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THE EFFECTS OF PUMPING ON THE HYDROLOGY OF

KINGS RIVER VALLEY, HUMBOLDT COUNTY, NEVADA, 1957-64

By G. T. Malmberg and G. F. Worts, Jr.

ABSTRACT

This, the second appraisal of the water supply of Kings River valley,
was made 5 years after the first cooperative study. The first report by
Zones (1963) described the ground-water flow system under near natural
conditions and estimated that recharge and discharge were each about
15,000 acre-feet per year., That estimate agrees reasonably well with the
17, 000 acre-feet per year derived in this report--the amount is also
considered to be the perennial yield of the valley.

All pumpage and all applications to pump additional water are in the
northern half of the valley, herein called the Rio King subarea. The
yield of the subarea is about 12, 000 acre-feet per year. The estimated
net pumping draft in 1963 was about 3, 000 acre-feet more than the estimated
yield. If all permitted rights to pump water were exercised, the net
pumping draft would be about 40, 000 acre-feet per year, OF more than three
times the estimated yield.

During the period 1957-63, pumping in the Rio King subarea caused
an estimated storage depletion of 65, 000 acre-feet, which is only about
5 percent of the estimated water stored (1, 400, 000 acre-feet) in the
upper 100 feet of saturation in the valley-fill reservoir. However, an
overdraft of 25, 000 to 30, 000 acre-feet per year would deplete this stored
water in less than 50 years.

The first approximation of transmissibility distribution in the Rio King
subarea suggests that the values range from less than 50, 000 gpd per foot
around the margins of the valley-fill reservoir to about 100, 000 gpd per foot
in the central part. The long-term storage coefficient may average about
0.17.

The chemical quality of water generally has been satisfactory for
irrigation, domestic, and stock use, However, over the long term, recycling
of water pumped for irrigation could result in the deterioration of water

quality.
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INTRODUCTION

Development of Water for Irrigation

Prior to 1956, Kings River valley was largely a sheep and cattle ranching
area. All principal streams and spring-flow in the valley had been appropri~
ated for many years and used to irrigate the meadow lands along the flood
plains and below the larger springs. Native grasses, growing on most of the
irrigated areas, provided hay and winter pasture for livestock. Sagebrush,
greasewood, rabbitbrush, and other indigenous species of vegetation covered
most of the valley floor and provided brouse for livestock herds maintained
by the local ranches,

Since 1956, however, private interests have acquired or filed entries for
the agricultural development of public lands on about 15, 000 acres, and
farming has rapidly become the dominant activity in the valley. Farming on
a large scale began in 1956. Since then about 12, 000 acres of land has been
cleared of brush and about 7, 600 acres placed under cultivation. In 1963,

44 wells having high to moderate yields supplied most of the irrigation water
to the farms. The cultivated area is devoted exclusively to irrigation farming
and is dependent entirely on ground water for a water supply. The soils are
well suited for cultivation; however, the erratic occurrence of late-spring
and early-fall frosts limits agriculture to some degree to frost-tolerant
grains, grasses, and legumes.

All farms and ground-water development are concentrated in the northern
half of the valley north of Coyote Hills. Gross pumpage has increased
annually since 1956 and by 1963 reached about 22,000 acre-feet. Pumpage
each year since 1958 equaled or exceeded the preliminary estimate of
average annual ground-water recharge of about 15, 000 acre-feet made by
Zones (1963).

The first report by Zones (1963) treated the valley as a single unit and
described recharge to and discharge from the valley accordingly. Because
recharge and pumping are localized in the northern half of the valley,
questions were raised by the State Engineer regarding the effect of localized
development on the basin as a whole. It was known that pumping was causing
water levels to decline and that a large cone of depression was developing.
The extent of the cone of depression was unknown, as was its rate of growth
and its effect on the flow in Kings River. Increased infiltration resulting
from lowering of the water table beneath the river would eventually decrease
the surface-water flow. Infringement on prior appropriated surface-water
rights in this part of Kings River valley would present the State Engineer with
many problems.

As a result of declining ground~water levels and apparent local overdraft,
the State Engineer invoked a temporary moratorium in 1962, which stopped
the drilling of wells in an effort to prevent further overdevelopment of the
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ground-water reservoir. Action was initiated to have Kings River Valley
declared a ground-water basin subject to the administrative jurisdiction of
the State Engineer. Residents of the valley, concerned by the restrictions
resulting from such action on future development of the ground-water reser-
voir, objected to the proposed declaration antil the available water resources
could be assessed.

Purpose and Scope of the Investigation and Report

The investigation on which this report is based is the second investiga-
tion of Kings River valley made by the U. 5. Geological Survey under a
cooperative program financed jointly with the Nevada Department of Conser-
vation and Natural Resources. The first investigation (Zones, 1963) was a
reconnaissance and included a cursory study of the nature and extent of
ground-water aquifers, ground-water recharge, discharge, and chemical
guality of ground water.

This study was directed toward the solution of problems related to
development of the ground-water resources of the valley. The principal ob-
jectives of the study were to determine the effect that pumping during the
period 1957-63 has had on the flow system in the Rio King subarea. ©f
particular concern is whether the net pumping draft exceeded the available
supply, whether pumping has or soon will affect the surface-water rights,
and insofar as possible to predict the probable effects of pumping on the flow
system in the next several years.

To accomplish these objectives the scope of the report includes (1)
a re-evaluation of the inflow and outflow estimates made by Zones {1963)
with particular respect to the area of ground-water development; (2) an
analysis of the amount and distribution of precipitation in the valley as re«
lated to the source and quantity of the available surface water and ground
water: (3) an estimation of the average annual surface-water inflow to the
valley, its disposition and routing, and its outflow; (4) a description of the
ground-water reservoir; (5) an estimation of the magnitude of depletion of
ground water in storage; (6) estimates of pumpage, perennial yield, and
overdraft; and (7) an analysis of the chemical guality of ground water to
establish a base for comparing changes in salt balance that probably will
ocecut in the future,

Field work began in April 1963 and was completed by September 1964.
it consisted of measuring surface-water inflow to the valley, drilling 18 small-
diameter test wells in remote areas of the valley, measuring the high and low
water levels in wells before and after an irrigation season, making pumping
tests on wells, estimating the annual pumpage, and inventorying the chemical
quality of the surface and ground water. This re-evaluation is consistent with
the objectives of the long-range cooperative program (Shamberger, 1962, p.
14) for the orderly study of the water resources of Nevada, which provides
for additional detailed studies in areas where moderate to substantial develop-
ment has occurred and where records are available through a continuing
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inventory over a prolonged period of time,
Location
General Geographic Features

Kings River valley is in northern Nevada, about 50 miles northwest of
Winnemucca. It is in north-central Humboldt County, Nevada, and inclhides
about 2 square miles of mountainous terrane in the southwestern corner of
Harney County, Oregon (pl. 1). It includes the entire drainage basin of
Kings River valley, an area of about 420 square miles, lying approximately
between lat 41925' and 42°00' N, ; long 118°00' and 118925' W. The drainage
basin has a north-south length of about 43 miles and an east-west width of
about 12 miles,

Kings River is tributary to Quinn River, which forms the southern
boundary of the study area. It heads near the juncture of the Bilk Creek and
the Quinn River Mountains (Zones, 1959, p. 10; also called Montana, Trout
Creek, and Double H Mountains) at the extreme northern end of the study
area (pl. 1), The main stem of Kings River, downstream from the confluence
of Kings River and Log Cabin Creek, flows southeastward about 2 miles
across alluvial fans and dissected valley fill onto the floor of the valley.
Below an altitude of about 4, 380 feet the river flows generally southward,

Access to the valley is limited to two gravel roads, one crossing the
Cuinn River Mountains through Thacker Pass from Quinn River valley on the
east and the other crossing the Bilk Creek Mountains on the west from Pine
Forest Valley (pl. 1), Most points on the valley floor can be reached over
unimproved roads and trails, usually passable with four-wheel drive vehicles.

Hydrologic Subareas

The Coyote Hills (pl. 1) extend eastward more than half way across the
valley floor. All water development is north of these hills. Accordingly, for
the purpose of describing the hydrology of Kings River valley, the area is
divided into two parts: A northern part called the Rio King subarea, named
after the Rio King Ranch; and a southern part, called the Sod House subarea,
named after an old stagecoach stop at the southeast corner of the area.

Previous Investigations

Two reports of special historic, hydrologic, and geologic significance by
Russell (1885) and Zones (1963) have been drawn upon extensively in the
preparation of this report. The field work by Russell was done during
1881-82 as part of a study of Guaternary geology of the Great Basin, Russell
discusses the history of Lake Lahontan, which once covered large areas of
northern Nevada, including much of Kings River valley, and de scribes the
‘topography, geomorphology, and stratigraphy of the Lake Lahontan sedimen-
tary deposits,
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The first report on the ground-water resources of Kings River valley
contains the results of a reconnaissance made by Zones (1963) in 1958-59
under the cooperative program between the State of Nevada and the U. S.
Geological Survey., That report gives a brief description of the geology,
hydrology, and water quality of the valley and summarily concludes that the
average annual recharge to and discharge from the ground-water reservoir
under natural conditions was about 15, 000 acre-feet.

A preliminary geologic map of Humboldt County by Wilden (1961) in-
cludes Kings River valley and adjacent mountains. The distribution of the

principal lithologic units shown on plate | is after Wilden (1961).

Numbering of Hydrologic-Control and Sampling Points

Hydrologic-control and sampling points, including wells, springs, and
permanent and miscellaneous streamflow measuring stations listed in this
report, are numbered according to their location in the rectangular system
for the subdivision of public lands. In this report, all hydrologic-control and
sampling points are in Nevada. The numbers assigned to these points con-
sist of three principal parts: First, the number of the township north of the
Mount Diablo base line; second, a slant followed by the number of the range
east of the Mount Diablo meridian; and third, a hyphen followed by the section
number and series of letters used to designate the location within the section.
The letters a, b, ¢, and d designate, respectively, the northeast, northwest,
southwest, and southeast subdivisions of the section. The first letter desig-
nates the quarter section; the second letter, the quarter-quarter section;
and the third, where it was possible to make a determination, the quarter-
quarter-guarter section,

Where more than one hydrologic-control or sampling point occurs with-
in a quarter-quarter-quarter section, the points are numbered consecutively
in the order in which they were recorded. For example, the first control
point recorded in the NE 1/4 NE 1/4 NE 1/4 sec. 25, T, 46 N., R. 33 E,, is
numbered 46/33-25aa2al(pl. 1), the second point recorded is numbered 46/33-
25aaa2, and so forth., Where the 40-acre and 10-acre tracts are unknown, the
numbering system is modified to include only the designations for the sub-
divisions of the sections that are known,

Acknowledgments
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CLIMATE

The climate of Kings River valley is influenced largely by movement of
air masses coming chiefly from the Pacific Ocean, Orographic effects
of the Sierra Nevada and Cascade Range cause most of the moisture in the
inland-moving air masses to precipitate on those mountains; as a result,
the Great Basin to the east is largely desert. As the relatively dry air
masses move inland over the desert, orographic effects, similar to those
caused by the Sierra Nevada and Cascade Range, but of smaller magnitude,
cause more precipitation to fall on the desert mountain ranges than on the
valley floors. The climate on the valley floors commonly is characterized
by low precipitation and humidity, hot summers and cold winters, and wide
extremes in daily temperature, In the adjacent mountains there is more
precipitation and lower temperature.

Precipitation on the valley floor of Kings River valley averages about
9 inches annually. It is more abundant during the winter than in the summer.
Winter precipitation on the mountains occurs as snow that usually remains
until May or June before melting. Much of the precipitation that falls on the
valley floor occurs as snow during the winter. It ordinarily melts within a
few days.

Precipitation during the summer usually is meager and occurs as
thundershowers of short duration and limited areal extent. U. S. Weather
Bureau records indicate that the annual precipitation in Kings River valley
during the 7 years of record since 1957 ranged from 8,08 inches in 1963
to 10. 94 inches in 1959,

Table 1 shows that the mean annual temperature on the valley floor,
which is at an average altitude of about 4, 240 feet, is about 48°F, and the
average minimum monthly temperature is about 16°F. Daytime tempera-
tures in July and August frequently rise to 1009F or slightly higher. Lower
temperatures in January and February commonly are 5 to 10°F below zero.
A range of diurnal temperature fluctuation of 50°F is common. The frost-
free growing season has ranged from 63 days in 1960 to 118 days in 1961, but
for the period of record it averages about 88 days. It usually extends from
about June 10 to about September 6.

The low relative humidity and prevalence of wind during most of the year
cause evaporation to be high. At Rye Patch Dam on the Humboldt River,
about 80 miles south-southwest of the study area, evaporation is on the order
of 5 feet annually. It is somewhat less at Winnemucca, also on the Humboldt
River, about 50 miles south-southeast of the study area. Although no data
on evaporation in Kings River valley are available, the potential evaporation
rate in the study area probably is somewhat less than that at Rye Patch Dam
and Winnemucca, and is estimated to be about 4 feet during the growing
season, or about 5 times the average annual precipitation on the valley floor.
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GEOLOGIC FEATURES

Landforms

Kings River valley is in the northern part of the Basin and Range
physiographic province (Fenneman, 1931, p. 327). The topography of the
Basin and Range, which is characterized by alternating north-trending
mountains and valleys of approximate equal width and length, is largely the
result of structural activity and is an expression of major geologic structure
in the bedrock. Kings River valley is a structural depression between the
Bilk Creek Mountains on the west and the Quinn River Mountains on the
east.

The mountains form the topographic and drainage divides of the valley
and impede movement of ground water to adjacent valleys. Stream erosion
has deeply dissected the mountains, thereby modifying the topography and
providing erosional debris that ultimately is transported to the valley. The
structural depression between the mountain ranges, partly filled with
detritus from adjacent highlands, is a broad lowland that throughout its
late geologic history was occupied periodically by lakes. Topographic
features of the valley floor related to the erosional and depositional history
of the valley include a broad alluvial plain in the central part of the valley
bordered by lake terraces, benches, beaches, bars, and related shoreline
features. Between the shoreline features and the mountains the valley floor
is a dissected surface of moderate relief that slopes upward to the bordering
mountains, The alluvial plain is the agricultural area in the valley and is
underlain by a thick sequence of unconsolidated Lighly porous detritus that
contains an abundance of water that is readily obtainable from wells.

Mountains

The Bilk Creek and the Quinn River Mountains merge at the northern
end of Kings River valley and form a continuous chain of mountains that
separate this valley from adjacent valleys to the north, east, and west
(pl. 1), The mountains attain their highest altitudes at the northern end of
the valley where several peaks exceed 7, 000 feet. The highest peak is an
unnamed mountain at the northeastern end of the valley that rises to an alti-
tude of 8, 506 feet, From the juncture of these two ranges at the northern
end of the valley, the mountains extend southward and southeastward at
decreasing altitude to the southern end of the valley where they are breeched
by the westward flowing Quinn River,

The Bilk Creek Range is part of an uplifted and upwarped fault block
that is extensively dissected by erosion. The southern half of the range
is a rolling upland characterized by relatively low sage-and-grass covered
hills having steep to moderate slopes,

The most striking topographic feature of the mountains that border
Kings River valley are the precipitous scarps of the Quinn River Mountains
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along the east side of the valley. The scarps form a nearly vertical cliff
about 30 miles long that rises up to 2, 000 feet above the valley floor.

In contrast, the eastern slope of the range dips gently eastward toward the
Quinn River valley,

Near the center of the valley a bedrock spur, called the Coyote Hills,
extends eastward from the Bilk Creek Range more than half way across the
valley. They rise to an altitude of 4, 834 feet, or about 700 feet above the
valley floor, and form a hydrologic restriction between the Rio King and
Sod House subareas.

Valley Floor

Alluvial fans and talus slopes.-~Alluvial fans and talus slopes occur
along the margins of the valley at the base of the mountains, In the northern
half of the valley the largest and best developed alluvial fans occur at mouths
of canyons occupied by House, Rodeo, Granite, Flat, and Gold Hill Creeks
(pl. 1). Alluvial fans formed by these creeks extend valleyward up to 3
miles from the mouths of the canyons. Along the Bilk Creek Mountains the
alluvial fans form an apron generally less than a mile wide extending south-
ward to the Coyote Hills, The apron forms an intermediate slope between
the valley floor and the adjacent mountains,

Weathering of the precipitous cliffs along the front of the Quinn River
Mountains has resulted in the accumulation of scree and the development of
an extensive talus slope south of Horse Creek. The talus slopes rise
steeply several hundred feet from the valley floor to the base of the cliff,
North of Thacker Pass the base of the talus slopes in most areas is above
4, 380 feet altitude and consequently was not modified in late Pleistocene
time by Lake Lahontan. South of Thacker Pass the talus slopes extend below
the maximum stage of the lake, and locally beaches and other shoreline
features along the margin of the lake transect the talus slopes. Widespread
deposition of tufa in the lake coated much of the talus material occurring
below high lake level and locally cemented the talus into a highly resistant
conglomerate.

Beaches, terraces, and related shoreline features.--Shoreline features
including beaches, bars, and wave-cut and depcsitig:nal terraces are common
along the margins of the valley at altitudes ranging from 4, 100 feet to about
4,380 feet, Wave-cut terraces are well developed around the Coyote Hills
and the southern ends of the Bilk Creek and Quinn River Mountains. Depo-~

sitional terraces and spits are common along the northeastern side of the
Rio King subarea.

Alluvial plain. --The valley floor, lying below the shoreline features
described above, is an alluvial plain underlain by lacustrine beds deposited
on the bottom of Lake Lahontan and by alluvium laid down by the Quinn River.
The plain is an elongate, slightly concave upward surface that slopes south-
ward toward the Quinn River at an average gradient of about 8 feet per mile.
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The width of the valley floor increases progressively southward to the north
edge of Coyote Hills where it is about 7 miles wide. East of Coyote Hills

it narrows to about 3 miles in width and to the south it broadens to about

11 miles,

South of Coyote Hills the valley floor is largely a clay flat covered by
sparse vegetation that derives most of its water supply from ground water.
Bare soil exposed between plants commonly is heavily salt encrusted due
to evaporation.

North of Coyote Hills the alluvial plain dips gently toward the braided
channel of the Kings River, which crosses the valley diagonally from north-
west to southeast. Soil developed on lake-bed deposits consists largely of
moderately permeable sandy loam, and consequently the potential surface-
water infiltration is high., Most of the runoff from the mountains percolates
into the soil after reaching the alluvial plain, and as a result the channel of
the Kings River is not well defined south of about the Rio King Ranch.

Principal Lithologic Units

For purposes of this report the lithologic units in Kings River valley
are divided into two highly generalized groups, based on their hy drologic
properties: consolidated rocks, which have virtually no interstitial porosity
or permeability and which occur in the mountains and at depth beneath the
valley fill; and unconsolidated and partly consolidated deposits, which are
highly porous and commonly transmit water readily.

The principal lithologic units and their stratigraphic relations are
shown in table 2, which is compiled from the geologic reconnaissance by
Wilden (1961). The consolidated rocks were not studied in detail, and as no
known wells are drilled in them, their water-bearing character is largely
inferred. Distribution of the principal units listed in table 2 is shown in
plate 1,

Consolidated Rocks

The consolidated rocks exposed in the area consist of three principal
units ranging in age from late Cretaceous to late Tertiary. The oldest rocks
exposed in the area consist of granodiorite intrusives and associated plu-
tonic rocks. They are overlain unconformably by rhyolite, dacite, andesite,
and basalt, locally interbedded with some sedimentary rocks of Miocene and
Pliocene age. Collectively the consolidated rocks are fractured by normal
faults locally having relative vertical displacements of as much as 3, 000
feet.

In the absence of wells, little is known of the water-bearing character
of the consolidated rocks. However, the occurrence of water in some mines
and numerous small perennial springs issuing from fractures and intexflow
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zones in the volcanic rocks indicate that locally they are capable of
absorbing and transmitting small quantities of ground water, The consol-
idated rocks, in overall aspect, have little or no interstitial permeability
and in general are barriers to the movement of ground water, Where highly
fractured rock occurs in the zone of saturation beneath the valley fill, it
may yield small to moderate amounts of water to wells, but the consolidated
rocks are not sufficiently productive to warrant exploration as a major
source of water supply.

Valley Fill

The valley fill is composed of unconsolidated to moderately indurated
detrital material derived chiefly from adjacent mountains, It includes the
older alluvium of Pleistocene age and the younger alluvium of Pleistocene
and Recent age. Valley fill underlies the floor of the valley and forms the
principal ground-water reservoir in Kings River valley. The thickness of
the valley fill generally is unknown; however, logs of several wells in the
northern part of the valley indicate that locally it is more than 800 feet thick,

Older alluvium, --The older alluvium is composed of alluvial-fan
deposits, uplifted and exposed by erosion, and channel, lacustrine, and
perhaps playa and other deposits of continental origin occurring at depth
beneath the valley floor, The older alluvium is exposed in a nearly con-
tinuous outcrop along the perimeter of the Rio King subarea. The channel,
lacustrine, and other deposits were identified only in well logs and are
considered to be equivalent in stratigraphic position and age to the older
alluvium exposed along the margins of the valley, These deposits are be«
lieved to underlie most of the valley.

In the northeastern part of the valley the older alluvium is composed
largely of weathered material derived from adjacent granitic intrusive rocks
(ple 1), Logs of wells drilled nearby indicate an abundance of clay in the
valley fill, The high clay content probably is the result of the decomposition
of feldspars derived from the adjacent outcrops of granddiorite. The occur-
rence of clay throughout most of the material decreases the permeability of
the sedimentary deposits, and as a result water is not transmitted readily.
Wells 46/33-35aab and 46/33-27 (destroyed), which were drilled to depths
of about 800 feet, failed to produce sufficient water for irrigation and were
destroyed or abandoned. The specific capacity of six wells tested in
adjacent areas down-valley from the granodiorite outcrop had specific yields
ranging from a maximum of 28 gpm per foot (gallons per minute per foot of
drawdown) to a minimum of 5 gpm per foot, and averaged about 15 gpm
per foot.

Throughout the north-central part of the valley, between Lewis Camp
and Nine Mile Road, logs of approximately 35 wells indicate that the older
alluvium is extremely variable in character, ranging from coarse gravel
to clay. It is composed of alternating beds or lenses of gravel, sand, silt,
and clay, some tightly compacted or cemented with calcareous cement and
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others relatively free of interstitial material. Most of the well logs indicate
a high degree of heterogeneity of material throughout the depth penetrated
by wells. However, a few beds of relatively clean, well-sorted and rounded
sand and gravel are penetrated in most wells that yield water readily.

Where exposed along the sides of the valley, the older alluvium consists
of a heterogeneous mixture of boulders, gravel, sand, silt, and clay.
Structural deformation of the deposits in most areas has been obscured by
erosion and usually is not readily apparent.

Younger alluvium.--The younger alluvium consists principally of
alluvial and colluvial deposits of gravel, sand, silt, and clay, and includes
lacustrine and associated material deposited in Lake Lahontan and the cur-
rently active alluvial-fan, flood~plain, talus, and river-channel deposits.

The younger alluvium, largely unaltered by uplift or structural deforma-
tion, in general rests unconformably on the older alluvium, The contact
between Lake Lahontan deposits and older alluvium is clearly defined in mest
areas around the margins of the valley by nicks and strand line features at
the high still-stand of the lake at an altitude of about 4, 380 feet. Extensive
erosion by the Kings River and its principal tributaries has removed most
Liake Lahontan deposits or otherwise modified or eradicated the high still-
stand features in the vicinity of the Kings River Ranch, thereby making the
contact indistinct in that area. Lake Lahontan deposits are extensively ex-
posed and underlie practically the entire central valley area below an altitude
of 4,380 feet and include lake-bottom deposits of fine sand, silt, clay, and
lakeshore deposits,

Although the thickness of Lake Lahontan deposits could not be determined
from well logs, the total thickness probably does not exceed 200 feet, based
on measured sections of similar deposits in the Winnemucca area (Cohen,
1963, p. 30, 31),

The clay, silt, and very fine sand beds of Lake Lahontan deposits have
low permeability and do not yield water readily to wells, Deposits of beach
gravel, formed by transgressing and regressing shorelines as the lake
fluctuated, undoubtedly created highly permeable strand line deposits that
interfinger with finer material deposited in the deeper part of the lake.

Alluvial-fan and flood-plain deposits, talus, and river-channel deposits
usually are limited in areal extent and in general interfinger with or lie
upon Lake Lahontan deposits. These deposits occur principally along the
margin of the valley where the Kings River, Cranite Creek, and other smalle
_er streams emerge from the mountains and flow onto the valley floor.
Alluvial material in most places is a heterogeneous mixture of detritus
derived from older alluvial fans and bedrock. The mode of deposition
suggests that the coarsest, most angular, and least sorted material occurs
near the edge of the valley at the mountain front; farther away from the
bedrock area the material becomes smaller in size, more rounded, and

=15 -




better sorted. Accordingly, porosity and permeability probably increase
downslope.

The alluvial material deposited by perennial streams probably is less
than 50 feet thick and generally is limited to the flood plain of the Kings
River and its principal tributaries. Because of the high infiltration capacity
of this material, it is highly significant to the water resources of the valley.
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VALLEY-FILL RESERVOIR

Extent and Boundaries

The younger and older alluvium form the valley-fill reservoir, which
is the principal source of ground water in Kings River valley. The reservoir
encompasses an area about 30 miles long and 7 miles wide, or about 128,000
acres. The maximum thickness of the reservoir probably is more than
1,000 feet beneath the central part of the valley. The granodiorite yields
only minor amounts of water to the valley-fill reservoir by subsurface flow
through joints and fractures. The volcanic rocks locally may yield small to
moderate amounts to the valley-fill reservoir by subsurface flow through
interflow zones and fractures. Thus, the hydraulic boundaries of the reser-
voir, based on these qualitative observations, are considered to be slightly
leaky along the contact with the granodiorite and moderately leaky along the
contact with the volcanic rocks.

Recharge boundaries are formed principally by the live-stream seg-
ments of the Kings and Cuinn Rivers and to a lesser extent by small perennial
streams where they overlie the valley-fill reservoir and are in contact with
the ground-water system. The recharge boundary formed by the Kings River
is effective downstream only a few miles south of the Kings River Ranch
{pl. 1), where the flow in most years becomes negligible as it sinks into the
river-channel deposits. The flow of the Cuinn River across the south end of
the area usually is small to none.

The constriction formed between the Coyote Hills and the Cuinn River
Mountains is not a hydraulic boundary in the valley-fill reservoir. However,
as of 1964 it provided a logical divide between the Rio King subarea of sub-
stantial water development to the north and the Sod House subarea of no
water development to the south.

Coefficients of Transmissibility and Storage

The coefficient of transmissibility is a measure of the rate of ground-
water flow in a reservoir or aquifer system, The coefficient of storage in a
heterogeneous valley-fill reservoir is a measure of the amount of water that
will drain from the deposits as the water level is drawn down by pumping,
Vhen utilized together in certain types of mathematical models or simulated
in electrical models, the two coefficients define the hydraulic conductivity
of the system; or in simpler terms, can be used to describe the distribution
and amount of water-level decline that would result at specified future times
under selected conditions of pumping and boundary conditions.

To determine the areal distribution of transmissibility, short-term
tests were made at 27 selected irrigation wells. Individual results for wells
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500 feet or less in depth ranged between about 10, 000 and 150, 000 gpd

(gallons per day) per foot. Figure 1 shows that the first approximation of the
distribution of transmissibility is 50, 000 to 100, 000 gpd per foot in the central
part of the Rio King subarea, less than 50,000 gpd per foot around the mar-
gins of the subarea, and probably decreasing southward to roughly 20, 000

gpd per foot (Zones, 1963, p. 20) at the southwestern end of the Sod House
subarea.,

The specific-yield of the deposits, which over the long term may be
nearly equal to the coefficient of storage, is computed from well logs to be
about 17 percent, or equivalent to a storage coefficient of about 0.17 (table 9).
Because the horizontal permeability of the valley-fill reservoir is many times .
the vertical permeability, the flow system for short-term periods responds
to pumping stress much like an artesian system., Nevertheless, over the
long term all the deposits will drain slowly in response to pumping; hence,
the reservoir must be considered as a water-table system in analyzing long-
term cause and effect relations.

Ground-Water Flow

The general direction of ground-water flow in the valley-fill reservoir
is from areas of recharge around the sides of the valley to areas of discharge
along the Cuinn River and in areas of evapotranspiration and pumping. Plate
1 shows water-level contours for March 1964, and by constructing flow-lines
normal to the contours and pointing down the hydraulic gradient, the direction
of flow in the upper 500 to 600 feet of the reservoir can be determined. Not
shown by this two-dimensional expression of flow are the downward component -
of flow in areas of recharge and the upward component of flow in areas of
discharge along the Cuinn River and in areas of evapotranspiration and pump-
ing. This elementary concept of near vertical flow in the intake and discharge
segments of an aquifer was recognized by Meinzer (1923) more than 40 years
ago.

The water-level contours in plate 1 show that ground water is moving
(1) generally southward for about 25 miles to the Cuinn River, (2) westward
into the area from Cuinn River valley, (3) westward out of the area, (4) into
two pumping depressions in the west-central part of the Rio King subarea,
and (5) toward the north-trending pumping trough along the northeast side of
the Rio King subarea,
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INFLOW TO THE VALLEY-FILL RESERVOIR

The hydrology of the valley-fill reservoir is developed in two steps:
first, inflow and outflow are estimated under natural conditions to determine
the extent to which the estimates agree, which in turn is a rough measure of
their reliability for application in subsequent analyses of the hydrology of the
Rio King subarea; and second, utilizing the most reliable estimates for the
area as a whole, a detailed hydrologic analysis of the effects of pumping on
the Rio King subarea is made not only to describe the effects on the system
as of 1964, but also to provide some reasonable projections of pumping

effects in the next decade.

Precipitation

Distribution and Amount

The source of practically all water entering the hydrologic system of
Kings River valley is derived from precipitation falling as rain or SnoOw.
The amount ranges from about 9 inches on the valley floor to as much as 30
inches on the highest peaks, Figure 2 shows the approximate relation be-
tween altitude and precipitation in and near the area. Using the altitude-
precipitation graph and the areas of the altitude zones, the estimated pre-
cipitation within the drainage basin averages about 260, 000 acre-feet per
year (table 3).

The distribution of precipitation with time for Orovada, 25 miles south~
east of this area in Cuinn River valley, and for Kings River valley is shown
in figure 3., The record for Orovada indicates the cyclic character of the
precipitation: for the period 1915-33 a cumulative deficiency of more than
27 inches occurred; for the period 1934-45 an equal amount of excess
precipitation occurred.

Ground-Water Recharge

Ground-water recharge to the valley-fill reservoir is principally by
seepage loss from streams. Some occurs by ground-water flow across the
bedrock-alluvial contact, which forms the leaky external hydraulic boundary
of the reservoir, and a very minor amount occurs in wet years by direct
infiltration of precipitation on the valley floor.

Eakin and others (1951, p. 79-81) devised a crude method of estimating
total recharge to a ground-water reservoir by all the above processes, based
on the relation between precipitation and altitude and an empirical relation
between this calculated precipitation and recharge. The method is used in
this report principally to obtain a rough approximation of total recharge; the
principal element of recharge, seepage from streams, is derived separately
(pe 27)s
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Using the relation of precipitation to altitude, shown in figure 2, pre-
cipitation rates were assigned to four altitude zones in the area. The
estimated recharge is computed by applying a fixed percentage to the volume
of precipitation in each zone. Table 3 shows that the estimated total recharge
is about 15,000 acre-feet per year, which is roughly 6 percent of the estimat-
ed precipitation of 260, 000 acre-feet per year. Of the total about 14, 000
acre-feet per year occurs in the Rio King subarea and the remainder, about
1,000 acre-feet per year, occurs in the Sod House subarea,

Bunoff
By
J. E, Parkes

The principal objectives of this part of the study were to determine the
average annual surface-water inflow, surface-water outflow, and distribution
and disposition of surface water within the valley. The techniques and
hydrologic information used to develop these objectives are described below.

General Characteristics

Runoff to Kings River valley is derived from the streams, rills, and
springs of the bordering mountains, The drainage basin as a whole includes
the entire study area from the drainage divide along the crest of the Bilk
Creek Mountains on the west to the crest of the Cuinn River Mountains on the
east. The drainage basin is composed of numerous small tributary drainages,
some of which contain perennial streams, The tributary drainage basins are
somewhat similar in physical character; however, in the northern end of the
project area they are usually larger in areal extent and have greater relief
than the tributary basins along the east and west sides of the valley.

Most of the runoff to the valley is contributed by an area of 134 square
miles occurxing above an altitude of 5,000 feet. Streamflow during the
fall and winter normally is base flow caused by ground-water effluent, where-
as streamflow during the spring and early summer is derived mainly from
snowmelt, Snowmelt runoff forms the bulk of the year's total discharge.

Virtually all the main streams entering the valley are diverted for
irrigation or dammed for stock ponds, and dependence on these streams is
of considerable economic importance,

The major tributary streams in the project area are Granite and Log
Cabin Creeks, which are in the northern end of the valley, The Kings River
channel in the southern half of the valley is ill-defined, owing to channel
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braiding and moderately dense growths of indigenous plants in the channel
and along its banks.

Comparative studies indicate that from year to year runoff within the
area is erratic. For example, runoff for a wet year may be 10 times the
runoff for a dry year. Therefore, for the study year, the 1964 water year
(from October 1, 1963 to September 30, 1964), records are adjusted to the
long-term average, using the long-term records on McDermitt Creek and
the East Fork of the Cuinn River, which are outside this area.

Gaging Stations and Measuring Sites

Two gaging stations are within the project area: One, Kings River near
Orovada (station 10-3536), in the northern end of the valley, ata point near
maximum flow, records most of the surface-water inflow to the valley. The
second station, Quinn River near Denio (10-3536,5), at the southwest end of
the valley, about 8 miles below the confluence of the Cuinn and Kings Rivers
(fig. 6), records the surface-water outflow from the project area.,

Records of streamflow are available for Kings River near Orovada for
the water years 1963 and 1964, and Cuinn River near Denio for water year
1964, Owing to the shortness of these records, average streamflow is
estimated mainly from streamflow data that were collected at gaging stations
outside the project area,

In addition to the gaging stations, miscellaneous current-meter
measurements were made four or five times during the study on the princiypal
tributary streams, The measurements were made near the contact between
consolidated rocks of the mountains and the valley fill, which is at or near
the point of maximum runoff to the valley. Also, periodic current-meter
measurements, or observations of no flow, were made at four sites on the
main stem of the Kings River on the valley floor, Table 4 lists streams for
which miscellaneous measurements were made during this study and shows
the data and magnitude of the streamiflow.

Surface-Water Inflow to the Valley

Streamflow data for each miscellaneous measuring site in Kings River
valley were synthesized for the 1964 water year, based on measurements
and continuous streamflow data of the Kings River gaging station. The
estimated runoff for each stream in 1964, except Kings River, is listed in
table 5. Based on comparisons with nearby stream-gaging stations and
cumulative departure from average precipitation at Orovada and Kings River
valley (fig. 3), the streamflow in Kings River valley for the 1964 water year
was somewhat less than the long-term average.




Table 4. --S5treamflow data at

- rniscellaneous measuring sites

{(Measuring sites shown on fig, 6)

Measured discharge, in cifs

Stream . , 2
Sept. 1963] Jan. 1964| Apr, 1964] June 1964 |Sept. 1964

Thacker Creek | 0.27 0.39 0.45 0.39 0.46
Horse Creek .10 .26 .99 «31 .05
China Creek . 05 e 1.41 .35 .02
Granite Creek - - a 5,60 -- .-

Log Cabin Creek - 1.55 6.43 4 59 .38
House Creek - . 54 1.42 .67 .12
Kings River Y dry dry 3.40 4,51 dry
Kings River Ej - dry dry dry dry
Kings River 3/ dry dry dry dry dry
Kings River i" - - dry dry dry

1. At Kings River Road crossing
2. At Rio King Ranch Road crossing
3. At Nine Mile Road crossing

4, At Old Hog John Road crossing
a, Measurement by Nev, Dept. Co
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Table 5, --Estimated runoff of seven ma._jar streams in the 1964

water year

: : : Altitude of : Estimated
Name : Location : Drainage area :measuring site: runoff

:  (fig. 8) t sq., mi.) ¢ HAfeet) : {acre-feet)
Thacker Creek 44/34-14ab 10.0 4,360 330
L.og Cabin Creek 46/33-b6ac 16.9 4,700 1,600
Granite Creek 46/33-10ca 10.9 4,480 a 1,300
House Creek 46/33-20bb 4.9 4,700 420
Horse Creek 46/34-28¢chb 10.1 4,700 280
“ings River 47/33-31dc 17.3 4,720 b 3,020
China Creek 47/33-36¢cc 6.7 4, 830 350
Total {(rounded) 76.8 1,300

a. Based in part on one current-meter measurement made April 21, 1964,
by the Nevada Dept. of Conservation and Natural Resources.

b, Gaged flow at Kings River gaging station.




Figure 4 shows the relation between average annual runoff and altitude.
The relation indicated by the curve is applied to tributary drainage basins to
estimate runoff from remaining areas of Kings River valley. The procedure
followed in this analysis is described by Eakin, Moore, and Everett (1965,
p. 20-23) and Riggs and Moore (1965),

Physical characteristics of the drainage basin, such as vegetation,
geology, orientation, and stream gradient, affect runoff, Differences in
these physical characteristics from basin to basin require that median
rating of runoff versus altitude be adjusted accordingly. This adjustment is
made by comparing average synthesized discharge, based on discharge
measurements, to discharge that would be obtained using the curve shown
in figure 4, From this comparison, a departure from the curve is obtained.
Drainages that have similar departures from the curve are grouped together
and define similar zones of runoff, Three areas having different runoff
characteristics are shown on figure 5,

Figure 6 is a map showing the distribution of average annual runoff,
in inches. It was prepared from runoff estimates for seven streams (table 5),
the runoff-altitude curve (fig. 4), and areas having similar runoff character-
istics (fig. 5). Total surface-water inflow to the valley about at the bedrock-
alluvium contact was computed from figure 6, Table 6 shows that, excluding
the inflow from Quinn River Valley, the estimated surface-water inflow
averages about 16,000 acre-feet per year. About 70 percent of the runoff
is contributed from the northern mountains, which cover only a little more
than 40 percent of the runoff area.

At the southeast corner of the area, Quinn River near Sod House is
dry during average and dry years. It flows only during infrequent flood
years., C. J. Huxel, U. 5. Geological Survey, (oral communication, 1964)
estimates that over the long term the discharge may range between 1,000
and 5,000 acre-feet per year, For the purposes of this report it is assumed
to be 5,000 acre-feet per year. Thus, total surface-water inflow to the
Kings River valley is the sum of locally derived runoff and the discharge of
the Cuinn River at Sod House, or on the order of 21,000 acre-feet per year
{table 6).

The estimated runoff of 16,000 acre-feet generated wholly within Kings
River valley seems somewhat low compared to the estimated recharge from
precipitation of 15,000 acre-feet {table 3), It implies that nearly all the
runoff becomes recharge and that little or no recharge occurs by subsurface
inflow from the mountains across the bedrock-alluvial contact to the valley-
fill reservoir. In other areas of Nevada, subsurface inflow has been com-
puted by indirect methods to range between 5 and 20 percent of the recharge.
For this valley, subsurface inflow is considered to be conservatively a little
more than 5 percent of the estimated recharge from precipitation, or about

i
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EXPLANATION
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Figure 8.~Runoff distribution map
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1,000 acre-feet per year. Of this presumed subsurface inflow, about 900
acre-feet per year may occur in the Rio King subarea and 100 acre-feet

per year may occur in the Sod House subarea. These values are used in the
water budget (table 8).

Disposition of Streamflow

Most of the perennial streamflow is diverted for irrigation at the
mouths of canyons. As a result, low flow is substantially depleted during
the irrigation season before debauching onto alluvial fans, Practically all
the low flow is dissipated before streams reach the lowest part of the valley
floor,

During the 1964 water year, measured surface-water inflow to the
head of the valley from China Creek, Granite Creek, Kings River, Log
Cabin Creek, Rodeo Creek, and House Creek was nearly 7,000 acre-feet.
Downstream from the confluence of these streams and about 2,5 miles below
Kings River Road crossing only 760 acre-feet of surface water passed down
the main stem of the Kings River, This represents a loss of almost 90 per-
cent of the measured surface-water flow to the valley during the 1964 water
year., From 9 miles south of Kings River Road crossing and throughout the
remainder of its channel length the Kings River was dry. These findings are
based on only one year of record, which was somewhat less than the long-
term average, However, during flood years, surface-water outflow from the

Rio King subarea to the Sod House subarea may be substantial, Over the long
term it may average 1, 000 acre-feet per year,

Recharge from streams can be roughly approximated as the difference
between the surface-water inflow of 16,000 acre~feet per year (table 6) and
the estimated surface-water outflow of roughly 1, 000 acre-feet per year and
the diversions on natural grass meadows, Most of the moderate to low flow
in Kings River is diverted for irrigation on approximately 1,300 acres of
grassland adjacent to the river. An additional 400 acres of predominately
grassland is irrigated by tributary streams and springs. Assuming that the
consumptive use of grassland is about 1.5 acre-feet per acre (Houston, 1950},
the consumptive use of surface water for irrigation is computed to be about
2,500 acre-feet per year, Most of the remaining 12, 000 to 13, 000 acre-feet
of surface water probably percolates to the ground-water system.

Direct evaporation from several small surface-water reservoirs, total-
ing less than 10 acres, and directly from streams is minor,
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Ground-Water Inflow

Ground-water inflow, or subsurface inflow, occurs from Cuinn River
valley to Kings River valley in the vicinity of Sod House, C. J. Huxel,
U. S. Geological Survey (oral communication, 1964), estimates that the in-
flow through the valley fill is on the order of 300 acre-feet per year. No
attempt was made to estimate the inflow, if any, through volecanic vocks
adjacent to the alluvium in the vicinity of Sod House.

Ground-water outflow from Desert Valley to Kings River valley occurs
along the Cuinn River., Sinclair (1962) estimated that the outflow probably
was not more than 100 to 200 acre-feet per year., With no development in
the Sod House subarea, this flow does not now contribute recharge to Kings
River valley, but in part discharges into the river and in part leaves the
area as ground-water outflow to Pine Forest Valley to the west (pl. 1).
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NATURAL OUTFLOW FROM THE VALLEY-FILL
RESERVCIR

The major component of natural outflow is evapotranspiration in areas
of phreatophytes. Minor discharge occurs from springs and by surface and
subsurface outflow at the southwest end of the area. The outflow from
the Rio King subarea to the Sod House subarea, although simall, is evaluated
so that water budgets for each subarea can be compiled.

Evapotranspigation

Prior to the development of ground water for irrigation in 1956, about
64, 000 acres of phreatophytes and bare soil were subject to evapotranspira-
tion losses in the lowlands where ground-water levels were shallow. The
principal phreatophyte is greasewood; minor amounts of saltgrass, native
hay, and willows occur mostly at the north end of the Rio King subarea.
Table 7 lists the estimated acreage of phreatophytes and rates of ground-
water consumption by them, based on rates of use in other areas made by
Robinson (1958) and Houston (1950), The table shows that the estimated
average annual discharge in phreatophyte areas under natural conditions was
about 16, 000 acre-feet, The areal distribution of phreatophytes was shown
by Zones (1963, pl. 1).

Some evapotranspiration occurs in the upper reaches of the streams,
as shown by the diurnal fluctuation of streamflow recorded at the gaging
station, Kings River near Orovada., The maximum recorded difference in
discharge resulting from evapotranspiration is about 1 cfs, but the diurnal
fluctuation averages about half as much; it is effective only during the grow-
ing season, which is about 88 days., Therefore, in the upper reaches of the
Kings River, roughly 100 acre-feet is discharged annually by phreatophytes.

Surface-Water Outflow

Surface-water outflow from Kings River valley is measured as the com-
bined flow of the Kings and Cuinn Rivers at the station, Quinn River near
Denio, which is at the southwest corner of the Sod House subarea. In 1964
only 50 acre-feet was gaged at the station. There was no flow of the Quinn
River upstream near Sod House; similarly the flow of the Kings River at the
confluence with the Cuinn River was zero., Thus, the discharge of 50 acre-
feet was entirely from ground water rising in the stream channel.

During flood years, moderate flows occur in the Kings River at the
lower end of the Rio King subarea and moderately large flows probably occur
in the Cuinn River, Over the long term, the flood flows may average about
1,000 acre-feet per year at the lower end of the Rio King subarea, and
possible average 1, 000 acre-feet per year at the station, (uinn River near
Denio.
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Table 7.--Estimated ground-water discharge by evapotranspiration

(in part after Zones, 1963, p. 19)

Depth to = Consumptive Estimated

Subarea Phreatophyte Area water use dischargﬂif
{acres) (feet) (feet) (acre-feet)
Rio King Greasewood 25, 000 10-25 0.2 5,000
Saltgrass 2,800 2-10 1,0 2,800
Willow and
associated
plants 200 5-20 3,0 600
Native hay2/ 1, 000 5.10 1.0 1,000
Subtotal 29,000 e - 9,400
Sod House  Greasewood 35,000 10-25 0.2 7,000
Total (rounded) 64, 000 - - 16,000

1. Includes evaporation from bare soil where water level is generally
less than 10 feet,

2. Subirrigation of grassland largely in areas not irrigated with surface
water.,
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Ground-Water Qutflow

Ground-water outflow, or subsurface outflow, from the valley-fill
reservoir occurs from the Rio King subarea to the Sod House subarea east
of Coyote Hills and from the southwest corner of the Sod House subarea
where the Cuinn River leaves the area. The ground-water flow at these
two lines of section can be computed by use of a form of Darcy's law:

Q= 0,00112TIW

in which Q is the quantity of flow, in acre-feet per year; T is the coefficient
of transmissibility, in gallons per day per foot; I is the hydraulic gradient,

in feet per mile; Wis the width of the flow section, in miles; and 0.00112 is
a factor for :::cmve;ting gallons per day to acre-feet per year.

Zones (1963, p. 20), using this equation, estimated that the outflow from
the southwest corner of the area was only 200 acre-feet per year. This
estimate was based on a transmissibility of roughly 20, 000 gpd per foot, a
hydraulic gradient of 3 feet per mile (the same as in 1964; pl. 1), and an
effective width of about 3 miles, This estimate agrees reasonably well
with that made by Sinclair (19622) for the inflow to Pine Forest Valley.

For the ground-water outflow from the Rio King subarea to the Sod
House subarea, the following values are used; transmissibility, 50, 000
gpd per foot (fig. 1); hydraulic gradient, about 5 feet per mile (pl. 1); and
an effective width of 3 miles (pl. 1), When substituted in the above equation,
the computed subsurface outflow is nearly 1, 000 acre-feet per year,

Springs
Most of the discharge from major springs is used for irrigation of

pasture or is consumed by evapotranspiration, These losses are included
in the estimates of evapotranspiration and water diverted to irrigated lands,




WATER BUDGET FOR NATURAL CONDITIONS

Water budgets generally are based on the premise that over the long-
term and for natural conditions, the total inflow to and total outflow from an
area are equal. In other words, a water budget for natural conditions ex-
presses the quantity of water flow in a hydrologic system under equilibrium
conditions. A water budget that balances reasonably well also lends confi-
dence to the reliability of the individual elements of inflow and outflow, which
in turn are depended upon for estimating such critical factors as the peren-
nial vield of an area,

For the Kings River valley, equilibrium conditions existed up to the time
that man began to develop the area agriculturally, Surface-water diversions
from the principal streams and springs for irrigation of native meadowgrass
began more than 50 years ago and has continued to date. However, this
change modified only slightly the natural water balance of the hydrologic
system.

Table 8 summarizes the several estimates of inflow and outflow made
in the preceding sections of the report and shows the water balance achieved.
The overall imbalance is about 10 percent, which is reasonable in view of
the several rough estimates of inflow and outflow, The imbalance for the
Rio King subarea is large--nearly 20 percent. The imbalance in the Sod
House subarea is less than 10 percent, Imbalances of the magnitude shown
for the Rio King subarea could only be accounted for by errors in the larger
elements of inflow and outflow., The most likely error is in the runoff, which
might be too large, and evapotranspiration, which might be too small.
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Table 8, --Water budget, in acre-feet per year, for near

natural conditions in the Kings River valley

Budget element Total Rio King Sod Hause
subarea subarea
INFLOW:
Runoff:
Within valley (table 6) 16, 000 15,900 100
{uinn River valley (table 6) 5,000 - 5,000
Rio King to Sod House subarea
(p. 27) - -= 1,000
Ground water:
Across bedrock-alluvial contact X :
(p. 27) 1,000 900 100
Cuinn Qiver valley (p. 28) 300 - 300
Desert Valley (p. 28) 200 - 200
Rio King to Sod House subarea
{(pe 3L “- - 1,000
Total (1) 22,500 16,800 7,700
CUTFLOW:
Surface water:
Diversions for irrigation (p. 27) 2,500 2,500 0
Springs (p. 27) (a) (a) (2)
Rio King to Sod House subarea
(p. 31) -- 1,000 ==
Cuinn River to Pine Forest Valley
(p. 27) 1,000 - 1,000
Ground water:
Evapotranspiration (table 7) 16, 400 9,400 7,000
Rio King to Sod House subarea
(p. 31) - 1,000 -~
Cutflow to Pine Forest Valley
(p. 31) 200 - 200
Total (2): 20,100 13,900 8,200
IMBALANCE: (1)~ (2) 2,200 2,900 -~ 500

.33 .

a. Discharge either diverted for irrigation or consumed by evapotrans~
piration losses, which are included above,




GROUND WATER IN STCRAGE

The amount of recoverable ground water stored, or more precisely in
transient storage, in the valley-fill reservoir to any selected depth below
the water table is the product of the area, the selected depth, and the
specific yield of the deposits. The selected depth for this study is the upper-
most 100 feet of saturation, which in most of the area probably is within
economic reach,

The specific~-yield of a deposit with respect to water is the ratio of
(1) the volume of water which, after being saturated, the deposit will yield
by gravity to (2) its own volume, usually expressed as a percentage (Meinzer,
1923, p. 28). The average specific yield of the materials in the upper 100
feet of saturation was estimated from drillers' logs. The materials recorded
in the logs were grouped into five general lithologic categories, using the
method described by Davis and others (1959, p. 202-206) in estimating the
specific yield of similar alluvial deposits in the San Joaquin Valley, Calif.

Table 9 shows the assigned specific-yield values and the computations
used to estimate the amount of recoverable stored water in the uppermost
100 feet of saturation in the valley-fill reservoir. The average specific
yield of the deposits in the Sod House subarea, where meager well data are
available, is believed to be somewhat less than that in the Rio King subarea,
because more lake deposits and fine~grained stream-~laid deposits are present.
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CHEMICAL QUALITY OF WATER
By
D. E, Everett
Thirty-seven water samples were analyzed as part of the present study
to make a general appraisal of the suitablility of the water for domestic and
agricultural use and to help define potential water-quality problems.
Sampling sites were chosen to achieve the widest possible areal coverage.

Detailed analyses are shown in table 10, and field analyses in table 11,

Suitability for Agricultural Use

According to the U, S. Department of Agriculture (1954, p. 69), the
most significant factors with regard to the chemical suitability of water for
irrigation are dissolved-solids content, the relative proportion of sodium to
calcium and magnesium and the concentration of elements and compounds
that are toxic to plants. Dissolved-solids content commonly is expressed as
""salinity hazard'', and the relative proportion of sodium to calcium and
magnesium as "‘alkali hazard,"

The Salinity Laboratory Staff suggests that salinity and alkali hazards
should be given first consideration when appraising the quality of irrigation
water, then consideration should be given to boron or other toxic elements
and bicarbonate, any one of which may change the quality rating. The above
properties of water were described by Zones (1963, p. 22-25).

Samples were collected from wells, streams, and one spring. A}l the
streams and all but three wells yield water which probably is suitable for
irrigation. Well 42/33-32bad (pl. 1), just downstream from the Sod House
subarea, yields water with a high salinity hazard, a very high alkali hazard,
and a high residual sodium carbonate (RSC) value. Although this well is not
in the project area, the water quality probably is representative of ground-
water outflow from the valley. Water from wells 43/33-26ddd, 42/33-10ddb,
and 41/35-17abb has a high RSC value, and must be considered marginal on
this basis. Spring 44/33-10cac yields water with a high salinity hazard,
This water, however, has proved to be suitable for irrigation, because it is
used under favorable conditions of drainage and plant tolerance, In general,
water in the Rio King subarea probably is suitable for irrigation, whereas
water in the Sod House subarea is marginal or unsuitable.

With adequate drainage, water in the northern part of the valley will
continue to be suitable for irrigation. However, as the cones of depression
continue to expand in the Rio King subarea, adequate downstream drainage
cannot be maintained. Accordingly, the recirculation of ground water through
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several cycles of irrigation will increase the dissolved-solids content and
in time may render the water unsuitable for irrigation.

Suitability for Domestic Use

The limits recommended by the U.S. Public Health Service (1962, p. 32)
for water used on interstate carriers for drinking purposes commonly are
cited as standards for domestic use, Most of the ground water and all the
surface water sampled meet these requirements. Listed below are some of
the chemical substances which should not be present in water in excess of
the listed concentrations where more suitable supplies are available.

Substance Concentration in ppm
(garm per million)

Chloride {Cl} 250
Iron (Fe) 0.3
Nitrate (NO3) 45
Sulfate (504) 250
Fluoride (F) 1.7
Total dissolved solids 500 {1,000 permitted)

Of the elements and compounds listed in table 10, only iron and nitrate
occur in amounts significantly larger than those recommended by the U.S5,
Public Health Service, Wells 44/33-10dbb, 44/34-9bbb, and 45/33-24bcc
yield water which contains 0.63, 2.4, and 0.53 ppm iron, respectively.

Iron in excess of 0,30 ppm may impart a bitter and astringent taste to water
and a brownish color to laundered goods. Water from well 44/33-10dbb
contains 56 ppm nitrate, which is above the limits recommended by the

U.S. Public Health Service, Methemoglobinemia, or ''blue baby' disease,
seems to be a possible hazard with water containing more than 45 ppm nitrate,
This disease, however, is associated almost entirely with infants.

Excessive hardness of water, which is caused principally by calcium
and magnesium, adversely affects its suitability for domestic use, especially
for cooking and washing. The U.S, Geological Survey uses the following
clagsification of water hardness:

Hardness range (ppm) Classification
0-60 Soft
61-120 Moderately hard
121-180 Hard
Greater than 180 Very hard
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As shown in tables 10 and 11, water in Kings River valley ranges fromn
moderately hard to very hard. The range was from 66 ppm in Kings River
to 382 ppm in well 44/33 -10dbb,

Relation to the Flow System

Ground water in the Rio King subarea is derived largely from precipita-
tion on the Bilk Creek and the Quinn River Mountains. The runoff from these
mountains generally is a calcium bicarbonate type and is low in dissolved-
solids content; dissolved solids range from 204 ppm in well 44/33-25cca to
302 ppm in wells 45/33-24bcc and 45/34-7aaa (pl. 1). As the water moves
downgradient from north to south, the water changes to a sodium bicarbonate
type, and the dissolved-solids content increases; dissolved solids range from
431 ppm in well 41/35-17abb to 1, 180 ppm in well 42/33-32bad. This increase
in dissolved solids probably is due to the greater distance the water has
traveled from the recharge area. The change from calcium bicarbonate type
water to sodium bicarbonate type water probably is due in part to base ex-
change, because the hardness content decreases from an average of about
127 ppm in the northern part of the valley to 70 ppm in water from well
41/35-17abb. However, as the water moves downgradient, an increase in
sodium occurs by some process other than by base exchange. The increase
may be caused by water moving through clay and silt deposits, which contain
sodium soluble compounds.

Very little change was noted in the quality of water from wells which
were sampled in 1958 (Zones, 1963, table 2) and 1964 (tables 10 and 11).
This suggests that little or no recycling of return irrigation water has
occurred as of 1964,
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DEVELOPMENT IN THE RIO KING SUBAREA

The preceding sections of the report described the flow characteristics
of the valley-fill reservoir under near natural equilibrium conditions. The
large-scale development of ground water by pumping in the Rio King subarea
upset this natural equilibrium by depleting storage in and near the area of
development. The clearing of lands in phreatophyte areas for irrigation of
crops and the decline of water levels in phreatophyte areas have reduced
somewhat the natural discharge. As a result of the continued storage deple~
tion, a nonequilibrium condition has developed in this part of the valley,
Water levels will continue to decline as a new equilibrium is approached;
the natural discharge by phreatophytes will decrease, and streamflow will
be intercepted. If the net pumping draft exceeds the salvable discharge, the
new condition of equilibrium will not be reached, and water levels eventually
will decline to the economic limit. The simple hydrologic equation of non -
equilibrium is:

Inflow = Outflow T change in stored water

The several elements of this equation are estimated and evaluated in the
following sections of the report,

Pumpage

Prior to 1956, when the drilling of irrigation wells began, pumping was
limited to a few domestic and stock wells. Between 1956 and 1963 approxi-
mately 100 irrigation wells were drilled, and most are shown on plate 1,
Zones (1963, p. 20) estimated that the pumpage in 1956 and 1957 amounted to
a few thousand acre-feet per year, but that in 1958 the pumpage from 23 wells
increased substantially to about 17,000 acre-feet.

For 1963 most of the wells were powered electrically, and estimates of
pumpage were based on the calculated number of kilowatt~hours required to
pump 1 acre-foot of water. The annual pumpage was computed by dividing the
total annual kilowatt-hours consumed at each pump by the kilowatt-hours
required per acre-foot of pumpage. Of the wells tested, the number of
kilowatt-hours per acre-foot ranged from 129 to 350 and averaged about 250,
Electrical energy consumed in 1963 was about 4, 200, 000 kilowatt-hours,
enough to pump about 17,000 acre~feet of water. Estimated pumpage by pumps
driven by internal-combustion engines was between 4, 000 and 5, 000 acre-feet,
Total pumpage in 1963 was about 22, 000 acre-feet. Total pumpage for the
7-year period 1957-63 was about 110,000 acre-feet (table 12), Figure 7 shows
the areal distribution of the gross pumpage for the same period,
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EXPLANATION
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Figure 7.—Approximate cumulative pumpage In the Rio King subares; 1957-63




Pumpage for domestic and stock use was only about 100 to 200 acre-
feet per year, which is well within the probable limits of error of the estimat-
ed pumpage for irrigation. Thus, the annual pumpage shown in table 12 can
be considered to be the total pumpage for the Rio King subarea.

In other areas the amount of the pumped water that returns to ground
water by deep percolation below the roots of crops commonly ranges from
25 to 40 percent of the gross pumpage {(Thomasson and others, 1960).
Accordingly, for this area, where most crops are flood or ditch irrigated,
the net pumping draft, or water permanently removed from the valley-{ill
reservoir, is assumed to be two-thirds of the gross pumpage. Thus, net
pumpage for the 7-year period 1957-63 was about two-thirds of 110,000
acre-feet, or roughly 75,000 acre-feet (table 12).

Figure 8 shows the irrigated cropland and land cleared for irrigation
in 1964, Eighteen farms, ranging in size from 320 to more than 15, 000
acres, irrigated about 9, 300 acres from ground and surface water in 1963,
This is the gross acreage, which includes the area occupied by ranch houses,
barns, work areas, access roads, and head ditches. The net acreage would
be about 5 percent less. Principal crops and approximate acreages irrigated
by ground water include hay, 4,300 acres; seed alfalfa, 1,200 acres; grain,
1,650 acres; and corn, 400 acres; the total was about 7, 600 acres, The gross
pumpage was about 22, 000 acre-feet, which suggests an average duty of
water of about 3 acre-feet per acre. As previously mentioned, the remaining
1,700 acres is native grassland irrigated from streams and springs.

The lands having the best soils in the northern part of the area have

' been developed. Most of the remaining land suitable for cultivation lies along
the margins, Development of these lands is continuing together with the
development of more water; more wells are being drilled each year,

The Nonequilibrium Condition

Water-Level Decline, 1957-64

Water-level fluctuations over a period of time are the result of an
immbalance between recharge to and discharge from the ground-water reservolr
and reprecent clianges of ground water in storage. This ie the physical result
of the noncovitihriura condition, If recharge to the ground-water reservoir

uwceeds dizckares, the sueplus water goes into storage, causing water lavels
sharpga, the deficit is

to rige, O tho other hand, if discharge oxveeds neil
mAadn un h‘; the wamoval of pround walsr from siorage, caueing waler levels to
decling

The water levels over an ever~increasing avea in the Fio King subarca
have been declining since the beginning of large withdrawals in 1953, and the
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Figure 8.~Irrigated cropland and land cleared for irrigation, 1964
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Table 12, --Estimated pumpage for irrigation, in acre-feet,

in the Rio K:ing subarea

Net
Year Gross pumpin
pumpage draft —
1957 a 3,000 2,000
1958 a 17,000 11,000
1959 b 17,000 11,000
1960 b 19,000 13, 000
1961 b 14,000 9,000
1962 b 18,000 12,000
1963 c 22,000 15,000
Total (rounded) 110,000 75,000
1. Assumed to be about two~thirds of the gross pumpage.

=2

b.

Ce

From Zones (1963, p. 20).

Estimates based largely on information provided by
local ranchers,

Estimated largely from electric power consumption.
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greatest declines are in the areas where the largest withdrawals have
occurred, Using the data compiled by Zones (1963, figs, 2 and 3), maximum
water-level declines between near natural conditions in the spring 1958 and
early pumping conditions in 1959 were about 10 feet in the central and north-
eastern parts of the Rio King subarea, Comparison of the 1958 and 1964
water-level surfaces (Zones, 1963, fig. 2, and pl, 1 of this report) indicates
that a moderate net decline in water levels had occurred. Because pumpage
in 1957 was small (Zones, 1963, p. 20), the net change for the period 1958~
64 is considered to be about the same as for the period of this analysis,
spring 1957 to spring 1964.

Figure 9 is a net-change map for the period 1957-64 and shows the area
and magnitude of the water-level decline in the Rio King subarea caused by
pumping, The maximum declines in and near the centers of pumping are 30
to 40 feet. The smallest net declines in the area of pumping, not much more
than 10 feet, occurred beneath the Kings River channel, which during times
of flow, forms a line source of recharge, or a recharge boundary. The
weighted average areal net decline for the Rio King subarea was between 10
and 11 feet,

Storage Depletion

The amount of the storage depletion in the Rio King subarea from the
time pumping began through the 1963 irrigation season is the product of the
volume of the valley-fill reservoir dewatered and the gpecific yield of the
deposits. From figure 9 the volume dewatered can be computed as the area
jnside the zero net-change contour, which is about 37,000 acres, times the
average weighted areal water-level decline, which is about 10 1/2 feet, or
nearly 400, 000 acre-feet, This volume times the estimated specific yield
of 17 percent (table 9) provides an estimate of storage depletion of about
65, 000 acre-feet for the period spring 1957 to spring 1964, which spans the 7
pumping seasons in the years 1957-63.

The estimated net pumping draft during the same period was 75,000 ¢
acre-feet (table 12). When compared to the storage depletion of 65,000 acre-
feet, most of the pumpage was derived from ground water stored in the valley-
fill reservoir,

The effects of pumping locally have extended to and possibly beyond
the boundaries of the valley-fill reservoir., Figure 9 shows that the net
decline for the period 1957-64 along the northeastern boundary amounted to
a maximum of about 25 feet; along the western boundary, to more than 10
feet, Thus, some additional storage depletion may have occurred in the
volcanic rocks along the sides of the valley, but the amount of this depletion
is not evaluated at this time.
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Decrease in Evapotranspiration

Table 7 shows that for the Rio King subarea under near-natural condi-
tions the estimated ground-water discharge by evapotranspiration from

29, 000 acres of phreatophytes amounted to about 9, 400 acre-feet per year,
In the period 1957-63, nearly 4,000 acres of phreatophytes were eliminated
by land clearance and replaced by irrigated crops, In addition, the water
level beneath roughly 20, 000 acres of phreatophytes declined an average of
about 10 feet. Assuming nearly 100 percent transfer of natural evapotran~-
spiration losses to consumptive use by crops in the irrigated areas and
assuming a 20 percent reduction of evapotranspiration losses in the remaining
area of water-level decline, the salvage in 1963 amounted to between 1,200
and 1, 500 acre-feet, Thus, evapotranspiration losses in 1963 probably were
about 8, 000 acre-feet compared to 9,400 acre-feet under natural conditions
from the same area,

Ground-Water Budget, 1957-64

The ground-water budget for the period 1957-64 compares the inflow
and outflow estimates, except runoff, for the seven years 1957-63 to the
estimated net change in stored water from spring 1957 to spring 1964. Thus,
the difference (3) in table 13 is for a slightly different period than the storage
depletion (4).

A water budget for a selected period of time should utilize the measured
or estimated elements of inflow and outflow for each year of the budget period,
For the period 1957-63, annual estimates of most budget elements have been
made for the Rio King subarea, However, none could be made for the runoff
to the valley-fill reservoir, except an estimate of the long-term average,
which is used in table 13,

Rainfall during the period 1957-63 at Orovada averaged 11,33 inches,
or about 5 percent above the long-term average of 10,76 inches (fig. 3).
Thus, the runoff to the valley-fill reservoir probably was somewhat larger
than the long-term average shown in table 13,

Table 13 shows the ground-water budget for the Rio King subarea for
the 7-year period 1957-63. During this period of ground-water development
and storage depletion, the estimated discharge exceeded recharge by about
53, 000 acre-feet. The estimated storage depletion, computed independently,
was 65,000 acre-feet, If all estimates of inflow, outflow, and storage change
were accurate, values (3) and (4) in table 13 should agree. The imbalance of
12, 000 acre-feet, which averages about 1, 700 acre-feet per year, is due to
errors in the estimates, The most likely errors are in the larger estimates,
principally runoff, evapotranspiration, and net pumpage. For the reason
given above, runoff for the budget period probably is low, which would make
the budget even more in error.
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Table 13, - -Ground-water buéget, in acre-feet, for
the Rio King subarea, 1957-64

T-year
Budget element period
INFLOW
Runoff to valley-fill reservoir (table 8) a 110,000
Ground-water inflow across bedrock-alluvial contact (p. 26) 6,000
Total (1): 116,000
OUTFLOW:
Evapotranspiration (table 7 and p. 43) 1/ 62,000
Net pumping draft (table 12) 75,000
Surface-water diversions (table 8) 18,000
Springs (table 8) (b)
Surface-water outflow (table 8) 7,000
Ground-water outflow (table 8) 7,000
Total (2): 169, 000
DIFFERENCE (3); (1) - (2) - 53,000
STORAGE DEPLETION (p. 42) (4): - 65,000
IMBALANCE BETWEEN METHODS: (3) - (4) 12,000

1. Based on an average annual loss of 8,900 acre-feet.

a. DBased on long-term average rather than on runoff during the
period 1957-63,

b. Included in evapotranspiration and surface-water diversions,
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PERENNIAL YIELD

Basic Concepts

The perennial yield of a ground-water reservoir may be defined as the
maximum amount of water of usable chemical quality that can be withdrawn
and consumed economically each year for an indefinite period of time. It
the perennial yield is continually exceeded, water levels will decline until
the ground-water reservoir is depleted of water of usable quality or until
the pumping lifts become uneconomical to maintain, Perennial yield can not
exceed the natural recharge to or discharge from an area. Most pertinent
is the fact that the perennial yield ultimately is limited to the maximum
amount of natural discharge that can be economically salvaged for beneficial
use,

The concept of perennial yield in the development of a ground-water
basin is three-fold: (1) In a state of nature before pumping begins, the
hydrologic system is in an equilibrium condition-~recharge equals natural
discharge and over the long term no change in stored water occurs; (2) after
pumping starts, the system is in a nonequilibrium condition--natural dis-
charge plus pumpage exceed recharge; the deficit over the years is made up
by a substantial depletion of stored water; and (3) if the net pumping draft is
held to a rate about equal to the salvable natural discharge and most critical,
if the distribution and amount of the pumpage are strategically situated so
as eventually to reduce the salvable natural discharge to zero, then the
system attains a new equilibrium~~-recharge equals net pumping draft, nat-
ural discharge is virtually zero, and over the long term no change in storage
occurs,

The amount of time that it takes to make the full transition from equilib-
rium under natural conditions to the new equilibrium under pumping con-
ditions is largely a function of the annual pumping rate and the amount of
stored water that must be removed to terminate the salvable natural dis«-
charge. Ordinarily the time involved is measured in decades, provided that
the annual net pumping draft is maintained at a rate roughly equal to the
perennial yield.

What has happened in Kings River valley is typical of most ground-water
basins in the west: In developing the area, the conditions set forth initem(3)
above are disregarded. As estimated in quantitative terms in table 8,
evapotranspiration and other natural water losses occur in both the Rio King
and Sod House subareas, Yet all the pumpage is concentrated in the Rio
King subarea where pumping never will affect materially the natural dis-
charge in the southern part of the Sod House subarea. This type of concen-
trated development commonly leads to a paradox where local overdraft
occurs in one part of the valley while at the same time an excess, or water
available for development by pumping, goes to waste in another part of the
same valley,
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Valley-Fill Reservoir

For Kings River valley, the estimated total natural outflow averages
about 20, 000 acre-feet per year (table 8)., As mentioned, the perennial
yield is limited to the maximum amount of natural discharge that can be
economically salvaged. The estimated maximum salvage over the long term,
if pumpage were strategically distributed throughout the valley, would
include most of the evapotranspiration losses, roughly half the surface-water
diversions, possibly half the surface-water and ground-water outflow at the
southwest corner of the area, and little or none of the spring discharge
(table 8). Thus, the estimated perennial yield of the entire valley-fill
reservoir is computed to be about 17, 000 acre-feet, or about 85 percent of
the estimated discharge,

About half the surface-water diversions are included in the yield, be-
cause these diversions are on the valley floor. As water levels are drawn
down by pumping, much of the moderate to low flows of the streams would
sink into the stream channels before reaching the points of diversion., In
other words, those zanchers now depending on streamflow to irrigate crops
in areas that will be affected by pumping probably would have to drill wells
and pump water, Moreover, some of these lands now in part are sub-
irrigated by ground water, but in the future as water levels are drawn down,
more irrigation water would be required to raise the same crops. Similar-
ly, about 1, 000 acres of native hay almost wholly supported by subirriga-
tion would require irrigation from wells (table 7). On the other hand, spring
flow probably would remain unaffected by the development.

If the 17, 000 acre-feet were to be developed in proportion to where the
salvable discharge occurs and more or less concurrently throughout the
valley, the approximate distribution would be 10, 000 acre-feet in the Rio
King subarea and 7, 000 acre-feet in the Sod House subarea. However, as of
1964, development in the Sod House subarea does not seem imminent.

The substantial development near Orovada in the adjacent Quinn River
valley may in time reduce the ground-water and surface-water outflow to
the Sod House subarea, estimated to total about 5,300 acre-feet per year
(table 8). The yield of the subarea would be reduced in about the same
proportion as the reduction in outflow from Quinn River valley.

Rio King Subarea

Because ground-water development has not been ideally distributed
throughout the valley-fill reservoir, as just described, the available supply
in the Rio King subarea is critical to the agricultural growth and economy of
the area, Nearly all rights to pump additional water have been granted in
this subarea. The estimated yield of 10, 000 acre-feet per year under
conditions of valley-wide development would be somewhat less than the yield
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if nearly all the future pumpage continues to be concentrated in this part
of the valley. Assuming that future development is limited to the Rio King
subarea, the yield would be increased by the additional amount of natural
discharge {(outflow) that could be salvaged.

Although the extent and magnitude of future pumping effects are
difficult to predict, the water-level change between 1957 and 1964 provides
a guideline to the future (fig. 9). Pumping effects have already reached the
sides of the valley-fill reservoir. As pumping continues, the area affected
will extend farther northward and southward. In time, the effects probably
will extend southward several miles into the Sod House subarea. Although
the additional amount of natural discharge that would be salvaged is also
difficult to foretell, the preliminary estimate is on the order of 2,000 acre=
feet per year. This would be largely by reduced evapotranspiration loss in
the northern part of the Sod House subarea and in small part by reduced
subsurface outflow from the Rio King subarea to the Sod House subarea.

The above analysis and assumptions suggest that the yield of the Rio
King subarea, with no development in the Sod House subarea, is roughly
12,000 acre-feet per year. In other words, by concentrating all the pumping
in this part of the valley, only about two-thirds of the potential yield of
Kings River valley will be realized,

Overdraft in 1963

Overdraft of a ground-water reservoir may be defined as the amount by
which the net pumping draft exceeds the perennial yield. Similarly, locel
overdraft is the amount by which the net pumping draft in a given part of a
ground-water reservoir, such as the Rio King subarea, exceeds the local
yield, If pumping were ideally distributed throughout the Kings River valley
so as eventually to salvage most of the natural discharge, as previously de-

scribed, no overdraft would occur until the net pumping draft exceeded about
17, 000 acre-feet per year. Similarly, if pumping were limited only to the
Rio King subarea, which it has been, no local overdraft would occur in the
subarea until the net pumping draft exceeded about 12, 000 acre-feet per year,

In 1963 the estimated net pumping draft in the Rio King subarea was
roughly 15,000 acre-feet (table 12), or roughly 3, 000 acre-feet more than
the estimated local yield of 12, 000 acre-feet. Moreover, the local yield
probably was equaled or slightly exceeded in 1960 and 1962 (table 12).




FUTURE DEVELOPMENT

Exercise of Existing Water Rights

Rights to pump about 60, 000 acre-feet per year of ground water in the
Rio King subarea have been granted by the State of Nevada. Exercise of all
these rights would result in a net pumping draft of roughly 40, 000 acre-feet
per year., This is more than three times the estimated yield of the Rio King
subarea.

If an overdraft of this magnitude should occur, a new equilibrium be~
tween inflow and net pumping draft never could be achieved. A continued
net pumping draft that exceeds inflow by nearly 30, 000 acre-feet per year
would cause a continued and moderately rapid depletion of stored ground
water, water levels would become progressively deeper, and pumping lifts
and hence costs would increase.

At the same time, water levels and natural discharge in the Sod House
subarea would be only slightly affected by the local overdraft in the Rio King
subarea. Thus, in the Sod House subarea, approximately 5, 000 to 6, 000
acre~-feet per year would waste in the future as it does today,

Storage Depletion in the Rio King Subarea

Pumping during the period 1957-63 resulted in a net decline of water
levels of more than 30 feet in the pumping center along the west gide of the
Rio King subarea and more than 40 feet in the pumping center along the east
side, Storage depletion totaled about 65, 000 acre-feet for the period,

If all the permitted rights to pump about 60, 000 acre~feet per year were
exercised by 1973 {10 years hence) and if the increase in pumpage between
1963 and 1973 were reasonably uniform, storage depletion (1957-73) could
be on the order of 250, 000 acre-feet. This estimate is based on several
major factors: (1) evapotranspiration losses would continue to decrease and
would become negligible by 1973; (2) ground-water and surface-water outflow
would decrease to about one-half their present average amount; (3) surface-
water diversions would be decreased to about half the 1963 rate; and (4) in-
flow during the 10.-year period would be about the same as the long-term
average., Obviously, storage depletion would be considerably greater if the
10-year period were of below-average wetness, and of course the converse
would be true,

In terms of water~level decline, a storage depletion on the order of
250, 000 acre-feet is equivalent to a subarea~wide decline of nearly 20 feet,
based on the estimates in table 9. However, in the centers of pumping, the
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actual declines probably would be more than 100 feet below the March 1964
levels (pl. 1) and less than 20 feet in those parts of the subarea remote from
pumping.

Economic Effects

Pumping costs increase in about the same proportion as pumping lifts,
In 1963 the average number of kilowatt-hours required to pump one acre-foot
was about 250; the average pumping lift was about 125 feet. If the average
lift should double by 1973, the average number of kilowatt-hours required to
pump an acre-foot of water also would about double, provided that well and
pumping plant efficiencies were to remain about the same as in 1963,

Pumping in the Rio King subarea results in the mutual interference among
the water-level drawdowns in adjacent pumped wells. This will happen in
any area where substantial development has occurred., However, the magni-
tude of the interference in large part is controlled by the distance between
pumped wells; that is, the closer together the wells the greater the interfer-
ence drawdowns and, of course, pumping costs,




CONCLUSIONS

This second water-resources appraisal of Kings River valley has
developed several pertinent conclusions with respect to the adequacy of
the supply and leads to several additional conclusions regarding the kinds
and types of data needed to refine the flow system and response characteris~
tics of the valley-fill reservoir:

1,

2.

4.

T

All the development to date and all the applications for future devel~
opment are in the Rio King subarea, or northern half of the valley,
where the ground-water supply over the long term is estimated to
average about 12,000 acre-feet per year.

The net pumping draft in the Rio King subarea in 1963 exceeded this
estimated yield by about 3, 000 acre-feet. If all the permitted
rights to pump ground water are exercised, about 60, 000 acre-feet
per year of gross pumpage (roughly 40, 000 acre-feet net draft), the
yield would be exceeded by between 25, 000 and 30, 000 acre-feet per
year.

Pumping eventually will affect the surface-water rights in areas
where shallow ground water occurred in 1963 in the valley-fill
reservoir. As water levels are drawn down in Rio King subarea,
all or part of the streamflow and stream diversions in these areas
will seep into the channels before reaching the irrigated lands, Of
the total diversions of about 2, 500 acre~feet per year, possibly half
will become ground-water recharge in the future.

In the Rio King subarea nearly all the estimated net pumping draft
of 75, 000 acresfeet from 1957 through 1963 was supplied from
stored ground water (table 12). A small amount, probably less than
5, 000 acre-feet, was by the salvage from phreatophyte use.

Much of the future pumpage will be derived from stored ground water
--on the order of 250, 000 acre-feet for the period 1957-73, if pump-~
age should increase steadily to 60, 000 acre-feet per year by 1973
Should this occur, pumping lifts and hence costs might be about
double those of 1963.

The first approximation of transmissibility distribution is shown in
figure 3. For storage coefficient, the use of a value of 0,17 {or a
specific yield of 17 percent), when applied to the volumetric deple~
tion, provided reasonably good agreement with the water-budget
method,

It is obvious that the continued growth of pumpage will lead to an

increasing overdraft and accelerated rates of water-level decline
in and near the large areas of substantial ground-water withdrawals.

- B -




Because the increase in pumpage for irrigation is widespread rather
than localized, general projections of the cause-and-effect relations

 in the Rio King subarea could be approximated when needed by those

concerned with administration and management of water resources.

Future refinement of the cause-and-effect relations will require
reasonably accurate records of the annual pumpage, periodic water-
level measurements in most wells, preferably in the spring before
pumping begins, streamflow measurements on the major streams,
magnitude of and change in the spring and stream diversions, and
quality of ground water in the irrigated areas. A reappraisal, pos-
sibly in 1973, would need these data to determine the extent of the
overdraft and storage depletion in the Kings River valley.
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EXPLANATION

Qya

Younger alluvium

Unconsolidated gravel, sand, silt, and clay; includes
lacustrine, alluvial fan, and channel deposits;
coarse materials yield water readily to wells

Qoa

Older alluvium

Largely unconsolidated gravel, sand, silt, and clay;
includes alluvial-fan and lacustrine deposits;
coarse materials yield water readily to wells

Trd Tha

Volcanic rocks

Trd Largely rhyolite and dacite; yield some
water through fractures and joints
Tha Largely basalt and andesite; yield some

water through interflow zones, fractures,
and joints

Tkg

Granodiorite

Principally granodiorite and some quartz diorite and
quartz monzonite; yields little water through
fractures and joints

Fault

Dashed where approximately located
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Geology after Ronald Wilden (1961)
Hydrology by G. T. Malmberg

PLATE 1.—GENERAL GEOLOGY, WATER WELLS AND WATER-LEVEL CONTOURS FOR MARCH 1964
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