | e

Oct. 1961..... 20x20x10 Rabbitbrush  April 1962

Construction of the tanks involved the use of
a polyvinyl chloride membrane of a weight and
size that was specially fabricated at the factory.
The tanks were constructed by lining a pit, exca-
vated to the proper size, with the membrane,
installing a water distribution system, and back-
filling with the excavated material.

The water-supply system for the tanks consists
of a 6-inch diameter well, 25 feet deep, equipped
with a jet pump, that supplies water to a 450-
gallon pressure tank. From the tank, in which
the pressure is maintained at about 30 pounds
per square inch, water is distributed through
1,200 feet of buried line to five 350.gallon and
geven 100-gallon gravity water tanks, ‘

The water level in each evapotranspiration tan
is controlled by a float-operated valve. Water is
measured into the tanks through water meters
that can be read to one-fourth gallon. In the
greasewood and willow tanks the water level was
maintained at 5 feet below the surface, and in
the bare-soil tank, during most of the 1962 sea-
son, at 4 feet below the surface. The water level

in the wildrose and rabbitbrush tanks was kept
at a higher level, and adjusted downward as the
plants became established.

Beginning on August 1, 1961, water-use data
were obtained for greasewood and willow for the
remainder of the season and during the 1962
growing season. However, no water-uge data
were obtained for wildrose and rabbitbrush, as
the plants were not yet established. Due to flood-
ing of the willow tanks in June and July 1962
by excessively high ground-water levels resulting
largely from flood irrigation on the flood plain
of the Humboldt River, water-use data were
obtained for only one willow tank for the growing
season: data were obtained from the three willow
tanks for the period August 1 to October 20, the
end of the growing season.

Beginning in July 1962, signs of distress were
observed in the greasewood plants in tank 2,
and to a lesser extent in tank 1, followed in Aug-
ust and September by considerable defoliation.
During this time the rate of water use decreased.
The difficulty probably was caused by a high
concentration of boron salts in the roolt zone.
The salts, which had been leached from the soil
in the tanks were found to be concentrated in
the 2- to 4-foot depth range as the result of
capillary action and evaporation.

As a regular part of the water-use study,
records of plant growth and measurements of
cover density and plant height were made at
periodic intervals. During each of the growing
seasons, a photographic record of plant growth
in each tank was made at 4- to 6-week intervals.
The cover density and plant height, from which
foliage volumes were computed, were measured
in the middle and latter part of the growing
geason.

Foliage Volume

The volume of foliage was determined by the
line intercept or transect method (Horton, Robin-
son, and McDonald, in preparation). Foliage vol-
ume is the product of the cover intercept and the
thickness or height of foliage. Cover intercept is
the amount of ground covered or shaded by the
vegetation foliage and is expressed in percent. It
is the summation of the vertical projections of
the crown of the plant onto a tape stretched on
the ground, expressed in percent of the transect
length. The canopy of the plant is considered solid
within the perimeter of the outer branches. Where -
the plants have interlocking branches the canopy
is considered as complete cover. Thickness or
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height of foliage was measured at the same time
as the cover intercept. In all cases this was equal
to the height of the plants.

The measurements from which the volumes of
foliage were obtained are based on the average
of four transects in the case of the large grease-
wood tanks and two transects for the willow and
wildrose tanks. These data are shown in Table 19.

Measurements of foliage volumes serve two -

purposes. First, they provide a basis for expres-
sing the use of water on a volume of foliage basis
and, secondly, they provide a means for periodic
comparison of plant growth. Thus, the increase
in growth of the greasewood and willow plants
from 1961 to 1962 is readily apparent from the
data in Table 19. The lack of growth in grease-
wood tank 2 between June and August 1962,
which resulted from the deleterious effect of horon
salts in the root zone, is also quite apparent.

TABLE 19—FOLIAGE MEASUREMENTS OF PLANTS
GROWN IN EBEVAPOTRANSPIRATION TANKS IN
THE HUMBOLDT RIVER VALLEY NEAR WINNE-
MUCCA, NEVADA

Cover Average Foliage

intercept height of volume
Date (percent) plants (ft.) (ew £t
Greasewood Tank 1

Sept. 14, 1961, 26.0 1.37 321

June 13, 1662 . 49.6 1.38 610

Aug. 8 1962....... 55.4 1.58 T4

Greasewood Tank 2 )

Hept. 14, 1‘!()1 ........ 20.5 1.36 390

June 11, 1962 301 1.43 503

CAng. 81862 BE.9 143 501
Willow Tank 1

Sept. 14, 1961....... 81.6 3.26 266

June 14, 1962 84.8 3.28 278

Adig. 80, 1962 96.8 4.25 411
Willow Tanlk 2

Bept. 14, 1961....... 77.9 282 220

Ang. 30, 1962 . 86.49 4.38 381
Willow Tank 3

Hept. 14, 1961....... 77.0 2,75 212

Aug. 30, 1962, 947 4.32 400
Wildrose Tank 1

Aug. 8 1962 ... 635 L LT3 110
Wildrose Tank 2

Aug. 8 1962 24.1 120 29
) Wildrose Tank 3

Aug. B, 1962, 63.8 1.70 108

Water in the Zone of Aeration
‘Water in the zone of aeration in the tanks may
represent a significant part of the water budget.
Consequently, information on differences in the
amount. of water in this zone at the beginning
and end of the growing season are pertinent to
evapotranspiration studies. To obtain this infor-

mation, access tubes were installed in all tanks
and a program of observation with a neutron-
seattering soil-moisture meter was begun in Sep-
tember 1961.

The' extent of moisture depletion by evapo-
transpiration during the 1962 growing season
is indicated by the records for greasewood tanks
1 and 2 and willow tank 1. The reduction in water
content in the zone of aeration was equivalent to
a depth of 0.47 foot and 0,40 foot of water, respec-
tively, over the two greasewood tanks, and to a
depth of 0.43 foot over the willow tank. Except
for the period August 1:to October 1961; dats ave
available relative to changes in ‘water content
in-the zone of aeration and have been used in
computing total water loss from the tanks.

Water Use by Greasewood and Willow

Commonly the use of water by species of phre-
atophytes and other vepetation is expressed as
depth of water over an area, usually in acre-feet
or acre-inches per acre. When expressed in units
of depth there is no indication of the growth con-
ditions under which the use has been determined;
that is, there is no indication of the density or
number of plants per unit area, or size of the
plants. As growth conditions may vary from place
to place; use values expressed in this way can
be applied with eonfidence only where growth con-
ditions are similay. However, when the cover
density and height of the plants are known, water
use may be expressed in terms of foliage volume.
When expressed in this manner, water-use values
may be applied on the same basis to different
growth conditions with confidence. A ‘unit of
foliage volume is a better index of leaf area, and
hence the area from which water is transpired,
than a unit of land-surface area. In the studies
of water use by greasewood and willow in the

evapotranspiration tanks, both methods are ubed

to express the resulls,

Seasonal values of water use are available only
for the two greasewood tanks and one willow tank
for the period April 3 to October 20, 1962 (Table
20). This period is slightly shorter than the grow-
ing season, which is defined as the season that
is warm enough for plants to grow (Robinson, et
al., 1962). Although the growing season ended
about October 20, there was some growth and
water use prior to April 3. The amaunt however,
is believed to have been small.

During this period; rainfall in the form of scat-
tered and infrequent showers amounted to 136
inches. The largest single shower oceurred on
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October 14 and amounted to 0.29 inch; other
showers ranged from 0.01 to 0.24 inch. Rain fall-
ing on the dry surfaces of the tanks was quickly
evaporated, and there was little if any oppor-
tunity for use by the plants or recharge to the
water in the tanks. Rainfall during the growing
gseason is not included in the following water-use
figures. However, changes in water content in
the zone of aeration are included.

TABLE 20-—-USE OF WATER BY GREBASEWOOD AND
WILLOW GROWN IN EVAPOTRANSPIRBATION
TANEKS, APRIL 3 TO OCTOBER 20, 1962
{Depth to water maintained at 5 feet below tank surface)

Cubic feet of water

Acre-feet per cuble foot
Tank No. par acre of foliage
Greasewood L. 1.61 1.84
Greasewood 2. 118 2,16
Willow Jo 3.95 .86

Comparative values of water use by the plants
in the greasewood and willow tanks are avail-
able for two periods, from August 1 to the end
of the growing season in 1961 and 1962. Water
use during these periods is believed to be approxi-
mately one-half of the use for the full growing
season. Water use by the two species by individ-
ual tanks is given in Table 21,

TABLE 21—USE OF WATER BY GRBASEWOQOD AND
WILLOW GROWN IN EVAPOTRANSPIRATION
TANKS, AUGUST 1 TO OCTOBER 20,

1961 AND 1962%

Crpic PErT oF WATER
PRER (CUBIC FOOT OF

: ~~ACRE-FEET PER ACRE-— FOLIAG
Tank No. 1961% 1962% 1961% 19821
Greasewood
047 0.58 151 .66
49 40 1.23 A2
A8 A9 1.87 69
Willow
118 212 Q.45 .52
LGB0 1.87 86 - A48
T8 1.87 37 46
Average... 2 1.95 39 49

*Rainfall of. 1.98 and 0.51 inches (0.18 ‘and 0.04 foot) respec-
@iv?lyi ir; the periods August to October 20, 1961 and 1962 is not
inciuded.

+Data not obtained to correct for changes in water content in
the zone of aeration.

iincludes logs of water from the zone of aeration:

The values of water use in 1961 are not a
measure of the use by the same species growing in
the Humboldt River basin because the plants in
the tanks were immature and were becoming
established. Neither are the values for the grease-
wood tanks during 1962 representative because
of the deleterious effect of the boron salts in the
root zone and because the depth to water in the
tanks was less than the depth to water in -much

of the area covered by greasewood. However, the
use of ‘water in 1962 in the three willow tanks,
where there were no deleterious effects and where
the plants were well established even though not
quite mature, should approximate water use by
willow on the Humbeldt River flood plain where
the depth to water and vegetation density ‘are
comparable to those in the tanks.

The estimated seasonal use of water by willow
in 1962, based on the use in the period April 8
to October 20, i 4 acre-feet per acre. This esti-
mate is supported by the average use in the three
tanks during the partial ‘period which is con-
sidered to be approximately one-half that for the
geason. Accordingly, the use by willow growing
on the flood plain of the Humboldt River would be
on the order of 4 acre-feet per acre. This is equal
to one cubic foot of water for each cubic foot of
foliage.

Relation of Water Use by Willow to Evaporation
From Free-water Surfaces
Evaporation from a Standard Weather Bureau
evaporation pan at the test site for the period
April 8 to October 20, 1962, was about 60 inches.
The amounts by months are given below :

Period Inches
April B 1o B0 il it e 700
MaY. i o TBT
June. 1066
July. BN & Bt
August. IR 1) Arfy*

September. . e 84T
Ootober 1102000 i i 4.19

Total. i . B9.84

* Adjusted.

According to the U.8. Weather Bureau (Kohler,
Nordenson, and Baker, 1959), the coefficient for
lake evaporation at Winnemucea is 0.73 of the
pan evaporation. Thus, the lake evaporation dur-
ing the growing season would be about 44 inches,
or 8.7 feet. Based on these data, willow growth in
the Humboldt River flood plain use about one-
third of an acre-foot of water per acre more than
would be logt by evaporation from a lake of equiv-
alent area.

Evaporation From the Bare-soil Tank
The water level in the bare-goil tank declined
from a depth of 1.5 feet on April 3, 1962, to a
depth of 4.0 feet on June 11, 1962, during which
time mno water was added to the tank. From
June 11 to October 20, 1962, the water level was
maintained at a depth of 4.0 feet. Approximately
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0.4 foot of water evaporated from the tank du
ing the period April 3 to October 20, 1962,

In the period April 8 to June 11, virtually th
entire loss of water by evaporation from the sur.
face of the tank was from the zone through whic
the water level declined; that is, from the zone
between 1.5 and 4 feet below tank surface. From
June 11 to October 20 practically all the wate
loss by evaporation was from the zone of satura
tion or from the overlying capillary fringe.

Rainfall during the period April 3 to Octobe

20, 1962, occurred as secattered and infrequent

showers and amounted to 1.36 inches. Thes

showers appeared only to wet the surface of the

soil and apparently did not percolate downward t
the zone of saturation in the tank. If rainfall i
included, the total evaporation loss from the tan]
during the period April 3 to October 20 was abou
0.5 foot. It should be emphasized that this tota
figure includes evaporation from the zone of satu
ration plus evaporation from the zone of aeration.

Preliminary Estimates of Evapotranspiration
of Ground Water and Vadose Water

The evapotranspiration data given in the imme-
diately foregoing section of the report  are
preliminary and incomplete. Moreover, evapo-
transpiration studies and vegetation maps being
prepared by other agencies have not yvet been
completed. However, crude preliminary estimates
of total evapotranspiration of ground water and
vadose water are given to indicate the possible
order of magnitude of these features and t
~develop preliminary data for the water-budget
analyses. These estimates do not inelude evapo-
transpiration of precipitation from land surface
and from the zone of aeration which are estimated

separately (page 68). They include only  evapo-
transpiration of ground water from the water
table and the overlying capillary - fringe, and
evapotranspiration of water in the zone of aera-
tion derived from the downward percolation of
Humboldt River water—including. that derived
from natural overbank flooding and diversions for
irrigation.

Preliminary evapotranspiration rates developed
by Robinson (pages 69 to 73) and by the Agri-
cultural Research Service (Nevada Department
of Conservation and Natural Resources, 1962)
range from about 1 to 4 acre-feet per acre per
year on the flood plain and the lower terrace. The
author estimates that the area of evapotranspira-
tion on the flood plain and the lower terrace,
where the depth to water ranges from less than
a foot to about 12 feet, is roughly 25,000 acres;

the area of evapotranspiration in the remainder
of -the storage -units, where the depth to water
ranges from about 20 to more than 50 feet and
where evapotranspiration rates are congiderably
less, may be about 25,000 to 45,000 acres. Based
on these preliminary data, the estimated average
annual evapotranspiration of ground water and
vadose water in the storage units, excluding pre-
cipitation, in water years 1949-62 ig 25,000 to
50,000 acre-feet. Evapotranspiration of ground
water and vadose water in water year 1962 may
have been somewhat larger, about 30,000 to 60,000
acre-feet, owing to above-average streamflow and
the resulting above-average ground-water levels
during  the  year, Evapotranspiration losses of
ground and vadose water in December through
June of water vear 1962 may have been about
10,000 to 20,000 acrefeet.

Subsurface Outflow Near the Rose
Creek Gaging Station

Subsurface outflow from the project area near
station U is evaluated on the basis of underflow
parallel to the Humboldt River near station <.
The estimated average annual underflow near
station S is 2.5 to 3.5 cfs (Table 16). During pe-
riods of low flow, about 1 efs is lost from the river
to the ground-water reservoir between stations
S and U (Figures 17-19). Underflow toward the
river, derived from precipitation on the northern
slope of the East Range and on the drainage area
north of the river between stations 8 and U, is
assumed to be negligible (page 64). Accordingly,
the estimated average annual subsurface outflow
from the project area is about 3.5 to 4.5 efs, or
about 8,000 acre-feet,

) Springflow
Numerous small springs in the mountains dis-
charge ground water. Most of these probably are
gravity springs; that is, they appear to oceur
where the water table or where perched ground-
water bodies intersect the land surface. All the
apparent gravity springs observed had a flow of
less than 50 gpm and most had flows of 1 to 2
gpm.  Springs 85/36-28abal - and 35/36-28deel
along the East Range fault are artesian and have
a combined flow of about 2 gpm. Thermal artesian
springs near Golconda, including 36/40-29deal,
flow at an estimated combined rate of about 200
gpm, and thermal springs 86 /41-2aacl and 36 JAl—
2aac2 near the Comus gaging station flow at a

combined rate of about 25 gpm.
Springs in Water Canyon and an unnamed
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canyon about 2 miles northeast of Water Canyon
reportedly supply an average of about 0.6 efs used
as part of the Winnemucea municipal water sup-
ply. Much of this water normally evaporates or
is transpired, but some discharges into the Hum-
boldt River as sewage effluent after passing
through the municipal water system. Except for
the amount discharged through the municipal
sewage plant, virtually all the remainder of the
springflow occurring outside the storage units
ig lost by evapotranspiration or seeps back to
the ground-water reservoir and moves laterally
toward the outer margins of the storage units as
ground-water underflow.

The estimated average annual springflow in the
storage units is about 250 gpm. All of this spring-
flow is thermal and its ultimate source is not
known. The flow is not included in the estimates
of subsurface inflow to the storage units given in
a previous section of the report. Moreover, almost
all the springflow is consumed by evapotranspira-
tion in the immediate vicinity of the springs.
Because the quantity is small, it is disregarded in
the water-budget analyses.

) Pumpage

Prior to 1946, pumping for irrigation in the
study area was negligible and probably averaged
only a few hundred acre-feet per year. Since then,
it has increased gradually and at a fairly uniform
rate, In water year 1962 about 1,700 acres, mostly
in the mouth of Grass Valley and on the terraces
bordering the Humboldt River, was irrigated with
ground water. Some of this land also was partly
irrigated with surface water. The estimated total
ground-water pumpage for irrigation in water
year 1962 was on the order of 4,000 acre-feet,
The estimated average annual pumpage for irri-
gation in water years 1949-62 was about 2,000
acre-feet. Pumpage for domestic and municipal
use in water year 1962 was on the order of 1.5
cfs, or about 1,000 acre-feet. In water years
1949-62, pumpage for domestic and municipal use
ranged from about 0.5 to 1.5 cfs and averaged
about 1 cfs, or about 750 acre-feet per year.
Acecordingly, total pumpage was on the order of
5,000 acre-feet in water year 1962, and averaged
about 2,500 to 3,000 acre-feet per year in the
water years 194962,

Most of the pumped water evaporates and is
transpired by crops and phreatophytes. The
remainder percolates downward to the ground-
water reservoir, and several hundred acre-feet per
year discharges into the river though the Winne-
mucea sewage plant. The estimated net pumpage,

or the amount permanently removed from the
ground-water system, averaged about 1,500 acre-
feet per year in water years 1949-62, was about
3,000 acre-feet in the 1962 water year, and was
about 1,000 acre-feet in December through June
of water year 1962.

CHANGES OF GROUND WATER
IN STORAGE

Ground water in storage is water that will
drain by gravity from a given volume of the
ground-water reservoir. Ordinarily, it also is
equal to the volume of water required to resatu-
rate the deposits after they are drained. Ground
water in storage is less than the total amount of
water in the zone of saturation, because some
water is held in the reservoir against the pull of
gravity, principally by molecular and capillary
attraction. Changes in storage occur when the
hydrostatic head in the reservoir changes. Such
changes result in fluctuations of ground-water

" levels.

Fluctuations of Ground-water Levels

Short-term and Seasonal Fluctuations

Nearly all the observed short-term and seasonal
fluctuations of ground-water levels are related to
changes in the stage of the Humboldt River;
the diversion and application of surface water
for irrigation, evapotranspiration, and precipita-
tion. Because pumpage in the area as of 1962 was
small, pumping effects have been minor, and
except for drawdown effects very close to pump-
ing wells, ground-water levels commonly fluctuate
less than 10 feet from season to season and year
to year. ;

Ground-water levels beneath the flood plain and
terraces bordering the Humboldt River respond
to changing river stage. As the river stage
declines hydraulic gradients toward the river
increase and ground-water levels decline; as the
stage rises gradients toward the river flatten or
are reversed and ground-water levels rise. The
magnitude of the response commonly increases
with time and decreases with distance from the
river. As shown in Figures 28 and 29, rises of
about 6 to 8 feet in river stage resulted in rises
of about 4 to 6 feet in wells a few hundred feet
from the river, and rises of about 2 to 5 feet in
wells 0.2 and 0.4 mile away.

Diversions from the Humboldt River for irriga-
tion also cause ground-water levels to rise beneath
the flood plain of the river (page 63). Inasmuch
as nearly all such rises occur in areas where water
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levels respond to changing river stage and inas-
much- as the river stage normally fluctuates con-
giderably during most of the irrigation season,
it is difficult to discern how much of the rige in a
given drea results from either one of the phe-
nomens.

Diornal fluctuations of ground-water levels
have long been recognized as being related to
transpiration by phreatophytes (White, 1932, and
Robinson, 1958). In a manner similar to a dis-
charging well, such plants withdraw ground water
from storage and cause water levels to decline
during the day. At night, when transpiration vir-
tually ceases, ground-water levels recover. These
fluctuations are somewhat analogous to those
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caused by pumping a well intermittently. If the
water table and overlying capillary fringe are
near land surface, as on the flood plain of the
Humboldt River, evaporation also causes diurnal
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water-level fluctuations. Diurnal fluctuations
caused by evaporation and transpiration are
clogely related to temperature and sunlight, and

locally ‘the effects of each phenomena are super-

imposed upon each other resulting in composite
water-level fluctuations.

Diurnal water-level fluctuations probably attrib-
utable to evapotranspiration were not common
in wells equipped with recorders on the flood
plain and bordering ferraces. Such fluctuations
were noted during short periods of time in three
wells and were most pronovnced during periods
of declining water levels. A maximum daily
fluctuation of about 0.06 foot that probably was
attributable to evapoiranspiration was noted in
well 36/38-19ddcl. (See Figure 30.) Diurnal flue-

2.9 Well 35/38-19 ddet; July 3-9, 1962
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FIGURE 30.— Diurnal fluctuations of the water
table near Winnemucea, Nev,

tuations in well 35/37-2accl averaged about (.04
foot. The reasons for the relatively poor manifes-
tation of diurnal water-level fluctuations caused
by evapotranspiration are not known.

Short-term water-level fluctuations attributable
to the direct infiltration of precipitation were not
recognized in the study area. Locally, unusually
large amounts of precipitation may cause the
water table to rise; however, the rise normally is
masked by an increase in the stage of the Hum-
boldt River, which in turn causes ground-water
levels to rise, In addition, at times large amounts
of precipitation may cause g temporary decrease

- water movement in the project area is on the

in.evapotranspiration, which ih turn may cause
ground-water levels to rise.

Long-term Fluctuations

Water levels in several observation wells in the
ared have been measured periodically since 19486,
and hydrographs for two wells, 85/36-14¢edbl and
35/37-34adbl, are shown in Figures 31 and 32,
In addition, the figures include the monthly mean
gage height of the Humboldt River during the
months in which the observation wells were meas-
ured. Well 35/36-14cdbl is an unused well, 18
feet deep, about 0.8 mile from ‘the Humboldt
River, and taps. the unit mapped as younger
alluvium. Well 85/87=84adbl, is an unused well
in the mouth of Grass Valley about 5 miles south
of the river. It is 83 feet deep and taps the medial
gravel unit.
Figures 31 and 32 show that in overall aspect
both wells respond to the stage of the Humboldt
River. Water-level fluctuations in the two wells
probably are reasonably representative of long-
term fluctuations of ground-water levels fairly
close to the river and in the mouth of Grass Val-
ley. Accordingly, long-term fluctuations of ground-
water levels throughout much of the project area
seeml to be related largely to the stage and flow
of the Humboldt River similar to short-term and
seagonal fluctuations. ‘
Ground-water levels in the mouth of Grass
Valley probably respond te ¢hanges in the stage
of the Humboldt River because some of the aqui-
fers are confined. The average rate of ground:

order of a fraction of a foot to several feet per
day. Accordingly, the water level in well 35/87—
34adbl, which ‘is about 5 miles from the river,
could not respond to seasonal or even yvearly
changes in the stage of the river unless the well
tapped one or more artesian aguifers. The well
taps the medial® gravel unit, and -water in the
unit, which is overlain and underlain by silt and
clay beds of Liake Lizhontan age in the vicinity of
the well, probably is under artesian pressure,

In some years, as in 1952, the stage of the river
declined from March to September but ground-
water levels rose during the same period. In most
years, ground-water levels were lower in Sep-
tember than in March, reflecting normal seasonal
streamflow. characteristics (Table 10).. Stream-
flow in water year 1952, however, was far above
normal and ‘ground-water levels in September
1952 reflected the above normal spring runoff.
That is, even though the stage of the river in Sep-
tember 1952 was lower than the stage of the river
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in-March 1952, ground-water levels were highe
in’ September owing to a large increase in th
amount of ground water in storage related to the
unusually high streamflow during the year.

r

2

Relation of Water-level Fluctuations
to Changes in Storage

Under natural conditions and over the long
term period the ground-water system of the proj
ect area was in dynamic equilibrium—that ig, the
amount recharged equalled the amount discharged.
For practical purposes the system is still in
dynamic equilibrium owing to the small amount
of purmpage. Any phenomenon which disrupts the
equilibrium may cause ground-water level fluctua-
tiong and accompanying changes in the amount
of ground water in storage. The magnitude and
extent of the water-level fluctuations and changes
instorage are related to the magnitude and extent
of the disrupting phenomenon and the coefficients
of transmissibility (page 22) and storage of the
deposits forming the ground-water reservoir. The
coefficient of storage of an aquifer is defined as

il

*the volume of water it releases from
or takes Into storage per unit surface avea of
the aguifer per unit change in the component of
head normal to that surface,” (Ferris and others,
1962, p. 74). :

In unconfined aquifers, water-level fluctuations
normally veflect changes in the amount of ground
water in storage. In confined or artesian aquifers,
water-level fluctuations may or may not be accom-
panied by changes in the amount of ground water
in storage. Where changes in the amount of

FEgy e

“ground water in storage occur in ariesian agui-

fers, the amount of change per unit decline in
hydraulic head per unit area commonly is thou-
sands of times less than that in unconfined aqui-
fers. The largest water-level  fluctuations and
virtually all the significant changes of ground
water in storage occur in the unconfined aquifers
beneath and -adjacent to the Humbeldt River.

Specific Yield
Under water-table conditions, the coefficient of
storage ig virtually identical to the specific yield
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of an aquifer. Specific yields of 323 samples were
determined in the laboratory by the centrifuge-
moisture-equivalent method. The centrifuge-mois-
ture-equivalent method and the relations among
specific yield and other hydrogeologic data in the
Humboldt River valley are described in- other
reports (Cohen 1961¢, and Cohen, 1963). Briefly,
specific yield of a rock or sediment sample is,
“t % % the ratic of (1) the volume of water
which, after being saturated, it will vield by
gravity to (2) its own volume” (Meinzer, 1923,
p. 28). This ratio multiplied by 100 expresses
apecific yield as a percentage. Specific yield also
may be expressed as porosity minus specific reten-
tion, where porosity is the percentage by volume
of the total vold spaces in a sample, and specific
retention is the amount of water, expressed as
percentage of the total volume of the saturated
sample, retalned by the sample against the pull
of gravity. In the laboratory, specific yield was
calculated by determining the difference between

porosity and  specific retention. Porosity was
determined . by  the pyecnomefer method. (See
Krumbein and Pettijohn, 1938, pp. 500-513.) Spe-
cific retention was determined from centrifuge-
moisture-equivalent data by a method described
by Piper and others (1939, pp. 118119},

Table 22 summarizes the laboratory porosity,
specifie-retention, and specific-yield data. 1t is
apparent that there is a large range in specifie
vield within each median particle-size elass. The
large range probably is caused by differences in
primary and secondary sedimentary. structures
especially in some of the finer deposits, differences
in the degree of compaction and cementation of
the deposits, and complex interrelations among
specific yield, specific retention, porosity, median
particle size, and degree of sorting (Cohen, 1963).

Theoretically, specific vield determined by the
centrifuge-moisture-equivalent method is a meag-
ure of either the amount of water that drains
from saturated material during a long period of
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time or the amount needed to resaturate these
materials after long-term drainage. For most
materials it is presumed to be approximately equal
to the total amount of water that will drain by
gravity. The amount of time required for complete
gravity drainage differs for different materials.
Complete, or nearly complete, gravity drainage
probably occurs rapidly in the medial gravel unit,
perhaps within a few days. On the other hand,
many months or years probably are required for
complete, or mnearly complete, gravity drainage
of strata of the upper silt and clay unit. The time
required for complete gravity drainage of most
of the deposits in the project area probably ranges
between these limits.

If the moisture content remains constant fol-
lowing gravity drainage, that is, if the moisture
content remains . equal to the specific retention,
then and only then ig the amount of water needed
to-resaturate the deposits equal to the amount
that drained from the deposits. In many of the
deposits beneath the flood plain and bordering
river-cut terraces; evapotranspiration occurs from
the zone of water-level fluctuations. As a result,
during and  following seasonal declines in the
water table, the moisture content of many of the
deposits  formerly in the zone of saturation

WATER RESOURCES OF HUMBOLDT RIVER VALLEY NEAR WINNEMUCCA

decreases below the specific retention. Before
being resaturated, as ground-water levels begin
to rise in the spring, the moisture content of the
deposits in the zone of aeration first must inerease
to the specific retention. Such increases are not
considered changes of ground water in storage
inasmuch as the increased moisture will not drain
by gravity. Accordingly, the ‘estimated specific-
vield values (Table 28) used to compute changes
of eround water in storage loeally may be con-
giderably less than the total amount of wafter
needed to resaturate deposits beneath the flood
plain and bordering terraces.

The total amount of water added to the flood-
plain deposits in the spring and early summer
undoubtedly is considerably more than the net
increase of ground water in storage. It is equal
to the net increase of ground water in storage,
plus ‘the amount of water evaporated and trans-
pired from the zone of saturation as the water
table rises, plus the increase in moisture content
in the zone of aeration. Sufficient data are not
available to  evaluate all- of these -elements
However, preliminary experimental data were
obtained relative to e¢hanges in the moisture con-
tent in the zone of aeration. These are described
in subsequent sections of the report.

TABLE 23—NET INCREASE OF GROUND WATER IN STORBAGE IN THE STORAGE UNITS IN THE HUMBOLDT
RIVER VALLEY NEAR WINNEMUCCA, NEVADA, DECEMEBER THROUGH JUNE OF WATER YEAR 1962

(2)

1y CATen
Storagé unit (acros)
Toby Ranch 4,840
Liower MeNineh Raneho. il 3,940
Lower FHUYer Baneh . .o icenreaosiesosiresrers s e svsnnsssians 1,400
Olear Creek. ... 2,520
BT Y Ll it i et aen e en s aspoire s eneesnere s e s eanens 6,900
Afrport 7,800
Harrer Rancll. e enmmmenes s cneesorasses imsne i 6,580
pper Hillyer Ranch 3,920
Western Pacific 1,660
HAPONY CFE0K. oo cvesaniersinbancsns saes snerasass e sosssosssisssssscessoin 4,270
Winnemucea 1,820
Weso...... 2,680
Eearns Banivh .. eiicicniencrsmmscscorarsss e crsarsasssssessassasaneres 5,510
Prospect West 1,470
Little Humboldt River 1,510
Progpect Kast 1,820
B 5 O ST CREA OSSO 3,720
Paradise Valley 5,820
Pole Creek 4,550
Bull Head 1,670
Diamond 8 Ranch 4,810
Fden Valley 7020
Roek Creek i 1,050
Goleonda.... 1,050
Preble 820
o 1N (Y R 77 O ey OO T S St B 890
Fana MOUBEAITL . i e iieaheuevanesarsnaneseeessaesrenens 540
Comis 2,750
Bains RBanch 2,100
Total (rounded ) . ..o lliaiiiimies 293,300

*Clolumn 2%3x4, rounded:

Avergafg)e rige Estgri}lgxted Met in(éigase of
of ground- gpecific ground water
wator levels vield in-storage®
Coo{Test) {percent) (acra-feet)
11 12 600
2.8 8 800
07 iz 100
A 10 200
1.7 i0 1,200
8.9 20 5,100
8.7 6 1,300
2.8 20 900
1.5 10 GOG
6.3 G 700
4.7 20 2500
1.6 10 100
21 4 100
B 10 100
2.6 15 - 1,500
e 10 400
23 10 1,000
28 20 H00
5.9 6 1.700
1.2 10 80U
6.8 10 700
8.2 6 500
5.7 g 200
T4 4 10
135 i 100
5.5 6 900
29 10 600
................ 26,000

THstimated,




Computation of Storage Changes

Based on several hydrogeologic features (Coher
in press), those parts of the project area it
which nearly all the changes of ground water i
storage associated with the changing stage of th
Humboldt River occur were divided into 29 stor
age units (Plate 5). The average specific viel
of the deposits in the zone of rising ground-water
levels in each storage unit was estimafed partly
on the basis of the laboratory data and partl
on-the basis of other hydrogeologic factors. (See
Table 10 in Cohen, in pregs.) The estimated net
increase of ground water in storage in each unit
was-equal to the product of the average net rise
in water levels multiplied by the area of the stor-
age units multiplied by the estimated average
specific yield. Table 23 lists the data used to com-
pute the net increase of ground water in storage
from December through June of water vear 1962,

As listed in Table 23 the estimated net increase
of ground water in storage  from December
through June of water year 1962 was about
26,000 acre-feet. In water yvears- 1949-62, the
average net increase of ground water in storage
during these months was about 10,000 acre-feet
(Cohen, in press). During vears of abnormally
low streamflow, as in 1960 and 1961, ‘the esti-
mated corresponding net increases of ground
water in storage were about 5,000 acre-feet.

The net increase of ground water in storage
at the end of water year 1962 as compared to the
beginning of the water year wasg on the order of
5,000 acre-feet. Because the hydrologic system
was not appreciably affected by pumping, the
long-term average annual net change of ground
water in storage and the average -annual net
change in water years 1949-62 was ZET0,

Total Ground Water in Storage

A large amount of ground water in storage
oceurs in the medial gravel unit and in the adja-
cent and underlying deposits of the ground-water
reservoir. The medial gravel unit is virtually com-
pletely saturated. Plate 6 shows its approximate
saturated thickness and areal distribution. Tts
volume is about 2.5 million acre-feet and its long-
term specific yield is at least 20 percent. (See
specific yields in Table 22 for samples having
median particle-size diameters in the coarse-sand
to ‘gravel-size ranges.) Accordingly, the total
amount of ground water in storage in the unit
is on the order of 500,000 acre-feet, or about
three times the capacity of Rye Patch Reservoir,

The volume of the upper 100 feet of gaturated
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deposits adjacent to the medial gravel unit in
the project area is about 15 million acre-feet,
Assuming that the average longterm specific vield
of these deposits is 10 percent, they contain an
additional 1.5 million acre-feet of ground water
in-gtorage.

Locally, highly permeable deposits’ occur
benieath those in the upper 100 feet of the Zone
of saturation, The average thickness of ‘these and
other less permeable deposits forming the ground-
water reservoir may be 1,000 feet or more. Thus,
the total amount of ground water in storage in
the project area may be 5 to 10 times greater
than that in the upper 100 feet of the ground-
water reservoir,

WATER-CONTENT CHANGES IN
SHALLOW FLOOD-PLAIN
DEPOSITS AT THREE
SITES

By A. O Waanuanen

Water stored in the flood-plain deposits during
periods of rising river stage and subsequently
released as the river stage falls is one of the
principal sources of water that sustaing low flows
in the Humboldt River. The water may be stored
as soil moisture in the unsaturated zone, includ-
ing the capillary fringe, and as ground water in
the saturated zone. The term “total water con:

- tent” is used in this and the immediately follow-

ing section of the report to deacribe the amount
of water in the unsaturated and saturated zones
in the shallow flood-plain deposits, :

When the water table is at shallow depth, water
may be discharged by evaporation from land SUr-
face, by transpiration by riparian and flood-plain
vegetation, commonly phreatophytes, and by
underflow to stream channels. Seasonal changes
in- ground-water levels in the Humboldt River
flood plain in the study reach exceed 5 feet in
some years. Accompanying changes in moisture
content in the unsaturated zone may be as much
as half an acre-foot per acre or more. All ‘the
water going into storage in a given season may
not be released in the subsequent low-water ses-
son; and the storage carry over to the next season
may be substantial. The amounts of water stored
and released seasonably, or carried over, appear
great enough to justify consideration in annual
water-budget studies,

The neutron-scattering method for measuring
soil moisture provides a means for determining
changes in the moisture content of soils. It is
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helpful also in determining gpecific-yield charac-
teristics of saturated deposits. During 1962, soil-
moisture data were obtained at three sites in the
Humboldt River flood plain in the study reach
to observe the changes in water content in the
shallow flood-plain deposits. These sites were
each less than 500 feet from channels of the
river. Data obtained during a high water year
such as 1962 should provide some indication of
the storage potential of the deposits, and per-
haps the short-term specific yield. On the basis of
the results, the method appears satisfactory but
more sampling is needed to provide more than
an approximation of the goil-moisture changes
and the specific yield. The data obtained, however,
are useful toward a better understanding of some
of the hydrologic processes.

Moisture contents were determined with a
neutron-scattering soil-moisture meter using
access tubes installed at the following sites :

Depth of profile

obzerved, in
Location inches

Keains Ranch, 614 miles NE of
£ to well

16 e &
F678%-19A00L) e

B,
Test site, 4 miles 8W of Winnemucea....

The access tubes at these sites extend to and
bottom in a layer of fine-grained nearly imper-
vious voleanic ash at or a little above the mini-
mum observed level of the water table.

The procedure used in the moisture determina-
tions is consistent with general practice {(Van
Bavel, 1958). The same procedure was used to
determine the water-content in the svapotranspi-
ration tanks at the test site (page T1). The soil-
moigture meter, which utilizes the neutron energy
absorption technique, is equipped with a 28 milli-
gram actinium source and has demonstrated a
high degree of replicability of results.

Data were obtained in April, June, July, Au-
gust and October 1962 at each of the sites, and also
in September 1961 at the test site. The resulting
water-content profiles and the corresponding
ground-water levels are shown it Figure 33
together with a graphic log of the materialg pene-
trated in each access hole. The water content in
the observed profiles, expressed as depth of water
both in inches and feet, together with- the net
change between observation periods are given
in Table 24. In addition, the average daily deple-
tion rate in water content, in feet, is shown for
the recession period.

The profiles show the changes in waber content k

during 1962. The additional 1961 data at the test

site demonstrate the difference between water
content at the end of a below average water year
(1961) with that for a year of high water and
overbank flow (1962). The data at the test site
also indicate, for example, that the total water
content in the measured profile increased from the
1961 low of about 18 percent by volume to the
1962 high of about 38 percent, the difference
representing an increase in water content of 20
percent, by volume, or 16 inches of water. The
increase in water content took place prineipally
in the upper 4 feet of this profile where the aver-
age change was 25 percent, representing 12 inches
of water. The increase in water content in the
deposits at this site, which was more than an
acre-foot per acre between September 1961 and
July 1962, is an index of the increase that ‘may
be expected in deposits in the study reach having
similar lithologic characteristics and in a similar
hydrologic environment.

By October 1962 the water content in the upper
80 inches of the three profiles had declined 9, 11,
and 13 percent by volume, respectively, from the
season’s maximums at the Kearns Ranch; Winne-
mucea, and test-site locations. The water content
in the deposits at the test site in October 1962
was about 7 percent by volume higher than in
September 1961, or a net increase of almost 0.5
acre-foot per acre. Relationships at the other two
sites may be presumed to be similar, -but the
amounts and distribution of changes in water
content at the other locations in the basin, of
course, are dependent on many factors ncluding
the character of the local materials and the depths
to water.

It is of interest to note from Figure 33, that
significant parts of the changes in water content
with changes in the ground-water levels oceur
in the zone of aeration. When water levels change
gradually, as on a declining stage, the changes
in water content are related to the hydrologic
characteristics of the materials in both the zone
of aeration and the zone of saturation. Thus, the
water released may be ground water from. the
zone of saturation (perhaps 1 or 2 percent mois-
ture, by volume) and vadose moisture from the
zone of aeration. This becomes significant in the
evaluation of probable yields when deposits hav-
ing different characteristics oeccur in overlying
layers.

The data indicate a depletion rate of nearly 0.01
foot per day during the recession from the high
water level in July 1962. The depletion in water
content resulted from evapotranspiration and
underflow to the Humboldt River. There is a
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coincidental agreement with the approximate rate
of water use by phreatophytic vegetation. How-
ever, the dengity and extent of such vegetation is plain deposits at the test site were representative
low at the Kearns Ranch and Winnemucca sites

and the decline in the water table probably is

attributable to both evapotranspiration logses and
underflow to the river. In areas where the water
table is well below the root zone of most phreato-
bhytes, the water-table decline would be relate
more closely to the lateral movement of ground
water to streams or to other adjacent discharge

PRELIMINARY ESTIMATES OF CHANGES
IN MOISTURE CONTENT IN THE
ZONE OF AERATION

Very few data are available to calculate net
changes in moisture content in the zone of aera-
tion. Crude preliminary estimates can be made
by utilizing the preliminary data developed by
Waananen in the preceding section of the report
and by the writer in the section on changes of
ground water in storage. It is assumed that the
most significant changes in moisture content in
the zone of aeration of the storage units occurred
in the flood-plain deposits because of irrigation
practices and natural overbank flooding. In addi-
tion, it is assumed that the net changes in total

WATER CONTENT, IN PERCENT BY YOLUME

i
-
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water content (vadose water and ground water
in storage) -that occurred in the shallow flood-

of the changes that ocecurred on the entire flood
plain.
Total water content in the flood-plain deposits
increased about 0.5 acre-foot per acre in water
year 1962 (page 82). Thus, it can be computed
that the net increase in total water content in
these deposits in water year 1962 was about
12,000 acre-feet. The estimated net increase of
ground water in storage in these deposits during
the same period was only 2,000 acre-feet. Accord-
ingly, the estimated net increase in moisture con-
tent in the zone of aeration in water year 1962
was equal to the net increase in total water eon:
tent minus the net increase of ground water in
storage, or about 10,000 acre-feet. :

The net increase in total water content from
December to June of water year 1962 may have
been about 1 acre-foot per acre {(page 82) or
about 25,000 acre-feet. The estimated net increase
of ground water in storage in the flood-plain
deposits during the same period was 8,000 acre-
feet. Accordingly, the estimated net increase in
meisture content in the zone of aeration from
December to June in water year 1962 was about
25,000 acre-feet minus 8,000 acre-feet, or about
17,000 acre-feet. The estimated average annual

s B

" Obaervation dates of water
content and water level

s A0t 9, 1982
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FIGURE 33.— Water content and access-hole logs at three sites in the flood plain of the Humboldt River near
Winnemueea, Nev,, 1961-62
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net change in moisture content in the zone of water year 1962 and for December through June
aeration in water years 1949-62 was zero. This of water year 1962 may be in error by as much as
estimate probably is accurate within a few per- 50 percent.
cent: however, the preliminary estimates for

TABLE 24—WATER-CONTENT CHANGES IN THE SHALLOW DEPOSITS AT THREE SITES IN THE HUMBOLDT

RIVEE FLOOD PLAIN NEAR WINNEMUCCA, NEVADA, 1962

June e ot

_ Apr, 8 1011 July i A, 30 17-18
KEARNS BRANCH— .

Depthtowater (dn) .. . ¥E36 39.86 3876 70.08 85,92

Depth:of moisture in ¢

G0-ineh- profile (i) 2743 20.04 20.70 2458 22.83
Change {(in.).. . 4161 (.66 5,12 =175

Change (£E.) -+.138 —+-.06 R woin 155

Depletion (ft./day 00831

WINNEMUCCA—
Depth to water (Gm)....... 40368 22,08 2460 7212
Diepth of moisture in
100-inch profile (In) ... 39,64 40.70 39,86 B34.56
Change (in) ... . -+ 1.06 — 84 w3, 50 e )
Change (£ s -+ .0 : — 07 e, 44 e 20Y
Depletion (ft./day) .. e e 0042

THET SITE— )
Depth to water (i) o 48.84 7.68 CB04 69.60 ¥
Drepth-of moigture in

al-neh profile (in) .. 26.68 2120 31.20 23.74 2076
Change (in.) . -+ 4.52 00 —T A6 switd O
Change (). . 438 00 =52 25
Depletion (£t./da¥) . e . e 012 ) 0061

=Pstimated, +More than 84.0.
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CHEMISTRY OF THE HYDROLOGIC SYSTEM

The prineipal objectives of the hydrogeochemical
studies were (1) to determine the suitability of
the water of the area for use, (2) to evaluate ity of water for domestic and other uses, is
lateral and vertical differences in water quality expressed in parts per million of ealeium carbon-
and changes in water quality with time, and (8) ate.

to utilize water-quality data to make a qualitative
and, where possible, a quantitative evalyation of
the source and movement of water. Much of the
basie water-quality data, a moderately detailed i
analysig of the suitability of the water for use, range (ppmi)

principally by caleium and magnesitum dons and
whieh, if excessive, adversely affects the suitabil-

The U.S. Gelogical Survey uses the following
numerical ranges and adjective ratings for classi-
fying water hardness

Classification
e . . 0- 8 .
and a preliminary avaluatmn. of “water quz_xhty Gi—-lg‘g ately hird
and its relation to the hydrologic system are glven 121-180 e %Lm i :
3 5 ‘ 3 gd *redter than 18 : Yery hir
I a previous report (Cohen, 1962d). Variations Greater than 180 ey harq

in water quality and the relation between water
quality and the source and movement of water are
emphasized in the present report. The hydro-
geochemical studies are based on more than 225

SOURCE AND SIGNIFICANCE OF
DISSOLVED CONSTITUENTS

chemical analyses made of ground and surface - About 100 el‘ements and thousands of com-
water in the project area. Samples were obtained pounds of these elements oceur in the consolidated
in July and August 1961, November and Decem.-. rocks and unconsolidated deposits of the area.
ber 1961, and April and May 1962. Virtually all of these elements and compounds
are, in varying degree, soluble in water. Nearly

UNITS USED IN REPORTING DATA all the water enters the hydrologic system of the

project area sither as precipitation or as stream.
flow. Preeipi‘tation commonly © containg  trace
amounts of the major chemiecal consgtituents and
some minor chemical constituents. As it moves
through the hydrologic system, water originating
as precipitation commonly containg prdgressively
more dissolved golids largely as a result of ¢om-
ing into contact with additional soluble mineral
matter. Solution of carbon dioxide from the soil,
inereasing temperature and bressure with increas-
ing depth, changes in pH, and other factors may

Dissolved-solids content is a term used to refer
either to the residue of a known quantity of
sample dried at 180°C. or to the sum of the
determined constituents, Dissolved-solids-content
values given in this report are the sums of deter-
mined constituents expressed in parts per million
(ppm) or equivalents per million (epm). Parts
per million are the number of milligrams of
solute in 1 kilogram of solution. Equivalents per
million are the number of milligram equivalents

of solute in 1 kilogram of solution and are caleu- inerease the chemical reactivity of the water and
lated by dividing the concentration of an ion in cause it to dissolve additional mineral matter.

parts per million by its combining weight, which The dissolved-solids content of the Humboldt
is defined as the atomic or molecular weight of

an ion divided by its valence. For the purpose of
this report the waters have been classified accord- -
-ing to dissolved-solids content as follows :

River, which contributes most of the water fo
the project area, is considerably higher than that
of precipitation. As this water moves through
the hydrologic system of the study area it also

dissolves additional mineral matter; however,
Diasolved-solids

content (ppm ) Classification because of complex interrelations with other
150 to 800 Very low aspects of the system, the dissolved-solids content
300 to 500 Law ’ 1d . ter locally i . d
500 to 750 Moderate of Humboldt River water loca y.increases an
I%O’[Lg(}%() gf>%m~atel,v high locally decreases with increasing distanee down-
54 A Eh ¥ s ¥
Greater than 2.000 Very high stream from the Comus gaging station. In addi.

tion, the chemical quality of the Humboldt River
Specific conductance, expressed in micromhos changes seasonally.

ver centimeter at 25°C,, is a meadure of the sagse Table 25 lists the principal sources and signifi-
ith which an electrical current will pass through cance with respect to use of the determined
a solution. Tt is a rough measure of dissolved- constituents, and Plates 7 and 8 show the con-
olids content. Hardness of water, which is caused centration of the major chemical constituents in




26 WATER RESOURCES OF HUMBOLDT RIVER VALLEY NEAR WINNEMUCCA

equivalents per million of most of the samples
obtained during the study. The diagrams, which
are modified after those first introduced by Stiff
(1951), permit a rapid although somewhat gen-
eralized evaluation of the chemical quality of the
walter.

Most of the water in the project area has a
moderate to very low dissolved-solids content and
ig godium biecarbonate water—that is, sodium and

bicarbonate, expressed in equivalents per million,
constitute more than 50 percent of the major
cations and anions, respectively. Calcium is the
next most abundant cation, and the chloride and
sulfate anions are about equally abundant.
Although otherwise suitable for most purposes,
nearly all the water is moderately hard to very
hard. Locally some of the water is" not “suitable
for some uses. (See Cohen, 19624, pages 20-24.)

TARLE 25—~PRINCIPAL SOURCES AND SIGNIFICANCE WITH RESPECT TO SUITABILITY FOR USE OF
SPELECTED CHEMICAL CONSTITUENTS IN THE WATERS OF THE
HUMBOLDT RIVER VALLEY NEAR WINNEMUCCA, NEVADA

Clonstituent Principal sources

RTTEITE €1 CLS DURRRRE Silicate minerals abundant in nearly all the consolidated

Bignificance with respent
fo guitability for use

May form scale in pipes and bollers.

rocks and in all the nneonsolidated deposits,

Tron (@) i socrmn s Trog-hearing minerals that occur, at least in small
amounts, in nearly all the consolidated rocks and in

all the unconsolidated deposits.

Sateimn (OR) e Calicum-bearing feldspars which constitute ag much as
50 percent of some of the basic vo

leanic rocks such as

More than about 0.8 ppmi.-may stain
laundry, uter s, and kitchen fixtures:
Larger quantifies may eolor and impart
objectionable taste to waler.

Principal eause of hardness, Commonly
o major constituent i scale deposits.

Basalt, andesite, and diorite; Hmestone. Caleinm salts,
eapecinlly CaCl, and CaS0, in the uneonsolidated

deposits.

Magnesitm (Mg) s Pyroxenes and amphiboles in igneous rocks. Magnesinm
galts in the unconsolidated deposits,

Sodium (Na)

Na(l, Na,(00, NaHCO, and Na

godinm-bearing feldspars in the acidie voleanie rocks
gach as granite and rhyolite, Sodinm salfs, especinlly
80, in the unconsoli-

Second most important cause of “hard-
HEessE.

Txcessive amounts anay reduce soil

permenbility..In combination - with
chloride, may cause water to - taste

dated deposits. Ion exchange with sodium-bearing clay salty.

minerals.

Potassinm: (K)

Potash feldspars in acidie igneous rocks. Potassinm salts

Fesential for proper plant nutrition.

probably are comparatively rare in the unconsolidated

deposits.
Bieatrbonate (HOCO,)
and Carbonate (COy)

other cOmMMon roek forming min
and NaHOO, salts in the uncongolidate

sulfate

golidated deposits,

Chlm‘id@ Chlovide salts, largely Nall,

(T3 L1 [ PPN Oecurs in traece amounts in vario
Assoviated with thermal wiater n
frult and near the Comus gaging station.

Nitrate (NO;)

g 70 e TS (

rocks of the area. Associated with thermal water near
the Tast Range fault and water of high dissolved-
solids content near the Comus g2 ging station

TEnd products of the weathering of feldspars and many

erals. (aCoO, Na,COy
d-deposits.

Oxidation and hydration of aulfide minerals in the con-
solidated rocks. Solution of ‘gypsum from the uncon-

in the unconsolidated
. especially in the Jacustrine and flood-plain
ue consolidated rocks.

enr the Hast Range

ars in trace amounis in sowe of the consolidated ementi

Causes carbonate hardness in combinga-
tion with ealeium and magnesinm: May
be precipitated from poiling water to
torm seale and yield corrosive carbon
dioxide. Loeally: forms “plack alkal”
(N2, 00;) crusts on the goil -which are
injurious 10 MAany plants.

May be precipitated from bolling water
to- forin geale, Exce give amounts may
have o laxative effect on humans aod
animals.

{oveessive -amounts - (more than 250
ppm) o may  cause s ity taste. Precipi
tates locally on the E mboldt River
flood plain where it is njuricus fo most
plants,

Tlesential for proper human nutrition.
Txcegsive amounts (more than about
1.7 ppan).  may cause mottied tooth
enamel in c¢hildren:

pollutants. Nitrate in drinking water in escess of
about 44 ppm may cause cyanosis; the
so-called - “blue-haby” “disease, in in-
fants.

11 > plant nutrition in
small amounts, o fo many plants
in o amounts only slightly more than the
weeded amounts. Unsul
fitiss of more than 3.75 ppm for even
the most tolerant crops.
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VARIATIONS IN WATER QUALITY the river and the ground-water reservoir change.

. . In general, when the stage and flow of the river
In & complex hydrogeologic environment such areghigh the iiverelosef water to the ground
= - ' 5 " . . 1 s dh y s & X¢ L8
as Fh?ft ot 'the Humbo}df; River valley, mar%{e d water reservoir; when the stage and How of the
variations in water quality oceur—both vertieal river are low, the river gains water from th
and lateral variations and variations with time. round \%ater ;eww i Fig:r' k8 4‘}‘31 e tltie eiae
To evaluate these phenomena, where possible ficm ;); tean ;;;em?ﬁc* cfnldic tagceowan d ;a a:
samples were obtained from nearby wells tapping height of the Humboldt River at the Winnemm ..
ﬂiﬁiﬁfwag:ﬂiicleg niﬁ;;r:zbggzgergur?; pthzj gaging station. In overall aspect the specific con-
£ o8 samples s g P ductance is inversely proportional to the stage of
riods of low, intermediate, and high water levels ; . . . ;
¢ . , . . the river. During periods of high streamflow, the
he Humboldt River was sampled during periods . Sl N
of low and high streamflow water has a very low dissolved-solids content, and
] ’ some of it recharges the ground-water reservoir
beneath and adjacent to the river. During periods
. of low streamflow, ground water of low to high
Largely on the basis of water quality, the proj- dissolved-solids content seeps into the river and

ect area is divided into seven subareas, six of constitutes most, or commonly all, of the stream.
which are outlined on Plate 9. The seventh sub- Row,

area is the Humboldt River flood plain and border.
ing river-cut terraces except where they oceur in
the other subareas. The map shows the sum of
the major anions and cations in the ground water

?n the pmjex:'t area, \t@rtical and lateral vali'iatim]s ground-water levels throughout most of the area
in the chemical quality of ground water in each

* - il : were at or near record-low stages. Plate 8 shows
subarea are described in detail in 2 previous the water quality in April and May 1962 when the
rep 0}1;'1; ((,jOhEH 1962d, pages 12-16), and are sum.- flow of the river was about 750 ¢fs at the Hoge
marized in Table 26. Creek gaging station and when ground-water
levels were nearly as high and the shape of the
Variations With Time water-level contours were very similar to those
As the flow and stage of the Humboldt River shown in Plate 4. In the spring of 1962, generally

Vertical and Lateral Variations

Plate 7 shows the chemical quality ‘of water
in the project area in J uly-December 1961 when
streamflow was low, ranging from about 10 to
20 c¢fs at the Rose Creek gaging station; and when

change with time, the hydraulic relations between the most marked changes in water quality, as
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WATER RESOURCES 0F HUMBEO!

compared to the water quality in December 1961
occurred in the Humboldt River and in the shallo
aquifers beneath and immediately  adjacent tc
the river. The dissolved-solids content of wate
in most of the shallow wells tapping flood-plais
deposits or the underlying medial gravel unit
such as water in wells 35/36-19decal, 36,/40-
36bbbl, and 36/41-14dedl, decreased. Water levels
in these wells rose markedly as a result of the high
river stage. The dissolved-solids content of the
river was 250 to 300 ppm when sampled in April
and ~May 1962, Accordingly, the decrease in
dissolved-solids content of ground water in the
shallow aquifers probably was a result of dilu-
tion by seepage of Humboldt River water of very
low dissolved-solids content to the ground-water
reservoir,

The dissolved-solids content of some of the
shallow ground water resampled in the spring
of 1962 increased. For example, the dissolved-
solids content of water from well 37/38-34abbl
increased from 970 ppm in August 1961 when the
water level was about 5.4 feet below land surface
to 4,320 ppm in April 1962 when the water level
was about 2.2 feet below land surface. The dis-
solved-solids content of water in thig well and in
some of the other shallow wells probably increased
because the water table rose into’ near-surface
highly saline deposits associated with areas of
substantial ground-water discharge by evapo-
transpiration.

Thermal water in the project area showed no

significant and consistent seasonal changes in

water quality. This water may be part of a single

large and deeply circulating system. If this is

correct, the chemical quality of the thermal water

should remain fairly constant and should not

respond to short-term seasonal influences.

e

1

¥

THE RELATION OF WATER QUALITY TO
THE SOURCE AND MOVEMENT
OF WATER

In overall aspect the geochemistry of the hydro-
logic system corroborates the hydrogeologic obser-
vations and interpretations given in previous
sections of thig report, In detail, water-quality
data help refine some aspeets of the intervelations
among various components of the hydrologic sys-
tem, especially interrelations between the Hum-
boldt River and the ground-water reservoir. The
relation of water quality to the source and move-
ment of water is evaluated by analyzing the data
shown in Plate 3 and Figure 85, which show
water-level contours and the chemical quality and
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flow of the Humboldt River, respectively, when
ground-water levels and the stage and flow of
the river were low,

In December 1961 water-level contours were’
slightly concave downstream between stations A
and B. Accordingly, in this reach of the river
most of the ground-water movement was toward
the river. Flow in the Humboldt River at station
A was about 0.15 c¢fs and was a mixture of sodium
chloride and sodium bicarbonate water of high
to moderately high dissolved-solids content
derived largely from the shallow agquifers up-
stream from the Comus gaging station. The fHow
increased to about 0.4 cfs at station B and the
dissolved-solids content decreased about 440 ppm.
The increase in flow between the two stations was
a result of ground-water seepage to the river,
the dissolved-solids content of which ean be esti-
mated by the equation:

(Qu) (Cu) + Q) (C) = (Qu) (Cu), (4)

or

i (th) (Chb) e (Qhu) (Clm) ; (5)

where Q,, = rate of flow of the Humboldt Biver
at station A, in cubic feet per second;

Cia = dissolved-solids content of the Hum-
boldt River at station A, in parts per
million,

Q. = rate of ground-water seepage into the
Humboldt River between stations A
and B, in cubic feet per second,

C, = dissolved-solids content of the ground-
water seepage, in parts per million,

Qi = rate of flow of the Huamboldt River at
station B, in eubic feet per second, and

Cus = dissolved-solids content of the Hum-

boldt River at station B, in parts per
million.

C,

The dissolved-solids content and rate of flow
of the Humboldt River at station A were 1,280
ppmand 0.15 cfs; respectively; the dissolved-solids
content and rate of flow at station B were 836
pPpm and 0.4 efg, respectively. Thus, the rate of
ground-water seepage to the river between the
two stations was 0.25 cfs. Substituting these data
inequation 4:

C. — (0.4) (836) — (0.15) (1280) ppm
v 0.25

= 570 ppm

Accordingly, the caleulated dissolved-solids con-
. tent of pround water discharging into the Hum-
“boldt River between stations A and B in December
1961 is about 570 ppm.
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~intersection of the bed of the river and the water
table, and the quality of the water from the pool
probably was very similar to that of the water
discharging into the river between stations A
and B. The calculated dissolved-solids content of
the ground water discharging into the river, about
570 ppm, agrees closely with the dissolved-solids
content of the water from the pool near station C.

The flow and dissolved-solids content. of the
river increased to about 0.2 cfs and about 750
bpm,; respectively, at station E. Nearly the entire
increase in flow and most of the increase in
dissolved-solids content occurred between stations
D and E where the width of the relatively per-
meable alluvium decreases to about a quarter of
a mile causing ground water to discharge into
the river. Ground water discharging into the
river between stations C and E had a higher
dissolved-solids content than that discharging
into the river between stations A and B largely
because the deposits in this area are highly saline
owing to the normally very shallow water table
and the resulting above average evapotranspira-
tion rates which results in a concentration of salts.

The flow of the Humboldt River ‘increased to
about 1.2 efs at station G and the dissolved-solids
content decreased to about 560 ppm. The increase
in streamflow and the decrease in dissolved-solids
content probably was largely a result of the
underflow of calcium bicarbonate ground water of
low dissolved-solids content from the drainage
basin of Rock Creek. (See Plates 3 and 9.)

At station H, the flow of the Humboldt River
increased to about 1.4 efs and the dissolved-solids
content increased to about 640 ppm. The increase
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The river was virtually dry at station G, but
the dissolved-solids content from & pool near the
station was 585 ppm. The pool was caused by the

in flow was a result of underflow from the Pole
Creek-Rock Creek area, from the Humboldt River
valley upstream from station H, and perhaps from
the hot springs near Golconda. Underflow from
the Pole Creek-Rock Creek ares had a low to very
low dissolved-solids content; underflow from the
Humboldt River valley had a moderate to moder-
ately high dissolved-solids content; and under-
flow from the Goleonda hot springs system had
a moderate dissolved-solids content (Plate 9).
These relations preclude the possibility of using
available water-quality data to evaluate the rela-
tive amounts of underflow discharging into the
river from each of the three sources.

Streamflow and dissolved-solids content de-
creased to about 0.6 cfs and 450 ppm, respectively,

at station J. As previously indicated (page 63);
streamflow decreased between stations H and K
apparently because ground-water movement away
from the river toward the northwest was greater
than that toward the river from the southeast.
The dissolved-solids content probably decreased
because ground water discharging into the river
from the southeast was mostly caleium bicarbon-
ate water of low to very low dissolved.solids con-
tent from the Pole Creek-Rock Creek area.

The flow of the Humboldt River increased from
about 0.6 cfs at station J to about 5 ¢fs at station
N. The dissolved-solids content decreased to 467
bpmat station K, decreased to 426 ppm at station
L, increased to 509 ppm at station M, and apain
decreased to 444 ppm at station N, The decrease
in dissolved-solids content and the increase in
streamflow between stations J and L, were a result
of underflow to the Humboldt River of caleium
bicarbonate water of low to very low dissolved:
solids content from the Pole Creek-Rock Creek
area and underflow to the river of sodium bicar.
bonate water of moderate to low dissolved-zolids
content from the eastern part of the Paradise
Valley subarea. The dissolved-solids content and
flow of the river increased between stations 1.
and M largely because of underflow to the river
of ground water of moderate to very high dis-
solved-solids content from the western part of
the Paradise Valley subarea. Underflow of ealeium
bicarbonate water of low dizsolved-solids content
from the northern slope of the Sonoma Range
and a decrease in the width of the medial gravel
unit caused the flow of the river to iticrease and
the dissolved-solids content to decrease between
gtations M and'N. ‘ .

Surface water draining northwestward into
Grass Valley is the source of most of the recharge
to the ground-water reservoir of Grass Valley,
and-is largely calcium bicarbonate water of very
low dissolved-solids content (Plate 9). The water.
level contours for December 1961 indicate that
most of the underflow from Grass Valley and the
northwestern slope of the Sonoma Range moved
toward the Humboldt River and discharged into

the river between stations N and S. Prior to dis:
charging into the river, most of the caleium
bicarbonate water of very low  dissolved-solids
content mixed with sodium bicarbonate water of
moderate dissolved-solids content in the shallow
aquifers beneath and adjacent to the Humboldt
River. Accordingly, most of the water that dis-
charged into the river between stations N and S,
about 9.7 cfs, was a mixture of the two waters,
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As a result, the dissolved-solids eontent of the
river decreased from 489 ppm at station N to 453
ppm at station 3. Plates 3 and 9 suggest that
relatively unmixed calcium bicarbonate water of
very low dissolved-solids content discharged into
the river between stations P and Q. This is veri-
fied by the fact that the dissolved-solids content
of the river decreased to 415 ppm at station Q.

Although ground water of moderate to very
high dissolved-solids content occurs in-a fairly
large area in the East Range fault subarea and
although the water-level contours of Plate 3 sug-
gest that most of this water probably moved
toward the Humboldt River in December 1961,
the dissolved-solids content of the river showed
only a slight increase down-gradient from the
ground-water mound along the fault. This sug-
gests that the amount of ground water discharged
into the river from the East Range fault system
is very small.

By utilizing the following equation, water-
quality data can be used to verify that the esti-
mates of ground-water inflow from Grass Valley
and the northwestern slope of the Sonoma Range
derived on page 65 are of the correct. order of

~magnitude:

(Qho) (Cho) + (Quo) (Gu’o) + (Qu;‘:) (Cug) —_

(Qu) (Cu) + (Qu) (Cu) (6)
or
Qug =
(Qu) (Cr) + (Qus) (Cue) = (Quo) (Cio) —(Quo) (C‘u(o%)

where Q,, — rate of flow of the Humboldt River
at station O, in cubic feet per second,

Cye = dissolved-solids content of the Hum-
boldt River at station O, in parts per
million,

Q. = rate of ground-water underflow
roughly parallel to the Humboldt River
at station O, in cubic feet per second,

C., = dissolved-golids content of underflow
at station O, in parts per million,

Q. = rate of ground-water inflow from the
Grass Valley subarea, in cubic feet per
second,

C,; = dissolved-solids content of ground-
water inflow from the Grass Valley
subarea, in parts per million,

Q.s = rate of flow of the Humboldt River
at station 8, in cubic feet per second,

C,, = dissolved-solids content of the Hum-

boldt River at station S, in parts per

million,

Q.. = rate of underflow roughly parallel to
the Humboldt River near station 8, in
cubic feet per second, and

C,. = dissolved-solids content of underflow

near station S, in parts per million.

The rate of flow and dissolved-solids content of
the Humboldt River at station O in December
1961 were about 3.7 ¢fs and 480 ppm, reapectively.
The estimated rate and dissolved-solids content
of ground-water underflow roughly parallel to the
Humboldt River at station O were 5to 7.5 cfs
(Table 17) and about 550 ppm, respectively. The
estimated average dissolved-solids conitent of the
calcium bicarbonate water from Grass Valleyand
the northwestern slope of the Sonoma Range was
about 250 ppm. The rate of flow and the dissolved-
solids content of the Humboldt River at station
S were about 14.8 cfs and 450 ppm, respectively.
The estimated rate and dissolved-solids content
of ground-water underflow roughly parallel to
the Humboldt River near station 5 were 2.5 to
3.5 cfs (Table 17) and about 460 ppm, respec-
tively. Assuming that the rate of underflow past
stations O and S were 6 and 3 cfs, respectively,
and substituting these data in equation 7 yields
the following estimate of inflow:

ng =
| (14:8) (450) + (3) (460)— (3.7) (480) —(6) (550) _

250

=12 efs,

The estimated ground-water inflow from Grass
Valley and the northwestern slope of the Sonoma
Range of 12 cfs, derived from water-quality data,
is larger than the estimate of 7 to 8.5 cfs derived
on page 65. Largely because the water-quality
data are insufficient to determine precigely. the
average chemical quality of the ground-water
underflow and because the chemical quality of the
underflow doubtlessly changes somewhat as the
water moves downgradient, the range of esti-
mates of ground-water inflow from Grass Valley
and the northwestern slope of the Sonoma Range
derived on page 65 probably is more accurate
than the estimate derived from the water-quality
data. Accordingly, the estimate obtained from
the water-quality data merely verifies that the
ground-water inflow estimates derived on page
65 are of the correct order of magnitude.




been described in previous sections of the report.
In this section of the report preliminary ‘hydro-
logie budgets are given for three periods, Decem-
ber through June of water yvear 1962, water year
1962, and for water years 194962, to summarize
the quantitative relations among the components
of the hydrologic system. In addition, qualitative
and quantitative hydrologic features in water
year 1962 “are described separately, largely
because the availability of data permits a moder-
ately detailed summary of the flow of the Hum-
boldt River and its relation to other components

of the system, especially the ground-water reser-
voir.

HYDROLOGIC-BUDGET ANALYSIS

The hydrologic budget for an area can be
expressed by the equation :

I =0 + St (8)

where I is inflow, O is outflow, and St is the net
change in storage. If there is a net increase in

TABLE 27—DATA FOR PRELIMINARY WATER-BUIL

N Watersbudget components
INFLOW :
Humboldt River streamflow at the
Comug gaging station (Table 10)
Tributary streamfiow (p. 41)
Ground-water inflow (p. 64
Precipitation (p. 68) ..

(1) Total inflow.

OUTFLOW ;

Humboldt River streamflow at the Rose
Creek gaging station (Table 10)

Ground-water outflow (p. Tay*

Evaporation from open bodies of water )

Evapotianspiration of brecipitation from land

e and the zone of seration {p. G8)

surf

Transpiration by ph reatophytes and
evaporation from bare soil (p. 73)%

Net pumpage (p. 74) o

(2) Total outfow

NET INCREASE IN
Burface water (p. &
Ground water (p. 81)
Vadose water (p. 88)

(3) Total increase in BLOTAEE. e
@) B8UM: (2) + ()

er inflow and outfow in the 7-month period Decem
CR=TwWe fihe annual grouny ater inflow and outfow,
TRunge in valties cannot be narrowed until the final results of £

| SRR &

,,,,,,,, -~ 100 Lo =15, 100

ber through June of water vear 1962 v estimuted o have b

he studies of all the couperating agendive arve availahle,
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SUMMARY OF THE RELATIONS AMONG THE COMPONENTS
, OF THE HYDROLOGIC SYSTEM

- Qualitative and quantitative relations among
the components of the hydrologic system Have

storage, it is added to the right side of the equas-
tion; if there is a net decrease, it is subtracted.

Table 27 lists data for the three preliminary
water-budget anslyses for the storage units’ out-
lined in Plate 5. If all the data were accurate and
if ranges were not given for transpiration by
phreatophytes and evaporation from bare soil,
equation 8 should balance. Table 27 shows that
the estimated total inflow ranges from 2,900 gere-
feet more to 80,300 acre-feet less than the sum
of the estimated total outflow plus the net increase
in storage. In other words, the estimated inflow
ranges from about 1 percent more to 11 percent
less than the outflow plus the net inerease in stor:
age.
The imbalance reflects the cumulative errors
inthe estimates of all the componernts of the water
budgets. Because of the few available data, it is
brobable that the estimates of evapotranspiration
of precipitation from land surface and from the
zone of aeration, transpiration by phreatophytes
and evaporation from bare goil, and changes in
the amount of vadose water in storage are sub-
ject to the largest errors. When additional data
on evapotranspiration and changes in moisture

JGET ANALYSES, IN ACRE-FEET, POR THE STORAGE
UNITS IN THE HUMBOLDT RIVER VALLEY NEAR WINNEMUCCA, NEVADA

Water venrs
December through Jine, B
water year 1862

Water vear 1983 T4-year average

........ 254,300 297,200

5,000 5,800

8,200 14,000
........ 47,000 60,000 59.000
_____ 314,500 377,000 249,600
..... 187,800 242,900

1500 3,000
,,,,,,,, 14,000 21400
........ 40,000 57,000 56.000

10,000 to 20,000 30,000 to 60,000 25,000 to: 50,0600

1000 3,000 1,500
L600 Lo 264,600 357,300 to 387,300 254,900 to 279,900
22,000 1,800 0
26,000 5,000 0
17,000 10,000 0
...... 65,000 16,500 0

- 319,600 10 829,600 STEL00 to 404,100

2800 to 27100

254,900 10 279,900
=800 to ~—80,500

een - ihont
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content in the zone of aeration become available,
the preliminary hydrologic-budget analyses can
be refined. Equation 8 probably will not balance
even when all the data become available. This
is to be expected inasmuch as all the components
of the hydrologic system have not been atudied
with the same degree of intensity. Moreover, some
of the components could not be evaluated as pre-
cisely as desired within the realm of economic
and technological feasibility.

Relation of Water Years 1949-62
to the Long-term Period

As suggested by the records at Winnemucea
and Elko, average annual precipitation in water
years 1949-62 was about 5 to 10 percent less
than the average annual precipitation in the past
90 years. This deficiency is further confirmed by
streamflow at the Comus gaging station, which
was about 14 percent less in water years 1949-62
than the long-term average. These data guggest
that in water years 1949-62 total inflow to and
outflow from the project area probably was less
than the long-term average; however, sufficient
data are not available to determine precisely how
much less.

HYDROLOGIC FEATURES IN
WATER YEAR 1962

Largely because water year 1962 was a year of
above-average streamflow following 3 years of
drought, the magnitude and extent, both in space
and time, of some of the hydrologic phenomena
that oceurred during the year were above average.
Inasmuch as hydraulic gradients toward the Hum-
boldt River near the margins of the storage units
remained nearly constant, it is presumed that
ground-water underflow into the area was about
average, Further, the ground-water gradients,
and hence underflow out of the area near the
Rose Creek gaging station, were about average.

At the beginning of water year 1962, the Hum-
boldt River was nearly dry at the Comus gaging
station, having a flow of about 0.1 cfe, and the
flow at the Rose Creek gaging station ranged
from about 10 to 14 cfs and averaged about 12
cfs (Figure 36). Virtually the entire increase in
flow between the two stations was the result of
ground-water inflow from tributary areas dis-
charging into the river. Ground-water levels
throughout most of the area were at or near
record low stages for October. In November and
December 1961, streamflow ranged between 0.1

and 81 cfs at the Comus gaging gtation and
between about 10 and 15 cfs at the Rose Creek
gaging station. The variations in streamflow
were caused largely by precipitation and ice
offects. Ground-water levels in most wells rose
slightly in November, owing largely to the vir-
tual cessation of evapotranspiration; levels re-
mained nearly constant in December and January.

In January 1962 streamflow increased to an
average of about 10.4 cfs at the Comus gaging
station and averaged about 10.9 cfs at the Roge
Creek gaging station. The increase in streamflow
at the Comus gaging station was largely a result
of increased precipitation upstream from the proj-
ect area. Streamflow at the Rose Creek gaging
station remained virtually unchanged largely
because of increases in channel storage between
the upstream and downstream margins of ‘the
project area.

An unusually large amount of precipitation in
February 1962 caused streamflow  to increase
markedly throughout much of the Humboldt River
drainage basin. Flooding oceurred in many parts
of the basin and serious property damage oceurred
upstream from the project area, egpecially - in
the city of Battle Mountain (Thomas and Lamke,
1962). A peak daily mean streamflow of 1,690
cfs occurred at the Comus gaging station on Feb-
ruary 21, 1962, and a peak daily mean streamflow
of 875 cfs occurred at the Rose Creek gaging
station on March 2, 1962. As a result of the
rapidly rising stage of the river, ground-water
gradients were reversed and water seéeped from
the river to the ground-water reservoir causing
ground-water levels locally to rise as much as
7 feet.

Streamflow decreased to about 400 cfs in mid-
March and ground-water levels declined. Stream-
flow then began to increase again owing to the
beginning of the spring runoff, and ground-water
levels also began to rise again. The peak daily
mean streamflow during the spring runoff at the
Comus gaging station of 1,440 cfs oceurred on
June 5, 8, and 10, 1962. The peak daily ‘mean
streamflow at the Rose Creek gaging station of
1,150 efs oceurred on June 17, 1962.

The maixmum daily mean streamflow at the
Comus gaging station occurred during the Febru-
ary flood; however, the maximum daily mean
streamflow at the Rose Creek gaging station
occurred during the spring runoff. This resulted
largely because more water went into channel
storage between the two gaging stations in Febru-
ary than in June. Prior to the February flood,
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the river stage was very low and virtually all the
abandoned meander scrolls and flood-flow channels
were dry. Most of these depressions were filled
during the flood, causing a marked depletion of
streamflow between the Comus and Rose Creek
gaging stations. When the river crested in June,
the channel was nearly full, owing to the high
streamflow during the previous months. Further,
many of the depressions on the flood plain con-
tained water either as a result of overbank flood-
ing for irrigation or because of high ground-water
levels. Accordingly, the decrease in flow between
the two gaging stations was not as marked as it
was in February causing the peak daily mean
flow at the Rose Creek gaging station to be greater
in June than in February.

In the period October through June 1962, the
total measured streamflow at the Rose Creek gag-
ing station was about 65,000 acre-feet less than
at the Comus gaging station. The decrease in
streamflow resulted from increased surface water
in storage, increased ground water in storage,
increased water content in the zone of aeration,
and discharge by evapotranspiration.

From early July, when the stage of the river
began to decline, to the end of the water year,
streamflow at the Rose Creek gaging station was
more than that at the Comus gaging station.
The increase in streamflow between the two gag-
ing stations was largely a result of ground-water
discharge to the river, much of which was return-
flow of bank storage, but some of which was
inflow from tributary areas.

For the entire water year, the total measured
streamflow at the Roge Creek gaging station was
about 54,000 acre-feet less than that at the Comus
gaging station. The total measured decrease in
streamflow in the project area in water ~year
1962 was about 11,000 acre-feet {ess than the
measured decrease in streamflow ifi the period
October through June, largely because of seepage
of bank storage and ground-water inflow  from
tributary areas into the river. In addition, heavy
precipitation in February melted a thin layer
of snow on the valley floor, and some of the
resulting runoff may have discharged into the
river.
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Sound long-term management of water is related
elosely to an adequate knowledge of the hydro-
logic system. The amount of water in the system
and its suitability for use should be known. In
addition, the system should be evaluated to deter-

more efficiently. The preceding text deseribes
the amount and chemical quality of water in the
broject area and the interrelations among var-
sible modifications of the hydrologic svstern arnic
in this section of the report. Because water i
logic syatem encompassing the entire Humboldt
River basin, many aspects of water management

affect the available water supply in and down-

fications of the hydrologic regimen in the project

USE OF WATER AS OF 1963

In the entire basin: Probably about 95 percent
or more of the beneficial use of water in the
Humboldt River basin is for irrigation, Virtually

is for domestic and munieipal purposes. Along

~and the water ig fully appropriated ; that is, under
existing State law new irrigation developments op
other new uses of Humboldt River water are
possible only if existing water rights are trans-
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umboldt River nearly all
diverted from the river

Upstream from Rye Patch reservoir, much of
he irrigation using Humboldt River water is
accomplished by overbank flooding largely on
unimproved meadows, During the irrigation sea-
son tens of square miles are flooded for as long
as a week or so at a time as part of the normal

f the river ig irrigated

Depending on the avail-

ater; nearly 2,000 acres,

largely in the mouth of Gfass Valley, is irrigated
with ground water. About 1,000 acre-feet of
ground water is used for domestic and municipal
purposes,

At present increased ground-water development
for municipal use in Winnémuecca is being con-
sidered. Moreover, additionsl development  of
ground water for irrigation, especially from the
medial gravel unit, is contemplated.

UPSTREAM DEVELOPMENT

Increased storage facilities: Several private
and governmental agencies are investigating the
feasibility of sizeable upstream storage facilities
on the Humboldt River and its major tributaries.
These would offer some degree of flood control,
the capacity to partly regulate streamflow, facili-
ties for the production of electric power, and
recreational benefits. Flood control could be of
substantial benefit in the entire basin; costly
flood damage would be minimized, and ranchers
might be more apt to upgrade agricultural prac-
tices on the flood plain. The possible benefits
resulting from additional hydroelectric power and
recreational facilities are self-evident: those
derived from the regulation of streamflow, how.
ever, are somewhat more complex. Water can be
stored during yvears of above-average streamflow
and released during years of below-average
streamflow. "In addition, seasonal variations in
streamflow can be dampened and the irrigation

~Beason inomiich of the Humboldt valley, which

depends largely upon Humboldt River water and
which normally ends in J une to mid-July, might
be extended to take advantage of the entire grow-
ing season. The bossible benefits of extending
the irrigation season are obvious; however, many
ranchers in the area contend that this would be
of no substantial economic value. Their ecurrent
method of operation is to harvest one crop of hay
inlate June or early July and then to use the flood
plain for pasture. Accordingly, the full benefits
resulting from the extension of the irrigation
season as a result of the utilization of upstream
storage facilities may depend upon the ranchers
modifying their present methods of operation.
Some ranches along the river depend solely or
largely on flood water for irrigation Thus, flood
control might deprive these ranches of consider.
able irrigation water. In addition, decreagsed
overbank flooding would decrease recharge to the
ground-water reservoir. This would not be of
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immediate significance because of the fairly small

amount of pumpage at present. However, if =

ground-water development increases substantially
in the future, decreased recharge resulting from
decreased overbank flooding may pecome a signifi-
cant factor,

Evaporation from newly impounded reservoirs
is another factor being considered as part of the
evaluation of the feasibility of increased upstream
storage facilities, Evaporation increases in pro-
portion to the area of a reservoir and, if “the
area is large, it is conceivable that the acerued
benefits of upstream storage facilities may partly
or entirely be offset by evaporation losses and
attendant increased salinity. .

Increased ground-water development: Sub-
stantial amounts of ground water may be devel-
oped in the future in the Humboldt River valley
upstream from the project area. Numerous hydro-
logic and economic benefits could result from
increased upstream ground-water development,
These might be such interrelated benefits as the
availability of additional water, utilization of
the ground-water reservoir to stabilize the flow
of the Humboldt River, and decreaged evapotrans-
piration losses. Negative aspects of increased
upstream ground-water development might be
depletion of streamflow and deterioration of water
quality.

In general, the possible effects of increased
upstream ground-water development are gimilar
to those of increased ground-water development
in the project area which are described in the
following paragraphs.

Increased precipitation: Weather modification
experiments currently are being made by State
agencies in the Humboldt River basin near Elko.
Tf these experiments are successful, the resulting
increased precipitation may increase the avail-
able water supply and thereby modify the hydro-
logic system of the project area. The extent fo
which additional precipitation modifies the hydro-
logic regimen and benefits the water users in the
basin depends upon many interrelated factors, a
discussion of which is beyond the scope of this
report.

MANAGEMENT OF WATER IN
THE PROJECT AREA

The availability of water probably will be one
of the limiting factors in future agricultural,
industrial, and possibly even municipal develop-
wient in the project area. Because practically all
the available surface water is fully appropriated,
the hydrologic limitations on sconomic expansion

in the area can be modified only to the extent
that more water can be made available or to the
extent that the currently available water can be
used for other purposes or cal be used more
efficiently. Assuming that the amount of water
entering the hydrologic system is not significantly
increased in the future, but recognizing that it
may be if weather modification or other conserva-
tion methods are successfully employed upstream,
then increased ground-water development, de-
creased evapotranspiration, or the veuse of water
offer the only possibilities of a significantly
increased usable water supply.

Effects of increased ground-water development
on ground-water levels: The immediate effect of
increased ground-water development will be a de-
cline in ground-water levels in the vicinity of
pumping wells. Water levels will continue to de-
cline unless the amount of water discharged from
s well is offset by a corresponding decrease in
natural discharge from the aquifer or unless an
additional source of recharge, such as o stream, is
intercepted by the cone of depression caused by a
pumping well. If natural discharge does mot
decrease as a result of pumping and if the cone
of depression does not intercept an additional -
source of recharge, the magnitude and extent of
the cone of depression is solely a function of the
rate and duration of pumping and the coefficients
of transmissibility and storage of the deposits
intersected by the cone of depression. If these
data are known, drawdown in a pumping well
tapping a so-called ideal aquifer and the effects
of pumping on water levels in the aquifer at any
given distance for any period of time can be evalu-
ated by use of the nonequilibrium formula devel-
oped by Theis (1935).

Much of the future ground-water development
probably will be from the medial gravel unit.
Moreover, of all the aquifers in the project area
the medial gravel unit comes closest to having
the hydrologic properties needed for the formula
to be applicable. Figure 37 shows the theoretical
relation between drawdown caused by a pumping
well tapping the medial gravel unit, distance from

“the puniping well, and time since pumping started.

The graphs are based on the Theis nonequilibrium
formula and on the assumptions of the idealized
conditions under which the formula is applicable.
The average coefficients of transmissibility and
storage of the medial gravel unit are estimated
to be about 200,000 gpd/ft and 0.20, respectively.
The illustrations show the drawdown effects of
4 continually pumping well discharging at a rate
of 1,000 gpm. Similar theoretical solutions are
possible for any given rate of discharge (Ferris
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and others, 1962). A rate of discharge of 1,0
gpm.  was chosen as an illustrative exampl
because adequately constructed and equipped well
tapping the medial gravel unit would  readil
yield this amount of water,
Within the limits of the theoretical assump
tions on which the formula ig based, a well pump
ing 1,000 gpm from the medial gravel unit for
period of 6 months will cause a drawdown o
about 5.7 feet in a well 50 feet away, a drawdow
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FIGURE 97.— Drawdown in an ideal aquifer caused by
a well continucusly discharging 1,000 gpm,
(Coefficients of transmissibility and storage are 200,000
gpd/ftand 0.20, respectively, Time represents time
since pumping started; mileage indicates distance from
the pumping well.)

of about 3 feet in a well 500 feet away, and a
Irawdown of about 0.6 foot in a well 5,000 feet
away. If a well tapping the medial gravel unit
is allowed to pump 1,000 gpm continually, for
industrial or municipal purposes for example;
drawdown in a well 500 feeot away would be 2.1
feet in about a month, 3 feet in about 6 months,
3.4 feet in about a year, 4.8 feet in about 10 years,
and only about 6 feet in 100 years.

In several respects the medial gravel unit is
not an ideal aquifer. However, nearly all the dis-
crepancies between actual field conditions and

those needed for the solution based on the non-
equilibrium formula to be valid will cause draw-
downs related to pumping the medial gravel unit
to be somewhat less than the caleulated values,
Accordingly, mutual interference between purip-
ing wells, which in some areas can cause exces.
sive pumping lifts, should not bresent sevious
broblems in the project area if wells tapping the
unit are spaced several hundred or more feet
apart.

Effects of increased ground-water development
on the flow of the Humboldt River: Increased
ground-water development in the project area
may affect the flow of the Humboldt River. The
amount of underflow discharging into the river
may decrease, or water may be diverted from the
river because of pumping. For example, some of
the underflow moving toward the Humboldt River
from Paradise Valley may be intercepted by wells
in the mouth of Paradise Valley. Further, it is
possible that all fhe underflow from Paradise
Valley could be intercepted by a sufficient number
of properly spaced wells.

In general, underflow from tributary areas will
decrease as ground-water withdrawals in thege
areas increase. The decrease in underflow, how-
ever, will not necessarily be proportional to the
increased pumpage, because increased pumpage
may cause ground-water levels to decline in
areas of evapotranspiration and thereby decrease
natural discharge from the ground-water reger-
voir. In addition, some of the water pumped in
tributary areas probably will seep into the ground
and percolate downward to the ground-water
regervoir. Accordingly, the decresse in ground-
water underflow toward the Humboldt River will
be less than the total pumpage in tributary areas
to the extent that some evapotranspiration losses
may be salvaged and to the extent that some of
the pumped ground water may return to the
ground-water reservoir.

The possible decrease in ground-water ‘inflow
from tributary areas to the Humboldt River
cannot be computed mathematically with cur-
rently available information. Much will depend
upon the location and pumping regimen of future
wells in the tributary areas, and upon the use
of the pumped water. Even if these factors could
be predicted accurately, considerabls hydrologic
information would have to be obtained to provide
the basis for a mathematical solution, and much
of the information could be obtained within the
realm of economic feasibility only after consider-
ably more intensive ground-water development.

Because of the complexities of the hydrologic
system, the amount of water diverted from the
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Humboldt River as a result of increased ground-
water development cannot be computed mathe-
matically unless several simplified assumptions
~are made. A theoretical mathematical solution
based on a modification of the noneguilibrium
formula is possible if these assumptions are made.
(See Theis, 1941.) The curves in Figure 38, which
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FIGURE 98, Percentage of water diverted from
the Humboldt River by a continuocusly discharging
well penetrating an ideal aquifer in hydraulic
continuity with the river. (Coefficients of
transmissibility and storage are 200,000 gpd /It
and 0.20, respectively. Mileage represents
distance between the well and the river.)

are based on solutions of the formula, show the
theoretical relations between pumping the medial
gravel unit and the resulting percentage of the
pumpage diverted from the river. For example,
after about 70 days of continuous pumping, 95,
90, 55, and 25 percent of the amount of water
discharged from wells 0.05, 0.1, 0.5, and 1 mile
from the Humboldt River, respectively, theoreti-
cally will be derived from the river.

Nearly all the digerepancies. between actual

field conditions and those needed for the theo-
retical mathematical solution to be precisely valid
probably will result in the actual percentage of
water diverted from the river being less than
the values indicated in Figure 38. Tn addition,
lowering of water levels as a result of pumping
from the medial gravel unit will decrease evapo-
transpiration losses. This may make additional
ground water available to wells and thereby fur-
ther decrease the percentage of pumped water
diverted from the river. Thus, the theoretical
solution probably indicates the upper limit of the
percentage of pumped water that may be diverted
from the river.

In summary, it should be emphasized that any
ground-water withdrawals in the project area
that are not compensated for by decreased non-
beneficial evapotranspiration losses ultimsately
may decrease the flow of the Humboldt River. For
example, even if a well is not pumped long enough

or at a sufficiently large rate to directly influence
the flow of the river during the pumping period,
the loss of water from the system ultimately will
cause a decrease in streamflow. The decrease in
streamflow may, however, be so small and so dis-
tributed in time that it may not be noticeable.

Conjunctive use of ground water and surface
water: Development of some of the large volume
of ground water in storage, especially from the
medial gravel unit, could supply additional water
or could be used to supplement the surface-water
supply during periods of drought. Furthermore,
if the medial gravel unit is partly dewatered by
pumping, considerable streamflow that normally
is lost by nonbeneficial evapotranspiration during
periods of uncontrolled - natural flooding will
recharge the unit naturally or might be induced
to recharge the unit by artificial methods. On
the other hand, as previously noted, increased
development from the ground-water Teservoir
may decrease the flow of the Humboldt River and
thereby decrease the available downstream sup-
ply of surface water. In addition, increased
ground-water development locally may lower
ground-water levels sufficiently to decrease or
eliminate the subirrigation of crops. Aceordingly,
careful consideration should be given to the pos-
gible economic implications of the c¢onjunctive
use of ground water and surface water to deter-
mine whether it is in the best interest of all the
water users. Conjunctive use probably would be
4 more efficient way of utilizing the -available
water supply, but it might necessitate major
changes in the present methods of farming and
gtock raising.

Salvage of surface water consumed by evapo-
transpiration: Evapotranspiration of some of the
surface water diverted for irrigation cannot be
avoided. However, increased irrigation efficiency
would conserve much of the surface water cur-
rently lost by nonbeneficial evapotranspiration.

Salvage of ground water consumed by evapo-
transpiration: Evapotranspiration of ground wa-
ter from bare soil and by native phreatophytes
yields virtually no economic returns. If ground-
water levels were lowered to an average depth of
30 or 40 feet below land surface by pumping
much of the wasted water would be gsalvaged.
However, it may be infeasible or undesirable to
decrease ground-water levels to this depth. If so,
it may be desirable to replace the native phreato-
phytes with more beneficial vegetation. The Agri-
cultural Research Service is investigating the
feasibility of this method of utilizing the avail-
able water supply more efficiently.




General features: Manipulation of any aspect
of the hydrologic system in the Winnemucea
Reach of the Humboldt River valley, such as
increased ground-water development or modifica-
tions in the use of Humboldt River water, may
change the hydrologic regimen. Some changes
probably are desirable to achieve the most effec.
tive use of the available water supply, especially
changes that result in decreased . nonbeneficia
evapotranspiration losses which consumed abou
40 to 50 percent of the average annual inflow to
the lowlands (storage units) of the project ares
in water years 1949_g2. (In this section of the
report all quantitative estimates are for water
years 1949-62 except as noted.)

Source and quantity of inflow: Average annual
inflow into the lowlands of the Humboldt River
valley near Winnemucea was about 250,000 acre-
feet. About 68 percent of this inflow was Hum-
boldt River streamflow: about 24 percent was
preecipitation; about & bercent was sub-surface
ground-water inflow; only about 2 percent was
tributary streamflow.

Disposition of Humboldt River water: Much
of the Humboldt River streamflow that entered
the project area at the Comus gaging station dis-
charged from the area at the Rose Creel gaging
station; however, the flow at the Rose Creek gag-
ing station averaged about 17,000 acre-feet less
than that at Comus gaging station. Most of this
water was consumed by evapotranspiration.
Disposition of precipitation:  On the average
about 2,000 acre-feet per year, less than 4 per-
cent of the average annual precipitation on the
storage units, recharged the ground-water reser-
voir. Nearly all of the remainder was consumed
by evapotranspiration.

Disposition of ground-water inflow: Most of
the ground-water inflow was consumed by evapo-
transpiration in the valley lowlands; however,
ome. discharged into the Humboldt River in the
ate fall and winter. Average annual net ground-
vater discharge into the river, including lateral
inflow from tributary areas and bank storage,
was about 11,000 acre-feet.

Disposition of tributary streamflow: An aver-
age of about 10,000 acre-feet per year of tributary

“WATER RESOURCES oF HUMBOLDT RIVER VALLEY NEAR WINNEMUCCA

SUMMARY AND CONCLUSIONS

streamflow discharged into the project ares.
Nearly half of this flow recharged the ground-
water reservoir, evaporated, or was stored in the
zZone of aeration and subsequently was consumed
by evapotranspiration in the mountains and foot.
hills, Accordingly, an average of only about 4,500
acre-feet per year discharged into the storage
units. Most of it was diverted for irrigation and
subsequently recharged the ground-water reser.
Voir or was consumed by evapotranspiration.
Changes in storage: The average annual net
changes of ground water in storage, surface
water in storage, and water stored in the zone of
aeration was zero. Net seasonal changes of ground
water in storage averaged about 10,600 acre-feet,
These changes were negligible as compared to the
total amount of ground water in storage in the
project area, which is on the order of 2 million
acre-feet in the upper 100 feet of the zone of satu-
ration.
Outflow: Average annual outflow  from the
storage units was about 255,000 to 280,000 acre-
feet; about 55 to 60 percent was Humboldt River
streamflow at the Rose Creck gaging station:
“about 1 percent was discharged as ground-water
outflow; virtually all of the remainder was con-
sumed by evapotranspiration.
Water quality: Although somewhat hard,
nearly all the water in the area is suitable for
most uses. Locally, small quantities of thermal
ground water are unsuitable for some uses. Dur-
ing periods of low flow, changes in the chemieal
quality of the river reflected the chemical quality
of lateral subsurface inflow from tributary areas.
Water management: The Humboldt River is
the source of most of the Irvigation water, Large
supplies - of “additional irrigation water can be
developed from a highly permeable gravel aguifer
beneath the flood plain of the Humboldt River;
however, development of ground water from the
aquifer may partly deplete the flow of the Hum-
boldt River and thus infringe on established
downstream surface-water rights. Nevertheless,
the conjunctive use of ground water and surface
water probably would result in the more effective
use of the total water supply.
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Water-quality diagrams by Philip Cohen, 1963

Base from U.S. Geological Survey topographic maps and from the Southern Pacific Company
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EXPLANATION

HCOs + COn

Cl
8504

Na+ K
Mg
Ca
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Water-quality diagram

Open diagrams represent ground water;
stippled diagrams represent surface water

'bde -2

Water sample from a well
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?

Water sample from a spring

A-3

Water sample from the Humboldt River
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MAP SHOWING THE CHEMICAL QUALITY OF WATER IN THE HUMBOLDT

RIVER VALLEY NEAR WINNEMUCCA, NEV., APRIL-MAY 1962
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Water-quality diagrams by Philip Cohen, 1963
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EXPLANATION

Sum of major anions and cations

Where more than one sample was

g
=%
=%
(=1
m m (=3
g g g 2. = K
2 < < =) -
2 £ £ =) 8 |
[=] == (=1 (=1 (=] o
(=] o uw (=} (=1 bl
o~ =] I~ — o ﬂ
2 8 = £ = B
(= = = &
= = 2 z = 3
b o] | =
o o] ;___
St _____
ity
L ) e
—— [l
: |
o
22 =
= 7]
v | nnau -
) | - ]
gl el e
g - e ~ o o
2 2 & 2 g
5 . v &
= = | DaE «
< g AR =
o da =)
5 | ] ]
o oo 3
= e [
B 2
BD <
E

number and sum of major anions
and cations, in parts per million

obtained from a well or spring, the

aacl-1
9 1440
Water sample from a spring, sample
number and sum of major anions

sum of the major anions and cations
shown at a sampling point is that

of the sample more nearly representative

of the average chemical quality

and cations, in parts per million

m F8Z £
I | | I i
i 8
«
| - .
|
= :
il mp ae
4
e 1z
“ e
1 ar
|
= i
&
. i
by . o
N i o
o THdas
/.\.\ ” .mn e
_\ » - Q
Fl — RRE PR
e o ) wm
B\ L '
s g C e
i 15 m
n L HW 4 Z
L 4 il < -
5 : ,_ 3§t zb |
H S ) * aZz '
i b ¥ i
% - Sl & w2 !
= N =} \ : !
- X =
: He
i
LS |
4
ui
g
o
8
=
i
28
o
.r..—mz. llllllllllll
_ _ B
¥
|
PR ERw . LKA RS R BT A B ittt i
)
i

MAP SHOWING THE SUM OF THE MAJOR ANIONS AND CATIONS, IN PARTS PER MILLION y

Hy "
n%
£/
Yy

IN THE HUMBOLDT RIVER VALLEY NEAR WINNEMUCCA, NEV., 1961-62.

5 Miles

4

HLHYON INYL

APPROXIMATE MEAN
DECLINATION, 1958

R. 35 E.

118°00°

bl

1 I T

#

Scale 1:125,000

117°45°

R.AE

E.

36

Base from U.S. Geological Survey topographic maps and from the Southern Pacl‘fic Company

Hydrology by Philip Cohen, 1963
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