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CONVERSION FACTORS AND ABBREVIATIONS

Except for water quality, "inch-pound” units of measure are used in this report and may be converted
to metric (International System) units by using the following factors:

Multiply By To obtain

Acre 0.4047 Square hectometer (hm?)

Acre-foot (acre-ft) 1,233 Cubic meter (m*)

Acre-foot per year Cubic hectometer per year
(acre-ft/yr) 0.001233 (hm® /yr)

Cubic foot per second (ft* /s) 0.02832 Cubic meter per second (m*/s)

Cubic foot per second, 0.01760 Cubic meter per second, per
per mile [(ft® /s)/mi] kilometer [(m* /s)/km]

Foot (ft) 0.3048 Meter (m)

Foot per day (ft/d) 0.3048 Meter per day (m/d)

Foot per day, per foot 1.000 Meter per day, per meter
[(fvd)/ft] [m/d)/m]

Foot per year (ft/yr) 03048 Meter per year (m/yr)

Foot squared per day (ft*/d) 0.09290 Melter squared per day (m*/d)

Inch (in.) 25.40 : Millimeter (mm)

Inch per day (in/d) 25.40 Millimeters per day (mm/d)

Mile (mi) 1.609 Kilometer (km)

Square mile (mi*) 2.590 Square kilometer (km*)

For temperature, degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) by using the
formula °F = [1.8(°C)] + 32.

EQUIVALENTS
Multiply By ; To obtain
Cubic foot per second 448.83 _Gallons per minute
(ft*fs) " (gal/min)
Cubic foot per second T24.5 Acre-foot per year
ft’/s) - (acre-ftfyr)
Foot squared per day 748 Gallons per day per foot
(ft?/d) [(gal/d)/ft]
Foot per day (ft/d) 7.48 Gallons per day per square
foot [(gal/d)/ft*]
SEA LEVEL

In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929),
which is derived from a general adjustment of the first-order leveling networks of both the United States

and Canada, formerly called "Sea-Level Datum of 1929."
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GROUND-WATER RESOURCES OF HONEY LAKE VALLEY,
LASSEN COUNTY, CALIFORNIA, AND
WASHOE COUNTY, NEVADA

By Elinor H. Handman, Clark J. Londquist,
and Douglas K. Maurer

ABSTRACT

Honey Lake Valley is a 2,200-square-mile, northwest-trending, topographically closed basin about
35 miles northwest of Reno, Nevada. Unconsolidated basin-fill deposits on the valley floor and fractured
volcanic rocks in the northern and eastern uplands are the principal aquifers. Ground water in the Nevada
part of the basin is being considered as a potential source of public supply to the Reno area. This report
describes the ground-water resources of the basin and the potential hydrologic effects of ground-water
development in its eastern part.

During an average year, about 1.1 million acre-feet of precipitation falls on the 1,700-square-mile study
area within the valley, and an estimated 86,000 acre-feet enters the study area as streamflow in the Susan
River and Long Valley Creek. Almost 90 percent of this water runs off, evaporates, or is transpired by plants
before it can infiltrate and become ground-water recharge; this includes about 130,000 acre-feet per year that
reaches Honey Lake as surface-water inflow. About 130,000 acre-feet recharges the aquifer system annually,
about 40 percent by direct infiltration of precipitation over the study area and about 60 percent by infiltration
of streamflow and irrigation water. Balancing this is an equal amount of ground-water discharge, of which
about 65 percent evaporates from the water table or is transpired by phreatophytes, about 30 percent is
withdrawn from wells, and about 5 percent leaves the basin as subsurface outflow to the east.

A ground-water flow model of the eastern part of the study area, where withdrawals for public supply
have been proposed, was used to evaluate components of the water budget and to estimate the long-term
hydrologic effects of hypothetical increased development. Results of the evaluation indicate conditions
under which a new equilibrium would be established if 15,000 acre-feet of water were withdrawn from the
Fish Springs Ranch area annually. The model indicates that, as a result of such an increase in pumpage,
water levels would decline more than 100 feet from present (1988) levels in the vicinity of the pumping, and
as much as 40 feet at the California-Nevada State line. Evapotranspiration and subsurface outflow to the east
would each be reduced by about 60 percent, but hydrologic effects would be minimal at the western boundary
of the flow-model area (just east of Honey Lake). Within the modeled area, the simulation indicates that the
increased withdrawals would cause the net flow of ground water eastward across the State line to increase
from about 700 acre-feet per year to about 2,300 acre-feet per year.



INTRODUCTION

The Reno-Sparks area in western Nevada is one of the fastest growing population centers in the United
States. Nearly all economically available surface water has been allocated, and as development continues,
so does the demand for water. The principal water-utility company in the area has identified an aquifer
system in Honey Lake Valley, about 35 miles northwest of Reno-Sparks, as a possible source of water for the
two cities and for the unincorporated areas of Washoe County (Westpac Utilities, 1989). As a result, the
county has entered into a public-private venture with Western Water Development Company to develop the
potential resource. '

Decisions about development of the ground-water resources in Honey Lake Valley are complicated
because only about one-fifth of the drainage area is in Nevada, and four-fifths is in California. Development
of the aquifer system probably will affect the quantity of interstate flow, and water transported out of the
basin would be diverted from its natural discharge areas. An assessment of the potential effects of interstate
flow and interbasin transport requires a detailed evaluation of the water budget and the local and regional
flow systems in the central and eastern parts of Honey Lake Valley. This stidy by the U.S. Geological
Survey, in cooperation with the California Department of Water Resources and the Nevada Division of Water
Resources, is an appraisal of ground-water resources in the basin.

Purpose and Scope of This Report

This report describes and quantifies the water budget for Honey Lake Valley (figure 1). It describes the
components of ground-water flow and the characteristics of the aquifer system in Honey Lake Valley on the
basis of results of a 3-year study. The ground-water component of the budget for part of the study area east
of Honey Lake is further evaluated by means of a three-dimensional, finite-difference mathematical model
(figure 1) that simulates the ground-water flow system in unconsolidated basin-fill deposits and consolidated
volcanic rocks. The report includes a discussion of the direction and magnitude of ground-water flow at the
California-Nevada State line.

The scope of the report is limited to discusssion of the ground-water flow system. Some of the potential
hydrological effects of increased ground-water withdrawals are considered. However, an assessment of the
potential effects of increased development on vegetation, wildlife, and water quality was not within the scope
of this investigation.

Previous Studies

A reconnaissance report (Rush and Glancy, 1967) provided a preliminary estimate of the ground-water
budget for a 235-mi’ area in the eastern part of Honey Lake Valley, primarily in Nevada. Ground-water
resources were evaluated from an inventory of water-level measurements at 13 wells and limited additional
subsurface information. The report indicated an imbalance of 9,000 acre-ft/yr between estimates of recharge
(2,000 acre-ft) and discharge (11,000 acre-ft). According to Rush and Glancy (p. 42) the difference may have
resulted from an underestimate of recharge from precipitation or from subsurface inflow to Honey Lake
Valley.

An investigation of ground water in the northeastern counties of California included a section on the
California part of Honey Lake Valley (California Department of Water Resources, 1963a, p. 205-220). The
study considered ground-water recharge, movement, and availability. The valley floor was divided into four
zones that were classified in terms of potential for development. The report was updated in 1987 (Pearson,
1987) and water budgets were produced for 1986 (Muir, 1988) and for long-term average conditions
(Clements, 1988).






Water-quality conditions in the California part of the basin were analyzed in two reports (Clawson,
1968; Wormald, 1970). Ground water in the area north of Honey Lake contains arsenic, probably of
geothermal origin and related to faults. The geothermal resources of Honey Lake Valley have been the
subject of numerous studies (U.S. Bureau of Reclamation, 1982; McNitt and others, 1981; Sanyal and others,
1984; GeoProducts Corporation, 1982, 1984; Juncal and Bohm, 1987; Harding Lawson Associates, 1989a,
1989b). The results of some of the test drilling, geophysical surveys, structural analysis, and geochemical
sampling from these studies were used in the evaluation of regional flow.

In 1986, Lassen County published the results of a water budget study for Honey Lake Valley that
estimates annual ground-water availability for the basin as 69,000 acre-ft (53,000 in California and 16,000
in Nevada; Walters Engineering, 1986, p. 1). Their budget is based on information compiled from previous
investigations,

A stdy of ground-water availability in the Nevada part of Honey Lake Valley was produced for
Westpac Utilities, a division of Sierra Pacific Power Company (William F. Guyton Associates, 1987).
The study concludes that ground-water recharge from precipitation may be 1,000 to 2,000 acre-ft/yr greater
than that estimated by Rush and Glancy (1967) and that some subsurface inflow may also occur,

A reconnaissance study by R.W. Beck and Associates (1987) for the Regional Water Planning and
Advisory Board of Washoe County evaluates importation of ground water from sources in northern and
central Washoe County, including Honey Lake Valley, to areas in the southern part of the County. The
report states that an estimated 16,500 acre-fi/yr of water could be developed from Honey Lake and Warm
Springs Valleys, using only water that originates as precipitation in Nevada. The total includes 4,500 acre-ft
of assumed underflow from Warm Springs Valley to Honey Lake Valley.

Location and Physiographic Features

Honey Lake Valley is a northwest-trending, elongated, and topographically closed basin in northwestern
Nevada and northeastern California and is on the west edge of the Great Basin Physiographic Region. The
largest population center in the basin is Susanville, Calif. The northern part of Honey Lake Valley includes
Willow Creek, Secret, and Horse Lake Valleys (plate 1). In this report, the entire Honey Lake Valley
topographic basin is referred to as "the basin." The development of topographic features, drainage patterns,
and ground-water flow systems of the basin is controlled by the major stratigraphic and structural features of
bedrock and by climate. Basin-and-range faults, the principal structural features, provide conduits for ground-
water flow in some places but obstruct flow in others.

The Honey Lake Valley study area extends about 60 miles from northwest to southeast (figure 1),
and encompasses about 1,700 mi®. The southeast end of the study area is about 35 miles northwest of Reno,
Nev. The study area (figure 1) excludes the Susan River drainage area upstream from the Susanville gage
and the Long Valley Creek drainage south of Dry Valley Creek. However, inflow from these areas was



measured and included in the water budget for the study area. The study arca includes the Willow Creek,
Secret, and Horse Lake Valley drainage areas, because inflow to the Honey Lake Valley floor from these basins
is partly in the subsurface and cannot be estimated at any one place. For the purposes of modeling ground-
water flow, the study area also includes Dry Valley north of Flanigan and a small part of Smoke Creek Desert
(figure 1, plate 1).

The valley floor is surrounded by mountains to the west, southwest, and east, and volcanic uplands to the
north. The Susan River, a few perennial streams, and several intermittent streams flow toward the center of
the basin where water accumulates in Honey Lake. Honey Lake is a shallow lake that dries up at times and has
no surface outflow. Alluvial fans, composed of materials eroded from the adjacent mountains and uplands, form
sloping areas between the uplands and the flat, central valley floor.
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HYDROGEOLOGIC SETTING

Honey Lake Valley is similar to other valleys of the Great Basin in its physiography and its
agricultural land and water use. Most development of the surface water and ground water has been in the
western, less arid part of the study area, but ground water also is used to irrigate about 1,800 acres of
alfalfa and pasture in the eastem part of the basin at Fish Springs Ranch. Geothermal ground water is
used in the Wendel, Amedee, Litchfield, and Susanville areas (plate 1).

Structural Framework

Honey Lake Valley lies at the junction of three geologic and physiographic provinces (plate 1):
(1) the northeastern edge of the Sierra Nevada mountain range, (2) the western edge of the Basin and Range
Province, characterized by elongate basins surrounded by elevated mountain blocks, and (3) the southeastern
edge of the Modoc Plateau, characterized by volcanic cones surrounded by relatively flat-lying volcanic
flows (plate 2). A regional fault system, the Walker Lane, extends from Las Vegas through the Walker Lake
area and into the study area (plate 2). The fault system has mainly right-lateral offsets similar, and
parallel, to those of the San Andreas fault system in California (Bonham, 1969, p. 45).



The topography of the basin was produced primarily by movement along several faults and fault
zones of the Walker Lane. This movement began in the middle Miocene time, about 12 million years
ago (Bonham, 1969, p. 45), and continues at present. Volcanism, erosion, and sedimentation also have
shaped the landscape. The fault zones shown on plate 2 include the Honey Lake and Warm Springs fault
zones along the southwest boundary of the basin, and the Antelope Mountains and Eagle-Honey fault zones
on the northwest side of the valley floor (Roberts, 1985, p. 43).

Movement along the fault zones has been vertical, accompanied by right-lateral slip (Roberts, 1985,
p. 42). Lateral movement is notable on the Warm Springs fault zone, where the estimated horizontal offset
has been at least 3.5 miles (Grose, 1984). Movement has been mainly vertical on the Antelope Mountains
and Eagle-Honey fault zones, although some evidence suggests strike-slip offset (Roberts, 1985, p. 45).

Description of Hydrogeologic Units

Principal geologic units in Honey Lake Valley are granitic bedrock, volcanic rocks, and unconsolidated
to semiconsolidated sediments. The relative ages, thicknesses, and hydrologic properties of the geologic
units are summarized in table 1 and their distribution is shown on plate 2. The levels of geologic detail in the
five geologic maps used to compile plate 2 (Lydon and others, 1960; Burnett and Jennings, 1962; Bonham,
1969; Grose, 1984; and Grose and others, 1989) are different enough to prevent reconciliation of across-the-
join discrepancies without further field mapping (which was beyond the scope of this project).

Granitic Bedrock

Relatively impermeable bedrock forms a lower boundary to most ground-water flow within the basin.
Although granitic bedrock is exposed mainly on the southwest and south sides of the basin (in the Diamond
Mountains of the Sierra Nevada and in the Fort Sage Mountains), it also crops out in the Virginia Mountains
(plate 2). Geothermal studies indicate that some ground water moves along fault zones in the bedrock to
sustain hot springs near Wende! and Amedee (Juncal and Bohm, 1987).

Movement along fault zones has displaced the granitic bedrock downward on the northeast side of the
basin to depths greater than 5,000 feet below land surface. Granitic rocks have been found 5,000 feet below
land surface north of Honey Lake near Wendel, in holes drilled for energy exploration (plate 3A).
Interpretation of seismic-refraction data (Fuis and others, 1987, p. 57) and telluric clectrical-resistivity
soundings (Pierce and Hoover, 1988, p. 4) show that bedrock (perhaps granitic) underlies the northern part
of the basin at depths of 5,000-6,000 feet below land surface north of Eagle Lake and in Secret Valley.

Volcanic Rocks

Volcanic rocks (plate 2) ranging in age from Oligocene to Miocene, which have been dated from about
35 million to 12 million years, overlie the granitic rocks in the Sierra Nevada, the Fort Sage Mountains, and
the Virginia Mountains (Bonham, 1969, p. 23 and 28). In the Virginia Mountains, their thickness increases
toward the north to more than 1,500 feet beneath the basin fill near Fish Springs Ranch (Pierce and Hoover,
1988, p. 4). The thickness of the volcanic rocks also increases toward the east to about 7,000 feet beneath the
crest of the Virginia Range and to more than 4,000 feet in the adjacent Pyramid Lake Valley (Bonham, 1969,
Pp- 45).
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In the low pass that separates the Fort Sage Mountains from the Virginia Mountains, the rocks are
rhyolitic ash-flow tuffs and volcanic-flow breccias that have been dated by the potassium-argon method as
30 miltion to 23 million years old (Grose, 1984). These volcanic rocks are relatively impermeable to
ground-water flow except where fractured.

In the Virginia Mountains, the volcanic rocks arc composed of basaltic and andesitic flows. They are
included in the Pyramid sequence by Bonham (1969, p. 29) and are shown by Grose (1984) to overlie the older
rhyolites and flow breccias to the west. They have been dated by the potassium-argon method as ranging
from 15 million to 12 million years. These rocks are the main water-bearing unit near Fish Springs Ranch,
forming an avenue for recharge to the basin-fill deposits of Honey Lake Valley.

The northern tip of the Virginia Mountains ncar Astor pass is composed of volcanic rocks that are
more massive than those found near Fish Springs Ranch (Larry J. Garside, Nevada Bureau of Mines and
Geology, oral communication, 1989). These massive rocks are considered to be less permeable to ground-
water flow than the more fractured volcanic rocks near Cottonwood Canyon to the south.

Volcanic rocks (plate 2) in the north part of the basin, and on the east side north of Astor Pass,
range in age from about 12 million years (Miocene) to 1 million years (Pleistocene; Grose and others,
1989). These rocks are volcanic flows of the Modoc Plateau. The plateau is characterized by small- to
medium-size eroded volcanoes surrounded by relatively flat-lying basalt and andesite flows. The rocks
differ greadly in thickness, with layered sections hundreds to thousands of feet thick consisting of
individual flows 10-30 feet thick. Pleistocene-age rocks near Susanville and Pliocenc-age rocks, which
occur as flat-lying, layered flows surrounding Shaffer and Skedaddle Mountains, aré as thick as 300 feet
(Roberts, 19885, p. 25-26). Miocene-age rocks are more than 5,000 feet thick near volcanic centers such as
those in the Skedaddle Mountains (Diggles and others, 1988, p. C15). The rocks are highly permeable in
Willow Creck Valley in the northwest part of the study area and are an important source of water to wells
along the entire north side of the basin. These rocks form an avenue for southward ground-water flow
toward the floor of Honey Lake Valley from Willow and Sccret Valleys.

Unconsolidated and Semiconsolidated Sediments

Basin-fill deposits of Pliocene to Holocene age, consisting of unconsolidated and semiconsolidated
sediments and pyroclastic volcanic rocks, partly fill the structural depression underlying Honcy Lake
Valley. Generally fine-grained sedimentary and pyroclastic volcanic deposits of Pliocene age underlic,
interfinger with, and overlic the consolidated volcanic rocks along the entire north and northcast margins
of the basin. These semiconsolidated deposits consist of thick layers of volcanic tuff and ash that
typically were deposited in shallow lakes along with lacustrine and fluvial deposits of clay, silt, and
minor amounts of sand. Logs of geothermal wells in the Wendel area indicate that a basal conglomerate unit
about 500 feet thick overlies bedrock. The semiconsolidated unit is called a lake deposit by Lydon and
others (1960) and by the California Department of Water Resources (1963a, table 1), but is described as a
volcanic tuff by Grose and others (1989). The most significant hydrologic characteristic of the unit is
its low permeability. For this study, the fine-grained sedimentary and pyroclastic deposits are treated as
a single unit. The unit is present over most of the study area northeast of the Sierra Nevada and is
exposed on the floor of Secret Valley and at a few places in the center of Honey Lake Valley (plate 2).
Most of the basin-fill material consists of this unit.



Honey Lake occupies part of an area previously covered by a much larger, prehistoric water body known
as Lake Lahontan. During the late Pleistocene time, between 14,000 and 12,500 years ago, Lake Lahontan
inundated as much as 8,600 mi*in northwestern Nevada and in the California part of Honey Lake Valley
(Benson and Mifflin, 1986, p. 1). The water level in the huge lake attained a maximum altitude of about
4,365 feet above sea level, almost 400 fect above the present-day level of Honey Lake. Quaternary-age
sediments deposited in Lake Lahontan are an important aquifer in the northwestern and southern parts of the
study area where sands and gravels from the Susan River and Long Valley Creck dominate. On the eastern
side of the basin, however, the deposits consist mostly of fine-grained silt and clay that have low
hydraulic conductivity.

Alluvial fans of Quaternary age, consisting of poorly sorted deposits ranging in size from clay to
boulders, have accumulatcd along the base of the mountain fronts and interfinger with the dominantly fine-
grained lake deposits toward the center of the basin. These alluvial sediments have moderate to high
permeability and are an important aquifer at the edge of the valley floor.

Thickness of Geologic Units

The volume of ground water in storage in the study areca depends in part on the thickness of sedimentary
and volcanic rocks overlying the granitic bedrock. Plate 3 and figure 2 show the estimated thicknesses of
volcanic rocks and sedimentary units, and the total depth to bedrock beneath the eastern part of the basin.
Because of similar hydrogeologic propertics, the unconsolidated deposits of Quaternary age and the
semiconsolidated sedimentary and pyroclastic deposits are shown as one basin-fill sedimentary unit on plate 3,
and the volcanic rocks of Oligocene to Pliocene age are shown as one valcanic unit on plate 3 and figure 2.
Types of data that were collected for this study and used to compile the maps and geologic sections include
existing surface geologic maps, gravity and acromagnetic surveys, telluric clectrical-resistivity soundings,
seismic-refraction profiles, and lithologic logs from deep wells penetrating more than about 20 feet of
granitic bedrock.

Gravily measurements at about 700 stations were obtained from the data base of the National Oceanic and
Atmospheric Administration (written communication, 1987). Aeromagnetic data are from the U.S. Department of
Energy (1983a, 1983b). About 50 additional gravity and magnetic stations were established during this study to
fill areal gaps in the existing data, mainly along and east of the California-Nevada State line,

Computer programs developed by the U.S. Geological Survey (Cordell, 1970; Webring, 1985) were used to
estimate the thickness of geologic units from the gravity and magnetic measurements. Results of these programs
maitched observed depths to granitic bedrock in drill-holes on the southwest side of the basin. In contrast,
computer results were inconsistent with observed depths to granitic bedrock in drill holes on the northeast
side of the basin near Wendel. To provide more information in the northeast area, telluric electrical-
resistivity soundings and seismic-refraction profiles were made. Results of the telluric soundings are
summarized by Pierce and Hoover (1988) and are shown on plate 3 along with results of the seismic-refraction
profiles.

Plate 3A shows that the depth to granitic bedrock increases greatly toward the north and is more than
5,000 feet near Wendel. Lines of equal depth to bedrock are parallel to the strike of the Honey Lake and
Warm Springs fault zones (plate 2) and indicate down-dropping of the bedrock, generally to the northeast.
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Plate 3B shows that the thickness of unconsolidated and semiconsolidated basin-fill deposits of Holocene
to Pliocene age increases toward the north with increasing depth to bedrock, and decreases toward the east
where volcanic rocks make up the largest part of the geologic section overlying bedrock. In the deeper parts
of the basin, most of the total thickness probably is fine-grained Pliocene lake deposits (California Department
of Water Resources, 1963a, p. 207), except along the north margin of the basin where pyroclastic tuffs or ash
flows predominate. .

Plate 3C shows the thickness of volcanic rocks of Oligocene to Pliocene age that constitute aquifers
on the north and east sides of the basin. The unit forms a wedge on the extreme east side of the basin,
increasing from less than 1,000 feet thick near the head of Cottonwood Creek to more than 4,000 feet thick
beneath Dry Valley north of Flanigan. Volcanic rocks are absent in drill holes completed to granitic bedrock
beneath The Island area (south of Honey Lake) and the area southeast of Standish, and are present as only thin
units near Wendel. A drill hole north of Wendel penetrated volcanic rocks in the upper 2,500 feet of basin fill
(GeoProducts Corporation, 1982, p. 17; 1984, p. 22), and telluric soundings near Viewland and north of
Herlong Siding indicate volcanic rocks overlie tuffaceous or sedimentary rocks (Picrce and Hoover, 1988,
p. 6 and figure 8). Although data are absent beneath the Skedaddle Mountains, Diggles and others (1988,
p. C15) believe extensive thicknesses of sedimentary layers do not exist there.

The generalized geologic sections in figure 2 show the estimated thicknesses of sedimentary and volcanic
rock units overlying bedrock along profiles in the eastern part of Honey Lake Valley. Because the estimated
thicknesses are uncertain due to lack of data points in some areas, the profiles in figure 2 should be considered
approximations, rather than exact depictions, of the subsurface geology.

Hydrologic Features
Surface Water

More than 40 streams flow from the Diamond, Fort Sage, and Virginia Mountains and the northern
volcanic uplands toward the center of the topographically closed basin. Most are intermittent and reach the
valley floor only in wet years. The largest streams in the study area are the Susan River, Willow Creek, Long
Valley Creek, and Gold Run Creek (plate 1). The most prominent surface-water feature in the basin is Honey
Lake, which fluctuates greatly in area and volume, but on average has a surface area of about 47,000 acres
and contains about 120,000 acre-ft of water, derived from a combination of lake-surface precipitation, stream
inflow (mostly from the Susan River), and ground-water inflow. Water accumulates in Honey Lake during
periods of rapid snowmelt, but most streamflow is diverted or seeps into alluvial-fan deposits before it
reaches the valley floor and the lake. Surface-water conditions determined for this study are discussed more
fully in a separate report by Rockwell (in press).

Ground Water

Ground water in Honey Lake Valley mainly originates as precipitation in the study area and in the
drainage areas of the Susan River and Long Valley Creek. Precipitation infiltrates through unconsolidated
deposits and faults and fractures in consolidated rocks to become ground water. Ground water flows
downgradient from recharge areas in or near the mountains to discharge areas near the central axis of the
basin.
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Thermal water is found in several places in the basin, most notably in the Wendel and Amedee areas
(plate 1). According to Juncal and Bohm (1987), the geothermal water is part of a flow system in fractured
bedrock and is related to the Honey Lake range-front fault zone (plate 2, inset map) and the Walker Lane
fault system. Recharge for the system is from precipitation in the Diamond Mountain range of the Sierra
Nevada. Meteoric water infiltrates and circulates deeply in granitic bedrock beneath the valley floor. It is
heated by above-average regional heat flow related to volcanism, and rises along the north-northeast-striking
faults. Hot-spring locations might be controlled by the intersection of the north-striking and northwest-
striking faults,

Water Quality

Analyses of about 500 surface- and ground-water samples from the Nevada Division of Health, the
California Department of Water Resources, the Washoe County Department of Public Works, the Sierra
Army Depot, and several published reports (Hilton, 1963; Rush and Glancy, 1967; Clawson, 1968; William
F. Guyton Associates, 1987) indicate that the quality of water in much of Honey Lake Valley is suitable for
irrigation, stock watering, industrial, commercial, and domestic uses. In the eastern part of the basin,
calcium, sodium, and bicarbonate ions predominate in streams fed by mountain springs, sodium and bicar-
bonate ions predominate in most ground-water samples, and the dissolved-solids concentrations are
low, generally less than S00 milligrams per liter. In the central part of the basin, sodium and chloride ions
predominate and dissolved-solids concentrations are higher. Geothermal areas also are characterized by high
dissolved-solids concentrations, dominated by sodium and sulfate ions. Arcas in the basin where ground
water contains elevated concentrations of dissolved solids, boron, fluoride, and nitrate have been delineated
by the California Department of Water Resources (1963b, plate 32). Water from thermal springs at Amedee
and Wendel, and from several wells near Standish and elsewhere in Honey Lake Valley, contain elevated
concentrations of arsenic (Wormald, 1970).

In general, the dissolved-solids concentration in ground water increases with depth and with distance
from the recharge area because longer flow paths allow more contact with soluble minerals of the aquifer.
In the central parts of topographically closed basins, such as Honey Lake Valley, deep water moves upward
under artesian pressure into shallower aquifers and continues to dissolve minerals along its flow path.
Concentrations of dissolved solids in water in shallow aquifers are increased further by evapotranspiration
near the surface. Thus, concentrations of dissolved solids in water in the upper parts of aquifers in some
discharge areas (along the central axis of the basin, including Honey Lake and the playa areas) may decrease
with depth. Actual flow paths are more complicated than indicated by this-simple concept and involve
recirculation and mixing of water from different source areas due to density differences caused by differences
in temperature or chemical concentrations.

GROUND-WATER FLOW SYSTEM

Agquifers and the water that is stored in and moves through them constitute the ground-water flow
system. Analysis of the flow system includes assessment of the hydraulic characteristics of aquifer materials,
quantification of components of the ground-water budget (recharge, storage, and discharge), and evaluation
of rates and directions of flow.

Aquifer Properties

Properties of aquifer materials that control storage and movement of ground water are hydraulic
conductivity (the capacity of rocks and sediments to transmit water) and specific storage and yield (the
amount of water that is stored in and released by aquifers in response to changes in head).
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Hydraulic Conductivity

Hydraulic conductivity is expressed as the volume of water at the existing kinematic viscosity that will
move in a unit time, under a unit hydraulic gradient, through a unit area measured at right angles to the
direction of flow. Coarse-grained, well-sorted sediments transmit water more readily than fine-grained or
poorly sorted sediments, and layers of fine-grained material impede vertical flow. Flow through consolidated
rock depends on the size, distribution, orientation, and interconnection of fractures and other openings.
Therefore, hydraulic conductivity differs for different materials and from place to place within an aquifer.

Horizontal Hydraulic Conductivity

Horizontal hydraulic conductivity of basin-fill deposits and volcanic rocks was estimated at well sites
for which drillers' logs, geologists' logs, or aquifer-test data were available. Drillers' logs were available for
140 wells in the basin, and 36 of these also had reports on production tests. Hydraulic conductivities were
calculated by two methods for the 36 sites:

1.  Specific-capacity data from the production tests were used to estimate hydraulic conductivity by
the Theis (1963) method.

2. Lithologic descriptions were used to estimate hydraulic conductivity by a method described by
Maurer (1986, p. 27-28) and referred to in this report as the "Percent Coarse” method. For this
method, the percentage of coarse-grained materials in the aquifer section penetrated by a well
was estimated from the driller's or geologist's log. Examples of coarse and fine lithologic
designations are listed by Plume (1989, p. A10).

Hydraulic conductivity for the Percent Coarse method was assumed to be 1 ft/d for fine-grained materials,
and 20 fi/d for coarse-grained materials, on the basis of typical values for silt to fine sand and for coarse sand
and porous lava flows (Heath, 1983, p. 13).

Results of the Theis and Percent Coarse methods of estimating hydraulic conductivity were used in
regression and correlation analyses to determine whether a relation between the two methods could be shown.
The Theis method is considered to be more accurate because it is based on actual performance of a well
during pumping, but it can be applied only where production-test data are available. If the methods relate
well, more accurate hydraulic conductivities can be estimated at numerous sites where only drillers' logs are
available.

Comparison of the results indicates that the median hydraulic conductivity for the 36 sites estimated by
both methods was about 8 ft/d and that equal numbers of values were above and below the line of equality
(the line that defines hydraulic-conductivity values from both methods as being equal). However, hydraulic
conductivities estimated by both methods for the same site generally were not in agreement. Correlation was
poor (correlation coefficient 0.04) probably because (1) specific capacities were based on short-duration
production tests (generally much less than 1 day) made to verify yields of new wells, rather than to determine
aquifer characteristics; (2) wells may not have been fully developed at the time of testing; (3) descriptions of
the same geologic materials by different drillers probably differ; (4) information on packing and sorting of
sediments, which also affect hydraulic conductivity, was not available; and (5) the range of possible values
resulting from the Percent Coarse method was restricted. Because correlation of the Theis and Percent
Coarse methods is poor, the more accurate Theis method was used to estimate hydraulic conductivities
wherever possible and additional factors, as discussed in the following paragraphs, were considered in other
places.
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To estimate aquifer characteristics for areas where well data are sparse or unavailable, another relation
was considered. Hydraulic conductivity of basin-fill deposits is a function of their source (volcanic or
granitic rocks) and depositional environment (for example, alluvial fan, nearshore in a lake, and playa). In
general, the upstream parts of alluvial fans at higher altitudes primarily contain coarse sands and gravels,
whereas sediments beneath the valley floor are dominated by fine sands, silts, and clays. Therefore, grain
size, and the corresponding hydraulic conductivity, can be related to land-surface altitude. The percentages
of coarse-grained materials described in drillers' logs for 88 wells in the basin are grouped by range of land-
surface altitude and shown in figure 3. The median of 18 sites where land-surface altitude is at or above
4,140 feet (the highest altitude group) was 56 percent coarse-grained materials, whereas the median of 24
sites below 4,000 feet (the lowest altitude group) was 29 percent. Most wells and most water use in the basin
are near 4,000 feet. At altitudes below this, playa deposits produce smaller yields and water quality and soils
are unacceptable for agricultural use; at much higher altitudes, the depth to water is greater and soils tend to
be thin and rocky.

Aquifer tests were made at two wells at the California Correctional Center north of Lake Leavitt
(California Department of Water Resources, 1988), at five wells in the southeast part of the basin
(William F. Guyton Associates, 1987, p. 12; Michael Widmer, Washoe County Utility Division, written
communication, 1989), and at two wells in the southeast as part of this study. The results indicate that
hydraulic conductivities of aquifers in the southeastern part of the basin ranged from about 10 ft/d for basin-
fill deposits to greater than 100 fi/d for fractured volcanic rocks. The hydraulic conductivities of basin-fill
sediments may differ over short distances. The hydraulic conductivity of fractured volcanic rocks also
differs, but generally is greater than that of other aquifer materials in the southeastern part of the study area.
No aquifer tests are available from wells in granitic bedrock, which is relatively massive and considered
capable of yielding only small quantities of water in Honey Lake Valley (California Department of Water
Resources, 1963a, p. 29).

The median horizontal hydraulic conductivity of aquifer materials throughout Honey Lake Valley is
estimated to be 8 fi/d, on the basis of analyses of production tests and descriptions of geologic materials.
In general, the hydraulic conductivity of unconsolidated sediments decreases with decreasing altitude from a
maximum on upper alluvial fans to a minimum in sediments underlying the playa on the valley floor. It also
decreases with depth as a result of compaction. The hydraulic conductivity of volcanic rocks differs areally
and with depth, and depends on the number, spacing, and degree of connection of fractures. The greatest
hydraulic conductivities are in fractured volcanic rocks in the southeastern part of the basin; the smallest are
probably in massive granitic bedrock.

Vertical Hydraulic Conductivity

Unconsolidated basin-fill sediments are vertically anisotropic because of layering and compaction.
Freeze and Cherry (1979, p. 32, 34) report that the ratio of horizontal to vertical anisotropy in individual core
samples is less than 10 to 1, due to orientation of clay minerals, and that a typical regional ratio of horizontal
to vertical anisotropy is 100 to 1 or greater, due to layering of sediments. The 100 to 1 ratio is considered
representative of sediments in basins similar to Honey Lake Valley (Morgan, 1988, p. 18) and is probably
reasonable for unconsolidated aquifers in the basin.

Volcanic rocks also may be vertically anisotropic because flows are layered; some layers or parts of
layers are more welded, dense, vesicular, or fractured than others. Ground-water flow through volcanic rocks
is predominantly horizontal, but water also moves vertically through joints and fractures. The ratio of
horizontal to vertical hydraulic conductivity of basalis in other areas has becn estimated as being greater than
100 to 1 (John J. Vaccaro, U.S. Geological Survey, written communication, 1989).
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Storage Coefficient and Specific Yield

The storage of water in an aquifer is expressed in terms of a storage coefficient or specific yield.
Storage coefficient is the volume of water that an aquifer releases from or takes into storage per unit surface
area of the aquifer per unit change in head. Specific yield is the ratio of the volume of water that will drain
under the influence of gravity, to the total volume of saturated aquifer material from which the water drains.
For confined aquifers, the water released from storage comes from expansion of the water and compression
of the aquifer. For unconfined aquifers, the water released from storage comes from drainage of the sedi-
ments by gravity, and the storage coefficient is equivalent to the specific yield. The storage coefficient of
unconfined aquifers is 100 to 10,000 times greater than the storage coefficient of confined aquifers because of
these differences (Heath, 1983, p. 29).

The specific yield of unconfined basin-fill deposits (assumed for this study to be the upper 100 feet of
saturated sediments in Honey Lake Valley) was estimated from aquifer tests and from lithologic logs and
reported values for different types of geologic materials. Specific yield, which depends on grain size, sorting,
and porosity, ranges from about 2 percent for clay to nearly 30 percent for uniform coarse sand (Johnson,
1967, p. 70). A specific yield of 15 percent has been used as the average for ground-water flow models of
other valleys in the Great Basin (Thomas and others, 1989, p. 14), and can be considered representative for
primarily coarse-grained (upper-fan) deposits, included as perimeter deposits in table 1. A specific yield of
10 percent is typical of mixed coarse- and fine-grained deposits, and about 6 percent is typical for fine-
grained deposits (Thomas and others, 1989, p. 14-15). The former correspond to nearshore deposits in Honey
Lake Valley and the latter correspond to offshore deposits beneath the central valley floor (table 1).

Storage coefficients for confined aquifers are directly proportional to the saturated thickness of the
aquifer, and can be estimated as 0.000001 per foot, times the thickness of the aquifer (Lohman, 1972, p. 53).
The storage coefficient calculated from results of aquifer tests at the California Correctional Center
(California Department of Water Resources, 1988) was 0.00012 for confined basin-fill deposits about 270
feet thick. Storage cocfficients determined by aquifer tests in the southeast part of the basin ranged from
0.024 for semiconfined basin-fill deposits to 0.0005 for volcanic rocks (Michael Widmer, Washoe County
Utility Division, written communication, 1989). Values for fractured volcanic rocks were more variable than
those for sediments.

Recharge

Recharge to the ground-water system in Honey Lake Valley is from (1) direct infiltration of precipita-
tion and snowmelt into consolidated rock and unconsolidated basin-fill deposits, (2) infiltration of water from
streams, (3) seepage of irrigation water, and (4) subsurface inflow from adjacent areas. The major sources
are direct infiltration of precipitation in upland areas and infiltration of streamflow in alluvial-fan areas
(figure 4).

To ascertain how much water recharges the ground-water system, direct infiltration of precipitation was
estimated using a Deep Percolation Model (Bauer and Vaccaro, 1987), and surface-water infiltration was
estimated using streamflow data, measurements of variations in streamflow resulting from seepage along
stream channels, and information on irrigation-water use.
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Land-surface altitude, slope, and aspect were calculated at each grid cell by digitizing altitude contours
from topographic maps and applying a computer gridding routine (Webring, 1981). Land-surface altitude for
each cell was obtained by gridding the digitized altitude contours at 1-mile intervals. Altitudes were then
gridded at 1/3-mile intervals to produce nine values for each 1-mi’cell, and programs developed by Graham
and others (1986) were used to determine slope and aspect from these values.

The predominant soil type or association for each grid cell was determined from 7.5-minute soil maps
(Baumer, 1983; U.S. Soil Conservation Service, written communication, 1988). Additional historical soil
information was obtained from Guernsey and others (1917). Average texture, available water-holding
capacity, and root-penetration depth or soil thickness of each type was computed from data obtained from the
U.S. Soil Conservation Service (written communication, 1988). The predominant soil types and associations
were grouped into 24 categories on the basis of these characteristics (table 3), and each grid cell was assigned
a number from 1 to 24. The distribution of soil groups used in the DPM is shown in (igure 10.

Land cover at each grid cell was estimated from land-use and land-cover maps (U.S. Geological Survey,
1979a, 1979b, 1980a, 1980b, 1983), and assigned to one of six categories: forest, grass (includes residential
and other built-up areas), sage (to represent rangeland), alfalfa (to represent agricultural land), surface water
and wetlands, or bare soil (figure 11). Land-use and land-cover categories are defined and classified by
Anderson and others (1976). Maximum values for root depth, percentage of foliage cover, and interception
capacity for DPM land-cover categories in this study (table 4) are the same as those used by Morgan (1988,
P- 89) in the Goose Lake area, and are based on information from the U.S. Soil Conservation Service and the
U.S. Forest Service. Root depths are for vegetation that uses soil moisture derived from precipitation.
Ground-water use by phreatophytes is not included in the DPM.

Data on streamflow and application of irrigation water can be included in DPM calculations for
individual cells. The largest source of streamflow and irrigation water in the Honey Lake basin is the Susan
River. Most surface water ultimately is transpired by crops or evaporated from the surface of Honey Lake,
but during part of the year some streamflow and irrigation water infiltrates to the water table. These sources
were not included in the DPM for Honey Lake Valley because daily streamflow and irrigation records for the
simulation period are unavailable for most of the study area. To account for these contributions to deep
percolation, separate estimates were made. These are discussed in the sections titled "Infiltration of
Streamflow" and "Infiltration of Irrigation Water."

Calibration.--The Deep Percolation Model was calibrated by adjusting sublimation and snowmelt rates
to achieve a satisfactory seasonal distribution of recharge throughout the basin and to match the annual
duration of snowpack at an altitude of about 6,000 feet. Part of the calibration process was the addition of
temperature data from the Truckee Ranger Station. Without the inclusion of daily minimum and maximum
temperatures from the Truckee Station, the maximum simulated recharge from deep percolation occurred
during the months of maximum precipitation (December, January, and February; figure 6). The cold
temperatures provided by the Truckee data increased simulated snowpack thickness and duration, thus
delaying maximum recharge.



TABLE 3.--Characteristics of soil groups used for
Deep Percolation Model calculations

{Summarized from soil maps and data from Baumer (1983) and U.S. Soil
Conservation Service (written commun., 1988). Distribution of soil
groups is shown in figure 10.]

1 Available 2 3 Number
Texture water capacity Thickness of 6-inch  Number
Soil . layers of soil
group in model types in
number Range Average Range Average Range Average cell group
1 1.0-1.6 1.2 0.3-0.7 0.4 21-46 30 5 10
2 1.0-1.7 1.3 0.4-0.7 .5 60+ 60+ 10 17
3 1.5-1.6 1.6 0.9-1.2 1.0 21-30 25 4 2
4 1.8-1.9 1.8 0.5-0.6 .6 9-28 18 3 8
5 1.8-1.9 1.8 0.4-0.6 .6 30-50 38 6 19
6 1.8-1.9 1.8 0.3-0.6 .5 60+ 60+ 10 22
7 1.8-1.9 1.8 0.7-0.9 .8 10-25 15 2 9
8 1.8-1.9 1.8 0.7-0.8 .8 30-53 40 7 11
9 1.8-1.9 1.8 0.7-0.9 .8 60+ 60+ 10 14
10 1.8-1.9 1.8 1.0-1.2 1.1 23-30 27 4 4
11 2.0 2.0 0.4-0.6 .6 10-29 22 4 217
12 2.0 2.0 0.5-0.6 .6 30-48 3s 6 12
13 2.0-2.1 2,0 0.3-0.6 .5 60+ 60+ 10 9
14 2.0-2.1 2.0 0.7-0.9 .8 16-26 21 4 21
15 2.0-2.1 2.0 0.7-0.9 .8 30-58 40 7 15
l6 2.0-2.1 2.0 0.7-0.9 .1 60+ 60+ 10 10
17 2,0 2.0 1.0-1.1 1.0 20-25 22 4 2
18 2.1 2.1 1.2 1.2 50 50 8 1
19 2,0-2.1 2,0 1.0-1.1 1.0 60+ 60+ 10 5
20 2.2-3.0 2.5 0.6-0.8 .8 19-28 22 4 10
21 2.6-3.0 2.9 0.6-0.9 .8 30-51 35 6 11
22 2.3-2.9 2.7 0.5-0.9 .8 60+ 60+ 10 16
23 2,.7-3.0 2.9 1.1-2.1 1.4 30-50 42 7 5
24 2.3-3.0 2.6 1.0-1.2 1.1 60+ 60+ 10 3
1

Total range (dimensionless) is from 1.0 (sand) to 3.0 {(clay), on the
basis of the uppermost layer of soil.

2 Inches of water per 6-inch thickness of soil.

3 Average thickness of soil, in inches, from land surface to impervious
layer (hardpan or bedrock).
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FIGURE 11.--Distribution of land cover used for the Deep Percolation Model.
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TABLE 4.--Land-cover characteristics‘used for
Deep Percolation Model calculations

(From Morgan, 1988, p. 89)

Maximum
Maximum Maximum precipitation-
Category root depth foliar cover interception
(figure 11) Cover type (feet) (percent) capacity (inches)

1 Forest 3.0 80 0.4

2 Grass? 2.0 100 .06

3 sage? 4.6 335 .06

8 Alfalfa? 5.0 1100 11

10 Water and wetlands 0 0 0

13 Barren land 0 0 . 0

1 Includes residential and other built-up areas.

2 Represents all rangeland.

3

Maximum cover is lower than 35 percent in northern and eastern parts
of basin, and higher in south and west.

1 Represents all agricultural land.

To calibrate the model, snow-course data from the Truckee Ranger Station were compared with the
DPM results for each year of the simulation period (1961-80). The dates of first and last days of measureable
snowpack and the date of maximum observed snow depth at the Truckee station were compared with DPM-
simulated snowpack dates at a grid cell that is similar to the Truckee station in altitude, slope, and aspect.
The Truckee station and the grid cell represent forested areas at about 6,000-feet altitude. Analysis of 11
years of data from the Central Sierra Snow Laboratory near Soda Springs, California, indicates that the mid-
altitude (6,200 to 7,200 feet) Sierra Nevada snow zone has a mid- to high-density forest canopy, which
extends the period of snowmelt runoff as much as 4 weeks compared (o open areas (Bergman, 1985). This
geographic setting and extended snowpack period applies 1o the real and simulated Truckee siles as well.
The DPM sublimation rate and snowmelt coefficient were adjusted to obtain satisfactory maiches between
simulated and observed snowpack duration and simulated and observed dates of maximum snow depth. The
results for each year of the 20-year simulation period are shown in figure 12. For this period, the maximum
simulated recharge from deep percolation occurs in March. Most of the recharge is at higher altitudes, where
waler-level data are unavailable for comparison,
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Total runoff was calculated by the model for the Willow, Skedaddle, and Cottonwood Creek drainages
(figure 8) and compared with measured or estimated streamflow from each of the three basins to evaluate
DPM results (table S). The DPM calculates runoff from each grid cell, but it does not route the flow from
cell to cell. Thercfore, downgradicnt infiltration losses are not calculated, and runoff from many areas could
be overestimated.

The three basins (figure 8) were selected on the basis of diversity of drainage-area characteristics and
location, availability of stream@ow measurements or estimates, and transferability of results to the ground-
water flow model. Willow Creek, which drains an area of 90.4 mi? in the northwest part of the study area, is
a gaged strcam with a long period of record. The Skedaddle Creek basin (83.4 mi*) and Cottonwood Creck
basin (14.6 mi*) contribute strcamflow to the castern part of the study area. Long-term annual streamflow of
Skedaddle and Cottonwood Creeks was estimated from monthly measurements by correlation with average
monthly and annual measurements on gaged streams (Rockwell, in press).

On the basis of data for 1961-80 water years, the average streamflow from the Willow Creek basin is
25,000 acre-ft/yr (table 5). Runoff simulated by the DPM (37,000 acre-fi/yr) for the same period is 1.5 times
greater for approximately the same area. Streamflow simulated by the DPM for Cottonwood Creek (3,700
acre-ft/yr) is 2.3 times greater than the estimated streamflow, and streamflow simulated for Skedaddle Creck
(17,000 acre-ft/yr) is 3.4 times greater than estimated streamflow.

The Willow Creek basin provides the best comparison because it has a long period of record and
because relatively impermeable, granitic bedrock along the southwest margin of the arca impedes subsurface
outflow. Consequently, most of the outflow is at the surface and is measured by the gage. Furthermore, the
Willow Creck stream gage is in a canyon upstrcam from areas where substantial infiltration losses are likely.
Streamflow estimates for the Skedaddle and Cottonwood Creek basins are less accurate because they are
bascd on limitcd data, the drainage arcas are underlain by fractured volcanic rocks that are permeable in
places, and the potential exists for upstream infiltration and subsurface outflow.

TABLE 5.--Simulated runoff and measured or estimated runoff from Willow,
Skedaddle, and Cottonwood Creek drainage areas, 1961-80

Simulated with Measured
Deep Percolation Model or estimated
Ratio of
. simulated
Drainage area - Drainage runoff to
Runof £ (number of Runoff area measured or
{acre-feet square-mile (acre-feet (square estimated

Stream per year) cells) per year) miles) runoff
Willow Creek 37,000 87 425,000 90.4 1.5
Skedaddle Creek 17,000 81 5,000 83.4 3.4
Cottonwood Creek 3,700 13 1,600 . 14.6 2.3

2 Measured.
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In summary, the DPM is a useful tool in estimating recharge, but it could underestimate recharge in
areas where precipitation is not the sole source of recharge, in places where materials beneath the soil zone
are permeable, and in places where rainfall is temporarily stored in an existing snowpack. To improve
recharge estimates, data on daily streamflow and application of irrigation water should be included in the
DPM. Because daily streamflow and irrigation rates were not available for this study, a separate,
independent estimate of surface-water infiltration was made.

Infiltration of Streamflow

Total mean annual streamflow in the study area, summarized in table 6, is an estimated 230,000 acre-ft
(Rockwell, in press), on the basis of (1) continuous measurements at 3 streams, (2) monthly measurements
during 1988 at 18 small streams that were adjusted to long-term average by comparison to gaging station
records, and (3) relations between drainage area and long-term average streamflow (that is, average flow per
unit drainage area) for 10 intermittent streams and for unmeasured basins in the rest of the study area.
Streamflow was estimated at mountain-front locations for all drainages areas except for two streams: the
Susan River is measured at the stream gage at Susanville and the flow of Long Valley Creek is estimated
from measurements at the study-area boundary south of Doyle. The estimated streamflow total is 21 percent
higher than the amount estimated by Clements (1988, p. 8) for surface-water and subsurface inflow to the
valley floor. The difference may be a result of different methods used in the two studies to estimate flow
from ungaged areas.

Some streamflow evaporates or is transpired by vegetation along stream channels, some of it flows into
Honey Lake, and some of it percolates to become ground-water recharge. To determine the relation of
streamflow to ground-water recharge for streams in different settings, seepage measurements were made on
eight reaches of five streams in the basin (Fort Sage, Long Valley, Mill, Piute, and Gold Run Creeks) in
December 1987, when evapotranspiration was minimal (Rockwell, in press). Seepage rates are estimated
from near-simultaneous measurements of streamflow at different places al;ong a channel to determine whether
streamflow is increasing or decreasing in a downstream direction. The five streams are shown on plate 1.
These measurements were insufficient to define specific relations, but they can be used to verify infiltration,
and some generalizations can be extrapolated from them. In upland draws in the northwest part of the basin
(Piute and Gold Run Crecks) and in the Sierra Nevada (Mill Creek), streams may gain or lose water in
different reaches depending on slope, bed materials, and stage. Larger streams (Long Valley Creek) may
gain water after they reach the valley floor. However, in the most arid parts of the basin (Fort Sage Creek),
nearly all flow infiltrates through permeable deposits and fractured rock to the ground-water system. In areas
of fractured volcanic rock north and east of the Fort Sage Mountains, streamflow seldom reaches the valley
floor; for example, the flow of Skedaddle Creek decreased at a rate of about 0.8 f’fs per mile of reach
(Gerald L. Rockwell, U.S. Geological Survey, oral communication, 1988).

Along the Sierra Nevada, most seepage is through alluvial fan and nearshore deposits. The downstream
extent of these deposits, measured from the contact with bedrock to the contact with less permeable lake
deposits, averages about 1 mile. If the seepage rate is assumed to be 0.34 (ft /s)/mi, which is the average
rate for four losing reaches reported by Rockwell (in press), then annual ground-water recharge from 12
perennial streams draining the Sierra Nevada into Honey Lake Valley would be about 3,000 acre-ft. This rate
probably is a minimum because the measurements were made during 1988, an unusually dry water year,
when little streamflow was available to infiltrate. Seepage from 13 reaches on 6 streams in similar settings in
the Goose Lake basm, about 120 miles north of Honey Lake Valley on the California-Oregon border,
averaged 0.5 (ft /s)/mi (Morgan, 1988, p. 26), which is also lower than the rate observed on Skedaddle
Creek. By using the 0.5 (ft /s)/rm rate, annual recharge from the 12 Sierra Nevada streams in
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Honey Lake Valley would be about 4,300 acre-ft; by using the Skedaddle Creek rate of 0.8 (ft } /s)/mi, it
would be about 7,000 acre-ft. Infiltration from more than 20 additional streams that drain the Sierra Nevada
is difficult to estimate because the streams are intermittent; on the basis of streamflow-to-drainage area
relations (estimated at 0.54 (ft > /s)/mi > by Rockwell [in press]), however, it would total about 8,000 acre-ft
during dry years and could be considerably greater during normal years. On the basis of seepage
observations, average annual recharge along the Sierra Nevada from Willow Ranch Creek to Gold Run
probably is more than 12,000 acre-ft.

In the north and east parts of the study area, vegetation in stream channels is sparse, irrigation
diversions are uncommon, and, in dry to normal years, nearly all streamflow infiltrates. From Spencer Creck

to Fort Sage Creek, annual streamflow is about 13,000 acre-ft (table 6), hence annual recharge also is about
13,000 acre-ft. '

TABLE 6.--Distribution of mean annual streamflow

{Based on data from Rockwell (in press)}

Drainage area1 Streamflow2

Part of basin (plate 1) (square miles) (acre-feet)
North and east (Spencer Creek near

Herlong to Fort Sage Creek near

Flanigan [ground-water flow-model areal) 168 13,000
Southeast (Dry Valley Creek near Doyle

to Willow Ranch Creek near Doyle,

excluding Long Valley Creek) 135 8,400
Long Valley Creek near Doyle 266 17,000
South and west (Willow Ranch Creek

near Doyle to Willow Creek near

Susanville, excluding Susan River) 282 90,000
Susan River at Susanville (gaged) 184 69,000
Northwest (between Willow Creek and . -

Spencer Creek) : 565 31,000
Total area, excluding valley floor 1,600 230,000

1 Rounded to three significant figures.

2 Rounded to twd significant figures.
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Almost all irrigation diversions are from streamflow in the southeast to northwest parts of the basin,
principally from the Susan River, Gold Run Creek, and Long Valley Creek. Annual streamflow from these
areas totals about 220,000 acre-ft (table 6). About 54,000 acre-ft is diverted for irrigation, as discussed in the
following section of this report, leaving about 170,000 acre-ft of streamflow to recharge ground water or flow
to Honey Lake. The difference between 170,000 acre-ft and the amount of streamflow that reaches the lake
is approximately equal to ground-water recharge from these areas, assuming that evapotranspiration from
streams and stream channel vegetation is minor.

Some streamflow from the Susan River and Long Valley Creek reaches Honey Lake during periods
of snowmelt, occasional large storms, and as irrigation return flow during the growing season. Streams
from the Diamond Mountains of the Sierra Nevada also discharge into the lake during parts of the year.
Much of the water in Honey Lake is from these sources, although a small amount probably is from ground-
water discharge into the lake by natural seepage through the lake bottom and by discharge of geothermal
waler. In addition, approximately 39,000 acre-ft is from precipitation directly onto the lake surface
each year.

On the basis of bathymetric measurements of Honey Lake (Rockwell, in press) and water-surface
altitudes for 1984-88 (figure 15), and assuming that the contribution to the lake from ground-water
seepage is negligible, annual streamflow into the lake was estimated using the following relation:

I=AV-P+E,

where I =annual lake inflow from streams,
AV = change in lake volume during the inflow period,
P = precipitation onto the lake surface during the inflow period, and
E = evaporation from the lake surface during the inflow period.

The lake volume was determined from bathymetric data (Rockwell, in press). Monthly precipitation
was estimated as 0.7 times the recorded precipitation at Susanville Airport, on the basis of the ratio of mean
annual precipitation over the lake (10 inches) to mean annual precipitation at Susanville Airport (14 inches;
see figure 5). Monthly precipitation data are from the National Weather Service. On the basis of monthly
pan-evaporation measurements at the Fleming Wildlife Area (Robert Anton, U.S. Soil Conservation Service,
written communication, 1988), lake-surface evapotranspiration was estimated using a pan-evaporation
coefficient of 0.72 (Farnsworth and others, 1982, map 4). Long-term annual streamflow into the lake was
estimated using the relation of annual streamflow for each year during water years 1984-88 to long-term
annual streamflow for the period of record for the Susan River (1900-88 water years) and Willow Creek
(1951-88 water years). Results indicate that the long-term annual streamflow into the lake is about 130,000
acre-ft (table 7). The difference in streamflow, about 40,000 acre-ft (170,000 acre-ft remaining after
irrigation diversions, minus 130,000 acre-ft that reaches the lake), is approximately the amount of stream-
flow that recharges ground water from the northwest, west, and southwest parts of the basin.
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FIGURE 15.--Water-surface altitude of Honey Lake, June 1983 through April 1989 (daui from
California Department of Fish and Game, Fleming Unit, Wendel, Calif., and U.S. Geological
Survey, Sacramento, Calif.).

The Honey Lake water budget was also used to estimate the average lake volume and lake-surface
altitude. The estimated long-term streamflow into the lake (130,000 acre-fi/yr) is assumed to be balanced by
an equivalent amount of net surface evaporation. This balance occurs when the lake-surface area is about
47,000 acres. This area corresponds to a lake volume of about 120,000 acre-ft and a lake-surface altitude of
about 3,983 feet above sca level.
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TABLE 7.--Estimated stream inflow to Honey Lake, water years 1984-88,
and calculated long-term average stream inflow

Streamflow measured Calculated long-term average
at gage, as percentage of 1 stream inflow to lake (acre-
Estimated long-term annual average at gage feet per year, rounded), on

stream basis of comparison between
inflow annual estimates (column 2)

Water to lake Susan Willow Average af and data for Susan River and

year (acre-feet) River Creek columns 3 and 4 Willow Creek (column 5)

1) (2) (3) (4) (5) (6)

1984 192,000 120 130 125 150,000

1985 86,000 40 81 60 140,000

1986 274,000 149 155 152 180,000

1987 22,000 28 64 46 50,000

1988 52,000 15 60 38 140,000

Mean of calculated values for
long-term stream inflow to lake (rounded) 130,000

1 Based on U.S. Geological Survey data for Susan River, 1900-88 water years, and
for Willow Creek, 1951-88 water years.

Infiltration of Irrigation Water

Additional sources of ground-water recharge are infiltration of irrigation water from surface-water and
ground-water sources, and a minor amount of seepage from waste-water disposal systems. The estimated
average volume of surface water that is diverted from the Susan River, Long Valley Creek, and other streams
within the study area for irrigation each year is 54,000 acre-ft. This is computed from a range of about
41,000 acre-ft to about 67,000 acre-fi. The smaller amount is based on a 1985 water-use estimate of 46,000
acre-ft by William E. Templin (U.S. Geological Survey, written communication, 1988), minus about 5,000
acre-ft of water used in Long Valley upsiream from the study area. The larger amount is based on an
estimate of 72,000 acre-ft by Walters Engineering (1986, table 2), minus about 5,000 acre-ft for Long Valley
use. Return flows reported in the western United States, including both conveyance loss (seepage from
canals) and deep percolation of water applied to fields in excess of crop needs, range from 3 to 86 percent of
the water diverted for irrigation; the average return flow has been estimated as 25 to 33 percent (Lauritzen
and Terrell, 1967, p. 1105). On the basis of these estimates, assuming a conservative average irrigation
return of 25 percent in Honey Lake Valley, about 14,000 acre-ft of water annually infiltrates to the ground-
water flow system from surface-water irrigation. The conveyance loss reported for Honey Lake Valley for
1985 was 840 acre-ft (William E. Templin, U.S. Geological Survey, written communication, 1988); the rest
of the estimated irrigation return is from deep percolation of applied water. Total study-area streamflow
(about 230,000 acre-ft, minus irrigation diversions, 54,000 acre-ft/yr), leaves about 180,000 acre-ft of surface
water available for evapotranspiration and ground-water recharge in an average year.
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Annual withdrawals of ground water for irrigation are about 43,000 acre-ft (based on Clements,
1988, p. 8). Assuming that 25 percent of the total withdrawal infiltrates, the same average infiltration used
for estimating surface-water irrigation return, recharge from this source would be about 11,000 acre-ft.
Because annual withdrawals of ground water for all other uses in the study area total only about 10,000 acre-
ft (table 8), return flow from these other sources is a negligible component of recharge.

TABLE 8.--Estimated annual ground-water use in study areal

{Acre-feet, rounded to two significant figures]

Water-use category California Nevada Total
Public supply (all uses) 3,900 0 3,900
Commercial (self-supplied) 240 0 240
Domestic (self-supplied) 640 4 640
Industrial:

self-supplied 1,200 (4} 1,200
public-supplied 22 . 0 22
Geothermal 3,400 0 3,400
Livestock 280 10 290
Irrigation 37,000 5,900 43,000
Total withdrawal 47,000 5,900 53,000
1

Data from Clements (1988), California Department of
Water Resources, and U.S. Geological Survey.

Comparison with Maxey-Eakin Estimate
of Potential Recharge

A method of estimating potential ground-water recharge as a percent of precipitation was developed for
east-central Nevada (Maxey and Eakin, 1949; Eakin and others, 1951). It is an empirical relation between
average annual precipitation within a basin and incremental recharge to ground water, based on zones of
precipitation. The method assumes that the percentage of precipitation that ultimately contributes to recharge
is about 25 percent where the average annual precipitation is greater than 20 inches, about 15 percent in the
15- to 20-inch precipitation zone, 7 percent in the 12- to 15-inch zone, 3 percent in the 8- to 12-inch zone,
and nil where the average annual precipitation is less than 8 inches.

By using this method and the precipitation zones shown in figure S, average annual recharge generated
within the study area is estimated to be about 95,000 acre-fi/yr, or about 9 percent of the total volume of
precipitation in zones where precipitation exceeds 8 inches. The Maxey-Eakin method was developed for
closed basins in eastemn Nevada; the precipitation-recharge relation may be different in less arid basins such
as Honey Lake Valley. An evaluation of the relation by methods other than Maxey-Eakin in 174 basins in
the Great Basin province in Nevada indicates that 3 to 10 percent of precipitation exceeding 8 inches
becomes ground-water recharge in these basins (James R. Harrill, U.S. Geological Survey, written com-
munication, 1989). In Honey Lake Valley, potential recharge would be close to or possibly greater than 10
percent of the precipitation exceeding 8 inches because of a wetter climate in the Sierra Nevada and western
part of the basin.
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To compare the Maxey-Eakin estimate of potential recharge with the total ground-water recharge
estimated by other methods for this study, an adjustment was needed to account for potential recharge that
originates within the Honey Lake Valley drainage area but outside the study area. About 86,000 acre-ft of
surface-water enters the study area in the Susan River and Long Valley Creek in an average year (table 6).
Based on the assumption that 30 percent of the water infiltrates (the average rate estimated for the
basin), then the Maxey-Eakin estimate should be increased by about 26,000 acre-ft to a total of about
120,000 acre-ft.

A comparison of the Maxey-Eakin estimate of potential recharge with independent estimates of
recharge from precipitation and surface-water infiltration (table 9) shows that the two estimates differ
significantly for small basins but are close for the overall study area. The Maxey-Eakin technique is not
intended for use on individual drainages within a basin; estimates for Willow, Skedaddle, and Cottonwood
Creeks are included only for comparative puiposes. For the entire study area, the estimates were
approximately equal.

TABLE 9.-~-Recharge values calculated from
infiltration and Maxey-Eakin estimates

[Acre-feet per year, rounded to two significant figures])

Infiltration estimates

Ratio of
From stream- infiltration
From flow and Maxey- estimate to
precip- surface-water Eakin Maxey~Eakin
Area itation irrigation Total estimates estimate
Willow Creek 3,600 13,000 17,000 8,300 2.0
Skedaddle Creek 1,000 5,000 6,000 2,220 2.7
Cottonwood Creek 650 1,600 2,200 1,000 2.2
Flow-model area 4,200 13,000 17,000 11,000 1.5
Study area 55,000 70,000 120,000 a120,000 1.0

a Adjusted for infiltration of water transported into the study area by
Susan River and Long Valley Creek.



Subsurface Inflow

Estimates of recharge were based on the assumption that ground-water and surface-water (topographic)
divides coincide and that all ground-water recharge originates as precipitation over the study area or as
streamflow that enters the area in the Susan River and Long Valley Creek. However, several factors have
led to speculation that ground water also enters the study area from adjacent basins. , These factors
include (1) the large flow from springs before ground-water withdrawals began at Fish Springs Ranch in the
southeast part of the basin, (2) an observed deficiency of discharge by evapotranspiration in Warm Springs
(Palomino) and Dry Valleys to the southeast, (3) an apparent imbalance between recharge and discharge in
the eastern part of Honey Lake Valley, and (4) the existence of geothermal water and major faults in the
basin. Some of these factors were discussed by Rush and Glancy (1967, p. 42) and R.W. Beck and Associates
(1987, p. 11-3) and were examined for the present study.

Although ground-water levels beneath the floor of Warm Springs Valley are higher than those in Honey
Lake Valley (Bedinger and others, 1984, sheet 1; Reed and others, 1984), and deep faults associated with
the Walker Lane structure pass through both valleys, the confirmation of interbasin flow requires
additional data. To test the possibility of inflow from the southeast, a pair of wells (wells 14 and 15)
was installed in Section 33, Township 26, Range 18, near the Warm Springs Fault. Well locations are shown
on plate 1 and well data are in table 10. One well of the pair is 400 feet deep; the other is 290 feet
deep. During a 1-year period of measurement, water levels in the deeper well were consistently 0.2-0.6
foot lower than those in the shallower well. This indicates that the vertical component of ground-water
flow at this location is slightly downward. An upward gradient would suggest possible subsurface inflow,
but a lateral or downward gradient at this site is inconclusive.

TABLE 10.--Data for wells referred to in this report

[--, data not available)

Open interval

(feet below
Land-surface land surface)
Well U.S. Geological altitude
No. Survey site 1 2 (feet above
(plate 1) identification Local site number sea level) Top Bottom
Californja wells
1 400728120005901 26N 17E 11A01 4,000 444 456
2 400728120005902 26N 17E 11A02 4,000 90 100
3 400832120004701 26N 17E 01Dp01 4,005 - ’358
4 4009181200116021 27N 17E 35B01 4,010 - 57
5 401057120071001 27N 16E 24G01 4,018 - 9188
6 401223120070701 27N 16E 12J01 4,009 - 2139
7 401236120085901 27N 16E 11E01 4,000 - %400
8 401416120033101 27N 17E 03HO01 4,010 - 20
9 401604120081601 28N 16E 23J01 4,004 - 4230
10 401745120251101 - 28N 14E 08J01 4,000 142 502
11 401822120261701 28N 14E 07A01 4,020 40 335
12 402350120291501 29N 13E 02L01 4,080 - 56
13 402614120265701 30N 14E 19pP01 4,180 - el
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TABLE 10.--Data for wells referred to in this report--Continued

Open interval
(feet below
Land-surface land surface)
Well U.S. Geological altitude
No. Survey site , 2 (feet above
(plate 1) identification Local site number sea level) Top Bottom

Nevada wells
14 400435119583201 97 N26 E18 33CBCAl 4,145 388 400
15 400435119583202 97 N26 E18 33CBCA2 4,145 273 290
16 400507119560001 97 N26 E18 3SBABAl 4,176 - 1,340
17 400509119530401 97 N26 E19 30DDDD1 4,025 95 492
18 400532119545501 97 N26 E18 25CABAl 3,979 36 246
19 400533119554801 97 N26 E18 26ACCC1 3,995 160 440
20 400555119524101 97 N26 E19 29BABCl 4,012 60 400
21 400557119554401 97 N26 E18B 26ABBD1 3,980 13 18
22 400600119562301 97 N26 El8 23CCCCl 3,988 269 599
23 400701119565201 97 N26 E18 15DCBED1 3,979 - 2488
24 400759119504001 97 N26 E19 10CBCCl 4,012 63 255
25 400849119485301 97 N26 E19 02DCA 1 4,172 224 240
26 400858119552501 97 N26 E18 02CDBAl 3,986 0 235
27 400903119571501 97 N26 E18 03CABB1 3,988 168 188
28 400928119540301 97 N26 E19 06BBBB1 3,991 40 184
29 401002119530101 97 N27 E19 31CCcCl 3,991 90 208
30 401121119545101 97 N27 E18 24CDDB1 3,995 40 200
31 401138119472301 97 N27 E19 24ADDD1 4,010 168 180
32 401144119494801 97 N27 E19 22ADCAl 4,001 70 2199
33 401208119542301 97 N27 E18 13DDBD1 4,063 - 145
34 401216119491001 97 N27 E19 14CACAl 4,005 - -
35 401235119491601 97 N27 E19 14BDCB 4,031 117 al2?
36 401410119505701 97 N27 E19 04ACCCl 4,254 - 390
37 401422119474801 97 N27 E19 01ACCCl 4,045 - a. "
38 401424119565601 97 N27 E18 03ABAC1 4,110 - 175
39 401528119470501 97 N28 E20 31BACD1l 4,178 37 330
40 401105119450301 81 N27 E20 28BBCAl 3,996 -- --

1 Sites are identified by the standard Geological Survey identification,
which is a unique number based on the grid system of latitude and longitude.
The number consists of 15 digits: The first 6 denote the degrees, minutes,
and seconds of latitude; the next 7 denote degrees, minutes, and seconds of
longitude; and the last 2 digits (assigned sequentially) identify the sites
within a l-second grid. For example, site 400435119583201 refers to 40°04°'35"
latitude and 119°58'32" longitude, and it is the first site recorded in that
l-second grid. If a more precise latitude and longitude subsequently is
determined, the initial site-identification number is retained.

2 Local well numbers are assigned on the basis of the grid system
for subdivision of public lands referenced to the Mt., Diablo base line and
meridian. For California wells, the first four characters indicate the
township, the next four characters indicate the range, the next two characters
indicate the section, the letter following the section number indicates a
40~acre subdivision of the section, and the last two digits are assigned
sequentially to wells within each 40-acre tract. (For more information on
California local well numbers, see Lamb and others ({1988, p. 3].) For Nevada
wells, each local well number consists of four units: The first unit is the
hydrographic area number (Rush, 1968), the second unit is the township, and
the third unit is the range. The fourth unit consists of the section number,
followed by letters designating the quarter section, quarter-quarter section,
and so on, and a number indicating the sequence in which the site was recorded.
(For more information on Nevada local well numbers, see Pupacko and others
[1988, p. 12].)

a Reported depth of well.



A comparison of chemical analyses of water samples from springs and wells in the Winnemucca Ranch
area of Warm Springs Valley with samples from the Fish Springs Ranch area in the southeast part of the
Honey Lake basin indicate that water-quality characteristics in the two areas are similar. Analytical data
were from Washoe County, U.S. Public Health Service, and U.S. Geological Survey records, and from
samples collected for this study. Two samples from Fish Springs Ranch wells located near the playa contain
a higher proportion of chloride and sulfate ions than the others, a composition that is typical of water derived
from lake sediments and concentrated by evaporation. Composition of water from the other wells is similar
to that of local surface water, indicating that ground water in both the Fish Springs Ranch and Winnemucca
Ranch areas is derived from local precipitation. Different compositions would indicate that the flow systems
probably are not connected; similar compositions indicate that either a hydraulic connection or a similar
source of recharge exists.

Isotope concentrations can be used as another indicator of ground-water flow paths. The stable isotopes
oxygen-18 and deuterium are present as part of the water molecule and can be used as natural tracers of
ground water. Concentrations of these isotopes expressed as delta oxygen-18 (the ratio of oxygen-18 to
oxygen-16) and delta deuterium (the ratio of deuterium to hydrogen), in the water can indicate source areas
and mixing patterns of different waters. Data for samples collected for this study from three streams and
three wells in the southeastern part of Honey Lake Valley, and other analyses for the study area reported by
Juncal and Bohm (1987, p. 605) and Harding Lawson Associates (1989a, p. 22), show the isotopic composi-
tion of the waters to be similar, indicating that these waters probably are from the same or similar sources
(James M. Thomas, U.S. Geological Survey, oral communication, 1990). The isotope data also indicate that
the waters have undergone some evaporation.

Geothermal water is evidence of deep circulation, but not necessarily of interbasin flow. Faults may
impede flow in some places and provide a conduit for flow in other places. Recent reports on geothermal
resources of the Wendel and Amedee areas conclude that the geothermal water originates as precipitation in
the Diamond Mountains of the Sierra Nevada within the basin, circulates through faulted and fractured
bedrock at depths as great as 7,000 feet, and rises along faults (Juncal and Bohm, 1987, p. 605; Harding
Lawson Associates, 1989b, p. 10-11). Regional inflow is not considered a source of gcothermal water in
Honey Lake Valley; however, interbasin flow along other faults in the basin may be possible.

The collective evidence described above indicates that regional inflow is possible, but the evidence is
insufficient to confirm or quantify its contribution to ground-water recharge in the basin,

Ground-Water Movement and Storage

Ground water moves from the upland recharge areas to the valley lowlands. It moves toward Honey
Lake from volcanic uplands in the northwest, from the Sierra Nevada in the southwest, and from Long Valley
through alluvial deposits in the south. Water-level altitudes in wells are used to estimate flow directions.
They indicate flow from upland areas toward the valley floor, a slight flow from west to east across the State
line, and a local depression in the water table at the playa near Fish Springs Ranch. Water levels also indicate
flow from west to east across the east boundary of the study area toward Smoke Creck Desert and Pyramid
Lake Valley. Water-level altitudes in the eastern part of the study area are shown in figure 19 in the section
“Simulation of ground-water flow." Generalized directions of ground-water flow, on the basis of ground-
water levels, are shown in figure 16.
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In general, water flows through coarse sand of the alluvial fans and nearshore deposits at the rate of
about 1 ft/d, and through lakebed clays at the rate of about 0.02 ft/yr (Heath, 1983, p. 25). Flow through
fractured rock can be even faster than through coarse sediments, depending on the size and continuity of the
openings in the rock. Nevertheless, hundreds of years may be required for some water to move through an
entire ground-water flow system from recharge areas to ultimate discharge.

The total volume of water stored in the upper 100 feet of saturated basin-fill deposits and volcanic-rock
aquifers in the study area is an estimated 10 million acre-ft. This is based on the product of the specific yield,
area, and thickness of each unit. Not all of this water is economically recoverable or of acceptable quality for
practical use.

Changes in ground-water levels in wells indicate changes in storage caused by increases or decreases in
recharge, natural discharge, or withdrawals. The California Department of Water Resources and the U.S.
Soil Conservation Service have measured water levels in a network of irrigation wells in Honey Lake Valley,
before and after the irrigation season, to monitor long-term trends. The network began with 4 wells in the fall
of 1972, and included about 50 wells by 1988. The network area was expanded in 1988 to include wells
in Willow Creek, Secret, and Long Valleys, which are tributary to the floor of Honey Lake Valley (see
figure 1). Hydrographs of spring water levels in selected wells in the study area (figure 17) indicate a general
increase in water levels during the wet period 1981-83 (wells 11, 12, and 13) and water-level declines during
the dry periods 1974-77 (well 12) and 1987-89 (wells 10, 12, and 13). The wet and dry years are shown in
figure 7.

In the eastern part of the basin, water levels were measured weekly in 7 wells and monthly in 17 wells
from March 1987 to April 1989. Water levels were measured for shorter periods in several additional wells,
including observation wells drilled during 1988 for this study. Hydrographs of water levels in figure 18 show
small seasonal effects superimposed on slightly declining water levels in basin-fill deposits (wells 5, 22, and
28), and larger seasonal variations superimposed on greater water-level declines in wells in volcanic rocks
(wells 16, 17, and 18). Wells 17 and 18 are pumped for irrigation; well 16 is not pumped but water levels
have responded to pumping at other wells more than half a mile away. Well 22 is completed in basin-fill
deposits and is close to the wells that pump from volcanic-rock aquifers. Despite this, the water level in well
22 does not exhibit the pronounced seasonal fluctuations shown in wells 16, 17, and 18 (figure 18). Instead,
the available water-level measurements indicate a slight but relatively constant decline. This might indicate
that pumping from the volcanic-rock aquifers may be inducing a gradual drainage of water stored in adjacent
basin-fill aquifers. Most of the general decline in the vicinity of Fish Springs Ranch probably results from
ground-water withdrawals. However, the monitoring started in 1987 at the beginning of a dry period after
several years of above-average precipitation, and part of the decline also may result from variations in
recharge associated with climatic fluctuations. Elsewhere in the basin, where the California Department of
Water Resources has been monitoring water levels since 1972, water levels in some wells declined during the
1976-81 drought period, subsequently recovered, and have declined slightly since 1987 (figure 17, wells 12
and 13). Several more years of data are needed to accurately estimate annual rates of decline and the
magnitude of seasonal fluctuations in the eastern part of the basin.
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FIGURE 17.--Water levels in four selected wells before and after irrigation season (well locations

are shown on plate 1; well data are listed in table 10).
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Discharge

Under natural conditions, ground water discharges from the basin by (1) evaporation from soils and
transpiration by plants, (2) seepage to and evaporation from Honey Lake, and (3) subsurface outflow. Ground
water that is discharged by springs either is consumed by evapotranspiration or infiltrates back into the
ground. No surface water flows from the basin.

Under 1988 conditions of development, water pumped from wells is a major component of discharge from
the basin. Annually, about 5,900 acre-ft is withdrawn from the study area in Nevada and about 47,000 acre-ft
is withdrawn in California (table 8). About 75 percent of the water pumped from irrigation wells evapotran-
spires from cultivated fields. Most of the geothermal ground water pumped at Amedee and Wendel is discharged
to Honey Lake and eventually evaporates.

Evapotranspiration from Ground Water

Most precipitation evaporates (or sublimates) from the land surface or is transpired from soil moisture
by shallow-rooted plants. On the basis of results of this study, about 89 percent of the total precipitation
and stream inflow to the study area eventually is discharged by evapotranspiration from the land surface,
streams, and surface-water irrigation, or from Honey lake. The remaining 11 percent evapotranspires from
ground water or may discharge from the basin by subsurface outflow. Evapotranspiration rates are related to
daily and seasonal cycles; they respond to changes in air temperature, solar radiation, wind speed, and soil
moisture.

In a natural (undeveloped) system, ground water is discharged to the atmosphere by two mechanisms:
(1) direct evaporation from the water table through surface sediments and (2) transpiration by phreatophytes,
plants that extend their roots to the water table to obtain water. Direct evaporation occurs only where the
water table is less than a few feet below land surface; the rate averages 0.1 to 0.2 ft/yr from bare soil on
the basis of the estimated vertical hydraulic conductivity of sediments and the depth to water. Transpiration
rates depend on the type and density of phreatophytes, climatic conditions, depth to water, and quality of
ground water (Robinson 1958, p. 16). The most common phreatophytes in Honey Lake Valley are greasewood,
rabbitbrush, and saltgrass. Ranges of evapotranspiration rates are estimated from results of research in other
areas where these plants are common (Lee, 1912; White, 1932; Young and Blaney, 1942; Houston, 1950;
Robinson, 1970). Estimates of annual ground-water evapotranspiration rates range from 0.2 foot for sparse
greasewood to 2 feet for wet meadows. These rates include only evaporation and transpiration from the
saturated zone. Evapotranspiration of water from the unsaturated zone (soil moisture) was discussed in the
section "Infiltration of precipitation.” Two sets of evapotranspiration measurements were made in each of two
locations during the summer of 1988 as part of this study. One setting was a stand of mixed phreatophytes,
mainly greasewood, near Fish Springs Ranch; the other was an area of crested wheat grass at the Fleming
Wildlife Refuge. Evapotranspiration at these sites was from ground water, as no precipitation had fallen for
several weeks preceding the test periods (July 29-August 4 and September 10-15) and soil moisture
therefore was depleted. Results indicated slightly greater evapotranspiration from the native grass area
(William D. Nichols, U.S. Geological Survey, written communication, 1988). Average rates during the first
period were 0.08 in/d for the Fish Springs Ranch site and 0.09 in/d for the Fleming site. Average rates during
the second period were 0.01 in/d for the Fish Springs Ranch site and 0.09 in/d for the Fleming site.

Evapotranspiration from ground water in the study area was estimated by determining phreatophyte
distribution, primarily from Landsat imagery of September 2, 1980, and applying estimated phreatophyte
evapotranspiration rates (table 11). The Landsat results were divided into seven Level-I classes (modified
from the classification of Anderson and others [1976, table 2]). The rangeland class was reclassified to
identify potential phreatophyte zones, which were field checked. About 77,000 acres were classified as
probable phreatophytic areas, 35,000 acres as sparsely vegetated or barren (playa) areas, and 52,000 acres
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as native grass and cropland, including wetlands (table 11; J. LaRue Smith, U.S. Geological Survey, written
communication, 1988), for a total of about 160,000 acres (plate 4). Native grass and cropland areas were
grouped together because their characteristics overlap; the acreage for this group includes irrigated areas.
However, areas irrigated with surface water do not contribute to ground-water evapotranspiration and areas
irrigated with ground water use water that is included in the water budget as withdrawal from wells. To
determine the areas from which ground water is directly discharged by evapotranspiration, irrigated areas were
estimated separately and subtracted from the group.

TABLE 11.,--Estimated evapotranspiration of ground water in the study area

Annual evapotranspiration

Area, a Rate
rounded Range used Acre-feet,
Vegetation group (acres) (feet) (feet) rounded
Mixed phreatophytes
western part of study area 51,000 0.2-0.5 0.4 20,000
eastern part (table 15) 26,000 0.2-0.4 .3 7,800
Bare playa and sparse phreatophytes 35,000 0.1-0.2 .1 3,500
Native grass and croplandc d52,000 1.5-2.0 1.8 394,000
Total 9160,000 - --  ®130,000
Total from native vegetation 140,000 - -- 85,000

2 Based on analysis of Landsat data for September 1980 and limited field checking
by J. LaRue Smith (U.S. Geological Survey, written communication, 1988). Distribution
of phreatophytic vegetation is shown on plate 4.

Rates are based on data from work in Honey Lake Valley by California Department of
Fish and Game (written communication, 1988), William D. Nichols (U.S. Geological Survey,
written communication, 1988), and work in other areas by Lee (1912), White (1932), Young
and Blaney (1942), Houston (1950), Robinson (1970), and Patrick A. Glancy and James
R, Harrill (U.S. Geological Survey, oral communication, 1990).

¢ Native-grass areas include some wetlands.
- d Includes cropland irrigated with surface water and ground water in California.
€ Includes evapotranspiration of some irrigation water in California.

Estimates of irrigated areas in the California part of Honey Lake Valley, excluding Long Valley south of
the study-area boundary, range from 22,000 acres for 1985 (William E. Templin, U.S. Geological Survey, written
communication, 1988) to 39,000 acres for 1986 (Clements, 1988, p. 6). The larger estimate probably is more
accurate because it is based on a detailed land-use inventory. However, on the basis of the location and distri-
bution of cropland under natural (nonirrigated) conditions, a significant part of the irrigated area would support
native grasses and other phreatophytes. Therefore, the smaller estimate of irrigated cropland was used for these
calculations. Assuming that irrigation in the California part of the basin was about the same in 1980 (the date
of the Landsat imagery used for this study) as in 1985, and that irrigation in the Nevada part of the basin was
negligible during 1980, the native-grass areas would total about 30,000 acres (52,000 minus 22,000). On the basis
of estimated rates of evapotranspiration, annual ground-water evapotranspiration from these native-grass areas is
about 54,000 acre-ft.

Evapotranspiration directly from ground water is likely to occur from about 140,000 acres in the basin.
Annual evapotranspiration from ground water in these areas is estimated at 85,000 acre-ft (table 11).
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Seepage to Honey Lake and to Streams

Observations of the lake bottom during 1976-77 and other dry periods indicate that a few seeps and
springs discharge ground-water to the lake through the lakebed (Robert Anton, U.S. Soil Conservation Service,
oral communication, 1987). However, the volume of water derived from these sources is small compared to the
inflow of surface water during average years.

Measurements of streamflow along reaches of five streams in the basin in December 1987 (Rockwell, in
press) indicate that some reaches gain water at some times. The gains typically result from discharge by
springs into the stream channel. Some of this water seeps back into the ground through stream-bottom sediments
downstream from the spring and re-enters the ground-water flow system. The rest is included in the water
budget as evapotranspiration.

Subsurface Outflow

Ground-water levels in Smoke Creek Desert to the northeast and the water level in Pyramid Lake to the
east are lower than those in Honey Lake Valley (Bedinger and others, 1984, sheet 1). To determine whether a
hydrologic connection exists between Honey Lake basin and these two basins, observation wells were installed
just west of Sand Pass and Astor Pass (well 35), in Sand Pass (well 39), and in Astor Pass (well 31; plate 1)
during this study. Monthly water-level measurements in these wells and in existing stock wells in Sand Pass
(well 37) and the eastern end of Astor Pass (well 40) were compared to determine the probable direction of
ground-water flow through these passes. Water-level altitudes in wells 35 (3,962 feet), 37 (3,948 feet), and
39 (3,928 feet) through Sand Pass, and water-level altitudes in wells 35 (3,965 feet), 31 (3,950 feet), and 40
(3.901 feet) through Astor Pass, indicate that the topographic divides across these passes do not correspond to
ground-water divides and the hydraulic gradient is from Honey Lake Valley toward the northeast and east.
Discharge from springs and flowing wells in the southwest part of Smoke Creck Desert appears to be large with
respect to the probable source area. The wells and springs may be discharging ground-water inflow from Honey
Lake Valley. Stable isotopes in water samples from the flowing wells in Smoke Creck Desert and from wells and
springs in Honey Lake Valley indicate that the two groups have the same source or a similar source (James M.
Thomas, U.S. Geological Survey, oral communication, 1988).

Water Discharged from Wells

Estimates of the average volume of ground water withdrawn for irrigation each year range from about
20,000 acre-ft to about 50,000 acre-ft. The smaller volume is based on a 1985 water-use estimate of 14,000
acre-ft in the California part of the basin (William E. Templin, U.S. Geological Survey, written communication,
1988) plus about 5,900 acre-ft determined from flow-meter readings and irrigated acreage in the Nevada part of
the basin. The larger volume is reported by Walters Engineering (1986, table 2B). Another estimate was
derived using data from Clements (1988, p. 8) who reported that evapotranspiration from irrigation by ground
water in 1986 was 32,000 acre-ft on the basis of a detailed computation of crop use. By using Clements’
estimate and assuming that evapotranspiration is 75 percent of the irrigation water withdrawn, then 1986 with-
drawals were about 43,000 acre-ft and about 25 percent of that total (11,000 acre-ft) infiltrated back to the
ground-water flow system. The infiltration estimate is based on average values for return flows for the
western United States (Lauritzen and Terrell, 1967, p. 1105).

The amount of ground water withdrawn annually for domestic, industrial, power-generation, and stock use

(table 8), estimated as 10,000 acre-ft, is small in comparison to the amount for irrigation use, and is assumed
to be a negligible part of the basin-wide ground-water budget.
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GROUND-WATER BUDGET

Ground-water recharge and discharge in the study area are summarized in table 12. Each component
of total recharge and total discharge is estimated independently, and is subject to at least some uncertainty.
The indicated imbalance between rounded totals for recharge and discharge may be partly a result of
(1) possible ground-water flow into and out of the study area, (2) the uncertainty of the component estimates,
and (3) the net effect of rounding. The difference between total recharge and total discharge is considered
negligible.

Ground-water recharge from infiltration of precipitation, snowmelt, and soil moisture accounts for about
40 percent of the total recharge. Infiltration of streamflow, primarily through streambeds on alluvial fans,
accounts for about 40 percent, and infiltration of surface-water and ground-water irrigation flow, primarily on
lower fans and the valley floor, accounts for about 20 percent of the ground-water recharge.

Ground-water evapotranspiration from soil and native vegetation accounts for more than 60 percent
of total discharge. Withdrawals from wells for irrigation and other uses, and possibly subsurface outflow,
accounts for the remainder of the discharge.

Recharge estimates are based in part on results of the Deep Percolation Model (DPM). The DPM may
under estimate recharge because it calculates a water budget for the soil zone, and does not consider the
effects of fractured and jointed volcanic rocks that may increase infiltration rates in upland areas where soil
is thin. This may be why the DPM seems to overestimate runoff from the Willow, Skedaddle, and Cottonwood
Creek drainages (table 5), all of which are in volcanic terrane.

The ground-water budget is based partly on a water budget for Honey Lake. The annual change in volume
of Honey Lake is assumed be the difference between inflow and outflow. The major components of inflow are
precipitation and streamflow. Outflow is by evaporation from the lake surface. The lake budget is based
on the assumption that ground-water discharge to the lake and recharge from the lake are minor.

The most uncertain components of the ground-water budget are subsurface inflow and outflow. Although
water-level measurements and the prevalence of fractured volcanic rocks in the east and southeast part of the
basin indicate that ground-water outflow from Honey Lake Valley is likely, and ground-water inflow is possible,
the volumes and rates are difficult to determine. The ground-water flow model, discussed in the following
section of this report, was used to help quantify these components of the budget.

SIMULATION OF GROUND-WATER FLOW

A mathematical model to simulate ground-water flow within an aquifer system consists of a set of differ-
ential equations that represents ground-water flow (Wang and Anderson, 1982). Ground-water flow is simulated
by simultaneously solving the differential equations with a computer. A mathematical model is useful for
evaluating and refining the understanding of an aquifer system and also for predicting aquifer responses to
various applied stresses. However, a model is only a simplification of the actual system being simulated; it
cannot totally duplicate the actual system because it must be based on average conditions where data are
available, or on estimated conditions where sufficient data are not available, and on several simplifying
assumptions.

The basic mathematical model applied in this study uses a finite-difference solution technique and is
commonly referred to as the "USGS modular model.” The theoretical development, numerical-solution techniques,
computer code, and data requirements of the model are described by McDonald and Harbaugh (1988).



TABLE 12,--Ground-water budget for the

Honey Lake Valley study area

[Acre-feet per year, rounded to

two significant figures]

Estimated
Budget component quantity
RECHARGE:
Infiltration of precipitation 55,000
Infiltration of streamflow:
from north and east 13,000
from south, west, and northwest 40,000
Irrigation return:
from surface-water irrigation 14,000
from ground-water irrigation 11,000
Subsurface inflowl unknown
Total recharge 130,000
DISCHARGE:
Evapotranspiration
from soil and native vegetation 85,000
Withdrawals by wells 53,000
Subsurface outflow2 unknown
Total discharge> 140,000

1

Results of a ground-water flow model of

the eastern part of the study area indicate that
annual recharge may be 5,000 acre-feet. greater

than estimated, possibly as a result of

subsurface inflow.

2Results of the ground-water flow model
indicate about 7,000 acre-feet of subsurface
outflow across the eastern boundary of the model

area.
3

The imbalance between total recharge and

total discharge may be partly a result of:
possible subsurface flow into and out of the study
area; the uncertainty of component estimates; and

the net effect of rounding.
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The area modeled for this study is about 452 mi*. It includes that part of Honey Lake Valley east of
Honey Lake, excluding the Long Valley Creek drainage area (figure 1), and includes Dry Valley northeast of
the basin and a small part of Smoke Creek Desert. This area was selected for flow modeling because
proposed ground-water development in the vicinity of Fish Springs Ranch has creatcd the need for a better
understanding of that part of the aquifer system. The eastern part of Honey Lake Valley (called "Calneva
subbasin") also was identified by the California Department of Water Resources as a part of the basin
needing further study (Pearson, 1987, p. 8).

To numerically define the aquifer system, it was necessary to determine the boundary conditions for the
system, identify the aquifer properties within the modeled area, and estimate the rates and distribution of
recharge and discharge in the aquifer system. The accuracy of the model depends on the accuracy of these
estimates.

Model Calibration

The model was calibrated to the steady-state conditions that were generally assumed to be represented
by conditions within the flow-model area during the spring of 1988. Steady-state conditions describe a
system in equilibrium; inflows and outflows are equal and the volume of water in storage does not change.
Steady-state water levels depend on the quantities of recharge to and discharge from the ground-water
system, the hydraulic conductivity of the aquifer materials, and the leakance between layers. The storage
component of the system was not modeled because storage does not change under sicady-state conditions.

The calibration of a ground-water-flow model requires the trial and error procéss of adjusting initial
estimates of aquifer properties and stresses (within acceptable ranges) to obtain the best match between
simulated and measured water levels. The initial values and boundary conditions are adjusted within ranges
on the basis of the limits of known geologic and hydrologic properties of the basin and the degree of
confidence in the original data estimates. The model is considered to be calibrated when the simulated water
levels are within an acceptable range (in this case plus or minus about 5 feet) and the simulated stresses
match independent estimates. The root-mean-square deviation (Hoxie, 1977, p. 27), which gives an indica-
tion of the difference between two sets of values, was used to determine the closeness of the match between
measured and simulated hydraulic heads. The root-mean-square deviation (or error) is calculated using the

equation:
IM- C)2
RMSD = —_—

where RMSD = root-mean-square deviation, in feet,
M- = measured water level, in feet,
C. = hydraulic head computed by model, in feet, and
N = number of water-level measurements.
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During 1988, most of the ground-water development in the flow-model area, except in the vicinity of
Fish Springs Ranch, was limited to a few scattered, low-yielding domestic and stock wells. Total with-
drawals from these wells were estimated to be about 50 acre-ft/yr by Rush and Glancy (1967, table 18);
withdrawals probably have not changed much since then, as the population in the Nevada part of the basin in
1988 was only about 25 people. Domestic and stock-well withdrawals would have little effect on the ground-
water system. However, in the Fish Springs Ranch area, several high-yield irrigation wells have been put
into production since 1980; the ground-water system in this area may not have reached a new equilibrium.
Water-level declines observed during 1987-89 (figure 18) may be the result of withdrawals from the
irrigation wells, the result of less than normal recharge during that dry period (figure 7), or both.

Figure 19 shows the locations of, and water-level altitudes for, wells that were used for comparison
with simulated heads to calibrate the flow model. These 31 wells were selected for use in calibration
based on their location, depth, and accessibility for water-level measurements during 1988. Accurate land-
surface and water-level altitudes were determined at these sites by surveying.

General Features of the Flow Model

For a finite-difference model, the aquifer system is divided into horizontal layers; a rectangular
grid divides the layers into rows and columns. Each cell in the grid represents a three-dimensional block
of the aquifer; the center point of the block is called a node. The grid is overlain on maps that show the
areal distribution of ground-water levels, aquifer properties, and stresses for each layer. The average
value of each property (or stress) within a cell is determined from the map and entered into the model to
represent the value of that property for the entire cell. The process is repeated until a value for each
property has been assigned to every cell in the modeled area.

Model Grid and Layers

The finite-difference grid designed for the model used in this study is regularly spaced and contains
24 columns by 36 rows; each grid cell is 1 mile on a side (figure 19). Columns 1-3 and rows 34-36 consist of
inactive cells and are not shown on figure 19. The grid is oriented north-south to be parallel to the Nevada-
California State line and to coincide with part of the Deep Percolation Mode! (DPM) grid used for recharge
estimates. The grid network is used for each of four horizontal layers in the model. This four-layer model
consists of 1,602 active cells.

Layer 1, the upper layer, extends from the water table down to an altitude of 3,700 feet above sea level
(figure 20). Thickness ranges from about 260 feet at the center of the basin to about 350 feet in the
Skedaddle Mountains and at the southern boundary. Layer 1 contains most of the wells in the modeled area.
Layer 2 extends downward from an altitude of 3,700 feet to 3,000 feet. A few deep wells pump water from this
layer. Layer 3 extends downward from an altitude of 3,000 feet to 1,500 feet, and layer 4 extends from an
altitude of 1,500 feet to the granitic bedrock. The maximum thickness of layer 4 is approximately 2,000 feet.
No wells withdraw water from layers 3 and 4. Cross-sections of the modeled area show the layers from south to
north (figure 20, B-B' and C-C’) and from west to east (figure 20, D-D’).
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Simulated Ground-Water Flow Budgets

The ground-water budget simulated by the calibrated flow model indicates that approximately 24,000
acre-ft of water recharges the system annually under the simulated steady-state conditions (table 19). About
92 percent of this water is derived from precipitation on the model area. The precipitation either infiltrates
directly to the water table or runs off from the mountainous areas and infiltrates basin-fill deposits near the
mouths of numerous small streams. Part of the recharge modeled as infiltration of precipitation may be
derived from subsurface inflow in the southeast part of the basin. The remaining recharge consists of
infiltration of irrigation water applied to fields within the basin (about 6 percent of the total recharge) and
inflow across the model boundaries (about 2 percent of the total).

In the calibrated flow model, evapotranspiration of ground water accounts for about 45 percent of the
annual discharge from the basin. Subsurface outflow from the basin across the model boundaries accounts
for another 30 percent of the annual discharge, and irrigation pumpage in the Fish Springs Ranch area
accounts for the remaining 25 percent.

The ground-water budget simulated for predevelopment conditions indicates that before development
about 23,000 acre-ft of water recharged the aquifer system annually (table 19). Of this total, about 97 percent
originated as precipitation on the study area and infiltrated either directly or through streambeds. The
remaining 3 percent entered the model area as underflow across the model boundaries from the west and
southwest. Evapotranspiration accounted for 66 percent of the simulated annual discharge and 34 percent
was discharged annually by subsurface outflow to the east across the model boundaries. Simulated
evapotranspiration for predevelopment conditions, about 15,000 acre-ft/yr, is 15 percent greater than the rate
estimated for predevelopment conditions from phreatophyte distribution based on Landsat imagery (plate 4
and table 15). At the western and southwestern boundaries, inflow was 4 percent less and outflow was 4
percent greater than in the calibrated model; inflow was within 6 percent of outflow. These results imply that
1988 withdrawals have had only a small effect on subsurface outflow across the eastern boundaries and on
subsurface inflow across the westem and southwestern boundaries. The results of the predevelopment
simulation appear to be satisfactory and, therefore, support the assumptions and estimates on which the
calibrated model is based.

The ground-water budget simulated for 15,000 acre-ft/yr of development (table 19) indicates that
subsurface outflow across the eastern boundaries would decrease by about 4,000 acre-ft/yr (60 percent)
compared to simulated 1988 conditions. Inflow across parts of the western-southwestern boundaries would
increase by about 80 acre-ft/yr (14 percent) and outflow across other parts of this boundary would decrease
by about 170 acre-ft/yr (29 percent). Net change in flow is a 230 acre-ft/yr increase across the western
boundary of the flow-model area. The rate of evapotranspiration from ground water would decrease by about
6,400 acre-ft/yr (58 prcent).

The simulated ground-water budgets indicate that effects of present (1988) development have had
primarily local effects on water levels and small effects on the ground-water flow system. They also indicate
that the aquifer system could support ground-water withdrawals at a steady annual rate of 15,000 acre-ft, but
effects on water levels, ground-water evapotranspiration by native vegetation, and subsurface outflow would
be extensive.
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TABLE 19.--Simulated ground-water budgets for the flow-model area

(Estimated quantities, in acre-feet per year,
rounded to two significant figures]

Model Pre- Proposed
calibration development development
(1988 (no (hypothetical
Budget component withdrawals) withdrawals) withdrawals)
RECHARGE:
Direct infiltration1
of precipitation 9,200 9,200 9,200
Infiltration of runoff 13,000 13,000 13,000
Irrigation return:
from surface-water irrigation 0 "0 0
from ground-water irrigation 1,500 0 0
Ground-water inflow to model area
from Honey Lake area and
Long Valley Creek area
(in shallow layers of model) 580 570 660
Total recharge 24,000 23,000 23,000
DISCHARGE:
Ground-water evapotranspiration 11,000 15,000 4,600
Withdrawals from wells 5,900 0 15,000
(Number of simulated wells) (5) (0) (18)
Ground-water outflow from model
area westward to Honey Lake area
(in deeper layers of model) 590 610 420
Ground-water outflow eastward to
Smoke Creek Desert 5,300 5,500 2,000
Ground-water outflow eastward to
Pyramid Lake Valley 1,500 1,500 700
Total discharge 527633 537333 537633

1
southeast boundary of the basin.

Includes 5,000 acre-feet per year that may
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SUMMARY

Honey Lake Valley is a northwest-trending basin on the border between northwest Nevada and
northeast California. It is at the junction of three physiographic provinces (the Sierra Nevada, the Basin and
Range Province, and the Modoc Plateau) and has hydrologic characteristics of each of these settings.

Major geologic units in the area are basin-fill deposits, fractured volcanic rocks, and granitic bedrock.
Unconsolidated basin-fill deposits are composed of layers of gravel, sand, silt, and clay, and include some
layers of pyroclastic volcanic material that was deposited in shallow water. The center of the basin contains
fine-grained lake deposits; these are surrounded by coarser grained alluvial fan and nearshore deposits. Most
ground-water development has been in the coarser deposits to the south and west of Honey Lake. In the
northern and eastern parts of the study area, fractured volcanic rocks are important sources of ground water.
Volcanic rocks in the Virginia Mountains to the southeast are a principal aquifer near Fish Springs Ranch.
Younger volcanic rocks to the north generally are less permeable, except in Willow Creek Valley, where high-
yield wells have been developed. The basin is underlain by relatively impermeable granitic bedrock that
crops out in the southwestern and southern parts of the study area but, as a result of faulting, is greater than
5,000 feet below land surface in the northeast.

Total ground-water recharge to the study area, estimated from direct infiltration of precipitation,
streamflow, and excess irrigation from surface water, is about 120,000 acre-ft. Ground-water recharge,
excluding that from infiltration of streamflow from the Susan River and Long Valley Creek, is estimated to
be about 95,000 acre-ft/yr by the Maxey-Eakin method, which is based on empirical precipitation-altitude
relations. Maxey-Eakin recharge, adjusted for infiltration of water from the Susan River and Long Valley
Creek, is estimated as 120,000 acre-ft/yr. Results of a ground-water flow model of the eastern part of the
study area indicate that both methods might underestimate ground-water recharge in the southeastern part of
the basin, and that annual recharge may be as much as 5,000 acre-ft greater. Some or all of the additional
recharge may be supplied by greater infiltration of precipitation than estimated or by subsurface inflow; the
origin of this water was not determined. Infiltration of irrigation water withdrawn from wells provides an
estimated additional 11,000 acre-ft of recharge per year, for a total recharge of more than 130,000 acre-ft/yr.

At equilibrium, ground-water discharge equals ground-water recharge and storage does not change.
Of ground water discharged from the study area, an estimated 85,000 acre-ft/yr is discharged by evapo-
transpiration from soil and native vegetation, an estimated 53,000 acre-ft/yr is withdrawn from wells, and
some water may flow out of the basin through fractured volcanic rocks to Smoke Creck Desert and Pyramid
Lake Valley.

The ground-water flow model represents an area of 452 mi* in the eastern part of the study area and
simulates the system at equilibrium, with about 5,900 acre-ft of water withdrawn annually for irrigation
(equivalent to 1988 withdrawals). Mean annual recharge for the model, including irrigation return flow, is
about 24,000 acre-ft. Inflow is in approximate balance with outflow across the general-head boundary at the
western edge of the modeled area. Subsurface outflow of 6,800 acre-ft discharges across the general-head
boundary at the eastern edge.
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To simulate natural (predevelopment) conditions, a model of the same area without irrigation
withdrawals or return flows was analyzed. The results indicate that before development, water levels were
about 25 feet higher in the Fish Springs Ranch area, 4,000 acre-ft more water was discharged by
evapotranspiration from native vegetation in the Fish Springs Ranch area, an additional 200 acre-ft of water
was discharged by subsurface outflow to the east annually, and simulated net flow eastward across the State
line was about 220 acre-ft/yr less, in comparison with simulated current (1988) conditions. With the
exception of these differences, which are most apparent in the areas most heavily pumped in 1988, the
simulated predevelopment conditions were similar to the 1988 conditions.

As an example of potential future development, the model was used to simulate a ground-water
withdrawal rate of 15,000 acre-ft/yr and no return flow of irrigation water. No attempt was made to optimize
the number, location, or pumping rates of the hypothetical wells. The results indicate that, if the assumptions
on which the model is based are correct, the system would eventually reach a new equilibrium condition in
which water levels would decline about 100 feet in the vicinity of the pumped wells, and as much as 40 feet
at the California-Nevada State line (compared to 1988 water levels). In addition, net subsurface inflow
across the western boundary would increase by about 230 acre-fi/yr, net flow eastward across the State line
would increase by about 1,600 acre-ft/yr, evapotranspiration by native vegetation would decrease by about
10,000 acre-ft/yr, and subsurface outflow across the eastern boundary would decrease by about 4,000 acre-
fy/yr.

The theoretical maximum volume of water that can be withdrawn from the aquifer system on a sus-
tained basis and eventually result in a new equilibrium is limited by the amount of naturally occurring
discharge that can be captured by pumping, plus any additional recharge that can be induced as a result of
pumping. In Honey Lake Valley, most perennial sireams are far from the proposed pumping areas so that the
limit, for practical purposes, would be restricted to the amount of natural discharge that could be captured by
pumping. Withdrawals might be further constrained because yields of aquifers composed of fine-grained
lakebed sediments may be too low for sustained withdrawals at the maximum rate. The volume of ground
water stored in fractured rocks may be small, so that pumping would cause unacceptable drawdowns in some
parts of the basin,
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