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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain
acre 0.4047 square hectometer
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per year (acre-ft/yr) 0.001233 cubic hectometer per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 25.40 millimeter
inch per year (in/yr) 25.40 millimeter per year
mile (mi) 1.609 kilometer
square mile (miz) 2.590 square kilometer

Temperature: Degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the formula °F =[1.8(°C)]+32. Degrees Fahrenheit
can be converted to degrees Celsius by using the formula °C = 0.556(°F-32).

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called “Sea-Level
Datum of 1929”), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.

Abbreviated water-quality units:

g/cm? (gram per cubic centimeter) Hg/L (microgram per liter)

L (liter) Mm (micrometer)

mg/L. (milligram per liter) & permil (delta units in parts per thousand)
mL (milliliter) WUS/cm (microsiemens per centimeter at 25°C)
pCi/L (picocurie per liter)
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Hydrogeologic Setting and Hydrologic Data of
the Smoke Creek Desert Basin, Washoe County,
Nevada, and Lassen County, California,

Water Years 1988-90

By Douglas K. Maurer

Abstract

Smoke Creek Desert—a 1,200-square-
mile basin north of Reno, Nevada—is a potential
water source for urban development in Washoe
County. Hydrogeologic data were collected to
begin a detailed data base to refine the hydrologic
budget for the basin. Impermeable granitic rocks
form a boundary to ground-water flow on the
east side of the basin and at the base of the flow
system. Overlying the granitic basement, perme-
able volcanic rocks form a high, dissected plateau
on the west and north sides of the basin and repre-
sent a previously unrecognized aquifer. Near the
center of the basin, geophysical data indicate that
basin-fill sediments are about 2,000 feet thick.
The complex structural setting of the basin and the
geometry of the aquifers are masked by overlying
volcanic rocks and sediments and remain largely
unknown. Ground water may flow through the
permeable volcanic rocks over much of the west-
ern, northern, and southern boundaries of the
basin; however, additional water-level data are
needed to determine if interbasin flow takes place
along these boundaries.

Periodic measurements of water levels,
pressure head, flow rate, temperature, and specific
conductance of ground water show little change
from 1988 to 1990 except at one location near
pumping for irrigation. The chemical composition
of the ground water begins as a dilute sodium and
calcium bicarbonate water in the mountain blocks,

changes to a slightly saline sodium bicarbonate
water beneath the alluvial fans, and becomes a
briny sodium chloride water near the playa.
Ground water near the playa exceeds Nevada
drinking-water standards for pH, dissolved solids,
chloride, sulfate, and manganese. The high density
of ground water beneath the playa could drive flow
downward and away from the center of the basin.
Ground water in Honey Lake basin and Smoke
Creek Desert basin has similar stable-isotope com-
position, except near Sand Pass. If interbasin flow
takes place, it most likely occurs at depths greater
than 400 to 600 feet beneath Sand Pass or through
volcanic rocks to the north.

High-altitude gaging stations measured a
total of about 8 inches of precipitation during water
year 1990. Streamflow records for part of 1989
and 1990 indicate that runoff in Smoke Creek fluc-
tuated from peak flows of about 860 cubic feet per
second during snowmelt events to zero flow in the
summer as water was lost by infiltrating the allu-
vial fan. Total streamflow from Smoke Creek was
about 4,400 acre-feet from December 1988 to Sep-
tember 1989 and about 1,300 acre-feet for water
year 1990. Measurements of streamflow indicate
that about 2,800 acre-feet of water per year dis-
charged from volcanic rocks to streamflow, and a
minimum of 7,300 acre-feet per year infiltrated and
recharged unconsolidated sediments near Smoke,
Buffalo, and Squaw Creeks. About 1,500 acre-feet
was lost to evapotranspiration along the channel of
Smoke Creek, and about 1,680 acre-feet of runoff

Abstract 1



from Smoke, Buffalo, and Squaw Creeks was
probably lost to evaporation after a period of
snowmelt on February 24, 1989.

INTRODUCTION

The Smoke Creek Desert basin is one of several
potential water sources for the rapidly growing popu-
lation of Reno, Sparks, and the unincorporated areas
of Washoe County, Nev. A reconnaissance report by
Glancy and Rush (1968) provided preliminary esti-
mates of the ground-water budget for the basin; the
estimates, however, were based on sparse information
on surface water and on the few existing wells. Refin-
ing these estimates of ground-water flow and water-
budget components requires a more detailed hydro-
logic data base. Such a data base is the first step in
making sound decisions about future development and
allocation of water resources in the basin. To develop a
data base that could serve as a basis for future studies
of the Smoke Creek Desert basin, the U.S. Geological
Survey, in cooperation with the California Department
of Water Resources and the Regional Water Planning
and Advisory Board—Reno-Sparks and Washoe
County, collected hydrologic data in the basin between
July 1988 and September 1990. Data collected are also
published in Pupacko and others (1990, p. 271, 281,
and 326) and in Bostic and others (1991, p. 289, 300,
and 352-54).

Purpose and Scope

This report describes the hydrogeologic setting
of the Smoke Creek Desert basin and presents and sum-
marizes data collected in the basin between July 1988
and September 1990. Geophysical data were used to
estimate the thickness of unconsolidated sediments
along a profile across the center of the basin. Data were
also collected on (1) surface-water flow of Smoke,
Buffalo, Squaw, and Dry Creeks; (2) ground-water
levels at 29 sites in the basin including sites near the
boundaries of the basin; (3) fluctuations of water level,
pressure head, flow rate, water temperature, and spe-
cific conductance in a network of 19 wells; (4) specific
conductance and water temperature at about 50 wells
and springs; (5) major- and minor-ion concentrations at
13 wells; (6) deuterium and oxygen-18 concentrations
at 12 wells and springs in the Smoke Creek Desert

basin compared with values measured in the Honey
Lake basin; and (7) precipitation at two sites in water
year 1990. (Water year is the 12-month period from
October 1 to September 30, designated by the calendar
year in which it ends.)

The data collected were used to estimate
minimum values for components of the ground-water
budget, such as recharge from infiltration of stream-
flow, runoff from perennial streams, and loss of stream-
flow to evapotranspiration. Measurements of stream
discharge to identify reaches where channels were
losing or gaining flow were used to infer ground-water
levels relative to the stream channels. Estimates from
previous studies were used along with water levels and
geochemical data to evaluate current estimates of the
direction of interbasin flow. The interpretation of the
data collected on the geologic setting, hydrology, and
geochemistry of the basin and inferences made on com-
ponents of the water budget should be considered pre-
liminary. The data in this study were collected during
an extended dry period in northern Nevada.
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Water Use

As of 1991, the Smoke Creek Desert basin is
relatively undeveloped. Most of the land is used for
grazing cattle and sheep, and abundant wildlife sup-
ports hunting for deer, antelope, and small game.
Several windmills and numerous flowing wells provide
small volumes of water for stock and wildlife. The
most significant ground-water withdrawals occur at the
Espil Ranch (fig. 1) where two wells are used to irri-
gate about 300 acres of alfalfa. Springs in the Granite
Range provide about 200 acre-ft of water annually for
the town of Gerlach. Surface-water flow of Smoke
Creek is used to irrigate about 1,000 acres of native
pasture. Surface-water flow of Squaw Creek is used to
irrigate about 100 acres of native pasture and alfalfa.

2 Hydrogeologic Setting and Hydrologic Data, Smoke Creek Desert Basln, 1988-90
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FIGURE 10.--Fluctuations of water levels in selected wells in Smoke Creek Desert basin, 1988-90.
(Site locations are shown in figure 8.)
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Previous workers have estimated underflow
between some adjacent basins (fig. 9). From the east,
Glancy and Rush (1968, p. 28) estimated ground-water
flow of about 200 acre-ft/yr from the San Emidio
Desert to the Smoke Creek Desert basin through the
gap between the Fox and Granite Ranges. Water levels
indicate a continuous gradient from the Honey Lake
basin into the southwest corner of Smoke Creek Desert.
Handman and others (1990, p.104) estimated that
ground-water flow may be about 5,300 acre-ft/yr from
Honey Lake to Smoke Creek basin. Included in this
estimate is about 180 acre-ft/yr of ground-water flow
from Dry Valley to the Smoke Creek basin proposed by
Glancy and Rush (1968, p. 28). The additional inflow
of about 5,120 acre-ft/yr estimated by Handman and
others (1990) provides a more precise balance of the
water budget estimated by Glancy and Rush (1968,

p- 41) and suggests that annual recharge to the basin
could be about 19,000 acre-ft/yr. Water levels indicate
a potential for flow toward the northwest from Painters
Flat to Coyote Flat, and Glancy and Rush (1968, p. 28)
estimate 500 acre-ft/yr of underflow north of Painters
Flat to the northwest. Water levels on the north side of
the basin indicate a potential for flow from the north
near Duck Flat to Squaw Valley. Water levels in the
north end of Pyramid Lake basin show a potential

for flow from the Smoke Creek basin toward

Pyramid Lake.

ESTIMATED COMPONENTS OF THE
BASIN WATER BUDGET

Dry conditions during the study period allowed
accurate measurements of streamflow to determine
volumes of gain and loss along certain reaches of the
stream. Identification of areas that gain or lose stream-
flow and the measured rates of flow provide important
data on how ground water and surface water interact in
Smoke Creek Desert basin. These new data allow esti-
mation of some components of the basin water budget.
Because of the dry conditions, however, the estimates
probably provide lower limits, rather than average
values, for the components.

Ground-Water Discharge to Streamflow

Streamflow measurements in the upper reach of
Smoke Creek indicated a 2.0 ft/s, or about 1,450 acre-
ft/yr, discharge of ground water to streamflow. Gains
in streamflow at Buffalo Creek and between the
upper two sites at Squaw Creek totaled 1.9 ft3/s, or
about 1,370 acre-ft/yr. The rounded total for measured
ground-water discharge to streamflow is 2,800 acre-
ft/yr in the Smoke Creek Desert basin. In all three
drainage basins, streamflow was gained in or near out-
crop areas of volcanic rock. Thus, the upland volcanic
rock aquifer is probably a source for base streamflow
in these drainage basins. These streams ultimately
recharge the unconsolidated aquifer on the valley floor.
Because water levels did not decline appreciably
during the study period, the measured ground-water
discharge to streamflow may represent an accurate
estimate of the base-flow contribution from the
volcanic rock aquifer.

Ground-Water Recharge from Streamflow

Loss of streamflow measured at Smoke, Buffalo,
and Squaw Creeks is direct evidence of recharge to
unconsolidated sediments. The total streamﬁow loss
measured at Smoke Creek was 4.9 ft3/s 1.2 ft3/s in the
upper canyon reach 1.7 ft3/s in the meadow reach; and
an average of 2.0 ft/s in the lower reach) or about
3,500 acre-ft/yr. Streamflow loss at Squaw and Buffalo
Creeks totaled 5.3 ft3/s or about 3,800 acre-ft/yr. Thus,
these field measurements indicate that a total of about
7,300 acre-ft/yr recharged unconsolidated sediments
at Smoke, Buffalo, and Squaw Creeks.

Glancy and Rush (1968, p. 24) estimate that
90 percent of the runoff for the entire Smoke Creek
Desert basin is derived from the drainages of Smoke,
Buffalo, and Squaw Creeks. If these same areas
provide 90 percent of the recharge to the basin-fill
deposits, 11,700 acre-ft/yr of the 13,000-acre-ft/yr
recharge estimated by Glancy and Rush (1968, p. 29)
for the entire basin comes from these drainages. If the
7,300 acre-ft/yr measured in this study represents a
minimum value of ground-water recharge from stream-
flow during drought years, 11,700 acre-ft/yr appears to
remain a reasonable average annual value. Measure-
ments along stream channels during years of normal
runoff would provide a more reliable estimate of this
component of recharge.

ESTIMATED COMPONENTS OF THE BASIN WATER BUDGET 31



Evapotranspiration of Streamflow

Differences between November and July
stream-flow measurements on Smoke Creek indicate
that a total of 2.1 ft3/s, or about 1,500 acre-ft/yr, was
lost to evapotranspiration along the stream channel.
About 500 acre-ft/yr was lost through the meadow
reach and is included in evapotranspiration estimates of
Glancy and Rush (1968, p. 32). Similar losses could
occur at Buffalo and Squaw Creeks, but the measure-
ments available are inadequate to estimate the loss.

Glancy and Rush (1968, p. 32) estimate that
11,000 acre-ft/yr is lost from bare soil evaporation of
ground water beneath the playa. In addition, the bulk
of the water from large storms is probably lost to
evaporation after flow has ponded on the playa (P.A
Glancy, U.S. Geological Survey, oral commun., 1992).
About 560 acre-ft of runoff is estimated from the peak
flow of 845 ft3/s recorded at Smoke Creek on February
24,1989. A similar peak flow of 810 ft’/s was esti-
mated at Buffalo Creek (table 4). Although the runoff
at Squaw Creek had a larger peak flow (1,450 ft/s), it
may not have lasted as long. If one assumes that a vol-
ume about equal to that measured at Smoke Creek was
produced from peak flows at Buffalo and Squaw
Creeks, a minimum of about 1,680 acre-ft of runoff
probably ponded on the playa in 1989 and was lost to
evaporation. In 1990, a peak flow of 850 ft3/s at Buffalo
Creek and 38 ft*/s (Bostic and others, 1991, p. 289) at
Smoke Creek from a thunderstorm produced less than
200 acre-ft of runoff. These measurements show that
even in dry years, from 200 to 1,680 acre-ft/yr of runoff
will reach the playa and will be lost to evaporation.

WATER QUALITY

Specific conductance, water temperature,
concentrations of dissolved constituents, and isotope
composition of ground water in Smoke Creek Desert
basin was measured (1) to provide data from which
inferences on ground-water movement could be made;
(2) to determine the distribution of water quality and
compare it to Nevada drinking-water standards; and
(3) to establish base-line values for determining the
effects of future development.

Specific Conductance

Measurements of specific conductance and
water temperature in the Smoke Creek Desert basin
are summarized on plate 2. The specific conductance
of water is directly related to the amount of dissolved
solids in the sample (Hem, 1985, p. 66) and is an
approximate measure of the ground-water quality.
Generally, specific-conductance values in sampled
ground water range from 100 to 400 pS/cm in the
mountain blocks to the north and west, and about
570 pS/cm was measured in a spring in the Fox
Range Specific conductance increases to 1,000 to
1,500 uS/cm beneath the alluvial fans and reaches a
maximum of about 5,000 uS/cm in water from flowing
wells near the playa. Exceptions to this are wells south
of Buffalo Creek (sites 14, 31, 58, and 59), south of
Squaw Creek (sites 17 and 60), and east of Smoke
Creek (site 8). Although they are near the playa, water
from these wells has a specific conductance of less than
about 1,000 uS/cm. These wells could be tapping lobes
of ground water that is more dilute because of infiltra-
tion of streamflow upgradient from the wells. Also,
water from the well at the Parker Ranch (site 15) has a
specific conductance comparable with values measured
in the volcanic uplands although it is near the playa.
The lower concentration of dissolved solids in water
from this well is evidence of dilute ground water from
the adjacent volcanic mountain block recharging the
alluvial-fan and playa deposits.

A plot of specific conductance as a function of
well depth shows two distinct groups of sites (fig. 11).
Sites with a specific conductance less than 1,500 uS/cm
show no relation between specific conductance and
well depth. These sites are located on alluvial fans or
near sources of streamflow infiltration. Sites with a
specific conductance greater than 1,500 uS/cm are
located near the playa and show a general trend of
increasing specific conductance with well depth. How-
ever, the deepest well for which data are available is
only about 150 ft deep (site 32). Deeper wells are
needed to determine the vertical distribution of specific
conductance within the basin-fill sediments.

The specific conductance of streamflow
in Smoke Creek (triangles, pl. 2) increases from
110 pS/cm at Big Spring to 300 uS/cm in the lower
canyon reach (see fig. 6) and to 550 uS/cm where it
approaches the playa. Evaporation and dissolution of
salts on the playa surface greatly increase the specific
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conductance of surface water ponded on the playa.
Standing water sampled on the edge of the playa had
a specific conductance of about 25,000 puS/cm.

Only one measurement of specific conductance
might be representative of ground water beneath the
playa. This was from a shallow well installed to a
depth of 3 ft near standing water at the lowest point
of the playa (site 54). Specific conductance was about
70,000 uS/cm. More wells are needed on the playa to
evaluate whether most ground water beneath it has
such high specific conductance.

High specific conductance of ground water,
hence high concentration of dissolved solids, can affect
how the water moves by producing density-driven
flow. Water with a specific conductance of
70,000 puS/cm (or about 50,000 mg/L dissolved solids)
has a density significantly higher (1.05 g/cm® at 17.5°C
measured in the field) than that of dilute ground water.
Studies have shown that ground water flows downward

beneath playas of closed desert basins as the concentra-
tion of dissolved solids and the density of the ground
water increases (Duffy and Al-Hassan, 1988; Wood
and others, 1989; and Sanford, 1989). Duffy and Al-
Hassan (1988, p. 1687) showed that water with the den-
sity of sea water--about 1.03 g/cm3--can produce such
a downward or density-driven flow. The downward
flow beneath the playa can circulate ground water
either toward the margin of the playa or downward into
a regional flow system and out of a closed basin even
when a ground-water divide exists (Sanford, 1989, and
Wood and others, 1989). If permeable volcanic rocks
underlie the Smoke Creek playa, the high density of
ground water under the playa could drive flow down
and outward toward other basins. Observation wells
need to be drilled on the playa and around the perimeter
to map the distribution of specific conductance and
determine how ground water moves beneath the playa.
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FIGURE 11.-- Relation of specific conductance to well depth in the
Smoke Creek Desert basin. (Number indicates site in table 4.)
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Ground-Water Temperatures

Ground-water temperatures measured in the
Smoke Creek Desert basin range from about 6°C to
36°C; the lower temperatures are in the mountain
blocks, and the warmest temperatures are in the deeper
flowing wells at Bonham Ranch and Parker Ranch
(wells 3 and 15, fig. 8). Well depth and ground-water
temperature in the basin do not appear to be related.
Temperatures greater than 25°C are believed to result
from geothermal heating (Welch and Preissler, 1990,
p.- 12).

Dissolved Constituents and Comparison with
Drinking-Water Standards

Ground-water samples from 12 sites were
analyzed for dissolved-ion concentrations to compare
with Nevada drinking-water standards (fig. 12, table 5).
Partial analysis of a sample from site 33 was provided
by Nork and Associates (written commun., February
1991). When samples were collected for the study,
field determinations of pH, specific conductance, and
alkalinity were made.

Water from only two sites, 39 and 18, did
not exceed Nevada drinking-water standards for
some constituents. These sites are in the upland parts
of the basin and represent water that has been recently
recharged. Water from sites 15, 43, 14, 8, and 9
exceeded the preferred standard for pH (table 5). Water
samples from sites 7, 6,9, 11, 2, 33, and 3 exceeded the
preferred standard (table S, footnote d) for dissolved
solids, and water samples from sites 9, 11, 2, 33, and 3
exceeded the enforceable standard for dissolved solids.
The enforceable standard for chloride was exceeded in
water from sites 9, 11, 2, and 3, and the preferred stan-
dard for sulfate was exceeded at sites 2 and 3. Water
from site 11 exceeded the enforceable standard for
manganese. Sites where water samples exceeded
drinking-water standards were generally near the
playa.

Water in upland areas of the basin near the
location of recharge has a sodium and calcium bicar-
bonate composition and low dissolved-solids concen-
tration (sites 39, 15, 43, and 18, fig. 12; table 5). Water

of this type was sampled (1) at Big Spring, which is
the source spring for Smoke Creek; (2) in Smoke Creek
just before the streamflow enters the valley floor; (3) at
a flowing well in Squaw Valley; and (4) at a flowing
well near Parker Ranch, where the ground water is
probably derived from the adjacent volcanic uplands.
Ground water sampled beneath alluvial fans and on the
distal edge of alluvial fans surrounding the playa (sites
14, 8, 7, and 6) had a sodium bicarbonate composition
and a greater dissolved-solids concentration than
recharge water. Ground water sampled from flowing
wells near the edge of the playa (sites 9, 11, 2, and 3)
had a sodium chloride composition and an even greater
dissolved-solids concentration.

Water types very similar to those sampled in
Smoke Creek Desert were noted in Smith Creek Valley
in central Nevada by Thomas and others (1989). In
that valley, dissolution of rhyolitic tuffs in bedrock sur-
rounding the valley floor and of unconsolidated tuffs in
the basin-fill deposits is thought to create the original
sodium and calcium bicarbonate character of the water.
As water approaches the discharge area of the flow sys-
tem, calcium is removed from the ground water by cat-
ion exchange of sodium on clays. Closer to the playa,
dissolution of salts in aquifer material and evapotrans-
piration concentrates the water, and bicarbonate ions
are removed by calcite precipitation. The result is
sodium chloride water. Similar processes probably
occur in the Smoke Creek Desert basin: ground water
starts as a dilute concentration of sodium, calcium, and
bicarbonate ions in water in the mountain blocks, loses
the calcium beneath the alluvial fans, and becomes a
sodium chloride water with high concentrations of
dissolved solids near the playa.

The ground water analyzed from sites 33 and
2 (fig. 13)—along the ground-water flow path between
the Honey Lake basin and Smoke Creek Desert—
contains ions at similar concentrations. The compara-
ble ion chemistry of the two sites is not conclusive
evidence but does support the possibility of flow
between the two basins.
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Oxygen and Hydrogen Isotopes

Ground-water samples from 11 sites (fig. 13) in
the Smoke Creek Desert basin were analyzed for the
stable isotopes of oxygen and hydrogen. Isotope con-
centration is measured as the ratio of oxygen-18 to
oxygen-16 and the ratio of deuterium to hydrogen in
the water molecule. These ratios are expressed in delta
units () as parts per thousand (permil) differences
relative to the Vienna standard mean ocean water
(V-SMOW; Fontes, 1980). The condensation history of
precipitation determines its isotopic content. The most
important factors are distance from the ocean, latitude,
and altitude at which precipitation takes place (Fontes,
1980, p. 78). Because oxygen-18 and deuterium are
part of the water molecule, their concentration remains
constant as water moves through aquifer material
unless the water dissolves large amounts of oxygen-
containing minerals or evaporates. Oxygen-18 concen-
tration plotted against deuterium concentration in
precipitation shows a linear relation called the meteoric
water line (Craig, 1961). Evaporation causes a shift
upward and to the right of this line. Water that has been
geothermally heated and reacts with oxygen-containing
minerals becomes enriched in oxygen-18 without
affecting deuterium concentration; consequently,
heating causes a horizontal shift to the right of the
meteoric water line (fig. 14; Fontes, 1980, p. 78).

Isotope compositions from samples collected
in the Honey Lake basin by Washoe County and
in Honey Lake and Smoke Creek Desert basins by
the U.S. Geological Survey are listed in table 6 and
plotted in figure 14. Samples were analyzed at the U.S.
Geological Survey Research Laboratory in Reston, Va.,
and at the Desert Research Institute laboratory in
Las Vegas, Nev. Samples taken by Washoe County
and the U.S. Geological Survey from the Ferrel well
in Honey Lake Valley (site 37) and analyzed at both
laboratories yielded comparable results.

The plots of isotope concentrations show that
all samples lie to the right of the meteoric water line
(fig. 14). This composition is typical of ground water in
the Basin and Range Province because of some evapo-
ration either before recharge or from soil in the dis-
charge area. Samples from the Honey Lake basin and
Smoke Creek Desert appear to be similar in their iso-
tope composition with a few exceptions. Water from
wells sampled near Sand Pass and Astor Pass (sites 20,
33, and 34) is slightly heavier (less negative) than

ground water sampled in the main parts of Honey Lake
and Smoke Creek basins. Local, low-altitude recharge
to the passes might result in the heavier isotope compo-
sition. Sites 33 and 34 are the only two wells tapping
volcanic rocks; sites 39 through 42, however, are
springs issuing from volcanic rocks. Thus, rock type
does not seem to be the cause of the difference in iso-
tope composition. Site 20 is a well located at the edge
of a small isolated playa; its water was probably derived
from water with an isotope composition similar to sites
33 and 34, but has been affected by evaporation. Site 2,
located near the south end of Smoke Creek Desert, and
site 38, near the center of Honey Lake basin, could also
have been slightly affected by evaporation. Site 32isa
well with a water temperature of 36°C, and its location
to the right of the other Smoke Creek Desert samples on
figure 14 may be the result of oxygen exchange with
minerals, resulting from geothermal heating.

Although water-level altitudes indicate a
potential for ground-water flow from the Honey Lake
basin towards Smoke Creek Desert, ground water at the
depths sampled near Sand Pass (400-600 ft below land
surface) with heavier isotope composition probably did
not originate in the Honey Lake basin. Thus, if ground
water moves from Honey Lake basin to Smoke Creek
Desert basin, either it moves at depths greater than 400
to 600 ft, or it moves eastward across the divide north
of Sand Pass into Smoke Creek Desert. The area to the
north is underlain by volcanic rocks that are more per-
meable than the fine-grained sediments on the floor of
the Honey Lake basin, so underflow through these
rocks is considered possible.

Radon-222 activities in the ground-water
samples collected are also shown on figure 13. The
proposed maximum contaminant level for radon-222 in
drinking-water is 300 pCi/L (U.S. Environmental Pro-
tection Agency, 1991, p. 33051). Radon-222 forms by
radioactive decay of uranium, which is abundant in gra-
nitic rocks. Water samples from sites 18, 30, 42, 14,
and 9 exceeded the proposed regulation for radon-222.
Samples from sites 18 and 30 were the highest, proba-
bly because of their proximity to granodiorite in the
Granite Range.
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TABLE 6. Deuterium and oxygen-18 composition and radon-222 activities of ground
water sampled in Smoke Creek Desert and Honey Lake basins

Site Well delta deita Radon-222
number Location Lab® depth® Deuterium® Oxygen-18° activity
(fig. 13) (ft) (permii) (permil) (pCilL)
39 Big Sp USGS - -113.0 -15.20 --
40 Norton Sp USGS -- -115.0 -15.45 260
41 Buffalo Sp USGS -- -117.5 -14.85 --
42 Stockade Sp USGS -- -114.0 -15.15 450
30 Casey Rnch USGS - -117.5 -15.25 1700
15 Parker Rnch USGS 208 -116.0 -15.05 -
14 Nr Buffalo SI USGS 98 -115.5 -14.85 690
31 Nr Hog S1 USGS 88 -114.5 -14.60 -

9 E Cormnell USGS 72 -114.0 -14.85 740
32 Bonham Rnch  USGS 155 -115.5 -13.65 -

2 Sand Pass F1 USGS - -111.5 -13.70 250
18 Squaw Valley = USGS - -- - 980
20 Bonham Playa DRI 240 -103.0 -12.30 -
33 Sand Pass DRI 580 -106.0 -13.60 -
34 Astor Pass DRI 440 -104.0 -13.6 -
35 HL Playa DRI 260 -110.0 -14.90 -
36 Cottonwood DRI 665 -112.0 -14.90 -
37 Ferrel DRI 246 -113.0 -14.90 -
37 Ferrel USGS 246 -113.5 -14.85 -
38 SAD2 USGS 700 -112.5 -14.10 -

2USGS, sample analyzed at the U.S. Geological Survey laboratory, Reston, Va.; DRI, sample analyzed
at Desert Research Institute laboratory, Las Vegas, Nev. (DRI data from written commun., Michael C. Widmer,

Washoe County, 1990.)
b__, well depth not applicable or not known.

‘Deuterium and oxygen-18 values relative to Vienna Standard Mean Ocean Water; --, value not known.
dActivities in picocuries per liter (pCI/L); --, activity not known.

SUGGESTIONS FOR FUTURE STUDY

The lack of subsurface data in and near the
boundaries of Smoke Creek Desert leaves many ques-
tions about the hydrogeology of the basin unanswered.
Installing observation wells in the volcanic rocks would
allow observation of water levels, sampling for water
quality, and estimation of hydrologic properties of the
unit. Water-level measurements in the volcanic rocks,
combined with geophysical data, could reveal the thick-
ness of volcanic rocks and interbedded semiconsoli-
dated deposits and allow evaluation of ground-water
flow near the basin boundaries. Geophysical data would
show the thickness of basin-fill deposits and provide a
starting point for installing deep observation wells

(greater than 200 ft below land surface) in unconsoli-
dated basin-fill deposits around the perimeter of the
playa and on the playa. These wells would provide data
on (1) the distribution of lithology within the deposits;
(2) the thickness of the deposits and determination of the
lateral extent of volcanic rocks beneath the valley floor;
and (3) water levels, pressure head, and water-quality
changes with depth.

Without data collected over a number of years,
estimates of water-budget components are tenuous.
Continued collection of surface-water data would aid in
refining the water budget for the basin. Surface-water
data needed include a continued record of streamflow in
Smoke Creek; streamflow gain and loss along Smoke,
Buffalo, and Squaw Creeks over a range of flow rates;
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and estimates of peak flow at currently ungaged
streams. Estimates of peak flow could be obtained by
operating crest-stage gages and applying indirect meth-
ods that allow estimation of the volume and frequency
of flow at ungaged ephemeral streams (Moore, 1968).
Continued collection of precipitation data is needed to
refine the estimate of the distribution of average annual
precipitation.

-102

Measurement of evapotranspiration by phreato-
phytic vegetation and evaporation from bare soil is
needed to refine the discharge component of the water
budget. Also, the estimate of recharge by infiltration
of precipitation could be refined by using models that
include data on soils, vegetation, daily precipitation,
and runoff (Bauer and Vaccaro, 1990; Leavesley and
others, 1983).
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FIGURE 14.--Deuterium and oxygen-18 composition of ground water of Smoke
Creek Desert basin and ground water in Honey Lake basin. Meteoric water
line from Craig (1961). (Number indicates site in table 6.)
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SUMMARY

The Smoke Creek Desert basin, which covers
about 1,200 mi? of relatively undeveloped land north of
Reno, Nev., is a potential water source for the urban area
of Washoe County. Hydrogeologic data were collected
and compiled to begin a detailed data base to refine the
hydrologic budget of the basin.

Metamorphic and granitic rocks that form the
Granite and Fox Ranges are poorly water bearing and
probably form a barrier to most ground-water flow along
the eastern side of the basin. However, they probably lie
thousands of feet deep beneath the northwestern part of
the basin. Above the consolidated rocks are thick sections
of volcanic rocks that form a broad, dissected plateau
on the northern and western sides of the basin. These
rocks are probably moderately to highly water bearing
and represent a previously unrecognized aquifer. Outcrop
patterns of the volcanic rocks indicate that they could
underlie much of the western side of the valley floor.
Semiconsolidated deposits that are poorly water bearing
are interbedded with the volcanic rocks and also could
make up a large part of the basin-fill deposits beneath the
valley floor. Unconsolidated stream and alluvial-fan sed-
iments surround the valley floor and are the main recog-
nized aquifer in the basin. The thickness and lateral extent
of the semiconsolidated and unconsolidated deposits
remain largely unknown. However, along a profile across
the center of the basin, geophysical data show a pediment
buried about 500 ft below land surface on the western
margin of the valley floor; they also show that semiconsol-
idated and unconsolidated sediments are about 2,000 ft
thick near the center of the basin. The Smoke Creek
Desert basin lies in a complex structural setting where the
shape and extent of aquifers are controlled by movement
along numerous faults. Details of the geometry of the
aquifers in the basin lie buried under thousands of feet
of volcanic rock and basin-fill material and remain
largely unknown.

Precipitation in the study area ranges from more
than 20 in/yr near the top of the Granite Range to less than
6 in/yr on the valley floor. About 8 in. of precipitation
was measured at high altitudes on the west side of Smoke
Creek Desert basin during water year 1990. This amount
is comparable with that measured at Gerlach, which is
near the valley floor.

A record of streamflow for Smoke Creek for most
of water year 1989 and all of 1990 shows a large fluctua-
tion in flow from a peak flow of about 860 ft*/s to zero
flow during summer months. The peak flow was caused

by a melting snowpack in February 1989. Total stream-
flow measured at the Smoke Creek gaging station was
about 4,400 acre-ft for part of water year 1989 and about
1,300 acre-ft for water year 1990. Streamflow measure-
ments made along Smoke Creek in July and November of
1989 showed (1) an upper reach that gained about 2 ft/s
with little loss to evapotranspiration; (2) an upper canyon
reach that lost about 1.2 ft3/s to infiltration and about 1.4
ft3/s to evapotranspiration; (3) a meadow reach that lost
about 1.7 ft*/s to infiltration and about 0.7 ft*/s to evapo-
transpiration; (4) a lower canyon reach that showed little
stream loss; and (5) a lower reach where 1.2 to 3.1 /s
was lost to infiltration.

Miscellaneous measurements made on Squaw
Creek showed that from 0.6 to 1.2 ft*/s is gained near
volcanic rocks in the upper reach of the stream, and all
flow is lost to infiltration in the lower reach. On Buffalo
Creek, miscellaneous measurements in volcanic rock out-
crops showed a small loss during summer months and a
gain of 0.7 ft}/s during winter months.

During the February 1989 snowmelt, data from
crest-stage gages show similar runoff peaks at Smoke and
Buffalo Creeks, which have similar drainage areas, and a
larger peak at Squaw Creek, which has a smaller drainage
area. Squaw Creek, however, is higher in altitude and
drains an area of lower permeability.

Water-level measurements in the basin show a
ground-water gradient from the surrounding mountain
blocks toward the playa and an upward gradient near the
edge of the playa. Periodic measurements of water
levels, pressure head, flow rate, temperature, and specific
conductance show little change except for an area near
ground-water withdrawals where water levels declined
about 20 ft from 1989 to 1990.

Permeable volcanic rocks along the western,
northern, and southern surface-water divides of the basin
provide a potential avenue for interbasin ground-water
flow. Although water-level data are sparse along the
basin divide, previous workers have estimated annual
flows of 200 acre-ft from San Emidio Desert into Smoke
Creek Desert basin, 5,300 acre-ft from Honey Lake into
Smoke Creek Desert basin, and 500 acre-ft from Painters
Flat out of the basin toward the west. These estimates
show that annual recharge to the Smoke Creek Desert
basin could be about 19,000 acre-ft/yr. Water levels also
indicate a potential for flow from Duck Flat to the Smoke
Creek basin and from Smoke Creek basin to the Pyramid
Lake basin. Additional water-level data are needed to
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determine if ground water flows across much of the
western, northern, and southern topographic
boundaries of the basin.

Measurements of stream gain and loss provide
data from which components of the basin water budget
were estimated. About 2,800 acre-ft/yr was discharged
from the upland volcanic rocks to streamflow. Stream-
flow provided a minimum of about 7,300 acre-ft/yr
of recharge to unconsolidated sediments. About
1,500 acre-ft/yr of streamflow is lost to evapotranspira-
tion along the stream channel at Smoke Creek, and
from 200 to 1,680 acre-ft/yr of runoff was lost to
evaporation of ponded water on the playa.

Measurements of specific conductance are 100
to 570 uS/cm in springs and streams in the mountains
blocks, about 1500 LS/cm beneath alluvial fans, and as
much as 5,000 pS/cm in flowing wells near the edge of
the playa. Some areas near the playa have specific con-
ductances of less than 1,000 uS/cm probably because
of upgradient infiltration of dilute streamflow and sub-
surface recharge from volcanic rocks. Specific conduc-
tance of streamflow in Smoke Creek increased from
110 pS/cm at its source to 550 uS/cm before entering
the playa. Standing water on the playa surface had a
specific conductance of about 25,000 uS/cm. A sam-
ple taken from shallow ground water near the edge
of the playa measured about 70,000 uS/cm. Ground
water near the playa shows a general increase in spe-
cific conductance with well depth. Ground water of
high specific conductance has a high density relative to
fresh water and can produce downward flow beneath
a playa; the density differential can drive circulation
patterns toward the margin of the valley floor or out of
the basin. However, the distribution of dissolved solids
beneath the playa of Smoke Creek Desert is not known.

Of 13 samples analyzed for major-ion concen-
trations, all but two exceeded Nevada drinking-water
standards. Ten samples exceeded drinking-water stan-
dards for pH, dissolved solids, chloride, sulfate, and
manganese. Most of the samples exceeding drinking-
water standards came from flowing wells near the
playa. Major-ion concentrations show that ground
water evolves from a dilute sodium and calcium bicar-
bonate water in the mountain blocks, to a sodium bicar-
bonate water beneath the alluvial fans, and finally to a
sodium chloride water with a high concentration of
dissolved solids near the edge of the playa.

Eleven samples collected from the Smoke
Creek Desert basin were analyzed for stable isotopes
of oxygen-18 and deuterium and were compared to

samples collected in the Honey Lake basin. Isotope
concentrations in both basins are similar except for
samples taken near Sand Pass; therefore, if ground
water does flow from Honey Lake basin to Smoke
Creek basin, it must move at depths greater than
about 400 to 600 ft below land surface at Sand Pass
or through volcanic rocks to the north.
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